


CHAPTER 18

Wilderness Trauma and
Surgical Emergencies

MICHAEL J. KRZYZANIAK, TIMOTHY C. NUNEZ, AND RICHARD S. MILLER

This chapter has been written primarily to provide physicians
and health care workers with a logical approach to management
of trauma and surgical emergencies that may be encountered in
the wilderness environment. The focus is on health care profes-
sionals who will be responsible for the urgent management of
such emergencies for all expedition members.

Wilderness expedition health care providers have varied expe-
riences and capabilities. In this environment, the location, dis-
tance from medical facilities, conditions, and available resources
are the most influential factors in patient outcome. It is often
impractical to perform complex interventions in the field, but it
remains clear that simple, basic processes, such as identifying
injuries, establishing an airway, keeping the patient warm, and
expediting evacuation, strongly influence the patient’s chances
of survival.'** The key to successful management of wilderness
emergencies is preparedness. Advanced Trauma Life Support
(ATLS) protocols can provide a template for preparation for
wilderness travel. The principles embodied in ATLS concepts are
well suited to management of wilderness emergencies, especially
in circumstances where scant resources are available and, thus,
a prompt response is essential for the victim’s survival. The
American College of Surgeons has formulated the Rural Trauma
Team Development Course, which emphasizes the ATLS princi-
ples in situations where a small trauma team, typically two
or three rescuers, is in charge. The course is applicable to the
wilderness environment.'”

When team members are planning an expedition, the role for
each member should be explained clearly. Teamwork is essential
for solving problems, communicating, executing procedures,
transporting a patient, and continually improving the skills of
team members. The medical director (director) of an expedition
takes on significant responsibility during preparation. The direc-
tor must screen participants to make sure they can tolerate the
expedition and must tell the expedition leader of the findings. It
is important to know the medical and surgical history of each
expedition member. The director must also know wilderness
medical protocols. For lengthy expeditions, the director should
consider carrying diagnostic modalities such as a portable ultra-
sound unit and point-of-care testing equipment. Communication
with appropriate rescue facilities prior to starting the trip is
essential. The director should also have a plan for transfer of
information to the next level of care. When an emergency occurs,
the director will likely be placed in a position of authority, so it
is essential to clarify the command structure and role of each
member. The specifics of wilderness preparation, equipment, and
medical supplies are presented in Chapter 102.

*Disclaimer: The views expressed in this article are those of the author(s)
and do not necessarily reflect the official policies or positions of the U.S.
Department of the Navy or Department of Defense or the U.S. Govern-
ment. LCDR Krzyzaniak is a military service member (or employee of the
U.S. Government). This work was prepared as part of my official duties.
Title 17, USC, §105 provides that “Copyright protection under this title is
not available for any work of the U.S. Government.” Title 17, USC, §101
defines a U.S. Government work as a work prepared by a military service
member or employee of the U.S. Government as part of that person’s
official duties.
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WILDERNESS TRAUMA
EMERGENCIES OVERVIEW

All classic mechanisms of trauma (penetrating, blunt, and thermal)
occur in the wilderness environment and are discussed in this
chapter. Blast injury is also mentioned briefly because its treat-
ment in combat situations has led to some important advances
in wilderness medicine. Blunt trauma remains the most common
cause of injury in an austere environment; it can often be difficult
to definitively diagnose. Delays in diagnosis in the wilderness
can substantially increase complications and deaths.

HISTORY OF WILDERNESS MEDICINE

The medical literature is limited regarding the incidence of injury
during wilderness-related activities. It is estimated that more
than 10 million Americans participate in wilderness backpacking
and camping activities annually. A study by Gentile and col-
leagues’ documented the injury and evacuation patterns
recorded by the National Outdoor Leadership School over a
S-year period. Injuries occurred at a rate of 2.3 per 1000 person-
days of exposure, with orthopedic and soft tissue injuries most
frequent. Montalvo” analyzed case incident report files from
eight California National Park Service parks and found an injury
incidence of 9.2 nonfatal events per 100,000 visits, with 78 fatali-
ties reported in a 3-year period. In a prospective surveillance
study evaluating 38,940 days of wilderness exposure on the
Appalachian Trail,"” foot blisters and diarrhea were the most
common reasons for premature discontinuation of hikes. Leemon
and Schimelpfenig®” showed that more than 50% of evacuated
participants in the National Outdoor Leadership School were
able to return and finish their courses. The Rocky Mountain
Rescue Group reported on their rescue experiences from 1998
to 2011 in Boulder County, Colorado, where they had a total of
2198 rescues over that time period.” These studies document a
low risk for injury but highlight the possible morbidity resulting
from wilderness injury or illness and the need for rapid, uniform
intervention.

A 2001 study from the University of Arizona® highlighted
wilderness deaths over 13 years. Alcohol was the most common
causative factor, involved in 40% of the 59 unintentional trauma
deaths. In addition, 80% of these victims died immediately or
before evacuation could be completed. This emphasizes the
importance of sound judgment and preparedness of rescuers
and expedition members in maximizing care. A recent study
of emergency medical services (EMSs) in the California state
parks emphasizes the difficulty of providing care to wilderness
participants.”

ESTABLISHING PRIORITIES IN THE WILDERNESS

There are three immediate priorities in managing wilderness
trauma:

1. Control oneself. Tt is normal to feel anxious when con-
fronted with an injured victim. However, anxiety must not
be transmitted to the victim or other members of the expe-
ditionary team. One must be in control of oneself to take
control of the situation.



2. Control the situation. The first priority in controlling the
situation is ensuring the safety of uninjured members of
the party. Expeditious evacuation of a victim requires that
all expedition members function at maximal efficiency;
even minor injuries to other members in the group can
jeopardize physical strength, functional manpower, and
success of the evacuation. Although the physician member
of the team may not be the expedition leader, his or her
position is automatically elevated during a medical crisis.
However, this does not mean that the physician should
dominate the evacuation process. Although the expedition
leader must rely on the medical assessment provided by
the physician, the leader is best prepared to plan the
evacuation.

3. Obtain an overview of the situation. The victim’s general
condition should be evaluated. Is the victim in immediate
distress from a condition that requires relatively straight-
forward management, such as airway control? Is the victim
in such a precarious environmental situation that he or she
needs to be moved prior to any attempt at resuscitation?
Scene security may be integral to the safety of the injured
person and caregiver. Is the victim properly protected from
the elements, including sun, wind, cold, and water?

There are several key principles paramount to treatment of
injuries in an austere environment: ensure scene and provider
safety, use primary and secondary surveys, provide cervical spine
immobilization, control external hemorrhage, keep the patient
warm and use warm intravenous (IV) resuscitation fluid if pos-
sible, initiate early transport, and, above all, do no further harm.

After the victim has been placed in the most stable and
safest environment possible, the examining physician is ready
to implement the ATLS-based five steps of wilderness trauma
management:'”’

1. Primary survey

2. Resuscitation

3. Secondary survey

4. Definitive plan

5. Packaging and transfer preparation

The purpose of the primary survey is to identify and begin
initial management of life-threatening conditions by assessing the
ABCDEs of trauma care:

Airway maintenance and cervical spine stabilization

Breathing

Circulation, with control of significant external hemorrhage

Disability: neurologic status

Exposure/environmental control: completely undress the vic-
tim with careful attention to prevention of hypothermia

After the primary survey has been performed, resuscitation
efforts are initiated. The level of resuscitation depends on the
equipment and expertise available. At a minimum, resuscitation
consists of control of external hemorrhage and administration of
oxygen and warm IV fluids when they are available.

The third step is the secondary survey, a head-to-toe evalua-
tion of the trauma victim that uses inspection, percussion, and
palpation techniques to evaluate each of the body’s five regions:
head and face, thorax, abdomen, skeleton, and skin. A history
should be taken while the secondary survey is being done. The
specifics of the mechanism of injury may be of vital importance
(i.e., loss of consciousness, head injury, height of a fall, or species
of attacking animal may influence treatment and evacuation plans
and also affect the stability of the scene). After this survey, the
examining physician should formulate a definitive plan. It is
useful to document all observations if circumstances permit. Such
data may be critically important for field evacuation or hospital
personnel.

The first step in formulating a plan is to compile a list of
injuries. The next step is to determine if any injury warrants
evacuation. The route of evacuation, whether air, land, or water,
must be chosen. Aeromedical evacuation is expensive and,
depending on the environment, may pose its own risk to both
victim and medical evacuation team; it should be considered only
for victims with potentially life- or limb-threatening injuries
where the terrain and environment allow safe access, for the
purpose of evacuation, to the patient.

Packaging the victim for evacuation is the final step. The
evacuation effort requires organization, coordination, and great
effort on the part of the expedition team.

The most effective means of managing the injured patient in
the wilderness setting is to take the approach of the old adage
“the best offense is a good defense.” Preparation for wilderness
patient care should address the challenges associated with
varying levels of personnel help, minimal medical resources,
prolonged prehospital care, and difficult evacuation proceedings.
With ATLS knowledge, improvisation, and an organized effort,
the patient’s outcome can be maximized.

UNIVERSAL (BODY FLUIDS) PRECAUTIONS
IN THE WILDERNESS

A number of life-threatening viruses are transmitted through
contact with bodily fluids. The Centers for Disease Control and
Prevention have established a set of standard precautions to be
applied in all cases of contact with human body fluids:

Goggles

Gloves

Fluid-impervious gowns

Shoe covers and fluid-impervious leggings

Mask

Head covering

Multiple types of body fluids (blood, semen, vaginal secre-
tions, and cerebrospinal, pleural, synovial, pericardial, peritoneal,
and pericardial fluids) can place a caregiver at risk. In the wilder-
ness setting, the materials necessary for universal precautions are
rarely available. Every victim in the wilderness must be assumed
to carry a communicable disease, and every effort should there-
fore be made to approximate universal precautions, particularly
protection of the hands and eyes.

PRIMARY SURVEY

Persons injured in the wilderness should be assessed and their
treatment priorities established based on the mechanism of
injury, vital signs, and specific injuries. The vital signs must be
assessed quickly and efficiently, with restoration of life-preserving
vital functions.

AIRWAY

Rapid airway assessment should include inspection for signs of
obstruction, including foreign bodies, and signs of facial or tra-
cheal fractures. A chin lift or jaw thrust may be helpful to estab-
lish an airway, can be lifesaving, and may be all that is necessary.
If the victim can speak, the airway is likely not jeopardized, but
this is not an absolute rule.

Specific attention should be directed toward the possibility of
cervical spine injury. The victim’s head or neck should never be
hyperextended, hyperflexed, or rotated to establish or maintain
an airway. A cervical spine injury should be assumed to exist in
any person with a significant injury above the level of the
clavicle. If a situation requires removal of immobilizing devices,
in-line stabilization, not traction, must be maintained.

BREATHING AND VENTILATION

The victim’s chest should be exposed and chest wall movement
observed. Establishment of an airway during the primary survey,
although critical to patient survival, does not ensure adequate
oxygenation or ventilation. All trauma victims must be continu-
ously monitored for signs and symptoms of hypoxemia and
hypercarbia.

Auscultation, observation, and palpation of the chest after
establishment of the airway are integral parts of the primary
survey. Diminished breath sounds or asymmetric chest wall
movement can occur with pneumothorax (simple or tension),
hemothorax, tracheobronchial obstruction, or main-stem intuba-
tion. Observation and palpation of the chest may identify thoracic
injuries such as rib fractures, fractures with flail segments, or
pneumothorax (by the presence of subcutaneous emphysema).
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CIRCULATION

Circulation is evaluated by assessing the cardiac output and
controlling any major external hemorrhage. Manometric blood
pressure measurement is not easily performed in the field,
although it may provide useful data. Important information
regarding perfusion and oxygenation can be obtained rapidly by
determining level of consciousness, assessing peripheral and
central pulses, looking at skin color, and evaluating capillary refill
time.

Pulses should be assessed first. Although the following are
only general estimates and carry some inaccuracy, approxima-
tions of the minimum systolic blood pressure can be used if a
palpable pulse is present:

Radial artery: 80 mm Hg

Femoral artery: 70 mm Hg

Carotid artery: 60 mm Hg

If hypovolemia is suspected on the basis of absent pulses or
prolonged capillary refill, the examiner should immediately
assess the neck veins. Distended neck veins, although a nonspe-
cific sign, may suggest tension pneumothorax or pericardial
tamponade in the context of hypotension. Flat neck veins may
suggest hypovolemia and hemorrhagic shock.

Major hemorrhage can occur in five anatomic areas:

Chest

Abdomen

Retroperitoneum

Thigh

External environment

Exsanguinating external hemorrhage should be identified and
controlled during the primary survey. Control of blood loss is
addressed specifically in later sections; it basically involves using
direct pressure or a tourniquet. Proper stabilization of long bone
(femur) fractures minimizes blood loss into soft tissues. In the
wilderness, little can be done about significant intrathoracic or
intraabdominal hemorrhage. Survival of patients with significant
blunt injuries is likely if basic ATLS principles are followed.

DISABILITY AND NEUROLOGIC ASSESSMENT

Neurologic assessment during the primary survey should be rapid
and efficient. The level of consciousness should be established,
and pupillary size and reactivity should be assessed. Level of
consciousness assessment uses the Glasgow Coma Scale (GCS)
(Box 18-1). Tt is critical that the neurologic assessment be repeated
hourly, particularly if evacuation is delayed. Deterioration in
mental status portends a poor prognosis, although a variety of
conditions other than intracranial injury can affect mental status.

BOX 18-1 Glasgow Coma Scale

The Glasgow Coma Scale evaluates the degree of coma by
determining the best motor, verbal, and eye-opening responses to
standardized stimuli.

Eye Opening
Spontaneous
To voice

To pain
None

=N Wb

Verbal Response
Oriented

Confused

Inappropriate words
Incomprehensible words
None

=N whu

Motor Response

Obeys command

Localizes pain

Withdraw (pain)

Flexion (pain)

Extension (pain)

None

Maximum Score 1

gu-_NnNwbrulo
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Hypoxia, hypovolemia, and hypothermia should be promptly
corrected.

EXPOSURE AND ENVIRONMENTAL CONTROL

The victim should be fully undressed and exposed, if possible
in a protected environment. Garments and gear should be
removed if necessary by cutting them away, unless the garments
can be dried and are essential for future protection from the
environment. Wet clothing must be removed early to prevent
hypothermia. It is mandatory to visualize the entire victim to
document and assess injury. However, this step of the primary
survey should be performed with caution. First, it is imperative
to cover the victim immediately after removal of clothing. Hypo-
thermia and its effects on mental status, cardiovascular function,
and coagulation are among the most underappreciated entities
in care of the trauma victim. The possibility of hypothermia
should be entertained in all environments. A victim with hypo-
thermia may not be able to use stored energy to carry on normal
metabolic processes. A severely injured patient may become
hypothermic in any ambient environment. Second, clothing and
gear should not be removed unless complete immobilization of
injuries can be achieved. Assessment of an area of injury should
be performed, but clothing should be left to cover the patient to
ensure that the body temperature is maintained. A patient may
be wearing a variety of gear and clothing, including a helmet for
biking, skiing, or climbing; the helmet should be removed, with
in-line stabilization of the cervical spine.

SECONDARY SURVEY

The secondary survey is an extension of the primary survey and
should not be undertaken until the primary survey is complete
and the victim has been stabilized. In addition, resuscitative regi-
mens, if available, should have been initiated. The secondary
survey is a head-to-toe assessment of the victim, including history
taking and a physical examination. The face, neck, chest,
abdomen, pelvis, extremities, and skin should be examined in
sequence. A more detailed neurologic examination should be
completed, including reassessment of the GCS. The neck should
be examined independently of the thoracolumbar spinal cord.
Examination of the pelvis should not include the traditional
“rocking” to determine stability, because if pelvic fracture has
occurred, this action may exacerbate existing comminution.

The detailed secondary survey should not delay evacuation
packaging. As in the nonwilderness setting, it is imperative to
repeat the primary survey as the victim’s condition warrants.
Specific examinations are discussed in the sections covering
regional injuries.

HISTORY

The victim’s history should be assessed during the secondary
survey. Knowledge of the mechanism of injury and any comorbid
medical conditions or allergies may enhance understanding the
victim’s physiologic state.

The ATLS “AMPLE” history is a useful and rapid mnemonic
for this purpose:

Allergies

Medications currently used

Past medical history/Pregnancy

Last meal

Event or Environment related to the injury

ADJUNCTS TO SURVEYS

Resuscitation should be initiated as the primary survey is being
done. The degree of resuscitation depends on available resources,
experience of the rescuer(s), and environmental conditions. Under
the best circumstances, initial management of the wilderness
trauma victim provides for airway control, adequate oxygenation
and ventilation, appropriate fluid resuscitation, and stabilization
of cardiac function; monitoring and reassessment of vital signs
should continue. A urinary catheter and nasogastric (NG) tube can



be placed as adjunctive measures. This degree of resuscitation is
almost never possible in the wilderness setting; resuscitation may
be limited to oral administration of warm, high-calorie fluids and
maintenance of victim comfort and body temperature.

An NG tube and indwelling urinary (Foley) catheter should
be placed if available and appropriate. Aspiration of gastric con-
tents can be catastrophic in terms of patient survival after trauma.
Gastric decompression with an NG tube may help prevent this
adverse event in patients with a depressed level of conscious-
ness. It should be remembered that children can exhibit signifi-
cant hemodynamic consequences secondary to massive gastric
distention. In this setting, decompression becomes critical. If
possible, NG tubes should be placed in persons who are endo-
tracheally intubated in the field. The tube can be aspirated
sequentially with a syringe or left open to gravity drainage. Any
suspicion of facial fracture should deter attempts to place an NG
tube, and orogastric decompression should be chosen instead.

A Foley catheter can assist in volume assessment and hemo-
dynamic status determination in a critically injured victim. Hourly
urine output typically does not decrease until the onset of class
I hemorrhagic shock, with loss of 30% to 40% of blood volume.
Contraindications to urinary catheter placement in the field are
blood at the urethral meatus, high-riding prostate, and scrotal
hematoma; personnel not experienced in placement are also a
reason for caution.

ADVANCES IN WILDERNESS CARE
ADAPTED FROM COMBAT MEDICINE

Wilderness medicine has been enhanced in many ways
by the precepts of Tactical Combat Casualty Care.'” During the
recent conflicts in Iraq and Afghanistan, tourniquets and hemo-
static agents were packaged in easily carried, compact systems
so that exsanguinating hemorrhage from severe extremity injuries
could be controlled more rapidly.*” The equipment and the
lessons learned have been transferred to treatment of injuries in
the wilderness; when the easily mastered techniques are used
early, chances of survival increase.””!

Throughout recorded history, trauma care in armed conflicts
has advanced the care of civilian trauma patients (see also
Chapter 28). Such care is uniquely suited for wilderness trauma.
Blackbourne and colleagues' defined recent advances in trauma
care in Iraq and Afghanistan as revolutions in military medical
affairs, and Sward and associates recognized the rapid implemen-
tation of battlefield lessons in civilian care."” The use of tourni-
quets, topical hemostatic agents, and freeze-dried plasma in
prehospital care, as well as procedures such as hypothermia
prevention, transport of patients by teams, and permissive
hypotension, has improved survivability from combat wounds.
Individuals wounded in Iraq and Afghanistan had higher survival
rates than those in any other conflict in U.S. history.” The

advances in prehospital care can and should be applied to trauma
emergencies in remote or austere environments.”

VASCULAR ACCESS

Obtaining vascular access is a basic tenet of ATLS. The best
procedure for initial access remains placing two large-bore
peripheral catheters in the veins of the antecubital fossa. If one
is unable to easily obtain peripheral IV access in the upper
extremities, the lower extremities may be considered.

Recent recommendations by the Eastern Association for the
Surgery of Trauma (EAST) suggest moving to intraosseous (10)
access devices if peripheral access is not obtained after two
attempts.” The U.S. and coalition military medical personnel have
used IO access extensively in Iraq and Afghanistan. There are
several commercially available devices for IO access in the
sternum, tibia, or humerus. The FAST1 IO device is designed to
obtain access to the manubrium. The EZ-IO device (a drill-based
device) and the Bone Injection Gun (a spring-loaded device)
can be used to obtain IO access in the tibia and humerus. The
skills for placing IO devices can be easily learned and simulated
in a multitude of models. The San Antonio Fire Department
recently demonstrated that with a short didactic and hands-on
training session, paramedics were able to successfully place
humeral 10s with the EZ-IO drill with a success rate of over
90%"” (Figure 18-1).

The EAST guidelines also suggested that, depending on the
expertise on hand, an attempt at central venous access using a
Seldinger technique is acceptable after two failed attempts at
peripheral venous access. The internal jugular, subclavian, and
femoral veins are usually chosen. Venous cutdown can be con-
sidered as a last resort.

PREHOSPITAL HEMORRHAGE CONTROL

Tourniquets

The first area of emphasis is on prehospital hemorrhage control.
Direct pressure is an excellent technique for control of hemor-
rhage, but this is not always feasible in the austere environment.
Direct pressure is practical if there is one casualty and sufficient
rescuers to control hemorrhage and facilitate transport or other
care. If there are multiple casualties or the rescuer needs to
perform tasks such as controlling the airway, evacuating the
patient, gathering supplies, or providing security, the rescuer is
going to need other tools. Tourniquets developed for combat
medics can and should be used by civilian rescuers. Use of tour-
niquets in the civilian world has traditionally been discouraged
because of concerns about harmful effects.”” Data on U.S. casual-
ties in Vietnam demonstrated that at least 2% of deaths resulted
from hemorrhage from isolated extremity wounds.” Although
death is more common with combat injuries, it can also result
from isolated extremity injuries in civilian urban populations.*

FIGURE 18-1 A, FAST1 intraosseous infusion system. B, Bone Injection Gun (BIG). C, EZ-IO.
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The Israel Defense Forces doctrine has mandated use of prehos-
pital tourniquets for control of extremity hemorrhage since the
late 1980s. Medical personnel demonstrated that tourniquets were
safe, easily applied (by medical and nonmedical personnel), and
potentially lifesaving.”" Use of tourniquets was not effectively or
widely taught in the U.S. military at the beginning of Operation
Enduring Freedom and Operation Iraqi Freedom. However, injury
patterns from these and previous conflicts demonstrate that most
injuries sustained by combatants are of the extremities.” Kragh
and colleagues from the U.S. Army Institute of Surgical Research
(USAISR) prospectively evaluated the use of tourniquets at the
busiest Combat Support Hospital in Iraq in 2006. They concluded
that tourniquets can be lifesaving, especially when used early in
the prehospital setting prior to the onset of shock.*> A tourniquet
is defined as a limb-constricting device that is placed in an attempt
to arrest extremity hemorrhage; the device can be improvised or
one of the many commercially available devices. The author’s
experience is primarily with the Combat Application Tourniquet
(CAT; Composite Resources, Rock Hill, SC). The extensive USAISR
research on tourniquets in combat has led to development of
recommendations for their use” (Figure 18-2 and Box 18-2).

Hemostatic Dressings

The high-tempo combat operations of Operation Iraqi Freedom
and Operation Enduring Freedom accelerated development of
hemostatic dressings. Both civilian and military data show that
the most common cause of potentially preventable death in
trauma patients is exsanguinating hemorrhage.”"** Almost 20% of
these lethal hemorrhages will be from junctional anatomic loca-
tions, primarily the groin and axilla.” To facilitate use in austere
locations or combat operations, the ideal hemostatic dressing
would be rapidly available, simple to use, lightweight, and rela-
tively inexpensive and have a long shelf life."” Several products
are on the market, with the largest reported experience being
with the mucoadhesive Chitosan-based HemCon (HemCon
Medical Technologies, Portland, OR) and the procoagulant sup-
plementor, kaolin-based product QuikClot Combat Gauze®
(Z-Medica, Wallingford, CT). Case reports from combat operations
and civilian EMS support the preclinical data that have shown
that these products are effective in arresting hemorrhage in the
prehospital environment.”*''""*" Hemostatic dressings are easily

B
FIGURE 18-2 A, Combat Application Tourniquet. B, SAM Junctional

Tourniquet (A from North American Rescue, Greer, SC. B from SAM
Medical Products, Wilsonville, OR.)
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BOX 18-2 Tourniquet Use Recommendations

Apply the tourniquet early, before the onset of shock.

Use scientifically designed, laboratory-tested, clinically validated
tourniquets.

Using an improvised tourniquet is acceptable if a commercially
available tourniquet is not available.

Continuing education on the use of tourniquets is essential for
personnel who will be expected to use them.

The goal of the tourniquet is to stop bleeding and stop the distal
pulse.

Avoid placement over Hunter's canal (= 5 cm above the femoral
condyle).

Side-by-side use of tourniquets is acceptable if single tourniquet
application does not arrest hemorrhage.

Effectiveness of the tourniquet will be inversely proportional to the
girth of the extremity.

Tourniquets should be applied directly on the skin.

applied, and the mechanism of action is not complicated. When
the rescuer identifies bleeding that cannot be controlled with
direct pressure or a tourniquet, application of a hemostatic dress-
ing can potentially be lifesaving. Remove the product from its
packaging, place it on the bleeding area, and hold it with direct
pressure for at least 3 minutes. Once hemorrhage has been con-
trolled, the dressing stays in place. The dressing works by being
in direct contact with the bleeding source, so piling further hemo-
static dressings on top is not productive. The hemostatic dressing
must be removed eventually, but this can be done in a delayed
fashion once the victim reaches definitive care (Figure 18-3).

Junctional Tourniquet

Another product for the control of lethal hemorrhage is the junc-
tional tourniquet. Several types exist, with the basic premise being
that the belt encircles the pelvis or torso and has pressure devices
to occlude the axillary or external iliac vessels. The devices use
either direct mechanical or pneumatic pressure to achieve occlu-
sion. There are limited data to support use of these tourniquets,
but laboratory investigations of the SAM Junctional Tourniquet
(SAM Medical Products, Wilsonville, OR) suggest that they are
effective in hemorrhage control.”* Use of these tourniquets requires
familiarity with them and, often, hands-on instruction and experi-
ence prior to application. The manufacturers all provide written
and video educational tools to help users (see Figure 18-2).

Wound Closure Device

The iTClamp (Innovative Trauma Care, San Antonio, TX) wound
closure device is a recent innovation that brings the edges of a
wound together, causing a hematoma underneath the skin. This
hematoma causes pressure on the bleeding site, thus forming a
clot and stopping bleeding.”*”” This product is small, light, and
simple to use. The clamp has several pins that pinch the wound
together and lock in place. The disadvantages are the small size
and that one clamp will not provide adequate closure of a large
or nonlinear wound (see Figure 18-3).

DAMAGE CONTROL RESUSCITATION: DIRECTLY
ADDRESSING THE LETHAL TRIAD

Of patients arriving at civilian trauma centers, only about 3%
require massive transfusion or damage control resuscitation
(DCR).* Military wounds caused by high-energy blasts have a
much higher rate of DCR and massive transfusion.” The term
damage control has become standard for describing a variety of
surgical tactics and techniques applicable across a wide range
of surgical disciplines. When DCR is extended to the prehospi-
tal and early resuscitation phases, it is called damage control
zero.**173% Damage control zero takes place before the patient
arrives at the hospital, with the goal of preventing patient dete-
rioration. DCR directly addresses the lethal triad that is often fatal
when patients become cold, coagulopathic, and acidotic.” Hypo-
thermia in the austere environment is a significant challenge. The
U.S. military recognized in the combat environment that hypo-
thermia prevention was lacking in battlefield care. Therefore, the



FIGURE 18-3 A, HemCon gauze-based chitosan dressing. B, QuikClot Combat Gauze. C, iTClamp.
(A courtesy Tricol Biomedical, Inc, Portland, OR; B courtesy Z-Medica, Wallingford, CT; C courtesy iTrau-
maCare, San Antonio, TX.)

Joint Theater Trauma System developed a clinical practice guide-
line to address hypothermia prevention at all levels of care. In
the austere environment, this should be the goal of the wilder-
ness medical team. A team or individual will use everything
available (e.g., jackets, blankets, improvised coverings) to protect
the patient from the environment. Several lightweight compact
adjuncts can be used to assist with prevention of hypothermia.
These essential items can easily be packed as part of the team’s
kit. Injury in a hot environment does not prevent hypothermia
in a seriously injured patient. One commercially available product
is the Hypothermia Prevention and Management Kit (North
American Rescue, Greer, SC), which is a self-contained, self-
heating shell liner to encompass the casualty. Eastridge and col-
leagues were able to show a significant drop in hypothermia
incidence after institution of a comprehensive clinical practice
guideline.” Prehospital providers need to be proficient in iden-
tifying casualties who require the DCR approach. It may be dif-
ficult for a rescuer to rapidly identify this group of patients.
Although there are no uniformly accepted criteria for identifying
patients who will benefit from DCR, several groups have devel-
oped scoring systems (using a variety of anatomic, physiologic,
and laboratory variables) for identifying patients who will likely
require massive transfusion and thus be more likely to enter the
vicious cycle of hypothermia, coagulopathy, and acidosis.””'¥1*
Each of these scoring systems is quite accurate, but two that are
most applicable to EMS are the shock index and the ABC system
(Boxes 18-3 and 18-4). In the austere environment, the shock
index by Vandromme and colleagues is most useful due to its
simplicity.”"?’

The tenets of DCR are limited crystalloid resuscitation, permis-
sive hypotension, hemostatic resuscitation, and proper patient
selection.®'*#>9157 Limited crystalloid resuscitation has become
an accepted tenet for care of hemorrhaging patients. The EAST
guidelines® on prehospital resuscitation state that there is a need
to (1) embrace permissive hypotension in penetrating torso
patients; (2) base resuscitation on mental status and presence of
radial pulse; (3) give patients a bolus with smaller aliquots of IV
fluids than the traditional 1 to 2 L; and (4) consider using hyper-
tonic saline as the resuscitative fluid."**>'" Although blood prod-
ucts may be difficult to obtain, depending on the austerity of a
particular expedition, early use of blood products needs to be
discussed, including a “walking blood bank” (using whole blood
donated by locally available personneD). In the past 15 years there

BOX 18-3 Shock Index

Shock index = Heart rate/Systolic blood pressure
Shock index > 0.9 identifies patients at risk for massive transfusion

has been a paradigm shift toward use of blood products in
trauma resuscitation and limiting crystalloid infusion.”” During
Operation Iragi Freedom, Borgman and associates showed the
utility of a high or nearly equivalent ratio of red blood cells to
plasma to platelet resuscitation.'® Most experts recommend deliv-
ery of these blood products in a ratio that resembles the normal
composition of whole blood, with 1 unit of red blood cells:1 unit
of plasma:1 unit of apheresis platelets."” The complexity of
massive transfusion protocols may not apply to every austere
situation, primarily due to lack of resources. The medical team
should consider the ability to establish a walking blood bank as
part of the medical kit.

FRESH WHOLE BLOOD

Primarily a tool of the military, fresh whole blood has been used
in combat theaters dating back to World War 1. The U.S. military
has continued the use of fresh whole blood extensively in ongoing
conflicts.”” Fresh whole blood is warm, the volume is close to
500 mL, the hematocrit is 38% to 50%, there are 150,000 to 400,000
platelets per microliter, there is 100% coagulation activity, and
1500 mg of fibrinogen is included. Fresh whole blood does not
possess the “storage lesion” of banked blood. Fresh whole blood
has the ultimate 1:1:1 ratio. There are several downsides to using
fresh whole blood: It must be type specific, and there are the
potential for transmission of blood-borne disease, a limited donor
pool, and potential deleterious effects on the donor (who in the
austere environment may have a job to do that prevents taking
the time to donate blood). Even with these known risks, we
strongly encourage use of fresh whole blood in certain austere
locations from which the patient cannot be easily transported or
at which blood products are not readily available."’

