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3. Tighten the device as the manufacturer
recommends. Gently and smoothly
increase the tension until firm support is
provided for the pelvis (Figure 15-4).

FIGURE 15-4 Stabilization of an unstable pelvic fracture using a
commercial device.  (Courtesy of Sam Medical Products)

Bleeding

The immediate control of massive bleeding from external injuries is vital to the
survival and recovery of the trauma patient. Although varying definitions exist to
define massive bleeding (Adams & Schwab, 1988; Carr, 2004), it may be identi-
fied by bleeding that cannot be controlled by the conventional method of direct
pressure.

Direct pressure is widely accepted as a standard of practice for the control
of all levels of injury severity. However, scientific research that quantifies the
applicability and efficacy of this instrument has been very limited. Studies eval-
uating the effectiveness of tourniquets and hemostatic agents quantify bleeding
in the context of a control within the design of the studies (Jackson et al., 1997;
Wedmore et al., 2006). In the past, basic and advanced-level provider educa-
tion presented various methodologies to control external bleeding, including
direct pressure, elevation of an extremity in conjunction with direct pressure,
packing with fingertips, or sterile gauze and direct pressure over pressure
points (Bledsoe, Porter, & Cherry, 2009; Campbell, 2008; McSwain, Frame, &
Salomone, 2005).

Currently, if direct pressure is unsuccessful, the recommendation is to imme-
diately apply a tourniquet if the bleeding is in an area where one may be applied.
If a tourniquet cannot be applied, a hemostatic agent should be used. All meth-
ods of controlling hemorrhage serve to restrict blood flow and augment the
body’s response to blood loss—vascular constriction, platelet aggregation, and
coagulation.

Application of Tourniquets

Injuries to extremities, such as avulsions, amputations, and lacerations, with associ-
ated bleeding that is not quickly controlled by direct pressure, meet the criteria for
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the application of a tourniquet (Kragh et al., 2008; Lee, 2007; Alam et al., 2005).
Tourniquets provide circumferential compression to the vascular structures just
proximal to the wound, inhibiting distal blood flow.

Commercial Devices

A general description of the guidelines for the ideal tourniquet includes effec-
tiveness of arterial occlusion, ease of use, lightweight, compact, and rugged (King
et al., 2006). The issue of expense is applicable to EMS, and thus the addition of
cost consideration is appropriate to this list. Key elements of the tourniquet
design must address the width of the occluding strap/pneumatic band and ability
to overcome soft tissue (Walters & Mabry, 2005). The combination of appropri-
ate mechanical assistance and width designs of two inches or greater appears to
provide adequate soft-tissue compression and stop bleeding at lower pressures,
decreasing tissue damage and discomfort at the tourniquet site.

Multiple types of tourniquet devices are now commercially available.
Although ITLS does not endorse any specific brand or model, studies have
shown several to be more effective than others (Walters et al., 2005; Wenke
etal., 2005; King et al., 20006).

The Combat Application Tourniquet® (CAT) is manufactured by Composite
Resources and designed with a self-adherent Velcro band, friction adaptor
buckle, and a windlass rod and clip (Figure 15-5). The self-adherent Velcro band
is reportedly made from a nonstretch material long enough for application on
large and obese extremities. The surface area width is sufficient for distributing
the application of pressure circumferentially around the extremity.

Application of the CAT is accomplished by feeding the Velcro band around
an extremity and inserting the free-running end through the buckle. Insertion
into the buckle locks the band in place on the extremity. Turning the windlass
rod creates circumferential tightening and is locked into place with the clip and
secured with a small strap after bleeding has been controlled. A location on the
top of the windlass strap is available to note the time of application. The manu-
facturer accentuates an independent internal band and clip that permits one-
handed or self-application.
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FIGURE 15-5 Combat Application Tourniquet® (CAT). (© 2010 North American Rescue, LLC)
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The Emergency and Military Tourniquet® (EMT) by
Delfi Medical (Figure 15-6) is a pneumatic-based device
with an inflatable bladder and a hand bulb inflator perma-
nently attached to the bladder by way of a flexible hose. A
twist-type air release valve is included between the hand
bulb inflator and the bladder to allow deflation of the blad-
der. The clamp secures a portion of the bladder around the
limb and seals the bladder across its width, such that the por-
tion of the bladder surrounding the limb inflates, and the
remaining portion of the bladder does not inflate. The EM'T
is available in one size and able to encircle a 3- to 34-inch
circumference around an extremity. A blood pressure cuff
may be used in exactly the same way.

Both the CAT and EMT advocate use of minimal pressure to control bleed-
ing, and provide discussion of procedures for increasing and decreasing the pres-
sure exerted by the device.

FIGURE 15-6 The Emergency and Military Tourniquet® (EMT).  (Courtesy
of Delphi Medical Innovations, Inc.)

Tourniquet Application

Regardless of the device used, the following procedure may be employed for
hemorrhage that is unable to be controlled with conventional methods of direct
pressure and is anatomically appropriate to tourniquet application:

1. Identify massive extremity bleeding caused by avulsions, amputations, and
lacerations.

2. Attempt direct pressure to control bleeding. If you are unable to control
bleeding quickly, proceed immediately to application of tourniquet.

3. Position tourniquet just proximal to the source of bleeding, avoiding
application over any joints on the extremity.

4. Secure the tourniquet in place and apply circumferential pressure by a method
recommended by the tourniquet manufacturer.

. Tighten the tourniquet until bleeding stops.
. Secure the tourniquet in place.

. Note the time of application.

. Do not cover the tourniquet.
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. Frequently reassess for bleeding. Increase tourniquet pressure as needed.
10. Contact receiving facility and notify them of the application of a tourniquet.

The use of a tourniquet is not a benign procedure. Application of a tourni-
quet may cause extreme pain and discomfort at and distal to the site of applica-
tion. When appropriate, the use of analgesic medications to decrease pain should
be considered. Complications such as inappropriate positioning and device mal-
function can occur. In addition, necrosis to the muscle at and distal to the appli-
cation, compartment syndrome, and nerve palsy are all possible (Kragh et al.,
2008). Unless extreme circumstances exist where delivery to definitive care is
delayed, the removal of a tourniquet or reperfusion of an extremity following
tourniquet application should include appropriate communications with medical
direction.

Use of Hemostatic Agents

Injuries where the control of massive bleeding is not successful with direct pressure
and the use of a tourniquet, or where the application of a tourniquet is not possible,
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such as the neck, axilla, or groin, the use of a hemostatic agent in combination with
direct pressure is warranted as an additional resource to control bleeding. Laboratory
studies and field trials conducted by the U.S. military and limited research com-
pleted by EMS agencies indicates hemostatic agents have benefit when used in con-
junction with existing methods of bleeding control (Brown Daya, & Worley, 2007;
King 2004). Within the context of education for the use of hemostatic agents, a
study by Brown et al. (2007) indicated a 21% failure rate when used by EMS per-
sonnel. This outcome identifies the need to define appropriate application based on
the severity of the injury in conjunction with initial and continuing educational
methodologies for the use of hemostatic agents.

Hemostatic Agent Types

This is a technology that is rapidly changing, and there are many competing
hemostatic products. Various chitosan, mineral, and non-mineral-based hemo-
static agents are currently available to EMS personnel. Product names such as
Celox'", QuikClot Combat Gauze®, HemCon®, and TraumaDex promote
clotting (with different degrees of effectiveness) through various mechanisms of
action (Acheson et al., 2005; Alam, 2003; Kheirabadi et al., 2008; King, 2004;
Lawton et al., 2010; Pusateri et al., 2006; Ward et al, 2007). Most hemostatic
agents are available in powder, granular, or bandage form. The U.S. military is
currently using QuikClot Combat Gauze.

Common to each currently approved hemostatic agent regardless of applica-
tion form is the requirement to make direct contact with the primary source of
bleeding and exert external compression directly to the source of bleeding.
Clotting time based on blood vessel type, size, and level of exsanguination pre-
senting may vary, with 2 minutes of direct pressure required to facilitate cessa-
tion of bleeding (Alam, 2003; Kheirabadi, 2008). These agents are not to be used
for internal bleeding.

Hemostatic Agent Application

The following procedure may be used for hemorrhage that cannot be controlled
with conventional methods of direct pressure, when the injury is anatomically
inappropriate for the application of a tourniquet, or when bleeding does not stop
following direct pressure and tourniquet application.

PROCEDURE )

_

Applying a Hemostatic Agent

1.
2.

Identify massive bleeding caused by avulsions, amputations, or lacerations.

Attempt direct pressure to control bleeding. If you are unable to facilitate rapid cessation of bleed-
ing, proceed immediately to application of tourniquet for anatomically appropriate locations.

If bleeding is not controlled, apply hemostatic agent directly to the source of the bleeding.

. With fingertip pressure and a 4 X 4 or trauma dressing, compress the wound and hemostatic agent

for at least two minutes. Failure to apply direct pressure to the source of the bleeding may delay or
prevent cessation of bleeding.
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11.

12.
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5. Leaving the 4 X 4 or trauma dressing in place, evaluate for cessation of bleeding. If bleeding has
stopped, dress the wound as appropriate.

6. If bleeding continues, remove the 4 X 4 or trauma dressing and reapply the hemostatic agent and
4 X 4 or trauma dressing. Confirm direct pressure is being placed on the source of bleeding.

Complications include ineffectiveness of the hemostatic agent, continued bleeding (recognized and
unrecognized), and tissue damage secondary to the type of hemostatic agent used. Any bleeding that
cannot be controlled must be considered life threatening. Do not delay transportation for reapplication
of tourniquets or hemostatic agents. Immediately package and transport the patient upon completion of
the rapid survey and continue interventions en route to definitive care.
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Upon successful completion of this chapter, you should be able to:

1.

o o kv

Identify the basic anatomy of the skin including

a. Epidermal and dermal layers

b. Structures found within

List the basic functions of the skin.

Describe types of burns as a function of burn depth.
Estimate depth of burn based on skin appearance.
Estimate extent of burn using the rule of nines.
Identify complications and describe the management of:
a. Thermal burns

b. Chemical burns

c. Electrical burns

List situations and physical signs that:

a. Indicate heat-inhalation injury

b. Suggest carbon monoxide poisoning

Discuss how carbon monoxide causes hypoxia.

. Describe the treatment for carbon monoxide poisoning.
10.

Identify which patients may require transport to a burn center.

(Photo courtesy of Paul Drabot,
Shutterstock.com)
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rhabdomyolysis, p. 302
radiation injury, p. 303

rule of nines, p. 289
smoke-inhalation injury, p. 297
thermal injury, p. 297
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(Courtesy of Roy Alson, MD)

Chapter Overview

According to the American Burn Association, there are over 1 million burn inju-
ries per year in the United States, resulting in more than 4,500 deaths. Many
who survive their burns are left severely disabled and/or disfigured. Although the
number of those killed or injured has decreased in the last 30 years, particularly
with the use of smoke detectors and the improvements in burn care, burn injury
is still a major problem for our society. Applying the basic principles taught
here can help decrease death, disability, and disfigurement from burn injuries.
Because the rescue of burn patients can be extremely dangerous, following the
rules of scene safety is extremely important. Multiple agents (Table 16-1) can
cause burn injuries, but in general, pathologic damage to the skin is similar no
matter what the cause. Specific differences among the types of burns will be
discussed in later sections.

CASE PRESENTATION

Itis a hot day in July, and an ALS ambulance has been called to the scene of
a suicide attempt. They are told that a young woman has tried to kill herself
by pouring gasoline in her car and then sitting in the auto and lighting the
gasoline. She had driven into the woods to do this. She changed her mind as
soon as the gasoline ignited. She was alone and did not have a phone, so had
to hike a mile to get help. What injuries should they expect with a mecha-
nism of this type? Are heat-inhalation injuries possible? Would she be likely
to have lower respiratory system burns? Keep these questions in mind as
you read the chapter. Then, at the end of the chapter, find out how the res-
cuers completed this call.

Anc’romy and Pathophysiology

The Skin

The largest organ of the body, the skin, is made up of two layers. The outer
layer, which we can see on the surface, is called the epidermis. It serves as a barrier
between the environment and our body. Underneath the thin epidermis is a thick
layer of collagen connective tissue called the dermis. This layer contains the
important sensory nerves and also the support structures such as the hair folli-
cles, sweat glands, and oil glands (Figure 16-1).

Types of Burn injuries

¢ Thermal: flame, scald, steam
e Electrical
e Chemical

¢ Radiation
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FIGURE 16-1 The skin.

The skin has many important functions, which include acting as a mechani-
cal and protective barrier between the body and the outside world, sealing fluids
inside, and preventing bacteria and other microorganisms from readily entering
the body.

The skin is also a vital sensory organ that provides input to the brain on gen-
eral and specific environmental data and serves a primary role in temperature
regulation. Damage to the skin renders it unable to carry out these functions and
puts the body at risk for serious problems.

Burn damage to the skin occurs when heat or caustic chemicals come in con-
tact with the skin and damage its chemical and cellular components. In addition
to actual tissue injury, the body’s inflammatory response to the skin damage may
result in additional injury or increase the severity of a burn. The portions of the
skin that are necrosed by the thermal insult are referred to as the zone of congula-
tion and have suffered irreversible injury. Surrounding this area is a zone of stasis;
blood flow is compromised and tissues will die if blood flow is not restored. This
condition is seen in the deeper areas of partial-thickness burns and is helped by
good burn care and fluid resuscitation. Surrounding the zone of stasis is the zone
of hyperemia, where there is increased blood flow to the tissues as a result of the
actions of inflammatory mediators released by damaged skin.

Classifying Burns by Depth

Burns are characterized, based on the depth of tissue damage and skin response,
as superficial (first degree), partial thickness (second degree), or full thickness

Epidermis

Dermis

Z ¢ Subcutaneous fatty tissue

Sweat gland

Muscle fibers
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burn depth a classification of severity
of burns by how deep the skin is burned.
In order of worsening injury: superficial
burns (first degree), partial-thickness
burns (second degree), and full-thickness
burns (third degree).

reddened
FIGURE 16-2 Superficial (first-degree) burn.

Characteristics of Various Depths of Burns

Superficial Partial Thickness Full Thickness
(First Degree) (Second Degree) (Third Degree)
Cause Sun or minor Hot liquids, flashes, Chemicals, electricity,
flash or flame flame, hot metals
Skin color Red Mottled red Pearly white and/or

charred, translucent
and parchmentlike

Skin surface Dry with no Blisters with Dry with thrombosed
blisters weeping blood vessels
Sensation Painful Painful Anesthetic with
peripheral pain
Healing 3-6 days 2-4 weeks, depending Requires skin
on depth grafting

(third degree). Superficial burns result in minor tissue damage to the outer epi-
dermal layer only, but do cause an intense and painful inflammatory response.
The most common injury of this type is “sunburn.” Although no medical treat-
ment is usually required, various medications can be prescribed that significantly
speed healing and reduce the painful inflammatory response.

Partial-thickness burns cause damage through the epidermis and into a vari-
able depth of the dermis. These injuries will heal (usually without scarring)
because the cells lining the deeper portions of the hair follicles, and sweat glands
will multiply and grow new skin for healing. Antibiotic creams or various special-
ized types of dressings are routinely used to treat these burns, and therefore,
appropriate medical evaluation and care should be provided for patients with

ese injuries. Emergency care of partial-thickness burns involves cooling the
burn and covering it with a clean dry dressing.

Full-thickness burns cause damage to all layers of the
epidermis and dermis. No more skin cell layers are left, so
healing by regrowth of epidermal cells is impossible. All
full-thickness burns leave scars that later may contract and
limit motion of the extremity (or restrict movement of the
chest wall). Deeper full-thickness burns usually result in
skin protein becoming denatured and hard, forming a firm,
leatherlike covering that is referred to as eschar.
Characteristics of these burns are listed in Table 16-2, and
the depth levels and examples are shown in Figures 16-2,
16-3, and 16-4.

Determining the Severity of Burns

The body’s normal inflammatory response to the burn
injury can result in progressive tissue damage for a day or
two following burn injury, which may well result in an
increase in burn depth. Any condition that either reduces
circulation (shock) to this damaged tissue or by itself causes
further tissue damage will lead to burn progression with
increasing burn depth. Because of this process of burn pro-
gression, it is not essential to determine exactly the burn



Blisters ’
FIGURE 16-3 Partial-thickness (second-degree) burn.  (Courtesy of Roy Alson, MD)

depth in the field. You should, however, be able to clearly discern between super-
ficial and deep burns. Because transport to a burn center depends on both depth
and extent of the burn, you also should be able to estimate the amount of body
surface involved in the burn.

The burn size is best estimated in the field using the rule of nines (Figure 16-5).
The body is divided into areas that are either 9% or 18% of the total body surface,
and by roughly drawing in the burned areas, the extent can be estimated. Only
partial-thickness and full-thickness burns are used for this calculation. In small
children there are some differences in body size proportions, and a Lund and

Epidermis
Dermis

Fat
Muscle

Charring

AV

FIGURE 16-4 Full-thickness (third-degree) burn.  (Courtesy of Roy Alson, MD)
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rule of nines a method of estimating
the body surface area burned by a divi-
sion of the body into regions, each of
which represents approximately 9% of
the total surface area, plus 1% for the
genital area.
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FIGURE 16-5 The rule of nines.

Infant
13% 9%

O,
13% 9% Front 18%
Back 18%

Browder chart is helpful (Table 16-3). For smaller or irregular burns, the size
can be estimated using the palmar surface (including the fingers) of the patient’s

FIGURE 16-6 Areas in which small burns are more
serious: Second- or third-degree burns in these areas
(shaded portions) should be treated in the hospital.

hand, which is about 1% of the total body surface area. Even small burns
can be serious if they involve certain parts of the body that affect func-
tion or appearance (Figure 16-6).

Initial care that is directed specifically toward the burn should con-
centrate on limiting any progression of the burn depth and extent.

Patient Assessment and Management

Evaluation of the burn patient is often complicated by the dramatic nature
of the injuries. You can easily be overwhelmed by the extent of the injury.
You must remember that even patients with major burns rarely expire in
the initial postburn period from the burn injury. Death in the immediate
postburn period is a consequence of associated trauma or conditions such
as airway compromise or smoke inhalation. A careful, systematic approach
to patient evaluation will allow you to identify and manage critical life-
threatening problems and to improve patient outcome.

The I'TLS Primary and Secondary Surveys should follow the stand-
ard format described in Chapter 2.

ITLS Primary Survey

Scene Size-up

The steps for assessing a major burn patient are the same as for any other
major trauma patient. Begin by performing a scene size-up as outlined in



Lund and Browder Chart

Age (Years) % % %
Area 0-1 1-4 5-9 10-15  Adults 2° 3° Total
Head 19 17 13 10 7
Neck 2 2 2 2 2
Ant. Trunk 13 17 13 13 13
Post. Trunk 13 13 13 13 13
R. Buttock 2% 2% 2% 2% 2%
L. Buttock 2% 2% 2% 2% 2%
Genitalia 1 1 1 1 1
R.U. Arm 4 4 4 4 4
L.U. Arm 4 4 4 4 4
R.L. Arm 3 3 3 3 3
L.L. Arm 3 3 3 3 3
R. Hand 2% 2% 2% 2% 2%
L. Hand 2% 2% 2% 2% 2%
R. Thigh 5% 6 %2 8% 8% 9%
L. Thigh 5% 6 %2 8% 8% 9%
R. Leg 5 5 5% 6 7
L. Leg 5 5 5% 6 7
R. Foot 3% 3% 3% 3% 3%
L. Foot 3% 3% 3% 3% 3%

Total

Weight
Height

Chapter 1, with an emphasis on your own safety. After the size-up is completed,
your next priority is to remove the patient to a safe area away from the source of
the burn.

There are specific and significant dangers in removing the burn source in all
types of burn injuries. As a structure fire progresses, there is a point at which
flashover occurs. Flashover is the sudden explosion into flame of everything in
the room, with the temperature rising instantaneously to over 2,000°C. There is
often little warning before this happens; thus removal of patients from burning
buildings takes priority over all other treatment. Remember also that fire con-
sumes oxygen and produces large quantities of toxic products and smoke. Thus,
personnel making entry to carry out rescue should wear breathing apparatus or
risk becoming victims themselves. Extrication of the patient from the burn
source is usually the responsibility of fire department personnel rather than EMS
personnel. Your responsibility should begin when the patient is delivered to you
in a safe place.

Chemicals are not always easy to detect, either on patients or on objects in
the environment. Rescuers have suffered severe chemical burns because of the
failure to note sources of toxic and caustic chemicals and use appropriate per-
sonal protective equipment. Special training in hazardous materials management
is recommended for all rescuers.

PEARLS: Assessment

Treat burn patients as trauma patients:
[TLS Primary Survey, critical interventions,
transport decision, ITLS Secondary Survey,
and ITLS Ongoing Exam.

PEARLS: Safety

W Maintain appropriate safety when
removing patients from the source of a
burn injury.

B Remember that dealing with hazardous
materials requires proper training and
equipment. You must use appropriate
personal protective equipment.
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PEARLS: Airway Compromise

Early deaths from burns are not due to
burn injury but to airway compromise.
Perform frequent exams of the airway and
be prepared to secure it with an endotra-
cheal tube.

PEARLS: Inhalation Injury

W Any type of burn can have some
degree of inhalation injury.

W Remember that a history of smoke
exposure in a closed space is the best
predictor of smoke inhalation or other
airway injury!

Electricity is exceptionally dangerous, and handling of high-voltage wires is
extremely hazardous. Specialized training, knowledge, and equipment are
required to appropriately deal with these situations, and you should not attempt
to remove wires unless specifically trained and equipped to do so. Even objects
commonly felt to be safe, such as wooden sticks, manila rope, and firefighter’s
gloves, may not be protective and may result in electrocution. If at all possible, the
source of electricity should be turned off before any attempt at rescue is made.

Inifial Assessment

Burn patients differ from other trauma patients in that the burning process must
be halted immediately on removal of the patient from the source of the burn.
"This is best done with a quick irrigation of the burn with room-temperature tap
water. Any source of clean water can be used, but do not use cold water. Irrigate
for only a minute or two so that the patient does not become hypothermic. This
can be done by another rescuer while the team leader begins the Primary Survey.

People do not actually die rapidly from burn injuries. Early burn deaths are
usually the result of airway compromise, smoke inhalation, or associated trauma.
Death from shock due to fluid loss from the burn will not be seen for many hours
(or days), and sepsis usually takes days to develop. Burn victims may sustain mul-
tiple trauma from falls or other mechanisms. Hemorrhagic shock will develop
rapidly compared to burn shock, so that management of the patient’s blunt or
penetrating trauma using I'TLS guidelines is very important. Even though the
burn is highly visible and makes an intense impression at the scene, other than
stopping the burn process, care of the burn itself has a lower priority than airway
management. You should perform an initial assessment as soon as the burn vic-
tim is in a safe area.

Begin by assessing level of consciousness, while securing the cervical spine if
indicated. Assess the airways; if the patient is hoarse or exhibits stridor, protecting
the airway is an immediate concern. Assessment of breathing, circulation, and
control of major hemorrhage is then carried out.

