University of Pennsylvania

ScholarlyCommons
Miscellaneous Papers

Miscellaneous Papers

1-1-2001

Critical Care Nursing of Infants and Children
Martha A. Q. Curley
University of Pennsylvania, curley@nursing.upenn.edu

Patricia A. Moloney-Harmon
The Children's Hospital at Sinai

Copyright by the author. Reprinted from Critical Care Nursing of Infants and Children, Martha A.Q. Curley and Patricia A. Moloney-Harmon
(Editors), (Philadelphia: W.B. Saunders Co., 2001), 1,128 pages.
NOTE: At the time of publication, the author, Martha Curley was affiliated with the Children's Hospital of Boston. Currently, she is a faculty member
in the School of Nursing at the University of Pennsylvania.
This paper is posted at ScholarlyCommons. http://repository.upenn.edu/miscellaneous_papers/4
For more information, please contact repository@pobox.upenn.edu.

Please Note: The full version of this book and all of its chapters (below) can be found on ScholarlyCommons (from
the University of Pennsylvania) at http://repository.upenn.edu/miscellaneous_papers/4/

Information page in ScholarlyCommons
Full book
front.pdf - Front Matter, Contributors, Forward, Preface, Acknowledgements, and Contents
Chapter 1.pdf - The Essence of Pediatric Critical Care Nursing
Chapter 2.pdf - Caring Practices: Providing Developmentally Supportive Care
Chapter_3.pdf - Caring Practices: The Impact of the Critical Care Experience on the Family
Chapter_4.pdf - Leadership in Pediatric Critical Care
Chapter 5.pdf - Facilitation of Learning
Chapter_6.pdf - Advocacy and Moral Agency: A Road Map for Navigating Ethical Issues in Pediatric Critical Care
Chapter_7.pdf - Tissue Perfusion
Chapter 8.pdf - Oxygenation and Ventilation
Chapter_9.pdf - Acid Base Balance
Chapter 10.pdf - Intracranial Dynamics
Chapter 11.pdf - Fluid and Electrolyte Regulation
Chapter 12.pdf - Nutrition Support
Chapter 13.pdf - Clinical Pharmacology
Chapter_14.pdf - Thermal Regulation
Chapter_15.pdf - Host Defenses
Chapter 16.pdf - Skin Integrity
Chapter_17.pdf - Caring Practices: Providing Comfort
Chapter 18.pdf - Cardiovascular Critical Care Problems
Chapter 19.pdf - Pulmonary Critical Care Problems
Chapter 20.pdf - Neurologic Critical Care Problems
Chapter 21.pdf - Renal Critical Care Problems
Chapter 22.pdf - Gastrointestinal Critical Care Problems
Chapter_23.pdf - Endocrine Critical Care Problems
Chapter_24.pdf - Hematologic Critical Care Problems
Chapter_25.pdf - Oncologic Critical Care Problems
Chapter_26.pdf - Organ Transplantation
Chapter 27.pdf - Shock
Chapter_28.pdf - Trauma
Chapter_29.pdf - Thermal Injury
Chapter 30.pdf - Toxic Ingestions
Chapter_31.pdf - Resuscitation and Transport of Infants and Children
back.pdf - Appendices and Index

Trauma
Patricia A. Moloney-Harmon
Patricia Adams

alcohol. A recent study found that the majority of alcoholrelated child passenger deaths involve a child riding
unrestrained with a driver who has been drinking. 2 Nonintentional injury is not the leading cause of death in children
under I year of age; however, a recent study demonstrated
32.1 injury deaths per 100,000 infant years. 3 Other causes of
death include homicides, suicides, drownings, burns, and
falls. In the United States, it is estimated that more than
30,000 children suffer permanent disabilities from injury
every year. I
Blunt trauma accounts for 80% of all accidental injuries.
Blunt injuries are associated with rapid deceleration, which
occurs with motor vehicle incidents; or from direct blows,
the result of contact sports or child abuse. Penetrating
trauma accounts for the other 20% of injuries. Penetrating
trauma is most commonly the result of firearms or stab
weapons. If the late teenage years are included in the
pediatric population, blunt and penetrating trauma are
almost equal as the cause for injury.
Head injury is the most common injury seen in children
and accounts for 80% of all pediatric trauma deaths, due to
the larger proportion of body weight that the head of a child
provides. Skeletal injuries usually involve the long bones,
especially of the lower limbs. Other common injuries
include abdominal and thoracic. The kidneys, spleen, and
liver are not well protected in the child and thus are more
susceptible to trauma.
Regardless of the type of injury, the final common
pathways of trauma are tissue hypoxia secondary to
inadequate oxygenation and ventilation, hypovolemia, and
cerebral hypertension. The goal of pediatric trauma care is
to stabilize the effects of traumatic injury before irreversible damage occurs. Often, children will survive the
initial insult only to die later because of complications
such as malignant intracranial hypertension, sepsis, respiratory failure, or multiple organ dysfunction syndrome
(MODS). Vigilance by the nurse will help to prevent these
complications.
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rauma remains the leading cause of death in children. In
children between the ages of I and 19 years, injuries
cause more deaths than all diseases combined and are a
leading cause of disability. I The single largest cause of
trauma-related death is motor vehicle incidents. Approximately 24% of pediatric motor vehicle deaths involve
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INITIAL RESUSCITATION
Primary Survey
The initial resuscitation of the pediatric trauma victim is
guided by the principles of the primary and secondary
survey. The primary survey allows for the rapid identification of any life-threatening injuries and takes place when the
child is initially evaluated. The primary survey focuses on
the initial stabilization of the cardiopulmonary system,
which is covered in Chapter 31.
However, there are some specific points for the pediatric
trauma patient.
The child is assumed to have a cervical spine injury until
proven otherwise, so that manual in-line immobilization is a
critical aspect of airway management. An appropriately
sized rigid cervical collar can be applied, but immobilization
is maintained manually if a collar is not available. To
detennine the correct size, the collar is measured in width
from the top of the shoulder to the chin with the head in
neutral position. There are several collars available that take
pediatric cervical spine anatomy into account (Fig. 28-1).
While in-line manual cervical immobilization is maintained, the airway is opened using the jaw-thrust method.
The jaw-thrust maneuver alone may relieve airway obstruction. If the child does not respond, vomit, blood, or broken
teeth may be obstructing the airway. Severe maxillofacial
injuries or injuries to the larynx may also produce airway
obstruction.
If the child does not respond to positioning and suctioning, artificial ventilation with 100% oxygen and intubation
is indicated. A rapid-sequence intubation is appropriate for
the child with a full stomach or in the child with the

Fig. 28-1 Pediatric cervical spine immobilization collar. The
NecLoc Extrication Collar. Jerome Medical, is designed for prehospital extrication and transport of children, taking into account
cervical spine anatomy difference between children and adults.

potential for increased intracranial pressure (lCP). All
pediatric trauma victims are assumed to have a full stomach,
and a rapid-sequence intubation will minimize the possibility of regurgitation (Fig. 28_2).4
The application of cricoid pressure (Sellick's maneuver)
is performed during a rapid-sequence intubation to prevent
passive regurgitation of stomach contents into the pharynx.
In this technique, the upper esophagus is compressed against
the cervical vertebral column by applying anteroposterior
pressure on the cricoid cartilage (Fig. 28-2)4 Cricoid
pressure is maintained until correct placement of the
endotracheal tube has been confirmed.
In some uncommon instances, the child will require a
needle cricothyroidotomy. This technique is indicated in the
child with an obstruction below the larynx or with a
significant maxillofacial or airway injury. A 14- or 16-gauge
needle is inserted through the cricothyroid membrane to
establish the airway. If this is not possible, a surgical
tracheostomy is performed.
Assessment of the child's breathing status includes
observation for signs of respiratory distress, especially once
the airway is established. Significant thoracic injury may be
present even with minimal outward signs of trauma. If
respiratory distress, unequal breath sounds, and unstable
vital signs are present, a pneumothorax or hemothorax is
suspected and warrants immediate intervention. For a
pneumothorax, needle decompression of the chest is performed without waiting for confirmation of the diagnosis by
chest roentgenogram. A 14- to 20-gauge needle is inserted
into the fourth or fifth intercostal space at the midaxillary
line. After the initial rush of air occurs, a chest tube is
inserted into the same space.
If a hemothorax is suspected, a large-bore needle is
inserted at the same site used for evacuation of a pneumothorax. Fluid resuscitation is started before evacuation of the
hemothorax to prevent exsanguination. Excessive bleeding
through the chest tube may require clamping of the tube to
tamponade bleeding. If bleeding persists at a rate of equal to
or greater than 2 ml/kg/hr, an emergency thoracotomy is
indicated 4 A small amount of blood loss can quickly
produce hypovolemic shock in the child. Table 28-1
presents the four classes of hemorrhage, with clinical signs
and initial treatment for each stage.
The most crucial aspect of treatment for the hypotensive
pediatric trauma victim is restoration of the circulating
blood volume. An intravenous line is inserted, although this
may be difficult in the hypovolemic child. If venous access
cannot be obtained quickly, intraosseous access may be
attempted. If the response to an initial bolus of lactated
Ringer's solution or normal saline at 20 ml/kg is inadequate,
a second fluid bolus is given, also at 20 ml/kg. If shock still
persists, packed red blood cells (PRBCs) are administered at
10 ml/kg. Fluids are warmed by a fluid warmer before
administration to prevent hypothermia. Once shock has been
controlled, fluids can be deli vered at the maintenance rate.
If shock continues despite all interventions, other causes
are considered. The child may have developed a tension
pneumothorax, which requires immediate intervention. If
muffled heart sounds and pulsus paradoxus are present, the
child may have developed pericardial tamponade, which
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Fig. 28-2 Technique for oral endotracheal intubation in the pediatric trauma patient using cricoid pressure
and "manual in-line axial traction." The technique generally requires three individuals. The individual on
the left is applying cricoid pressure while the individual on the right holds the patient's head in a neutral
position with two hands using manual in-line traction. Before intubation and after in-line traction is
applied, the anterior portion of the cervical collar is removed. (From Tobias JD, Rasmussen GE, Yaster M:
Multiple trauma in the pediatric patient. In Rogers MC, ed: Textbuok of pediatric intensive care, ed 3,
Baltimore. 1996, Williams & Wilkins.)