Organization of Walking Blood Bank

The process of obtaining fresh whole blood requires superb
planning and coordination. It is helpful to have a prescreened
donor pool; questionnaires are available to help determine a safe

BOX 18-4 Assessment of Blood Consumption (ABC)
Score for Massive Transfusion

The presence of two or more of the following factors identifies
patients at risk for massive transfusion:

Systolic blood pressure < 90 mm Hg

Heart rate > 120 beats per minute

Penetrating mechanism

Positive FAST signs (Face drooping, Arm weakness, Speech
difficulty, Time to call 9-1-1)
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donor pool. This must be done prior to the team’s expedition.
Trying to do this when a casualty has arrived would cause a
dangerous delay in the initiation of hemostatic resuscitation. The
beginning donor pool is all of the persons on the expedition.
The plan must include a predetermined method to activate and
operate the walking blood bank. A responsible individual must
have access to the blood donor pool and be able to manage the
walking blood bank. The authors recommend using the rapid
screening kits to evaluate for human immunodeficiency virus,
hepatitis, and human T-lymphotropic virus."" These rapid immu-
noassays may not be as accurate as desired, but a positive result
can be helpful.

Collection of Fresh Whole Blood

When the decision to use fresh whole blood has been made
because blood components are unavailable or the normal blood
bank has been exhausted, the preassigned individuals mobilize
the donors and begin to collect the fresh whole blood. The basic
procedures require proper identification of individuals in the
donor pool, confirmation of an up-to-date screening question-
naire, and selection of individuals that have not recently donated.
If one is able to screen for blood-borne infectious diseases, this
should be done. Once a person has been deemed physically fit
to provide a donation (this should be done quickly), the walking
blood bank personnel should crossmatch the donor to the recipi-
ent, check the donor for significant anemia, and proceed with
collection of up to 500 mL of whole blood into a commercial
collection bag with anticoagulant citrate phosphate dextrose
adenine. The collection area should be as calm as possible,
because chaos breeds errors. A clerical error leading to transfu-
sion of the incorrect blood type could create a devastating
hemolytic reaction. The collection area may be within a few feet
of the patient, but the collected blood must nonetheless be
properly labeled. After labeling, the unit of blood is “walked
over” to the patient and infused. This entire process can take less
than 25 minutes.

INJURIES TO THE HEAD, FACE,
AND NECK

The secondary survey begins with examination of the entire head
and scalp for evidence of skull or facial fractures, ocular trauma,
lacerations, and contusions. The scalp is thoroughly palpated for
tenderness, depressions, and lacerations. The bones of the face,
including the zygomatic arch, maxilla, and mandible, are pal-
pated for fractures. Elements of the GCS are repeated.

Treatment of injuries to the eye is discussed in detail in
Chapter 48, but general examination principles are simple. Sig-
nificant periorbital edema may preclude examination of the
globe, so assessment should be carried out early. The eye should
be evaluated for visual acuity, retinal detachment, pupillary size,
conjunctival hemorrhage, lens dislocation, and entrapment. Indi-
viduals with significant facial trauma have a high incidence of
associated ocular or orbital injuries."”*'** Recent studies of ocular
injuries in trauma victims have emphasized underappreciation by
many disciplines of ocular and periocular signs indicative of
significant underlying injury.'”* A black eye alone has a nearly
70% chance of having an associated underlying facial bone
fracture.”

HEAD INJURIES

Approximately 2 million cases of head injury occur in the United
States yearly, with a significant portion of them occurring in
remote locations as a result of outdoor activities such as hunting,
rock climbing, and hiking.”*'"¥> Of these, approximately 16%
result in hospitalization; 3% of patients die before reaching the
hospital.”” Long-term disability associated with head injury is
significant, with 80,000 to 90,000 persons suffering various degrees
of permanent impairment. Because of the high-risk nature of
traumatic brain injury (TBD and the impact of initial management
on disability and survival, clinical management objectives
must address both immediate survival and long-term outcome.
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Management guidelines specific for head injuries in a wilderness
setting do not exist, and a wide range of clinical approaches are
used in hospital settings. However, the literature suggests that
morbidity and mortality can be reduced by means of a protocol
that includes early airway control with optimization of ventilation,
prompt cardiopulmonary resuscitation, induced hypothermia, and
rapid evacuation to a trauma care facility.”*'!

Initial management of head injury in the wilderness should
follow established ATLS protocols. Prompt attention must then be
given to victim triage, evacuation strategies, and ongoing resus-
citative needs to prevent or minimize secondary brain injury from
hypoxia and hypotension. Expeditious evacuation to a trauma
center in which neurosurgery can be performed is essential.

Multiple clinical and experimental studies have demonstrated
the detrimental effects of hypoxia on the injured brain. A defini-
tive airway should be established if any degree of neurologic or
respiratory compromise exists, but not at the expense of risking
severe hypoxia to accomplish it in an otherwise well-ventilated
patient.” Cervical spine injuries are common in patients with TBI.
Therefore, cervical spine immobilization is paramount to prevent
devastating neurologic injury.

After immobilization, attention is directed to prevention of
secondary brain injury. Given adequate resources, all efforts
should be made to avoid oxygen saturation levels of less than
90% and to maintenance of blood pressure of more than
90 mm Hg.” The purpose of the wilderness head injury protocol
is to allow individuals with widely varying levels of experience
and expertise to identify signs of significant head injury, begin
proper resuscitation in the context of prevention of secondary
brain injury through airway maintenance and hemodynamic
support, and evacuate appropriately.

Anatomy of the Head

The scalp has five layers of tissue that cover the calvaria: skin,
connective tissue, galea aponeurotica, loose areolar tissue, and
periosteum of the skull. The galea is a fibrous tissue layer with
important ramifications in closure of scalp wounds, discussed
later in this chapter. Loose areolar tissue beneath the galea rep-
resents the site of accumulation of blood in scalp hematomas. A
rich vascular network located between the dermis and galea
supplies the scalp. When lacerated, these vessels can be a sig-
nificant source of hemorrhage, which may be important if evacu-
ation is impossible or delayed. As shown in Figure 18-4, these
injuries can be complex, deep, and associated with large-volume
blood loss. Hemostasis of these wounds should be achieved with
primary suture closure or some other mechanism.

The skull has two groups of bones that form the face and
cranium. The cranial bones are the bones of the calvaria and the
skull base. The calvaria is made up of frontal, ethmoid, sphenoid,
parietal, and occipital bones. Within the skull, the brain is covered
by three membranous layers that may be of pathophysiologic
importance after injury. However, in the wilderness, these layers
have little clinical relevance (except in terms of defining an open
versus a closed brain injury).

Pathophysiology of Traumatic Brain Injury

Traumatic brain injury (TBD can be divided into primary and
secondary brain injuries. Primary injury consists of the physical
or mechanical insult at the moment of impact, and the immediate
and permanent damage to brain tissue. Little can be done in the
wilderness setting relative to primary brain injury. Secondary
brain injury is the biochemical and cellular response to the initial
mechanical trauma and includes physiologic derangements that
may exacerbate effects of the primary trauma, including hypoxia
and hypotension. Compounding these pathophysiologic altera-
tions in TBI is elevation of the intracranial pressure (ICP). In-
creased pressure increases cerebral ischemia and exacerbates
secondary brain injury. Without swift access to advanced medical
care, persons injured in the wilderness are at high risk for sec-
ondary brain injury.

Many forms of head injury result in elevated ICP, the duration
of which is significantly correlated with a poorer outcome. The
Monro-Kellie doctrine states that the volume of intracranial
contents must remain constant because the cranium is a rigid
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FIGURE 18-4 A, Deep and complex scalp laceration. B, Raney clips
can be used to effectively achieve hemostasis in these types of wounds.

container. The normal compensatory response to increased intra-
cranial volume is to decrease venous blood and cerebrospinal
fluid (CSF) volume within the brain. If this normal response is
overwhelmed, small increases in intracranial volume result in
exponential increases in ICP. A rigid bony cranium cannot
expand to accommodate increases in brain volume and the
resultant increase in ICP. Brain parenchyma becomes compressed
and eventually displaced from its anatomic location. In the most
devastating circumstances, the brain parenchyma herniates
toward the brainstem through the largest cranial opening (foramen
magnum), and death rapidly follows. The volume-pressure curve
in Figure 18-5 shows the small, but critical, time period between
the development of neurologic symptoms, hemodynamic decom-
pensation, and brainstem herniation.

Elevation in ICP directly correlates with secondary brain
injury, and the field provider must attempt to minimize the ICP
of head-injured patients to the greatest extent possible.

The most important priority in minimizing secondary brain
injury in the field is optimizing cerebral perfusion pressure (CPP).
CPP is related to ICP and mean arterial pressure (MAP) as follows:

CPP = MAP - ICP

An ICP of less than 20 mm Hg after head injury should be
maintained, and the CPP should be between 50 and 70 mm Hg,

based on current recommendations.”""> At a MAP of between 50
and 160 mm Hg, cerebral autoregulation maintains the cerebral
blood flow at relatively constant levels. Not only is autoregulation
disturbed in injured regions of the brain, but a precipitous fall
in the MAP can further impair autoregulatory function, decreasing
the cerebral blood flow and exacerbating ischemia-induced sec-
ondary injury. The field provider is able to combat a rise in ICP
by simply optimizing the MAP through aggressive IV fluid resus-
citation. Body temperature regulation may also play a significant
role in secondary brain injury, especially on the cellular level.
Some investigators have demonstrated that controlled hypother-
mia may reduce the level of secondary injury in severe head
injuries.'” Standard methods of controlling ICP (hyperosmolar
therapy, sedation, intubation, chemical paralysis, barbiturate
coma) are rarely if ever available in the wilderness. Multiple trials
have shown that mild-to-moderate hypothermia may be of
benefit in reducing ICP in the head-injured patient, with potential
survival benefit.'”

Diagnosis of Head Injury

The three useful descriptions of head injury that may be applied
to field recognition are history, severity, and morphology. History
includes the mechanism of injury, timing of the event, and related
circumstances. This knowledge assists in the decision-making
process with regard to initial assessment of severity of injury.'”
Mechanism of injury is identified as blunt or penetrating trauma.
The anatomic demarcation between blunt and penetrating injury
is traditionally defined by violation of the outer covering of the
brain (dura mater). Blunt injuries in the wilderness setting most
often result from falls, falling objects, or assaults. Penetrating
injuries are most commonly gunshot or other projectile wounds.
Severity of injury can be estimated by quantifying the GCS and
pupillary response. The generally accepted definition of coma is
a GCS score of 8 or less; these patients often require endotracheal
intubation. Although the GCS score does not directly correlate
with the need for intubation, it is essential that all head-injured
patients be provided a stable, secure airway by the most appro-
priate means available in order to maintain adequate oxygenation
and avoid secondary injury due to hypoxia. It is important to
note the TBI victim’s best initial motor response because this is
most predictive of long-term neurologic outcome. Any victim
with a GCS score of less than 15 who has sustained a head injury
should be evacuated if possible. A low or declining GCS score
suggests increasing ICP. Abnormal pupil size or asymmetric
pupillary responses suggest increased ICP. These clinical deterio-
rations demand the rapid attention of rescue or evacuation per-
sonnel to optimize the MAP and CPP, minimize secondary brain
injury, and prevent brainstem herniation. Injury morphology may
be difficult to assess in the wilderness setting and relies on the
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FIGURE 18-5 Pressure-volume curve for intracranial pressure (ICP).
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level of suspicion and clinical signs and symptoms. After atten-
tion to the primary survey, including airway provision and spinal
immobilization, the physical examination component of the sec-
ondary survey is imperative and can provide information about
the presence of a TBI.

Head Injury Classification

Intracranial injuries have a wide range of causes, with variable
severity. In order to simplify evaluation of the head-injured
patient, the GCS has been used.”" The initial GCS score of the
patient assists the treatment team in developing a treatment plan.
Mild injury is classified as a GCS score of 13 to 15; moderate, 9
to 12; and severe, 3 to 8. Patients with an initial GCS score of 8
or less in the field have a predictive value for a poor outcome
of at least 40%, and need urgent medical attention.” This risk
increases proportionally with a lower GCS score. These individu-
als should be evacuated to a trauma center as soon as possible
if a favorable outcome is possible. Patients with mild TBI should
be assessed for limitations that would preclude them from con-
tinuing on the expedition, mission, or activity. Patients without
loss of consciousness associated with head injury only need
continuous monitoring for deterioration but are otherwise safe
to continue. Patients with loss of consciousness but a GCS of
more than 13 do not necessarily need to be transferred to a
trauma center but should be evaluated and undergo CT scanning
at the earliest and safest moment.””" Moderately injured patients
with a GCS of 9 to 12 or 13 are the ones in whom the outcome
can be affected by early, correct interventions. Avoidance of
hypotension in isolated head injury is paramount. As in combat-
related head trauma, use of mannitol, hypertonic saline, hy-
perventilation, and antibiotics is indicated for prophylaxis in
penetrating head trauma.”

Physical Examination for Head Injury

After the primary survey and initial attempts to stabilize the
victim, a more complete physical examination should be done.
This examination should not delay patient evacuation. A hallmark
of TBI is an altered level of consciousness. Determination of the
GCS score aids in recognition of TBI and should be regularly
reassessed to provide a mechanism for quantifying neurologic
deterioration. Physical signs that may denote underlying brain
injury include significant scalp lacerations or hematomas, contu-
sions, facial trauma, and signs of skull fracture. Findings specific
for basilar skull fracture include ecchymosis behind the ears
(Battle’s sign) and periorbital ecchymosis (raccoon eyes). Blood
behind the tympanic membrane on otoscopic examination
(hemotympanum), frank bleeding from the ears, and CSF rhinor-
rhea or otorrhea also suggest skull fracture and underlying TBI.

The pupillary examination may provide valuable data in
assessing an underlying TBI. Herniation of the temporal lobe of
the brain may be heralded by mild dilation of the ipsilateral pupil
with sluggish response to light. Further dilation of the pupil fol-
lowed by ptosis (drooping of the upper eyelid below its normal
level), or paresis of the medial rectus or other ocular muscle,
may indicate third cranial nerve compression by a mass lesion
or herniation. Table 18-1 relates pupillary examinations to pos-
sible underlying brain lesions.

Most dilated pupils (mydriasis) are on the ipsilateral side
to the mass lesion. With direct globe injury, traumatic mydriasis
may result, making evaluation of TBI more difficult. Also, 5% to
10% of the population has congenital anisocoria (a normal differ-
ence in pupillary size between the eyes); however, the pupil will
maintain a response to light. Casual inspection may overlook a
prosthetic eye, which is mistaken for a fixed pupil. Neither direct
trauma nor congenital anisocoria should be assumed in a head-
injured victim exhibiting mental status change in the wilderness.

After quantification of the GCS score, pupillary examination,
and examination of the head and face for signs of external
trauma, a concise neurologic examination should be performed.
The goal in the field is to identify motor or sensory focal deficits
suggestive of intracranial injury. Sensory deficits follow the
general dermatome patterns shown in Figure 18-0.

Unilateral hemiplegia may signify uncal herniation resulting
from mass effect in the contralateral cortex because of
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TABLE 18-1 Interpretation of Pupillary Findings in

Victims with Head Injury

Pupil Size Light Response Interpretation
Unilaterally Sluggish or fixed Third nerve
dilated compression

secondary to
tentorial herniation
Inadequate brain
perfusion; bilateral
third nerve palsy

Bilaterally dilated  Sluggish or fixed

Unilaterally Cross-reactive Optic nerve injury
dilated or equal (Marcus Gunn pupil)

Bilaterally Difficult to determine;  Opiates
constricted pontine lesion

Bilaterally Preserved Injured sympathetic

constricted pathway

compression of the corticospinal tract in the midbrain. Ipsilateral
pupillary dilation associated with contralateral hemiplegia is a
classic and ominous sign of tentorial herniation. Deep tendon
reflex changes in the absence of altered mental status or lateral-
izing signs are not indicative of TBI. Detailed evaluation of
brainstem function cannot be undertaken in the wilderness
setting. Evaluations of the gag and corneal reflexes may provide
some information helpful in triage and evacuation planning, but
the findings would not automatically obviate the need for
prompt evacuation.

Resuscitation with Head Injury

Resources and circumstances permitting, resuscitation should be
initiated as an adjunct to the primary survey. The main focus for
the head-injured victim, as for any traumatized victim, is the
airway."” During the primary survey and performance of the
ABCDE sequence, IV access should be established. It is not advis-
able to administer fluids orally to the victim with head injury
because of the likelihood of vomiting, airway compromise, and
aspiration. In the patient with suspected head injury without
confirmatory imaging, the use of hypertonic IV fluids or mannitol
will effectively reduce the ICP.*'*

Individuals sustaining head trauma have a high incidence of
concomitant injuries, and many of these individuals, especially if
the injury is related to combat, have persistent postconcussive
symptoms for 6 months or longer.””" A victim who does not
have a palpable peripheral pulse or presents with other signs of
hypotension in the context of suspected head injury must not be
assumed to have a neurogenic cause of shock, so other causes
must be thoroughly and aggressively investigated. Recognition of
additional injuries is critical in the setting of head injury for mul-
tiple reasons. Management of a head injury should be secondary
to other life-threatening injuries, which, if not addressed, may
lead to hemorrhagic shock and preclude survival. As previously
discussed, maintenance of the MAP (and thus the CPP) and
adequate oxygenation are critical in preventing secondary brain
injury.

The type of resuscitative fluid administered to trauma victims
continues to be controversial. Previously, recommendations
warning of the dangers of overhydration in head injury led to
recommendations for restricting fluids. The need for resuscitation
and intravascular volume support has been well established.
Possible resuscitative fluids include isotonic crystalloid, hyper-
tonic crystalloid, or colloid solution. Osmotic agents, such as
hypertonic saline, have been shown to increase hypoperfused
regions of the brain after TBL.'*' Hypotonic fluids, however, are
not appropriate in TBI secondary to an increase in whole-brain
water content and subsequent elevation in ICP. Data from animal
studies of TBI suggest that colloid solutions offer no advantage
over isotonic crystalloids, such as lactated Ringer’s solution, in
terms of augmenting cerebral blood flow or preventing cerebral
edema." As previously noted, no prospective trial has clearly
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documented an advantage of colloid over crystalloid administra-
tion in the victim with multiple systemic injuries. Evidence is
accumulating that hypertonic solutions, particularly mannitol
or hypertonic saline, may be beneficial in TBL.”® However, an
advantage has not been demonstrated in trauma victims overall,
especially with concomitant injuries. The recommended resusci-
tative fluid for the head-injured victim in the wilderness setting
is isotonic crystalloid in the form of lactated Ringer’s solution,
with a target MAP of 80 to 90 mm Hg based on cuff blood pres-
sure determinations or extrapolation from evaluation of distal

pulses.

Further Management of Head Injury

Numerous adjuncts exist for management of the head-injured
victim, few of which are applicable in the wilderness setting.
Once the primary and secondary surveys are complete, the
airway is secured, resuscitation has been initiated, and spine
immobilization has been achieved, the victim should be placed
in a 30-degree head-up position. This position assists in control
of ICP, and thus CPP, through augmentation of venous outflow.
This maneuver should not be attempted if the spine cannot be
adequately immobilized.

If endotracheal intubation is possible, ventilation should be
optimized without hyperventilating the victim. Hyperventilation
has been used aggressively in the past to promote hypocarbia-
induced cerebral vasoconstriction and, theoretically, to decrease
brain swelling. However, if the Paco, falls below 25 mm Hg,
severe vasoconstriction ensues, effectively reducing cerebral
blood flow, promoting ischemia, and possibly augmenting sec-
ondary brain injury. Studies have demonstrated worse outcomes
in victims with severe head injury who were hyperventilated.”

Inability to measure or titrate the Paco, in the wilderness man-
dates that respiration be controlled to approximate near-normal
minute ventilation while maintaining oxygen saturation of more
than 95%.

All bleeding from the scalp or face should be controlled with
direct pressure. Scalp hematomas, regardless of size, should not
be decompressed. Open wounds, particularly skull fractures,
should be irrigated and covered with the most sterile dressing
available. Fragments of displaced cranium overlying exposed
brain tissue should not be replaced. If signs of skull fracture are
present, broad-spectrum antibiotic prophylaxis and immunization
against tetanus are administered. Although diuretics have been
widely used in the intensive care management of intracranial
hypertension, no rationale exists for their use in the field. The
wilderness trauma victim may have many injuries that are impos-
sible to evaluate fully in the field. In this setting, particularly in
the presence of hemorrhagic shock, attempts to induce osmotic
diuresis to decrease ICP may be life-threatening. Diuretics such
as furosemide or mannitol may exacerbate hypotension, cause
metabolic alkalosis, and induce renal complications in the
absence of physiologic monitoring.” Corticosteroids have no role
in head injury in the field or intensive care unit. Studies have
documented no beneficial impact on ICP or survival. Attempts
at brain preservation by slowing the metabolic rate and oxygen
consumption have no role in the wilderness setting. Barbiturates
have been used for elevated ICP refractory to other measures,
but they may induce hypotension, depress myocardial function,

and confound the neurologic examination.” Feasibility of these
advanced interventions may not be advisable in the wilderness,
especially if skilled providers are not available. The use of
hypertonic saline empirically in the treatment of TBI has little
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likelihood of complication and is often deployed in combat by
today’s military embedded medical technician.”

Approximately 50% of persons with severe head injury experi-
ence posttraumatic seizures.”" Phenytoin, valproate, or levetirace-
tam, if available, can be safely administered in the field.
Prophylactic administration has not been shown to change long-
term survival rates, but seizure prophylaxis may benefit patients
with TBI by reducing additional accidental injury, psychological
effects, and loss of driving privileges. Controlling seizures may
reduce secondary injury due to hypertension, increased ICP,
changes in oxygen delivery, and excess neurotransmitter release.”

Skull Fracture

Skull fracture in the wilderness mandates evacuation. Therapeutic
options in the field are few, with intervention limited to identify-
ing the injury and arranging rapid transport. Skull fractures may
be open or closed, linear or stellate, and may occur in the vault
or skull base. These fractures are associated with a high incidence
of underlying intracranial injury. Skull fractures with depression
greater than the thickness of the skull may require elevation. No
attempt at elevation should be made in the field. Any exposed
brain surface should quickly be covered with the most sterile
covering available, preferably moistened with crystalloid solu-
tion. Loose bone or brain fragments should not be manipulated.
If a broad-spectrum antibiotic is available, it should be adminis-
tered. After attention to the wound and stabilization of associated
injuries, the victim should be rapidly evacuated.

Penetrating Head Injuries

Most penetrating head injuries in the wilderness are gunshot
wounds; knives and arrows may also penetrate the cranium. Such
penetrating injuries are usually catastrophic; more than 60% of
patients with gunshot wounds to the head succumb prior to
reaching a medical treatment facility.'”” Some persons have sur-
vived small-caliber, low-velocity injuries and tangential wounds
that need only local debridement or antimicrobial therapy without
an operation."” As with closed-head injury, management priori-
ties consist of maintenance of the airway, prevention of second-
ary brain injury, and rapid evacuation. If the cranium has been
violated, the victim should receive antibiotics and tetanus immu-
nization in the same manner as for open skull fracture. In the
rare instance that the projectile is embedded in the skull, no
attempt at removal should be undertaken. If the length of the
projectile makes immobilization or transport cumbersome, the
excess length may be removed but only if this can be done
without displacement of the intracranial segment.

Evacuation of Patients with Head Injury

Survival and outcome of head injury in the wilderness correlate
directly with rapidity of evacuation. Certain situations dictate
immediate evacuation. Any person with evidence of an open or
closed skull fracture should be evacuated. There is reasonable
evidence to suggest that 30% to 90% of persons with raccoon
eyes or the Battle’s sign will show abnormalities on computed
tomography (CT) scanning.”*’ Similarly, any person who sustains
a penetrating injury should be evacuated. Decisions concerning
evacuation of victims who have sustained closed-head injuries
can be simplified by dividing the victims into three groups based
on probability of injury. The experience provided by the military
from recent conflicts in Iraq and Afghanistan suggests that all
patients with a GCS score of 9 to 13 be transported to a trauma
center immediately for evaluation.” The low-risk group with a
GCS score of 14 or greater includes persons who have suffered
a blow to the head but are asymptomatic, did not lose conscious-
ness, and complain only of mild headache or dizziness. These
individuals do not necessarily require evacuation but may not
return to duty or activity until disorientation resolves.”’ Finally,
persons with a GCS score of 3 to 8 must be evacuated to a trauma
center with neurosurgical capability.”

Persons who meet low-risk criteria with a GCS score of 15
and have no loss of consciousness, minimal symptoms, and an
unlikely mechanism may have suffered a concussion. The Quality
Standards Subcommittee of the American Academy of Neurol-

ogy™ defines concussion as a trauma-induced alteration in mental
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status that may or may not involve loss of consciousness. The
neurologic impairment is short lived and resolves spontaneously
without any structural injury to the brain. These individuals
should not be allowed to return to activity until they are asymp-
tomatic and are no longer taking any medications. The following
signs indicate that more advanced medical care is necessary:
(1) inability to be awakened; (2) severe or worsening headaches;
(3) somnolence or confusion; (4) restlessness, unsteadiness, or
seizures; (5) difficulties with vision; (6) vomiting, fever, or stiff
neck; (7) urinary or bowel incontinence; and (8) weakness or
numbness involving any part of the body. No prospective vali-
dated guidelines for return to activity have been established,
although level III evidence recommends a graded plan for return
to activity.” Generally, one should not return to an environment
in which concussion is a risk (e.g., contact sports) until symptoms
have been absent for 14 days and the individual is no longer
taking medications.

The group for which the evacuation decision is most difficult
is the moderate-risk group. These persons have a history of a
brief loss of consciousness or change in consciousness at the
time of injury, or a history of progressive headache, vomiting, or
posttraumatic amnesia. If any of these signs is present in the
face of concurrent systemic injury, the victim should be evacu-
ated immediately. Studies associating clinical variables and
abnormal results on CT scan have demonstrated the significance
of a decreased GCS score, presence of symptoms, and loss of
consciousness. If these signs are present in isolation and the
evacuation can be completed in less than 12 hours, the evacua-
tion should proceed. If the evacuation is impossible or will
require longer than 12 hours, the victim should be closely
observed for 4 to 6 hours. If the examination improves to nor-
mality during the observation period, it is reasonable to con-
tinue observation.

NECK INJURIES

Blunt Neck Injuries

Injuries to the neck may be classified as blunt or penetrating.
Significant blunt injuries include cervical spine injuries and laryn-
gotracheal injuries. The neck is divided into three distinct zones
that help predict injury and guide management (Figure 18-7).
Fracture of the larynx and disruption of the trachea usually
require surgical intervention that is unavailable in the wilderness.
The sooner laryngeal repair is accomplished, the better the
outcome with respect to phonation.” Victims present with a
history of a significant blow to the anterior neck. Physical exami-
nation findings include difficulty with phonation, subcutaneous
emphysema that may extend as far inferiorly as the abdominal
wall, stridor, odynophagia, and often acute respiratory distress.
Blunt cerebrovascular injuries pose unique challenges in the
wilderness because they are difficult to diagnose. Practice
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FIGURE 18-7 Zones in neck trauma.




management as well as diagnostic and surveillance guidelines
have been suggested for these injuries, but they fall outside the
scope of wilderness medicine.**%*

The airway is frequently in jeopardy, and treatment is focused
on establishing and maintaining an airway until evacuation can
occur. Because of the propensity for injuries of this type to result
in significant, progressive edema, endotracheal or nasotracheal
intubation is often necessary. If these options are unavailable,
airway maintenance techniques, as described in the Primary
Survey section, should be used. If intubation fails or is not avail-
able and hypoxic death is impending, a surgical cricothyrotomy
may be needed. A recent study of prehospital cricothyrotomies
demonstrated that trained personnel had success rates of more
than 90% regardless of the environment in which the cricothy-
rotomy was performed.”” For further descriptions of airway man-
agement, refer to Chapter 19.

Vertebral column injury, with or without neurologic deficits,
must be identified in any wilderness multiple-trauma victim.
Fifteen percent of victims sustaining an injury above the clavicles
and 5% to 10% with a significant head injury have a cervical
spine injury. In addition, 55% of spinal injuries occur in the cervi-
cal region.'” In the wilderness setting, fractures or dislocations
of the cervical spine are a result of falls from a significant height
or of high-velocity skiing or vehicular accidents. Approximately
10% of persons with cervical spine fractures have discontinuous
fractures elsewhere in the spine, necessitating early and complete
spine immobilization.'”

Anatomy of the Neck. The cervical spine has seven verte-
brae. The anteriorly placed vertebral bodies form the weight-
bearing structure of the column. The bodies are separated by
intervertebral disks and held in place anteriorly and posteriorly
by longitudinal ligaments. The paraspinal muscles, facet joints,
and interspinous ligaments contribute as a whole to stability of
the spine. The cervical spine, based on its anatomy, is more
susceptible to injury than are the thoracic spine or lumbar spine.
The cervical canal is wide from the foramen magnum to C2, with
only 33% of the canal constituting the spinal cord itself. The
clinically relevant tracts in the spinal cord include the corticospi-
nal tract, spinothalamic tract, and posterior columns.

Classification and Recognition. Fractures of the cervical
spine may result in neurologic deficit, with total loss of function
below the level of injury. Spinal cord injuries should be classified
according to level, severity of neurologic deficit, and spinal cord
syndrome. Fractures of the C1-C2 complex generally result from
axial loading (a C1 ring fracture, or Jefferson’s fracture) or an
acute flexion injury (a C2 posterior element fracture, or hang-
man’s fracture). Approximately 40% of atlas (first cervical verte-
bra) fractures have an associated fracture of the axis (second
cervical vertebra). The atlas fracture, if survived, is rarely associ-
ated with cord injury but is unstable and requires strict immobi-
lization. A complete neurologic injury at this level is usually
unsurvivable due to paralysis of respiratory muscle function.
One-third of victims sustaining a severe upper cervical spine
injury die at the scene. The severity of cervical spine fractures
is a result of the neurologic compromise incurred. The most
common mechanism of injury is flexion. The most common
cervical fracture is of C5, and the most common level of injury
is C5-C6 due to the relative fulcrum associated with this
position.'?

Fractures and dislocations may result in partial or complete
neurologic injury distal to the fracture or in no neurologic injury
at all. Partial injuries to the spinal cord result from typical patterns
of injury. Because flexion injuries are the most common type of
injury to the cervical spine, the anterior cord syndrome (see later)
is the most commonly seen serious neurologic picture. A careful
neurologic examination in the field to grade motor strength and
document sensory response to light touch and pinprick yields
important information that should be documented and reported
to the treating physician at the definitive care facility.

When appropriate resources are available, a rectal examina-
tion should be performed. Complete lack of tone and failure of
the sphincter muscles to contract when pulling on the penis or
clitoris (the bulbocavernosus reflex) indicate the presence of
spinal cord injury.