Rapid Trauma Survey

Based on the findings from the scene size-up and the initial assessment, a rapid
trauma survey or focused exam is then performed, a baseline set of vital signs is
obtained, and if possible, a SAMPLE history is obtained. At this point a determi-
nation is made on the need for immediate transport and critical interventions.
Ciritical problems in the burn patient that require immediate intervention include
airway compromise, altered level of consciousness, or the presence of major inju-
ries in addition to the burn. Clues from the mechanism of injury that point to
critical problems include a history of being confined in a closed space with the
fire or smoke, electrical burns, chemical exposure, falls from a height, or other
major blunt force trauma. Oxygen at 12 to 15 L/minute by nonrebreather mask
(or endotracheal tube if indicated) should be initiated as soon as possible for all
major burn patients.

The rapid trauma survey of the burn patient is directed toward identification
of causes of breathing and circulatory compromise. Besides clues from the mech-
anism of injury, other findings that should alert the responder to potential airway
problems are the presence of facial and scalp burns, sooty sputum, and singed
nasal hair and eyebrows. Examine the oral cavity and look for soot, swelling, or
erythema (redness). Ask the patient to speak. A hoarse voice, stridor, or persist-
ent cough suggests involvement of deeper airway structures and is an indication



for aggressive airway management. Auscultate the chest. Wheezing or rales
should alert you to the presence of lower airway injury from inhalation. Examine
burned areas and check for distal pulses. Based on the initial assessment and the
mechanism of injury, a search for associate injuries should be the focus of the
rapid trauma survey.

In your assessment of the burn patient, note and record the type of burn
mechanism and the particular circumstances such as entrapment, explosion,
mechanisms for other possible injuries, smoke exposure, chemical/electrical
details, and so forth. An appropriate past medical history should also be docu-
mented in writing. If the patient is unable to speak, ask other witnesses and/or
fire personnel about the circumstances of the injury.

ITLS Secondary Survey

Perform a standard I'TLS Secondary Survey on stable patients. This survey
should include an evaluation of the burn, estimating the depth based on appear-
ance, and also estimating the burn size. Those findings are important in deter-
mining the level of medical care that is appropriate for the burn victim.

Patient Management

Once the immediate life-threats have been addressed, you should attend to the
burn wound itself. As mentioned earlier, try to limit burn wound progression as
much as possible. Rapid cooling early in the course of a surface burn injury can
help limit this progression. Following removal from the source of the burn, the
skin and clothing are still hot, and this heat continues to injure the tissues, caus-
ing an increase in burn depth and seriousness of the injury. Cooling halts this
process and, if done appropriately, is beneficial. Cooling should be done with tap
water or any source of clean room-temperature water, but this should be under-
taken for no more than a minute or two. Cooling for longer periods of time can
induce hypothermia and subsequent shock.

Following the brief period of cooling, manage the burn by covering the
patient with clean, dry sheets and blankets to keep the patient warm and to pre-
vent hypothermia. It is not necessary to have sterile sheets. Usually, nothing
other than a clean sheet should be put on the burn but antimicrobial sheets
(Acticoat or Silverlon) can be used if you have transport times of an hour or
more. The patient should be covered even when the environment is not cold
because damaged skin loses temperature regulation capacity. Patients should
never be transported on wet sheets, wet towels, or wet clothing, and ice is abso-
lutely contraindicated. Ice will worsen the injury because it causes vasoconstric-
tion and thus reduces the blood supply to already damaged tissue. Cooling the
burn wound improperly can cause hypothermia and additional tissue damage and
could be worse than not cooling the burn at all. Initial management of chemical
and electrical burn injuries will be described later in this chapter in the sections
on those injuries.

During the evaluation of the extent of the burn injury, you should remove
the patient’s loose clothing and jewelry. Cut around burned clothing that is
adherent, but do not try to pull the clothing off of the skin. Intravenous (IV) line
insertion is rarely needed on scene during initial care unless delay in transport to
a hospital is unavoidable. It takes hours for burn shock to develop; therefore, the
only reason to initiate IV therapy is if other factors indicate a need for fluid vol-
ume or medication administration. Attempting to start IV therapy on scene in
major burn patients is often difficult and routinely delays initial transport and

PEARLS: Cooling

Early after the burn event, properly cool
the surface thermal injury with room
temperature water, but do not cause
hypothermia.

PEARLS: Fluid Resuscitation

Initiation of fluid resuscitation on scene is

not as important as management of other
potential life threats. Most burn injuries do
not require fluids in the prehospital phase

unless there is a long transport time.
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Injuries That Benefit from Care af a Burn Center

¢ Partial-thickness burns greater than 10% total body surface area (TBSA)

e Burns that involve the face, hands, feet, genitalia, perineum, or major joints
e Third-degree burns in any age group

e Electrical burns, including lightning injury

e Chemical burns

¢ Inhalation injury

e Burn injury in patients with preexisting medical disorders that could complicate
management, prolong recovery, or affect mortality

e Any patients with burns and concomitant trauma (such as fractures) in which the
burn injury poses the greatest risk of morbidity or mortality. In such cases, if the
trauma poses the greater immediate risk, the patient may be initially stabilized in a
trauma center before being transferred to a burn unit. Physician judgment will be
necessary in such situations and should be in concert with the regional medical
control plan and triage protocols.

e Burned children in hospitals without qualified personnel or equipment for the care of
children

e Burn injury in patients who will require special social, emotional, or long-term
rehabilitative intervention

Source: American College of Surgeons, Committee on Trauma. 2006. Guidelines for the operations of burn units;
Resources for optimal care of the injured patient.

arrival at the hospital. IV or intraosseous (I0) access may be established during
transport.

Pain medication administration in the multiple-trauma patient has been con-
troversial. A risk of masking associated trauma and also both central nervous
system and cardiovascular depression are associated with the use of pain medica-
tion. In the major burn patient, with or without coexisting trauma and especially
with long transport times, administration of analgesics in appropriate dosages
will improve patient comfort. Therefore, prior to administration of pain medica-
tion, consultation with medical direction is recommended.

All burn injuries should be evaluated at the hospital. There are now available
specialized forms of therapy that offer specific advantages to the treatment of
superficial, partial-thickness, and full-thickness burns. Partial-thickness burns
can become infected and progress to full-thickness burns because of poor care.
The sooner specialized burn therapy can be initiated, the more rapid and satis-
factory the results will be.

Table 16-4 lists conditions that would benefit from care at a burn center.
Based on available local resources and protocols, it may be appropriate to bypass
a local facility and transport these patients directly to the burn center.

Special Problems in Burn Management
The following sections review management of specific types of burns, based on
the injury mechanism. Be aware that more than one type of burn can be present
in a patient. For example, a high-voltage electrical burn injury may also produce
flame burns due to ignition of the patient’s clothing.

Circumferential Burns

Full-thickness burns result in the formation of an eschar that is tough and
unyielding. If the full-thickness burn is circumferential to an extremity, as the



burn edema develops in the extremity, the eschar can act like a tourniquet and
result in loss of circulation to that extremity. Thus all extremity burns should
undergo regular pulse checks. Though not a prehospital procedure, considera-
tion should be given to the performance of an escharotomy at the hospital prior
to transfer to a burn center. If the chest is the site of the circumferential burn, the
eschar may limit chest excursion during respiration and lead to hypoxia.
Intubation and escharotomy can prevent hypoventilation in this situation.

Flash Burns

Flash burns are virtually always superficial or partial-thickness burns. A flash
burn occurs when there is some type of explosion, but no sustained fire. The
single heat wave traveling out from the explosions results in such short patient/
heat contact that full-thickness burns almost never occur. Only areas directly
exposed to the true heat wave will be injured. Typically, face and hands are
involved. An example of this type of burn is seen when someone pours gasoline
on a charcoal fire to get it to heat up faster. In situations of possible flash explo-
sion risk, you should #/ways wear proper protective clothing and avoid entry into
explosive environments. Other injuries (fractures, internal injuries, blast chest
injuries, and so on) may occur as a result of explosion.

Inhalation Injuries

Inhalation injuries account for more than half of the 4,500 plus burn-related
deaths in the United States each year. Inhalation injuries are classified as car-
bon monoxide poisoning, heat-inhalation injury, or smoke (toxic) inhalation
injury. Most frequently, inhalation injuries occur when a patient is injured in a
confined space or is trapped; however, even victims of fires in open spaces may
have inhalation injuries. Flash explosions (no fire) practically never cause inha-
lation injuries.

Carbon Monoxide Poisoning. Carbon monoxide poisoning and asphyxiation are
by far the most common causes of early death associated with burn injury. When
any material burns, oxygen in the air is consumed, and the fire environment
should be considered to be an oxygen-deprived environment. Carbon monoxide
is a by-product of combustion and is one of the numerous chemicals in common
smoke. It is present in high concentrations in auto exhaust fumes and fumes from
some types of home space heaters. Because it is colorless, odorless, and tasteless,
its presence is virtually impossible to detect without special instruments.

Carbon monoxide binds to hemoglobin (257 times stronger than oxygen),
resulting in the hemoglobin being unable to transport oxygen. Patients quickly
become hypoxic even in the presence of low concentrations of carbon monoxide.
An alteration in level of consciousness is the predominant sign of this hypoxia
(Table 16-5). A cherry-red skin color or cyanosis is rarely present as a result of
carbon monoxide poisoning and, therefore, cannot be used in the assessment of
patients for carbon monoxide poisoning.

Pulse oximetry will remain normal to high in the presence of carbon monox-
ide and cannot be used to assess patients for carbon monoxide poisoning. Some
newer model pulse oximeters (Figure 16-7) can specifically measure carboxyhe-
moglobin levels and, if available, should be used on all those who have the pos-
sibility of exposure to carbon monoxide. Death usually occurs because of either
cerebral or myocardial ischemia or myocardial infarction due to progressive car-
diac hypoxia.

heat-inhalation injury thermal burns
of the upper airway caused by inhaling
flame or hot gasses. The lower airways
are usually not affected because of effi-
cient cooling by moist mucous mem-
branes.

carbon monoxide poisoning a type of
inhalation injury (hypoxia) from inhala-
tion of the colorless, odorless, and taste-
less gas, carbon monoxide. Carbon
monoxide binds to the hemoglobin mol-
ecule and prevents oxygenation of the
cells of the body.
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Symptoms Associated with Increasing Levels of

Carboxyhemoglobin Binding

Carboxyhemoglobin

Level Symptoms
20% Headache common, throbbing in nature; shortness of breath
on exertion
30% Headache present; altered central nervous system function
with disturbed judgment; irritability, dizziness, decreased
vision
40% to 50% Marked central nervous system alteration with confusion,
collapse; also fainting with exertion
60% to 70% Convulsions; unconsciousness; apnea with prolonged
exposure
80% Rapidly fatal

Treat patients suspected of having carbon monoxide poisoning with high-
flow oxygen by mask. If such a patient loses consciousness, begin advanced life

FIGURE 16-7 Example of a carbon monoxide monitor.
(Images of the Masimo Rad-57 Pulse CO-Oximeter

are ©2011 Masimo Corporation. All rights reserved.

Masimo, Rad-57, Pulse CO-Oximeter, and SpCO
are trademarks or reqgistered trademarks of Masimo
Corporation)

support with intubation and ventilation using 100% oxygen. If a
patient is simply removed from the source of the carbon monoxide
and allowed to breathe fresh air, it takes up to 7 hours to reduce the
carbon monoxide/hemoglobin complex to a safe level. Having the
patient breathe 100% oxygen decreases this time to about 90 to 120
minutes, and use of hyperbaric oxygen (100% oxygen at 2.5 atmos-
pheres) will decrease this time to about 30 minutes (Figure 16-8).

All suspected cases of carbon monoxide poisoning or toxic inha-
lation should be transported to an appropriate hospital. The deci-
sion to transport the patient to a hyperbaric chamber should be
made by medical direction.

Cyanide and Smoke Inhalation. In the modern world, many
items in homes and businesses are made of plastics. When com-
busted, many of them give off toxic gases, which can cause signifi-
cant pulmonary injury. Among the toxic components in smoke is
hydrogen cyanide. It is highly toxic and causes cellular hypoxia by
preventing the cell from using oxygen to generate energy to func-
tion. Studies of smoke inhalation victims have shown elevated levels
of cyanide in some cases.

Opinions regarding empirical treatment of smoke inhalation
victims for cyanide poisoning still vary. Several studies suggest that
patients who do not respond rapidly to treatment for hypoxia and
carbon monoxide poisoning should be treated for cyanide exposure.
The current recommended agent for such treatment is IV hydroxo-
cobalamin, which combines with cyanide to form nontoxic cyano-
cobalamin (vitamin By;). Hydroxocobalamin is easier and safer to
use in the prehospital setting than the previous Lilly or Pasadena
cyanide kits. This is an area of burn management that is continuing
to evolve as more research is conducted.

Heat-Inhalation Injuries. Heat-inhalation injuries are confined
to the upper airway because breathing in flame and hot gases does



not result in heat transport down to the lung tissue itself.
The water vapor in the air in the tracheal-bronchial tree
effectively absorbs this heat. Steam inhalation is the
exception to this rule, because steam is superheated water
vapor. A second exception to this rule is if the patient has
inhaled a flammable gas that then ignites and causes ther-
mal injury to the level of the alveoli (example: a painter in
a closed space where the paint fumes are ignited by a
spark).

As a result of the heat injury, tissue swelling occurs
just as it does with surface burns. The vocal cords them-
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FIGURE 16-8 Decay curve for disappearance of carboxyhemoglobin
from 50% lethal level to 20% acceptable level in air, 1 atm. O,
(100% oxygen) and 2.5 atm. O, (hyperbaric oxygen—100% at 2.5

selves do not swell because they are dense fibrous bands ~ mospheres).

of connective tissue. However, the loose mucosa in the
supraglottic area (the hypopharynx) is where the swelling occurs, and it can
easily progress to complete airway obstruction and death (Figure 16-9).
There is usually some time between the injury and the development of airway
edema, so loss of airway due to direct thermal injury is rare in the initial pre-
hospital phase. Be aware that once the swelling begins, the airway can obstruct
rapidly. Development of a hoarse voice or stridor is an indication for imme-
diate protection of the airway by endotracheal intubation. Aggressive fluid
resuscitation can hasten this swelling. During secondary transport to a burn
center, the risk of airway swelling can become significant and can cause air-
way obstruction as volume-resuscitation IV fluids are being administered.
For this reason, if there is any potential for airway burns, the patient should
be sedated and intubated before a transfer. It is much easier to electively
intubate a patient in the emergency department than do a crash intubation in
the back of an ambulance.

Figure 16-10 lists signs that should alert you to the danger of your patient
having upper airway burns. Swollen lips indicate the presence
of thermal injury at the airway entrance, and hoarseness (indi-
cating altered air flow through the larynx area) is a warning of
early airway swelling. Stridor (high-pitched inspiratory breath-
ing and/or a seal-bark cough) indicates severe airway swelling
with pending airway obstruction and represents an immediate
emergency. The only appropriate treatment is airway stabiliza-
tion, preferably via nasotracheal intubation or by paralysis and
drug-assisted intubation (DAI). This procedure may be far
more difficult than under other routine circumstances because
of significant anatomic alterations due to swelling.

In addition, because of irritation of inflamed damaged
tissue, lethal laryngospasm may occur when the endotra-
cheal tube first touches the laryngeal area. Therefore, this
procedure is best undertaken in a hospital emergency
department and should be done in the field only when
absolutely necessary following communication and orders
from medical direction. You should be prepared to perform
a surgical airway in these patients if you are unable to intu-
bate.

16-11) is the result of inhaled toxic chemicals that cause
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Smoke Inhalation Injuries. Smoke-inhalation injury (Figure 2 ==
FIGURE 16-10 Danger signs of upper airway burns.

thermal injury injury to the skin caused
by heat from flame, hot liquids, hot
gases, or hot solids.

smoke-inhalation injury injury to the
lungs or other body organs from inhala-
tion of toxic gases found in smoke.

FIGURE 16-9 Heat inhalation can cause complete airway
obstruction by swelling of the hypopharynx: left side—normal
anatomy; right side—swelling proximal to cords.

* Burns of the face

* Singed eyebrows or nasal hair
¢ Burns in the mouth

¢ Carbonaceous (sooty) sputum

 History of being confined in a
closed space while being burned

* Exposure to steam
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« Victims exposed to smoke in structural damage to lung cells. Smoke may contain hun-
an enclosed place

dreds of toxic chemicals that damage the delicate alveolar

* Victims who were unconscious  cells. Smoke from plastic and synthetic products is the most
while exposed to smoke or fire

damaging. Tissue destruction in the bronchi and alveoli

« Victims with a cough after being may take hours to days. However, because the toxic prod-

exposed to smoke or fire ucts in the smoke are very irritating, they can precipitate
« Victims short of breath after bronchospasm or coronary artery spasm in susceptible indi-

being exposed to smoke or fire  yiduals. Treat bronchospasm with inhaled beta agonists
* Victims with chest pain after (albuterol) and oxygen.

being exposed to smoke or fire
FIGURE 16-11 Patients in whom you should suspect smoke Chemical Burns

inhalation.

PEARLS: Chemical Burns

Chemical injuries, in general, require pro-
longed and copious irrigation.

chemical injury injury to the skin or
other body organs from exposure to
caustic or toxic chemicals.

Thousands of different types of chemicals can cause burn inju-

ries. Chemicals may not only injure the skin, but they also can
be absorbed into the body and cause internal organ failure (especially liver and
kidney damage). Volatile forms of chemicals may be inhaled and cause lung tis-
sue damage with subsequent severe life-threatening respiratory failure. The
effects of the chemical agents on the other organ systems, such as the lung or
liver, may not be immediately apparent after exposure.

A chemical injury frequently is deceiving in that initial skin changes may be
minimal even when the injury is severe. This could lead to secondary contamina-
tion of rescuers. Minimal burns on the patient may not be obvious. As a result,
you can get the chemicals on your own skin unless appropriate precautions are
taken.

Factors that lead to tissue damage include chemical concentration,
amount, manner, and duration of skin contact, and the mechanism of action
of the chemical agent. The pathological process causing the tissue damage
continues until the chemical is either consumed in the damage process,
detoxified by the body, or physically removed. Attempts at inactivation with
specific neutralizing chemicals are dangerous because the process of neutrali-
zation may generate other chemical reactions (heat) that may worsen the
injury. Therefore, you should aim treatment at chemical removal by follow-
ing these four steps.

PROCEDURE }
4

Removing the Source of Chemical Burns

1. Wear appropriate protective gloves, eyewear, and respiratory protection if needed. In some situa-
tions you will need to wear a chemical protective suit as well.

2. Remove all the patient’s clothing. Place in plastic bags to limit further contact.

3. Flush chemicals off the body by irrigating copiously with any source of available clean water or
other irrigant. If dry chemicals are on the skin, they should first be thoroughly brushed off before
performing copious irrigation. Remember: The solution to pollution is dilution.

4. Remove any retained agent adhering to the skin by any appropriate physical means such as wiping
or gentle scraping. Follow this with further irrigation (Figures 16-12 and 16-13).



FIGURE 16-13 Acid burn of the ankle being irrigated.  (Courtesy of Roy Alson, MD)

Ideally, all contaminated patients should be decontaminated prior to trans-
port to limit skin damage and prevent contamination of the ambulance or hospi-
tal. Remember, removing the patient from the dangerous environment or
removing the dangerous environment from the patient is your first priority for
patient care. Critical interventions including airway management can be initiated
prior to and during the decontamination process. If the patient has not been fully
decontaminated prior to transport, notify the receiving hospital as soon as pos-
sible, so that they can be prepared to manage the patient.

Irrigation of caustic chemicals in the eye is exceptionally important because
irreversible damage will occur in a very short period of time (less than the trans-
port time to get to the hospital). Irrigation of injured eyes may be difficult
because of the pain associated with eye opening. However, you must begin irri-
gation to prevent severe and permanent damage to the corneas (Figure 16-14).
Check for contact lenses or foreign bodies and, if present, remove them early
during irrigation. A nasal cannula hooked to an IV bag of normal saline and
placed over the bridge of the nose makes an excellent bilateral eyewash system
during transport.
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PEARLS: Electrical Burns

Immediately check the cardiac status of
victims of electrical injury.

electrical injury injury from the pas-
sage of electrical current through the
body. The injuries can be from heat gen-
erated in tissue from electrical current
passing through the body, cardiac dys-
rhythmias from current passing through
the heart, and thermal burns from igni-
tion of clothing.

FIGURE 16-14 (a) Chemical burns to the eyes; (b) emergency care of chemical burns to the eye.

Electrical Burns

In cases of electrical burns, damage is caused by electricity entering the body and
traveling through the tissues. Injury results from the effects of the electricity on the
function of the body organs and from the heat generated by the passage of the cur-
rent. Extremities are at risk for more significant tissue damage, versus the torso,
because their small size results in higher local current density (Figure 16-15). The
factors that determine severity of electrical injury include the following:

B Type and amount of current (alternating versus direct current and also the
voltage)
B Path of the current through the body

B Duration of contact with the current source
The most serious and immediate injury that results from electrical contact is

cardiac arrhythmia. Any patient who receives an electric current injury, regard-
less of how stable he looks, should have a careful immediate evaluation of his



FIGURE 16-15 Electrical burn of the lower leg and foot.  (Courtesy of Roy Alson, MD)

cardiac status and continuous monitoring of cardiac activity. The most common
life-threatening arrhythmias are premature ventricular contractions, ventricular
tachycardia, and ventricular fibrillation. Aggressive cardiac life support in accord-
ance with AHA/ILCOR guidelines for the management of these arrhythmias
should be undertaken because these patients are often younger and have normal
healthy hearts. Most of the victims do not have preexisting cardiovascular dis-
ease, and their heart muscle tissue is usually not damaged as a result of the elec-
tricity. With good CPR, the chances for resuscitation are excellent. Even under
circumstances of prolonged CPR, resuscitation is often possible. Once those
efforts at managing cardiac status are complete, provide field care as previously
described for thermal burns.

Electrical injuries cause skin burns at the entrance and exit sites because of
high temperatures generated by the electric arc (2,500°C) at the skin surface.
Additional surface flame burns may result if the patient’s
clothing is ignited. Fractures and dislocations may be
present due to the violent muscle contractions that electri-
cal injuries cause. Often victims are involved in construc-
tion and may sustain fractures or other injuries due to falls
after an electric shock. Internal injuries usually involve
muscle damage, nerve damage, and possible intravascular
blood coagulation due to electrical current passage.
Internal chest or abdominal organ damage due to electri-
cal current is exceedingly rare.

At the scene of an electrical injury, your first priority is
scene safety. Determine if the patient is still in contact with
the electrical current. If so, you must remove the patient
from contact without becoming a victim yourself (Figure
16-16). Handling high-voltage electrical wires is extremely

FIGURE 16-16 Removal of high-voltage electrical wires. Do not try to
. T . ; remove wires with safety equipment (or sticks) unless specially trained.
hazardous. Special training and special equipment are Ty off the electricity at the source or call the power company to remove
needed to deal with downed wires; never attempt to move  the wires. (©Mark C. Ide)
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rhabdomyolysis disintegration (lysis)
or dissolution of muscle. This releases
large amounts of myoglobin into the
blood, which can precipitate in the kid-
neys, causing renal failure.

lightning injury injury by the multiple
effects of very short duration, very high
voltage direct current on the body. The
most serious effect is cardiac and respi-
ratory arrest.

wires with makeshift equipment. Tree limbs, pieces of wood, and even manila
rope may conduct high-voltage electricity. Even firefighter gloves and boots do
not offer adequate protection in this situation. If possible, leave the handling of
downed wires to power company personnel or develop a special training program
with your local power company to learn how to use the special equipment designed
to handle high-voltage lines. If power company personnel are turning off the elec-
tricity, be sure they test it to be sure it is off before you approach the scene.