TABLE
~:L

l~;class
lif

ill'"

28-1

Classes of Hemorrhage for Children

Blood Loss

Signs

Treatment

15% or less
40-kg child = 500 ml blood

Pulse: slight increase
SP: normal
Respiration: normal
Capillary refi II: normal
Tilt test:' normal

Crystalloids
Rule 3 : 1 (3 ml of RL : I .ml blood
loss). e.g., 500 mL blood
loss = 1200-1500 ml RL

20%-30%
40-kg child

Tachycardia> 150
SP: systolic decreased, decreased
pulse pressure
Tachypnea >35-40
Delayed capillary refill
Positive tilt test
Urine output normal (1 mllkg/hr)

Crystalloids
Rule 3: I as above, e.g.. 800 ml blood
loss =2100-2400 ml RL

30%-35%
40-kg child = 1200 ml blood

Blood pressure drop
Narrow pulse pressure
Urine output affected

Crystalloids
20 mllkg
Packed red cells
10 mllkg

40%-50%
40-kg child

Nonpalpable blood pressure and pulse
No response to verbal or painful
stimuli

Crystalloids
20 mllkg
Packed red cells

= 800 m]

blood

= 1600 ml

blood

j~f'rom Widner-Kolberg MR. Moloney-Harmon PA: Pediatric trauma. In Cardona VD, Hum PD. Mason PJB et aI, eds: Trauma nursing: from resuscitation
tlihrough rehahililalioll, ed 2. Philadelphia. 1994. WB Saunders.
~'*A till test is performed by sitting the child upright. The leSI is normal if the child can Slay up longer than 90 seconds and maintain blood pressure.
~B~ Blood pressure: RL. Ringer's lactate.
li!i~
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requires an immediate pericardiocentesis. If these are not
present and shock persists, immediate surgical intervention,
such as an exploratory laparotomy, is warranted.
Once airway, breathing, and circulation have been
stabilized, a rapid assessment for neurologic injury takes
place. Head injuries are common in children, and carry a
high incidence of mortality and morbidity.
Neurologic assessment during the primary survey consists of observation of the level of consciousness, pupil size
and reaction, and motor response. The Gla~gow Coma Scale
(GCS) or the AVPU (alert, verbal, pain, unresponsive) scale
can be used to determine initial level of consciousness. The
AVPU scale is defined in Box 28-1.
Control of intracranial hypertension, maintenance of
adequate cerebral perfusion and prevention of hypoxia are
the goals of stabilization for the child with a neurologic
injury. A secure airway is critical because hypoxia and
hypercapnia must be avoided. If the child is hypotensive,
fluids are given at the resuscitation dose, even if neurologic
injury is present. However, an isolated head injury rarely
causes shock. If shock is present, a high index of suspicion
for another source of bleeding should exist.
Once the cervical spine has been cleared by roentgenography, the head of the bed may be elevated. This will help
to decrease cerebral venous pressure and control intracranial
hypertension.
Exposure is an important component of the primary
survey. The child is completely exposed, to examine for
life-threatening injuries. This does, however, place the child
at risk for hypothermia. Hypothermia produces various
physiologic consequences, such as metabolic acidosis and
dysrhythmias, and can interfere with resuscitation efforts.
Radiant warmers and warmed intravenous fluids and
blood are used with pediatric trauma patients during

~

resuscitation. The child's core temperature is maintained
between 36° C and 38° C. If the child is hypothermic on
arrival to the unit, a warming blanket on the bed and warm,
humidified oxygen are used. See Chapter 14 for more
information on the management of hypothermia in the child.

Secondary Survey
The secondary survey follows the primary survey and the
initial stabilization of the cardiorespiratory system. The
secondary survey is the systematic evaluation of each body
system for injury. The order of the examination may vary
but normally proceeds in descending order of urgency.4 The
examination of the abdomen and perineum occurs last
unless otherwise indicated because this assessment produces
pain and the child's response may obscure other findings. As
the secondary survey is initiated, it is important to remember
that any child with one injury is assumed to have another
until proven otherwise. The examination is as gentle as
possible, and reassessment is continuous. In-depth assessment of each system is covered under system-specific
injuries later in this chapter.

TRAUMA SCORES
Reliable means of measuring injury severity and resulting
disability are necessary to scientifically assess care provided
to injured children 5 Numerous scoring systems that use
measures of anatomic or physiologic derangements to
quantify severity of injury have been developed. These
scores include the GCS; Trauma Score (TS); Circulation,
Respiration, Abdomen, Motor, Speech (CRAMS) Scale;
Revised Trauma Score (RTS); Abbreviated Injury Scale
(ArS); Pediatric Risk of Mortality (PRISM); and Injury
Severity Score (ISS). These scores are used for field triage,
quality assessment, scientific comparison of trauma patients,
and epidemiologic research. 5
A Pediatric Trauma Score (PTS) was developed in the
1980s because the existing scores did not take into account
normal pediatric physiologic parameters. The PTS considers
the unique anatomic and physiologic characteristics of the
child and uses these measures to predict childhood injury
severity.6 Table 28-2 illustrates the PTS. A score of 8 or less

Box 28-1
AVPUScale

A = Patient is alert
V = Patient responds to verbal commands
P = Patient responds to pain
U = Patient is unresponsive

TABLE 28-.2 Pediatric Trauma Score
Category
Component

+2

+1

-1

Size
Airway
Systolic BP

>20 kg

10-20 kg
Maintainable
50-90 mmHg
ObtundedILOC
Closed fracture
Minor

<10 kg

eNS
Skeletal
Cutaneous

Normal
>90 mmHg
Awake
None
None

Unmaintainable
<50 mmHg

Comatose
Open/multiple fractures
Major
Sum

~. rom Tepas JJ, Ramenofsky ML. Mollil( DL el al: The pediatric trnuma score as a predictor of injury severity: an objective assessment, J Trauma 28:427,

Ja988.

~!QP, Blood pressure; CNS, central nervous system: LOC. loss of consciousness.
~
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warrants transport to a pediatric trauma center. 6 In addition
to predicting severity of injury, the PTS identifies children
who are at immediate risk of mortality. Tepas and colleagues
found that a score of less than 6 predicted mortality.6
Orliaquet and associates determined that a score of less than
4 was associated with immediate risk of mortality.?
Most trauma scoring systems are based on anatomic or
physiologic dysfunction. The Trauma Injury Severity Score
(TRISS) methodology combines anatomic injuries and
physiologic dysfunction, using the RTS and ISS. The RTS
identifies the degree of neurologic and cardiovascular
dysfunction, and the ISS assesses multiple injuries. TRISS
methodology calculates the probability of survival for an
injured patient. 8 The most widely used method to assess
mortality in critically ill children is the PRISM score. Both
the ISS using TRISS methodology and the PRISM are
useful in pediatric trauma. PRISM stratifies patients into
low- and high-risk groups, which allows for accurate
prediction of resource utilization. PRISM also predicts
mortality risk in pediatric trauma, though not as accurately
as the TRISS methodology.9