BOX 18-5 Sensory and Motor Deficit Assessment
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Sensory

C5: Area over deltoid
Cé6: Thumb

C7: Middle finger

C8: Little finger

T4: Nipple

T8: Xiphisternum

T10: Umbilicus

T12: Symphysis pubis
L3: Medial aspect of thigh
L4: Medial aspect of leg
L5: First toe web space
S1: Lateral foot

S4 and S5: Perianal skin

Motor

C5: Deltoid

Cé: Wrist extensors

C7: Elbow extensors

C8: Finger flexors, middle finger
T1: Small finger abductors
L2: Hip flexors

L3: Knee extensors

L4: Ankle dorsiflexors

L5: Great toe extensors
S1: Plantar flexors

When individuals with cervical spine fractures or dislocations
are transported, the neck must be stabilized to prevent further
injury to the spinal cord or nerve roots at the level of the fracture
or dislocation. Approximately 10% of persons with cervical spine
fractures have discontinuous fractures elsewhere in the spine'”;
therefore, the entire spine must be protected during transport.

A pure flexion event can result in dislocation of one or both
of the posterior facets without fracture or neurologic injury. The
victim may complain only of neck pain and limitation of motion.
If so, the victim should be transported with the neck rigidly
immobilized. With this injury, posterior instability is present
(because the interspinous ligament is ruptured), and any further
flexion stress could produce a spinal cord injury.

Physical Examination. A thorough neurologic examina-
tion should be performed. Initial documentation of deficits and
frequent repeat examinations are critical to follow-up care. The
classification of injury in the field begins with determination of
the level of injury. Knowledge of sensory dermatomes (see Figure
18-6) and motor myotomes is invaluable. The sensory level is
the lowest dermatome with normal sensation and may differ on
each side of the body. Vertebrae C1-C4 are variable in their
cutaneous distribution, so assessment should begin at C5. The
examiner should not be confused by the occasional innervation
of the pectoral skin by C1-C4, known as the cervical cap. Light
touch and pinprick should be assessed.

Motor function should be assessed by the myotomal distribu-
tion listed in Box 18-5. Each muscle should be graded on a six-
point scale:

: Total paralysis

: Palpable or visible contraction

: Full range of motion without gravity

: Full range of motion against gravity

: Full range of motion with decreased strength

5: Normal strength

Each muscle must be tested bilaterally and its function docu-
mented. The reflexes alluded to in the classification section, as
well as anal sphincter tone, must be tested.

Spinal Cord Syndromes. There are three clinically useful
spinal cord syndromes:

Central cord syndrome is characterized by a disproportionate
loss of motor power between the upper and lower extremities,
with greater strength retained in the lower extremities. Sensory
loss is variable. The mechanism of injury usually involves a
forward fall with facial impact and hyperextension of the
spine.

VRN = O
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| Mechanism of injury suggestive of cervical spine injury? |

Yes/unknown

Alert and oriented, no distracting injury, not intoxicated?

Yes
Y

| Tenderness, pain spontaneously or with movement? |

No
Y

| Normal neurologic exam? |

Yes
Y

A | Immobilization unnecessary? |

FIGURE 18-8 A, Clinical assessment of cervical spine stability. Failure
of any criterion suggests need for immobilization. B, Proper spine
immobilization.

Anterior cord syndrome is characterized by paraplegia and
loss of pain and temperature sensation. It is the most common
manifesting syndrome caused by cervical spine injury and carries
a poor prognosis.

Brown-Séquard syndrome results from hemisection of the
cord. It consists of ipsilateral motor loss and position sense with
contralateral sensory loss two levels below the level of injury. It
is usually secondary to penetrating injury.

Immobilization. After identification of injury, the caregiver
faces the critical decision, with important ramifications, of whether
to immobilize the patient.'” Victims who would as a matter of
course be immobilized in an urban setting might not be appropri-
ate candidates for immobilization in the wilderness. The decision
to immobilize converts an otherwise ambulatory victim who can
actively participate in his or her own evacuation to one requiring
more involved evacuation procedures. The subsequent evacua-
tion can be dangerous to the victim and rescuers and demands
significant expense and use of resources.

Risk criteria for cervical spine injury and the need for immo-
bilization have been defined.'” All criteria for the exclusion of
immobilization must be satisfied. These include normal mental
status without chemical influence; lack of distracting injury;
normal neurologic examination; and a reliable neck examination
without midline neck pain, deformity, or tenderness. Figure
18-8A presents an evidence-based algorithm for determining the
need for immobilization; although such a need poses hazards for
the evacuation process, if criteria are met, immobilization takes
precedence over ease of evacuation. Additionally, using the trap
squeeze technique for positioning and moving the patient with
a suspected cervical spine injury has been shown to be safe and
effective.'” A difficult balance must be struck in the wilderness
between the likelihood of true injury and the danger to the
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expedition members and rescuers that may ensue when the
victim is immobilized. If a rigid litter is not available, the victim
should be maintained on the flattest surface possible. A rigid
cervical collar should be placed. All collars allow some degree
of movement, particularly rotation; soft collars provide the least
amount of immobilization.”’ The Philadelphia collar allows 44%
of normal rotation and 66% of normal lateral bending.”” To
achieve 95% immobilization, a halo and vest are necessary. Any
number of materials may be used to improvise an immobilizing
device (see Chapter 46). Restriction of flexion, extension, and
rotation must be achieved to the greatest degree possible. Optimal
immobilization consists of a long spine board or litter, rigid collar,
bolsters to the sides of the head, and tape or straps restricting
movement (see Figure 18-8B).

Treatment. Because little definitive treatment for cervical
spine injury can be accomplished in the field, survival and
outcome depend on speed of transport and maintenance of the
airway. This is particularly true when cervical spine injury is
associated with head injury and major systemic trauma. Transport
all victims with proven or suspected cervical spine injury to a
definitive care facility.

Penetrating Neck Injuries

Like penetrating head injuries, penetrating neck injuries are
usually due to gun or knife wounds. Most do not confer bony
instability; however, stability should not be assumed. Neurologic
deficits, if present, can progress with further movement of an
unstable spine. Projectiles should not be removed if embedded
in the neck. Penetrating injuries to the neck may not directly
injure the spine, but neurologic sequelae may result from a blast
effect. The same immobilization criteria should be implemented
as when dealing with blunt injuries.

Penetrating injuries to the neck are classified according to
anatomic zones of injury (see Figure 18-7). Zone I injuries extend
from the clavicles to the cricoid cartilage. Zone II injuries occur
between the cricoid cartilage and the angle of the mandible. Zone
I injuries occur superior to the angle of the mandible.

Historically, treatment has been based on penetration of the
platysma muscle. In the wilderness setting, if the examiner is
confident that platysmal penetration has not occurred, the victim
may be observed and the wound considered a laceration. Much
debate has taken place over management of platysmal penetra-
tion within respective topographic zones, with treatment arms
consisting of surgical exploration versus radiographic evaluation.
In the wilderness setting, such considerations remain relevant,
including the definition of what constitutes a life-threatening
penetrating neck injury. Injuries that produce hard signs of bleed-
ing (arterial bleeding, expanding hematoma, airway compression,
neurologic symptoms, palpable thrill, audible bruit) should be
treated with direct compression, and movement to immediate
evacuation should begin.”’ These penetrating injuries violating
the platysma muscle not only indicate the possibility of significant
neurovascular injury but also esophageal or tracheal injuries.
These victims should be evacuated promptly with close attention
to the airway.

INJURIES TO THE THORAX

Thoracic trauma accounts for about 25% of all fatalities in trauma
patients, yet only 10% require major surgical intervention. In most
injuries, especially in the austere environment, supportive man-
agement with supplemental oxygen and pain relief are all that
is required. However, on occasion chest drainage may be neces-
sary. The key is to rapidly identify patients that require urgent
intervention.””” The most common mechanism in the wilderness
is blunt trauma from falls or direct blows to the chest. Penetrating
injuries can be caused by gunshot wounds, knife and arrow
injuries, or impalements. The approach to thoracic injuries
depends on the mechanism, severity, and location and whether
the injury is through the chest wall only or through the wall plus
the pleura and into the lung parenchyma.

Rapid examination of the thorax by inspection, palpation, and
auscultation can assess life-threatening injuries, which are delin-
eated in Box 18-0.



BOX 18-6 Life-Threatening Chest Injuries
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Airway obstruction

Tension pneumothorax

Open pneumothorax (sucking chest wound)
Massive hemothorax

Cardiac tamponade

The typical patient will complain of chest pain and shortness
of breath with point tenderness at the site of the impact. As with
any injury, the physical examination first requires assessment of
the airway. Intercostal or supraclavicular retraction suggests
airway obstruction. The chest wall in general should rise sym-
metrically. The best way to visualize and inspect the chest is from
the foot of the patient, looking for retraction and a possible flail
segment, wherein the chest wall moves paradoxically. Dyspnea,
cyanosis, and use of accessory muscles are indications of impend-
ing respiratory compromise. Hypotension, tachycardia, and ashen
or cyanotic skin suggest shock. Diaphoresis is common in low-
flow states such as cardiac tamponade and commonly precedes
hypotension, especially in the young trauma patient with tam-
ponade. If the patient has distended neck veins, suspect tension
pneumothorax or pericardial tamponade. However, the absence
of distended neck veins does not exclude these two entities,
especially in a hypovolemic patient.

It is important to examine the patient’s back by logrolling the
patient while maintaining in-line position and immobilization.
Palpation can identify significant chest wall and sternal segment
movement when both hands are placed on the two hemithoraces
to palpate for symmetric chest wall motion. This technique can
also identify a flail segment. Crepitus is common with chest
trauma and may indicate subcutaneous emphysema from an
underlying pneumothorax. Subcutaneous emphysema can extend
up into the neck and down into the inguinal ligaments, and is
almost always associated with a significant pneumothorax. Palpa-
tion of the thoracic cavity should occur symmetrically, beginning
at the distal clavicles and working medially toward the sternum,
palpating and inspecting each rib individually for tenderness,
contusion, or fracture. Auscultation of both chest walls can aid
in diagnosis. Dullness to percussion may suggest a hemothorax;
hyperresonance or tympani may indicate a large pneumothorax
or tension pneumothorax.’’

Portable ultrasound can be used in the austere environment
to diagnose traumatic conditions of the chest, including pericar-
dial fluid collections, pneumothorax, and hemithorax. Pneumo-
thorax is identified by loss of “comet tails” or pleural sliding
(Figure 18-9).° Numerous articles in the literature have found this
to be a sensitive and specific means of diagnosing significant
chest wall injuries (see Chapter 109).">777

SPECIFIC THORACIC INJURIES

Blunt chest trauma in the wilderness is associated with decelera-
tion injury, a fall from a significant height, or a direct blow.
Compression of the chest wall by moving or falling debris can
contribute to major intrathoracic injuries.

Rib Fractures

Rib fractures range from isolated nondisplaced, single-rib frac-
tures that cause minor discomfort to a major flail segment with
associated underlying hemothorax and/or pneumothorax with or
without pulmonary contusion. Rib fractures usually cause pain,
especially during inspiration. The patient will often have a rapid,
shallow breathing pattern and point tenderness. The health care
provider can occasionally feel displacement or crepitus overlying
the rib fracture. Lower rib fractures should provoke consideration
of associated liver or splenic injury. In these situations, the patient
should be examined for intraabdominal tenderness and ultra-
sound may be useful to detect peritoneal fluid indicative of
hemorrhage. Figure 18-10 demonstrates fluid in the right upper
quadrant.''

Most rib fractures can be managed with oral analgesics. Deep
breathing, incentive spirometry, pain control, and possibly sup-
plemental oxygen usually allow the patient to be evacuated
safely. Taping, splinting, or use of a rib belt is contraindicated
in chest wall injury because these measures hinder movement
and decrease chest wall expansion, leading to atelectasis and
worsening hypoxia. Extremely painful shallow respirations can
be associated with multiple rib fractures. Intercostal nerve block
or subcutaneous block over the area of injury may help the
patient hike out of the wilderness.”*”® Multiple segmental rib
fractures associated with a significant underlying lung injury,
pneumothorax, hemothorax, or pulmonary contusion will neces-
sitate emergent evacuation. Sternal fractures are caused by
impact to the sternum by blunt force, most commonly in the
upper or middle portion of the bone. The patient complains of
anterior chest pain with or without ecchymosis. A palpable
deformity may be evident with motion of the fracture fragments
upon respiration. The primary treatment is analgesia and pulmo-
nary toilet. Sternal fractures are seen in combination with other
major chest injuries when multiple injuries are present, including
rib fractures, pulmonary contusion, and blunt myocardial injury.
In these cases, it may be important to rule out a myocardial
injury. 10214

FIGURE 18-9 A, Portable ultrasound devices are easily transported for
rapid assessment of physiologic and anatomic parameters. B, Example
of pneumothorax on ultrasound.
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FIGURE 18-10 A, Ultrasound image demonstrating fluid in Morison's
pouch. B, Fluid around the spleen.

Pneumothorax

As air enters the pleural cavity, causing the intrapleural pressure
to equal the atmospheric pressure, the lung collapses (pneumo-
thorax). The three types of pneumothorax are simple, tension,
and open pneumothorax.

In simple pneumothorax, symptoms include tachypnea, dys-
pnea, and hyperresonant breath sounds in the affected hemi-
thorax. Treatment of a simple pneumothorax, depending on its
symptoms and size, is decompression of the pleural cavity." In
the wilderness, tube thoracostomy can be difficult to perform. A
small pneumothorax can often be managed without placing a
chest tube, especially if the patient can ambulate with adequate
analgesia. Frequent rest breaks may be necessary. Suspicion of
a pneumothorax alone on physical examination does not neces-
sitate placement of a catheter or chest tube.”*'* However, if the
patient develops incapacitating symptoms, decompression may
be necessary to avoid a life-threatening situation. Portable ultra-
sound can be used to make the diagnosis (see Chapter 109). The
patient should be monitored with physical examination and pulse
oximetry.

Tension pneumothorax develops when the intrapleural pres-
sure increases, so that the heart and great vessels are shifted away
from the pneumothorax. This commonly impedes venous return
from the superior and inferior venae cavae, decreases cardiac
output, and causes hypotension leading to shock. The patient
may have distended neck veins and tracheal deviation away from
the side of the lesion. Other physical findings are absent breath
sounds, hyperresonance on percussion, respiratory distress, cya-
nosis, and cardiovascular collapse. This life-threatening injury
demands immediate chest decompression, followed by evacua-
tion. A temporizing treatment is to insert a needle or catheter into
the pleural space, which converts the tension pneumothorax into
a simple pneumothorax. This is done by inserting a 14-gauge
catheter percutaneously over the second rib in the midclavicular
space or laterally in the anterior axillary line in the fifth intercostal
space.” The needle is placed over the anterosuperior surface of
the rib through the intercostal muscles to avoid the inferiorly
located neurovascular bundle. If successful, a rush of air is usually
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heard upon release of the tension pneumothorax. In muscular or
obese individuals, the catheter needle must be long enough to
reach the pleural cavity. The lateral approach may be easier. A
plastic catheter can be advanced over the needle, the needle
withdrawn, and the catheter left in place to ensure ongoing
decompression. A rubber glove or a finger cot can be attached to
the catheter to create a unidirectional flutter valve that allows
egress but not ingress of air from the pleural cavity. A commer-
cially available system for this purpose is the Asherman Chest Seal
(Chinook Medical Gear, Durango, CO).> With limited resources,
one might use a sharp instrument and a finger thoracostomy or
placement of a hollow tube. The skin is optimally first cleansed
with an antiseptic. A premade kit such as a Heimlich Chest Drain
Valve kit (Chinook Medical Gear, Durango, CO) can be used for
decompression. This is a valued addition to any expedition’s
first-aid Kkit.

Open pneumothorax is described in the section on Penetrating
Chest Wounds, below.

Chest Tube Placement. Appropriate positioning of the
patient will aid in the placement of a tube thoracostomy. The
patient should be supine and the ipsilateral arm raised and placed
behind the patient’s head to open the space between the latis-
simus and pectoralis muscles and allow a better window for
insertion. It is important in females to place the chest tube lateral
to the breast tissue. The area should be cleaned with an antiseptic
and anesthetized with 1% lidocaine if possible. All layers of the
chest wall, including the intercostal muscles, rib surface, and
especially pleura, should be infiltrated with anesthetic to provide
adequate analgesia. Oral or IV narcotics and a mild sedative, such
as midazolam, will help with pain and anxiety relief during the
insertion period. A 2- to 3-cm incision is made through the skin
and subcutaneous tissue down to the ribs and intercostal space.
A blunt instrument, such as a clamp, is carefully inserted into the
pleural space and directed close to the superior surface of the
rib. Confirmation of entry into the pleural space can be made
digitally to ensure that the underlying lung parenchyma is dis-
sected away from the pleura, so that chest tube insertion will be
done properly. For a simple pneumothorax, a 20 or 22 French
tube is used, or a pigtail catheter if available. The catheter or
chest tube should be directed posteriorly and apically, and
secured with a suture or tape. If possible, the tube should
be connected to suction or an underwater seal. The tube can be
left open to the atmosphere to accomplish decompression and
the end of the tube covered with a rubber glove, finger cot, or
plastic bag modified to permit unidirectional egress flow of air.
Preinsertion antibiotics, oral or parenteral, to cover gram-positive
skin flora will reduce the chance of a subsequent pleural
infection.™

Hemothorax

A hemothorax is the presence of blood in the pleural space,
usually associated with an overlying major chest wall injury with
multiple rib fractures. The most common cause is a direct blow
to the chest that causes laceration of the lung, intercostal vessels,
or pulmonary vasculature. Tenderness, inspiratory pain, and
dyspnea can be associated with a hemothorax. In the wilderness,
a tube thoracostomy is rarely required or feasible, but can be
placed if the equipment is available and the patient is symptom-
atic, especially with prolonged evacuation. A 32F to 36F chest
tube should be inserted if a hemothorax is suspected. If more
than 1500 mL is evacuated after placement of the chest tube, this
is indicative of a massive hemothorax. This mandates rapid
evacuation and ongoing resuscitation in anticipation of operative
intervention. The major goal in treatment is to evacuate the
pleural space and allow expansion of the lung, which helps
appose the lung pleura and visceral pleura and potentially
decreases bleeding from the lung and other low-pressure
sources.”

Flail Chest

When two or more ribs are fractured in two or more places, that
segment of the chest wall has lost bony continuity with the rest
of the bony thorax. An unstable segment will have paradoxic
motion inward upon inspiration. This is often associated with an



underlying pulmonary contusion, which may blossom only after
12 to 24 hours. These injuries, especially in the elderly, can be
associated with significant oxygenation and ventilation compro-
mise and may require mechanical ventilation®; therefore, rapid
evacuation may be necessary. Intercostal nerve blocks may
provide short-term management of pain and pulmonary toilet.
Bilateral fractures of the costochondral cartilage can cause a
central flail segment, where the entire sternum paradoxically
moves with respirations.

BLUNT CARDIAC INJURIES

Pericardial tamponade or major symptomatic blunt myocardial
injuries are relatively rare in the wilderness. Most blunt myocar-
dial injuries are self-limited and improve within the first 24 hours.
However, the risk of significant dysrhythmias is high within the
first 24 hours. The classic presentation of a blunt myocardial
injury is sinus tachycardia refractory to analgesia. Other dysrhyth-
mias include premature ventricular contractions and bundle
branch block. Any patient with symptomatic dysrhythmias or
development of hemodynamic instability should be evacuated
immediately. Rare major blunt cardiac injuries include chamber
rupture or valvular disruption. In the wilderness, major cardiac
injury is likely nonsurvivable.'**

Acute pericardial tamponade can be life-threatening. Even a
small amount of blood acutely contained within the pericardial
cavity can cause severe restriction of cardiac function. As little
as 15 to 20 mL is sufficient to produce shock. The classic clini-
cal finding is Beck’s triad (distended neck veins, hypotension,
and muffled heart sounds), which is difficult to diagnose in the
wilderness. Less than one-third of patients with tamponade
have all three findings. The patient is often agitated, diapho-
retic, and tachycardic. Another sign of cardiac tamponade is
pulsus paradoxus, in which there is a decrease in systolic blood
pressure of more than 10 mm Hg with inspiration. Diagnosis of
cardiac tamponade in the wilderness has been made much
easier with the use of portable ultrasound. Once the diagnosis
of tamponade has been made, immediate evacuation of the
patient is necessary, because nearly all require median sternot-
omy for definitive treatment. A temporizing measure that can be
performed prior to definitive management is pericardiocentesis.
If there is high suspicion of pericardial tamponade and shock
that is unresponsive to resuscitation has developed (and death
is impending), a long (16-cm) 16- to 18-gauge needle with over-
lying catheter can be introduced 1 to 2 cm below and to the
left of the xiphoid, and advanced superiorly at a 45-degree
angle with the tip aimed at the tip of the left scapula. The cath-
eter should be aspirated as the needle is advanced until blood
is obtained. Traditional teaching states that pericardial blood is
nonclotting; however, with a large amount of fresh blood in the
pericardium, clots may form. Once the blood is aspirated, the
needle is removed and the catheter left in place and secured.
Repeat aspiration may be required according to the hemody-
namic status as the patient is being evacuated for definitive
care. Cardiac tamponade can also result from penetrating trauma
to the “box,” which is an area outlined by the nipples, sternal
notch, and xiphoid.

TRAUMATIC ASPHYXIA

Traumatic asphyxia can occur with burial during landslides, ava-
lanches, or earthquakes, particularly when there is a severe crush
injury of the chest wall. Craniocervical cyanosis presents with
symptoms of facial edema, diffuse upper body petechiae, sub-
conjunctival hemorrhage, and hypoxia-related neurologic symp-
toms. The pathophysiology is an acute increase in intrathoracic
pressure, which is dissipated to the inferior and superior venae
cavae. In this circumstance, venous flow reverses in the veins of
the head and venous hypertension causes capillary rupture, with
subsequent facial edema and petechiae.

The patient can have significant facial and laryngeal edema.
Care is supportive. Death is associated with pulmonary dys-
function and associated injuries. Expeditious evacuation is
essential.”>!"!

PENETRATING CHEST WOUNDS

Penetrating chest trauma above the nipples is most often associ-
ated with pneumothorax, hemothorax, or cardiac injury, and
below the nipples with intraabdominal penetration.

An open pneumothorax, or “sucking” chest wound, is a trau-
matic defect of the chest wall at least two-thirds the diameter of
the trachea. This injury causes decreased ventilation owing to
preferential movement of air through the chest wall defect instead
of the major airway. This injury requires rapid reconstruction of
chest wall integrity to avoid hypercarbia and hypoxia. A hand
can first be placed over the sucking chest wound, and field treat-
ment can include placing petroleum gauze on top of the wound,
covered by a patch of gauze 4 inches square taped to the skin
on three sides. The untaped side serves as a flutter valve mecha-
nism to prevent a tension pneumothorax by allowing air to move
out with expiration but not back into the pleural space during
relaxation or inspiration. An Asherman Chest Seal kit serves the
same purpose. Additionally, a chest tube can be placed remote
from the wound to decompress air and blood in the pleural cavity
(Figure 18-11). Most often, these large wounds require surgical
intervention for closure, and, thus, the patient should be trans-
ported urgently to definitive care.

Lateral edge of

"h’“\&ctoralis major

Base of Bt A
axilla e [ Fifth intercostal
™=t space
C Lateral edge of

latissimus dorsi

FIGURE 18-11 A, Asherman Chest Seal device. B, Heimlich valve
attached to a pigtail pleural catheter. C, Proper position for chest tube
insertion.
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INJURIES TO THE ABDOMEN

Intraabdominal injuries in the wilderness setting are difficult to
recognize. Once recognized, all require appropriate resuscitation
and immediate evacuation. The abdomen is the most frequent
site of life-threatening hemorrhagic shock; however, in the wil-
derness setting, few diagnostic and treatment options exist.

BLUNT ABDOMINAL TRAUMA

Blunt intraabdominal injury is commonly associated with falls.
Abdominal injuries are often associated with fractures or closed-
head injuries. Often the decision for evacuation is made on the
basis of other injuries; however, the wilderness physician must
be attuned to the potential for intraabdominal hemorrhage as an
occult injury.

Anatomy of the Abdomen

For descriptive purposes, the abdomen may be divided into
thoracic, true, and retroperitoneal compartments. The thoracic
abdomen contains the liver, spleen, stomach, and diaphragm.
The liver, spleen, and, more rarely, stomach may be injured by
direct blows to the ribs or sternum. Twenty percent of persons
with multiple left lower rib fractures have a ruptured spleen. A
direct blow to the epigastrium may result in increased intraab-
dominal pressure, with subsequent rupture of the liver or dia-
phragm. The true abdomen contains the small bowel, large
bowel, and bladder. Isolated bowel injuries are rare in the wil-
derness setting. Blunt bladder or rectal injury usually occurs in
conjunction with severe pelvic fracture and carries a high risk of
death. The retroperitoneal abdomen contains the kidneys, ureters,
pancreas, and great vessels. It is notoriously difficult to evaluate
by physical examination. Life-threatening hemorrhage can occur
into the true abdomen or retroperitoneal space.

Diagnosis
The wilderness physician must have a high index of suspicion
and perform a superlative history and physical examination. With
the advance of ultrasound technology, access to a small portable
unit may be helpful in determining the absence or presence of
free abdominal fluid (see Figure 18-9 and Chapter 109).
Handheld ultrasound devices are as sensitive and specific as
more powerful units designed for inpatient use; they are no less
accurate and their positive and negative predictive values are the
same.” In the wilderness, invasive diagnostic procedures such as
peritoneal lavage are not recommended.

Physical Examination

Look for signs of early shock, with tachycardia, tachypnea,
delayed capillary refill, a weak or thready pulse, and cool or
clammy skin. Physical examination of the abdomen begins with
visualization and inspection. Contusions and abrasions may be
the only harbingers of occult visceral injury. Periumbilical ecchy-
mosis associated with abdominal hemorrhage (Cullen’s sign) is
virtually never present in acute abdominal trauma. Abdominal
distention due to hemorrhage is a late sign and is never present
before shock and cardiovascular collapse have developed.
Abdominal inspection should survey the flanks, lower chest, and
back. Inspection of the back should follow palpation of the spine
while the victim is supine. The victim should be carefully log-
rolled if there is any suspicion of spinal injury.

Looking for muscle guarding, the examiner gently palpates
the abdomen in all four quadrants. Persistent guarding or tender-
ness after trauma mandates rapid evacuation. Percussion tender-
ness is an indicator of peritoneal irritation, also mandating
evacuation. The presence or absence of bowel sounds has little
prognostic significance. Bowel sounds may be present in the face
of significant intraabdominal hemorrhage or, conversely, absent
when extraabdominal injuries induce ileus.

Referred pain to the left shoulder (Kehr’s sign) strongly sug-
gests a ruptured spleen. This pain is often exaggerated by placing
the victim in the Trendelenburg position, increasing the amount
of left upper quadrant blood irritating the diaphragm. Pain from
the retroperitoneal abdomen associated with injuries to the
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kidneys or pancreas may be referred to the back. However,
referred pain is usually a late finding and is not helpful in evalu-
ation of acute trauma.

Gross hematuria that does not clear immediately or that is
coupled with an associated injury, such as pelvic fracture or
abdominal or back pain, requires immediate evacuation. To
minimize blood loss, the victim should be kept stationary and
the evacuation team brought as close to the victim as possible.

In a wilderness setting, rectal and vaginal examinations add
little to the evacuation decision when evaluating for abdominal
trauma. The unstable pelvic fracture associated with rectal and
vaginal injuries is usually the determinant for evacuation.

PENETRATING ABDOMINAL TRAUMA

Penetrating intraabdominal injuries may result from blast, gun-
shot, stab, or arrow wounds. The social context in which these
injuries occur (accidental, intentional, or self-inflicted) makes
little difference in the wilderness setting. Recrimination, guilt,
and blame only interfere with the paramount goal of immediate
evacuation.

Gunshot Wounds

A low-caliber gunshot injury often manifests with a small entrance
wound and no exit wound. A high-caliber, high-velocity gunshot
injury may have a relatively innocuous entrance wound but a
large, disfiguring exit wound and extensive internal injuries. No
matter what the caliber or trajectory and no matter where the
entrance and exit wounds, all gunshot wounds from the nipple
line to the inguinal ligament should be presumed to have pen-
etrated the abdominal cavity and created an intraabdominal
injury. These injuries mandate immediate surgical intervention.
A victim of gunshot wounds to the head, neck, chest, abdomen,
or groin should undergo immediate evacuation and should
receive a single-agent broad-spectrum antibiotic, such as an oral
fluoroquinolone, second-generation cephalosporin, or extended
beta-lactam drug. Hunting injuries are discussed in Chapter 20.

Shotgun Injuries

Shotgun injuries to the torso are managed in the same manner
as gunshot wounds. Shotgun injuries have a potentially lower
incidence of underlying visceral injury than do gunshot wounds,
but there is often extensive soft tissue damage requiring surgical
debridement. The potential exists for delayed development of
peritonitis from a single penetrating pellet to the viscera. Conse-
quently, shotgun injuries should also be treated with emergency
evacuation and a broad-spectrum antibiotic, as recommended
previously for gunshot wounds.

Occasionally, a close-range shotgun blast results in a soft
tissue defect large enough for bowel to extrude through the
wound. The bowel should not be placed back into the abdomen.
Injured bowel displaced from the abdominal cavity conceptually
should be treated as though it were an enterocutaneous fistula.
Because evacuation is often delayed in the wilderness, it is better
to have fecal contents outside, rather than inside, the peritoneal
cavity. The exteriorized bowel should be kept moist and covered
at all times. Uncovered bowel outside the peritoneal cavity
rapidly desiccates and becomes nonviable, mandating later surgi-
cal resection. Exposed bowel should be covered with an abdomi-
nal pack or cloth moistened with sterile saline at best, or at worst
with potable water. The dressing should be checked and remoist-
ened at least every 2 hours.

Stab Wounds

The penetrating object is usually a knife but may be as varied
as a piton, ski pole, or tree limb. Any deep skin laceration from
the nipple line to the groin should be considered to have dam-
aged an intraabdominal organ. Whereas the odds of an abdomi-
nal gunshot wound injuring a visceral organ exceed 85%, the
odds of a stab wound injuring a visceral organ are less than 50%.

In certain urban hospitals, the high incidence of negative
surgical explorations for stab wounds had led to a more selective
approach toward patients with abdominal stab wounds." Sig-
nificant injuries from penetrating trauma have been statistically



decreasing in most trauma centers. The practice of nonoperative
management for penetrating abdominal trauma has its place in
the right setting, including one where hemodynamics can be
continuously monitored, frequent physical examinations can take
place, and the patient can be taken immediately to the operating
room if the condition changes or peritonitis develops. This
approach uses local wound exploration and frequent physical
examinations. This is not appropriate for the wilderness environ-
ment; all patients with suspected violation of the fascia from
penetrating abdominal trauma should be promptly evacuated.