In the field setting, it is impossible to tell the total extent of the damage in
electrical burns because much of the burn injury is deep within the muscle.
Therefore, all electrical burn patients should be transported for hospital evalua-
tion. Due to the potential for arrhythmia development, routine IV access should
be initiated in the ambulance, along with continuous cardiac monitoring. IV
fluid resuscitation should be started during transport in this situation. Because of
extensive tissue destruction, the fluid needs during interfacility transport of an
electrical burn patient are often higher than for patients with thermal burns.

Electrical burn patients are at risk for developing rhabdomyolysis, which is the
breakdown of muscle with the release of myoglobin into the circulation and renal
failure, as the myoglobin crystals block the kidney tubules. In those cases, the
rule of nines is not applicable, and adequate fluid resuscitation is indicated by
maintaining a urine output of 0.5 to 1 cc/kg body weight per hour. This level of
urine flow also helps to reduce the risk of renal failure from rhabdomyolysis.

Lightning Injuries

Lightning kills more persons in North America each year than any other weather-
related phenomenon. A lightning injury is very different from other electrical inju-
ries in that lightning produces extremely high voltages (> 10,000,000 volts) and
currents (> 2,000 amps), but has a very short duration (< 100 msec) of contact.

Lightning produces a “flashover” phenomenon, in which the current flows
around the outside of the victim’s body. Consequently, the internal damage from
current flow seen with generated electricity is not seen in a lightning strike. Most
of the effects from a lightning strike are the result of the massive DC (direct cur-
rent) shock that is received. Classic lightning strike burns produce a fernlike or
splatter pattern across the skin (Figure 16-17).

"The victim does not need to be struck directly to sustain an injury. Lightning can
strike an adjacent object or nearby ground and still produce an injury to a victim.
Often the victim’s skin is wet, from either sweat or rain. This water, when heated by
the lightning current, is quickly vaporized to steam, producing superficial and par-
tial-thickness burns, and may literally explode the clothing off the victim. Because
these burns are superficial, aggressive fluid resuscitation is not required.

The most serious effect of a lightning strike is cardiorespiratory arrest, with
the massive current acting like a defibrillator to briefly stop the heart. Cardiac
activity often spontaneously resumes within minutes. However, the respiratory
drive centers of the brain are depressed by the current discharge and take longer to
recover and resume the normal respiratory drive. Consequently, the victim remains
in respiratory arrest, which is followed by a second cardiac arrest from hypoxia.

The essential component of the management of the lightning strike victim is
restoration of cardiorespiratory function, while protecting the cervical spine.
Follow standard guidelines for CPR and Advanced Cardiac Life Support (ACLS).
Because lightning strikes can occur at sporting events and other outdoor gather-
ings, strikes often become multi-casualty events. It must be stressed that in a
multi-casualty lightning strike, the conventional triage approach of a pulseless or



FIGURE 16-17 Flashover pattern of burns on the skin of a victim of a lightning strike.

nonbreathing patient equaling a dead patient should not be followed. If a patient
is awake or breathing after a lightning strike, he will most likely survive without
further intervention. Resuscitative efforts should concentrate on those victims
who are in respiratory or cardiac arrest because prompt CPR and advanced car-
diac life support increase the chance that these victims will survive.

Long-term problems have been seen in lightning strike patients, such as the
development of cataracts, or neurological and/or psychological difficulties.
Perforation of the eardrum is quite common, and rarely long bone or scapular
fractures, as seen in the victims of generated high-voltage electrical injuries, may
be seen. Those fractures are managed as described in Chapter 14.

There are over 200 reported deaths in North America each year due to light-
ning strikes. This represents only 30% of lightning strike victims; thus, it is pos-
sible that you will have to care for such a victim. These events often involve
multiple victims, with varying degrees of severity. Prompt CPR greatly improves
the chances of survival. When confronted with a naked (or partially unclothed)
unconscious or confused patient, with perforated eardrums and a fernlike or
splatter burn pattern on his body, think lightning strike.

Radiation Burns

Ionizing radiation damages cells by breaking molecular bonds. Skin burns from
radiation look exactly like thermal burns and cannot be differentiated by their
appearance alone. However, radiation burns develop slowly over days and so
generally do not present as an emergency. Because of the damage to the skin
cells, radiation injury heals very slowly. The burns can cause fluid loss just as ther-
mal burns do and are even more prone to infection. Patients with radiation burns
are not radioactive unless they are contaminated with radioactive material. If
there is any danger that they might be contaminated, you should call for the haz-
ardous materials team to scan them for radiation and perform decontamination if
needed. Noncontaminated radiation-burn patients are treated the same as any
burn patient. Decontamination of patients contaminated by radioactive material
is beyond the scope of this course.

CHAPTER 16 BURNS m

radiation injury injury to the skin and
tissues from the effect of ionizing radia-
tion. The injury is caused by the radiation
breaking molecular bonds within the cell
and cannot be differentiated from ther-
mal burns by appearance alone.



m CHAPTER 16 BURNS

PEARLS: Secondary Transport

W Plan all secondary transports to burn
centers and effectively continue resus-
citation during such transports.

W Do not begin a secondary transport of
a patient with a possible airway burn
without the patient being intubated
before transport.

Parkland formula a formula to calcu-
late initial fluid resuscitation of the burn
patient. The formula is: fluid needs for
first 24 hours equal 4 cc of Ringer’s lac-
tate or normal saline multiplied times the
% of burn area multiplied times the body
weight in kilograms.

Circumferential Burns

As mentioned earlier in patient management, circumferential full-thickness
burns may lead to neurovascular compromise. Although this is rarely a problem
on the fire scene, this may become significant during an interfacility transfer.
Full-thickness burns that are circumferential around an extremity can act as a
tourniquet as edema progresses. Early on, the patient may complain of loss of
sensation and tingling and eventually develop ischemic pain with loss of pulses.
Circumferential full-thickness burns on the extremities will require an escharot-
omy by the physician, especially if long transport times are involved.
Circumferential burns of the chest can interfere with chest expansion and thus
compromise respirations. Again, escharotomy in this setting can improve venti-
latory status.

Be sure to alert the receiving facility if you are transporting a patient with
full-thickness circumferential burns.

Secondary Transport

Major burns often do not occur in locations where immediate transport to a burn
center is possible. As a result, transport from a primary hospital to a burn center
is commonly necessary. After the initial stabilization, prompt transfer to a burn
center can improve patient outcome. During this transport, it is important for
the ambulance crew to continue resuscitation initiated at the referring facility.

Prior to secondary transport, the transferring physician should have com-
pleted the following:

B Stabilization of respiratory and hemodynamic function, which may include
intubation and IV access for fluid administration

Assessment and management of associated injuries

Review of appropriate lab data (specifically, blood gas analysis)

B Insertion of nasogastric tube in patients having burns covering more than
20% of the body surface area

B Placement of a Foley (urinary) catheter to allow measurement of urine out-
put, which can assist in determining the adequacy of ongoing fluid resusci-
tation

B Assessment of peripheral circulation and appropriate wound management
B Proper arrangements with the receiving hospital and physician

You should specifically discuss the transport with either the referring or the
receiving physician to determine what special functions may need monitoring and to
determine the appropriate range for fluid administration because burns often require
extremely large hourly IV rates for appropriate cardiovascular support. Initial resus-
citative fluid needs in a burn patient are calculated using the Parkland formula:

4 cc X % burn area X body weight (kg) = amount of Ringer’s lactate or normal
saline needed in the first 24 hours

Half of this fluid is given in the first 8 hours and the remainder over the next
16 hours. If large amounts of fluids are to be given, Ringer’s lactate is preferred.
Normal saline in large amounts can cause hyperchloremic acidosis.

Burn patients will need appropriate IV analgesics during transport.

It is important for you to maintain careful records indicating patient condi-
tion and treatment during transport. You should also make an in-depth report to
the receiving facility.



Pediatric Burns
Children represent nearly one-half of all patients
who seek treatment for burns. Because of their
thinner skin, they are at greater risk for severe
injury following a burn. Postburn problems, such
as hypothermia, are more likely to occur in chil-
dren because of their larger surface area to body
mass ratio. Because of differences in anatomy,
the rule of nines must be modified, because in
small children the head represents a larger por-
tion of the body surface. The Lund and Browder
chart is better for estimating burn size in chil-
dren (Table 16-3). The patient’s palmar surface
(1%) rule applies to children as well as adults.
Sadly, burns in children may be the result of
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intentional abuse, and in fact, 20% of all abuse cases  FIGURE 16-18 Scald burns on a child. This is a typical pattern of child abuse

in the United States involve burns. You should be  burns.  (Courtesy of Roy Alson, MD)
alert for signs of abuse. They include burns that
match shapes of objects such as curling irons, irons, or cigarette burns. Also suspi-
cious for abuse are multiple stories of how the injury occurred or stories of the burn
being caused by activities by the child that are inconsistent with the child’s develop-
ment. Burns to the genitalia, perineum, or in a stocking or glove distribution (Figure
16-18) should raise suspicion. If there is a suspicion of abuse, this must be reported to
child protective services or law enforcement. Follow your local laws and protocols.
Fire and EMS personnel can help reduce burns in children through commu-
nity education. Programs to teach parents about limiting the temperature on
household water heaters to 120°F and programs to teach children about fire
safety can make a significant impact on the incidence of pediatric burns in your
community. You should be aware that the elderly may also be victims of abuse by
burns. (See Chapter 18.)

CASE PRESENTATION (continued)

It is a hot day in July, and an ALS ambulance has been called to the scene of
a suicide attempt. They are told that a young woman has tried to kill herself
by pouring gasoline in her car and then sitting in the auto and lighting the
gasoline. She had driven into the woods to do this. She changed her mind as
soon as the gasoline ignited. She was alone and did not have a phone, so had
to hike a mile to get help.

They arrive at the farmhouse to which the young woman has come for
help. She is the only victim, and the scene is safe. She is dressed in a short-
sleeved shirt and loose slacks. Her clothes are slightly singed but have not
been on fire. She is alert and ambulatory and denies any injury other than
the flash of the fireball when she ignited the gasoline. She states she poured
gasoline in the floor of her car, sat in the seat, and flicked a lighter. There
was a flash and immediate pain, and she scrambled out of the auto. It took
her about 25 minutes to hike to the house, where the family called 911 and
gave her cold compresses to put on her face and arms. The response time of
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summary

Bibliography

the ambulance has been another 20 minutes, so close to an hour has passed
since the initial burn.

The initial assessment reveals normal speaking voice and respiration,
strong radial pulse that is slightly fast. A focused exam reveals singing of her
hair and eyebrows and nasal hairs. Her exposed skin (face, arms) and the
skin of her lower legs under her slacks are all erythematous with a few blis-
ters. There is erythema in her nose, mouth, and pharynx.

She walks to the ambulance and is strapped to the cot. At this time the
team leader notes that her voice is becoming husky, and she complains of
teeling short of breath. An I'TLS Ongoing Exam reveals bilateral wheezes
but the pulse oximeter reading is 95% on 15 L of oxygen by nonrebreather
mask. The team is worried about lower and upper airway burns and possi-
bly losing the airway, but they don’t have DAI capability, and she has an
active gag reflex and won’t let them insert a nasotracheal tube because it is
so painful with the burns in her nose. They give her an albuterol nebulizer
treatment and take her to the closest hospital, where they are able to per-
form DAI and insert a small endotracheal tube using a fiberoptic scope. Her
oxygen saturation continues to fall, and she is admitted to the ICU, where
she develops adult respiratory distress syndrome (ARDS) and has a pro-
tracted course. However, because of her youth and general good health, she
survives. Her lower respiratory burns were caused by her inhaling the vola-
tile gasoline fumes before igniting the gasoline, and when the gasoline
ignited, it flashed all the way to her alveoli.

The mechanisms of burn injuries are potentially deadly for both you and your
patient. Remember scene safety! All burns are serious and should be evaluated at
the hospital. Do not forget the basics: Half of all burn deaths are from inhalation
injuries. Aggressive airway management may be needed. Stop the burning process
with a quick irrigation of the burn with room-temperature water. A clean sheet is
all you need to put on the burn other than a blanket to prevent hypothermia. In
the opposite of load and go, patients with chemical burns must be decontami-
nated immediately or the burn damage will continue to progress during transport.
Electrical burns and lightning injury are commonly associated with cardiac arrest,
but rapid evaluation and management are usually lifesaving. High-voltage elec-
tricity is extremely dangerous; get trained personnel to turn off the current before
approaching the patient. Do not begin secondary transfer of a burn patient until
the patient has been properly stabilized and the airway protected.
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child abuse, p. 371 Upon successful completion of this chapter, you should be able to:

child restraint seat, p. 327
consent, p. 371

fluid resuscitation, p. 324
length-based tape, p. 3717

Describe effective techniques for gaining the confidence of children and their parents.

Predict pediatric injuries based on common mechanisms of injury.
Describe the ITLS Primary and Secondary Surveys in the pediatric patient.

PN

Demonstrate understanding of the need for immediate transport in potentially life-
l threatening circumstances, regardless of the availability of immediate parental
consent.

5. Differentiate the equipment needs of pediatric patients from those of adults.

6. Describe the various ways to perform spinal motion restriction (SMR) on a child
and how this differs for an adult.

7. Discuss the need for involvement of EMS personnel in prevention programs for
parents and children.

Note: Because of increasing demand for further training in management of the injured child, ITLS has developed a
one-day course (Pediatric ITLS) that covers this subject in detail. You may get more information about this course
by calling ITLS International at 888-495-4875 (outside the United States call 630-495-6442).
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Chapter Overview

The goal of prehospital care is to minimize further injury, ensure patient safety,
and treat life-threatening conditions. When applying those principles to the pedi-
atric population, you must remember that children are not just little adults. They
differ from adults in that they have unique patterns of injuries, frequently have
different responses to those injuries, require special equipment for assessment
and treatment, and can be challenging to assess and communicate with. Doctors
as well as EMTs are frequently less confident treating children because of those
differences and the fact that we treat them less frequently. Therefore, we do not
develop as much expertise as we would like. Those of us with children of our
own are further hampered by the intense emotions we feel when treating a seri-
ously injured child. For all those reasons you should study this chapter carefully.
"This chapter offers a review of the I'TLS Primary Survey, stresses the differences
between children and adults, and describes how to manage critical injuries.

An ALS ambulance has been dispatched for a 2-year-old child who was run
over by a four-wheeler all-terrain vehicle. They are told that the child is
unconscious. What sort of injuries should they expect from this mecha-
nism? How does evaluation and treatment of a 2-year-old differ from an
adult? Keep these questions in mind as you read the chapter. Then, at the
end of the chapter, find out how the rescuers completed the call.

¥
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(Courtesy of Bob Page, NREMT-P)

Communication with the Child
and Family

Children are part of a family unit, which is the one constant factor in their lives,
so family-centered care for an injured child is ideal. (Remember that the car-
egiver of a child will not always be a parent, but for simplicity the generic term
parent is used in this chapter when referring to the guardian of a child.) Following
an injury to their child, parents should be involved as much as possible in his or
her care. Parents who receive careful instructions and guidance may be helpful to
the emergency provider. Explain to them what you are doing and why you are
doing it, and then use their trust relationship with the child to enhance your his-
tory gathering, physical examination, and care of the patient. Inclusion and
respect of the family will improve the performance of all aspects of the stabiliza-
tion of an injured child.

The best way to get parent confidence is to demonstrate your competence
and compassion in managing the child. Parents are more likely to be cooperative
if they see that you are confident, organized, and using equipment that is designed
for children. Show the parents you know how important they are by involving
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them in the care of their child. Whenever possible, keep parents in physical and
verbal contact with the child. They can perform simple tasks such as holding a
pressure dressing or holding the child’s hand. Parents can explain to the child
what is going on or sing their favorite songs.

When evaluating an injured child, remember to speak and act in a way that is
understandable and calming to the child and parents. This will not only help
console the scared and hurt child, but it also will help you accurately assess the
child’s condition. A child who can be consoled and interacts normally with a par-
ent likely has a normal mental status. In contrast, a child who cannot be consoled
or cannot interact in the usual way may have a head injury, may be in shock, may
be hypoxic, or may be in severe pain. Because they are familiar with a child’s
baseline mental status, the parents are your best resource for detecting subtle
changes in the child’s behavior. They will notice when the child is “not acting
right” before you will. Record and report your observations just as you would
report changes in level of consciousness of an adult.

A child younger than 9 months old likes to hear “cooing” sounds, the jin-
gle and sight of keys, and often feels more comfortable when swaddled. For
the child under 2 years of age, the flashlight is a good distraction. Use appro-
priate language for the developmental level of the child. Children younger
than 1 year of age know many “ah” sounds, like “mama” and “papa.” Try to
use them. Older children, especially 2-year-olds, are typically negative and
often difficult to distract or comfort. Expect all questions to be answered by
“no.” Therefore, tell the child and the parents what you are going to do and
do it. For example, “We are going to hold your head still. Mom, this is impor-
tant in case he has hurt his neck.” Speak simply, slowly, and clearly. Be gentle
and firm. The toddler and young child can benefit from a toy or doll being
with them. Ask the parent to get one favorite belonging, if easily available,
for the ride to the hospital. It will make the trip to and through the hospital
easier.

Do not get caught in the trap of asking the child if he wants to take a trip in
the ambulance or to be placed in a cervical collar. The child will answer “no”
most of the time. Tell the child what you are doing with a smile on your face.
Show it does not hurt, perhaps by doing it to a parent or yourself. Size is intim-
idating. When approaching a child, try to make yourself small by getting on the
child’s level. In the care of a child, it is appropriate that EMT's spend much field
time on their knees.

Whenever possible, provide the child and family members with options. It
will help relieve anxiety and encourage cooperation. Frightened children, espe-
cially around the ages of 2 to 4 years, may bite, spit, or hit. They are acting out
of fear. Stay calm, recognize that the behavior is normal, reassure the child,
and use firm, not painful, physical control of the patient as needed. Parents and
children do not understand packaging, which makes them more likely to resist
it. Most parents will understand if you explain that even though the chances are
low that there is anything seriously wrong with the spine, the stakes are high if
there is. Make a game of packaging with the child. If the parent still refuses to
let you package the child, write it down on your run report and get the parent
to sign it.

Whenever possible, allow parents to accompany their child in the vehicle. It
is very frightening for a child and family to be separated, especially if the injuries
are potentially severe. Give the parents specific instructions and position them to
provide comfort and support to their child without interfering with the care that
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must be given. Make sure that any family member who accompanies the child in
the ambulance is properly restrained with a seat belt.

Before you leave the scene with the child, be sure to ask the parent about
other children. Sometimes they are so concerned about one that they forget
other small children who may be in a high-risk situation, such as alone in the
house.

Parental Consent

Many jurisdictions have consent laws that exist to protect children. Although
consent to treat is necessary for children who are stable and desirable in chil-
dren who are injured, any critically injured child should 7ot have care delayed
while attempting to obtain consent. Prehospital care providers have to assess
the situation quickly and decide whether delaying emergency care to obtain
parental consent could possibly harm the child. In a situation in which a child
needs emergency care (such as a child in a bicycle/motor-vehicle collision and
no parent present), you must treat that child immediately. When in doubt,
always err on the side of treating and transporting any seriously injured child,
regardless of the ability to obtain appropriate consent. Remember to document
why you are transporting without permission, and always notify medical direc-
tion of this action.

If the parents or legal guardians do not want you to transport or treat, try to
persuade them. If you cannot, document your actions on the written report and
ask them to sign it. If the child has a critical injury and the parents refuse trans-
port, notify law enforcement and the appropriate social authorities immediately
and try to continue care of the child until they arrive. If you suspect child abuse,
notify authorities at the appropriate time. You should not confront the possible
abuser but act in the best interests of the child.

Assessment and Care

Pediatric Equipment

Table 17-1 contains a list of suggested pediatric equipment for the prehospital
provider. A more detailed list can be downloaded from the American Academy of
Pediatrics website. Keep pediatric equipment separate from your adult equip-
ment. It would be ideal to keep equipment for each sized child in separate com-
partments. However, lack of storage space and high expense makes multiple
containers and duplicate equipment impractical. Using a length-based tape has
become an essential component for determining the appropriate equipment and
medication doses for a child.

The length-based tape helps you measure the length of a child, estimate
the child’s weight, appropriately choose correctly sized equipment, and
administer precalculated doses of fluid and medications (Figures 17-1 and
17-2). The device allows you to focus on the patient instead of remembering
the correct equipment size and drug dose. The length-based tape estimates
weight and equipment size better than medical professionals. Although there
is some controversy regarding the accuracy of length-based medication dos-
ages because of the increased incidence of childhood obesity, standard length-
based resuscitation systems continue to be recommended as safe, rapid, and
accurate tools.

PEARLS: Abuse

You are the only one to see the scene of
the injury. Be alert to signs of child abuse.

consent the granting of permission to
treat a child. It is usually given by the
parents or legal guardian but is not
required in an emergency situation if
neither are present.

child abuse physical or emotional vio-
lence or neglect toward a person from
infancy until age 15.

PEARLS: Equipment

Children require special equipment. Without
this equipment, you cannot provide the
pediatric patient with adequate care.

length-based tape a method of esti-
mating the appropriate size equipment
and doses of medications for children.
The method is based on the fact that a
child's weight is proportional to his
length.
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Prehospital Pediatric Equipment and Supplies
BLS Equipment and Supplies

Essential

Desirable

Oropharyngeal airways: infant, child, and
adult sizes (sizes 00-5) with tongue blades for
insertion

Self-inflating resuscitation bag, child and adult
sizes

Masks for bag-mask device: neonatal, infant,
child, and adult sizes

Oxygen masks; infant, child and adult sizes
Nonrebreathing mask: pediatric and adult sizes
Stethoscope

Pediatric femur traction splint

Pediatric backboard with head immobilizer
Pediatric cervical collars (rigid)

Blood pressure cuff, infant and child
Portable suction unit with a regulator
Suction catheter: tonsil-tip and 6F-14F
Extremity splints: pediatric size

Bulb syringe

Obstetric pack

Thermal blanket

Water-soluble lubricant

Infant car seat

Nasopharyngeal airways: sizes
18F-34F, or 4.5-8.5 mm

Glasgow Coma Score reference
Small stuffed toy

Finger-stick blood glucose
device

Pulse oximeter

ALS Equipment and Supplies

ALS units should carry everything on the BLS list, plus the following items:

Essential

Desirable

Transport monitor
Defibrillator with adult and pediatric paddles
Monitoring electrodes: pediatric sizes

Endotracheal tubes, uncuffed sizes 2.5-6 mm;
cuffed sizes 6-8 mm

Endotracheal tube stylets: pediatric and
adult sizes

Infant and child laryngoscope straight blades
sizes 0-3 and curved blades sizes 2-4

Nasogastric tubes, sizes 8F-16F

KID (immobilization device)

Magill forceps: pediatric and adult

10 needles, sizes 16, 18, 20

Butterfly cannulae, 23 and 25 gauge
Over-the-needle catheters, 16-24 gauge
Pediatric armboards

Broselow tape

Nebulizer

Disposable CO, detection
device

End-tidal CO, monitors

Blood glucose analysis system
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FIGURE 17-1 Use of length-based tape.
(Courtesy of James Broselow, MD)

Common Mechanisms of Injury

Children are most commonly injured from falls, motor-vehicle collisions, auto-
pedestrian crashes, burns, airway obstruction from a foreign body, submersion
injuries (drownings), and child abuse. Children who fall usually land on their
heads because the head is the largest and heaviest part of a small child’s body.
Fortunately, when children fall from a height of less than three feet, they rarely
sustain serious head injuries. The use of motorcycles and dirt bikes, especially if
a helmet is not worn, often results in serious injury. Motor-vehicle collisions,

FIGURE 17-2 Standard Pediatric Aid to
Resuscitation Card system has color-coded
tape and a booklet of precalculated

doses of fluids, medications, and
equipment (a). Examples of information
included is shown in (b) and (c) on the
next page. (Photos courtesy of Kyee

PAEDIATRIC Han, MD)
RESUSCITATION

BASIC DRUGS
&
TREATMENT
ALGORITHMS
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FIGURE 17-2 (Continued)
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especially if lap belt restraints are improperly used, may result in seat-belt syn-
drome and injury may occur to the liver, spleen, intestines, and/or lumbar spine.