SYSTEM-SPECIFIC INJURIES
Head Injury
Etiology/Incidence. Head injury is a common pediatric injury and the most common cause of traumatic death
in children. 1O Each year, approximately 22,000 acute
brain-injured children in the United States die, and another
29,000 are left with a permanent disability. Mortality in
children with severe head injuries is 6% to 10%, as opposed
to 30% to 50% in the adult with severe head injuries. II
Anatomic and physiologic differences in children make
them more susceptible to head injury and its consequences.
The cranial bones are thinner in children and offer less
protection to the growing brain. In addition, the size of the
infant head is large in proportion to body size. These
anatomic considerations predispose children to head injury.
Children's response to head injury differs in that they have
a lower incidence of mass lesions but a higher one of
intracranial hypertension. 11 Because children experience
intracranial hypertension more frequently, they are more
susceptible to a secondary head injury rather than a primary
head injury.
Pathogenesis. Traumatic brain injury (TBl) is characterized by primary and secondary injury. Primary injury is
produced by the trauma itself. It occurs immediately
following impact and may cause damage and/or death of the
neuronal cells. Axonal injuries, laceration of brain tissue,
contusions, skull fractures, and scalp injuries are examples
of a primary head injury. Hypoxic injury may also cause a
primary head injury if any of the neurons or astrocytes is
injured by hypoxia or ischemia. Secondary injury is
produced by the brain's response to trauma. It is a dynamic
process that evolves over a period of hours to days and
generally peaks 3 to 5 days after injury. Loss of cerebral
autoregulation, development of extracellular and intracellular edema, and a breakdown of the blood-brain barrier are components of secondary injury, which is com-
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pounded by systemic hypertension and hypotension,
hypoxia, and hypercapnia. Recent work has identified the
mechanisms that produce the components of secondary
injury after TBI. These include ischemia, excitotoxicity,
energy failure and resultant cell death cascades, secondary
cerebral swelling, axonal injury, and inflammation and
regeneration (Fig. 28_3).12
Previous work identified cerebral hyperemia as an
important factor in the development of intracranial hypertension in the head-injured child. However, Kochanak
and colleagues focused on the development of early
posttraumatic hypoperfusion. 12 Adelson and colleagues
used stable xenon-computed tomographic (CT) method to
assess cerebral blood flow in infants and children after
severe TBl. 13 Patients were assessed early after injury, and
posttraumatic hypoperfusion was common. In addition,
ischemia, defined as global cerebral blood flow less than
20 mIllOO g/min, was associated with a poor outcome.
Loss of vasodilators and amplification of vasoconstrictors
may be mechanisms that produce early posttraumatic
hypoperfusion (Fig. 28-4).12
Specific Head Injuries. There are a number of
specific head injuries that may be seen in children. Even
though these are discussed separately, each one may be an
element of a more serious brain injury.
Scalp lacerations are common in infants and young
children and usually do not require a hospital stay for
treatment. Because of the vascularity of the scalp, a large
amount of bleeding may result from a laceration. Once
underlying pathology has been ruled out, treatment is
minimal and consists of stopping bleeding and inspecting,
irrigating, and suturing the wound. Palpation and possibly a
skull film may rule out an underlying skull fracture.
Many children with head trauma have a concomitant
skull fracture. Most of these children have linear fractures.
The majority of linear fractures are uncomplicated and heal
spontaneously in 2 to 3 months. However, there are some
linear fractures that are considered serious, based on their
location. A fracture that crosses a major vascular structure,
such as the middle meningeal artery or the dural venous
sinus, has the potential of bleeding into the subdural or
epidural space. A complication of a linear fracture seen in
children is the growing fracture. With this complication, a
portion of the arachnoid membrane becomes trapped
between two edges of the fractured bone, producing a
leptomeningeal cyst. The child may present with a soft and
pulsating skull defect, seizures, and other neurologic defects. 14 This defect may resolve with age, or surgical
intervention may be necessary.
A depressed skull fracture is a fracture in which the inner
table of the skull is displaced by more than the thickness of
the entire bone. This represents a more severe injury because
a great deal of force is required to produce this situation. The
treatment of a depressed skull fracture is debridement and
elevation of the fragment within 4 hours. 15
A basilar skull fracture is a common type of skull fracture
in children and represents a significant blow to the head. A
basilar skull fracture usually involves a break in the base of
the frontal, ethmoid, sphenoid, temporal, or occipital bone.
The diagnosis is generally made on clinical presentation.
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Fig. 28-3 Categories of mechanisms proposed to be involved in the evolution of secondary
damage after severe traumatic brain injury (TBI) in infants and children. Three major categories for
these secondary mechanisms include ischemia. excitotoxicity, energy failure, and cell death cascades; cerebral swelling; and axonal injury. A fourth category, inflammation and regeneration,
contributes to each of these cascades. AA, Amino acids; BBB, blood-brain barrier; CBY; cerebral
blood volume; ICP, intracranial pressure. (From Kochanek PM, Clark RSB, Ruppel RA et al:
Biochemical, cellular, and molecular mechanisms in the evolution of secondary damage after severe
traumatic brain injury in infants and children: lessons learned from the bedside, Pediatr Cri/ Care Med
1:4-19, 2000.)

Post spreading
depression
hypoperfusion

Production of
endothelin-1
Loss of
eNOS

Fig.28-4 Schematic outlining putative mediators involved in the
production of early posttraumatic hypoperfusion and ischerrua
after severe traumatic brain injury (TBI). eNOS, Endothelial nitric
oxide synthase. (From Kochanek PM, Clark RSB, Ruppel RA et al:
Biochemical, cellular, and molecular mechanisms in the evolution
of secondary damage after severe traumatic brain injury in infants
and children: lessons learned from the bedside, Pedia/r Cri/ Care
Med 1:4-19, 2000.)

A history of impact at the back of the head raises the index
of suspicion. There may also be a loss of consciousness,
seizures, or other signs of neurologic deficit. On physical
examination, the child may show certain findings that are
indicative of a basilar skull fracture. Rhinorrhea, raccoon
eyes (periorbital ecchymosis), anosmia, and ocular motor
palsies may occur with anterior fossa fractures. Hematotympanum, otorrhea, vertigo, Battle's sign (mastoid ecchymosis), or unilateral hearing loss may occur with middle fossa
fractures. Hypotension, tachycardia, and changes in the
respiratory pattern may be indicative of brainstem compression that can occur with posterior fossa fractures. 14 Cerebrospinal fluid (CSF) leakage from the ear indicates
disruption of the leptomeninges, and CSF leakage from the
nose indicates leakage through the perinasal sinuses. Clear
drainage from the ears or nose is tested for the presence of
glucose because glucose is present in CSF. However,
because CSF is often mixed with blood and blood contains
glucose, the presence of glucose does not always confirm
that the fluid is CSF. If CSF is mixed with blood, as the
blood dries, an xanthochromic (yellow) halo will appear on
a dressing. The presence of a halo confirms the presence of
CSF. A serious potential complication of CSF leakage is the
development of meningitis. This is unusual, however, and
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Fig. 28-5 Cerebral contusion with mass effect and
midline shift.

the use of prophylactic antibiotics is controversial. The trend
has been to treat only documented cases of meningitis. 15
In general, most basilar skull fractures are uncomplicated. Skull films identify basilar skull fractures in only 10%
of cases. CT scans are indicated to identify the area of the
fracture and any underlying brain injury. Because tbe
cribriform plate is disrupted, insertion of nasotracheal and
nasogastric tubes is avoided. Most children with basilar
skull fractures require only 24 to 48 hours of observation
with frequent neurologic checks and can expect a full
recovery.
Concussion is the mildest form of traumatic injury to the
brain. With a concussion, the child momentarily loses
consciousness at the time of injury. The loss of consciousness is the result of the stretching and shearing forces in the
brainstem. '5 Diagnosis is usually made on a historical basis
based on a temporary loss of consciousness.
The nature of concussion is varied based on the age
group. Infants tend to have a less specific clinical presentation. They usually exhibit benign posttraumatic seizures,
vomiting, diaphoresis, pallor, and lethargy and do not
usually experience a loss of consciousness. '5 In the older
child, posttraumatic amnesia becomes an important finding.
The child may also complain of headaches, dizziness, and
fatigue and may show some behavioral changes. The child's
neurologic function usually normalizes in about I week,
though some symptoms may persist for months or even to I
year. This postconcussive syndrome is expected to resolve
completely.
Cerebral contusion is defined as an actual bruising or
microscopic bleeding of the brain, associated with temporary or permanent structural damage. A contusion is similar
to a concussion in that a transient or actual loss of
consciousness may occur; however, a contusion causes an
actual disruption of cerebral tissue to varying degrees, often

accompanied by parenchymal hemorrhage and focal edema.
The contusion may occur at the site of impact (coup injury)
or at a site opposite the impact (contrecoup injury). The
degree of injury is reflected by alterations in the child's
mental status. In a mild contusion, the return of consciousness is not as rapid as with a concussion and there is
retrograde amnesia. With mild retrograde amnesia, the
memory loss is only that of exact details of events occurring
immediately before impact. More severe amnesia manifests
itself by the memory loss extending for a period of hours
before the impact occurred. Children with more severe
amnesia often have some disorientation, slowed reaction,
headache, vomiting, and other mild neurologic abnormalities. Diagnosis of contusion is made based on focal
neurologic signs and CT scan. The most common pattern
seen on CT is that of multiple small hemorrhages surrounded by varying degrees of edema (Fig. 28-5).
Return to consciousness following rapid neurologic
deterioration may be seen in children with a cerebral
contusion. The cause in children is usually the result of
diffuse generalized cerebral swelling. The most common CT
scan finding among all children with an acceleration!
deceleration injury is diffuse cerebral swelling.
The incidence of cerebral contusion in infants is rare
compared with older children. This is attributed to several
factors. The skull of the infant is more pliable, and there are
less convolutional markers on the inner table. Because the
surface between bone and brain tissue is smoother, there is
less resistance to movement and surface injury is minimized. Also, the infant's brain is less myelinized; and
demyelinized brain tissue has a softer consistency, which
may reduce injury. 16
Treatment of a cerebral contusion depends on the
severity of the contusion. Treatment may be supportive
medical therapy, involving treatment of increased ICP if it
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Fig. 28-6 Epidural hematoma with mass effect and small
midline shift.