Although there are no data addressing the management of
stab wounds in the wilderness, the following approach is practi-
cal and reasonable. If the wound extends into the subcutaneous
tissue, the evacuation decision depends on local wound explo-
ration. This procedure is simple to perform, even in the wilder-
ness. The skin and subcutaneous tissue are infiltrated with local
anesthetic, and the laceration is extended several centimeters to
clearly visualize the underlying anterior fascia. It is helpful to
use lidocaine 1% with epinephrine to minimize slight but annoy-
ing bleeding that can impair visualization. The wound should
never be probed with any instruments, particularly if overlying
the ribs.

Wound exploration is confined to the area from the costal
margin to the inguinal ligament. Local exploration is contraindi-
cated in wounds that extend above the costal margin, because
it is possible for such exploration to communicate with a small
pneumothorax, potentially exacerbating respiratory distress.

If thorough exploration of the wound shows no evidence of
anterior fascial penetration and there is no evidence of peritoneal
irritation, the wound can be closed with tape (e.g., Steri-Strips)
or adhesive bandages and dressed, and the evacuation process
may be delayed. Physical examination should be performed
every few hours for the next 24 hours. If no peritoneal signs
develop and the victim feels constitutionally strong, a remote
expedition may resume with caution and an eye to evacuation
should the victim become ill.

In the wilderness, it is prudent to have a low threshold for
evacuation because of technical difficulties in performing wound
exploration, such as insufficient light and inadequate instruments.
Persons who have been impaled by long objects, such as tree
limbs or ski poles, should have the object left in place and care-
fully shortened, if possible, to facilitate transport.

PELVIC TRAUMA

In the wilderness setting, fractures of the pelvis are generally
associated with a fall from a significant height, a high-velocity
ski accident, or a vehicular accident.

Pelvic fractures have a significant risk of death; if the fracture
is open, the risk at least doubles.™"** With opening of the pelvic
ring, there may be hemorrhage from the posterior pelvic venous
complex and occasionally from branches of the internal iliac
artery. For hemodynamically unstable victims with severe pelvic
fractures, resuscitative efforts should be instituted. In addition,
simple techniques to reduce increased pelvic volume using cir-
cumferential binding sheets or slings may slow bleeding.'”
Several pelvic binders provide circumferential pressure to mini-
mize the pelvic volume with essentially equal efficacy.” Even the
improvised use of a sheet has been shown to provide adequate
compression of the pelvis in cadaver models."” In the field, a
blanket, sheet, binder, or jacket may be used to hold compres-
sion (Figure 18-12).

The key factor in the initial management of pelvic fractures
is early suspicion, identification, and proper management and
transport of the victim. Posterior ring fractures or dislocations are
associated with a greater incidence of significant hemorrhage,
neurologic injury, and death than are other pelvic fractures. The
diagnosis of pelvic fracture should be identified early in the
primary/secondary survey. The examiner may see pain, swelling,
and ecchymosis. The authors do not recommend repeated or
aggressive stressing or compression on the pelvis during exami-
nation. A person with a pelvic ring fracture must be immediately
evacuated on a backboard, with care taken to minimize leg and
torso motion.”’

FIGURE 18-12 A, Pelvic sling improvised with a jacket provides com-
pression to the pelvis to control bleeding. B, Pelvic binder.

The flank, scrotum, and perianal areas should be inspected
for blood at the urethral meatus, swelling or bruising, or a lac-
eration in the perineum, vagina, rectum, or buttocks suggestive
of an open pelvic fracture. Rectal and vaginal examinations
should be performed by an experienced provider to recognize a
possible “open pelvis.” The pelvis should be examined carefully
once, without any aggressive rocking motion. The first indica-
tion of mechanical disruption is leg length discrepancy or rota-
tional deformity in the absence of an obvious leg fracture or
hip dislocation. For more information on pelvic fracture, see
Chapter 22.

EXTREMITY TRAUMA

Most wilderness-related extremity injuries are fractures and
sprains, which are discussed in Chapter 22. This section focuses
on general field management of significant extremity vascular
injuries, traumatic amputation, and recognition and treatment of
rhabdomyolysis.

VASCULAR INJURIES

Injury to the major vessels supplying the limbs can occur with
penetrating or blunt trauma. Fractures can produce injury to the
vessels by direct laceration (rarely) or by stretching, which pro-
duces intimal flaps. Penetrating injuries can be devastating if
transection of a vessel occurs. Significant vascular injuries, from
penetrating or blunt causes, can result in subtypes of multiple
vessel injuries, each of which may threaten the limb. Injury sub-
types include laceration, transection, contusion with spasm,
thrombosis, true or false aneurysm, external compression, and
arteriovenous fistula. Accurate history taking, expeditious physi-
cal examination, and prompt evacuation are the keys to life and
limb salvage.

Significant vascular injuries result in one of two clinical pre-
sentations, hemorrhage or ischemia. The main priority is stopping
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hemorrhage. The victim of trauma may die in short order from
a major vascular injury. Ideally, control of hemorrhage can be
accomplished without resultant ischemia of the distal extremity.
Hemorrhage from an extremity wound can almost always be
controlled with direct pressure and pressure dressings. These
measures permit circulation to and from the extremity outside
the area of pressure application. In some circumstances, a tour-
niquet may be required.

History of the Injury

A complete history of the time and mechanism of injury is invalu-
able in planning further management. Although no absolute
ischemia time has been established, a goal of less than 6 hours
to reperfusion is prudent.'”” Recent military experience demon-
strates that tourniquets are an effective method of stopping
hemorrhage. The optimal ischemia time is less than 2 hours;
however, minimal morbidity has been achieved with longer
applications.”””' The amount of blood present at the scene should
be quantified. A history of pulsatile bleeding of bright-red blood
that abates suggests arterial injury. Thirty-three percent of victims
with arterial injuries have intact distal pulses.

Physical Examination

Vascular examination in the field can be difficult. Hypovolemia,
hypothermia, and hostile conditions make accurate examination
challenging. Skin color and extremity warmth should first be
assessed. Distal pallor and asymmetric hypothermia suggest vas-
cular injury. Pulses should be palpated. In the upper extremity,
the axillary, brachial, radial, and ulnar pulses should be assessed.
In the lower extremity, the femoral, popliteal, posterior tibial,
and dorsalis pedis pulses should be assessed. Location and direc-
tion of the wound, amount of hemorrhage, and presence of
hematomas or palpable thrill should be noted.

A neurologic examination that quantifies motor and sensory
deficits is critical. Because of the high metabolic demands
of peripheral nerves, disruption of oxygen delivery makes neu-
ronal cells highly susceptible to ischemic death. Conversely,
skeletal muscle is relatively resistant to ischemia. Loss of sensa-
tion or limb paralysis is an alarming sign of impending anoxic
NECrosis.

Treatment of Vascular Injuries

All external hemorrhages should be identified during the primary
survey and controlled with direct pressure at the site of injury.
Tourniquets should be applied only when direct pressure fails
to control bleeding or cannot be applied (as while a casualty is
being evacuated by hoist to an aircraft). Tourniquets should be
released every 5 to 10 minutes to attempt to limit ischemia, unless
severe hemorrhage continues when the tourniquet is loosened.
In this case, it should be left tightened. Efforts to control bleed-
ing with pressure should be undertaken. Direct pressure permits
collateral flow to provide some perfusion to the distal extremity.

Hematomas should never be explored or manually expressed
without surgical capability readily available. Attempts to clamp
or ligate vessels are not recommended. Frequent repeat neuro-
vascular examinations are mandatory.

Once bleeding is controlled and the wound is covered with
a sterile but nonconstrictive dressing, completion of the primary
survey, identification and stabilization of associated injuries, and
appropriate resuscitation with normal saline should follow. After
hemostasis is achieved, a nonconstrictive dressing will obviate
the chance for unintended venous outflow obstruction. The
extremity should be splinted to prevent movement. The need
for evacuation depends directly on the results of the physical
examination. Examination results can be grouped into “hard
signs,” indicative of ischemia or continued hemorrhage, and “soft
signs,” suggestive of, but not indicative of, ischemia (Boxes 18-7
and 18-8).

All victims with hard signs should be evacuated emergently.
Based on current data, an isolated soft sign may warrant observa-
tion alone, depending on the remoteness of the expedition and
the risks of evacuation. The data for observation of soft signs
have emerged from hospital settings and must be applied with
great caution in the wilderness. If soft signs are present, clinical
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BOX 18-7 Vascular “Hard Signs”

Pulsatile bleeding
Palpable thrill
Audible bruit
Expanding hematoma
Six Ps of regional ischemia
Pain
Pulselessness
Pallor
Paralysis
Paresthesia
Poikilothermia

suspicion is high, and evacuation can be accomplished safely,
the victim should be transported and observed in a medical
facility.

Although not feasible in the wilderness, the use of vascular
shunts has been shown to be a viable option for increased limb
salvage without an increasing risk of death.” Based on recent
military conflict data, the use of battlefield temporary vascular
shunts does not lead to increased limb loss rates.” Porcine
models have demonstrated safety of temporary vascular shunt
use without increased thrombosis rates within 48 to 72 hours of
placement.” Additionally, the more proximal the shunt on the
extremity, the better the patency. This is also true of shunted
venous injuries.'”

TRAUMATIC AMPUTATION

In the wilderness, amputation victims require immediate evacu-
ation. Hemorrhage is controlled during the primary survey with
direct pressure, and resuscitation is instituted. Tourniquets are
rarely required. The victim should be kept warm and calm. Reas-
surance and analgesics should be administered. Amputations
should be completed only if minimal tissue bridges exist and it
is clear that the neurovascular supply has been interrupted.

Amputation of a mangled extremity, defined as an extremity
with a high-grade open fracture and significant soft tissue injury,
should not be carried out in the wilderness except to free a
trapped victim to avoid further severe injury or even death, or
in the case of uncontrollable hemorrhage threatening the life of
the victim, and then only by experienced surgical personnel. All
other severely injured extremities should be wrapped in available
sterile materials, splinted, and kept moist.

Amputated extremities should be cooled if possible, optimally
in a plastic bag in ice or ice water. Avoid placing the extremity
in direct contact with ice. Without cooling, the amputated extrem-
ity remains viable for only 4 to 6 hours; with cooling, viability
may extend to 18 hours. The amputated extremity should accom-
pany the victim throughout the course of the evacuation.

CRUSH INJURIES AND RHABDOMYOLYSIS

Rhabdomyolysis is a potentially fatal syndrome that results from
lysis of skeletal muscle cells. In its fulminant form, rhabdomyoly-
sis can affect multiple organ systems. Compartment syndrome,
renal failure, and cardiac arrest are the major complications.

Any condition resulting in significant acute or subacute stri-
ated muscle damage can precipitate rhabdomyolysis. Crush inju-
ries of the extremities and pelvis, revascularization of ischemic
tissue, ischemic extremities, animal bite and snakebite, frostbite,
and traumatic asphyxia can all result in rhabdomyolysis in a
wilderness setting. Crush injuries are frequently results of ava-
lanches, falls from heights, or rock slides.

BOX 18-8 Vascular “Soft Signs”

Injury in proximity to major vessel
Diminished but palpable pulses
Isolated peripheral nerve deficit
History of minimal hemorrhage



The pathophysiology of rhabdomyolysis remains controver-
sial. The exact mechanism of muscle injury appears not to
be simple direct force or isolated ischemia and is probably mul-
tifactorial. The common cellular derangement is interference of
the normal function of muscle cell membrane sodium-potassium
adenosine triphosphatase with intracellular calcium influx and
cell death through activation of proteases and phospholipases.'"’
After cell death, multiple intracellular constituents, including
myoglobin, creatine kinase, potassium, calcium, and phosphate,
are released into the systemic circulation.

The metabolic derangements of rhabdomyolysis depend
directly on release of intracellular muscle constituents. Myo-
globinemia, hypercalcemia, hyperphosphatemia, hyperkalemia,
hyperuricemia, metabolic acidosis, coagulation defects, and con-
tracted intravascular volume result.

The clinical presentation of rhabdomyolysis may include
muscle weakness, malaise, fever, tachycardia, abdominal pain,
nausea and vomiting, or encephalopathy. The danger of the
syndrome lies in the cardiovascular effects of electrolyte distur-
bances and renal failure secondary to changes in renal perfusion
and direct toxicity of myoglobin to tubular cells.

Successful treatment relies on prompt diagnosis based on
clinical signs and urinalysis, aggressive hydration, and forced
diuresis. Myoglobin turns urine the color of tea; this is an impor-
tant indicator of significant muscle death and the need for aggres-
sive treatment.

Crystalloid solution should be administered intravenously at
1 to 2 L/hr to achieve a urine output of 100 to 300 mL/hr. Signs
of fluid overload should be monitored. Victims who are trapped
in rubble should have resuscitation initiated before extrication if
possible. The addition of agents to alkalinize the urine and
promote diuresis has been shown to improve clearance of myo-
globin but not to alter survival rates. In addition, diuretics
may be detrimental in multisystem trauma victims who are hypo-
volemic. All victims demonstrating myoglobinuria should be
evacuated.

WILDERNESS SURGICAL EMERGENCIES

In the wilderness it is important to distinguish between a surgical
and a nonsurgical emergency for evacuation purposes. Table
18-2 reviews the differential diagnosis of abdominal pain. Certain
differential diagnoses can be difficult, such as a black widow

spider bite or mushroom ingestion, both of which can simulate
an acute surgical abdomen. The key is to identify surgical prob-
lems related to peritoneal inflation and conditions that will need
evacuation and urgent operative intervention. Common genito-
urinary problems that can cause abdominal pain in males include
appendicitis, renal colic, urinary retention, and testicular torsion.
Common genitourinary problems causing abdominal pain in
females include pelvic inflammatory disease, urinary tract infec-
tions, dysmenorrhea, ruptured ovarian cysts, and ectopic preg-
nancy. Pain is the hallmark of the surgical abdomen, and therefore
it is important to obtain an accurate history and physical exami-
nation to determine the nature and onset of pain, and its severity,
location, and precipitating factors. The onset of pain can be
explosive, rapid, or gradual. Explosive agonizing pain is most
common with rupture of a hollow viscus into the peritoneal
cavity. Renal or biliary colic may also cause acute severe pain,
but it is not as excruciating as that with a perforated viscus. Pain
that is of rapid onset and progressively worsens is most often
indicative of acute pancreatitis, mesenteric thrombosis, or small
bowel strangulation. Gradual onset of pain is usually from pro-
gressive peritoneal inflammation, as commonly occurs with
appendicitis or diverticulitis. Unrelenting and excruciating pain
that is unresponsive to narcotics should alert the clinician to an
acute vascular insult, such as a ruptured abdominal aortic aneu-
rysm or intestinal infarction. Vague or poorly localized pain
usually means an inflammatory process of the parietal perito-
neum, as is initially present with appendicitis. Colicky pain with
cramps and rushes is indicative of gastroenteritis. Small bowel
obstruction can also cause colicky pain, but it is more rhythmic
in nature, with pain-free intervals.

Patients who are unable to lie still often have renal or biliary
colic, but those lying perfectly still may have peritoneal inflam-
mation. Auscultation can reveal rushes and tinkles of a small
bowel obstruction or the completely silent abdomen related to
ongoing peritoneal inflammation. Any patient with severe pain
upon shaking or percussing the abdomen, along with nausea,
fever, or vomiting, most likely needs to be evacuated, because
many require surgical intervention.

Volume depletion from both surgical and nonsurgical disease
processes is common in the wilderness. Severe dehydration and
electrolyte depletion can result from vomiting and/or diarrhea,
especially in the later stages of disease and if evacuation has
been delayed. Crystalloid resuscitation in the field should be

TABLE 18-2 Features Considered in the Differential Diagnostic of Abdominal Pain

Location of Pain and

Disease Prior Attacks Type of Pain

Acute appendicitis  Periumbilical region or
localized generally to right

lower abdominal quadrant

persistent

Intestinal Diffuse Sudden; crampy
obstruction
Perforated Epigastric; history of ulcer in  Abrupt; steady

duodenal ulcer
Diverticulitis

many

Left lower quadrant; history
of previous attacks

Epigastric or right upper
quadrant; may be referred
to right shoulder

Costovertebral or along
course of ureter

Epigastric penetrating to
back

Bilateral adnexal; later, may
be generalized

crampy
Acute cholecystitis

Renal colic
sharp
Acute pancreatitis
severe
Acute salpingitis
worse
Ectopic pregnancy  Unilateral early; may have
shoulder pain after rupture

Mode of Onset and

Insidious to acute and

Gradual; steady or

Insidious to acute

Sudden; severe and
Acute; persistent, dull,
Gradually becomes

Sudden or intermittently
vague to sharp

Associated
Gastrointestinal
Problems Physical Examination
Anorexia common;
nausea and
vomiting in some
Vomiting common

Low-grade fever; epigastric
tenderness initially; later, right
lower quadrant pain

Abdominal distention;
high-pitched rushes

Epigastric tenderness; involuntary
guarding

Fever common; mass and
tenderness in left lower quadrant

Right upper quadrant pain

Anorexia; nausea and
vomiting
Diarrhea common

Anorexia; nausea and
vomiting
Frequently nausea Flank tenderness
and vomiting
Anorexia; nausea and
vomiting common
Nausea and vomiting
may be present

Epigastric tenderness

Cervical motion elicits tenderness;
mass if tuboovarian abscess is
present

Frequently none Adnexal mass; tenderness
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FIGURE 18-13 A, OPTION-vf (female) catheter. B, OPTION-vm (male)
catheter. (Courtesy Practica Medical Manufacturing, Inc, Dublin, Ohio.)

initiated to counteract potential sepsis and hypovolemic shock.
Decompressing the stomach with a NG tube may alleviate severe
nausea and vomiting if antiemetics are ineffective, which is often
the case with a small bowel obstruction. Confirmation of proper
placement of a NG tube is made by aspirating gastric contents
or oscillating gastric air when one insufflates the stomach through
the tube. Monitoring the urine output is a good estimate of intra-
vascular volume status. Therefore, placing an indwelling urinary
catheter in circumstances of major volume depletion may be
helpful to determine the adequacy of the resuscitation (Figure
18-13). Portable ultrasound can also be used to diagnose certain
intraabdominal conditions and is valuable in determining the size
of the vena cava as an estimate of intravascular volume.

ACUTE APPENDICITIS

About 7% of people have a chance of developing acute appen-
dicitis during their lifetime.' In normal circumstances, early diag-
nosis and definitive surgical treatment result in a low complication
rate. In the wilderness, however, delayed diagnosis or late pre-
sentation can cause severe illness and sepsis. It is important to
carefully assess and evacuate the patient early if acute appendi-
citis is suspected. The most common differential diagnosis with
acute appendicitis is mesenteric adenitis, which is often preceded
by an upper respiratory tract infection and associated with vague
abdominal pain beginning in the right lower quadrant. Pelvic
inflammatory disease in young women usually occurs within a
week of menses. With gastroenteritis, vomiting often precedes
abdominal pain and is often associated with diarrhea.

Clinical presentation of acute appendicitis revolves around the
associated abdominal pain. Classically, the pain is initially achy
in nature and located in the periumbilical area. As the disease
progresses, the pain becomes sharper and localized in the right
lower quadrant. It is associated with fever, anorexia, and malaise.
In later stages, the patient often remains still, occasionally with
the right hip flexed, complaining of pain on passive hip exten-
sion (psoas sign). The patient may have indirect tenderness in
the right lower quadrant upon palpation of the left lower quad-
rant. As mentioned, if acute appendicitis is suspected, evacuation
is required to avoid perforation. Once the appendix is ruptured,
the patient develops generalized peritonitis and abdominal rigid-
ity. Initial field treatment of appendicitis includes IV hydration
and initiation of broad-spectrum antibiotics covering anaerobic
and gram-negative bacteria (e.g., cefoxitin 2 g, or piperacillin-
tazobactam 3.375 g). If only oral antibiotics are available, a fluo-
roquinolone, such as oral ciprofloxacin 750 mg twice a day, is
recommended.
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ACUTE CHOLECYSTITIS AND BILIARY COLIC

About 15% of the population develops gallstones, but only about
25% develops biliary colic. An even smaller percentage of these
patients develop acute cholecystitis or gallstone pancreatitis.
Biliary colic occurs when a gallstone obstructs the neck of the
gallbladder. The pain is usually constant and aching, and
the patient often states that similar episodes have occurred in the
past. The pain is mostly localized in the right upper quadrant or
epigastric region, and radiates to the right scapula and back. This
type of pain often follows a spicy or fatty meal, usually lasts up
to an hour, and then abates. It is occasionally associated with
nausea and vomiting but usually not with fever. In this circum-
stance, evacuation may not be necessary unless the condition
advances to acute cholecystitis, which occurs when the stone
obstructs the duct and the gallbladder becomes inflamed. In this
circumstance, the pain often persists for more than an hour and
is accompanied by fever, tachycardia, and worsening right upper
quadrant pain. Acute cholecystitis requires evacuation and often
hospitalization, because it can progress to gangrenous changes
and perforation, or cholangitis and gallstone pancreatitis. Initial
management is IV hydration and broad-spectrum antibiotics (e.g.,
IV piperacillin-tazobactam 3.375 g every 6 hours, or oral cipro-
floxacin 750 mg twice a day) to cover gram-negative enteric
bacteria and Streptococcus species.”’

PEPTIC ULCER DISEASE

Peptic ulcer disease is on the decline in the United States, espe-
cially with the advent of acid-reducing agents and the treatment
of Helicobacter pylori infection. Duodenal ulcer perforation is a
serious complication and should be in the differential diagnosis
of upper abdominal pain in the wilderness. Patients often have
a history of peptic ulcer disease, which is much more common
in males than females. The use of nonsteroidal antiinflammatory
drugs and smoking are the most common risk factors. These
patients have an acute onset of constant epigastric pain that radi-
ates to the midback. There is tenderness and tympany of the
upper abdomen. Signs of peritonitis mandate evacuation. Tem-
porizing measures may include insertion of a NG tube and
administration of broad-spectrum antibiotics and a proton pump
inhibitor. If the perforation is anterior, the patient more often
develops peritonitis; posterior perforation causes upper gastroin-
testinal bleeding. The differential diagnosis may include pancre-
atitis, acute cholecystitis, myocardial infarction, or a perforated
viscus.

DIVERTICULITIS

Most patients with diverticulitis remain asymptomatic. Patients
that present with uncomplicated diverticulitis usually have non-
specific symptoms, including vague, colicky, left lower quadrant
abdominal pain. Diverticulitis can involve the entire lower
abdomen and is occasionally associated with diarrhea and fever.
Classically, the patient is in moderate discomfort with left lower
quadrant pain with or without localized guarding. Perforation
and abscess formation can present with minimal symptoms if the
perforation is contained in the retroperitoneum. However, if the
perforation extends into the peritoneal cavity, it can present with
generalized peritonitis. Treatment in the wilderness for diverticu-
litis includes hydration, bowel rest, and broad-spectrum antibiot-
ics; if evacuation is delayed, IV antibiotics covering gram-negative
enterics and anaerobes are given. Oral antibiotic coverage with
ciprofloxacin and metronidazole may be adequate for mild cases
of diverticulitis. Because of the unpredictable response to anti-
biotics and potential for progression, evacuation is most often
indicated when patients develop diverticulitis.

MECHANICAL SMALL BOWEL OBSTRUCTION

Small bowel obstruction is a common surgical condition; in the
wilderness, it is a true emergency. The most common cause is
postoperative adhesions, followed closely by an incarcerated
abdominal wall incisional hernia. The clinical presentation varies
between patients according to the level of obstruction, the time



course, and the presence of or potential for strangulation. Initially
there may be hyperperistalsis as the bowel attempts to overcome
the obstruction with proximal dilation. This leads to acute diffuse
crampy abdominal pain, which can be associated with vomiting
and obstipation. Late physical findings include a very distended
tympanitic abdomen; many liters of fluid may be sequestered in
the abdominal cavity and within the bowel wall, causing signifi-
cant dehydration. If the process progresses to strangulation of
the bowel, the result may be fever, tachycardia, and subsequent
peritonitis from a perforation. Therefore, it is important to identify
impending or actual strangulation, because the patient requires
immediate evacuation and emergent operative intervention. In
the interim, NG decompression and IV hydration should be initi-
ated. Serial examinations of the abdomen are important to note
any changes in symptoms. The colicky pain can become local-
ized and constant, or signs of peritonitis may develop.

INCARCERATED ABDOMINAL WALL DEFECT

Most incarcerated hernias developing in the wilderness will be
in the inguinal region, followed by incisional and umbilical
hernias. Many patients had previously been aware of the asymp-
tomatic bulging hernia. New or known hernias that cannot be
reduced are concerning. Constant point tenderness, especially
when associated with vomiting, fever, and tachycardia, is indica-
tive of incarceration and potential strangulation. Physical exami-
nation shows a palpable tender groin or scrotal mass for inguinal
hernias. The differential diagnosis for a tender groin mass includes
lymphadenopathy, testicular torsion, and epididymitis. A painful
mass below the inguinal ring is highly suspicious of a femoral
hernia. Other areas of potential incarceration or strangulation
include a painful mass at the site of an abdominal wall incision
or at the umbilicus. The bowel that becomes incarcerated within
the hernia sac can progress to necrosis within 3 to 5 hours; the
decision to evacuate the patient depends greatly on whether the
hernia can be reduced. Any patient with an incarcerated hernia
and signs of toxicity must be evacuated immediately. A newly
incarcerated hernia without contraindication can be reduced by
personnel who are experienced in this technique. This includes
gentle pressure that is exerted on the hernia mass. If the incar-
ceration is in the inguinal region, the patient should be lying flat
with hips elevated. This technique can also be attempted with
incarcerated umbilical or incisional hernias in the early stages of
obstruction. Analgesia and sedation are helpful adjuncts in assist-
ing with attempts at reduction.”* An absolute contraindication to
attempts at reduction includes the presence of a femoral hernia
or any signs of intestinal ischemia or necrosis where the mass is
exquisitely tender and the overlying skin may be erythematous
and warm to the touch. These patients require emergent evacu-
ation and early operative intervention.’

ANAL FISSURE AND HEMORRHOIDS

An anal fissure is a superficial, linear tear in the anoderm distal
to the dentate line. It is often associated with constipation and
passage of hard stools or anal trauma (Figure 18-14). Patients
complain of severe pain during a bowel movement that continues
for several minutes to hours and recurs after each bowel move-
ment. About 70% present with bright-red blood on the toilet
paper. Most occur in the posterior midline. First-line treatment
includes relief of constipation with stool softeners and fiber
supplements, along with hydration. Mineral oil (15 mL twice a
day), along with warm sitz baths after bowel movements, helps
lubricate the stool and reduce pain. Second-line treatment
includes topical analgesics such as 1% to 3% lidocaine jelly and,
if available, topical nitrates (0.4% nitroglycerin ointment) or
calcium channel blockers (e.g., 2% diltiazem ointment) directly
applied to the internal sphincter to relieve the pain associated
with sphincter spasm.

A hemorrhoid is an abnormal dilated venous plexus that can
protrude from the anus. Most patients are aware of the problem
before the excursion. The condition can be first recognized or
exacerbated by constipation. Symptoms include severe itching
and discomfort. Hemorrhoids can be very painful if prolapsed or

FIGURE 18-14 Anal fissure.

thrombosed. Blood may be noted on the toilet paper after a hard
bowel movement. If a hemorrhoid becomes bothersome in the
field, begin measures to soften and lubricate the stool with hydra-
tion, stool softeners, and mineral oil. Avoid bearing down during
a bowel movement, take a sitz bath several times a day, and use
hemorrhoidal suppositories or creams.

These lesions often present as dark, firm, tender purple
nodules protruding from the anal opening, or they can be pal-
pated within the anal canal. Small thrombosed hemorrhoids often
resolve spontaneously. Those greater than 2.5 cm in diameter
may require incision and evacuation of the clot to relieve pain.
Wash the anal area with soap and water and provide local or
topical analgesia if available. Pressing ice against the nodule can
provide effective analgesia. Incision on the top of and into the
thrombosed hemorrhoid and evacuation of the clot often causes
dramatic relief of pain. The incision should be left open and
abdominal pads placed to absorb drainage. Warm sitz baths for
the next several days will improve symptoms.”

UROLOGIC EMERGENCIES
RENAL COLIC

Renal colic is a symptom complex resulting from acute obstruc-
tion of the urinary tract secondary to calculus formation. The goal
of the wilderness physician is to recognize the symptom complex
and institute treatment. After obstruction of the urinary tract, the
pain crescendo of renal colic begins in the flank. The pain pro-
gresses anteriorly over the abdomen and radiates to the groin
and testes in men and labia in women. Because the autonomic
nervous system transmits visceral pain, many abdominal com-
plaints may manifest. Nausea and vomiting are common. With
severe colic, the victim writhes in pain and is unable to find a
comfortable position. Diagnosis in the wilderness is assisted by
the presence of gross hematuria.

Management of ureteral colic is pain control. Although almost
universally deployed, forced diuresis may reduce ureteral peri-
stalsis. Thus, forced oral fluids or aggressive IV hydration is of
questionable benefit."* Most calculi pass spontaneously in 4 to
6 hours. The goal of management is to control pain until passage
of the stone has occurred. A number of pharmacologic approaches
may be used. Nonsteroidal antiinflammatory drugs such as
ibuprofen and ketorolac have been effective for management
of renal colic. For symptoms uncontrolled by antiinflammatory
agents, narcotics may be added. Narcotic analgesics are most
effective if given parenterally; however, agents such as meperi-
dine, codeine, and hydromorphone may be given orally. Antiin-
flammatory agents and analgesics can be combined. An antiemetic
may be added to relieve nausea. When administering pain medi-
cation in the field, particular attention should be given to airway
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maintenance, induced nausea, and vomiting.””® Any person
whose symptom complex cannot be controlled must be evacu-
ated. Additional indications for evacuation include calculus
anuria, evidence of obstruction-induced infection, and signs of
systemic infection.

URINARY RETENTION

Urinary retention is a painful experience in which the patient is
unable to voluntarily urinate. This condition requires immediate
medical, and sometimes surgical, intervention.'"”*'"" Causes of
urinary retention can be categorized as obstructive, infectious,
inflammatory, pharmacologic, or neurologic.'” Twenty-three
percent of men reaching 80 years of age will experience acute
retention at some time."” Acute urinary retention can lead to
incapacitating symptoms in the wilderness; prompt recognition
and intervention are necessary and can be addressed with limited
resources.'*

Principal symptoms are bladder distention and pain that may
mimic acute abdomen, overflow incontinence, dribbling, and
hesitancy. Physical examination findings include prostatic enlarge-
ment in men and lower midline abdominal tenderness and
distention. If painful distention of the bladder is present, decom-
pression should be undertaken.

Medical therapy may be considered before complete obstruc-
tion to urinary flow. Third-generation o-adrenergic blockers may
provide some relief. The o-adrenergic blockers such as terazosin
promote bladder neck and prostatic urethral relaxation.”

Bladder decompression should be initially attempted with a
standard Foley catheter. In men with prostatic hypertrophy,
passage of the catheter may be challenging, and a large catheter
or coudé catheter should be used if a standard Foley catheter
cannot be passed.'” Instrumentation of the urethra with hemo-
stats or dilators is dangerous and should not be attempted in the
field.