Any situation in which the victim’s injury pattern is not consistent with the
mechanism may be child abuse. Suspect abuse if the history does not match the
injury, if there is a delay in seeking care, if the story frequently changes during
your assessment, or if you have any other concerns. Remember to report any of

these findings to the emergency department team.

General Assessment

When arriving at the scene of an accident or injury, it is very important to
quickly assess the situation and the injured child. After ensuring your own
safety, your next step is to develop a general impression of the injured child,
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Pediatric Assessment Triangle FIGURE 17-3 Pediatric Assessment
Triangle.  (Copyright American Academy
FIRST IMPRESSION of Pediatrics. Used with permission.)

CIRCULATION
« Skin color

usually from across the room or scene. Before ever touching an injured child,
try to decide whether he or she appears to be severely injured or in distress.
Make a mental note of the child’s initial level of consciousness, work of
breathing, and overall circulation as you begin your survey. Although a pre-
school child may appear to be sleeping rather than unconscious from an
injury, remember that most children will not sleep through the arrival of
emergency vehicles. Following a traumatic event, a decreased level of con-
sciousness may suggest hypoxia, shock, head trauma, or seizure. One tool to
help you develop this overall impression of the severity of the child’s condi-
tion is the Pediatric Assessment Triangle, an objective tool developed by the
American Academy of Pediatrics (Figure 17-3). It will help you efficiently
prioritize your care.

Assessment of the Airway

As you begin your assessment, stabilize the neck in a neutral position with
your hands. Do not take time to apply a cervical collar until you have finished
the I'TLS Primary Survey (Figure 17-4). Inspecting the airway is easier in the
child than in the adult. It is true that the child’s tongue is large, the tissue is
soft, and the airway obstructs easily, but other characteristics make it easier
to manage the child’s airway. For example, neonates are obligatory nose
breathers, so clearing the nose with a bulb syringe can be lifesaving. To use
the bulb syringe, collapse the bulb end of the syringe, put the point end in
the nose of the child, and release the bulb. Remove the syringe from the
nose, squeeze the bulb to empty the mucus, blood, or vomit, and repeat. The
bulb syringe can be used to remove secretions from the posterior pharynx of
infants as well.

Look for signs of airway obstruction in the child, including apnea, stridor, and
“gurgling” respirations. If identified, perform a jaw-thrust maneuver without mov-
ing the neck. That will help lift the relatively large tongue out of the way of the
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FIGURE 17-4 Steps in the assessment
and management of the trauma patient
are the same for both children and adults.

ITLS PRIMARY SURVEY

SCENE SIZE-UP
Standard Precautions
Hazards, Number of Patients, Need for additional resources, Mechanism of Injury

l

INITIAL ASSESSMENT
GENERAL IMPRESSION
Age, Sex, Weight, General Appearance, Position, Purposeful Movement, Obvious Injuries, Skin Color

Life-threatening Bleeding

|

LOC
A-V-P-U
Chief Complaint/Symptoms
|

AIRWAY (WITH C-SPINE CONTROL)
Snoring, Gurgling, Stridor; Silence
|

BREATHING
Present? Rate, Depth, Effort

|
CIRCULATION
Radial/Carotid Present? Rate, Rhythm, Quality
Skin Color, Temperature, Moisture; Capillary Refill
Has bleeding been controlled?

|

RAPID TRAUMA SURVEY
HEAD and NECK
Wounds?
Neck Vein distention? Tracheal Deviation?
|
CHEST
Asymmetry (Paradoxical Motion2), Contusions, Penetrations, Tenderness, Instability, Crepitation
Breath Sounds
Present? Equal? (If unequal: percussion)
Heart Tones
|
ABDOMEN
Contusions, Penetration/Evisceration; Tenderness, Rigidity, Distension
|
PELVIS

Tenderness, Instability, Crepitation

|
LOWER/UPPER EXTREMITIES
Obvious Swelling, Deformity
Motor and Sensory

|
POSTERIOR
Obvious wounds, Tenderness, Deformity

If radial pulse present:
VITAL SIGNS
Measured Pulse, Breathing, Blood Pressure

If altered mental status: Brief Neurological exam
PUPILS
Size? Reactive? Equal?

|
GLASGOW COMA SCALE
Eyes, Voice, Motor




CHAPTER 17 PEDIATRIC TRAUMA m

A A Rk S e Oy 8 Y

FIGURE 17-5 Most children require padding under their back and shoulders to keep the
C-spine in a neutral position.  (Courtesy of Bob Page, NREMT-P)

airway. Suctioning oral secretions and any vomit from the posterior pharynx also
can help. Inserting an oropharyngeal airway may help keep the obstructed airway
patent. (See Chapter 5.) If a tooth is loose, be sure to remove it from the mouth
so that the child does not choke on it. Also, remember that in small children, the
occiput is so big that it will often flex the neck and occlude the airway when the
child is lying flat. It is often necessary to place a pad underneath the torso to keep
the neck in a neutral position. (See Figure 17-5 and Chapter 11.) Hyperextension
of the neck also may cause airway occlusion.

Assessment of Breathing

Assess the child for breathing difficulty. Count the child’s rate of breathing. Most
children breathe fast when they are having trouble, and then, when they can no
longer compensate, they have periods of apnea or a very slow respiratory rate.
Note whether the child is “working” to breathe, demonstrated by retractions,
flaring, or grunting. Look at the chest rise, listen for air going in and out, and
feel the air coming out of the nose. If there is no movement, reposition the jaw to
remove any anatomical obstruction. If you still do not sense any air exchange,
you must breathe for the child. If you have any doubt that the child is adequately
breathing on his or her own, immediately assist the child’s breathing.

Artificial Ventilation

The most important skill that you must master is artificial ventilation with a bag-
mask resuscitation device. Remember, if you can artificially oxygenate and venti-
late a child, you can keep that child alive!

It is crucial that your bag-mask device has a good seal around the face. If the
face mask does not fit well, try a different size face mask or try turning the mask
upside down for a better seal. Pay attention to your hand placement as well
(Figure 17-6). Large adult hands can easily obstruct the airway or injure the
child’s eyes. Give each breath slowly over 1 second. Try to use the lowest pres-
sure necessary to see good chest rise with each breath. If the chest is rising, air is
getting into the lungs. If you do not see good chest rise, too little air is entering
the lungs. Check air entry on both sides of the chest with your stethoscope. If the
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a.

b.

FIGURE 17-6a The mask should fit on the FIGURE 17-6b Two-handed face mask seal.
nose and the cleft above the chin.

FIGURE 17-6¢ One-handed face mask seal.

child is not getting good chest rise with each breath, make sure that air entry is
not obstructed, and if still unsuccessful, you may need to provide more pressure
with each rescue breath. Be careful not to provide too much pressure because
that may cause a pneumothorax or overinflate the stomach and cause vomiting.
Remember that most pediatric resuscitation bags have a pop-off valve. In the
prehospital setting, it is usually best to ensure that this valve is turned off.
When providing artificial ventilation, typical rates are 20 per minute for a
child less than 1 year of age, 15 per minute for greater than 1 year of age, and 10
per minute for an adolescent. Studies have found that rescuers tend to hyper-
ventilate even when consciously trying not to. Always make sure that your bag is
connected to oxygen and that it is flowing (usually 10-15 L/minute). Gentle
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cricoid pressure (Sellick maneuver; see Chapter 4) is useful and recommended
in a child. However, beware that excessive cricoid pressure can easily obstruct a
child’s airway.

Endotracheal Intubation. If bag-mask ventilation of the child is effective, then
intubation is an elective procedure. Studies have not shown that prehospital
intubation improves the outcome of children. It is usually better not to intubate the —
child in the field if you can ventilate successfully with a bag-mask. Rapid and safe gggoigg(gﬁggea' ube ina child may

; .. . . . ) ged easily, especially during
transportation to a trauma center, where definitive care is readily available, is one  movement of the child. Frequent reassess-
of the most important prognostic factors in trauma patients. Therefore, any  mentis very important. Constant expired
unnecessary time spent at the scene should be avoided. ﬁ0|2 fmlonltonng (capnography) is very

Intubation is extremely difficult to perform even in an emergency depart- epi

ment, so if you must intubate in the field, be prepared! While you prepare your
equipment, your partner should preoxygenate (not hyperventilate) the child with
five to seven breaths with high-flow oxygen at the normal rate for the age of the
child or apply a nonrebreather mask, if the child is breathing on his or her own
adequately. The oral route should be used on all children. There are several ways
to choose the right size for the endotracheal tube. The simplest is to refer to
your length-based tape system. Other techniques include choosing a tube that is
about the same diameter as the tip of the child’s little finger or using the follow-
ing equation:

PEARLS: Endotracheal
Intubation

age in years

4

4 + = size of tube (mm)

In small children the smallest part of the airway is just below the cords. As a
result, traditional practice is to use an uncuffed tube in children less than 8 years
old. However, many experts now recommend using cuffed endotracheal tubes in
all patients. If you decide to use a cuffed tube, choose a tube that is 0.5 mm
smaller except for 3.0 mm tubes. In general, you should not inflate the cuff, how-
ever, unless directed to do so by your medical control because a cuff that is
inflated too much may damage the child’s airway.

There is a significant risk of neck movement with any tracheal intubation, so
have someone stabilize the neck with his hands during intubation. Using a
straight blade, enter the mouth on the right and gently sweep the tongue to the
left; place the blade in the vallecula, and lift. Compared to adults, the small child’s
larynx is closer to the mouth as well as more anterior (higher up). If you cannot
see the cords because of the relatively large and floppy epiglottis, advance the
laryngoscope blade to the epiglottis and lift again. The cords should be easily
seen. The laryngeal mask (LMA) and the King L'T airways are available in pedi-
atric sizes and can be used as rescue airways. They should not be used for airway
burns or airway swelling from allergic reactions because they are supraglottic
and so do not keep the glottis open.

It is recommended that pulse oximetry is used during every intubation. Pulse
oximetry is a good tool for knowing when you need to stop your intubation
attempt and oxygenate the patient again prior to another attempt (usually when
the SpO; drops below about 90%). Other ways to make sure that you remember
to ventilate include holding your breath when no one is breathing for the child.
As soon as you get an urge to breathe, but after no more than 15 seconds, stop
trying to intubate, bag the child to reoxygenate, and try again in a few minutes.
An alternative effective method is to have the team member who is stabilizing
the neck count aloud to 15 slowly.



PEARLS: Shock

Because of strong compensatory mecha-
nisms, children can look surprisingly good
in early shock. When they deteriorate, they
often “crash.” If you have a long transport
time and the mechanism of injury or the
assessment suggests the possibility of
hemorrhagic shock, be prepared. When
you give fluid resuscitation to a child, give
20 ml/kg in each bolus, then reassess.
Make sure the total amount of fluid you
give is reported to the hospital.
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Confirm the endotracheal tube is in the correct place by following the con-
firmation protocol. (See Chapter 5.) Although a disposable, qualitative end-tidal
carbon dioxide detection device can be used to confirm that it is correctly posi-
tioned within the airway, capnography is the best way to both confirm the tube is
in place and continually monitor its position. Be sure to secure the tube in place.
Apply benzoin to the cheek and lip. Firmly tape (or tie with linen tape or plastic
oxygen tubing) the tube to the corner of the mouth. Alternatively, a commercial
endotracheal tube holder may be used, if available. Beware that simple flexion of
the neck can push the tube into the right mainstem bronchus, and extension of
the neck can pull the tube out of the trachea. Fortunately, the rigid cervical collar
is an easy and practical adjunct to limit any unnecessary head and neck move-
ment. Therefore, in trauma patients, applying a rigid cervical collar not only
protects the patient’s cervical spine from potential further injury but also helps
reduce the likelihood of endotracheal tube movement and malpositioning.

Supplemental Oxygen. As you package a child, you often have to improvise.
Tape and straps can restrict the child’s chest movement, so assess ventilation fre-
quently en route. Any child with a significant injury should receive supplemental
oxygen (as close to 100% oxygen as possible), even if there seems to be no difficulty
breathing. Injury, fear, and crying all increase oxygen demands on tissues. Children
with any type of injury are likely to vomit, so be prepared. Remember to give ven-
tilation instructions to your teammate before moving to assessment of circulation.

Assessment of Circulation

In a child, the brachial and femoral pulses are usually easy to feel, whereas the
carotid pulse is not. Because tachycardia also occurs with fear and anxiety, the
child should then be assessed for signs of poor perfusion, weak peripheral pulses
compared to central pulses, cool distant extremities, and delayed capillary refill.
A weak rapid pulse with a rate over 130 is usually a sign of shock in children of all
ages except neonates (Table 17-2). An easy peripheral pulse to check in a child is
the dorsalis pedis pulse.

Prolonged capillary refill, cool extremities, and skin mottling may indicate
decreased tissue perfusion. Capillary refill may be used along with other methods
to assess the circulation, but do not depend on it alone to diagnose shock because
it is prolonged by anything that causes vasoconstriction, such as cold environ-
ment or fear. To test capillary refill, compress the nail bed, the entire foot, or the
skin over the sternum for 2 seconds and release to see how quickly the blood
returns. Skin color should return to the precompressed state within 2 seconds. If
it does not, the child has vasoconstriction, which can be a sign of shock.

Ranges for Vital Signs

Respiration Pulse (per Systolic Blood
Age Weight (kg) (per minute) minute) Pressure (mm Hg)
Newborn 3-4 30-50 120-160 > 60
6 mo-1yr 8-10 30-40 120-140 70-80
2-4 yr 12-16 20-30 100-110 80-95
5-8yr 18-26 14-20 90-100 90-100
8-12yr 26-50 12-20 80-100 100-110
>12yr > 50 12-16 80-100 100-120
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Control of Bleeding. Obvious bleeding sources must be controlled to maintain
circulation. Remember, the child’s blood volume is about 80-90 mL/kg, so a
10-kg child has less than 1 liter of blood. Three or four lacerations can cause a
200-mL blood loss, which is about 20% of the child’s total volume. Therefore,
pay closer attention to blood loss in a child than you do in an adult. Remember
that bleeding may not be immediately evident if the child is fully clothed or lying
on an absorbent surface such as carpet or grass. Be sure to examine the child from
head to toe for any bleeding. Posterior scalp lacerations are especially notorious
for causing unnoticed bleeding. Use pressure firm enough to control arterial
bleeding if necessary. If you ask the parent or a bystander to help hold pressure,
monitor them to be sure they are applying enough pressure to stop the bleeding.
One mistake parents as well as emergency medical personnel commonly
make is using a large bulky dressing, towel, or piece of clothing to attempt to
stop bleeding. Unfortunately, the bulky dressings often do not provide enough
direct pressure to stop the bleeding. Instead, they simply absorb large amounts of
blood and disguise potentially serious bleeding. Your gloved hand and fingers in
combination with a 4 X 4 sterile gauze pad is usually your best tool for applying
constant firm pressure to the site of bleeding. Once the bleeding is under con-
trol, you may attempt to apply a more secure dressing. Be sure to recheck the
dressing and wound often to ensure that the bleeding has not recurred.
Hemostatic agents also can be used to control hemorrhage in children.
Although tourniquets are not routinely recommended, in life-threatening bleeding
that cannot be controlled by other means, the lifesaving benefits of a tourniquet
outweigh the small potential risk of further limb injury and loss. (See Chapter 14.)

Rapid Trauma Survey or Focused Exam

Perform a rapid head-to-toe exam (rapid trauma survey) on children who have
been injured by a generalized mechanism or when you do not know the mecha-
nism of injury. Children who have a focused (isolated) injury or an insignificant
injury may have a focused exam of the injured part only. Children with insignifi-
cant mechanisms of injury may not require an I'TLS Secondary Survey.

Rapid Trauma Survey. The rapid trauma survey is a quick examination of the
head, neck, chest, abdomen, pelvis, and extremities. Also perform a brief neuro-
logical exam if there is altered level of consciousness. Look for life-threatening
injuries. By this time, the child should be adequately exposed to assess all the
injuries. Parents may be able to assist with this because most children are taught
not to allow strangers to disrobe them. You cannot assess what you cannot see!

Rapidly check the head and neck for signs of injury, such as bruises, abra-
sions, lacerations, and puncture wounds. Also look for distended neck veins and
tracheal deviation. What appears to be minor trauma to the neck can be life
threatening because any bleeding or swelling within the neck can compress and
obstruct the child’s airway very quickly.

Look at, listen to, and feel the chest. Look for deformities, contusions, abra-
sions, perforations, burns, tenderness, lacerations, and swelling (DCAP-BTLS).
Listen to breath sounds on each side and note any abnormalities. Feel for tender-
ness, instability, or crepitus (TIC). If not already done, have one of your partners
stabilize flail segments, seal open wounds, or decompress a tension pneumothorax.

Gently palpate the abdomen and note any contusions, abrasions, penetrations,
or distention. If there is no complaint of pain in the pelvic area, gently palpate the
pelvis noting any TIC. Quickly evaluate the extremities for obvious injury.
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As soon as you finish the rapid trauma survey, transfer the child to a spinal
motion restriction device. Remember to log-roll the child the same way you would
an adult (Chapter 12). This is the time to check the child’s back carefully for any
injuries. If an appropriate size cervical collar is available, place it on the child and
secure the child’s body and then the head to the SMR device. It may be difficult to
prevent all movement of the cervical spine, especially in the young child.

Critical Trauma Situation

If you have found a critical trauma situation, the child needs rapid transport.
Once you have the child packaged, you should leave the scene as quickly as pos-
sible. Remember to use a pad under the torso to align the neck in a neutral posi-
tion. Appropriately sized rigid cervical collars are useful, especially in children
over 1 year of age, and can help remind the patient and providers not to move the
head. Do not depend on the cervical collar alone. Restrict motion of the head
with tape and a head motion-restriction device. There are very few procedures
that should be done in the field. Minutes count, especially in children. On-scene
times of less than 5 minutes are desirable.

Administer 100% oxygen to all potentially seriously injured pediatric
patients. There is strong evidence to support the policy that bag-mask ventila-
tion of the critical child is preferable to placing an endotracheal tube if the trans-
port time to an appropriate emergency department is short. When considering
transportation options, providers should be aware of local and regional resources
and policies. This includes deciding on the appropriate destination for a particu-
lar patient (the nearest emergency department versus a regional pediatric trauma
center) as well as choosing the best transportation mode (BLS versus ALS versus
air ambulance). As a general rule, any child with life-threatening injuries or
hemodynamic instability should be transported to the nearest facility with the
capabilities to stabilize the patient further. See Table 17-3 for a partial list of
mechanisms of injury that are criteria for transport to an emergency department
that is approved for pediatrics or a pediatric trauma center.

Suggested Criteria for Transfer o an Emergency Department
Approved for Pediatrics or a Pediatric Trauma Center

Criteria

e Obstructed airway
¢ Need for an airway intervention
e Respiratory distress
e Shock
e Altered mental status
¢ Dilated pupil
¢ Glasgow Coma Scale score < 13
e Pediatric Trauma Score < 8
e Mechanism of injury (less reliable indicators) associated with severe injuries:
e Fall from a height of 10 feet or more
e Motor-vehicle collision with fatalities
e Ejection from an automobile in an MVC
¢ In an MV, significant intrusion into the passenger compartment
e Hit by a car as a pedestrian or bicyclist
e Fractures in more than one extremity
¢ Significant injury to more than one organ system
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If the child needs a procedure, you must decide whether it is worth the time.
You should consider how long it will take to perform, how urgent the procedure
is, how difficult it will be at the scene versus in the back of the ambulance or at
the hospital, and how much it will delay reaching definitive care. If you have a
3-minute procedure (an IV) and a 30-minute transport, the intravenous (IV) line
probably should be started. If you are awaiting the arrival of a helicopter, you
also may attempt the procedure, but be sure to have the child packaged and ready
when transportation arrives. Your lifesaving procedures can be performed in an
ambulance while en route to the hospital. Call ahead so that the emergency
department can have the necessary equipment and personnel ready. Perform the
ITLS Ongoing Exams and I'TLS Secondary Survey en route if there is time.

If, after completing the ITLS Primary Survey, you find no critical trauma situ-
ation, place the child on a backboard and do a methodical ITLS Secondary Survey.

ITLS Secondary Survey

As in adults, record accurate vital signs, take a SAMPLE history, and perform a
complete head-to-toe exam, including a more detailed neurological exam.
During your neurological exam make a notation of the child’s behavior and
response to the environment (alert and reaching for mom) and calculate the
Glasgow Coma Scale (GCS) score or Pediatric GCS score (Table 17-4). Finish
bandaging and splinting, and transport the child while continuously monitoring.
Notify medical direction.

Glasgow Coma Scale

> 1 year < 1year
Eyes Opening 4 Spontaneously Spontaneously
3 To verbal command To shout
2 To pain To pain
1 No response No response
> 1 year < 1 year
Best Motor Response 6 Obeys
5 Localizes pain Localizes pain
4 Flexion—withdrawal Flexion—normal
3 Flexion—abnormal (decorticate Flexion—abnormal
rigidity) (decorticate rigidity)
2 Extension (decerebrate rigidity) Extension (decerebrate
rigidity)
1 No response No response
> 5 years 2-5 years 0-23 months
Best Verbal Response 5 Oriented and converses Appropriate words and Smiles, coos, cries
phrases appropriately
4 Disoriented and converses Inappropriate words Cries
Inappropriate words Cries and/or screams Inappropriate crying
and/or screaming
2 Incomprehensible sounds Grunts Grunts
1 No response No response No response
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fluid resuscitation the replacement of
intravascular volume in a hypovolemic
child by infusing a crystalloid solution.