exists. Surgical treatment (removal of the contused tissue) may be necessary if medical management does not
control increased ICP or if significant shifts are seen on
CT scan.
An epidural hematoma refers to a collection of blood
above the dura. Epidural hematomas are less common in
children, especially infants, because of several reasons. The
dura is tightly adherent to the inner table of the skull,
especially at suture lines in infants and young children. Also,
the fixation of the middle meningeal artery does not occur
until approximately 2 years of age. Because the artery is not
embedded into the temporal bone until fixation occurs, it can
rotate and possibly avoid injury.
An epidural hematoma is a readily correctable lesion if
identified and removed before secondary injury to the
brainstem occurs. The classic lucid interval between the
initial loss of consciousness and subsequent rapid neurologic deterioration is much less common in children. tS More
often, the symptoms tend to be vague depending on the age
of the child and the location of the bleeding. Infants may
experience bulging fontanelles, separation of the sutures,
decreased hematocrit, and shock with significant bleeding.
In older children, an enlarging hematoma may cause
herniation into other areas of the brain, producing corresponding signs. The child may exhibit hemiparesis, hemiplegia, ipsilateral pupil dilation, posturing, or contralateral
limb weakness. Symptoms may be delayed for hours or days
if the source of bleeding is venous rather than arterial. If the
hematoma continues to enlarge and the compensatory
mechanisms of the brain become exhausted, temporal lobe
herniation and brainstem compression occurs. A progressive
decrease in the level of consciousness is the most significant
diagnostic sign for all age groups. If time permits, a CT scan
is performed, which will show a localized, high-density
lesion with mass effect (Fig. 28-6). If the child demonstrates
rapid clinical deterioration, immediate surgical intervention
without the benefit of a CT scan is necessary.

Treatment of choice is surgical evacuation of the
hematoma. This is performed as quickly as possible to avoid
increasing morbidity or mortality. Evacuation of the hematoma is by craniotomy with removal of the clot and control
of bleeding. Burr holes are technically difficult but may be
useful as a diagnostic procedure in the absence of CT scan
evaluation. 15 With prompt surgical intervention, the prognosis for the child with an epidural hematoma is good.
A subdural hematoma is a collection of blood in the
subdural space, often with associated cortical damage from
lacerated vessels or direct contusion. Acute subdural hematomas are almost always caused by a traumatic incident.
They are usually associated with a high mortality and
morbidity because of the fact that the lesion is often caused
by disruption of a cortical artery or a large bridging vein.
The impact required to produce this type of injury is
significant and is associated with severe contusion of the
underlying vein. Common causes of a subdural hematoma
are high-speed motor vehicle accidents, falls, assaults, and
violent shaking. One study demonstrated that subdural
hematomas were more likely to occur with inflicted head
injury rather than accidental injury. 17
The clinical presentation of a child with a subdural
hematoma is routinely that of a youngster who has sustained
a major head injury. The lucid interval seen with epidural
hematoma is not seen because the brain is so severely
injured. The child presents with profound neurologic
deterioration, and because of the force of impact, the mental
status is almost always affected.
Confirmation of the diagnosis of subdural hematoma is
made with CT scan (Fig. 28-7). The most effective treatment
is evacuation of the clot with control of bleeding and
possible resection of damaged brain tissue. 15 Even with
aggressive treatment, the prognosis for the child with a
subdural hematoma is less favorable than for the child with
an epidural hematoma. This is because of the associated
damage to the underlying brain tissue.
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Fig. 28-7 Left subdural hematoma with mass effect, midline
shift. and intraventricular hemorrhage.

Because a large number of children experience intracranial hypertension following severe TBI, collaborative management focuses on controlling increased ICP. Chapter 20
provides in-depth information regarding care of the child
with a head injury.

Spinal Cord Injury
Etiologyllncidence. Spinal cord injury is relatively
rare in children. Approximately 1100 children with spinal
cord injury are reported annually. 18 Motor vehicle accidents
are the leading cause of spinal cord injury in children. In
addition to occupant motor vehicle accidents, pedestrian and
bicycle motor vehicle accidents are common causes of
spinal injury in children. 18 Sports-related and recreational
injuries, child abuse, falls, and birth-related injuries also
account for a large proportion of pediatric spinal cord
injuries. 19
The type and severity of injuries seen in children differ
than from those seen in adults l8 Children experience a
higher incidence of cervical injuries and spinal cord injury
without radiographic abnormality (SCIWORA). There are a
number of factors related to this, but the most significant
factor is the inherent differences between the pediatric and
adult spine. The development of the pediatric spine is a
continuous, dynamic process. Development is characterized
by changes in the geometric configuration of the vertebrae;
development of the ossification centers; closure of the
epiphyseal plates; changes in the characteristics of the
ligaments and soft tissues; and changes in osseous shape,
size, strength, and integrity.20 Even though the epiphyses
fuse at different ages, most epiphyseal plates are fused by 8
years of age. Multiple ossification centers are present at
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Fig. 28-8 A lateral view depicting compression from displaced
bony elements causing spinal injury. This is a common mechanism
of primary spinal cord injury in children because of their
hyperrnobile vertebral column. (From Allen EM, Boyer R, Cheney
WB et al: Head and spinal cord injury. In Rogers MC, ed: Textbook
of pediatric intensive care, ed 3, Baltimore, 1996, Williams &
Wilkins.)

birth but continue to develop throughout childhood. The
vertebral bodies are wedge-shaped, and the vertebrae are
mostly cartilaginous. The vertebral facets tend to have a
horizontal orientation, and they become more vertical and
ossify between 7 and 10 years of age. Before this time, they
provide minimum stability to the vertebral column. The
head of the infant and young child is large in relation to the
neck, and the paraspinous muscles are not well developed.
The vertebral ligaments and soft tissue are more elastic than
in adults. These features all contribute to creating hypermobility of the neck and a tendency toward SCIWORA,
severe ligamentous injury, and upper cervical spine injuries
(Fig, 28_8),21
These differences make the children susceptible to
different patterns of injury compared with adults. The types
of injuries change as the biomechanical and anatomic
features of the spine become more adult-like; however, the
adult spinal characteristics and patterns of injury are not
fully seen until after the age of 15 years?l
Pathogenesis. Younger children between the ages of
o and 8 years often sustain soft tissue injury without
fractures. This is related to hypermobility and osseous
immaturity. Manifestations of soft tissue injuries include
SCIWORA, ligamentous dislocations, subluxation without
fracture, growth plate injuries, and epiphyseal separations.
In contrast, adolescents experience more "true" fractures
than ligamentous or growth plate injuries.
Hypermobility of the child's spine is the most critical
determinant of injury?1 Hypermobility protects the spinal
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cord from injury because force is dispersed over multiple
vertebral levels. Hypermobility also accounts for the low
incidence of spinal injury in the child and the patterns of
injury. When spinal injury does occur, it is usually severe
and accounts more often for complete loss of function in the
child than in any other age group?1
Sixty percent to eighty percent of vertebral injuries in the
first 10 years of life involve the cervical region, especially
the upper portion (occiput through C_3).18 Significant
ligamentous injuries have a propensity for the upper cervical
spine. Atlanto-occipital dislocation (separation of the occipital condyles from the atlas) results in severe craniovertebral
junction instability and can cause fatal neurologic injury.
Immediate internal fixation is necessary to preserve neurologic function because halo immobilization may not maintain alignment and traction with tongs may cause distraction
of the craniovertebral junction, even with a small amount of
weight.
Atlantoaxial dislocations (subluxations) are usually not
fatal. Subluxation at the Cl-C2 level is better tolerated than
subluxation at the lower levels because the spinal canal is
larger at C- I. Rotatory subluxation occurs with injury to the
capsular ligaments. Anterior subluxations often occur in
conjunction with rupture of the transverse ligament of the
atlas and with relaxation of other atlantoaxial ligaments.
Posterior subluxations occur with injury to the dens.
Anterior or posterior instability is seen best on flexion
and extension radiographs. Rotatory subluxations are apparent with a CT scan. Rotatory subluxations greater than 40
degrees cause facet interlock and require external reduction
and internal fixation. 23
Young children are susceptible to dislocations without
fractures at all levels of the vertebrae, though this tends to
occur mostly in the cervical region. Fracture characteristics
change with vertebral maturation. Younger children tend to
experience epiphyseal separations and growth plate fractures, whereas adolescents usually sustain more adult-like
fracture patterns. Most cervical spine injuries in adolescents,
like adults, occur at the C5-C6 level.
Occipital condyle fractures are extremely rare in children. These fractures are usually stable, though they can
cause cranial nerve dysfunction. Fractures of the atlas or
axis are also uncommon in young children; these fractures
tend to occur more often in adolescence.
Fractures of the thoracic or lumbar spine in children often
occur in the T ll-L2 region where the rigid thoracic
segments join the more mobile lumbar segments. Again,
these injuries tend to involve the soft tissues and the
ligaments, which result in cartilaginous or growth plate
injuries. Children restrained by lap belts involved in motor
vehicle accidents may sustain fractures in the rnidlumbar
region.
As previously mentioned, a group of children experience
SCIWORA. The hallmark of this entity is the presence of a
spinal cord injury even though radiographic studies are
normal. Flexion-extension views and CT scans are also
normal. The injury occurs because of the immature pediatric
spine where momentary intersegmental damage causes
disruption of the cord without disrupting bones or ligaments.