There are several valved urinary catheters that eliminate the
need for the urine drainage bags and connecting tubes normally
required with Foley catheters. These catheters incorporate a
manually activated valve at the end of the catheter that allows
the patient to store urine in the bladder and to mimic normal
voiding behavior.""! The catheters may be used with a continuous
drainage adapter when appropriate, so that a bag may be placed
and the urination rate and volume assessed.

If multiple attempts are unsuccessful and symptoms are
severe, needle decompression is indicated. The skin of the supra-
pubic region should be anesthetized, if possible. The distended
bladder is palpated to guide aspiration. If ultrasound is available,
it can be used to guide the decompression. A 22-gauge needle
attached to a syringe is introduced through the skin of the lower
abdomen two fingerbreadths above the pubic symphysis and
directed at the anus. The needle is advanced with simultaneous
aspiration of the syringe until free-flowing urine is visualized.
Palpation of the bladder in combination with adherence to this
technique should lead to successful decompression.

Complications related to decompression can occur. Drainage
of more than 300 mL/hr can induce mucosal hemorrhage. A small
number of victims develop obstructive diuresis that may lead to
dehydration, in which case aggressive oral hydration or crystal-
loid repletion should be undertaken.'” Finally, surgical decom-
pression is temporizing, and retention will recur. Treatment may
need to be continued or repeated. Drainage of the bladder
acutely relieves symptoms and may allow ambulatory evacuation,
but the underlying cause must be addressed once the patient is
undergoing definitive care.

ACUTE SCROTUM

Acute onset of scrotal pain and swelling requires immediate
attention. Causes are multiple, but the three that should be con-
sidered as soon as possible are incarcerated hernia, testicular
torsion, and necrotizing infection. Although any one aspect of
the history and physical examination may not be diagnostic,
when all aspects are taken as a whole, they frequently suggest
the cause of the scrotal pathology.”
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Testicular torsion can occur at any age, but it is more likely
near puberty. The likelihood of testicular salvage is inversely
proportional to the elapsed time from torsion; this is a true surgi-
cal emergency. Acute onset of severe testicular pain is the hall-
mark. Mild to moderate pain is more suggestive of torsion of a
testicular appendage or epididymitis. It has been stated that
victims who can ambulate with minimal pain are less likely to
have testicular torsion. In addition, nausea and vomiting may
accompany torsion, whereas fever, dysuria, and frequency are
associated with epididymitis.

Physical examination reveals a patient in extreme discomfort
with a swollen scrotum and a tender testicle; the affected testicle
may be higher than normal and have a horizontal lie.** Scrotal
skin may be edematous and discolored. Unilateral scrotal swell-
ing without skin changes is more indicative of a hernia or hydro-
cele. In testicular torsion, the affected testis is often larger than
the unaffected testis. Prehn’s sign (relief of pain accomplished
by elevation of the testicle) may be helpful to some degree in
differentiating testicular torsion from acute epididymitis."” With
torsion, which twists the spermatic cord and elevates the testicle,
pain is not relieved by elevation (negative Prehn’s sign); with
epididymitis, pain is relieved by elevation (positive Prehn’s sign).
This maneuver has low sensitivity in distinguishing the two con-
ditions, but may be helpful in conjunction with other findings.""”

Treatment consists of surgical detorsion, which should be
accomplished within 12 hours of torsion.”* Manual detorsion is
not the treatment of choice; however, remoteness of the wilder-
ness environment may mandate manual attempts. Studies of
manual detorsion are scant and the cohorts small.”

If manual detorsion is necessary, the victim should be placed
supine. The procedure can be assisted with IV sedation with or
without local anesthetic. Classic teaching has suggested that tes-
ticular torsion typically occurs in the medial direction. Therefore,
detorsion is initially attempted with outward rotation of the testis
(toward the ipsilateral thigh). Simultaneous rotation in the caudal
to cranial direction may be necessary to release the cremasteric
muscle.'™

The surgical treatment of testicular torsion includes pexing the
testes to prevent recurrent torsion. Thus, although detorsion may
be a temporary treatment for an acute situation in the field, all
victims must be evacuated for definitive treatment.

PROSTATITIS

A number of forms of prostatitis have been defined, including
viral, bacterial, nonbacterial, and chronic forms. The acute bacte-
rial form may potentially lead to severe infection.

Bacterial prostatitis is an infection of the prostate caused pri-
marily by gram-negative bacteria, with 80% attributable to Esch-
erichia coli. It is an acute, febrile illness characterized by perineal
pain radiating to the low back, chills, malaise, and voiding symp-
toms, such as urgency, frequency, and dysuria. Urinary retention
is common, and cystitis frequently accompanies the infection. On
rectal examination, the prostate gland is usually boggy, warm,
and tender, and enlargement is variable.

In an ideal situation, treatment is individualized to the cause,
which may be difficult to discern in the wilderness. The infection
may respond to an oral antibiotic such as ciprofloxacin (750 mg
orally twice a day), ampicillin (500 mg orally 4 times a day), or
trimethoprim (160 mg) with sulfamethoxazole (800 mg) orally
twice a day. Penetration of prostatic secretions has been shown
to be best achieved by trimethoprim/sulfamethoxazole. The
chosen antibiotic should be administered for 30 days. If retention
is present, catheterization or suprapubic aspiration should be
undertaken.

Acute bacterial prostatitis can escalate in severity to systemic
toxicity. Persons with evidence of systemic toxicity unresponsive
to a trial of oral or parenteral antibiotic therapy should be
evacuated.

URINARY TRACT INFECTION

Urinary tract infections (UTIs) are extremely common and in-
clude episodes of acute cystitis and pyelonephritis occurring in



otherwise healthy individuals. These infections predominate in
women; approximately 25% to 35% of women 20 to 40 years of
age report having had a UTI. Conversely, men between the ages
of 15 and 50 years rarely develop UTI.

Despite the striking difference in prevalence, symptoms are
similar in men and women. The symptoms may represent ure-
thritis, cystitis, or an upper UTI; the distinction is often difficult.
Common symptoms include frequency, urgency, dysuria, supra-
pubic pain, flank pain, and hematuria. Flank pain with tender-
ness to percussion suggests pyelonephritis. On urinalysis, pyuria
is nearly invariably present, and hematuria may assist in the
diagnosis. The definitive diagnosis is based on significant bacte-
riuria. The leukocyte esterase test has a screening sensitivity of
75% to 96% and a specificity of 94% to 98% in detecting more
than 10 leukocytes per high-power field.”

Treatment in the wilderness setting for both men and women
should be directed at the most common causative agents,
although 50% to 70% of cases resolve spontaneously if untreated.
Causative bacteria include E. coli (70% to 95%); Staphylococcus
species (5% to 20%); and, less frequently, Klebsiella, Proteus, or
Enterococcus. Fortunately, oral antibiotics are highly effective.
Although resistant E. coli strains are being reported, trimethoprim/
sulfamethoxazole is an excellent first-line drug. Alternative
regimens include nitrofurantoin, a fluoroquinolone, or a third-
generation cephalosporin. A 3-day course of therapy has been
shown to be more effective than single-dose therapy.” For pyelo-
nephritis, a similar antibiotic in a 10-day course is an acceptable
initial treatment. Evacuation should be reserved for systemic
toxicity unresponsive to oral antibiotics.

SKIN AND SOFT TISSUE INFECTIONS

A variety of conditions ranging from minor skin infections to
localized abscesses to necrotizing soft tissue infections can occur
in any austere environment. The nomenclature has recently been
changed to acute bacterial skin and skin structure infections
(ABSSSIs).'”” The vast majority of these superficial skin infections
are self-limited. However, some can progress to a systemic condi-
tion and in a few cases be life-threatening, requiring emergency
surgical treatments. Coagulase-positive Staphylococcus aureus is
the predominant organism present in skin and soft tissue infec-
tions. Coagulase-negative organisms, such as Staphylococcus
epidermidis, have lower virulence and are a less common cause
of infection in healthy people. Of the Streptococcus species, it
is the beta-hemolytic group that is primarily responsible for
severe infections and sepsis. Other clinically important organisms
are anaerobic gram-negative rods, such as Clostridium per-
fringens, and gram-negative bacilli, such as Pseudomonas
aeruginosa.

CELLULITIS

Cellulitis is acute infection of the dermis and subcutaneous tissue
that causes erythema, pain, and swelling of the affected area.
There are often well-demarcated borders that advance as the
infection worsens. The most common cause of cellulitis in the
wilderness is trauma. It is important to mark the boundaries of
the erythema and monitor its progress. Rapid advancement

despite treating with antibiotic therapy could be related to an
underlying soft tissue infection that may need surgical interven-
tion. In most circumstances, treatment for cellulitis is wound
hygiene and skin flora coverage with antibiotic therapy directed
at the most common pathogen, which is group A S. aureus.
Methicillin-resistant S. aureus (MRSA) is an increasingly common
infection in the field; it is discussed in further detail later in this
chapter. Tt is important to regularly examine the affected area
and determine if there is fluctuance or swelling that would indi-
cate an underlying subcutaneous abscess requiring surgical
drainage.

LYMPHANGITIS

Lymphangitis is infection of the subcutaneous lymphatic system
and often follows a puncture wound, commonly in the hand
from an animal bite. This entity causes linear erythematous
streaks along the lymphatic drainage basin of the wound. The
treatment is antibiotics, moist soaks, immobilization, and eleva-
tion of the affected limb. Broad-spectrum antibiotics covering
gram-positive bacteria are important; often a combination of a
fluoroquinolone to cover Staphylococcus and penicillin to cover
Streptococcus is necessary to treat this entity.

CUTANEOUS ABSCESS

If left untreated, many of the superficial infections described
previously can convert to an abscess, which is a localized col-
lection of exudate contained within a membrane. These abscesses
tend to “point” to the nearest epithelial surface, which is pre-
dominately the skin. Physical examination shows a raised fluctu-
ant mass with overlying warmth and erythema. The mainstay of
treatment for subcutaneous abscess is incision and drainage.
Local anesthesia administered as a field block before the incision
may aid with pain relief. The mass should be incised in the line
of the tissue planes over the area of maximum fluctuance. The
incision should be large enough to adequately drain the cavity.
All of the purulent material should be evacuated and the cavity
copiously irrigated with saline or water. Also, finger fracturing of
internal cavities is important to ensure adequate drainage. If
packing is performed, it is important to not pack too tightly to
avoid surrounding ischemia and pain. Not all abscesses require
packing, but they should be frequently irrigated and the dress-
ings changed. The wound should be covered with a sterile dress-
ing. Another option that might work is to use an incision/
counterincision technique where two incisions are made to enter
the abscess cavity so that an irrigation path is created. Irrigation
of sterile solution can be flushed through both incisions until the
purulent material is evacuated. A Penrose or other rubber drain
can be inserted that traverses both incisions, and the ends tied
together to create a moveable loop (Figure 18-15).

COMMUNITY-ACQUIRED METHICILLIN-RESISTANT
STAPHYLOCOCCUS AUREUS INFECTIONS
Staphylococcus aureus is the most common cause of skin and

soft tissue infections. About a third of healthy people are colo-
nized with Staphylococcus bacteria, which live in the nose and

B

FIGURE 18-15 A, Two incisions are placed approximately 1 inch apart to allow the loop technique for
abscess drainage. B, The rubber is tied off to create a loose loop. (From Auerbach PS. Medicine for the
outdoors: the essential guide to first aid and medical emergencies, ed é, Philadelphia, 2016, Elsevier.)
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FIGURE 18-16 Cutaneous MRSA infection.

on the skin of humans. About 2% of the population is colonized
with community-acquired S. aureus (CA-MRSA), which is resis-
tant to beta-lactam antibiotics. CA-MRSA can spread by contact
with an infected person or by exposure to a contaminated object
or surface. Sharing personal items, such as towels or razors, is a
common mode of spread.

About 80% of MRSA infections involve the skin and soft tissue
(Figure 18-16). MRSA infection can also involve bones and joints,
leading to severe sepsis. Outbreaks have been reported during
wilderness excursions. Areas of skin violation that are most vul-
nerable include lacerations, burns, blisters, abrasions, and insect
bites. Areas of increased body hair, such as the buttocks, axillae,
back of the neck, and beard, are more likely to be infected. The
most frequent presenting sign is a red, swollen, painful lesion
resembling an infected spider bite. Subsequent yellow or white
central pustules or boils may drain spontaneously. The spectrum
of CA-MRSA infections includes cellulitis, furuncles, carbuncles,
and cutaneous abscesses.

CA-MRSA has been found in 75% of cutaneous abscesses in
the community. The mainstay of treatment is adequate drainage.
Oral antibiotics that have been effective include clindamycin and
trimethoprim/sulfamethoxazole. These infections can occasion-
ally disseminate and become life-threatening, with associated
bacteremia, septic arthritis, or endocarditis. Avoidance of dis-
semination is best accomplished with preventive measures,
which include washing the hands on a regular basis, using a
hand sanitizer with 60% alcohol, wearing long pants and protect-
ing the skin from injury, and not sharing personal items such as
towels and clothing. If skin injuries occur, keep them covered
and clean and report all suspected skin infections promptly.*'*

These life-threatening conditions are caused by virulent toxins
produced by bacteria, the most common being group A beta-
hemolytic Streptococcus, with or without Staphylococcus present.
Frequently these infections are caused by multiple mixed flora
of both anaerobic and facultative aerobes, especially C. perfrin-
gens and Bacteroides. The depth of tissue involvement may
include subcutaneous tissue, fascia, or even muscle. These infec-
tions most commonly occur in the extremities, abdominal wall,
or perineum and occur within a week of the inciting event.
Necrotizing infections occur with increased frequency in immu-
nosuppressed patients, including those with diabetes, peripheral
vascular disease, and chronic renal failure; drug abusers; and
persons of advanced age. The area of cellulitis spreads progres-
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sively, which causes pain and fever with spreading erythema,
induration, blue-black discoloration, and blister formation. The
extent of infection often exceeds what is evident from the skin.
Treatment in the wilderness is limited. An experienced provider
may want to consider debriding as much visible necrotic tissue
as possible while plans for immediate evacuation are initiated.
Administration of IV broad-spectrum antibiotics is necessary, and
evacuation must be done expeditiously because time is of the
essence and the mortality rate is extremely high.'”

WOUND MYIASIS (MAGGOT INFESTATION)

Myiasis is infestation of the skin by developing larvae (maggots)
of a variety of species of the arthropod order Diptera. The two
main clinical types are furuncular (follicular) myiasis and wound
myiasis. Fly larvae may infest open wounds in a living host.
Myiasis is usually self-limited with minimal morbidity in most
cases but can be complicated by wound cellulitis. The diagnosis
is typically made by identifying the larvae in an open wound.
Severe cases may be associated with fever, chills, bleeding from
the infested site, and secondary infection. Treatment requires
removal of the maggots, which is accomplished by irrigation and
debridement of dead host tissue. Local anesthesia may be
required and the wound should be packed with a broad-spectrum
topical antimicrobial in a wet-to-dry dressing, using agents such
as mafenide acetate, Dakin’s solution (diluted sodium hypochlo-
rite), or 0.25% acetic acid.”'*

STERILITY IN THE AUSTERE
ENVIRONMENT

One of the major disadvantages of operative procedures in the
austere environment is inability to sterilize instruments and estab-
lish a sterile field. The goal is to decrease the risk for bacterial
contamination as much as possible.

Antiseptics are agents used to decontaminate skin. Chlorhexi-
dine is an antiseptic with excellent antimicrobial activity and
prolonged length of activity. In many health care facilities,
chlorhexidine has replaced iodophors as the antiseptic of choice.
Isopropyl alcohol may be used if no other antiseptic is available.
It is particularly ineffective on dirty skin and has little persistent
activity. If nothing is available, soap and water may be of benefit.
Soap removes unattached bacteria from the surface of skin, but
does not remove adherent bacteria.

If sterile fluid is not available for wound irrigation, potable
water may be used. Boiling water before irrigation does not rid
the water of spores. If water is to be boiled, the boiling should be
“rolling” for 20 minutes to be effective. Any fluids used should
be removed from the wound as best as possible. Wounds should
be managed to ensure that no devitalized tissue or foreign bodies
remain in them.

If preparations are made for the possibility of surgical proce-
dures during an expedition, instruments taken into the field
should be packed sterile in durable containers. Paper wrappers
can become perforated, permitting contamination. A disinfectant
is an agent that will decontaminate inanimate objects. If surgical
instruments are not sterile, disinfectants can be used to decrease
the bacterial count on the surface. Of course, all instruments
should be clean of debris. Unfortunately, many of the disinfec-
tants used in health care facilities are not practical for the austere
environment. Ortho-phthaladehyde, peracetic, and glutaralde-
hyde are effective disinfectants, but hazardous for personnel and
the environment and impractical in the field environment.” The
antiseptic chosen, such as chlorhexidine, for skin preparation
may be applied to the instruments.

Placing instruments into boiling water decreases the bacterial
count but will not completely eliminate bacterial spores. Apply-
ing flame to instruments may kill bacteria but leave products of
combustion on the instruments that are then left in the wound
as foreign material.

The U.S. Army has developed a field sterilization system that
is lightweight and does not require an external energy source.
The system is the size of a suitcase and has the capacity to



accommodate a surgical tray. A mixture of water and dry reagents
controllably generates chlorine dioxide. The chlorine dioxide
kills all vegetative cells and bacterial spores within 30 minutes.*
Although the specific system used by the army may not be avail-
able to the public, there are a number of commercially available
products that can be easily found on the Internet for the purpose
of field sterilization.

ANESTHESIA IN THE WILDERNESS

Local and regional anesthesia will be the techniques of choice
to provide comfort during minor operative procedures. General
anesthesia should not be considered without a full complement
of trained personnel and equipment. Procedural sedation
and analgesia may be used with the availability of adequate
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monitoring, and the capability of establishing a definitive airway
should be immediately available. Common agents used to sup-
plement local or regional anesthesia are opioids and benzodiaz-
epines. Should these agents be used, reversal agents of naloxone
and flumazenil should be available. Ketamine is an excellent
agent for providing dissociative sedation and pain reduction.
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Emergency Airway Management

ANDREW J. EYRE AND CALVIN A. BROWN I

Emergency airway management skills are crucial in the care of
critically ill or injured patients. Airway management consists of
a structured patient assessment, methodical approach, and effec-
tive oxygenation and ventilation, typically by inserting a cuffed
endotracheal tube. Effective airway management takes prece-
dence over all other clinical considerations.

In resource-limited, austere environments, airway manage-
ment is by definition challenging. Many resources that are readily
accessible in a hospital or emergency department setting are
not available in remote settings. Improvisation may prove
invaluable.

AIRWAY ANATOMY

The airway consists of the mouth, nasal and oral cavities, pharynx,
nasopharynx, hypopharynx, glottis, and tracheobronchial tree
(Figure 19-1). It begins at the oral and nasal apertures. The nasal
cavity extends from the nostrils to the posterior nares (i.e.,
choanae). Due to anatomic features (e.g., turbinates), resistance
to nasal airflow is approximately twice that of oral airflow. The
nasopharynx extends from the posterior nasal cavity to the level
of the soft palate. Primary impediments to airflow through the
nasopharynx are the tonsils. The oral cavity is bounded by the
teeth anteriorly, the hard and soft palates above, and the tongue
and floor of the mouth below. The oropharynx communicates
with the oral cavity and nasopharynx and extends from the soft
palate to the tip of the epiglottis.

The oropharynx continues into the hypopharynx, which
extends from the epiglottis to the upper border of the cricoid
cartilage (level of the C6 vertebral body). The larynx connects
the laryngopharynx and trachea, and serves as the organ of
phonation. The larynx and epiglottis serve to protect the lower
airway from aspiration. The larynx is made up of muscles, liga-
ments, and cartilages (i.e., thyroid, cricoid, arytenoids, cornicu-
lates, and epiglottis).

The epiglottis is flexible. It originates from the hyoid bone
and base of the tongue and covers the glottis during swallowing.
During laryngoscopy, the epiglottis is an important landmark
because it serves as a guidepost for the glottic inlet and laryn-
goscopic blade placement. The vallecula is the space at the base
of the tongue that is bounded posteriorly by the epiglottis and

anteriorly by the anterior pharyngeal wall. The base of the val-
lecula contains the hyoepiglottic ligament. This structure is key
to successful visualization during direct laryngoscopy with a
curved blade. Engaging the hyoepiglottic ligament with the
bulbous end of a MacIntosh laryngoscope blade elevates the
epiglottis and reveals the glottic aperture. Failure to fully engage
the hyoepiglottic ligament can result in a poor glottic view and
intubation failure. The laryngeal inlet is the opening to the larynx
that is bounded by the epiglottis, aryepiglottic folds, and aryte-
noid cartilages. The glottis is the vocal apparatus. The glottis
consists of the true and false vocal cords and glottic opening
(i.e., the triangular fissure between the vocal cords and the nar-
rowest segment of the adult larynx).

Externally identifiable landmarks are important for airway
assessment and management (Figure 19-2). The mentum is the
anterior aspect of the mandible that forms the tip of the chin.
The hyoid bone forms the base of the floor of the mouth. The
thyroid cartilage forms the laryngeal prominence (Adam'’s apple)
and thyroid notch. The cricoid cartilage, which lies inferior to
the thyroid cartilage, forms a complete ring that provides struc-
tural support to the lower airway. The cricothyroid membrane
lies between the thyroid and cricoid cartilages and serves as an
access point during surgical airway management.

Knowledge of anatomic differences between adults and
infants is integral to effective pediatric airway management.
These important differences are summarized in Table 19-1 and
Figure 19-3.

THE DECISION TO INTUBATE

A decision to intubate is based on three criteria: (1) failure to
maintain or protect the airway, (2) failure of ventilation or oxy-
genation, and (3) the patient’s anticipated clinical course and
likelihood of deterioration.”

FAILURE OF AIRWAY PROTECTION

A patent airway is essential for ventilation and oxygenation. If a
patient is unable to maintain an unobstructed airway, the pro-
vider should establish patency by repositioning, performing a
chin lift and/or jaw thrust, or inserting an oral or nasopharyngeal
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FIGURE 19-1 Lateral airway anatomy.

airway. The patient must be able to protect against aspiration of
gastric contents. The presence of a gag reflex is neither sensitive
nor specific for predicting the need for intubation. A patient’s
ability to swallow or handle secretions is a more reliable indica-
tor. The recommended approach is to evaluate the patient’s
mental status, phonation, response to verbal commands, and
ability to manage secretions. If a patient has pooling secretions,
has difficulty phonating, is comatose, or cannot respond to
simple verbal cues, the patient likely cannot adequately protect
against aspiration. Intubation is required. In most patients, if a
maneuver for establishing an airway is needed, definitive airway
management is also required.

FAILURE OF VENTILATION OR OXYGENATION

Oxygen is required for vital organ function. Removal of carbon
dioxide (i.e., ventilation) is equally as important. Cardinal indica-
tions for intubation include hypoxemia despite maximal oxygen
supplementation and ventilatory failure that is not immediately
reversible (e.g., opioid overdose). Assessment of the patient’s
clinical status and peripheral oxygen saturations, augmented by
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FIGURE 19-2 External airway anatomy.

capnography (if available), provides critical data. In the absence
of objective data (i.e., pulse oximetry), central cyanosis and poor
respiratory effort are key physical examination findings that can
indicate the need for airway management.

ANTICIPATED CLINICAL COURSE

Patients with a moderate to high likelihood of airway deteriora-
tion often require endotracheal intubation despite airway patency,
adequate oxygenation, and normal vital signs. For instance, a
patient with significant blunt trauma from a climbing accident
may require intubation due to pain severity and likelihood of
deterioration. Assess the structural integrity of the central face
and mandible. Injuries to these structures may lead to airway
distortion and compromise. Inspect the anterior neck and chest
for penetrating wounds, asymmetry, or swelling that may herald
impending airway compromise. Anticipating deterioration or pro-
gression of disease that may confound subsequent intubation
attempts is crucial.

In children, visual signs of airway compromise and respiratory
distress include tachypnea, cyanosis, drooling, nasal flaring, and
intercostal retractions. A child with severe upper airway obstruc-
tion may sit upright with the head tilted back (sniffing position)
to straighten the airway and reduce occlusion. A child with severe
lower airway obstruction may sit up and lean forward on out-
stretched arms in the tripod position to augment accessory
muscle function.

TABLE 19-1 Anatomy of the Airway in Infants Compared with Adults

Infant Anatomy

Large intraoral tongue that occupies a relatively large portion of
oral cavity

High tracheal opening: C1 in infancy; C3 or C4 at age 7 years;
C4 or C5 in adulthood

Large occiput may cause flexion of airway; large tongue easily
collapses against posterior pharynx

Cricoid ring is the narrowest portion of the trachea as compared
with vocal cords in adults

Airway anatomy varies consistently by patient age; there are
fewer abnormal variations related to body habitus, arthritis, or
chronic disease

Large tonsils and adenoids may bleed; more acute angle
between epiglottis and laryngeal opening results in
nasotracheal intubation attempt failures

Small cricothyroid membrane

Clinical Significance

High anterior airway position of glottic opening compared with that of
adult

Straight blade preferred over curved blade to push distensible anatomy
out of the way to visualize larynx

Sniffing position is preferred; large occiput elevates head into sniffing
position in most infants and children a towel may be required under
shoulders to elevate torso relative to head in small infants

Uncuffed tubes provide an adequate seal because they fit snugly at the
level of the cricoid ring; correct tube size is essential because variable
expansion cuffed tubes are not used

Age less than 2 years, high anterior airway
Age 2 to 8 years, transitional airway
Age older than 8 years to small adult; “norma

0
Blind nasotracheal intubation not indicated for children; nasotracheal

intubation failure

Needle cricothyroidotomy difficult and surgical cricothyroidotomy
impossible in infants and small children

Modified from Walls RM, Murphy MF, Luten RC, et al, editors: Manual of emergency airway management, 2nd ed, Philadelphia, 2004, Lippincott Williams & Wilkins.
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FIGURE 19-3 Anatomic airway differences between infants and adults.
Anatomic differences particular to infants include (1) a higher and more
anterior position for the glottic opening (note relationship of the vocal
cords to the chin-neck junction); (2) a relatively larger tongue that lies
between the mouth and glottic opening; (3) a relatively larger and
floppier epiglottis; (4) a cricoid ring that is the narrowest portion of
the pediatric airway (in adults, the narrowest portion is the vocal cords);
(5) the position and size of the cricothyroid membrane; (6) a sharper
and more difficult angle for blind nasotracheal intubation; and (7) a
larger relative size of the occiput. (Redrawn from Walls RM, Murphy
MF, Luten RC, et al, editors: Manual of emergency airway manage-
ment, 2nd ed, Philadelphia, 2004, Lippincott Williams & Wilkins.)

BASIC AIRWAY MANAGEMENT

Opening the airway and ensuring airway patency are essential
for adequate oxygenation and ventilation. In an outdoor environ-
ment, these priorities are critical because definitive airway man-
agement may be delayed due to the distance to a medical facility,
weather conditions, or a lack of equipment. Conscious patients
maintain airway patency and protect against aspiration (e.g., of
foreign substances, gastric contents, or secretions) using protec-
tive reflexes of the innervating musculature of the upper airway.
In severely ill or injured patients, these protective airway mecha-
nisms may be impaired or absent. In obtunded patients, upper
airway obstruction most commonly results from posterior dis-
placement of the tongue against the posterior pharynx. The
presence of foreign bodies, blood, or secretions, as well as airway
edema, commonly leads to partial or complete airway obstruc-
tion. Head positioning, manual airway techniques, and mechani-
cal airway adjuncts may be employed to alleviate upper airway
obstruction.

HEAD POSITIONING

Head positioning can play a critical role in airway management.
If there is concern for cervical spine injury, the head and neck
should be stabilized in a neutral position and care should be
taken to avoid all unnecessary head and neck movements. In the
field, certain actions (e.g., evacuation from a dangerous setting)
may take priority over strict cervical spine immobilization.

Recovery Position

Unconscious, spontancously breathing patients that are judged
not at risk of cervical spine injury should be placed in the recov-
ery position (Figure 19-4). This encourages airway patency while
reducing the risk of aspiration. In the recovery position, the
tongue is less likely to occlude the airway and vomitus is less
likely to be inhaled.

MANUAL AIRWAY TECHNIQUES

Manual airway techniques employ specialized positioning of the
head and facial structures to elevate the tongue and soft tissues
of the pharynx to open the airway. These techniques are often
effective but require continuous involvement of a single provider
in order to maintain airway patency. Typically, manual airway
techniques are used as temporizing treatments until an airway
adjunct or definitive airway is placed.

Head Tilt and Chin Lift

The head tilt/chin lift is a simple and effective technique for
opening the airway in patients assessed as unlikely to have cervi-
cal spine injury (Figure 19-5). Place one palm on the patient’s
forehead. Apply firm downward and backward pressure to
extend the neck and tilt the head posteriorly. Fingers of the
other hand are placed under the chin’s bony anterior and lifted
forward. These fingers support the jaw and maintain the head-tilt
position.

Jaw Thrust

If a cervical spine injury is suspected or if the head tilt/chin lift
is not effective, a jaw thrust should be performed to maintain
airway patency. A jaw-thrust airway positioning maneuver lifts
the mandible forward, thereby lifting the tongue away from the
posterior pharyngeal wall. To perform this maneuver, take a
position behind the supine patient’'s head. Place both hands
alongside the patient’s jaw. Rest thumbs and thenar eminences
along the maxilla and zygoma. Place the rescuer’s remaining
fingers along the mandibular margin and angle of the mandible.
Pull up G.e., anteriorly) to displace the jaw while using the
thumbs for support (Figure 19-6). This maneuver is tiring, yet

FIGURE 19-4 Recovery position.
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FIGURE 19-5 Head tilt with chin lift.

FIGURE 19-6 Jaw thrust without head tilt.

quite effective. If cervical spine injuries are not suspected, it can
be used in combination with a head tilt/chin lift.

MECHANICAL AIRWAY ADJUNCTS

After a patent airway has been established, it is critical that the
airway remain open. This requires continual reassessment of
airway patency. An oropharyngeal airway (OPA) or nasopharyn-
geal airway (NPA) device can be placed to create a patent
conduit for spontaneous or assisted ventilation. Each device has
specific indications and contraindications and must be properly
selected to avoid causing harm. Although OPAs and NPAs help
to maintain airway patency, they do not protect against aspira-
tion. They serve as temporizing measures until a definitive airway
can be established or the patient’s condition improves.

Oropharyngeal Airway
The OPA is a curved, rigid device designed to hold the tongue
away from the posterior pharyngeal wall (Figure 19-7). When

properly placed, an OPA prevents the tongue from obstructing
the hypopharynx and creates a conduit for ventilation. Certain
types of OPAs allow for airway suctioning. These devices should
only be used in minimally arousable or unconscious patients.
Using an OPA in an alert patient with a gag reflex or cough is
generally contraindicated because the OPA will likely stimulate
retching, vomiting, or laryngospasm. OPAs are typically made of
disposable plastic and come in varying styles and sizes to accom-
modate patients of all ages. The size is based on the distance in
millimeters from the OPA flange to its distal tip. The proper OPA
size is estimated by placing the OPA’s flange at the corner of the
mouth so that the bite-block segment is parallel with the victim’s
hard palate. The distal tip of the airway should reach the angle
of the jaw.