Potentially Life-Threatening Injuries

Hemorrhagic Shock

The most common sites of severe internal bleeding in children are the chest,
abdomen, pelvis, and long bones (femur fractures). Although intracranial blood
loss rarely causes hemorrhagic shock, this may infrequently occur in the very
young infant. Of course, external bleeding from wounds is also an important
source of blood loss. Early shock (often referred to as compensated shock) is far
more difficult to diagnose in a child than an adult because of a child’s ability to
maintain a normal blood pressure despite life-threatening bleeding. Persistent
tachycardia is the most reliable early indicator of shock in a child.

Individual variances and environmental factors may make some of the signs
of shock normal for a particular child. Tachycardia may occur because of fear or
fever. Mottling may be normal in an infant younger than 6 months of age, but it
also may be a sign of poor circulation, so note it.

Extremities may be cold because of cold exposure or poor perfusion. Capillary
refill may be prolonged in a child who is cold. In general, a child should be care-
fully evaluated and assumed to have signs of shock if there is persistent tachycar-
dia or signs of poor peripheral perfusion (prolonged capillary refill or cool
extremities).

Low blood pressure is a late sign of shock (also called decompensated shock).
Do not be falsely reassured by a normal blood pressure. A child may still have a
serious injury and be compensating to maintain a normal blood pressure. The
rule of thumb for cuff size is to use the largest one that will fit snugly on the
patient’s upper arm. If there is too much noise, you can perform a blood pressure
by palpation. Find the radial pulse, pump up the blood pressure cuff until you no
longer feel the pulse, and allow air to leak slowly while observing the dial on the
blood pressure cuff. Record the pressure at which you first feel the pulse and
label it “p,” for palpation. This will be a systolic blood pressure only and will be
slightly lower than a blood pressure that can be auscultated. As a general esti-
mate, the lower limit of normal (95th percentile) for systolic blood pressure is
approximately 70 mm Hg in infants and (70 + 2 [age in years]) mm Hg in chil-
dren 1 year and older. (Remember that these are not normal parameters, but
rather low values that should prompt you to be very concerned.) A systolic blood
pressure below those values should be treated as decompensated shock, which
means the child has lost a very significant amount of blood.

It is useful to routinely measure blood pressures in all children to enhance
your comfort and skill with this procedure so you are able to obtain a blood pres-
sure quickly and efficiently in a frightened or significantly injured child. With
repeated practice in healthy children you will be more prepared for the difficult
situations.

Fluid Resuscitation

If shock is present (compensated with a normal blood pressure or decompen-
sated with a low blood pressure), the child requires fluid resuscitation. You should
establish vascular access quickly and give a fluid bolus. The initial bolus should
be 20 mL/kg of normal saline given as rapidly as possible. If there is no response,
another 20 mL/kg may be given. When considering a peripheral IV, try to insert
the largest practical catheter available to give the fluid bolus quickly. If the child
is in shock it may be difficult to see or feel a peripheral vein. If you cannot start
an IV in two attempts or 90 seconds, you will need to insert an intraosseous (I10)
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FIGURE 17-7 An 10 needle in a child's
proximal tibia being used for venous access.
(Courtesy of Bob Page, NREMT-P)

needle. (See Figure 17-7 and Chapter 9 for technique.) There is 7o scientific data
available at this time to suggest that any child in hemorrhagic shock should not
be given IV fluids. Remember that cardiac output equals stroke volume times
heart rate. Children cannot increase their stoke volume, so when hypovolemic
and less blood is returning to the heart, they can only maintain perfusion by
vasoconstriction and increasing their heart rate. Sometimes children in severe
shock develop bradycardia, and this can cause a severe and frequently fatal
decrease in perfusion. Treat hypovolemia early.

Head Injury

Head injuries are the most common cause of death in pediatric patients. The
head is the primary focus of injury because the child’s head is proportionately
larger than the adult’s. Fortunately, children with head injury often fare much
better than adults with the same degree of injury. The goal of managing head
injuries is twofold. First, it is important to quickly recognize all life-threatening
intracranial emergencies such as an epidural hematoma. In the prehospital set-
ting, this means transporting all children with potentially serious head injuries to
an emergency department equipped to provide definitive care. Second, although
some of the injury to the brain occurs from the initial impact, further injury to the
brain results from preventable causes (secondary brain injury) such as hypoxia
and shock. To minimize those risks, you should prioritize three simple principles:

1. Give oxygen. Head injury increases brain cell metabolic rate and decreases blood
flow in at least part of the brain. So all pediatric patients with a head injury should
receive 100% oxygen and similar to adults, should not be hyperventilated unless
they have evidence of the cerebral herniation syndrome. (See Chapter 10.)
Remember to monitor ventilation with capnography, if available.
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2. Keep blood pressure normal. Blood must get to the brain to carry oxygen. It is
therefore critical to recognize early signs of shock (tachycardia and poor
perfusion) and aggressively correct hypovolemia. Remember, a systolic blood
pressure less than 80 mm Hg in the preschool child and less than 90 mm Hg
in older children should be considered hypotension and has been shown to be
a predictor of poor outcome.

3. Be prepared to prevent aspiration. Head-injury patients frequently vomit.
The Sellick maneuver should be used during bag-mask ventilation and any
intubation attempts. Suction should be readily assessable for any child with
a head injury.

Changing level of consciousness is the best indicator of head trauma. A child
entering the emergency department with a GCS of 10 that has come down from
13, will be approached very differently from the child who has a GCS score of 10
that has come up from 7. Assessments using vague words like semziconscious are not
helpful. Instead, note specific points such as whether the child is alert and interac-
tive, asking for parent/crying, reaching for the parent, or reacting to pain or voice.

Assessment of pupils is as important in the child with altered level of con-
sciousness as in the adult. Note also whether the eyes are moving both left and
right or whether they remain in one position. Do not move the head to deter-
mine this!

Overall, it may be difficult at the scene to assess the extent of a child’s head
injury. Priorities should be focused on prevention of secondary brain injury and
rapid transport to a trauma center equipped to provide definitive care.

Chest Injury

Children with chest injuries generally give visible signs of respiratory distress,
such as tachypnea, grunting, nasal flaring, and retractions. Any injured child with
any respiratory distress would benefit from supplemental oxygen. Be aware that
children’s normal respiratory rates are higher than those of adults (Table 17-2).
A child breathing faster than 40, or an infant faster than 60, usually has respira-
tory distress.

Other signs of respiratory distress include flaring (the nose moves like a rab-
bit), and retractions, which are the caving in of the suprasternal, intercostal, or
subcostal areas with inspiration. Grunting is usually abnormal and indicates sig-
nificant respiratory distress or a severe intra-abdominal injury and indicates a
need for ventilatory assistance. Observe the child’s breathing pattern as well.
Shallow breathing, apnea spells (10-20 seconds of no breathing), or agonal respi-
rations are all signs of respiratory failure and mandate ventilatory assistance.

Children with blunt chest injury are at risk for pneumothorax. Because the
chest is small, a difference in breath sounds from side to side may be more subtle
than in the adult. You may not be able to tell a difference, even by listening care-
fully. It is also difficult to diagnose tension pneumothorax in young children,
who usually have short, fat necks that mask both neck vein distention and tra-
cheal deviation. If a tension pneumothorax develops, the trachea should eventu-
ally shift away from the side of the pneumothorax, although this is a very late
finding. Needle thoracostomy can be lifesaving. (See Chapter 7.)

Children in the preadolescent age group have highly elastic chest walls. Rib
fractures, flail chest, pericardial tamponade, and aortic rupture are, therefore,
seldom seen in this group. However, pulmonary contusion is common. If a child
does have rib fractures or a flail chest, he has sustained a significant force to his
chest and should be assumed to have serious internal injuries.
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Abdominal Injury

The second leading cause of traumatic death in pediatric centers is blunt abdom-
inal trauma resulting in solid organ injury and bleeding. Common mechanisms
include motor-vehicle collisions, bicycle crashes, sports-related injuries, and
child abuse. In children, the liver and spleen are relatively large and both pro-
trude below the ribs, exposing these organs to blunt trauma.

Abdominal injuries are difficult to diagnose in the field and are frequently
missed because the presentation may be subtle. Children may have a difficult
time communicating that they have abdominal pain, or the history may be lim-
ited secondary to the age of the child or other injuries the child has sustained.
Any injured child who complains of abdominal pain should be assumed to have
an intra-abdominal injury. The physical exam also may be challenging because of
fear, pain, and the age of the child. A child may have a severe abdominal injury
with minimal signs of trauma. Findings on examination that suggest significant
abdominal injury include tenderness, bruising, and signs of shock. Seat-belt
marks and bicycle handlebar marks are also worrisome.

Your assessment should be quick. If a child with blunt trauma is in shock
with no obvious source of bleeding, your decision should be to load and go.
Remember, however, that normal vital signs (heart rate and systolic blood pres-
sure) do not rule out serious intra-abdominal injury.

Lifesaving interventions should be made en route to the hospital. If you have
a short (5- to 10-minute) transport time to a trauma center, it is not necessary to
attempt an IV line. If the child is critical and the transport time is long, you
should make no more than two attempts at IV lines before going to an 10 nee-
dle. Any child who has been crying or suffered an abdominal injury may develop
gastric distention and a tendency to vomit, so be prepared.

Spinal Injury

Although children have short necks, big heads, and loose ligaments, cervical-
spine injuries are uncommon before adolescence. When they do occur, children
younger than 9 years of age usually have upper cervical-spine injuries in contrast
to older children and adults, who usually have lower cervical-spine injuries. There
is no proven protocol for “clearing” the spine of a child in the field. A cervical
collar is not necessary if the head is properly restricted in a padded device. Again,
try to make a game of packaging the child. You can promise you will give him a
ride in the ambulance as a reward after you get him all wrapped up and ready.
Have a parent or other familiar person assist, if possible. Be sure your packaging
does not restrict chest movement. As mentioned before, children up to about 8
years of age will need a pad under the torso to keep the neck in a neutral position.

Child Restraint Seats

A child in a motor-vehicle collision while properly restrained in a child restraint  child restraint seat a piece of safety
seat is much less likely to have a serious injury than an unrestrained passenger.  eduipment in which a child sits and that
If in a car seat, usually the child can be transported without being removed :r(ri;s:rlgrr-lsghticc)lErcoc}ﬁicsti:ndw?nllz]sﬁiietﬁl
from the device. Assess the child as you would other trauma patients. If no  child, and the child must be properly
injury is found and the seat’s integrity appears to be intact, place padding strapped into the seat for it to be
around the child’s head, and tape the head directly to the car seat (Scan 17-1).  effective.

This method of transportation should be used only after a complete assessment

that has revealed 7o injury to the child. Be aware of your local protocols regard-

ing this. If the child has evidence of any serious injuries, then remove the child
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~ SCAN 17-1 | Stabilizing an Apparently Uninjured Child in a Car Seat J

One EMT stabilizes the car seat in an upright position A second EMT applies an appropriately sized cervical
and applies and maintains manual in-line stabilization collar. If one is not available, improvise using a rolled
throughout the SMR process. hand towel.

The second EMT places a small blanket or towel on The second EMT places towel rolls on both sides of the
the child's lap, then uses straps or wide tape to child's head to fill the voids between the head and seat.
secure the chest and pelvic areas to the seat. He tapes the head into place, taping across the forehead

and the collar, but avoiding taping over the chin, which
would put pressure on the neck. The patient and seat
can be carried to the ambulance and strapped to the
stretcher, with the stretcher head raised.
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from the car seat and package. Some cars have built-in infant restraint seats.
Those seats cannot be removed, so the child who is restrained in one of them
will have to be extricated and placed on a pediatric spinal motion-restriction
device.

CASE PRESENTATIO N (continued)

An ALS ambulance has been dispatched for a 2-year-old child who was run
over by a four-wheeler all-terrain vehicle. They are told that the child is
unconscious. When they arrive at a house in the country, they are told the
father has brought the child into the house from where he was injured in
the backyard. The distraught father says, “I was with Freddy in the back
yard while his older brother was riding the four-wheeler. I was distracted by
a call on my cell phone and Freddy ran to his brother who didn’t see him in
time to stop. He ran over him.”

They see a 2-year-old child lying on the couch. There is no obvious
external bleeding. The general appearance is not good because the child is
not moving. The child does not respond to the team leader when she speaks
to him. While rescuer 2 stabilizes the neck, she immediately checks the air-
way and finds it open but respiration is slow and shallow. The pulse is nor-
mal and strong at the wrist.

She asks rescuer 3 to assist respiration with the bag-mask. She immediately
cuts off his shirt and shorts and begins the rapid trauma survey. The child has
an obvious hematoma of the left temporal area, with bruising of the face. The
neck has no obvious deformities. The neck veins are flat and trachea is in the
midline. There are some abrasions of the left chest but no instability and
breath sounds are present and equal. There are also abrasions of the left
abdomen and the child moans and localizes with his hands when she palpates
the left upper abdomen. The pelvis feels stable and the extremities appear
normal.

The leader places a clean sheet on the backboard and they carefully log-
roll Freddy onto it and move him to the ambulance. The team leader tells the
family that they are going to the trauma center and the mother can ride with
them but the rest of the family will have to follow in their automobile. In the
ambulance the leader notes that the left pupil is slightly larger than the right
but responds to light. Rescuer 2 takes vital signs: blood pressure 100/70, res-
piration 16 per minute when not ventilating, and pulse 100 per minute. The
leader calculates the GCS as 9 (eyes, 2; motor, 5; and verbal, 2) and then starts
a large-bore IV at a keep-vein-open rate. She also attaches the cardiac moni-
tor (sinus rhythm) and pulse oximeter (95 on 100% oxygen).

The leader notifies medical direction that they have an unconscious
2-year-old child who was run over by an ATV. He has blunt head trauma,
abrasions to the left chest and abdomen, and probably a ruptured spleen.
The ITLS Ongoing Exam does not change during the brief transport to the
trauma center, where the child is found to have a small cerebral contusion

that required no surgery and a subcapsular hematoma of the spleen that
resolved with observation. The father sold the ATV.
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Summary
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FIGURE 17-8 It is important to organize or participate in programs that educate children
about injury prevention and health care.  (© Craig Jackson/In the Dark Photography)

To provide good trauma care for children, you must have the proper equipment,
know how to interact with frightened parents, know the normal vital signs for
various ages (or have them posted in your trauma box), and be familiar with the
injuries that are more common in children. Fortunately, the assessment sequence
is the same for children as for adults. If you perform your assessment well, you
will obtain the information needed to make the right decisions in management.
Focusing on assessment and management of the child’s airway (with cervical-
spine control), breathing, and circulation will result in the best possible outcome.

Although assessment and management of the injured child are lifesaving
skills, all responders involved in the care of the seriously injured child should
be concerned also about prevention. Car seats, bicycle helmets, seat belts, all-
terrain vehicle injuries, water safety, scald burn injuries, firearm safety, and fire
drills are within our area of concern. We should donate our time to teaching
safety (Figure 17-8), and we should speak out for laws (infant seat restraints,
seat belts, drunk driving) that save lives.
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Chapter Overview

Citizens over the age of 65 comprise over 12% of the U.S. population, but that
number is expected to double in the next 25 to 30 years. The age group 85 and
older is the fastest-growing segment of the U.S. population. The geriatric popu-
lation already comprises a significant number of patients being transported by
ambulance. In the United States, over 30% of all patients transported by ambu-
lance are over the age of 65.

“Elderly” is often understood as being 65 years or older because retirement
benefits are usually initiated at about this point in life. However, chronologi-
cal age is not the most reliable definition of “elderly.” It is more appropriate to
consider the biological processes that change with time, such as fewer number
of neurons, decreased functioning of the kidneys, and decreased elasticity of the
skin and tissues.

As a group, geriatric patients tend to respond to injury less favorably than
younger adults. Geriatric patients who are injured are more likely to experience fatal
outcomes, even if the injury is of a relatively low severity. According to the U.S.
National Safety Council, falls, thermal injury, and motor-vehicle collisions have
been identified as common causes of traumatic death in the geriatric population.
This is an even greater concern given that, as a whole, the elderly population con-
tinues to assume more active lifestyles, making them more prone to injury.

Falls account for the majority of injuries in the geriatric population, the most
common pathology being fractures of the hip, femur, and wrist and head inju-
ries. Motor-vehicle collisions account for approximately 25% of geriatric deaths,
although the elderly drive fewer miles. The geriatric population has a higher inci-
dence of collision than other age groups, second only to those under the age of 25.
Eight percent of deaths are attributable to thermal injuries, which include inhalation,
contact with a heat source resulting in scalding and flame burns, and electrical injury.

Little has been written on the response of the geriatric patient to trauma. In
addition, existing literature is retrospective in nature and offers little explanation
for the more adverse outcomes experienced by the elderly. By gaining an under-
standing of the normal physiological changes involved in the aging process, you
will be prepared to provide optimum care to the geriatric trauma victim.

This chapter addresses aging processes, highlights illnesses to which the geri-
atric patient is susceptible, and shows how those processes and illnesses make it
difficult to predict the physiological response to trauma in the geriatric patient.

An ALS ambulance has been dispatched to a report of an elderly male who
has fallen down stairs. The dispatcher advises the patient’s wife is on the
phone with them and says her husband is conscious but has a large bump on
his head. Upon arrival, crew’s scene size-up reveals the scene is safe, and
they observe an elderly male, approximately 80 years old who is at the bot-
tom of a 10-step stairway. The patient appears conscious with purposeful
movement of the extremities, and a large hematoma is noted on the left
temporal area. The wife states her husband is not acting his normal alert
and spirited self. What type of assessment would you perform? Is this
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pathophysiology of aging the process
of aging that consists of the gradual
decline in the normal function of many
body systems, which may in part be
responsible for greater risk of injury in
the elderly population.

patient at higher risk of having additional injuries than someone younger?
Is this a load-and-go situation? Should this patient be managed without
SMR? Keep these questions in mind as you read the chapter. Then, at the
end of the chapter, find out how the rescuers completed this call.

Pathophysiology of Aging

The pathophysiology of aging is a gradual process whereby changes in bodily func-
tions may occur. The changes are in part responsible for the greater risk of injury
in the geriatric population.

The Aging Body
Airway
Changes in airway structures of the geriatric patient may include tooth decay,

gum disease, and use of a dental prosthesis. Caps, bridges, dentures, and fillings
all present potential airway obstructions in the geriatric trauma patient.

Respiratory System

Changes in the respiratory system begin to appear in the early adult years and
increase markedly after the age of 60. Circulation to the pulmonary system
decreases 30%, reducing the amount of carbon dioxide and oxygen exchanged at
the alveolar level. There is a decrease in chest wall movement and in the flexibil-
ity of the muscles of the chest wall. The changes cause a decreased inhalation
time, resulting in rapid breathing. There is a decrease in vital capacity (the
amount of air exchanged per breath) because of an increased residual volume
(volume of air in the lungs after deep exhalation). Overall breathing capacity and
maximal work rate may decrease. If there is a history of cigarette smoking, or a
history of working in an area with pollutants, the changes in breathing are even
more significant.

Cardiovascular System

Circulation is reduced due to changes in the heart and the blood vessels. Cardiac
output and stroke volume may decrease, and the conduction system may degen-
erate. The ability of the valves of the heart to operate efficiently may decline.
Those changes may predispose the patient to congestive heart failure and pul-
monary edema. Arteriosclerosis occurs with increasing frequency in the course
of the aging process, resulting in an increased peripheral vascular resistance (and
perhaps systolic hypertension). There may be a normally higher blood pressure
in the elderly. Thus, a significant change in tissue perfusion may occur in a
patient when the normal blood pressure of 160 drops to 120 as a result of trauma.

Neurological and Sensory Function

Several changes occur in the brain with age. The brain shrinks, and the outer-
most meningeal layer, the dura mater, remains tightly adherent to the skull. This
creates a space or an increased distance between the brain and the skull. Instead
of protecting the brain during impact, this space allows an increased incidence of
subdural hematoma following trauma. There is also a hardening, narrowing, and
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loss of elasticity of some arteries in the brain. A deceleration injury may cause
blood vessel rupture and potential bleeding inside the skull.

There is decreased blood flow to the brain. The patient may experience a
slowing of sensory responses such as pain perception and decreases in hearing,
eyesight, or in other sensory perceptions. Many older patients may have a higher
pain tolerance from living with conditions such as arthritis or from being on
analgesic medications chronically. This can result in their failure to identify areas
in which they have been injured. Other signs of decreased cerebral circulation
due to the aging process may include confusion, irritability, forgetfulness, altered
sleep patterns, and mental dysfunctions such as loss of memory and regressive
behavior. There may be a decrease in the ability, or even an absence of the abil-
ity, to compensate for shock.

Thermoregulation

Mechanisms to maintain normal body temperature may not function properly.
The geriatric patient may not be able to respond to an infection with a fever, or
the patient may not be able to maintain a normal temperature in the face of
injury. The geriatric patient with a broken hip who has been lying on the floor in
a room where the temperature is 64°F can experience hypothermia.

Renal System

A decrease in the number of functioning nephrons in the kidneys of the geriatric
patient can result in a decrease in filtration and a reduced ability to excrete urine
and drugs.

Musculoskeletal System

The geriatric patient may exhibit signs of changes in posture. There may be a
decrease in total height due to the narrowing of the vertebral discs, slight flexion of
the knees and hips, and decreased muscle strength. This may result in a kyphotic
deformity of the spine, resulting in an “S” curvature of the spine often seen in the
stooped elderly. The geriatric patient also may have advanced osteoporosis—a thin-
ning of the bones resulting in a decrease in bone density. This renders the bones
more susceptible to fractures.

There is frequently diminished subcutaneous tissue that decreases protection
from falls and blunt trauma. This lack of subcutaneous tissue can decrease the
person’s ability to respond to temperature changes. Finally, there may be a weak-
ening in the strength of the muscle and bone from the decrease in physical activ-
ity. This also will render the geriatric patient more susceptible to fractures with
only a slight fall.

Gastrointestinal System

Saliva production, esophageal motility, and gastric secretion may decrease. This
may result in decreased ability to absorb nutrients. Constipation and fecal impac-
tions are common. The liver may be enlarged because of disease processes or
may be failing due to disease or malnutrition. This may result in a decreased abil-
ity to metabolize medications.

Immune System

As the aging process continues, the geriatric patient may be less able to fight off
infection. The patient in a poor nutritional state will be more susceptible to
infection from open wounds, IV access sites, and lung and kidney infections. The

compensate the body’s natural ability
to adapt to a range of conditions. In the
elderly patient there may be a decrease
in the ability, or even an absence of the
ability, to compensate for shock or other
conditions.

kyphotic deformity a condition caused
by narrowing of the vertebral discs and
gradual collapse of the osteoporotic tho-
racic vertebral bodies often seen in the
elderly who present in a stooped posture
with an “S” shape to the spine.

osteoporosis a condition frequently seen
in the elderly in which there is gradual loss
of calcium from the bones with decrease in
bone mass and density making the bones
more easily fractured.
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geriatric trauma patient who is not otherwise severely injured may die from sep-
sis from an impaired immune system.

Other Changes

The total body water and total number of body cells may be decreased, and there
is an increase in the proportion of the body weight as fat. There may be a loss in
the capacity of the systems to adjust to illness or injury.