Four mechanisms are proposed for SCIWORA. These
include longitudinal distraction, hyperflexion, hyperextension, or ischemic spinal cord damage. 24 The inherent
elasticity of the spinal column can cause the spinal cord to
be susceptible to a longitudinal distraction mechanism. The
horizontally oriented facet joints result in greater mobility
but less stability. Forward movement of the upper cervical
spine is facilitated, causing a flexion injury. Hyperextension
of the cervical spine causes inward bulging of the ligamentum f1avum and increased thickness in the spinal cord. This
can reduce the diameter of the spinal canal by as much as
50% and allow for direct damage to the spinal cord. In
addition, the anatomy and biomechanics of the occipitoatlantal junction cause the vertebral arteries to be susceptible
to compression during hyperextension. This can result in
temporary occlusion leading to ischemia and infarction. 25
Injuries experienced by children with SCIWORA tend to
be devastating. Children with SCIWORA often present with
delayed onset of neurologic deficit, although the reasons for
this are not known. The delayed onset follows what appears
to be an insignificant injury but once onset ensues, it
progresses rapidly to a severe, permanent neurologic deficit.
This may occur several hours to days after injury; however,
in retrospect, a history of subtle neurologic symptoms is
often elicited. 24
Critical Care Management. Any child who has
experienced head or facial trauma or who complains of neck
pain is suspected of having a spinal cord injury. Clearance
of the cervical spine requires anteroposterior, lateral, and
open-mouth views of the cervical spine. 18 It is critical that
the cervical spine films include views of C7 and T I. These
views are obtained by gently pulling the shoulders downward to visualize the seven cervical vertebrae.
Because of the possibility of SCrwORA, occult fractures
and vertebral malalignment are ruled out by CT scan. In
addition, children with head and neck injuries are questioned for the presence of transient neurologic symptoms
that may indicate SCIWORA.
There are some considerations when evaluating cervical
spine films in the child. The vertebral bodies of the child are
less rectangular than those of the adult. These bodies have a
biconcave appearance, which can give the impression of a
compression fracture. This can be ruled out by comparing
all the vertebral bodies, because the nonnal vertebral bodies
will all appear the same. In addition, angulation in the infant
spine is more extreme than in the adult. This is due to the
fact that the infant spine is very cartilaginous and, especially
at the C2-C3 level, vertebral offsets may appear. These may
give the impression of subluxation.
Initial management of spinal cord injury begins with
appropriate resuscitation and stabilization of the spine. Data
indicate that a high proportion of children younger than 15
years of age with spinal cord injury die immediately or
within the first hour after injury.18 As many as 50% of
children with spinal cord injuries may die in the field, and
among the children who survive the initial injury, another
25% will die during the initial period of hospitalization. 26
Children who do survive the initial 3 months have a better
chance of survival after 5 years compared with other age

Chapter 28

Baby

Baby

Trauma

957

Adult

Chin to Chest Differences

Adult
Head : Body Relationship

Baby
Baby

Adult

Adult
Spinal Alignment

Fig. 28-9 Children vs. adults: Differences in pediatric head-tobody relationship and spinal alignment. (Courtesy Jerome
Medical.)

groups with spinal cord injury.2 6 The high initial mortality
suggests that critically injured children do not tolerate
severe neurologic injury or multisystem trauma.
Initial immobilization of the child with suspected spinal
cord trauma is standard. However, using a standard backboard to achieve immobilization may be problematic. Young
children have a disproportionately large head (the head
represents 25% of total body length in infancy and only 14%
in adulthood), and when positioned on a flat surface, the
head may be forced forward, causing it to flex. This
difference is demonstrated in Fig. 28-9. Therefore when
immobilizing the young child, the occiput is lower than the

Differences in Head Shape
and Location of Ear
Fig. 28-10 Children vs. adults: The anterior neck length, measured from chin to chest, is negative in infancy and peaks in
preadolescence. The occipital angle (the angle between the occiput
and the neck) is very steep in infancy compared with the adult.
(Courtesy Jerome Medical.)

body. In determining the correct size collar, it is also
important to take into account chin to chest differences and
differences in head shape and location of the ear (Fig.
28-10). New pediatric spinal immobilization devices that
take these differences into account are made especially for
children (Fig. 28-11).
Initial management includes attention to airway, breathing, and circulation. Hypotension is assumed to result from
bleeding until proven otherwise. Spinal neurogenic shock,
often resulting from complete upper spinal cord injury, may
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Fig. 28-11 The Miami Jr. collar, Jerome Medical. is designed to
address the growth transition of the head, neck, and upper body
from birth through preadolescence. The collar is available in three
sizes specifically designed for children: PI (ages 0 to 2), P2 (ages
2 to 6), and P3 (ages 6 to 12).

occur at the time of injury. The triad of symptoms are
hypotension, bradycardia, and hypothermia. These symptoms result from the sudden loss of sympathetic outflow
from the cervicothoracic region. The loss of vasomotor tone
is treated with a low dose norepinephrine (Levophed)
infusion at 0.1 to 1.0 Ilg/kg/min. Atropine, 0.0 I to 0.02
mg/kg/dose, may be used to treat increased parasympathetic
tone. Atropine may be repeated every 5 to 10 minutes as
necessary, used alternatively or concurrently with norepinephrine?? Volume expansion is also appropriate. In addition, with spinal shock, there is a temporary but complete
loss of segmental reflex activity22 These children have
flaccid, areflexic limbs with no sensory or sphincter
function. Priapism may also be present. Gradually, after 7 to
21 days, segmental reflex function returns and spasticity
occurs?2
The administration of methylprednisolone may have
significant benefit if administered within the first 8 hours
after injury. An intravenous bolus of 30 mg/kg followed by
a continuous infusion of 5.4 mg/kg/hr for 23 hours has been
recommended. 15
The use of external orthotic devices depends on the
nature of the injury and the age of the child. A stiff molded
collar may be useful to restrict cervical movement and is
suitable for muscular injuries, atlantoaxial rotatory subluxation, and nondisplaced atlas fractures. However, these
collars are not truly effective in immobilizing the cervical
spine but serve more as a reminder not to move the neck.
Complete reduction and immobilization of the cervical
spine may be accomplished by the use of traction. However,
the halo jacket is considered the preferred immobilization
device because it completely stabilizes the head, yet allows
for patient mobility (Fig. 28-12). Care focuses on prevention
of dislodgment, loosening, and pin protrusion, especially in
young children. Other potential complications are decubitus
ulcers, brain abscesses, and pin site infection.
Treatment of thoracic and lumbar spine injuries is based
on the characteristic of the fracture and the presence of pain,
spinal deformity, or neurologic deficits. Children with more
than 50% compression of the height of the vertebral body,

spinal instability, kyphotic deformity, or severe intractable
pain are treated with open reduction and internal fixation.
Children with less than 50% compression are treated with
surgical decompression of the spinal cord andlor nerve
roots. 22
Unstable fractures and dislocations, progressive neurologic deficits with an incomplete cord injury, or compound
wounds are treated surgically. Persistent instability despite
the use of external orthotic devices requires internal fixation.
Ongoing care of the child with a spinal cord injury
revolves around supporting the child's physiologic and
psychosocial needs. In addition to managing the initial
resuscitation and care of the stabilization device, attention is
focused on supporting the child's oxygenation and ventilation status, if necessary. The child with a spinal cord injury
will suffer neuromuscular failure if the lesion is at C4 or
above. Injuries above the Tl level result in paralysis of the
intercostal muscles, and injuries above TlO-TI2 result in
paralysis of the abdominal muscles. This may have implications for younger children who are abdominal breathers.
Also, abdominal muscle involvement will limit effective
coughing.
Assessment of ventilatory parameters is important, especially vital capacity. Once baseline vital capacity has been
obtained, values are obtained at least every 4 hours. If vital
capacity decreases over time, diaphragmatic failure is
occurring and ventilatory support is necessary. Ventilatory
support may be permanent or temporary, depending on the
level of the injury. If the injury is at C3-C4 or above,
lifelong ventilatory support will be necessary.
The psychosocial needs of the child with a spinal cord
injury and the family of the child are tremendous. Especially
with a high cord injury, the child no longer has control over
the most basic bodily functions. For the adolescent, a time
of developing complete independence has now become a
time of complete dependence. Interventions revolve around
sensitivity to the needs of children or adolescents as they
experience changes in their ability to interact and be
independent.
Family needs are also enormous as they face the prospects of a permanent change in their lives as well as the life
of the child. The family is assisted with coping with the
change and with regaining their preinjury level of functioning or attaining a higher level of functioning.
Early involvement in a rehabilitation program is critical.
If the child is in a center that has a rehabilitation program,
involvement may begin on the day of injury. Concentration
on a bladder and bowel program, prevention of contractures
and decubitus ulcers, and relief of spasticity are three major
areas focused on by the rehabilitation program.