To place an OPA, select an appropriate size and manually
open the mouth. The pharynx should be cleared of any debris
(e.g., foreign bodies, secretions, or emesis). Insert the OPA into
the mouth horizontally or in an upside-down orientation, with
the distal tip facing superiorly. Gently advance the OPA tip until
it reaches the junction between the hard and soft palates (approx-
imately at the level of the uvula), and slowly rotate it 90 or 180
degrees. After rotation, continue inserting the OPA’s curved
aspect along the base of the tongue until the OPA flange reaches
the lips or teeth. Alternatively, use a tongue blade to push down
on the tongue while inserting the OPA with its inner curve along
the tongue. After placement, ensure that the OPA has created a
patent airway by lifting the tongue (and not displacing it into the
pharynx) and that it has not stimulated the patient’s gag reflex.

Nasopharyngeal Airway

The NPA is a soft, uncuffed, rubber cylinder that provides a
conduit for airflow between the nares and the hypopharynx
(Figure 19-8). The NPA is inserted through the nose. The NPA
has a distal flange to prevent insertion beyond the nostril. The
device is less likely to stimulate a patient’s gag reflex and so is
better tolerated than an OPA. An NPA is most commonly used
in a semiconscious patient (e.g., under the influence of sedative
drugs or alcohoD). Tt is effective when trauma, trismus, or other
obstacles preclude OPA placement. NPAs are contraindicated in
victims with suspected basilar skull or significant midface frac-
tures because inadvertent intracranial placement may occur.

NPAs are made of pliable rubber or plastic and come in
varying designs and sizes to accommodate patients of all sizes.
The sizes (as indicated by the internal diameter) range from 12
to 36 French. The proper NPA length is determined by measuring
the distance from the tip of the patient’s nose to the tragus of
the ipsilateral ear.

After selecting the appropriate size, the NPA is lubricated with
a water-soluble lubricant. Insert it gently into the nostril with its
beveled end pointed toward the nasal septum. Continuing to act
gently, advance the NPA along the floor of the nasal passage and
into the nasopharynx. If resistance is met, gently rotate the NPA,
select a smaller size, or attempt to insert it through the other
nostril. In position, the flange should rest against the patient’s
nostril. The distal end should rest behind the tongue in the pos-
terior pharynx. Ensure that the NPA has created a patent airway.
If necessary, an NPA can be placed in each nostril.

FIGURE 19-7 Oropharyngeal airway.
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FIGURE 19-8 Nasopharyngeal airway.



FIGURE 19-9 Improvised nasal trumpet.

Improvised Nasopharyngeal Airway

Any flexible tube of appropriate diameter and length can be used
as a temporary NPA substitute. Various types of tubing that may
be present in camping or wilderness situations include a solar
shower hose, siphon tubing, an inflation hose from a kayak flota-
tion bag, and a Foley catheter. Round and bevel one end of the
substitute nasal airway to minimize its potential for injuring the
nasal mucosa. An endotracheal tube (ETT) can be shortened and
softened in warm water to substitute for a commercial nasal
trumpet. Improvise a flange by placing a safety pin through the
nostril end of the tube (Figure 19-9).

AIRWAY OBSTRUCTION FROM A
FOREIGN BODY

Foreign bodies (e.g., food, dislodged teeth) may cause airway
obstruction. A patient with partial airway obstruction can usually
phonate or produce a forceful cough in an attempt to expel the
foreign body. In a patient with a partially obstructed airway, if
air exchange is adequate, encourage forceful coughing and
closely monitor the patient’s condition. If obstruction persists
or if air exchange becomes inadequate, manage the situation
as a complete airway obstruction. Ominous signs that indicate
the need for immediate aggressive airway management include
a weak or ineffective cough, increased respiratory difficulty,
decreased air movement, and cyanosis.

A patient with a complete airway obstruction cannot speak
(aphonia), exchange air, or cough. The person will often grasp
the neck in the universal distress signal for choking and open
the mouth widely. An unconscious patient with a complete
airway obstruction will not demonstrate chest movement or other
signs of adequate air exchange. Failure to relieve a complete
airway obstruction leads to hypoxia-induced cardiac arrest. If a
patient collapses with suspected complete airway obstruction,
attempt immediate laryngoscopy to remove obvious foreign
debris. If the patient remains unresponsive and apneic despite
the removal of foreign material (or if no foreign body is identi-
fied), the patient should be endotracheally intubated. If a midtra-
cheal foreign body is suspected, advance the ETT (with stylet in
place) to move the foreign body into the right mainstem bron-
chus. The ETT can then be retracted above the carina and the
left lung ventilated, taking care not to cause barotrauma.

SUCTION

Sick or injured patients are at risk for airway obstruction and
pulmonary aspiration of secretions, vomitus, or blood. Many
lifesaving interventions, such as manual ventilation, increase this
risk. If foreign material cannot be cleared manually, suction

becomes essential to create and maintain a patent airway and to
prevent aspiration.

Portable suction devices for austere environments may be
manually or externally powered, by oxygen, air, or electricity.
Hand-operated units are lightweight, compact, reliable, and inex-
pensive. All units should have large-bore, nonkinking suction
tubing; an unbreakable collection container; and a sterile dispos-
able suction catheter, and should provide sufficient negative
pressure for adequate pharyngeal suctioning.

Flexible (French) suction catheters are used to suction the
nose, mouth, and oropharynx. Rigid suction catheters are used
to suction the mouth and oropharynx. Suction catheters should
not be inserted beyond the base of the tongue, and suction
should occur as the catheter is withdrawn from the pharynx. To
prevent oxygen deprivation, do not suction adults for more than
10 to 15 seconds. Infants and children should be not be suctioned
for more than 5 seconds at a time. In children, take care when
using rigid suction catheters, because oropharyngeal stimulation
may result in cardiac muscarinic stimulation that leads to brady-
cardia. Infants up to 4 months old are obligate nose breathers.
Use a bulb syringe to suction their noses and mouths.

A “mucus trap” suction device can be improvised from a jar
with two holes poked in its lid and two tubes taped into the
holes (Figure 19-10). One tube goes to the source of the suction
(i.e., a suction device or rescuer’s mouth) and the other goes
toward the patient’s airway. The jar serves as a trap to capture
secretions and decrease the likelihood of a rescuer being directly
exposed to suctioned bodily fluids or foreign substances, such
as mud.

SUPPLEMENTAL OXYGEN

Supplemental oxygen therapy should be provided to all sick or
injured persons with cardiac disease, respiratory distress, shock,
or trauma, even if measured arterial oxygen tension is normal.
Oxygenation in preparation for intubation should be provided
using the oxygen delivery system that can provide the highest
inspired amount of oxygen. This typically is a face mask with an
oxygen reservoir that delivers a fraction of inspired oxygen of
approximately 70%. Leave this in place as the patient breaths
tidally for 3 minutes. Supplemental oxygen applied as part of an
overall resuscitation strategy should start with a high oxygen
concentration and then be titrated downward to maintain the
desired oxygenation.

Various oxygen delivery techniques may be employed,
depending on the desired oxygen concentration and clinical
circumstances (see Chapter 103).

VENTILATION

Even if the airway is patent and supplemental oxygen is being
received, a patient is not necessarily being ventilated. Adequate
ventilation requires sufficient air exchange between ambient
conditions and the lungs to deliver oxygen to the alveoli and

Duct tape

FIGURE 19-10 Improvised mucus trap suction device.
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facilitate carbon dioxide removal. To establish adequate ventila-
tion, open the airway and assist with ventilation or provide
manual ventilation using positive pressure. When providing
manual ventilation, employ barrier protection (e.g., a mask with
a one-way valve) to avoid contact with patient secretions, blood,
or infectious agents. Persistent hypoventilation without an
obvious reversible component is one of the cardinal indications
for intubation.

MOUTH-TO-MOUTH VENTILATION

Mouth-to-mouth ventilation is an efficient way of providing
manual ventilation. Failure to use a barrier device during mouth-
to-mouth ventilation places a rescuer at risk for exposure to
infectious bodily fluids. To provide mouth-to-mouth ventilation,
open the airway and clear any foreign bodies, secretions, or
debris. If there is no concern for cervical spine injury, open the
airway using the head tilt/chin lift maneuver. Once the airway is
open, pinch the patient’s nostrils tightly shut and use the other
hand to keep the patient’s mouth slightly open. After establishing
a tight mouth-to-mouth seal, deliver full, slow breaths. Deliver
enough breath volume to create a visible chest rise. Between
breaths, break the mouth seal to allow for passive exhalation.
When the rescuer is the sole provider for a patient with cardiac
arrest, rescue breaths should occur at 2 breaths per 30 chest
compressions.

MOUTH-TO-NOSE VENTILATION

In a patient with mouth injuries or abnormal anatomy that pre-
cludes effective mouth-to-mouth ventilation, mouth-to-nose ven-
tilation should be considered. The mouth-to-nose technique is
similar to that for mouth-to-mouth ventilation. Open the airway
in a similar fashion, and then close the mouth using the thumb
and forefinger to seal the lips. The patient’s nostrils are left open,
and the rescuer’s mouth is sealed around the patient’s nose.
Breaths are delivered until chest rise is observed.

MOUTH-TO-MASK VENTILATION

Mouth-to-mask ventilation is the safest and most effective tech-
nique for rescue breathing (Figure 19-11). A pocket face mask
or a similar barrier device allows the rescuer to provide ventila-
tion without making direct contact with the patient’s mouth and
nose. The mask has a one-way valve in the stem to prevent
exhaled gases and bodily fluids from reaching the health care
provider. A disposable filter may be added to trap infectious air
droplets and secretions.

The pocket face mask is made of pliable plastic material and
can be easily carried. Some masks have an oxygen inlet so that
supplemental oxygen can be administered. Devices are available
in a number of sizes. If an infant mask is not available, an adult
mask can be turned upside-down for a better fit. To use a pocket
mask, first open the airway and clear any obvious obstruction
using the head tilt/chin lift or jaw thrust. Take a position behind
the patient’s head. In an unresponsive patient, insert an OPA or
NPA to help maintain a patent airway. Stretch the mask and apply
it to the patient’s face. Apply pressure to both sides of the mask
with the thumbs and base of the palm to create an air-tight seal.
As with a jaw thrust, place the remaining fingers underneath the
patient’s jaw and apply upward pressure. Provide breaths directly
to the mask, ensure adequate chest rise, and allow for passive
exhalation between breaths.

BAG-VALVE-MASK VENTILATION

A self-inflating ventilation bag with face mask (i.e., bag-valve-
mask [BVM] device) allows for emergency ventilation with a high
concentration of oxygen. Devices are equipped with several
one-way valves to allow coordinated airflow into and out of the
patient without creating dead space ventilation (Figure 19-12, A
and B). Used correctly and attached to a high-flow oxygen source
(15 L/min), BVM devices can supply approximately 100% oxygen.
Patient characteristics associated with difficult rescue mask ven-
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FIGURE 19-11 Rescuer using mouth-to-mask ventilation. The rescuer
is providing rescue breathing with a face mask and supplemental
oxygen during cardiopulmonary resuscitation. The rescuer is using the
cephalic technique (i.e., the rescuer is positioned at the top of the
patient’s head). Both of the rescuer’s hands are used to hold the mask
securely in position while keeping the patient’s airway open. The res-
cuer’s thumbs and forefingers hold the mask in place while the third,
fourth, and fifth fingers lift the jaw (i.e., jaw thrust) and maintain an
open airway with the head tilted. Alternatively, the thumbs and a
portion of the rescuer’s palms can anchor the mask, and the index and
remaining fingers can lift the jaw and hold it against the mask. (Redrawn
from American Heart Association: Guidelines 2000 for cardiopulmo-
nary resuscitation and emergency cardiovascular care. Circulation
102:195, 2000.)

tilation include traits that prevent an adequate mask seal (e.g.,
beard, facial trauma) or limit flow to gas-exchanging portions of
the lungs (e.g., chronic obstructive pulmonary disease, airway
obstruction, morbid obesity)."*"* The MOANS mnemonic outlines
predictors of difficult bag-and-mask ventilation (see Box 19-2).
Face mask fittings are interchangeable with distal ETT adapters.
The same bag can be used after intubation.

Competence with a BVM device is a vital emergency skill and
a prerequisite for the use of paralytic agents for endotracheal
intubation. Whenever possible, use a two-handed and two-
person technique. Holding the mask with a thenar grip results
in more effective ventilation, even by novice airway managers.
With thumbs pointed toward the patient’s chest, place the thenar
eminences against the lateral walls of the mask. Wrap the other
fingers around the mandibles and pull the jaw up into the mask.
Ensure an even mask seal.” If a single-handed mask hold is
required, the operator must remain vigilant to prevent mask
leakage and ineffective ventilation. When rescue ventilating a
supine, apneic, and unresponsive patient, an oral airway is
imperative because the tongue falls against the posterior pharynx
and occludes the airway. During prolonged mask ventilation,
apply cricoid pressure to limit gastric insufflation. For infants and
children, use smaller BVM devices to prevent overinflation and
barotrauma. In the absence of a BVM device that precisely
regulates the volume of air transferred, the amount of air trans-
ferred by a BVM is a clinical estimate based on the patient’s
weight, approximately 5 to 7 mL/kg, or enough to create visible
chest rise.

ADVANCED AIRWAY MANAGEMENT

A definitive airway requires patency and protection provided by
a stabilized, inflated cuffed structure in the trachea attached to
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FIGURE 19-12 View of a bag-mask ventilation device. A, Rescuer
provides ventilation with a bag and mask attached to an oxygen
supply. Rescuer uses E-C technique to hold the mask to the face by
creating a “C" with thumb and forefinger while lifting the jaw along
the bony portion of the mandible with the last three fingers of the
same hand; these fingers make the “E.” The second hand squeezes
the bag while the rescuer watches the patient’s chest to ensure that it
rises with each ventilation. B, Common elements of a standard bag-
mask ventilation system with supplemental oxygen. A system consists
of a self-refilling bag with an oxygen inlet, valve, and standard fittings
(in this case, the bag is joined with a standard fitting to a mask).
(Redrawn from American Heart Association: Guidelines 2000 for car-
diopulmonary resuscitation and emergency cardiovascular care. Circu-
lation 102:195, 2000.)

an oxygen source. Failure to secure a definitive airway in a timely
manner can lead to disastrous consequences. Once it has been
determined that a patient requires intubation, use an algorithmic
approach to airway management. Successful algorithms depend
on the caregiver’s knowledge of airway anatomy, pharmacology,
difficult airway recognition, and rescue techniques. The most
common approach to emergency airway management is orotra-
cheal intubation facilitated by rapid sequence intubation (RSD).’?
Other methods may be used if a difficult airway is predicted or
when the need for airway management is immediate (e.g., a
patient with rapidly progressing lingual edema due to anaphy-
laxis or one who is deteriorating to an agonal ventilatory effort
and critical hypoxia). Approaches to definitive airway manage-
ment include immediate oral endotracheal intubation, awake oral
intubation, rapid sequence oral intubation, nasotracheal intuba-
tion, and surgical airway (e.g.,cricothyrotomy).

PREDICTORS OF AIRWAY DIFFICULTY

For most patients, intubation is accomplished without complica-
tions.”'* Modern observational registries of emergency depart-
ments report cricothyrotomy rates of less than 0.5%.” Difficult
BVM ventilation occurs in approximately 2% of operative patients.
In emergency patients, the percentage of difficult BVM ventila-
tions is higher because preoperative assessment and patient
selection cannot occur.

To assess for RSI, evaluate for (1) difficult intubation, (2) dif-
ficult rescue mask ventilation, (3) difficult placement or use of
an extraglottic device (EGD), and (4) difficult cricothyrotomy.
Although specialist backup, difficult airway devices, and rescue
techniques may be limited in wilderness settings, knowledge of
the four aspects of assessment is crucial to successful planning.
Preintubation discovery of difficult airway characteristics is highly

predictive of a challenging intubation. Providers should always
be ready for a difficult-to-manage airway because unseen com-
plications may not be discovered by bedside assessment."
Aspects of a difficult airway are recalled by the mnemonics
LEMON, MOANS, RODS, and SMART.*" Some patients have an
isolated anatomic or pathophysiologic feature responsible for
airway challenges, and others may have multiple features. Patients
with evidence predicting a difficult airway may still be candidates
for neuromuscular blockade. Patients with multiple markers of a
difficult airway may be best managed using an “awake” tech-
nique without paralysis because neuromuscular blockade may
place the patient at high risk for a failed intubation situation. In
a patient with a concerning bedside assessment, neuromuscular
blockade may be used in conjunction with a double setup G.e.,
prepared for cricothyrotomy) as part of a planned approach.

Predicting Difficult Direct Laryngoscopy with the
LEMON Mnemonic

Successful intubation is strongly associated with the ability to see
the glottis (whether using conventional direct laryngoscopy or
video-assisted laryngoscopy). Video laryngoscopy typically pro-
vides better glottic views than does direct laryngoscopy.”'**!

To predict difficult direct laryngoscopy, use the LEMON mne-

monic (Box 19-1):

L—Look externally. Use the operator’s clinical impression and
initial gestalt. If judged difficult simply by bedside inspec-
tion (e.g., patient with a distorted face following a fall from
a tree), the patient is likely to be challenging to intubate.

E—FEvaluate 3-3-2. Direct laryngoscopy requires adequate
mouth opening to admit the laryngoscope, sufficient space
in the floor of the mouth to displace the tongue into the
mandibular fossa, and laryngeal placement that is suffi-
ciently “low” (i.e., caudal) that it is not hidden by the base
of the tongue. Mouth opening, thyromental distance, and
thyrohyoid distance are measured by the 3-3-2 rule. Patients
who fail a 3-3-2 assessment may have a challenging direct
laryngoscopy (see Figure 19-1)

M—Mallampati scale. The four-class Mallampati scale assesses
the important relationship between mouth opening and
tongue size. The degree to which an operator can visualize
posterior pharyngeal structures predicts the difficulty with
laryngoscopy. The Mallampati scale in isolation is not a
sensitive assessment tool. It can have limited utility in
emergency situations because it requires an awake, compli-
ant patient. Forty percent of emergency department patients
cannot yield this assessment.'

O—Obstruction or obesity. Upper airway (supraglottic) ob-
struction can make visualization of the glottis or intubation
impossible. Mechanical upper airway obstruction can be
caused by head and neck cancer, pharyngeal infection, or
anaphylaxis. Any form of airway obstruction should be
considered a difficult airway. Obesity can increase the dif-
ficulty of laryngoscopy and complicate other aspects of
airway management, such as mask ventilation.

N—Neck mobility. Patients with potential cervical spine injury
should be placed in cervical precautions. A neutral head
position limits direct laryngoscopy because the sniffing
position is contraindicated. Neck extension is most impor-
tant, but the full sniffing position is best for an optimal
laryngeal view.?

BOX 19-1 LEMON Mnemonic for Evaluation of Difficult

Direct Laryngoscopy

Look externally for signs of obvious difficulty
Evaluate the 3-3-2 rule

Mallampati classification

Obstruction or Obesity

Neck mobility (reduced)

Adapted with permission from The Difficult Airway Course: Emergency and

Walls RM, Murphy MF, editors: Manual of emergency airway management,
4th ed, Philadelphia, 2012, Lippincott, Williams & Wilkins.
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BOX 19-2 MOANS Mnemonic for Challenging Rescue
Bag-and-Mask Ventilation

Mask seal (beard or altered anatomy)

Obstruction or Obesity

Aged (> 55 years old)

No teeth

Stiffness (resistance to ventilation or intrinsic lung pathology)

Adapted with permission from The Difficult Airway Course: Emergency and
Walls RM, Murphy MF, editors: Manual of emergency airway management,
4th ed, Philadelphia, 2012, Lippincott, Williams & Wilkins.

Predicting Difficult Bag-Mask Ventilation with the
MOANS Mnemonic

Attributes of difficult BMV are well validated. They are reflected
in the mnemonic MOANS (Box 19-2).*" Patients in whom rescue
ventilation by face mask is difficult or impossible typically have
features that interfere with an adequate mask seal (e.g., patients
with beards or altered lower craniofacial anatomy) or qualities
that impair adequate delivery of oxygen to gas-exchanging por-
tions of the lungs. This can be due to advanced age, morbid
obesity, airway obstruction, or intrinsic lung pathologic condi-
tions (e.g., asthma, chronic obstructive pulmonary disease).

The difficulty with BVM management of the edentulous
patient is the basis of the advice, “Teeth out to intubate; teeth in
to ventilate.” In patients without teeth, place the mask or a rolled
gauze inside the lower lip to limit air leakage and eliminate the
risk of aspiration associated with dental prosthetics.

Predicting Difficult Extraglottic Device Placement with
the RODS Mnemonic

When faced with difficult rescue mask ventilation due to an
inadequate mask seal, consider placing an extraglottic device
(EGD) (e.g., intubating laryngeal mask airway [I-LMA], King
laryngeal tube). An EGD (internal bagging) is placed directly
above the glottic opening. Difficulty with placement and ventila-
tion with an EGD is predicted by the mnemonic RODS (Box
19-3). If the LEMON and MOANS assessments have been com-
pleted, only the D (distorted anatomy) remains to be evaluated.
Distorted upper airway anatomy may result in an incomplete seal
and air leakage that cause ineffective ventilation. Restricted
mouth opening, airway obstruction, and intrinsic lung pathologic
conditions can make ventilation difficult with a mask or EGD.

Predicting Difficult Cricothyrotomy with the
SMART Mnemonic

Predicting difficult cricothyrotomy is outlined by the SMART
mnemonic (Box 19-4). Difficult cricothyrotomy occurs when
there is limited access to the anterior neck or when laryngeal
landmarks are obscured. Inspect and palpate the neck for signs
of prior surgery, hematoma, tumor, abscess, or radiation changes.

IMMEDIATE ORAL INTUBATION
(“CRASH"” INTUBATION)

Patients in cardiorespiratory arrest or with agonal vital signs
require immediate oral intubation. These patients often have little
or no muscular tone and can be intubated without the need for
RSI drugs. Attempt immediate intubation without medications. If

BOX 19-3 RODS Mnemonic for Potentially Difficult
Extraglottic Device Placement and Use

Restricted mouth opening
Obstruction or Obesity

Distorted anatomy

Stiffness (resistance to ventilation)

Adapted with permission from The Difficult Airway Course: Emergency and

Walls RM, Murphy MF, editors: Manual of emergency airway management,
4th ed, Philadelphia, 2012, Lippincott, Williams & Wilkins.
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BOX 19-4 SMART Mnemonic for Evaluation

of Difficult Cricothyrotomy

Surgery

Mass (head and neck cancer, hematoma)
Access/anatomy problems (obesity, edema)
Radiation

Tumor

Adapted with permission from The Difficult Airway Course: Emergency and
Walls RM, Murphy MF, editors: Manual of emergency airway management,
4th ed, Philadelphia, 2012, Lippincott, Williams & Wilkins.

intubation is unsuccessful (e.g., due to residual muscular contrac-
tion and limited mouth opening), a neuromuscular blocking
agent (NMBA) (e.g., succinylcholine [1.5 mg/kg intravenously])
can be administered, followed by another intubation attempt. If
an ETT has not been placed after three attempts, place an EGD.
If at any point the oxygen saturation drops and cannot be main-
tained with an EGD or rescue ventilation technique, a failed
airway has developed and the operator should move quickly to
create a surgical airway.

RAPID SEQUENCE INTUBATION

If a patient does not require an immediate (crash) airway inter-
vention and assessment does not predict a sufficiently difficult
airway such that neuromuscular blockade might be contraindi-
cated, pursue RSI. RSI follows a coordinated series of steps to
allow safe and effective airway management without interposed
BVM. 1It is the method of choice for most acutely ill or injured
patients.” RSI involves administration of weight-based doses of
potent sedative and NMBAs given consecutively by IV push
without intervening time delay. Prior to drug administration, a
period of preoxygenation creates an oxygen-rich reservoir in the
patient’s functional residual capacity and helps prevent desatura-
tion during apnea.

RSI is described in discreet steps termed the seven Ps of RSI
(Table 19-2).2

Preparation

Prior to the intubation attempt, gather the proper equipment and
medications for use during airway management. This may include
pretreatment, induction, and paralytic agents (see below). Attach
cardiac and oximetry monitors. In an austere environment, this
process may be quite limited.

Preoxygenation

The goal of preoxygenation is to prolong the period of safe
apnea (from the onset of paralysis to desaturation below 90%)
by creating an oxygen reservoir in the patient’s lungs. This is
typically accomplished by supplying nonrebreather face mask
oxygen at approximately 100% for 3 minutes of normal, tidal
volume breathing. In a healthy patient, this may allow 6 to 8
minutes of safe apnea. This time will be much less in children,
obese patients, and patients with critical illness or injury for
whom oxygen use is increased. Preoxygenation is essential to
the “no bagging” approach of RSI. If time is insufficient for a full

TABLE 19-2 The Seven Ps of Rapid Sequence
Intubation

Time Action

Zero minus 10 minutes
Zero minus 5 minutes

Preparation
Preoxygenation

Zero minus 3 minutes Pretreatment
—Time zero— Paralysis with induction
Zero plus 20-30 seconds Positioning

Zero plus 45 seconds
Zero plus 1 minute

Placement with proof
Postintubation management



TABLE 19-3 Clinical Characteristics of Induction Agents

Induction Induction Dose Onset of Duration
Agent (Intravenous) Action of Action
Midazolam 0.2-0.3 mg/kg 30 to 60 15to 30
seconds minutes
Etomidate 0.3 mg/kg 15to 45 3to 12
seconds minutes
Ketamine 1 to 2 mg/kg 45 to 60 10 to 20
seconds minutes
Propofol 1.5 mg/kg 30 to 60 2to5
seconds minutes

Benefits

Readily available

Amnestic

Anticonvulsant

Decreased intracranial pressure
Rarely, decreased blood pressure

Increased blood pressure and
bronchodilation

Dissociative amnesia and pain control

Reversible, rapid offset;

anticonvulsant

Precautions

Slow onset, apnea and hypotension
No analgesia

Often underdosed for RSI
Myoclonic jerks

Vomiting

No analgesia

Increased secretions

Emergence phenomenon
Apnea and hypotension;
variable dosing

*All doses should be halved in the setting of profound refractory shock in order to prevent circulatory collapse.

3-minute preoxygenation phase, eight vital capacity breaths with
high-flow oxygen can achieve oxygen saturations and apnea
times that match or exceed those obtained with traditional pre-
oxygenation. For an obese patient, if contraindications do not
exist, preoxygenation should be performed with the patient
upright. After neuromuscular blockade, passive oxygenation is
accomplished by continuing supplemental oxygen by nasal
cannula (at a flow rate of 2 to 6 L/min) during laryngoscopy,
and the time to 95% desaturation is extended from 3.5 to 5.3
minutes.'**

Pretreatment

Laryngoscopy may have detrimental physiologic effects (e.g.,
increased intracranial pressure, heart rate, blood pressure, vascu-
lar sheer forces, and bronchospasm). Pretreatment agents are
used to mitigate these effects. Pretreatment regimens have
evolved, and many formerly traditional methods (e.g., defascicu-
lating doses of competitive neuromuscular blockers before
administering succinylcholine; routine use of atropine in chil-
dren) have largely been abandoned. Patients who may still be
considered for pretreatment are those with reactive airway
disease, elevated intracranial pressure, or a cardiovascular or
neurovascular condition for which increased vascular sheer
forces might be dangerous. In patients with asthma, lidocaine
has been recommended as a pretreatment drug to limit the bron-
chospastic response to laryngoscopy. Given that data are limited
and beta agonists are universally recommended for acute asthma
exacerbations, lidocaine is unlikely to confer benefit. It is reason-
able to administer lidocaine (1.5 mg/kg) as a pretreatment drug
for asthmatic patients who have not received albuterol. Lidocaine
is no longer indicated for pretreatment in head-injured patients
with presumed elevated intracranial pressure. A patient intubated
in the setting of a vascular emergency (e.g., ischemic coronary
disease, aortic dissection) may benefit from a sympatholytic dose
(3 ug/kg) of fentanyl to blunt the release of catecholamines
caused by laryngeal manipulation. Fentanyl can also be used in
patients with primary cerebral processes associated with pre-
sumed elevated intracranial pressure if the blood pressure and
heart rate are normal.

Paralysis with Induction

Rapidly administer an intravenous (IV) bolus of an induction
agent to produce complete loss of consciousness, followed
immediately by rapid administration of a NMBA to induce com-
plete motor paralysis.

Induction Agents. With few exceptions, patients should
receive an induction agent before neuromuscular blockade. Para-
lyzing a conscious patient without providing adequate sedation
can lead to detrimental physiologic and psychological sequelae.
Unless the patient has a Glasgow Coma Scale score of 3 or suffers
from profound refractory shock (i.e., those for whom even a
small dose of an induction agent might precipitate cardiovascular
collapse), induction is mandatory.

Principal induction agents used in the emergency setting are
etomidate, propofol, and ketamine. In North America, more than
90% of inductions in adult patients in the emergency department
involve etomidate, indicating widespread familiarity and confi-
dence with this drug.’ Previous controversy regarding the poten-
tial harmful effects of etomidate in septic patients has not been
substantiated."” Clinical characteristics of the most commonly
used induction agents and their typical doses are summarized in
Table 19-3.

Neuromuscular Blockade. NMBAs induce rapid, transient
paralysis to facilitate laryngoscopy and ETT placement. These
agents do not provide analgesia, sedation, or amnesia. The ideal
NMBA has a rapid onset and short duration of action and few
adverse side effects. Succinylcholine, a depolarizing NMBA,
comes closest to fulfilling these traits. It is the most commonly
used NMBA, although rocuronium is becoming increasingly
popular.” At the neuromuscular junction, succinylcholine binds
tightly to acetylcholine receptors that control potassium channels.
Efflux of potassium ions results in motor end-plate depolarization
and muscle contraction. Succinylcholine prevents repolarization,
causing flaccid paralysis. Clinically, this manifests as muscle fas-
ciculations (10 to 15 seconds following IV bolus administration)
followed by complete muscle relaxation and paralysis (at 45 to
60 seconds). It has a short duration of action. Patients may
resume spontaneous breathing within 3 to 5 minutes.

Succinylcholine is administered at a dose of 1.5 mg/kg via
rapid IV bolus. It is contraindicated in patients with postsynaptic
receptor upregulation following neurologic injury (i.e., stroke or
spinal cord injury). In this population, succinylcholine depolar-
ization can cause severe hyperkalemia. This risk presents 3 days
after a discreet neurologic insult and lasts approximately 6
months. Nondepolarizing NMBAs (e.g., rocuronium) cause paral-
ysis by competing with acetylcholine for receptors at the neuro-
muscular junction. Rocuronium is the most commonly used
competitive NMBA for emergency airway management. It is
administered at a dose of 1 to 1.2 mg/kg given via rapid IV push,
and provides intubating conditions similar to those created by
use of succinylcholine.” Vecuronium and pancuronium should
not be used for emergency airway management unless neither
succinylcholine nor rocuronium is available (Table 19-4).

Positioning
The airway can be considered to have three separate axes: oral,
pharyngeal, and laryngeal. In neutral head position, these axes
approximate a right angle (Figure 19-13). By combining proper
head positioning with head elevation and cervical spine exten-
sion, these axes become more aligned and the trajectory to
establish an airway is made straighter (Figure 19-14). The sniffing
position can be accomplished by placing rolls, a daypack, or
even shoes under the posterior occiput (Figure 19-15).