Medications

Many geriatric patients take several medications that can interfere with the abil-
ity to compensate after sustaining trauma. Anticoagulants may increase bleeding
time. Antihypertensives and peripheral vasodilators can interfere with the body’s
ability to constrict blood vessels in response to hypovolemia. Beta-blockers can
inhibit the heart’s ability to increase the rate of contraction even in hypovolemic
shock.

A number of the aging processes contribute to the increased risk of injury to
the geriatric patient. The changes that may increase susceptibility to injury
include the following:

Slower reflexes

m Failing eyesight

B Hearing loss

m Arthritis

B Fragile skin and blood vessels
m Fragile bones

Causative factors related to the aging process have been linked with specific
injuries such as tripping over furniture and falling down stairs. Further investiga-
tion reveals that those falls are often related as much to a decrease in the function
of special senses, such as loss in peripheral vision, as they are to syncope, postural
instability, transient impairment of cerebrovascular perfusion, alcohol ingestion,
or medication usage. Alterations in perception and delayed response to stressors
may contribute to injury in the geriatric patient. When treating the geriatric
trauma patient, remember that the priorities are the same as for all trauma
patients. However, you must give consideration to three important issues:

B General organ systems may not function as effectively as those in the younger
adult, especially the cardiovascular, pulmonary, and renal systems.

B The geriatric patient may have a chronic illness that may complicate the
effectiveness of trauma care.

B Bones may fracture more easily with less force. Fractures of major bones
such as hips or femurs can be life threatening even with proper care.

Assessment and Management

Geriatric patient assessment, as any assessment, must take into account priori-
ties, interventions, and life-threatening conditions. However, you must be
acutely aware that geriatric patients can die from less-severe injuries than younger
patients. In addition, it is often difficult to separate the effects of the aging proc-
ess or of a chronic illness from the consequences of the injury. The chief com-
plaint may seem trivial because the patient may not report truly important
symptoms. You must search for important signs or symptoms. In the geriatric
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patient, it is not uncommon for the patient to suffer from more than one illness
or injury at the same time. Remember that the elderly patient may not have the
same response to pain, hypoxia, or hypovolemia as a young person. Do not
underestimate the severity of the patient’s condition.

You may have difficulty communicating with the patient. This could result
from the patient’s diminished senses, hearing or sight impairment, or depression.
The geriatric patient nonetheless should not be approached in a condescending
manner. Do not allow others to take over the reporting of events from the patient
who is able and willing to communicate reliable information. Unfortunately, the
patient may minimize or even deny symptoms out of fear of becoming depend-
ent, bedridden, institutionalized, or even of losing a sense of self-sufficiency. It is
important that you explain any actions, including removing any clothing, before
initiating the physical assessment.

There are other considerations in assessing the geriatric trauma patient.
Peripheral pulses may be difficult to evaluate. Older patients often wear many layers
of clothing, which can impede physical assessment. You also must distinguish

between signs and symptoms of a chronic disease and an acute problem; for instance:  chronic disease a long-lasting or

. . . recurrent illness that may be underlying
B The geriatric patient may have nonpathologic rales. the acute problem that prompted need

B The loss of skin elasticity and the presence of mouth breathing may not for emergency care. Signs and symptoms

. . between the chronic disease and trauma
necessarily represent dehydration. may need to be distinguished.

B Dependent edema may be secondary to venous insufficiency with varicose
veins or inactivity rather than congestive heart failure.

Pay attention to deviation from expected ranges in vital signs and other phys-
ical assessment findings in the geriatric patient. An injury that is isolated and
uncomplicated in the young adult may be debilitating in the older adult. This
may be due to the patient’s overall condition, lowered defenses, or inability to
keep the effects of an injury localized.

When obtaining the past medical history, it is important to note what medi-
cations the patient may be taking. Medications may not only account for an
abnormal pulse, but also may mask normal circulatory responses that would indi-
cate deterioration in the circulatory system. The result can be a rapid decompen-
sation without warning. Knowledge of the medications that the patient is taking
can alert you to the fact that the patient’s condition may be more unstable than
that presented by current signs and symptoms. Antihypertensives, anticoagu-
lants, beta-blockers, sedatives, and hypoglycemic agents may profoundly influ-
ence the response of the geriatric patient to traumatic injury.

ITLS Primary Survey

Scene Size-up

Size up the scene to decide if it is safe, to determine the number of patients,
and to identify the mechanism of injury. After the ITLS Primary Survey, it
may be helpful to obtain further information and to verify the patient’s history
from reliable family members or neighbors. This is best done in an area where
the patient is unable to overhear the conversation; otherwise it may suggest
that the geriatric patient is less than a competent adult. Observe the surround-
ing area for indications that the patient is able to provide his own care; for signs
of alcohol abuse or ingestion of multiple medications; and for signs of violence,
abuse, or neglect. Unfortunately, abuse and neglect of the elderly are common.
When your assessment of the patient and surroundings is suspicious for abuse
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PEARLS: Altered Mental
Status

Elderly patients with altered mental
status should always be checked for
hypoglycemia, shock, and head trauma,
rather than assuming that they are senile.

altered mental status a diminished
level of awareness or consciousness. It
has more significance in the elderly
trauma patient as a benchmark for other
health-care providers who will assess the
patient.

or neglect, do not fail to notify the proper authorities. Be sure to gather the
patient’s medications and bring them to the hospital.

Initial Assessment

As with any trauma patient, you must evaluate and provide an adequate airway
and maintain spinal motion restriction (SMR) while assessing the initial level of
consciousness. It has more significance with elderly patients than with younger
patients, because subsequent health-care providers may attribute a decreased
level of consciousness to a preexisting condition rather than to the trauma. This
is more likely to occur if you have not clearly indicated that the patient was clear,
lucid, and cooperative at the scene.

If patients respond appropriately to initial verbal statements, they have an
open airway and are conscious. If they do not respond, gently open the airway
with a modified jaw-thrust maneuver while maintaining the neck in a neutral
position. This position may be difficult to determine with certainty because
of arthritis and kyphosis of the spine. It is important to recognize this and not
to forcibly place the occiput flat on the backboard or ground. You should add
padding to the backboard to maintain the patient’s usual spinal position. The
vacuum backboard is very helpful here.

The airway is likely to be partially obstructed. Clear the airway, being alert
to possible teeth fragments due to decay and gum disease and dental devices such
as caps, bridges, dentures, and fillings. Look, listen, and feel for movement of air.
Ensure that the rate and volume of air exchange is adequate. The geriatric patient
with unresolved airway difficulty or a decreased level of consciousness should be
transported immediately. In such a case, frequently monitor the respiratory
effort and level of consciousness (remember to check blood glucose). Consider
in-line endotracheal intubation.

Place your face over the patient’s mouth to look at the chest rise, to listen to
the quality of the breath sounds from the mouth, and to feel the patient’s breath
against your ear. If the breathing is so fast that there is inadequate air exchange
(more than 20 breaths per minute), or if it is too slow (fewer than 10 breaths per
minute), or if the volume of air being exchanged is inadequate, provide assisted
ventilation with 100% supplemental oxygen. Capnography is an effective way to
objectively monitor the patient’s ventilation.

Check the rate and quality of the pulse at the wrist (check at the neck if there
is no pulse at the wrist). Evaluate skin color and condition. Scan the patient for
bleeding, and control any bleeding with pressure.

Rapid Trauma Survey or Focused Exam

The choice between the rapid trauma survey and the focused exam depends on the
mechanism of injury and/or the results of the initial assessment. If there is a dan-
gerous generalized mechanism of injury (auto crash or fall from a height, for
instance) or if the patient is unconscious, you should perform a rapid trauma sur-
vey. If there is a dangerous focused mechanism of injury suggesting an isolated
injury (such as a bullet wound of thigh or a stab wound to the chest), you may per-
form the focused exam, which is limited to the area of injury. If there is no signifi-
cant mechanism of injury, and the initial assessment was normal (the patient is alert
with no history of loss of consciousness, breathing normally, and a radial pulse less
than 120, not complaining of dyspnea or chest, abdominal, or pelvic pain), you
may move directly to the focused exam based on the patient’s chief complaint.

To perform a rapid trauma survey, examine the head, neck, chest, abdomen,
pelvis, and extremities. That is, briefly assess the head and neck for injuries and
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to see if the neck veins are flat or distended and if the trachea is midline. You may
apply a rigid extrication collar at this time. Then look, feel, and listen to the
chest. Look for both asymmetrical and paradoxical movement. Note if the ribs
rise with respiration or if there is only diaphragmatic breathing. Look for signs
of blunt trauma or open wounds. Feel for tenderness, instability, or crepitation
(TIC). Listen to see if breath sounds are present and equal bilaterally.

Make appropriate interventions for chest injuries. Remember that chest inju-
ries are more likely to cause serious problems in older people with poor pulmo- — -
nary reserve. Be especially alert to problems in patients with chronic lung disease. ]%?lﬁ)rg'g%”%sgsg Ss%%r:nzsbceotnagkisr?\ilrigean
Those patients usually have borderline hypoxia even when they are not injured.  account as you make judgments about
Briefly notice heart sounds so you will have a baseline for changes such as devel-  interventions needed to care for the elderly
opment of muffled heart sounds. Rapidly expose and look at the abdomen (dis- | rauma patent.
tention, contusions, penetrating wounds), and gently palpate the abdomen for
tenderness, guarding, and rigidity. Check the pelvis and extremities for wounds,
deformity, and tenderness, instability, crepitation (TIC). Note whether the
patient can move fingers and toes before transferring to a backboard.

PEARLS: Chronic llinesses

Critical Transport Decisions

A few procedures may be initiated on scene, but do not delay transport. Examples
of critical interventions that may be initiated at the scene are the following:

B Provide airway management.

B Assist ventilation.
m Begin CPR. PEARLS: SMR
m Control major bleeding- B When performing SMR on an elderly
B Seal sucking chest wounds. patient, take into consideration the fact
. . that she might remain on a hard back-
m Stabilize flail chest. board for extended periods of time.
B Decompress a tension pneumothorax. You should use some extra padding,
e . such as a folded blanket, for the entire
m Stabilize impaled objects. body. The vacuum backboard is far
. . e e . superior to a hard backboard for use
Consider whether or not the time delay in initiating those procedures out- vvit% the elderly patient

weighs the risks of delaying transportation. The chance of survival decreases | @ Exira padding also may be required

with a corresponding increase in the length of scene time. The same indications under the head and shoulders to main-
for immediate transport apply for the elderly as for younger patients. (See L?;Sntrrr]]%r?temcal spine in its normal

Chapter 2.) Remember that you may not have as dramatic a response to injury in
the elderly, so you should ensure early transport. If one of
the critical conditions is present, immediately transfer the
patient to a long backboard (vacuum backboard is recom-
mended) with appropriate padding, apply oxygen, load the
patient into the ambulance, and transport rapidly to the
nearest appropriate trauma facility.

Packaging and Transport

Package or prepare the elderly patient for transport as
quickly and gently as possible. Take extra care when per-
forming SMR on the geriatric trauma patient. This includes
padding void areas that may be exaggerated due to the aging
process. The elderly patient with kyphosis will require pad-
ding under the shoulders and head to maintain the neck in
its usual alignment (Figures 18-1). Do not force the neck | ueed

into a neutral position if it is painful to do so, or if the neck  FIGURE 18-1 Elderly patients with kyphosis require padding under the
is obviously fused in a forward position. Remember to treat head and shoulders to maintain the spine in its usual alignment.
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and transport the geriatric trauma patient, as you do all trauma patients, gently
and quickly.

ITLS Secondary Survey and Ongoing Exams

Perform an I'TLS Secondary Survey on scene if the patient is stable. If there is
any question about the patient’s condition, you should transport and perform the
ITLS Secondary Survey en route. Perform frequent I'TLS Ongoing Exams. If IV
therapy is to be started, it should be done en route to the hospital. If you start
large-bore IV lines en route, monitor the patient’s response to IV fluid infusion
very closely. Volume infusion may precipitate congestive heart failure in patients
with underlying cardiovascular disease. Frequently assess the patient’s pulmo-
nary status, including lung sounds and cardiac rhythm. All elderly patients should
have cardiac monitoring, pulse oximetry, and capnography, if available.

CASE PRESENTATIO N (continued)

An ALS ambulance has been dispatched to a report of an elderly man who
has fallen down a 10-step stairway. Upon arrival, the scene size-up reveals
the scene is safe, and the responders observe an elderly man, who appears
conscious with purposeful movement of the extremities and a large
hematoma on the left temporal area. The wife states her husband is not act-
ing his normal alert and spirited self.

The team leader begins the initial assessment by introducing the team,
while one of the team members manually stabilizes the patient’s cervical
spine. Another team member applies nonrebreather oxygen. The initial
assessment reveals the patient has nonlabored respirations at a normal rate,
and the peripheral pulses are present, strong, and regular. The rapid trauma
survey reveals the hematoma of the left temporal area, flat neck veins,
breath sounds that are clear and equal, a normal chest exam, a soft and non-
tender abdomen, and normal pelvis and femurs, and the brief scan of the
lower and upper extremities is normal. Glasgow Coma Scale (GCS) score is
14 (E4, M6, V4). Pupils are equal and reactive.

Full SMR precautions are taken because of the mechanism of injury. The
patient is loaded into the ambulance, and his wife rides along in the passenger
seat. Baseline vitals are respiratory rate 20, pulse rate 76, and blood pressure
130/70. Additional history is obtained from the wife: the patient has a history
of hypertension and is taking a beta-blocker. He also takes warfarin.

During transport the patient’s GCS decreases to 9 (E2, M4, V3), respira-
tory rate to 10, and pulse rate to 60. Blood pressure increases to 140/90.
The left pupil is larger than the right, but is equally reactive. The team
leader decides to assist ventilations while monitoring end-tidal CO;. The
receiving hospital was notified of the changes in the patient.

Upon arrival at the hospital, the patient is briefly evaluated in the emer-
gency department and then a CAT scan is performed, where an epidural
hematoma is identified. Because of the patient’s history of normal mental
status before the injury, it is decided that surgery is warranted. A burr hole
is placed to relieve the epidural hematoma, and the patient leaves the hospi-
tal with a normal mental status a week later.
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Ssummary

You will be called on to treat and transport an increasing number of geriatric
trauma patients. Although the mechanisms of injury may be different from those
of younger adults, the prioritized evaluation and treatment is the same. As a gen-
eral rule, elderly patients have more serious injuries and more complications
than younger patients. Some suggest that age greater than 60 years is sufficient
reason to take an injured patient to a level 1 trauma center. The physiological
processes of aging and frequent concurrent illnesses make evaluation and treat-
ment more difficult. You must be aware of the differences to provide optimal
care to the patient.
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abruptio placenta, p. 349 Upon successful completion of this chapter, you should be able to:

domestic violence, p. 349 1. Understand the dual goals in managing the pregnant trauma patient.
physiological changes, p. 344 2. Describe the physiological changes associated with pregnancy.
Zug'z; hypotension syndrome, 3. Understand the pregnant trauma patient’s response to hypovolemia.
4. Describe the types of injuries most commonly associated with the pregnant trauma
patient.
5. Describe the initial assessment and management of the pregnant trauma patient.

6. Discuss trauma prevention in pregnancy.
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Chapter Overview

When the crossroads of pregnancy and trauma meet, there are unique chal-
lenges. The vulnerability of the pregnant trauma patient and potential injuries
to the unborn child serve as reminders of the dual roles of providing care to both
mother and fetus. In addition, the pregnant patient is often at risk for a higher
incidence of accidental trauma. The increase in fainting spells, hyperventilation,
and excess fatigue that are commonly associated with early pregnancy, as well as
the physiological changes that affect balance and coordination, add to risks.
Trauma is a leading cause of morbidity and mortality in pregnancy. Although
maternal mortality due to other causes such as infection, hemorrhage, hypertension,
and thromboembolism, has declined over the years, the number of maternal deaths
due to penetrating trauma, suicide, homicide, and motor-vehicle collisions has risen
steadily. Approximately 6% to 7% of all pregnant women experience some degree
of trauma. Significant trauma occurs in approximately 1 in 12 patients who are
injured. Injuries requiring ICU admission occur in three to four pregnancies per 100
deliveries. Motor-vehicle collisions account for 65% to 70% of trauma in pregnant
patients. Falls, abuse, and domestic violence, penetrating injuries, and burns follow.
Because minor injuries rarely present problems for EMS providers, the following
discussion focuses on the more severe traumatic injuries to the pregnant patient.

An ALS ambulance is on the scene of a single-car motor-vehicle collision. The
driver of the car swerved to avoid hitting a dog and hit a tree at an approximate
speed of 30 miles per hour. The patient was restrained, and the airbag deployed
from the steering wheel. The scene is safe, and law enforcement is interviewing
the driver, who is ambulatory. EMS is asked to evaluate the driver because she is
concerned about her unborn baby. She is eight months pregnant. She denies
loss of consciousness and head, neck, or back pain. Her only complaint is a ten-
der abdomen. Upon inspection there is a superficial abrasion running horizon-
tally across her abdomen. What is likely to have caused this abrasion? Should
this patient be transported and evaluated at the emergency department or the
birthing center at the hospital? Might the incident induce premature labor? If
she goes into labor, is the fetus old enough to be viable? Could this patient be
managed without spinal motion restriction (SMR)? If SMR is indicated for a
pregnant patient, are there special precautions to consider? Keep these ques-
tions in mind as you read the chapter. Then, at the end of the chapter, find out
how the rescuers completed this call.

Pregnancy

Fetal Development

The effect of trauma on pregnancy depends on the gestational age of the fetus,
the type and severity of the trauma, and the extent of disruption of normal uter-
ine and fetal physiology. The fetus is formed during the first three months of
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physiological changes the normal
changes that occur to the body of a
woman as she progresses through her
pregnancy. These affect blood volume,
vital signs, and even response to
hypovolemia.

3 Months 8 Months
Placenta
Umbilical
cord
Amniotic
sac
Uterus
A | 5 '
Placenta —— A
/ .ufr
Cervix
: | 8
Umbilical cord
Pubic bone
Vagina
Bladder i
Cervix

FIGURE 19-1 Anatomy of pregnancy: uterus at three months and at eight months gestation.

pregnancy. After the third month of gestation, the fully formed fetus and uterus
grow rapidly, reaching the umbilicus by the fifth month and the epigastrium by
the seventh month (Figure 19-1 and Table 19-1). The fetus is considered viable
at 24 weeks.

Physiological Changes During Pregnancy

During pregnancy, dramatic physiological changes occur. The changes that are
unique to the pregnant state affect and sometimes alter the physiological response
by both the mother and fetus. Changes include blood volume (increases), cardiac
output (increases), and blood pressure (decreases; Figure 19-2). The respiratory
system also has significant changes due to an enlarging uterus that will elevate
the diaphragm and decrease the overall volume of the thoracic cavity. That leads

Assessment of a Pregnancy

First Trimester
(1-12 weeks)

Second Trimester
(13-24 weeks)

Third Trimester
(25-40 weeks)

Viability
Vaginal bleeding

Fetal heart tones

Height of fundus
above symphysis
pubis

Fetus not viable

Potential for
miscarriage

Not obtainable

Difficult to
measure

Potential viability

Potential miscarriage

120-170 beats per
minute

Halfway to umbilicus
equals 16 weeks; to
the umbilicus equals
20 weeks

Fetus viable

Potential preterm
birth

120-160 beats per
minute

1 cm equals 1 week
until 37 weeks, then
uterus height
decreases as the
baby settles into the
pelvis
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Blood volume usually increases by about
45%. Dilution resulting from the dispropor-
tionate increase of plasma volume over the

=
& E red cell mass “anemia of pregnancy.”
|
) -
il

a.

L
fo

C.

Cardiac output increased by 1.0 to 1.5 liters
per minute during the 1st trimester, reaches
6 to 7 liters per minute by the late 2nd
trimester, and is maintained essentially at
this level until delivery.

| || ==

The stroke volume progressively declines

to term following a rise early in pregnancy.
Heart rate, however, increases by an
average of 10 to 15 beats per minute.
||
-

FIGURE 19-2 Physiological changes during pregnancy.

to a relative alkalosis and predisposes the patient to hyperventilation. There is, in
addition, an increase in both red blood cells and plasma. With the increase of
plasma greater than red blood cells, the patient will appear to be anemic (physi-
ological anemia of pregnancy). However, many pregnant patients have poor
nutritional intake during pregnancy and because the fetus draws iron stores, may
develop an absolute anemia. Gastric motility is also decreased; thus, always
assume the stomach of a pregnant patient is full. Always guard against vomiting
and aspiration. Table 19-2 illustrates changes during pregnancy.
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The mean level of blood pressure is
characteristically 10 to 15 mm HG lower
during pregnancy, the decline usually
apparent by the end of the 1st trimester.
Widened pulse pressure results from a
proportionately greater reduction in the
diastolic component.

d.
f
Peristalsis is slowed; thus, the stomach
may still contain food hours after a meal.
Be alert to the danger of vomiting and
aspiration.
e.

Injury to the uterus or pelvis may cause
massive hemorrhage.

f.
FIGURE 19-2 (Continued)

Physiological Changes During Pregnancy

Parameter Monitored Normal Female Change

Blood volume 4,000 mL Increased 40% to 50%
Heart rate 70 Increased 10% to 15%
Blood pressure 110/70 Decreased 5 to 15 mm Hg
Cardiac output 4to5Lpm Increased 20% to 30%
Hematocrit/hemoglobin 13/40 Decreased

PCO, 38 Decreased

Gastric motility Normal Decreased
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Responses to Hypovolemia

Acute blood loss results in a decrease in circulating blood volume. The cardiac
output decreases as the venous return falls. This hypovolemia causes the arterial
blood pressure to fall, resulting in an inhibition of vagal tone and the release of
catecholamines. The effect of this response is to produce vasoconstriction and
tachycardia. This vasoconstriction profoundly affects the uterus. Uterine vaso-
constriction leads to reduction in uterine blood flow by 20% to 30%. Because of
her increased blood volume, the pregnant patient may lose up to 1,500 cc of
blood before any detectable change is noted in her blood pressure. The fetus
reacts to this hypoperfusion by a drop in the arterial blood pressure and a decrease
in heart rate. The fetus then begins to suffer from reduced oxygen concentration
in the maternal circulation. Therefore, it is important to give 100% oxygen to the
mother to provide sufficient oxygen to the fetus, who suffers from both oxygen
starvation and inadequate blood supply. A shock state in the mother is associated
with an 80% fetal mortality rate.

Assessment and Management

Special Considerations

Major goals in caring for the pregnant trauma patient are evaluation and stabili-
zation. The I'TLS Primary Survey is the same for the pregnant patient as for
other patients. (See Chapter 2.) All prehospital interventions are directed toward
optimizing both fetal and maternal outcome. If the patient is pregnant, there are
two patients being treated. Optimal care for the fetus is appropriate treatment of
the mother. Oxygen administration (100% by nonrebreather mask or by endotra-
cheal intubation) should be rapid. Promptly obtain venous access and begin
administration of IV fluids. Monitoring of this patient should be immediate and
constant because the anatomic and physiological changes of pregnancy make the
trauma assessment more difficult.