Thoracic Injury
Etiology/lncidence. Thoracic trauma accounts for
one of the highest mortality rates in children, second only to
head injury?S Morbidity associated with thoracic injury is
also an issue. Peclet and colleagues found that children who
suffered thoracic injury were more severely injured than
those who did not 29 Seventy percent of the children in this
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study required admission to the intensive care unit, and
twenty percent required surgical intervention. Thoracic
injury, when combined with injuries to other systems,
increases the severity of injury and requires extensive
resource use.
A unique feature of the child who has sustained thoracic
trauma is the compliant thorax resulting from the flexibility
of the bony and cartilaginous structures. It is not unusual,
therefore, for the child to have major internal injury from
compression of the chest without fracture of the bony
thorax. A child's mediastinum is freely mobile and capable
of wide anatomic shifts. This creates the potential for
life-threatening situations such as dislocation of the heart,
angulation of the great vessels, compression of the lung, and
angulation of the trachea. Children with any type of
traumatic injury experience aerophagia, which results in
gastric dilation that limits diaphragmatic excursion and
leads to reflex ileus. In a small child, this also can
compromise ventilation and gas exchange.
Serious thoracic injury is most commonly the result of
blunt trauma. Motor vehicle-related and bicycle-related
injuries account for the majority of thoracic trauma. 18 Falls
and child abuse are also common causes of thoracic injury
in children. The presence of serious thoracic injury increases
the potential for mortality by a factor of 10.
Pathogenesis. The pathogenesis of thoracic injury is
related to the specific injury. Regardless of the injury, the
pathogenesis may include impaired oxygenation and ventilation, and/or decreased cardiac output.
Rib Fractures. The incidence of rib fractures in
children is less than in the adult. The decreased incidence
can be attributed to the incomplete ossification of the
pediatric skeleton, which results in more flexibility in the
bones. The presence of rib fractures in a child suggests
severe traumatic force. Fractures of multiple ribs have been
directly correlated with an increase in mortality.3D
Injuries associated with rib fractures vary according to
the fracture site. The four upper ribs are protected by the
shoulder girdle and are less likely to fracture. Fractures of
ribs one through four suggests injury to the bronchial,
tracheal, or great vessels.

The most commonly fractured ribs are the middle ones
(four through nine). Often, these ribs penetrate lung tissue,
causing serious damage. Pneumothorax and hemothorax
often accompany middle rib fractures.
The lowest three ribs are not attached to the sternum and
can withstand a great deal of force without breaking.
Fractures of these free-floating ribs are often accompanied
by liver, spleen, or kidney laceration.
Signs of rib fractures are localized pain on movement or
deep breathing and crepitus on palpation. The child may
breathe shallowly to decrease pain, leading to hypoventilation. Treatment of rib fractures is aimed at rest and pain
relief.
Flail Chest. Flail chest occurs when there are multiple
fractures of the same rib, or when there are fractures of the
rib and sternum. The configuration of the fractures results in
a floating rib segment. The chest wall becomes unstable as
the flail segment moves paradoxically to the rest of the chest
wall (Fig. 28-13).
As the diaphragm descends with inspiration, subatmospheric pressure allows the flail segment to move inward
toward the negative pressure. The flail segment moves outward as the diaphragm rises with expiration. The paradoxic
movement causes a decrease in tidal volume by preventing the lung from fully expanding and causing atelectasis. Ventilation/perfusion mismatch results. Children with
a flail chest often have an accompanying pulmonary contusion. Hypoventilation, combined with the contusion and
shunting, accounts for the morbidity associated with a flail
chest.
Treatment of an uncomplicated flail chest is similar to
that of rib fractures. Rest, analgesia, and meticulous
pulmonary toilet are the primary treatments. Children with
significant impairment of gas exchange may require pneumatic stabilization, which consists of intubation and positive
pressure ventilation. Judicious use of intravenous fluid and
good pulmonary toilet are also recommended.
Traumatic Asphyxia. Traumatic asphyxia occurs almost exclusively in children because of their compliant
chest wall and absence of valves in the superior and inferior
vena cava. Direct compression against a closed glottis

960

Part V Multisystem Problems
INJURY
ACTIVE BREATHING

Fig. 28-13 Flail chest. There is a paradoxic segment of the chest
wall and loss of the normal bellows mechanism. (From Jones KW:
Thoracic trauma. In Mayer TA, ed: Emergency management of
pediatric trauma, Philadelphia, 1985, WB Saunders.)

Fig. 28-14 Open pneumothorax results in ipsilateral lung collapse, mediastinal shift, and impaired ventilation of the opposite
lung. (From Jones KW: Thoracic trauma. In Mayer TA, ed:
Emergency management of pediatric trauma, Philadelphia, 1985,
WB Saunders.)

causes an acute increase in intrathoracic pressure with
accompanying obstruction of vena caval drainage. A marked
increase in venous pressure occurs, causing extravasation
from the capillary bed and hemorrhage from the brain and
other organs. Traumatic asphyxia may occur as the result of
automobile wheels passing over the chest of the child or
when the child is trampled. Often the child is lying on soft
ground, which allows for compression without sternal or rib
fractures.
Signs and symptoms of traumatic asphyxia include
cyanosis of the face and neck; petechiae of the head, neck,
and chest; and retinal and subconjunctival hemorrhages.
Signs of disorientation and respiratory distress may be
present. Pulmonary contusion and pneumothorax often
accompany traumatic asphyxia.
Treatment for traumatic asphyxia and associated injuries
is symptomatic. Increased Iep may result from prolonged
asphyxia and is treated accordingly.
Pneumothorax. Pneumothorax is the most common
manifestation of thoracic injury, caused by blunt or penetrating trauma. Pneumothorax can range from a small, single
pneumothorax to a life-threatening tension pneumothorax or
open pneumothorax.
Simple pneumothorax occurs when air enters the pleural
space, secondary to tears in the tracheobronchial tree, the
esophagus, or the chest wall itself. Because the thorax is
flexible, a pneumothorax may be present without rib
fractures. Symptoms of a pneumothorax range from none to
severe respiratory distress. Physical examination may reveal
decreased breath sounds and hyperresonance to percussion
over the injured area. If the child is stable, a chest
roentgenogram is obtained to confirm the diagnosis.
Treatment of a pneumothorax varies. The child in severe
respiratory distress requires needle thoracostomy first,
followed by tube thoracostomy. The child who is stable
requires only a tube thoracostomy. A very small pneumothorax «15%) in the asymptomatic child may require only
observation.
Tension pneumothorax results when air enters the pleural
space but is unable to exit. The trapped air accumulates,

increasing intrapleural pressure, which causes the affected
lung to collapse. The air continues to accumulate, causing
the mediastinum to shift and compress the contralateral
lung. Excessive shift in the mediastinum results in vena cava
compression, a decrease in venous return to the right side of
the heart, and, ultimately, a decrease in cardiac output. If
tension pneumothorax is not corrected immediately, cardiovascular collapse and death occurs.
Signs of tension pneumothorax include severe respiratory distress, absence of breath sounds and hyperresonance
over the affected lung, cardiovascular instability, and
tracheal shift to the unaffected side. A needle thoracentesis
is the immediate treatment of choice. Thi s relieves the
tension, allowing the mediastinum to shift back. Once the air
is evacuated, a chest tube insertion is performed.
The third type of pneumothorax is an open pneumothorax. An open pneumothorax occurs when there is an opening
in the chest wall, usually resulting from penetrating trauma.
The opening allows air to move freely in and out of the
pleural space. With a large wound, the mediastinum moves
to one side or the other, depending on the phase of
respiration. During inspiration, air moves through the
wound. The lung collapses, and the mediastinum moves
toward the functioning lung. During expiration, air exits
through the wound, the lung partially reexpands, and the
mediastinum shifts back (Fig. 28-14).
The child with an open pneumothorax often shows signs
of restlessness, cyanosis, subcutaneous emphysema, and
mediastinal shift. In addition, a sucking sound may be heard
as air moves through the open wound. The open wound is
covered immediately with an airtight seal. Sterile towels or
a gloved hand can be used until a dressing is applied. Once
the patient has stabilized, a petroleum jelly gauze is applied.
Hemothorax. Hemothorax occurs when blood accumulates in the pleural space, causing collapse of the affected
lung. Hemothorax can occur secondary to blunt or penetrating injury. Blood collects in the pleural space, causing the
affected lung to collapse. Injury to the heart, great vessels,
or other thoracic structures may lead to the development of
a hemothorax.
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Signs and symptoms of hemothorax include respiratory
distress, decreased or absent breath sounds, and dullness to
percussion over the affected area. Shock may develop
because children can lose up to 40% of their total blood
volume into a hemothorax?8
Treatment of a hemothorax varies slightly from that of a
pneumothorax. Blood is immediately evacuated from the
pleural space with a chest tube; however, intravenous access
is established before evacuation to allow for fluid resuscitation. The chest tube is placed in the seventh or eighth
intercostal space, which drains the hemothorax, reexpands
the lung, and allows for monitoring of ongoing bleeding.
Blood volume is rapidly replaced. Any child who exhibits
blood loss of more than I to 2 mllkg/hr is prepared for a
thoracotomy.
Pulmonary Contusion. Pulmonary contusion is one
of the most common thoracic injuries seen in the child and
is the most common cause of potentially fatal chest injury.
It is often seen in the absence of bony injury. Pulmonary
contusion is suspected whenever the child has a thoracic
injury, especially if there is bruising noted on the chest.
Pulmonary contusion occurs when the lung is traumatized, causing bleeding from the capillary endoihelium.
Resultant increased capillary permeability allows for the
development of both alveolar and interstitial edema. Impaired gas exchange results, causing ventilation/perfusion
mismatch and decreased compliance.
Signs and symptoms of pulmonary contusion may not
initially be evident. Signs of respiratory distress may
develop within several hours after injury and may include
wheezing, hemoptysis, fever, rales, and signs of hypoxemia.
Chest roentgenograms will demonstrate patchy densities,
but this may not occur for 24 to 48 hours after the initial
injury (Fig. 28-15). Tyburski and colleagues demonstrated
that the severity of pulmonary contusion on x-ray films
combined with Paoz/Fl02 ratio was valuable in detennining the need for ventilatory assistance and predicting
outcome. 31
Treatment of pulmonary contusion is dependent on the
severity. Mild contusions may be managed with oxygen,
analgesia, pulmonary toilet, and judicious fluid management
to prevent large increases in interstitial pulmonary edema.
Severe pulmonary contusions, which significantly alter
respiratory function, may require intubation and mechanical
ventilation. A pulmonary artery catheter is often placed to
monitor pulmonary capillary wedge pressure to closely
monitor fluid status. Albumin may be used for osmotic
purposes; serum osmolarity is maintained at 300 mOsm.
Diuretics may also be used to decrease the amount of
pulmonary interstitial fluid.
Ventilatory interventions include the use of high-flow
oxygen and positive end-expiratory pressure (PEEP). The
pulmonary status is continuously evaluated with serial
monitoring of arterial blood gases and continuous monitoring of Sp02 and end-tidal CO 2 , Because the child may be on
a high amount of PEEP, close monitoring for the development of airleak syndrome is critical.
Other interventions for the child with a pulmonary
contusion include positioning, observation for signs of
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Pulmonary contusion.