The sniffing position is helpful in all patients. It is crucial in
morbidly obese patients, where alignment of upper airway axes
can be even more challenging.
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TABLE 19-4 Neuromuscular Blocking Agents

Intubating
Dose
Agent (Intravenous) Onset Duration
Depolarizing Agent
Succinylcholine 1.5 mg/kg
(adult)
2 mg/kg
(child)
3 mgrkg
(infant)
Nondepolarizing Agents
Rocuronium 1 mg/kg

Vecuronium 0.15 mg/kg

45-60 seconds  6-12 minutes

50-70 seconds
90-120 seconds

30-60 minutes
60-75 minutes

Adapted from Mahadevan SV, Garmel GM, editors: An introduction to clinical
emergency medicine: guide for practitioners in the emergency department,
Cambridge, UK, 2005, Cambridge University Press.

Patients with potential cervical spine injury should be main-
tained in neutral position and intubated with cervical spine
precautions and manual in-line cervical stabilization. Sellick’s
maneuver (undirected posterior displacement of the cricoid
ring) has been taught as a mandatory step during RSI to prevent

FIGURE 19-13 Head on a bed, neutral position. LA, Laryngeal axis;
OA, oral axis; PA, pharyngeal axis. (Redrawn from Walls RM, Murphy
MF, Luten RC, et al, editors: Manual of emergency airway manage-
ment, 2nd ed, Philadelphia, 2004, Lippincott Williams & Wilkins.)

FIGURE 19-14 Head elevated on pad, neutral position. LA, Laryngeal
axis; OA, oral axis; PA, pharyngeal axis. (Redrawn from Walls RM,
Murphy MF, Luten RC, et al, editors: Manual of emergency airway man-
agement, 2nd ed, Philadelphia, 2004, Lippincott Williams & Wilkins.)
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FIGURE 19-15 Head elevated on a pad, head extended on neck. LA,
Laryngeal axis; OA, oral axis; PA, pharyngeal axis. (Redrawn from Walls
RM, Murphy MF, Luten RC, et al, editors: Manual of emergency airway
management, 2nd ed, Philadelphia, 2004, Lippincott Williams &
Wilkins.)

aspiration, nominally by blocking the cervical esophagus. It is
not clear that Sellick’s maneuver prevents aspiration. It is associ-
ated with worsened glottic views, distortion of the cricoid ring,
and added difficulty with ETT passage.”" It is no longer routinely
recommended.

Placement

Once the patient is fully paralyzed, perform laryngoscopy, place
the ETT, and confirm proper placement by colorimetric or quan-
titative carbon dioxide detection.

Manage difficult direct laryngoscopy using several augmenta-
tion maneuvers. First, ensure that the patient and laryngoscope
blade are both optimally positioned. If the glottic aperture is not
readily visible, consider manual repositioning of the larynx to
improve glottic visualization using optimal external laryngeal
manipulation (OELM). In OELM, the operator uses the right hand
to move the larynx into optimal viewing position. OELM was
previously known as the BURP maneuver. If the glottis is visual-
ized, have an assistant hold the larynx in place while intubation
takes place.

Other helpful airway adjunct devices include intubating stylets
(e.g., Eschmann intubating stylet, Frova intubating stylet). Stylets
(bougies) can be used to help intubate when the only airway
structure visible is the epiglottis (Cormack-Lehane grade III
view). Place the angled tip of the bougie under the tip of the
epiglottis and gently advance it. Correct bougie placement can
be confirmed by feeling vibratory transmission of movement over
the anterior tracheal rings through the bougie, or feeling the
bougie stop after it has been advanced a few inches beyond the
glottis, indicating that it has lodged in the right mainstem
bronchus.

Proof (Confirmation of Endotracheal Tube Placement)
Immediately after every intubation, confirm proper ETT position-
ing within the trachea. Monitor through several breaths. Failure
to recognize an esophageal intubation can be disastrous. Confirm
correct ETT placement by using clinical assessment, pulse oxim-
etry, end-tidal carbon dioxide detection, and aspiration tech-
niques. Clinical assessment alone is insufficient to confirm ETT
location, which ideally should always be accomplished by colo-
rimetric or quantitative end-tidal carbon dioxide detection. Chest
radiography assesses the ETT position but is highly unlikely to
be available in austere settings.

CLINICAL ASSESSMENT

Classic clinical observations used to confirm correct ETT place-
ment include (1) watching the ETT pass through the vocal cords



during intubation; (2) auscultation of clear and equal breath
sounds over both lung fields; (3) absence of breath sounds when
auscultating over the stomach; (4) observation of symmetric chest
rise during ventilation; and (5) observation of ETT “fogging”
during ventilation. Because any one clinical finding is subject to
failure, it is safest to confirm ETT placement with multiple
findings.

PULSE OXIMETRY

A drop in oxygen saturation after intubation raises concern for
an esophageal intubation. If the patient has been adequately
preoxygenated, this drop may be delayed for several minutes. In
certain patients (e.g., those with severe hypotension or marked
peripheral vasoconstriction from cold exposure), the oxygen
saturation measurement may be unreliable or difficult to detect.
It is important to monitor pulse oximetry after endotracheal
intubation, but one must remember the previous cautionary state-
ment that no one method should be the sole indicator of suc-
cessful ETT placement.

End-Tidal Carbon Dioxide Detection

When adequate circulation is present, detection of end-tidal
carbon dioxide is a highly reliable method for identifying proper
ETT placement within the trachea. When unequivocal color
change persists after six full breaths, this ensures that the tracheal
tube tip is either within or directly above the trachea. Prolonged
bagging prior to intubation may result in initially weak but fati-
gable color change with an esophageal intubation. A false-
negative “color change” (no change in color despite correct ETT
placement) may occur in some cases of cardiac arrest and circula-
tory collapse as carbon dioxide delivery to the lungs abruptly
declines.

ASPIRATION DEVICES

Bulb and syringe aspiration devices may be used for confirmation
of ETT placement. Bulb aspiration devices are round and com-
pressible plastic globes (i.e., turkey baster) that are compressed
and deflated, attached to the ETT, and released to allow them to
inflate. If the bulb reexpands rapidly, the ETT is likely in the
trachea. Failure of or delay in reexpansion suggests that the ETT
is in the esophagus. Syringe aspiration devices are large syringes
(usually 30 mL [1 oz]) that are attached to the ETT. The syringe
plunger is pulled back rapidly. Rapid and easy flow of air sug-
gests tracheal intubation, whereas resistance suggests esophageal
intubation. Such devices are reliable at detecting esophageal
intubation (sensitivity > 95%); however, false-positive intubations
(i.e., a correctly placed tracheal tube is incorrectly labeled as an
esophageal intubation) can occur in up to 25% of cardiac arrest
patients.

POSTINTUBATION MANAGEMENT

After verification of correct ETT placement within the trachea,
secure the ETT (i.e., tape or tie it) to prevent movement or migra-
tion. Closely monitor the patient’s vital signs. Bradycardia after
intubation is worrisome for hypoxia or gastric distention and
should prompt detection of a possible esophageal intubation.
Hypertension after intubation suggests inadequate sedation.
Hypotension after intubation may result from a tension pneumo-
thorax, decreased venous return, large induction agent dose, or
cardiac cause.

After intubation, especially if a longer-acting neuromuscular
blocker (e.g., rocuronium or vecuronium) is used, sedation is
mandatory. An IV benzodiazepine (e.g., midazolam [0.1 to
0.2 mg/kgl, diazepam [0.2 mg/kg], or lorazepam [0.05 to 0.1 mg/
kg may be administered initially for sedation and repeated for
any sign of awakening with awareness. Propofol (0.3 mg/kg) and
ketamine (1 to 2 mg/kg) are less commonly used, but are becom-
ing more popular both as induction agents and as postintubation
sedatives.” An opioid agent such as fentanyl (3 to 5 pg/kg)
or morphine sulfate (0.1 mg/kg) may also be administered for
additional patient comfort. Nondepolarizing NMBAs (e.g., pan-

curonium [0.1 mg/kg] or vecuronium [0.1 mg/kg]) may be used
for long-term paralysis. If any motor activity is detected after 45
to 60 minutes, give a repeat dose that is one-third the initial dose.
Ensure adequate sedation when long-acting paralysis is employed.
This is especially true when pancuronium is used, because it can
render a patient paralyzed for nearly 2 hours. Recent data suggest
that emergency department patients are not uncommonly para-
lyzed without adequate sedation.’

ALTERNATIVE STRATEGIES FOR THE
DIFFICULT AIRWAY

AWAKE ORAL INTUBATION

Awake oral intubation is an approach that makes use of titrated
IV sedation and liberal topical airway anesthesia to allow inspec-
tion and intubation of an awake patient’s airway. This approach
allows the patient’s protective airway reflexes and spontaneous
respirations to be preserved while the laryngoscopist takes a
gentle awake look at the glottis, vocal cords, and internal airway
anatomy. This approach is typically used when significant airway
difficulty is anticipated and direct laryngoscopy and/or rescue
mask ventilation are judged likely to fail. In these patients, use
of neuromuscular blockers may result in a failed airway. During
awake airway inspection, the clinician can elect to intubate
unstable patients (e.g., those with airway burns or anaphylaxis
with progressive airway swelling), because that moment may be
the most opportune time for definitive airway management. Key
components of an awake look are airway preparation, topical
anesthesia, and limited sedation. First, prepare the airway by
using a topical nasal vasoconstrictor (e.g., oxymetazoline 0.05%)
and drying agent (e.g., glycopyrrolate [Robinul] 0.01 mg/kg intra-
venously). Topical anesthesia is accomplished by using atomized
or nebulized aqueous lidocaine. The presence of blood or secre-
tions or distorted anatomy can make topical analgesia and visu-
alization challenging.

NASOTRACHEAL INTUBATION

When oral access is limited (e.g., fractured mandible, severe
lingual edema from Hymenoptera envenomation), awake naso-
tracheal intubation may be a better alternative, because it can be
performed while preserving the patient’s spontaneous respira-
tions. This technique does not require many of the tools needed
for other airway management techniques and so is well suited
for austere conditions.

Prepare the mucosa to facilitate tube passage and minimize
the risk for epistaxis. Instill 2 to 3 drops of a topical vasoconstric-
tor agent (e.g., phenylephrine hydrochloride [0.25%] or oxy-
metazoline [0.05%)) in each nostril. Anesthetize the nasal mucosa
using a 4% cocaine pack or 2% lidocaine jelly. After vasoconstric-
tion, use atomized or nebulized 4% aqueous lidocaine to provide
topical anesthesia. Select a cuffed ETT that is sized 1 mm smaller
than would be selected for orotracheal intubation. Lubricate the
tube with a water-soluble lubricant to facilitate its passage. Lido-
caine jelly is ideal for simultaneously providing lubrication and
topical anesthesia. Insert the ETT into the more patent nostril.
The right side is preferred because the ETT bevel will face the
septum and so avoid Kiesselbach’s plexus, decreasing epistaxis
risk. Direct the ETT straight back along the nasal floor toward
the occiput, and rotate it 15 to 30 degrees during advancement.
When the distal ETT nears the glottis, listen for airflow within
the tube with each breath. When maximal airflow is heard,
quickly and gently advance the ETT. A cough will likely be heard
with successful passage of the tube into the trachea, and the
patient will not be able to phonate. Advance the ETT to 32 cm
at the nares in adult males and to 27 to 28 c¢m in adult females.
Inflate the cuff. ETT confirmation should be established in stan-
dard fashion as described above. When ETT placement is assured,
immediately sedate the patient. NTI is contraindicated in patients
with apnea, significant midface trauma (i.e., with suspicion for
basilar skull fracture or cribriform plate injury), severe coagu-
lopathy, or presumed altered upper airway anatomy.

413

ININIOVNVIN AVMAIV ADNIDYIINT 6L 43 LdVHD



TRAUMA

<
[
-4
<
o

Epistaxis and nasal turbinate injury from blind nasotracheal
intubation can be reduced by pretreatment with vasoconstrictor
agents and proper technique. If sufficient topical anesthesia is
provided, patients typically tolerate this procedure well. Long-
term complications (e.g., sinusitis, turbinate destruction) are
uncommon and result from multiple intubation attempts or pro-
longed intubation.

ALTERNATIVE AIRWAY ADJUNCTS
AND TECHNIQUES

In certain wilderness settings, tracheal intubation may be difficult
or impossible. Under such circumstances, alternative airway
adjuncts or techniques may be employed to provide an airway.
Alternative airways that require blind passage of an ETT into the
airway may be simpler to master than passing an ETT under
direct vision. To achieve good outcomes with these devices
and techniques, providers must maintain a high level of knowl-
edge and skills through frequent practice (e.g., simulation) and
field use.

LARYNGEAL MASK AIRWAY

The laryngeal mask airway (LMA) is a modified ETT with an
inflatable oval cuff (i.e., the laryngeal mask) at its base (Figure
19-16A-D). Blindly insert the LMA into the pharynx and advance
it until resistance is felt as the distal portion of the LMA lodges
in the laryngopharynx. Inflating the collar seals the LMA around
the laryngeal inlet and facilitates tracheal ventilation.

Although LMAs do not ensure protection against aspiration,
studies have shown that aspiration is uncommon and regurgita-

C

tion less likely with an LMA than with a BMV device. LMAs
provide ventilation equivalent to that of ETTs. LMA use may be
preferred to ETT intubation when access to the patient is limited,
when unstable neck injury may exist, or when appropriate victim
positioning for tracheal intubation is impossible. With elective
anesthesia, the LMA has an extremely high rate of successful
insertion and a low rate of complications, including a low inci-
dence of tracheal aspiration. Evaluations of LMA insertion by
experienced and inexperienced personnel alike consistently have
shown ease of insertion, high rates of successful insertion, and
successful ventilation.”

The LMA Fastrach is designed to facilitate blind intubation
through a specially designed mask employing an epiglottic eleva-
tor bar. Placement of the iLMA results in successful ventilation
in nearly all cases and successful subsequent intubation in 85%
to 95% of cases. When augmented by flexible fiberoptic endos-
copy, the rate of successful subsequent intubations rises to
approximately 100%. The LMA Fastrach has significant advan-
tages when compared with a standard LMA. It provides a means
for rescue ventilation and intubation. The LMA Fastrach comes
in adult sizes 3, 4, and 5. It is not suitable for use in patients
weighing less than approximately 30 kg (66 1b).

Newer-style LMA devices (e.g., air-Q and Aura-i) perform as
well as standard LMAs for ventilation and oxygenation, and can
also facilitate blind intubation with standard adult ETTs. Both
work well for intubating a difficult airway, especially when aug-
mented by flexible endoscopy."

Combitube

The Combitube is a double-lumen, adult-only, dual-cuffed airway.
One lumen contains ventilating side holes at the hypopharyngeal
level. The distal end is closed. The other lumen has an open

FIGURE 19-16 Laryngeal mask airway (LMA). A, The LMA is an adjunctive airway that consists of a tube
with a cuffed masklike projection at its distal end. B, Introduce the LMA through the mouth into the pharynx.
C, When the LMA is in position, a clear and secure airway is present. D, During insertion, advance the LMA
until resistance is felt as the distal portion of the tube lodges in the hypopharynx. Inflate the cuff. This seals
the larynx and leaves the distal opening of the tube just above the glottis to provide a clear and secure
airway (dotted line). (Redrawn from American Heart Association: Guidelines 2000 for cardiopulmonary
resuscitation and emergency cardiovascular care. Circulation 102:/95, 2000.)
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FIGURE 19-17 Esophageal-tracheal Combitube. (Redrawn from Skinner D, Swain A, Peyton R, et al, editors:
Cambridge textbook of accident and emergency medicine, Cambridge, UK, 1997, Cambridge University

Press.)

distal end with a cuff similar to an ETT. One lumen functions as
an esophageal airway, and the other functions as a tracheal
airway (Figure 19-17). A Combitube is typically blindly inserted
and advanced until two guide marks printed on the tube reach
the patient’s teeth. The pharyngeal and distal balloons are
inflated. This isolates the oropharynx above the upper balloon
and the esophagus or trachea below the lower balloon. The
tube’s distal end most commonly finds its way into the esopha-
gus. It will intubate the trachea in 3% to 5% of cases. Determine
the location (i.e., esophagus or trachea) of the distal orifice and
ventilate through the appropriate opening.

Advantages of a Combitube over a BVM include isolation of
the airway, reduced aspiration risk, and more reliable ventilation.
Disadvantages include large size, more difficulty with placement,
and competition with newer and more easily applied devices.
Fatal complications with the Combitube may result from incorrect
identification of the position (trachea or esophagus) of the distal
lumen. An end-tidal carbon dioxide or esophageal detector
device should be used in conjunction with the Combitube.

KING LT

The King LT airway is a single-lumen, dual-cuffed airway with
ventilation outlets between a large pharyngeal and a smaller
esophageal balloon (Figure 19-18). The King LT airway is inserted
blindly. A single pilot balloon inflates both cuffs simultaneously.
Although it is similar to the Combitube, the King LT is shorter,
easier to insert, and easier to inflate, and does not inadvertently

intubate the trachea." Newer versions of the King LT have a

Figure 19-18 King Laryngeal Tube (LT) inflated with the prepackaged
syringe.

posterior channel that accepts a nasogastric tube, allowing tube
passage through the device to allow aspiration of gastric con-
tents. The device’s airway seal may be lost after insertion and
requires deflation of the balloons and repositioning. The King LT
airway is available in newborn through adult sizes.

VIDEO LARYNGOSCOPY

Video laryngoscopes consist of a video camera functionally asso-
ciated in one of many ways with a laryngoscope blade and
handle, or other intubation device. For instance, the blade and
handle may be attached by video cable to a high-resolution color
display, or a miniaturized display may be attached directly to the
handle. This technology effectively places the operator’s eye on
a screen that transmits an image of the leading edge of the
laryngoscopy blade. The blade may have a hypercurved (Glide-
Scope) or traditional (Storz C-MAC) laryngoscope shape (Figures
19-19 and 19-20). The video laryngoscopes with integrated moni-
tors (e.g., McGrath MAC Series 5) on the end of the handle make
them attractive options for prehospital providers or other opera-
tors in austere settings (Figure 19-21). Compared with conven-
tional laryngoscopes, the video scope improves glottic exposure
in both operative and emergency department populations, and
it has higher first-pass success rates when compared with con-
ventional laryngoscopes.”"**! Video laryngoscopy is replacing
direct laryngoscopy as a first-line maneuver. Video laryngoscopes
tend to be expensive, but lower-cost devices (e.g., King Vision
video laryngoscope) are available (Figure 19-22). The King Vision
is powered by three standard AAA batteries that provide 90
minutes of continuous use.

Video screens used in bright outdoor environments are subject
to glare and reduced visibility. Modified shade (e.g., using natural

Figure 19-19 GlideScope titanium blades.
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Figure 19-20 C-MAC video laryngoscope. (Photo courtesy Karl Storz
GmbH & Co. KG, Germany.)

Figure 19-21 McGrath MAC Series 5 video laryngoscope.

canopies or blankets) improves visualization. Small, lightweight
devices with fixed screens (e.g., McGrath Series 5, King Vision)
are attractive options. Visualization may be adversely affected
more in conditions of bright light because there is no separate,
mobile screen that can be positioned for optimal viewing.

FIBEROPTIC INTUBATION

Fiberoptic techniques for endotracheal intubation (e.g., fiberoptic
intubating bronchoscopes and rigid fiberoptic laryngoscopes) are
invaluable tools for difficult airway management. Their role in
out-of-hospital airway management is negatively affected by low
availability, high cost, requirements for power supplies for illu-
mination, and complex cleaning procedures after use. Devices
can be used for awake intubation in patients for whom RSI or
insertion of a laryngoscope blade may be disadvantageous. In

Figure 19-22 King Vision video laryngoscope.
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patients with uncontrolled secretions or active bleeding, visual-
ization with fiberoptic devices may be impaired.

New, single-use, lightweight, fully disposable flexible video-
scopes (Ambu aScope 3) are available. The cost is low, and the
device is portable, so that fiberoptic technology can be used in
remote locations. A power supply is required.

DIGITAL INTUBATION

Digital (tactile) intubation is a technique in which the index and
long fingers of the nondominant hand are used to identify the
epiglottis and manually direct an ETT into the larynx. It may be
useful when poor lighting, poor positioning, copious airway
secretions, or equipment failure make laryngoscopy difficult or
impossible. Digital intubation requires a profoundly unresponsive
victim. It is relatively contraindicated in the semiconscious victim
with intact oropharyngeal reflexes. Other relative contraindica-
tions include caustic ingestion, thermal burns, and upper airway
foreign bodies.

SURGICAL AIRWAY MANAGEMENT

Surgical airway management (e.g., cricothyrotomy, needle crico-
thyrotomy with percutaneous transtracheal ventilation) involves
creation of an opening directly into the trachea by surgical
means.

CRICOTHYROTOMY

Video laryngoscopy may be reducing the “salvage” surgical
airway rate, currently at 0.3% in emergency department popula-
tions.” Needle cricothyrotomy (i.e., insertion of a large needle
through the cricothyroid membrane into the airway for transtra-
cheal jet ventilation [TTJV]) is rarely, if ever, the correct choice
for an adult airway emergency. Cricothyrotomy creates an
opening in the cricothyroid membrane through which a cannula,
usually a cuffed tracheostomy tube, is inserted to permit oxygen-
ation and ventilation. When surgical airway management is
required, cricothyrotomy is the procedure of choice in the emer-
gency setting. It is faster, more straightforward, and more likely
to be successful than is tracheotomy. Alternate techniques are
described elsewhere.”

Cricothyrotomy is indicated when oral or nasal intubation fails
or is technically impossible to accomplish in the setting of declin-
ing oxygen saturation. Cricothyrotomy is relatively contraindi-
cated by altered neck anatomy, hematoma, overlying cancer, or
coagulopathy. There is no absolute contraindication to a surgical
airway, with the exception of age. The procedure should be
avoided in children younger than 10 years, in whom anatomic
limitations make it difficult.

A number of commercial kits can be used to perform a cri-
cothyrotomy. When landmarks are clear, cutaneous cricothyrot-
omy employing the Seldinger’s technique (i.e., cricothyrotomes)
appears comparable to formal open cricothyrotomy. In patients
with poor landmarks, standard open cricothyrotomy is more suc-
cessful. Bougie-assisted cricothyrotomy may improve surgical
airway success rates for inexperienced practitioners. The safety
and efficacy of cricothyrotomy kits are not clearly established.
Two percutaneous cricothyrotomy sets allow a cuffed tracheos-
tomy tube to be placed. One is a dedicated Seldinger cricothy-
rotomy set. The other is a combination set with equipment for
either a Seldinger percutaneous cricothyrotomy or a standard
surgical cricothyrotomy. Complications of cricothyrotomy include
incorrect location of airway placement, hemorrhage, tracheal or
laryngeal injury, infection, pneumomediastinum, subglottic ste-
nosis, and voice change.

Standard Surgical Cricothyrotomy

Standard surgical cricothyrotomy is performed as follows and as
shown in Figure 19-23:

Identify the thyroid cartilage. This is the only V-shaped
structure encountered when palpating the anterior neck. The
cricothyroid space is the gap immediately below the thyroid
cartilage.
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FIGURE 19-23 Standard surgical cricothyrotomy. (Redrawn from Walls RM: Cricothyrotomy. In Rosen P,
Chan TC, Vilke GM, et al, editors: Atlas of emergency procedures, St. Louis, 2001, Mosby.)
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Prepare the neck in sterile fashion. With the nondominant
hand holding the thyroid cartilage, make a vertical midline
incision with a No. 11 scalpel blade from the thyroid cartilage
caudad approximately 3 to 4 cm (1.2 to 1.6 inches) (see Figure
19-23A).

Place a tracheal hook through the cricothyroid space. Hold
cephalad traction with the nondominant hand (see Figure
19-23B-D).

Make a transverse incision across the exposed cricothyroid
membrane (see Figure 19-23E,F). If time permits, insert silk stay
sutures in the trachea (see Figure 19-23G,H). Dilate the opening
in the cricothyroid membrane using a Trousseau dilator while
maintaining traction with the hook (see Figure 19-231-K).

Place a Shiley cuffed tracheostomy tube through the opening
created in the cricothyroid membrane. Initially aim posteriorly
and then redirect caudally once through the opening (see Figure
19-23L). The tracheal hook may be removed before insertion of
the tube to avoid damaging the tube. If a tracheostomy tube is
not available, an ETT may be substituted.

Rapid Four-Step Cricothyrotomy

The rapid four-step cricothyrotomy is accomplished as follows
and as shown in Figure 19-24:

From a position at the head of the victim, palpate and identify
landmarks, especially the cricoid and thyroid cartilages and cri-
cothyroid membrane.

Using a No. 20 scalpel, incise the cricothyroid membrane and
overlying skin simultaneously with a single horizontal 1.5-cm
(0.6-inch) incision. While maintaining the blade within the
airway, slide a tracheal hook alongside the caudal side of the
blade into the wound.

Orient the hook caudally. Place gentle traction on the cricoid
ring; this typically widens the incision. Then remove the blade
from the airway.

Place the ETT through the opening into the airway. Secure
the ETT.

Improvised Cricothyrotomy

If formal cricothyrotomy equipment is not available, a knife and
a hollow object (i.e., substitute for the tracheostomy tube) may
be used. An improvised cricothyrotomy could be performed
using a modified IV macro drip chamber or the cut barrel of a
1-mL or 3-mL syringe (see Chapters 28 and 46). Any small hollow
object (e.g., ballpoint pen casing, sports-bottle straw, inflation
tube for white-water floatation bag) may be employed as a cri-
cothyrotomy tube. Objects with an internal diameter of at least
3 mm (0.12 inch) provide the best gas exchange.

NEEDLE CRICOTHYROTOMY WITH
PERCUTANEOUS TRANSTRACHEAL
(TRANSLARYNGEAL) JET VENTILATION

An alternative surgical airway procedure is needle cricothyrotomy
with percutaneous transtracheal jet ventilation (TTJV). With this
technique, a transtracheal catheter is inserted through the crico-
thyroid membrane into the trachea and connected to a jet ventila-
tion system consisting of high-pressure tubing, an oxygen source
at 50 psi, and an in-line one-way valve to intermittently admin-
ister oxygen. One hundred percent oxygen is delivered at 12 to
20 bursts/min. The inspiratory phase should last 1 second. The
expiratory phase should last 2 to 4 seconds. Advantages of this
technique include simplicity, safety, and speed. In adults, this is
an appropriate procedure only in the most dire circumstances;
even then, it should be considered a temporizing measure
because the tube’s small diameter makes oxygenation and
removal of carbon dioxide incredibly challenging. In TTJV, there
is typically less bleeding than with cricothyrotomy. Age is not a
contraindication. In children less than 10 years old, this is the
preferred surgical airway technique. During TTJV, the upper
airway must be free of obstruction to allow complete exhalation.
If not, the patient is at risk for barotrauma from air “stacking.”
All patients receiving TTJV should have an oral and nasal airway
placed.

FIGURE 19-24 Rapid four-step cricothyrotomy. A, Step 1: Palpation (location of the cricoid membrane
externally). B, Step 2: Incision (horizontal incision of skin and soft tissues through the cricoid membrane).
C, Step 3: Traction (application of caudal traction to the cricoid ring). D, Step 4: Intubation (passage of the
tracheal tube). (Redrawn from Brofeldt BT, Panacek EA, Richards JR: An easy cricothyrotomy approach:
The rapid four-step technique, Acad Emerg Med 3:1060, 1996.)
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FIGURE 1
Stat product information.)

The technique for needle cricothyrotomy with TTJV is as
follows:

Stand at the patient’s side at the level of the neck. Expose the
neck, and identify landmarks, especially the cricoid and thyroid
cartilages and cricothyroid membrane.

Prepare the neck with an antiseptic solution, and provide local
anesthesia if time permits.

Immobilize the larynx between the thumb and middle finger,
while the index finger identifies the cricothyroid membrane.

Attach a large-bore (12- to 16-gauge) over-the-needle catheter
to a 20-mL syringe. Hold the needle and syringe in the dominant
hand. Direct the needle caudally through the cricothyroid mem-
brane at a 30-degree angle to the skin while maintaining negative
pressure on the syringe. As soon as the needle tip enters the
trachea, the syringe should fill easily with air.

Advance the catheter to its hub while simultaneously remov-
ing the needle. Reconfirm the catheter position within the trachea.

Connect the catheter to a jet ventilation system.

In terms of expedition kit portability, one transtracheal punc-
ture emergency airway device deserves special mention. LifeStat
(French Pocket Airway, Inc.) manufactures a keychain emergency
airway set. It consists of a sharp-pointed metal trocar introducer
inside a straight metal cannula that screws into a metal extension
with a universal 15-mm (0.6-inch) male adaptor. Lightweight and
less than 7.6 ¢m (3 inches) long, the three-component apparatus
is attached to a detachable keychain (Figure 19-25). It is approved
by the Food and Drug Administration for surgical access and is
for a single use only. The device can be left in place during
subsequent attempts at intubation. For circumstances in which a
jet ventilator is not readily available, care providers may impro-
vise by using a self-inflating bag-valve device to ventilate the
patient through the transtracheal catheter. The bag-valve device
may be connected to a 3.0-mm-ID ETT adapter inserted directly
into transtracheal catheter or to a 7.5-mm-ID ETT adapter inserted
into a 3-mL (0.1-0z) syringe barrel and then into the transtracheal
catheter (Figure 19-20). Ventilation with this device is temporary
at best, but may have usefulness in children younger than 5 years
of age.

AIRWAY EQUIPMENT FOR
THE WILDERNESS

Box 19-5 lists standard airway equipment, video devices, and
rescue tools for expedition airway management. Emergency
medical kits with basic or advanced airway equipment (e.g., Stat
Kit) are commercially available.

Ventilation bag

% Standard
I
I

endotracheal
tube connector

3-mL syringe barrel

Cricothyroid
membrane

14-gauge IV
catheter-over-needle

. Cricoid
Thyroid fing

cartilage

FIGURE 19-26 A simple setup for translaryngeal ventilation using
standard equipment found in any emergency department. This setup
is inadequate for adults. A high-pressure (50-psi) ventilation system is
optimal. Even with the pressure relief valve on the bag-valve device
turned off, only suboptimal pressure can be developed. However this
technique may be satisfactory for infants and small children. (Redrawn
from Roberts JR, Hedges JR, editors: Clinical procedures in emergency
medicine, 4th ed, Philadelphia, 2004, Saunders.)