Acute hypotension in the pregnant patient
due to decreased venous return requires special
mention. This supine hypotension syndrome usu-
ally occurs when the patient is in a supine posi-
tion with a 20-week (uterus up to umbilicus) or
larger uterus (Figure 19-3). This can lead to
maternal hypotension, syncope, and fetal
bradycardia. Left uterine displacement
increases cardiac output by 30% and restores
circulation. Uterine displacement must be
maintained at all times during resuscitation,
transport, and perioperatively for nonobstetri-
cal surgery. Therefore, the transport of all
pregnant trauma patients, if no contraindica-
tion exists, should be by one of the following
methods to alleviate vena cava compression:

m Tilt or rotate the backboard 15 to 30
degrees to the patient’s left.

m Elevate the right hip 4 to 6 inches with a

PEARLS: Hypovolemia

B Do not mistake normal vital signs in
pregnant patients as signs of shock.
The pregnant patient has a normal
resting pulse that is 10 to 15 beats
faster than usual, and the blood pres-
sure is 10 to 15 mm Hg lower than
usual. However, it is also important to
realize that a blood loss of 30% to
35% can occur in these patients
before there is a significant change in
blood pressure. Therefore, be espe-
cially alert to all signs of shock, and
monitor the vital signs with frequent
ITLS Ongoing Exams.

W Cardiac arrest in the pregnant patient
is treated the same as for other vic-
tims. Defibrillation settings and drug
dosages are the same. For hypovo-
lemic arrest, the volume of required
fluid increases, and four liters of nor-
mal saline should be given as fast as
possible during transport.

supine hypotension syndrome the
drop in blood pressure seen when a
woman who is greater than 20 weeks
pregnant is in the supine position. The
hypotension is caused by the weight of
the pregnant uterus pressing on the infe-
rior vena cava and decreasing the return
of blood to the heart by up to 30%.

towel and manually displace the uterus to  FIGURE 19-3 Venous return to the materal heart may be decreased up to 30% because
the left. of vena cava compression by the fetus. Transport the patient.
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PEARLS: Treatment

W You are treating two patients. However,
the mortality of the fetus is related to
the treatment provided to the mother.
The goal of prehospital intervention is
to maximize the chances of maternal
survival, which will provide the fetus
with the best chance for survival.

| If the mother dies, continue CPR and
notify the hospital to be prepared for
immediate cesarean section. Have
them bring a sonogram machine to the
emergency department for immediate
evaluation of the fetus.

W Hypoxemia of the fetus may go unno-
ticed in the injured pregnant patient.
Treatment should include high-flow
oxygen.

PEARLS: Transport

Transport must include appropriate spinal

motion restriction (SMR), extremity splints, ' '
and prevention of vena cava compression. FIGURE 19-4 The pregnant patient is better stabilized and more

comfortable in a vacuum backboard than a hard backboard.

You must be very careful when strapping a third-trimester pregnant patient
onto a long backboard. Many patients (and backboards) will roll right over
onto the ambulance floor if the tilted backboard is not secured to the stretcher.
The vacuum backboard (Figure 19-4) is more comfortable and makes it easier
to maintain SMR of the pregnant patient. Table 19-3 illustrates evaluation of
uterine size and its effect on management of the pregnant patient.

Types of Trauma

Motor-Vehicle Collisions

Though relatively minor abdominal trauma can cause fetal death, the most com-
mon cause of fetal death in trauma is maternal death. Motor-vehicle collisions
(MVCs) account for 65% to 75% of pregnancy-related trauma. Fetal distress,

ITLS Primary Survey Brief Evaluation of Uterine Size

Uterine Size < 20 Weeks Uterine Size > 20 Weeks
Uterus Not to Umbilicus Uterus to Umbilicus or Higher

! \
Pregnancy Management Unchanged Lateral Displacement of Uterus

\ \
Maternal Stabilization Brief Confirmation of Fetal Heart

Activity (if possible)
\

Maternal Stabilization
Secondary Fetal Stabilization
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tetal death, abruptio placenta, uterine rupture (Figure 19-5),
and preterm labor are often seen in pregnant patients who
have been in MVCs. A review of the literature indicates that
less than 1% of pregnant patients will sustain injury when
there is only minor damage to the vehicle.

Head injury is the most common cause of death in preg-
nant patients involved in MVCs. This is closely followed by
uncontrolled hemorrhage. Pregnant victims of MVCs have
associated injuries, such as pelvic fractures, that often result
in concealed hemorrhage within the retroperitoneal space.
The retroperitoneal area, because of its low-pressure venous
system, can accommodate the loss of four or more liters of
blood into that area with few clinical signs. Seat-belt use with
both a shoulder restraint and lap belt can significantly
decrease patient mortality and has not shown any increase in
uterine injuries.

Penetrating Injuries
Gunshot wounds and stabbings are the most common inju-

ries encountered. If the path of entry is below the fundus, the
uterus will often offer protection to the mother, absorbing
the force of the bullet or knife. Upper abdominal wounds
will often injure the bowel due to its compression in a smaller
than normal space by the uterus. Studies have shown that
gunshot wounds to the pregnant abdomen carry a high mortality rate for the
tetus (40% to 70%). They are lower for the mother (4% to 10%) because the
large uterus usually protects vital organs. Stab wounds follow much the same
pattern of outcome, with fetal mortality rates of about 40%. Definitive care will
depend on several factors, involving degree of shock, associated organ injury, and
time of gestation.

Domestic Violence

A large number of pregnant women experience domestic violence. The frequency
appears to worsen as pregnancy progresses. Through the second and third tri-
mesters, it is estimated that 1 in 10 women experiences abuse during pregnancy.
Physical abuse is more likely to be manifest with proximal and midline injuries
than the distal injuries of accidental trauma. The face and neck are most com-
mon. Domestic abuse has also been associated with low birth weight. The preg-
nant patient who is under great stress produces hormones (high circulating
adrenaline levels, and so on) that are not good for her pregnancy. The folklore
that pregnant patients should be shielded from frightening or disturbing situa-
tions is probably true. Spouses and boyfriends are the perpetrators of the vio-
lence in 70% to 85% of cases.

Falls

The incidence of falls increases with the progression of pregnancy. This is in
part due to an alteration in the patient’s center of gravity. The incidence of sig-
nificant injury is proportionate to the force of impact and the specific body part
that sustains the impact. Pelvic injuries may result in abruption placenta (sepa-
ration of the placenta from the uterine wall causing hemorrhage and fetal

FIGURE 19-5 Blunt trauma to the uterus may cause separation of the
placenta (abruptio placenta) or rupture of the uterus. Massive bleeding
may occur, but there may not be visible vaginal bleeding early.

abruptio placenta the separation of
the placenta from the wall of the uterus.

PEARLS: Abdominal Trauma

Trauma to the abdominal compartment
can cause occult bleeding in either the
intrauterine or retroperitoneal area. Keep
in mind that gradual stretching of the
abdominal wall during pregnancy, along
with hormonal changes within the body,
make the peritoneal surface less sensitive
to irritable stimuli. Therefore, bleeding can
occur intraperitoneally, and the signs of
rebound, guarding, and rigidity may not be
present.

domestic violence physical abuse in
the home. Through the second and third
trimester, it is estimated that 1 in 10
pregnant women experiences physical
abuse.
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hypoxia and often death) and fetal fractures. Emergency department evaluation
and monitoring is recommended for even minor abdominal trauma during

pregnancy.

Burns

Of the 2.2 million patients that suffer burn injuries in the United States annually,
less than 4% are pregnant. The overall mortality and morbidity resulting from
thermal injuries to the pregnant patient is not markedly different from the non-
pregnant patient. However, it is important to remember that the fluid require-
ment for the pregnant patient is greater than that of the nonpregnant woman.
Fetal mortality increases when the maternal surface burn exceeds 20%.

Trauma Prevention in Pregnancy

Upon reviewing major causes of trauma in pregnancy, it is clear that specific
recommendations such as proper seat belt use in motor vehicles, reporting
and counseling for domestic violence, as well as education of the multiple
physiological, anatomical, and emotional changes associated with pregnancy
will all serve to reduce trauma in pregnancy. Some patients get very little if
any prenatal care, and even less prenatal education. If the situation is not crit-
ical, you should not hesitate to educate your pregnant patients when you are
called to see them.

CASE PRESENTATIO N (continued)

An ALS ambulance is on scene of a single-car motor-vehicle collision. The
driver of the car swerved to avoid hitting a dog and hit a tree at an approxi-
mate speed of 30 miles per hour. The patient was restrained, and the airbag
deployed from the steering wheel. The scene is safe, and law enforcement is
interviewing the driver, who is ambulatory. EMS is asked to evaluate the
driver because she is concerned about her unborn baby. She is eight months
pregnant. She denies loss of consciousness and head, neck, or back pain.
Her only complaint is her abdomen is tender. Upon inspection there is a
superficial abrasion running horizontally across her abdomen. Because of
the mechanism of injury, the team performs a rapid trauma survey that is
normal with the exception of generalized tenderness of the abdomen but no
rebound. The fundus of the uterus is at the xyphoid. The vital signs are
normal. It appears the patient had her lap belt across her abdomen instead
of her pelvis, and it could have caused uterine or intrauterine injury so the
patient is placed on the ambulance stretcher in the semireclining position,
with no SMR,; and transported nonemergency to the hospital where her
obstetrician practices. A sonogram was done in the emergency department,
and no abnormality was seen, so a fetal monitor was applied, and the patient
was observed overnight. She developed premature labor during the night
and delivered a healthy 5-pound, 6-ounce boy. She had a normal postpar-
tum course, and she and the baby did well.
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Ssummary

Management of the pregnant trauma patient requires knowledge of the physiologi-
cal changes that occur during pregnancy. Pregnant patients require rapid evaluation
and also rapid interventions for stabilization, including aggressive oxygen adminis-
tration and fluid resuscitation. They require special techniques in packaging and
transport to prevent the vena cava compression syndrome. Because of the difficulty
in early diagnosis, you should have a low threshold for load and go, if there is any
danger of the development of hemorrhagic shock. Pregnant patients with serious
injuries should be directly transported to a facility (trauma center) capable of manag-
ing these complex patients. Optional fetal care is dependent on care of the mother.
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Patients under the influence of alcohol or drugs
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Upon successful completion of this chapter, you should be able to:

1. List signs and symptoms of patients under the influence of alcohol and/or drugs.

2. Describe the five strategies you would use to best ensure cooperation during assessment
and management of a patient under the influence of alcohol and/or drugs.

3. Describe situations in which you would restrain patients, and tell how to handle an
uncooperative patient.

4. List the special considerations for assessment and management of patients in whom
substance abuse is suspected.
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Chapter Overview

The relationship between alcohol and trauma is well documented. For instance,
it is reported that car crashes involving alcohol result in injuries to about 500,000
people a year. Studies of individuals who are substance abusers note that those
persons are at greater risk to suffer an injury than the general population and that
they are more likely to have repeated injuries.

Substance abuse includes individuals who have abused alcohol, drugs, or both.
It has been associated with a number of traumatic events, often resulting from acci-
dents, car crashes, suicides, homicides, and other violent crimes. Further, a study
reported in the Fournal of the American College of Surgeons found a high rate of alco-
hol and illicit drug use in patients who die from trauma (Demetriades et al., 2004).
Therefore, it would not be surprising to find that a number of seriously injured
trauma patients are under the influence of alcohol or some other substance. This
group of trauma patients often presents with unique challenges that can require
some special patient management techniques along with good I'TLS care.

A high index of suspicion combined with the results of the physical exam, the
history obtained from the patient or bystanders, and evidence at the scene can clue
you into whether your patient is under the influence of alcohol or drugs. Table 20-1
includes commonly abused drugs, along with signs and symptoms of their use.

Commonly Abused Drugs with Their Associated Signs and Symptoms

Signs and Symptoms of
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Drug Category Common Names Use or Abuse
Alcohol Beer, whiskey, wine, Altered mental function,
mouthwash confusion, polyuria, slurred

speech, coma, hypertension,
hyperthermia

Amphetamines, Bennies, ice, speed, uppers, Excitement, hyperactivity, dilated
methamphetamines dexies, Ecstasy, MDMA, pupils, hypertension, tachycardia,
Adderall tremors, seizures, fever, paranoia,
psychosis
Cocaine Coke, crack, blow, rock Same as amphetamines plus chest

pain; lethal dysrhythmias

Hallucinogens Acid, LSD, PCP Hallucinations, dizziness, dilated
pupils, nausea, rambling speech,

psychosis, anxiety, panic

Marijuana Grass, hash, pot, tea, weed Euphoria, sleepiness, dilated pupils,
dry mouth, increased appetite
Narcotics/Opiates Heroin, horse, big H, Darvon, Altered mental status, constricted
codeine, stuff, morphine, pupils, bradycardia, hypotension,
smack respiratory depression, hypothermia
Sedatives and GHB; barbiturates; Altered mental status, dilated pupils,
psychoactive benzodiazepines (e.g., cardiac dysrhythmias, hypotension,
medications Librium, Valium, Xanax, respiratory depression, hypothermia
(The list is far too Ativan, Rohypnol)
long to record a Antidepressants: Elavil, Prozac,
significant portion Sinequan, Effexor
of the legitimate Antipsychotics: Thorazine;

mediations) Zyprexa, Abilify
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PEARLS: Under the Influence

It is extremely difficult to differentiate
between patients under the influence and
those experiencing a medical and/or
trauma emergency. You may have to alter
your usual management techniques. Many
patients will initially refuse treatment. You
may have to consult local protocol, medi-
cal direction, and appropriate law enforce-
ment personnel for assistance.

PEARLS: Attitude

The standard ITLS approach to patient care
will work well, even with patients under the
influence. Your attitude can help determine
if your patient approach will be accepted or
not. Be positive and nonjudgmental.

THE IMPAIRED PATIENT

CASE PRESENTATION

A BLS team is on medical standby at a sporting event when rescuers are
summoned to a report of a fan who fell off the bleachers. Their scene size-
up reveals the scene is currently safe; however, it is very noisy, and there are
many spectators in the bleachers watching from above. The fall was approx-
imately 15 feet onto a grassy surface. Friends of the patient state he was
drinking alcohol during the entire event, including a pregame tailgating
party. The patient is unresponsive with sonorous respirations at a rate of 12
per minute, and peripheral pulses are present, strong, and regular. What
type of assessment would you perform? Could some effects of alcohol
intoxication mimic trauma-related signs and symptoms? Is this a load-and-
go patient? Could the scene dynamics change and become unsafe? Keep
these questions in mind as you read the chapter. Then, at the end of the
chapter, find out how the rescuers completed this call. ¥

Assessment and Management

Your ITLS Primary and Secondary Surveys should follow the I'TLS guidelines
that have been described in this book. (See Chapter 2.) However, there are some
particular aspects to be aware of when conducting an exam on a patient for whom
you suspect substance abuse. Pay particular attention to mental status, pupils,
speech, and respiration, and note any needle marks you may discover. An altered
mental status can be seen in every form of substance abuse. However, remember
that an altered level of consciousness is always due to a head injury, shock, or hypoglyc-
emia until proven otherwise. Also remember that all patients have an emergency medical
condition until proven otherwise.

Pupils often are constricted in patients who have abused opiates. Dilated
pupils are common in patients exposed to amphetamines, cocaine, hallucinogens,
and marijuana. Patients who use barbiturates will have pupils that are constricted
early on. However, if high doses have been consumed, the pupils can eventually
become fixed and dilated. Speech can be slurred when patients use alcohol or
sedatives, and patients who are under the influence of hallucinogens may seem to
ramble when they talk. Respiration can be significantly depressed with opiates
and sedatives.

The history supplied by the patient or bystanders can help to establish
whether substance abuse is involved. Try to find out what was used, when it was
taken, and how much was taken. If you know the name of the drug taken, you may
need to check with your local poison control center because the number of even prescription
medications that are abused is in the bundreds, and many have serious toxic effects.

However, be aware that patients often deny that they have used or abused
any substance. If possible, inspect the patient’s surroundings for clues that drugs
or alcohol may have been used. Note any alcoholic beverage bottles, pill contain-
ers, injection equipment, smoking or snorting paraphernalia, or unusual odors.

Trauma patients under the influence of alcohol or drugs can challenge the pro-
vider not only by their traumatic injuries but also by their attitudes. The way in
which you interact with patients who have abused substances can determine if the
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patient will be cooperative or uncooperative. How you speak to them can be as
important as what you are doing for them. Your interaction style, if offensive, can
make patients uncooperative and force you both to lose precious minutes of the
Golden period. If your interactive style is positive and nonjudgmental, the patient is
more likely to be cooperative and to allow all the appropriate medical interventions,
thus decreasing on-scene time. As noted before, all the substances that are abused
can cause an altered mental state. When interacting with patients, you must be pre-
pared to deal with euphoria, psychosis, paranoia, or confusion and disorientation.

Five interaction strategies that can help you gain your patient’s cooperation
are as follows:

B Identify yourself to the patient and orient him to the surroundings. Tell
him your name and your title (for example, “EMT, Paramedic”). Ask for his
name and how he would like to be addressed. Avoid using generic names
like “Bub” or “Honey.” With this patient population it may be necessary to
orient the patient to place, date, and what is going on frequently.

B Treat the patient in a respectful manner and avoid being judgmental. Often
a lack of respect can be heard in the tone of your voice or how you say
things, not just in what you say. Never forget that you are there to save
lives; this includes all patients. You are not a police officer (do not gather
evidence), and you are not there to pass judgment on the patient’s worth to
society. Also take care not to destroy evidence.

B Acknowledge the patient’s concerns and feelings. The patient who is scared
or confused may be more comfortable with what is taking place if you rec-
ognize and address those feelings. Be gentle but firm. Explain all treatment
interventions before they are performed. Be honest; backboards and extrica-
tion collars are uncomfortable and IV lines hurt.

B Let the patient know what will be required of him. For instance, he may be
confused and not realize that he needs to hold still while you are trying to
stabilize him on a backboard.

B Ask closed-ended questions when getting your history from the patient.
Close-ended questions can be answered with a yes or no. The patient may
only be able to concentrate for short periods of time, and he may ramble
when asked open-ended questions that require a full answer. Consider get-
ting as much of the history as you can from relatives, friends, or bystanders.
"This may help improve the reliability of what you discover. Get as much
relevant history as you can, but do not delay transport.

The Uncooperative Patient

A small percentage of your patients may be uncooperative. You must be firm
with them. Set limits to their behavior, and let them know when their behavior is
inappropriate. Consider physical patient restraint only if you are not able to secure
enough cooperation to provide adequate care. Often a show of force may be
enough to convince an uncooperative patient to allow medical care to be provided.

Plan for patient encounters. First, check with your local jurisdiction to deter-
mine what protocol you must use when restraining patients against their will.
Most municipalities allow police officers to place people in custody if they are a
threat to themselves or others. Severely injured trauma patients who refuse or
will not cooperate with care may be considered a threat to themselves.

Once the decision has been made to restrain the patient, it must be carried out
with care. Securely strapping a patient to a backboard with use of a cervical collar
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interactive style your speech and body
language as you interact with a patient.
A positive, nonjudgmental interactive
style facilitates assessment and interven-
tions while decreasing scene time.

closed-ended questions questions
that can be answered with a “yes” or
“no."” This is often the best approach
with patients under the influence of
alcohol or drugs due to their limited
ability to concentrate.

patient restraint methods of limiting
the patient’s motion and mobility to
prevent him from becoming a danger
to himself or others.

uncooperative patient a patient who
behaves inappropriately and does not
respond to reasonable requests and lim-
its placed on him for his own safety and
that of caregivers. Based on jurisdiction,
a range of options are available for
restraining patients against their will
when warranted for patient safety,
assessment, and care.



Reeves sleeve a dual-purpose motion-
restriction device that is effective for
both SMR and patient restraint.

PEARLS: Management

W Check finger-stick glucose and provide
ECG monitoring on every patient with
altered mental status.

W In this population, hypothermia, hypo-
tension, and respiratory depression are
common and must be treated aggres-
sively. Involve the poison control center
early if the person has taken a drug
with which you are not familiar.
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FIGURE 20-1 Reeves sleeve.

and head motion-restriction device will serve to restrain most patients. Caution
must be taken not to worsen any current injuries or to inflict any new ones. There
is often no good solution to this predicament. Restrained patients could struggle so
hard that spinal motion restriction (SMR) is rendered ineffective. The Reeves sleeve
is one of the few pieces of equipment that is very effective in providing both restraint
and motion restriction (Figure 20-1). Crews should plan and practice procedures
for restraining patients. The trauma scene is not the place to learn new skills.
Reassess restrained patients often. You do not want to be the one providing care for
a drug-impaired patient who dies by asphyxiation during prehospital restraint.

The standard I'TLS approach to patient care will work well, even with
patients under the influence of alcohol or drugs. Ensure that the scene is safe,
determine the number of injured, and discover the mechanism of injury. Use
standard precautions. This patient population includes people who are at high
risk for infection with hepatitis B, hepatitis C, and HIV. Follow the ITLS
Primary and Secondary Surveys as recorded in Chapter 2. Remember to note
any mental status changes that might be associated with substance abuse.

When performing the ITLS Secondary Survey, be sure to include the spe-
cific areas that can provide clues to substance abuse. As with all trauma patients,
treatment includes the consideration of oxygen, an IV line, cardiac monitoring,
and O; saturation or expired CO; monitoring. Check a blood sugar in all patients
with altered mental status.

"Table 20-2 lists drug categories and associated specific treatments or areas to pay
close attention to when substance abuse is suspected. Based on a 2009 survey of teen-
agers, The National Institute on Drug Abuse (NIDA) concluded that many drug use
trends are declining. However, they reported that the perception of 3,
4-Methylenedioxymethamphetamine (MDMA or Ecstasy) as harmful is going down,
and this might be a precursor to an increase use of this drug. The NIDA also
expressed concern about the nonmedical use of the narcotics Vicodin (hydrocodone)
and OxyContin (oxycodone).
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Drug Categories and Specific Treatments to Consider or Areas

to Assess Closely

Drug Category Specific Treatments and Areas to Assess

Alcohol Administer IV thiamine and glucose; use DsoW if indicated;
watch for hypothermia.

Amphetamines/ Monitor for seizures and dysrhythmias; treat seizures with

Methamphetamine diazepam or lorazepam.

Cocaine Monitor for seizures and dysrhythmia; treat rhythm disorders.
Avoid beta-blockers, as these may increase myocardial ischemia.

Hallucinogens Provide reassurance.

Marijuana Provide reassurance.

Narcotics/Opiates Try naloxone”, watch for hypothermia, hypotension, and

respiratory depression (CO, monitor).

Sedatives Try naloxone” and consider flumazenil™*, watch for hypothermia,
hypotension, and respiratory depression (CO, monitor).

"Naloxone should be titrated to the patient’s respirations. Repeated doses may be indicated because the narcotic

may last longer than the effects of the naloxone.

**Flumazenil use is controversial; it can precipitate seizures in patients dependent on benzodiazepines. Further,
flumazenil use may cause seizures in those who have been using benzodiazepines to prevent seizures and in
those patients who have overdosed on tricyclic antidepressants. Flumazenil should be given only on direct order

of medical direction.