infection, and meticulous pulmonary toilet. Optimal position to enhance matching of ventilation to perfusion in
patients with a pulmonary contusion is best determined at
the bedside with the aid of Spo2 monitoring.
The child with pulmonary contusion may be at risk for
the development of acute respiratory distress syndrome
(ARDS), although one study demonstrated a low incidence
of ARDS following pulmonary contusion or multiple
trauma. 32 A recent study demonstrated the effectiveness of
pressure control inverse ratio ventilation (PCIRV) in patients who develop ARDS following blunt chest trauma. 33
PcrRV was shown to be an effective mode of ventilation in
patients with ARDS following blunt chest trauma; however,
there are complications, including auto-PEEP and decreased
cardiac output. 33 Intermittent prone positioning has been
shown to recruit collapsed lung tissue and improve gas
exchange in trauma patients with blunt chest trauma and
severe ARDS.34
Cardiac Tamponade. Cardiac tamponade occurs
when blood accumulates in the pericardial sac, increasing
pericardial pressure. The increase in pressure alters the
pumping mechanism of the heart. resulting in a decrease in
cardiac output. Stab wounds are the most common cause of
tamponade in the trauma patient. Firearms can also produce
tamponade and cause sudden death. Blunt trauma rarely
results in tamponade. Signs and symptoms of acute tamponade are the classic triad of jugular venous distension,
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hypotension, and muffled heart sounds, although these may
be difficult to detect in the child. The short, fat neck of the
child makes assessment of venous distension difficult. Also,
the thin chest wall allows for increased transmission of
sound. Another classic sign is the presence of a pulsus
paradoxus of greater than 10 mmHg. Tamponade is suspected in children with persistent hypotension despite fluid
resuscitation. In the absence of hypovolemia, an increased
central venous pressure may be noted. Initial treatment of
pericardial tamponade is pericardiocentesis. If pericardiocentesis is not successful, or if tamponade reoccurs,
operative intervention is warranted.
Commodio Cordis. Commodio cordis occurs in children and is the result of the sudden impact to the
precordium. It results in cessation of normal cardiac
function. The child may experience a life-threatening
dysrhythmia that is refractory to resuscitation. 35 Most
children do recover; however, some patients require longterm antiarrhythmic drugs, pacemakers, inotropic drugs, or
intraaortic balloon pumps. Significant mortality and morbidity are associated with this injury.18
Myocardial Contusion. Myocardial contusion occurs when traumatic forces cause local injury to the
myocardium. Dysrhythmias may occur secondary to injury.36 Children suffering from myocardial contusion are
less likely than adults to have dysrhythmias or alterations in
cardiac function??
Signs of myocardial contusion are chest pain and
alteration in cardiac function. Chest wall bruising and
tenderness may not be present, making a high suspicion of
injury an important diagnostic factor. A 12-lead echocardiogram is obtained on all patients with a suspected contusion.
One third of children with nonpenetrating myocardial
trauma will develop S-T segment and T-wave changes
during the first 24 to 48 hours after injury like those seen
with myocardial ischemia and infarction?8
Significant elevations in serum glutamic-oxaloacetic
transaminase (SOOT) and lactate dehydrogenase (LDH)
occur with hemorrhagic shock, so these alterations are not
significant for myocardial contusion. 38 Two-dimensional
echocardiography may be used to detect ventricular wall
motion abnormalities and determine ventricular ejection
fraction.
Using serial cardiac isozyme studies may be helpful in
making the diagnosis of contusion, but there are questions
about the value of enzyme use. 39 For example, the
myocardial band of creatine kinase (CK-MB) may be
elevated, but false-positive results are often seen in trauma
patients. 40 Increases in serum levels of CK-MB also occur in
patients with chronic renal failure or skeletal muscle
damage 41 Elevations in CK-MB have been shown to
correlate poorly with the extent of myocardial injury. Serum
levels of greater that 4% to 6% may be indicative of
damage 42
Measurement of levels of cardiac troponin I (cTnI) may
be more useful because levels correlate more closely with
myocardial contusion than do CK_MB 43 cTnI is a specific
biochemical marker of myocardial injury. Measures of this
marker may help to indicate myocardial contusion because

serum levels are not increased in patients with severe acute
or chronic skeletal muscle injury. The normal level for cTnI
is 0.03-0.14 ng/ml; levels of greater than 0.15 ng/ml
indicate cardiac inj ury 42
Treatment of myocardial contusion involves treatment
of symptoms. Long-term sequelae of myocardial contusion in children are unknown. Aneurysm, myocardial
rupture, and postcontusion pericarditis have been reported in
adults.
Aortic Rupture. Aortic rupture, although rare in the
pediatric population, can occur secondary to blunt trauma.
Common sites of injury are the descending aorta distal to the
level of the ligamentum arteriosum, which is associated
with horizontal deceleration injuries; and disruption of
the ascending aorta, secondary to vertical deceleration
injuries. 44
Injuries may vary from a small tear in the intimal lining
to complete transection. Signs and symptoms of injury will
range from no external sign of injury to cardiopulmonary
arrest. Discrepancies between pulse in the upper and lower
extremities and between blood pressure in the limbs are
suggesti ve of aortic trauma.
Interventions for the patient with aortic injury include
assisting with diagnostic procedures such as an aortogram.
Fluid resuscitation is started immediately, and the patient is
prepared for immediate thoracotomy.
Diaphragmatic Rupture. Rupture of the diaphragm
occurs most commonly following blunt trauma in which
there is a sudden increase in intraabdominal or intrathoracic
pressure against a fixed diaphragm. The left hemidiaphragm
is most commonly injured. The diagnosis is often missed
when the child is asymptomatic.
The most common presenting symptoms are chest pain
and shortness of breath. Unilateral diaphragm dysfunction
accompanied by herniation of intraabdominal contents into
the chest cavity causes these symptoms. Physical examination may reveal decreased breath sounds or auscultation of
bowel sounds over the affected lung. The mediastinum may
shift to the contralateral side and the abdomen will appear
scaphoid in the infant and young child. Chest roentgenogram may reveal diaphragmatic displacement, loops of
bowel in the thorax, or the presence of a nasogastric tube in
the thoracic cavity (Fig. 28-16). Surgical repair of the
diaphragmatic tear is required.
Tracheobronchial Injury. Tracheobronchial tree injury is rare in the child because of the elasticity of the thorax
and the mobility of the mediastinum. Blunt tracheobronchial
injury can result from a variety of forces, including shearing,
compression, and vertical stretch. Injuries most commonly
occur at the take-off point of a mainstem or upper lobe
bronchus.
Signs of a tracheobronchial disruption include mediastinal or subcutaneous emphysema, hemoptysis, airway obstruction, pneumothorax with persistent airleak, and massive atelectasis refractory to treatment. Bronchoscopy is the
most reliable means of diagnosing the site and extent of
injury. Treatment is variable, depending on the thoracic
injury, tolerance of the child, and associated lesions.
Surgical repair of the lesion may be indicated; however,
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Fig. 28-16

X-ray film positive for diaphragmatic hernia.

conservative treatment by thoracic drainage or lesion
intubation has been effective. 45
Critical Care Management. Critical care management of the child with thoracic trauma is injury specific.
Chapters 7, 8, 18, and 19 provide information about
assessment and management of children who develop the
final common pathways of respiratory failure and low
cardiac output.