BOX 19-5 Sample Contents of a Wilderness Airway
Management Kit

Basic Airway Equipment
Laerdal pocket mask
CPR microshield barrier
Nasal airway kit

Oral airway kit
Stethoscope

Bulb suction device

Advanced Airway Equipment

Bag-mask ventilation device with pediatric and adult masks
Manual suction device

Endotracheal tubes with stylet

Compact and battery-operated video laryngoscope system
Laryngoscope handles and blades

Magill forceps

Esophageal detector device

Colorimetric end-tidal carbon dioxide detector

Laryngeal mask airway, King LT, or Combitube

Needle cricothyrotomy catheter or device

Commercial cricothyrotomy kit

Oxygen cylinder with toggle handle

Nasal cannula, oxygen mask with strap, and nonrebreather bag
Oxygen tubing

Pulse oximeter
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CHAPTER 20

Management of Facial Injuries

DAVID SHAYE, VICKI MAZZORANA, AND ROBIN W. LINDSAY

Wilderness medicine is often defined in part by the amount of
time that an individual is in a remote place, far from definitive
hospital-based care. This occurs in disaster medicine, military and
tactical medicine, rural medicine, and traditional wilderness med-
icine. These fields have in common environments with con-
strained resources, the necessity for robust prehospital patient
care, and delayed access to definitive care. These conditions
require integrating evacuation and rescue training, evaluating
environmental threats, and understanding and managing re-
sources during disasters. A more expansive definition of wilder-
ness medicine takes into consideration the type of injury, the
setting in which the injury occurred, and how a particular injury
relates to human interaction with the environment.” In all of
these environments and situations, facial injuries occur and
require urgent initial management to diminish the morbidity,
chance of mortality, and disruption of recreational activities.

The Joint Theater Trauma Registry is responsible for collecting
and organizing medical treatment data about patients from
combat operations who are treated at U.S. medical facilities.
Although the head, face, and neck account for only 12% of the
body surface area, approximately 40% of all injuries currently
sustained during military conflicts are to these areas. This propor-
tion is higher than reported for previous military conflicts, and
most likely results from improved body armor and relative lack
of protective devices for the head and face.”**” Soldiers are at
high risk for sustaining oral and facial trauma during training and
assaults.” Traumatic facial injuries account for significant rates of
morbidity and mortality among the U.S. armed forces, so improved
functional protection for the vulnerable facial region must be
developed. Experience and data gathered during military con-
flicts have been of tremendous value with regard to further
education of medical providers about the emergency care of
facial trauma. Military research has been instrumental in advanc-
ing trauma care principles and guidelines used to manage trauma
in both civilian and military populations.

In addition to military-related injuries, sports-related accidents
and outdoor recreational activities are responsible for a signifi-
cant number of facial injuries. Skiing, bicycling, soccer, and
mountain biking account for more than 60% of sports-related
accidents. Traumatic injuries from falls, collisions, and self-
inflicted injuries result in facial bone fractures, dentoalveolar
trauma, and soft tissue damage. The injury pattern depends on
the sporting activity, with high-speed and high-impact sports
causing more fractures and low-speed and low-impact sports
producing more dental injuries.*

A growing number of people participate in a wide variety of
outdoor recreational activities that take them far away from
definitive medical services.'""* Wilderness recreation and adven-
ture activities create many situations that place individuals at risk
for facial traumatic injuries. The National Outdoor Leadership
School collects and publishes data about injuries, illnesses, near-
miss incidents, nonmedical incidents, and evacuation profiles
among its participants. According to recent unpublished data
from the leadership school, facial trauma accounted for 4% of
reported injury incidents over a period of 25 years from 1984 to
2009; the majority of these were soft tissue injuries.”

HISTORY AND EXAMINATION OF
FACIAL INJURIES

Before evaluating and treating a patient in the wilderness, the
safety of the setting and situation must be evaluated. Evaluating
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a patient with facial trauma proceeds as it does with any other
medical condition. In emergency situations, the chief complaint
and history of the present illness are obtained as one is perform-
ing the primary survey, which evaluates and treats inadequacies
of airway, breathing, and circulation. The patient’s baseline
mental status is assessed, and any neurologic disabilities are
identified.

Airway assessment begins with examination of the mouth and
pharynx for foreign bodies, such as blood clots, tooth or bone
fragments, and dentures. If the airway is obstructed, perform a
chin lift or jaw thrust, or insert an oropharyngeal airway to hold
the tongue forward. If there is a potential cervical spine fracture,
keep the head and neck in a neutral position without hyperex-
tension. Position the patient to maintain the airway and facilitate
respiration; in many instances, this will be the prone position.
Raise the head above the heart to decrease bleeding and swell-
ing, or position the victim seated with the head forward so that
blood drains from the mouth or nose. If these measures fail,
perform endotracheal intubation or cricothyrotomy. Do not leave
the patient unattended, especially when in a supine position.

After the airway is secured and the patient stabilized, perform
a secondary survey to obtain an abbreviated history of the
present injury or illness and to extract pertinent information, such
as a history of allergies, any medications taken, the medical
history, the last oral intake, and the events leading up to the
injury. If the patient has sustained significant head or facial
trauma, determine if the patient experienced loss of conscious-
ness or has symptoms of nausea, vomiting, visual disturbances,
or headache. Assess the patient’s pain, and ask about its charac-
ter, onset, location, radiation, duration, and exacerbating or alle-
viating factors.

A systematic approach to examination in oral and maxillofa-
cial emergencies allows for efficient collection of relevant infor-
mation. Clean the face, mouth, head, and neck of blood and
debris; this unmasks soft tissue injuries and facilitates diagnosis.
Next, observe the head, neck, and face, and note any asymmetry.
Palpate all facial bones, temporomandibular joints, muscles, and
areas of suspected injury for tenderness, crepitus, swelling,
instability, dislocation, fracture, and foreign bodies. Bimanually
palpate the lips, cheeks, and floor of the mouth. Observe the
patient slowly opening the mouth, and examine for the range of
motion and any deviation with opening. Evaluate facial soft tissue
swelling for hematoma formation, especially in areas associated
with underlying cartilage, such as the ear and nose.

Perform an intraoral examination of the lips, cheeks, mouth,
tongue, hard palate, soft palate, and pharynx. Examine facial
lacerations carefully to determine if they penetrate into the oral
cavity or contain foreign material. Gently retract the lips with the
teeth closed to examine the soft tissues and occlusion. Examine
the dentition for fractures and mobility. Observe the gingiva for
bleeding, swelling, trauma, color, firmness, and recession.

DIAGNOSIS AND TREATMENT OF
FACIAL INJURIES

TEMPOROMANDIBULAR JOINT DISORDERS

Temporomandibular Joint Dislocation

Temporomandibular joint (TM]) dislocation is more commonly
referred to as mandibular dislocation. Dislocation of the man-
dibular condyles causes inability to close the mouth and may
result from external trauma or, more frequently, from mandibular
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FIGURE 20-1 Reduction of temporomandibular joint dislocation. The temporomandibular joint is shown in
both normal and dislocated positions. 1, Closed position, with the mandibular condyle resting in the man-
dibular fossa behind the articular eminence. 2, In maximally open position, the condyle is just under and
slightly behind the eminence. 3, In dislocated position, the condyle moves forward and upward slightly
above the eminence; muscle spasm then occurs. 4, To reduce dislocation, place thumbs intraorally and
lateral to the lower molars, and apply downward pressure to the lower molar ridge area near the jaw angle
in a downward and backward direction. 5, When the condyle has cleared the articular eminence, muscle
contraction will return the jaw to a normal closed position. The patient sits on a low chair with the back
straight. Face the patient, wrap the thumbs with gauze for protection, place them in the mouth on the back
molars, and then push down and back. A rocking motion may help. (From Amsterdam JT: Oral medicine.
In Marx JA, Hockberger RS, Walls RM, editors: Rosen’s emergency medicine: concepts and clinical practices,

6th ed, Philadelphia, 2006, Mosby, p 1041.)

hyperextension. This may occur while yawning, taking a large
bite when eating, vomiting, laughing, or performing oral sex.
This condition may be bilateral or, less often, unilateral, and it
frequently recurs.’

Although posterior, lateral, and superior dislocations occur,
anterior dislocation is most common, and it occurs when the
mandibular condylar heads and their respective cartilaginous
discs move anteriorly along the articular eminence out of the
glenoid fossa and become locked in the anterosuperior aspect
of the articular eminence of the temporal bone. Dislocation is
complicated by involuntary spasms of the muscles of mastication,
including the masseter, temporalis, and medial pterygoid, thereby
making it extremely difficult for the condyles to return to their
normal position during reduction."**’

Diagnosis. Diagnosis of mandibular dislocation is not dif-
ficult, but without the benefit of a medical history the disorder
can be confused with an acute dystonic reaction. Patients present
with difficulty speaking, acute jaw pain anterior to the ear, mal-
occlusion, and inability to open or close the mouth. They may
be extremely uncomfortable and anxious. Patients present with
an open mouth and a prominent-appearing lower jaw. In a uni-
lateral dislocation, the chin appears to deviate to the side oppo-
site the dislocation. More frequently, dislocation is bilateral
without chin deviation. Clinically, the patient may have a palpa-
bly absent condyle within the glenoid fossa and visible periau-
ricular depression.®*"*

Ideally, with traumatic dislocation, radiographs are performed
to eliminate a condylar fracture. In the wilderness, radiography
is impossible, and fractures are excluded on the basis of clinical
examination.

Treatment. A variety of methods may be attempted to
reduce anterior mandibular dislocations without procedural seda-
tion or local anesthesia. The goal is to reduce the mandibular
condyle to the glenoid fossa from its current location anterior to
the articular eminence of the temporal bone. This requires relax-
ing the muscles of mastication, and is accompanied by properly
positioning the provider and patient so that direct pressure can
be placed on the mandible during reduction” (Figure 20-1).

The classic reduction technique is performed having the
patient seated lower than the provider. Stand facing the seated
patient, and ask the patient to open the mouth widely against
resistance; this reduces muscle tone of the elevator muscles
through reciprocal inhibition and allows for concurrent manual
reduction. Simultaneously exert a maximal downward reduction
force with the use of gloved thumbs on the patient’s lower molars

or mandibular ridge while exerting steady and constant down-
ward pressure by moving the mandible down, then posteriorly,
and then up with the remainder of the fingers and hand around
the jaw and chin, levering upward. Downward pressure clears
the condyle of the articular eminence, and posterior pressure
repositions the condyle within the glenoid fossa. This technique
may be difficult if muscle spasm is severe®” (Figure 20-2).

For the recumbent approach, lay the patient on his or her
back, and standing either behind or in front of the patient, apply
caudal pressure on the mandibular ridge® (Figure 20-3).

For the posterior approach, seat the patient either on the floor
or in a chair, and stand behind and above the patient. Place the
thumbs on the retromolar gums posterior to the patient’s last
molar along the mandibular ramus, and exert downward pressure
on the mandible® (Figure 20-4).

.\

FIGURE 20-2 Classic technique for reduction of anterior mandibular
dislocation.
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FIGURE 20-3 Recumbent approach for reduction of anterior mandibu-
lar dislocation.

FIGURE 20-4 Posterior approach for reduction of anterior mandibular
dislocation.

For the ipsilateral approach, use a sequential combination of
intraoral and extraoral manipulation. Focus on one side of the
jaw at a time. Stand at the patient’s side, and, while stabilizing
the patient’s head with one hand, use the thumb of the other
hand to exert external downward pressure on the displaced
mandibular condyle, located anterior and inferior to the zygo-
matic arch. If this is unsuccessful, exert downward pressure
intraorally on the ipsilateral lower molar teeth or the mandibular
ridge. If this is still unsuccessful, a combination of intraoral
downward pressure on the posterior molars, along with external
downward pressure on the mandibular condyle, may be success-
ful®® (Figure 20-5).

For an alternative manual method, place your fingers over the
periauricularly dislocated condyle and then gently massage the
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musculature posteriorly and inferiorly to induce relaxation of the
muscles and reduction of the condyle into the glenoid fossa.**

For the wrist pivot method, face the seated patient while
standing, and place your thumbs on the apex of the patient’s
chin while wrapping the remainder of the fingers laterally over
the mandible onto the inferior molars of the patient. With this
method, push upward with the thumbs on the patient’s chin
while simultaneously pushing downward on the body of the
mandible with the remaining fingers in a pivoting action. Flex
your wrists, and move in the direction of ulnar deviation. The
pivoting action uses the angle of the jaw as a fulcrum, resulting
in rotation of the mandibular condyles back into the glenoid
fossa. To prevent mandibular injury, this technique must be
applied to both sides of the jaw concurrently®”” (Figure 20-6).

For the gag reflex method, elicit the patient’s gag reflex by
stimulating the soft palate. This results in relaxation of the
muscles of mastication and descent of the mandible caudally as
part of the reflex. During the gag reflex, jaw muscles relax,
causing transient descent of the mandible inferiorly and forcing
condyle reduction back into the glenoid fossa.”” Alternatively,
have the patient open the mouth widely or against resistance to
cause reciprocal relaxation of the elevator muscles to allow for
simultaneous manual reduction.

FIGURE 20-5 Ipsilateral extraoral approach for reduction of anterior
mandibular dislocation.

FIGURE 20-6 Wrist pivot method for reduction of anterior mandibular
dislocation.
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FIGURE 20-7 Masseteric nerve block for reduction of anterior man-
dibular dislocation. The index finger locates the zygomatic arch and
moves inferiorly until it reaches the mandibular notch at a point halfway
between thumb and middle finger. The needle is introduced posterior
to the index finger to hit the neck of the condyle.

With the nerve block method, the peripheral masseteric nerve
is anesthetized where it has passed through the mandibular notch
and before it penetrates the masseter. The deep temporal nerve
may be anesthetized by locating the anterior temporalis muscle
within a depression just above the zygomatic bone. The greater
wing of the sphenoid bone is located deep below this portion
of the muscle. The anesthetic needle is directed into this area
until the needle hits the sphenoid bone and the anesthetic agent
is deposited. These blocks result in reduction of pain and muscle
spasm, thereby allowing manual reduction. Administration of a
local anesthetic agent around the TMJ capsule may diminish joint
pain but will not diminish muscular pain or spasm’ (Figure 20-7).

Complications of reduction techniques include intraoral
trauma from significant downward pressure on the teeth and
gums, fractures, joint cartilaginous injuries, and torn ligaments
and muscles. The provider’s fingers may be injured during intra-
oral reduction techniques when the jaw snaps shut after success-
ful reduction. Using gloves, gauze, bite blocks, and plastic finger
splints, as well as placing the thumbs on the mandibular ridge
rather than the teeth or gums, during reduction can prevent this
complication.”

After reduction, advise patients to apply ice or cool com-
presses to the TMJ, avoid hyperextending the mandible, take
a nonsteroidal antiinflammatory agent such as ibuprofen, and

maintain a soft diet for 1 week. Wrap a bandage around the head
and jaw to prevent mandible hyperextension and to limit jaw

movement.>*

Internal Derangements of the Temporomandibular Joint

There is a cartilaginous disc interposed between the articulating
components of the movable mandibular condyloid process and
articular eminence of the temporal bone. The disc stabilizes the
joint and allows for rotational movements.

Diagnosis. The intraarticular cartilaginous disc may displace
anteriorly, which results in joint dysfunction and abnormal joint
sounds such as clicking or popping. When closing the mouth, if
the cartilaginous disc of the TMJ displaces anteriorly relative to
the mandibular condyle with reduction to its normal position
when the mouth opens, clicking of the joint may occur. This may
manifest as a “pop,” the sound heard when the condyle moves
under the anteriorly displaced disc; this may or may not be
associated with joint pain and dysfunction® (Figure 20-8).

However, if the cartilaginous disc is displaced but does not
return to its normal position with mouth opening, the patient
may experience occlusive instability associated with jaw locking.
There are two types of lockjaw. With closed lock, the mandibular
condyle is unable to slide under the anteriorly displaced disc.
With open lock, the mandibular condyle is unable to slide back
over the disc into its normal position.”® Clinically, there is joint
tenderness on palpation, and the chin may be deviated toward
the affected side on attempted mouth opening. Functionally, the
disc is trapped anterior to the mandibular condyle and the liga-
ments are stretched and become inflamed. This can occur spon-
taneously while eating or talking, but also may be present on
awakening from sleep, or be associated with mandibular trauma.

Treatment. The provider can assist the patient to self-
reduce a closed lock. To do this, the patient should close the
mouth until the teeth almost touch, move the mandible laterally
as far as possible to the affected side, and finally swing the mouth
fully open.* If these maneuvers fail, consider manual reduction
using TMJ reduction techniques. Spasm of muscles of mastication
may cause a similar restriction in mandibular function, but typi-
cally the affected muscles are firm and extremely tender; alter-
natively, with closed lock, the muscles are usually normal.

EPISTAXIS

Although most cases of epistaxis are trivial, some become life-
threatening, because aspiration can lead to respiratory compro-
mise and extensive blood loss can result in hemodynamic
instability. Therefore, the condition should never be neglected. It
is more common among the young and the elderly. Most causes
are traumatic and occur in the winter.”” Spontaneous epistaxis is

A

B

FIGURE 20-8 A, The normal temporomandibular joint with cartilaginous disc. B, In a closed lock, the liga-
ments have stretched, and the disc is trapped anterior to the condyle.
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FIGURE 20-9 A, Vascular supply to the septum. The most common site of anterior epistaxis is the area
labeled Kiesselbach’s plexus. B, Vascular supply to the lateral wall. The most common site of posterior
epistaxis is the sphenopalatine artery as it emerges posterior to the middle turbinate. (From Maceri DR:
Epistaxis and nasal trauma. In Cummings CW, editor: Otolaryngology: head and neck surgery, 2nd ed,

St Louis, 1993, Mosby, p 728.)

more common in cold, dry, dusty, or smoke-filled environments.
Epistaxis is normally classified as anterior or posterior, depending
on the anatomic location. A particularly rich collection of vessels
and common site of anterior nosebleed is Kiesselbach’s plexus
on the lower anterior part of the nasal septum (i.e., Little’s area).
Ninety percent of episodes of epistaxis occur in this area. Poste-
rior bleeding originates primarily from a branch of the spheno-
palatine artery called the posterior nasal artery, which forms part
of Woodruff's plexus'* (Figure 20-9). Anterior epistaxis may be
managed definitively in the wilderness, but posterior epistaxis
requires immediate evacuation because of continued hemorrhage
and the potential for airway compromise.”

Evaluation

The initial evaluation includes determining if bleeding is unilat-
eral or bilateral and whether it is coming from an anterior or
posterior site. A nosebleed usually occurs on one side of the
nasal cavity. However, with profuse bleeding, blood can pass
behind the nasal septum and also appear on the unaffected side.
Most individuals bleed from an anterior site, which is visualized
on intranasal speculum examination; with posterior epistaxis, the
bleeding site cannot be seen on intranasal examination.

Treatment

Have the patient sit upright with the head tipped slightly forward.
This maneuver decreases blood flow through the nasopharynx
and allows blood to drip passively out of the nose rather than
flowing posteriorly and causing choking, aspiration, and vomiting
of swallowed blood. Have the patient blow the nose to remove
clots immediately before examination. Warm saline lavage of
each nostril may accelerate activation of the clotting cascade and
allow for better visualization of the bleeding areas.” Bleeding
may resume, but there will be improved access and visibility for
application of a vasoconstrictor drug or chemical cautery. Ask
the patient if he or she has placed anything inside the nose to
stop the bleeding, so that it can be removed before additional
packing is placed Examine the nasal cavity with a nasal specu-
lum to determine the site of bleeding. If anterior bleeding is
suspected, instruct the patient to pinch the fleshy alae tightly
against the cartilaginous septum of the nose between the thumb
and index finger for at least 20 minutes. Applying cold com-
presses to the nose and instructing the patient to suck on ice can
improve this.” Pinching the bony bridge of the nose does not
provide direct pressure on the bleeding vessels. Alternatively,
hands-free techniques that involve using commercial or impro-
vised (e.g., from taping together two tongue depressors) external
pressure devices or clips work well."”
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If nose pinching does not stop the bleeding, apply a local
anesthetic and vasoconstrictor to the nasal mucosa over Little’s
area. Anesthetic preparations include topical tetracaine 1%,
cocaine 1% to 4%, lidocaine 5%, ephedrine 5%, and aqueous
epinephrine 1:1000. Vasoconstrictive nasal sprays include phen-
ylephrine 0.5% (Neo-Synephrine) and oxymetazoline 0.05%
(Afrin). Apply anesthetics and vasoconstrictors by drip or spray,
on a cotton pledget, or with a cotton-tipped applicator. Objects
placed in the nose should be inserted along the floor of the nose
and have a string attached or include another method for easy
removal. Avoid pushing material laterally into the turbinates or
superiorly toward the cribriform plate. Leave the vasoconstrictor
in place until it effectively staunches bleeding. This may take
from 10 minutes to 24 hours.”

Epistaxis refractory to pressure and topical vasoconstrictors
may require chemical cauterization using a silver nitrate (75%
concentration) stick that reacts to the mucosal lining to produce
local chemical damage. After applying a topical anesthetic, apply
the cautery stick to the bleeding point with firm pressure for 5
to 10 seconds. Apply cautery only to one side of the septum,
and be careful not to perforate the septum by applying too much
pressure. '’

When there is more vigorous anterior nasal bleeding, nose
pinching, topical chemical vasoconstrictors, and cautery may not
be effective. In such an instance, inject the anterior bleeding site
with 0.5 to 1 mL of lidocaine 0.5%, 1%, or 2% that contains
1:100,000 epinephrine. This tamponades bleeding and provides
a vasoconstrictive effect. Alternatively, insert into the nares
directly over the bleeding site a small piece of absorbable or
degradable material that does not require removal. Such materi-
als include oxidized regenerated cellulose (Oxycel or Surgicel),
purified bovine collagen foam or paste (Gelfoam), microfibrillar
collagen (Avitene), porcine gelatin (Surgiflo), bovine gelatin-
human thrombin (FloSeal), QuikClot, recombinant factor VIIa,
topical thrombin, hemostatic matrix, nosebleed gauze, and fibrin
glue.”**9*% When bleeding has stopped, instruct the patient not
to blow the nose or probe the area for 48 hours. After the bleed-
ing episode is over, increasing the humidity, warming inspired
air, and moisturizing the nasal mucosa with topical gels, lotions,
and ointments help to prevent recurrent bleeding.

Treat persistent epistaxis by packing the anterior cavity or
posterior cavity, or both. If bleeding is not controlled by the
previous methods, insert a lubricated anterior nasal sponge or
tampon. Improvise with gynecologic tampons, sponges, and
gauze. Current commercial options include Merocel, Medtronic,
Rapid Rhino, ArthroCare, Weimert Epistaxis Packing, and Rhino
Rocket™ (Figure 20-10).



FIGURE 20-10 Commercial nasal packing is commonly used in place of traditional gauze packing. A, Rhino
Rocket. B, Epi-Stop Balloon Catheter. C, Rapid Rhino. D, Rapid-Pac. E, Rapid Rhino Dual Nasal Pack.
(A and B courtesy Shippert Medical, Centennial, Colorado; C to E courtesy ArthroCare Corporation, Austin,

Texas.)

If a nasal tampon fails to stop the bleeding, then formal ante-
rior packing is necessary. The basic technique involves placing
a 12-mm (0.5-inch) petrolatum- or antibiotic-impregnated strip of
gauze into the nasal cavity. An adult patient requires 90 to 120 cm
(3 to 4 ft) of such gauze to pack the nose adequately and
tamponade bleeding. Layer the gauze in tiers beginning on the
nasal floor and proceeding to the roof of the nose. Leave both
ends of the gauze outside of the nose and taped to the face to
prevent inadvertent aspiration. Improvised anterior nasal tam-
ponade can be accomplished with a Foley catheter (Figures 20-11
and 20-12).

Nasal packing blocks sinus drainage and can predispose to
sinusitis. Some studies in the literature contradict the following
recommendation when in an emergency department setting, but
we recommend that any patient who has the nose packed in the
field be placed on a prophylactic antistaphylococcal antibiotic,
such as 875 mg of amoxicillin with 125 mg of clavulanic acid
(Augmentin) by mouth three times daily, 500 mg of dicloxacillin
by mouth four times daily, 150 to 450 mg of clindamycin by
mouth four times daily, or 160 mg of trimethoprim and 800 mg
of sulfamethoxazole (Bactrim) by mouth twice daily until the
packing is removed after 48 hours.”

If the bleeding site is posterior and cannot be visualized, insert
a formal posterior nasal pack, commercially available nasal
balloon device, or Foley catheter. These methods rely on direct
pressure or blood accumulation within the nasal cavity, which
leads to tamponade. Placing a formal posterior nasal pack is dif-
ficult and involves gently inserting a lubricated soft tube into
each nostril until the ends can be visualized in the back of the
throat and then grasping the pack with a hemostat and bringing
it out through the mouth. Use Foley catheters, nasogastric tubes,
chest tubes, or improvised substitutes. Prepare a cylindrical pack
of 10- by 10-cm (4- by 4-inch) gauze, and hold it in shape by
tying three silk sutures around it and leaving the ends approxi-
mately 10 cm (4 inches) long. The pack should be the same
diameter as a circle made by the patient’s thumb and forefinger
(i.e., the “OK” sign). Attach the two end sutures to the oral ends
of the catheters. Pull the nasal ends of the catheters carefully
back out of the nose until the pack is firmly positioned against
the posterior aspect of the nasal cavity above the soft palate.

Detach the sutures from the catheters, and tie them over a bolster
placed underneath the nose. Secure the middle suture outside
the mouth to allow for removal 48 hours later (Figure 20-13).

Commercially available preshaped nasal balloons (e.g., Brigh-
ton, Nasostat, Naso-Blymp, Simpson plug, and EpiStat nasal
catheter) are manufactured specifically for treatment of posterior
epistaxis. They have a postnasal balloon and mobile anterior
balloon that are inflated independently. These are contraindi-
cated in cases of severe head trauma, basilar skull fracture, or
suspected craniofacial fractures that involve cerebrospinal fluid
(CSF) rhinorrhea'”?" (Figure 20-14).

A standard 14F to 16F Foley urinary catheter with a 30-mL
balloon can function as a posterior pack. Trim the distal catheter
tip to prevent irritation. Insert the lubricated catheter through the
nose into the posterior pharynx until it is visualized in the oro-
pharynx; inflate with a minimum of 3 to 5 mL of air or saline,
gently pull it forward into the nasopharynx until the balloon
engages, and hold it in position by clamping the external end
with a hemostat or an umbilical clamp. Balloons filled with air
tend to deflate over time, and those filled with water may rupture
and cause aspiration.””" Pack the anterior nasal cavity with a
nasal sponge or gauze.

Hot water irrigation has been documented as an alternative
strategy for posterior epistaxis. Occlude the posterior pharynx
with a balloon catheter, and irrigate the nares with heated water
(i.e., 45° C to 50° C [113° F to 122° F]). This reduces blood flow
by cz}}lsing mucosal edema and clears blood clots from the
nose.'”?*

FACIAL BONE FRACTURES

Anyone suffering from head or facial injury should be closely
examined for facial fractures. Proper management includes a
detailed examination for signs and symptoms of bony fractures,
stabilizing measures, and a plan for repair. The vast majority of
facial fractures are not surgical emergencies, and if they are
attended to within 2 weeks, can be properly treated without
long-term sequelae. In the acute setting, the level of concern
should be higher for facial fractures that occur with visual loss,
entrapment of extraocular muscles, CSF leak, and airway edema.
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FIGURE 20-11 The key to placing an anterior nasal pack that will control epistaxis adequately and stay in
place is to lay the packing into the nasal cavity in an “accordion” manner so that part of each layer of
packing lies anteriorly, thereby preventing the gauze from falling posteriorly into the nasopharynx. A, Grasp
the first layer of 0.25-inch petrolatum gauze strip approximately 2 to 3 cm (0.8 to 1.2 inches) from its end.
B, Place the first layer on the floor of the nose through the nasal speculum (not pictured), and then withdraw
the bayonet forceps and the nasal speculum. C, Reintroduce the nasal speculum on top of the first layer
of packing, and place a second layer in an identical manner. After several layers have been placed, it is
often useful to reintroduce the bayonet forceps to push the previously placed packing down onto the
floor of the nose to make it tighter and more secure. D, A complete anterior nasal pack can tamponade a
bleeding point anywhere in the anterior nasal cavity and will stay in place until the clinician or patient

removes it.

Upper Face Fractures

Nasal Fractures. Nasal bones are the most commonly frac-
tured facial bones. The projected and prominent nasal vault is a
delicate, pyramid-shaped structure made up of paired nasal
bones centrally and the frontal processes of the maxilla laterally.
The remainder of the nose is composed of interconnecting car-
tilaginous structures that provide stability and support.

Nasal fracture typically manifests with midface swelling, epi-
staxis, periorbital ecchymosis, subconjunctival hemorrhage, and
bony nasal deformity. A few hours after injury, facial swelling

FIGURE 20-12 A Foley catheter is placed into the nasopharynx,
inflated with water, and retracted into position. The distal tip of the
catheter has been cut off. Place an anterior pack (not shown) around
the catheter. Protect the ala and columella with gauze padding, and
apply a plastic umbilical clamp or nasogastric clamp to the catheter to
maintain slight tension on the balloon.
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may preclude appreciation of obvious deformity. Functional
changes in breathing and anosmia may also occur. Sweet or salty
watery drainage suggests CSF leak."

After soft tissue injuries and epistaxis have been appropriately
managed, examine the nose to determine the extent of nasal
trauma. This requires an external examination followed by an
internal view using a light source. Deviation or fracture of the
nasal septum should be noted, along with the presence of a
septal hematoma. CSF fluid rhinorrhea, which is appreciated on
internal nasal examination as clear fluid, is indicative of skull
base fracture and/or intracranial trauma. CSF fluid separates from
blood when the liquid is placed on filter paper and produces a
clinically detectable double-ringed, or halo, sign (Figure 20-15).

When palpating the nasal bridge, the provider may appreciate
bony crepitus, nasal segment mobility, point tenderness, and
displacement that may not be visible on external examination.
Remove intranasal clots with cotton swabs. Close deep intranasal
lacerations with absorbable sutures or cover with Oxycel,
Gelfoam, Surgicel, or Avitene to control bleeding.”

Advise patients to apply ice to the area and to keep the head
elevated to reduce soft tissue swelling. Most surgeons prefer to
treat nasal fractures either immediately before significant edema
has evolved, or after the edema has subsided, within 5 to 10
days after injury. Immediate treatment and evacuation are not
necessary unless there are complications, such as persistent epi-
staxis, difficulty breathing, or deeper lacerations that require
definitive repair. If the nose appears to be straight after swelling
has subsided and the patient can breathe easily through both
nostrils, further treatment may not be necessary. If the nose
remains deformed after swelling has resolved or if the patient
experiences breathing problems, refer the patient to an otolar-
yngologist or a plastic surgeon within 3 to 5 days so that the
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FIGURE 20-13 Traditional posterior nasal pack. A, After applying topical anesthesia, pass a red rubber
catheter through the nose, carefully grasp it in the oropharynx with ringed forceps, and bring it out through
the mouth. B, Make a posterior nasal pack by wrapping a cotton ball in a 4 x 4 inch gauze pad and tying
two long silk sutures or umbilical tapes around the neck of the pack. Leave one tie long so that it can be
taped to the cheek until it is needed for removal of the pack. C, Alternatively, fold a gauze pad, roll it into
a cylinder, and tie it with two strings. Use two of the long strings to tie the pack to the tip of the catheter,
and use the other two to remove the pack. D, As an option, use a second catheter that has been passed
through the nonbleeding side and brought out through the mouth to retract the palate forward to help
with the placement of the pack (not shown). E, Remove the optional “retraction” catheter after the pack
is in proper position. Digitally guide the pack into the nasopharynx. F, Use a gauze roll to secure the pack
to the nose, and tape the rescue ties to the cheek.

bones do not heal while misaligned. Children with nasal fractures
may have prematu