CASE PRESENTATIO N (continued)

A BLS team on medical standby at a sporting event are summoned to a report
of a fan who fell off the bleachers. Their scene size-up reveals the scene is
currently safe; however, it is very noisy, and there are many spectators in the
bleachers watching from above. The patient’s fall was approximately 15 feet
onto a grassy surface. Friends of the patient state he was drinking alcohol
during the entire event, including a pre-game tailgating party.

The patient is unresponsive with sonorous respirations at a rate of 12 per
minute, and peripheral pulses are present, strong, and regular. The mecha-
nism of a 15-foot fall with altered mental status (even if possibly due to
alcohol ingestion) requires a rapid trauma survey. Rescuer 2 immediately
stabilizes the patient’s neck and begins oxygen by nasal cannula. The team
leader does a rapid trauma survey and finds no definite injuries, but because
of the combination of a significant fall and unresponsiveness, the patient is
immediately spinal packaged and taken to the trauma center. Evaluation
there reveals an elevated serum alcohol level as well as a nondisplaced frac-
ture of the posterior elements of the fourth and fifth cervical vertebra.

There was no intracranial injury, and the patient woke after several
hours. He required spinal stabilization surgery but survived with no spinal-
cord injury. In any instance where there are multiple intoxicated bystanders
(potentially unsafe scene), it is wise to load the patient and transport as soon
as the I'TLS Primary Survey is completed.
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Knowing the signs and symptoms of alcohol and drug abuse will allow you to
recognize the patient who may be impaired. Assessing the patient for signs and
symptoms outlined in this chapter can help you confirm your suspicions.
Determining that your patient has abused some substance will allow you to pay
attention to specific areas for critical changes as well as provide lifesaving inter-
ventions that may be indicated for individual substances. The five interaction
strategies for improving patient cooperation are very important when dealing
with the patient under the influence of alcohol or drugs, but those strategies also
should be used with all patients. Remember that the patient’s safety is a primary
concern. If you must restrain a patient for his or her safety, do so in a planned
manner that is most sensitive to your patient’s needs.
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Upon successful completion of this chapter, you should be able to: foreign body airway obstruction

1. Identify treatable causes of traumatic cardiopulmonary arrest. (FBAO), p ’ 365_

traumatic cardiopulmonary arrest
(TCPA), p. 360

unsalvageable patient, p. 360

withholding or termination of
resuscitation, p. 360

2. Describe the proper evaluation and management of the patient in traumatic
cardiopulmonary arrest.

3. Identify patients in traumatic cardiac arrest for whom you should withhold
resuscitation attempts.
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(Courtesy of David Effron, MD, FACEP)

traumatic cardiopulmonary arrest
(TCPA) a grouping of conditions defined
by the common precipitating factor of
being trauma as the origin for the cardiac
arrest.

unsalvageable patient one who does
not have a reasonable expectation for
resuscitation and survival based on defined
clinical indicators and parameters. It is
acceptable to withhold resuscitation under
those conditions.

withholding or terminating resusci-
tation based on research and published
guidelines, attempting to resuscitate the
patient in cardiac arrest may be withheld
or terminated in certain instances.

TRAUMA ARREST

Chapter Overview

You will encounter trauma patients who are found either pulseless or apneic on
scene or who deteriorate rapidly and develop those signs while under your care.
Although CPR in pulseless arrest is considered futile, there are several causes
of traumatic cardiac arrest that are correctable, and prompt recognition and
intervention could be lifesaving. This chapter will discuss guidelines for when to
attempt resuscitation and when it would be futile. You also will review the causes
of the traumatic cardiac arrest and the best plan of action to rapidly identify the
cause and match your response to that cause.

A BLS ambulance just arrives on scene of a motorcycle crash in a very rural
area. The closest rural hospital is 15 miles away, and the closest level 2
trauma hospital is 45 miles away. In this EMS system, ALS is only dis-
patched on request of the BLS ambulance on scene. The scene size-up
reveals a safe scene with one patient (approximately 20 years old) from a
motorcycle that appears to have failed to negotiate a curve in the road. The
motorcycle and helmetless driver left the roadway and struck a tree.

The patient is unresponsive, is not breathing, and has no pulses. There
is an obvious deformity to the skull, multiple rib fractures, and deformity to
the left femur. There were no witnesses to the crash, and it is difficult to
determine when the crash occurred. An AED is applied, and it indicates,
“No shock advised.” Should CPR be initiated? Should the BLS ambulance
request an ALS response? If ALS does respond, should they respond with
“lights and sirens”? What are likely causes of this cardiac arrest? Keep these
questions in mind as you read the chapter. Then, at the end of the chapter,
find out how the rescuers completed this call.

The Unsalvageable Patient

Attempting to resuscitate the patient in traumatic cardiopulmonary arrest (TCPA)
can put you and the public in danger. Research has shown that emergency “lights
and sirens” traffic can be hazardous to both prehospital providers and to the
safety of the public (Saunders & Heye, 1994). Do not attempt resuscitation
unless there is some chance of the patient’s survival. One review of 195 trauma
patients who presented unconscious, without palpable pulse or spontaneous res-
piration, found that patients with sinus rhythm and nondilated (< 4 mm) reactive
pupils had a good chance of survival. However, in those patients with asystole,
agonal rhythm, ventricular fibrillation, or ventricular tachycardia (unsalvageable
patients), there were no survivors (Cere et al., 2003). The National Association of
EMS Physicians and the American College of Surgeons Committee on Trauma
have jointly developed guidelines for withholding or termination of resuscitation in
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Guidelines for Withholding or Terminating Resuscitation of
Prehospital Traumatic Cardiopulmonary Arrest*

1. Resuscitation should be withheld in cases of:

a. Blunt trauma with no breathing, pulse, or organized rhythm on ECG on EMS arrival
at the scene.

b. Penetrating trauma with no breathing, pulse, pupillary reflexes, spontaneous
movement, or organized ECG activity.

¢. Any trauma with injuries obviously incompatible with life (e.g., decapitation).

d. Any trauma with evidence of significant time lapse since pulselessness, including
dependent lividity, rigor mortis, etc.

2. Cardiopulmonary arrest patients in whom the mechanism of injury does not correlate
with the clinical condition, suggesting a nontraumatic cause of the arrest, should have
standard resuscitation initiated.

3. Termination of resuscitation efforts should be considered (consult medical direction):
a. With EMS-witnessed cardiopulmonary arrest and 15 minutes of unsuccessful
resuscitation.
b. When transport time to the hospital emergency department is more than 15
minutes.

4. Special consideration should be given to victims of near drowning, lightning strike,
and hypothermia.

*Joint Position Statement of the National Association of EMS Physicians and the American College of Surgeons
Committee on Trauma (Hopson, Hirsch, Delgado, et al., 2003)

prehospital traumatic cardiopulmonary arrest (Table 21-1). You also should be
familiar with your local protocols that relate to traumatic cardiac arrest.

Advanced Cardiac Life Support (ACLS) has always been directed toward
dealing with a cardiac cause for the pulseless patient. In trauma cases, however,
cardiopulmonary arrest is usually not due to primary cardiac disease such as cor-
onary atherosclerosis with acute myocardial infarction. You must direct your
treatment by identifying the underlying cause of the arrest, or you will almost
never be successful in resuscitation. Use the I'TLS Primary Survey to determine
both the cause of the arrest and to identify those patients for whom you should
attempt resuscitation.

PEARLS: Cardiac Arrest

Cardiac arrest following trauma is usually
not due to cardiac disease.

Airway and Breathing Problems

Hypoxemia is the most common cause of traumatic cardiopulmonary arrest.
Acute airway obstruction or ineffective breathing will be clinically manifested
as hypoxemia. Carbon dioxide accumulation from inadequate breathing will
play a role in your being unable to resuscitate the patient. Airway problems
such as those listed in Table 21-2 lead to hypoxemia by preventing the flow of
oxygen to the lungs. Drugs and alcohol, often in conjunction with minor head
trauma, can result in airway obstruction by the tongue as well as by respiratory
depression.

Careful monitoring of the intoxicated patient may prevent respiratory
or cardiac arrest. The same is true of the patient who is unconscious from
a head injury. The lax muscles in the pharynx allow the tongue to fall back
and obstruct the airway. Obtaining and maintaining an open airway by the
modified jaw-thrust maneuver along with an oro- or nasopharyngeal airway
is paramount for patients with no gag reflex. You may use a blind insertion
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Causes of Prehospital Traumatic Cardiopulmonary Arrest

1. Airway Problems

. Foreign body

b. Tongue prolapse

c. Swelling

d. Tracheal damage

e. Hemorrhage into the airway
f. Misplaced advanced airway

Q

2. Breathing Problems

. Tension pneumothorax

. Open pneumothorax (sucking chest wound)

. Flail chest

. Diaphragmatic injury

High spinal-cord injury

. Carbon monoxide inhalation

. Smoke inhalation

. Aspiration

. Near-drowning

. Central nervous system depression from drugs/alcohol
. Apnea secondary to electric shock or lightning strike
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3. Circulatory Problems
a. Hemorrhagic shock (empty heart syndrome) from any cause, including traumatic
aortic dissection and other vascular injuries
. Tension pneumothorax
. Pericardial tamponade
. Myocardial contusion
. Acute myocardial infarction
. Cardiac arrest secondary to electric shock

-~ M Q. N T

supraglottic airway device (King Airway, LMA, and others) if tolerated by the
patient. The role of endotracheal intubation (ETT) in the major trauma patient
is an area of wide debate and study. Theoretically, management of the airway
should be simpler with ETI, but studies have questioned its benefit and any
role in improving survival. In any case, the provider should use all efforts
available to prevent aspiration, including having an effective suction device
readily available.

Patients with TCPA caused by airway obstruction may respond to advanced
life support if the anoxic period was not prolonged.

Patients with hypoxia secondary to a breathing problem have an adequate
airway, but they are unable to oxygenate their blood because they cannot get
oxygen and blood together at the alveolar-capillary membrane of the lungs. This
could be from one or more of the following:

B Inability to ventilate, as in a tension pneumothorax, open pneumothorax,
flail chest, pulmonary contusion, or high spinal-cord (C-3 or above)
injury.

B Lung tissue filled with fluid, as in the patient with aspiration of blood or
vomitus or adult respiratory distress syndrome (ARDS, also known as non-
cardiogenic pulmonary edema). Near-drowning patients have hypoxemia early
from lack of oxygen, and later their lungs develop ARDS.

B Lungs filled with gas (smoke inhalation) that does not contain the
appropriate amount of oxygen but instead contains harmful gases such as
carbon monoxide or cyanide. In addition, the hot vapor can result in
pulmonary edema, further preventing oxygenation by increasing the
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distance (by alveolar capillary membrane swelling) between the red
blood cells and oxygen.

®m Hypoventilation caused by head injury, lightning strike, and/or drugs and
alcohol.

Patients with breathing problems should have aggressive appropriate airway
management and assisted ventilation with high-flow oxygen. Many of these
patients will respond quickly if they have not been anoxic for too long. It is
important for you to remember that the patient in shock is very sensitive to pos-
itive pressure (also known as “assisted”) ventilation. Positive pressure ventilation
will diminish venous return to the heart. This lowers cardiac output and hence
blood pressure, worsening the shock state. This will be covered in more detail
later in this chapter.

Circulatory Problems

The causes of TCPA due to circulatory failure are found in Table 21-2.
Hypovolemic shock (hypovolemic shock is due to blood loss) is the most
common circulatory cause of the TCPA. Blood loss may be external, internal, or | D0 not rely on Advanced Cardiac Life
both, and it may be classified as controlled or uncontrolled. Massive internal oupport (ACLE) protocols elone. Profocols
’ should be modified to provide adequate
bleeding causing cardiac arrest is usually fatal, displaying any of the cardiac arrest | volume replacement and chest decom-
ECG rhythms on the monitor. pression when indicated.
Massive external bleeding causing TCPA often can be controlled in such
conditions as amputations, and tourniquets may be lifesaving in such cases.
Prompt intravenous (IV) fluid replacement—especially with blood and blood
products—presents an opportunity for salvage of the patient.
Massive internal bleeding producing cardiac arrest is due to a transected
blood vessel, injury to an internal organ (e.g., liver and spleen), or both. TCPA
in these patients is usually fatal. Arrival at a trauma center with some cardiac
electrical activity presents slight hope for successful resuscitation with prompt
care by the trauma team.
Traumatic tension pneumothorax reduces venous return due to increased
intrathoracic pressure in the affected pleural space, accompanied by pressure
against the mediastinum late in its course. Decreased venous return reduces car-
diac output, and shock occurs. Jugular venous distention, tachycardia, and cya-
nosis occur, appearing similar to pericardial tamponade, and the patient’s trachea
may deviate away from the affected side with increasing pressure against the
mediastinum late in the course of the condition.
It is vital to diagnose tension pneumothorax if it is present during TCPA.
This is one potentially correctable cause of TCPA, and needle decompression of
the pleural space on the affected side may be lifesaving.
Traumatic pericardial tamponade (another form of “mechanical” or obstruc-
tive shock) producing TCPA is quickly fatal. This condition is usually encoun-
tered in a patient with penetrating trauma to the chest wall. The heart is squeezed
by blood and clots in the pericardial sac and cannot fill with blood during each
beat. The pressure within the pericardial sac is transmitted to the chambers of
the heart, preventing them from filling. That reduces venous return to the heart,
and cardiac arrest and shock occur. Because of poor lung perfusion, cyanosis usu-
ally develops.
These patients often show “Beck’s triad,” which is a “quiet heart” (muftled
heart tones because the heart is nearly empty), evidence of blood not getting into

PEARLS: ACLS Protocols
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the heart (jugular venous distention), and hypotension (due to low cardiac out-
put) in the setting of equal bilateral breath sounds (unless a lung injury is also
present).

Peripheral pulses diminish as hypotension worsens, and indeed, cardiac out-
put may be so low that you cannot feel a pulse. Tachycardia is usually present on
the monitor until cardiac arrest is imminent. The peripheral pulses may decrease
or disappear with inspiration (termed pulsus paradoxus), which is an exaggeration
of the slight (less than 10 mm Hg) decrease in systolic blood pressure that occurs
during normal inspiration.

Importantly, the multiple trauma victim may have massive hemorrhage in
addition to cardiac tamponade (or tension pneumothorax), reducing the disten-
tion of neck veins and making the tamponade (or tension pneumothorax) harder
to detect.

Patients with pericardial tamponade may appear to be in pulseless electrical
activity (PEA) and commonly will not respond to ACLS protocols.

Acute myocardial infarction and myocardial contusion can produce inade-
quate blood flow (circulation) by either one or a combination of three mecha-
nisms. Those mechanisms are dysrhythmias, acute pump failure, and pericardial
tamponade. The patient with a myocardial contusion has usually been in a decel-
eration accident. There may be a chest wall or sternal contusion.

Ventricular fibrillation (VF) triggered by a blow to the anterior chest wall
during cardiac repolarization is most commonly seen in teenage boys who are
engaged in sporting activities or from compression of the chest against a steering
wheel. This condition is known as commotio cordis. Prompt recognition that the
VF may have been caused by a blow to the chest is critical, and rapid defibrilla-
tion is often lifesaving.

TCPA from an electrical shock usually presents as ventricular fibrillation.
It may respond to ACLS protocols if you are able to initiate resuscitation early
enough following TCPA. The cardiac arrest is frequently due to the prolonged
apnea that may follow electrocution or lightning strike. The victim of an elec-
trical shock has suffered severe muscle spasm and may well have been thrown
down or fallen a great distance. Thus the same systematic approach to the
patient is required to identify all associated injuries and to give the patient the
best chance for a good outcome. However, it should be remembered that
patients in TCPA after electrical or lightning injury have a higher rate of sur-
vival than arrest from other causes, and full resuscitation should always be
attempted when they are encountered (Fontanarosa, 1993). Be sure the patient
is no longer in contact with the electricity source. Do not become a victim
yourself!

In summary, patients with cardiopulmonary arrest related to inadequate cir-
culation have either of the following:

B Inadequate return of blood to the heart because of
¢ Increased pressure in the chest causing decreased venous return to the
heart, as in tension pneumothorax or pericardial tamponade
* Hemorrhagic shock with inadequate circulating blood volume because of
blood loss

B Inadequate pumping of the heart because of
¢ Rhythm disturbances as in myocardial contusion, acute myocardial infarction,
commotio cordis, or electrical shock
* Acute heart failure with pulmonary edema, as in large myocardial contusion
or acute myocardial infarction
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Approoch to Trauma Patients in Cardiac Arrest

TCPA patients are a special group. Many are young and do not have preexisting
cardiac conditions or coronary disease. Ensuring a complete scene size-up is
important because many cases involve criminal activity (stabbings, shootings), so
carefully record (after the run) your observations of the scene. Some of these
patients may be resuscitated if you arrive soon enough and you pay attention to
the differences from the usual medical cardiac arrest.

The extremely poor resuscitation rate for TCPA patients is probably due to
the fact that many of them have been hypoxic for a prolonged period of time
before the arrest occurred. Prolonged hypoxia causes such severe acidosis that
the patient may not respond to attempted resuscitation. One study concluded
that of 138 patients requiring prehospital CPR at the scene or during transport
because of the absence of blood pressure, pulse, and respirations, none of the
patients survived, whether the victim of blunt or penetrating trauma (Rosemurgy,
1993). In addition, there has been no survival benefit noted in traumatic cardiac
arrest patients transported by ground or air EMS services (DiBartolomeo, 2005).

Patients who suffer TCPA from isolated head injury usually do not survive.
However, they should be aggressively resuscitated because the extent of injury
cannot always be determined in the field, and therefore, you cannot predict the
outcome for the individual patient. (They are also potential organ donors.) With
suspected head injured patients, it is important to avoid hyperventilation because
it decreases oxygen supply to the already injured brain tissue (Warner et al.,
2007). Patients who are found in asystole after massive blunt trauma are dead,
and their resuscitation may be terminated in the field.

Children are a special case. Although some reports show the same dismal
results for resuscitation of children in cardiac arrest in the field as for adults, one
review of over 700 cases of children who received CPR in the field found that
25% survived to discharge (Perron et al., 1997). This may be in part because
sometimes the pulse is difficult to find in a child. In any case, you should be espe-
cially aggressive in attempting to resuscitate children with no palpable pulse.
Limit pulse check to 10 seconds. If no pulse has been found after 10 seconds,
begin CPR.

General Plan of Action

As you approach the patient, note obvious injuries. The patient in cardiac arrest
will have no active bleeding, but if he is in a pool of blood, that is strong evidence
he may have arrested from exsanguination. After determining unresponsiveness
and that the victim is not breathing (or only gasping), restrict the motion of the
cervical spine. Take no longer than 10 seconds to check for a pulse, and then begin
chest compressions immediately. For one rescuer the ratio of chest compressions
to breaths is 30:2. For two rescuers, the ratio is 15:2 compressions to breaths.

More than 90% of childhood deaths are from foreign body aspiration that
occurs in children under 5 years of age, with 65% occurring in infants. The man-
agement of a foreign body airway obstruction (FBAO; airway is blocked and no cough-
ing) in a victim who is responsive or unresponsive is as follows.

FBAO Responsive Patient
B Child or adult. Start with supradiaphragmatic abdominal thrusts.

B [nfant. Start with five back blows followed by five chest compressions until
the object is expelled.

PEARLS: Pregnant Patients

Cardiac arrest in the pregnant patient is
treated the same as in other patients.
Defibrillation settings and drug dosages
are exactly the same. For hypovolemic
arrest, the volume of fluid needed
increases, and 4 liters of normal saline
should be given as fast as possible during
transport.

PEARLS: Children in

Cardiac Arrest

Because children who are in traumatic
cardiac arrest are more likely to respond
to resuscitation than adults, they are
treated aggressively unless obviously
unsalvageable.

PEARLS: Proper Response

An adequate number of rescuers are
required to handle this situation well:
one to drive the ambulance, one to
ventilate, one to do chest compressions,
and one to diagnose and treat the cause
of the arrest.

foreign body airway obstruction
(FBAO) any foreign body (vomitus,
blood, food, etc.) that obstructs the
airway.
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PEARLS: Asystole

Patients found in asystole after massive
blunt trauma are dead. There is no
reasonable expectation of resuscitation.

PEARLS: ITLS Primary Survey

The pulseless trauma patient requires
attention in the ITLS Primary Survey to
identify treatable problems in the proper
priority.

FBAO Unresponsive Patient

If the cause of the collapse is known to be FBAO, start CPR with chest compres-
sions. (Do not perform pulse check.) After 30 compressions, check the airway.
(Do not perform blind finger sweeps.) Ventilate two times.

Open the airway with the modified jaw-thrust maneuver. You will need assist-
ance to maintain cervical motion restriction. The patient must be on a firm flat
surface because there is a chance of injuring the spine if there is an associated ver-
tebral injury, but this is of less concern if the patient is dying of an airway obstruc-
tion. If still unsuccessful, you may attempt cricothyroidotomy or translaryngeal jet
ventilation if you are trained in the procedures and if your protocols permit them.

If the airway is not obstructed, give two full breaths and then check the pulse.
If no pulse is palpable, you must begin chest compressions immediately. Prepare
for immediate transport, if you are not planning to terminate resuscitation. Allow
two of your teammates to do the cardiopulmonary resuscitation while you get the
monitor. Perform at least two minutes of continuous chest compressions, and then
check the cardiac rhythm. If either ventricular fibrillation or pulseless ventricular
tachycardia (VF/pV'T) is present, continue compressions while charging the defi-
brillator. Defibrillate with the energy recommended in your treatment guidelines.
Evidence suggests that higher energy settings may have some benefit. Resume
compressions for 2 minutes after defibrillation before reanalyzing the rhythm.

If asystole or PEA is present—or if VE/pVT persists after the shock—you
should evaluate the patient for the cause of the arrest, while continuing CPR. If the
patient is a victim of blunt trauma, consider termination of resuscitation. If the
patient has penetrating trauma, quickly check the pupils. If the pupils are dilated
and nonreactive, consider termination of resuscitation. As mentioned earlier, it
may be beneficial to attempt bilateral needle decompression in the second inter-
costal space anteriorly (or fourth intercostal space laterally) because tension pneu-
mothorax is one reversible cause of traumatic cardiac arrest. Resuscitation efforts
should not be initiated for patients with either injuries incompatible with life or for
those who have evidence of prolonged time since the arrest (Table 21-1). If resus-
citation attempts have already begun on these patients, it is appropriate to termi-
nate resuscitation efforts as directed by your local medical direction.

For patients with an organized rhythm on ECG, you must quickly evaluate
and treat for the cause of the arrest. This should be done in the ambulance dur-
ing transport, if possible. Use the ITLS Primary Survey that you follow for every
trauma patient to try to determine the cause of the TCPA.

PROCEDURE }

Initial Assessment and Critical Actions

1. Establish and control the airway using the appropriate airway adjunct according to your treatment
guidelines. Ventilate with 100% oxygen. While the other rescuers are ventilating and performing
chest compressions, you must systematically look for reversible causes of the arrest.

2. Look for breathing problems as a cause of the arrest. Answering the following questions may allow
you to identify any breathing problems that may be the cause or a contributing factor:

a. Look at the neck.

(1) Are the neck veins flat or distended?
(2) Is the trachea midline?
(3) Is there evidence of soft-tissue trauma to the neck?