Abdominal Injury
Etiology/Incidence. Abdominal injuries in children
are not common; however, the failure to promptly diagnose
these injuries and successfully manage them accounts for
increased mortality and morbidity. Usually, serious injury to
the head or limbs is obvious, whereas serious abdominal
injury tends to be subtle.
Features of a child's physical maturity may place the
youngster at increased risk for injury. For a number of
reasons, the abdomen of a child is at greater risk for
injury than an adult's abdomen. The smaller size of the
abdomen predisposes the child to multiple rather than single
injuries because energy from the impacting force is dissipated. The large solid organs, which are most often injured,
are covered with only a very flexible rib cage and a less
developed abdominal musculature, which provide little
protection. 46
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Abdominal trauma continues to be the leading cause of
morbidity and mortality in children, with blunt trauma
accounting for the majority of injuries. Examples of
mechanisms that result in intraabdominal injury include
falls, pedestrian accidents, bicycle accidents, and motor
vehicle crashes. 47 The mechanism of injury is similar in
these examples and results in blunt trauma, better defined as
injury occurring when kinetic energy is transferred to the
intraabdominal organs through the abdominal wall.
Penetrating injuries are often caused by gunshot, stabbings, or impalement on an object. These mechanisms may
cause injury to any or all of the abdominal organs and
vessels. Hollow viscus injuries are more common with
penetrating trauma. 4
Pathogenesis. The pathogenesis of abdominal
trauma is related to the specific abdominal organ injured.
The most frequent final common pathway is severe
bleeding.
Spleen. The spleen is the most commonly injured
abdominal organ in childhood. Splenic injury usually
follows blunt trauma to the upper abdomen or lower thorax.
Recent advances in understanding splenic function have
revolutionized the treatment of splenic injuries; pediatric
surgeons in particular have championed nonoperative management of this injury type 48
The spleen is located in the left hypochondrium, where in
older children and adolescents, the lower rib cage covers the
spleen entirely. In infants and small children, the rib cage
does not extend down far enough and is also more pliable
than the ossified adult rib cage. Therefore the pediatric
spleen is not adequately protected by the rib cage.
The child with a splenic injury usually receives a blow to
the left upper quadrant with or without an associated rib
fracture. The child often experiences pain in the left
shoulder, in the left upper quadrant, or in the left part of the
chest with breathing. Bruising, abrasions, nausea, and
vomiting may be present. Heart rate and blood pressure may
be normal, or mild tachycardia and hypotension may occur.
A mass may be palpable in the left upper quadrant. The child
may have a positive Kehr sign (pain in the left shoulder),
Turner sign (ecchymosis in the left flank), and/or Cullen
sign (ecchymosis around the umbilicus). Ecchymosis in the
left upper quadrant or left flank is a strong indication of
injury.48
Laboratory analysis is often normal in a child with
splenic injury, but if abnormalities are seen, they are usually
a decreased hematocrit and leukocytosis in the 20,000 to
30.000 mm 3 range. Both chest and abdominal x-ray films
may be suggestive of splenic trauma; Box 28-2 presents
these findings. An abdominal x-ray film alone will not
confirm the diagnosis of splenic trauma. It will, however,
provide evidence to confirm the clinical findings. CT is used
to evaluate splenic injuries. CT is also used to increase the
use of nonoperative management of splenic injuries and
splenic salvage. 49
Treatment is aimed toward splenic preservation. The
spleen has three main functions: clearance and phagocytosis
of particulate matter from the blood, antibody formation,
and hematopoiesis. It performs these functions through a
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Box 28·2

..

X-ray Examination Findings Suggestive
of Splenic Injury

Chest X-ray Findings
Lower left rib fractures
Elevation of the left hemidiaphragm
Pleural effusion
Abdominal X-Ray Findings
Raised left hemidiaphragm
Stomach dilation or medial displacement
Opacification of the left hypochondrium
Downward displacement of the transverse colon
Fluid between coils of intestines
From Scorpio RJ. \Vesson DE: Splenic trauma. In Eichelberger MR. ed:
Pediatric trauma: prevention, acute care, rehabilitation. St Louis, 1993,

Mosby.
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TABLE
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i!'-".

Spleen Injury Scale

Injury Description

itli

~[Hematoma
~co;.

Subcapsular, nonexpanding, <10% surface
area
Capsular tear, nonhleeding, <I cm parenchymal tear

;i·U

:~t~ematoma
JE~.
iF::'·i!",'

~i.aceration
~:,-

&.
~c

.,-Hematoma
~[~~-

~m>
~E:~j

combination of specific microanatomy and a high rate of
blood flow. Originally thought to be expendable, it is now
realized that the spleen plays a critical role in combating
infection. Appreciation of the increased risk of overwhelming postsplenectomy sepsis in children has led to a
heightened awareness of the importance of splenic preservation, especially in the pediatric age group. Currently,
postsplenectomy sepsis is a well-recognized syndrome that
can occur days to years following removal of the spleen.
More specifically, the spleen is recognized as a source of
antibodies against Haemophilus injluenzae, pneumococcus,
and meningococcus. Preservation of even a portion of the
spleen provides some protection against postsplenectomy
infection. As a result, strategies for splenic conservation
have been developed and splenorrhaphy, which refers to
suturing of the spleen, is often performed when operative
management is necessary48
The spleen may be preserved by nonoperative means as
well; in fact, most children with splenic trauma can be
treated this way. Nonoperative management is recommended for the child who maintains stable vital signs,
requires less than one-half blood volume replacement, and is
free of other abdominal injuries that require surgery49 If the
child is monitored nonoperatively, close monitoring in the
intensive care unit is required for at least 24 hours. Vital
signs are assessed frequently, and hematocrit and hemoglobin are measured at least daily. Strict bedrest is maintained
until there have been no requirements for blood for 48
hours. At this point, ambulation can occur and the child can
be discharged home. Discharge is determined by the severity
of injury based on the splenic injury scale. Complications of
nonoperative management are primarily associated with
rebleeding. This complication is indicated by unstable vital
signs, decreasing hematocrit and hemoglobin, and worsening findings on abdominal examination.
After discharge, the child may return to school but should
refrain from vigorous activities for a period of time,
depending on the severity of the splenic injury. A case report

28·3

~'taceration
:~""

Subcapsular, 10%-50% surface area, intraparenchymal, nonexpanding, <5 cm
diameter
Capsular tear, 1-3 cm parenchymal depth,
does not involve a trabecular vessel
Subcapsular, >50% surface area or expanding; ruptured subcapsular or parenchymal
hematoma; intraparenchymal hematoma
>5 cm or expanding
>3 cm parenchymal depth or involving
trabecular vessels
Ruptured intraparenchymal hematoma with
active bleeding
Laceration involving segmental or hilar
vessels producing major devascularization (>25% of spleen)
Completely shattered spleen
Hilar vascular injury that devascularizes
spleen

~Jirom Lynch JM, Meza MP, Newman B et a1: Computed tomography
~£:grade of splenic injury is predictive of the time required for
H~'fadiographic healing. J Pediarr Surg 32: 1093-1 096.
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recently described a boy who experienced splenic trauma,
which was managed nonoperatively. Thirty-eight days
postinjury, he experienced splenic rupture after low intensity
swimming and one dive from the side of the pool 50 Lynch
and colleagues determined that the time to radiographic
healing is directly proportional to the severity of splenic
injury, based on the Spleen Injury Scale (Table 28-3).51
Based on Lynch's work, the mean time to radiographic
healing in Grade I, II, Ill, and IV injuries is 3.1, 8.2, 12.1,
and 20.7 weeks, respecti vely.
If the child requires operative management and splenic
preservation is not possible, a splenectomy is required.
Standard principles of postoperative care will apply; however, because these children are at risk for overwhelming
postspleneclomy infection (OPSI), protection from infection
is critical. This is accomplished through vaccination and
prophylactic antibiotics. Vaccines available are those against
pneumococcus, H. injluenzae type B (HIE), and Neisseria
meningilidis. The use of the pneumococcal and HIE
vaccines is strongly recommended. These vaccines are
administered in the postoperative period.
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Even with vaccines, antibiotic prophylaxis is suggested,
especially in infants and young children. Penicillin prophylaxis is recommended to continue until adolescence. Amoxicillin is advocated by some instead of penicillin because it
is effective against HIB. Erythromycin may be used as an
alternative to penicillin for children with a penicillin
allergy.48
Not surprisingly, patient compliance with antibiotic
regimen prophylaxis is poor. In addition, infections can still
occur. Therefore it is critical that parent teaching include
recognition of signs of infection and prompt medical
attention for initiation of antibiotics.
Liver. Liver injuries are a major cause of death in
children with blunt trauma. Severe liver injuries are
associated with significant blood loss, and exsanguination is
the most common cause of death. A shearing force results
from sudden deceleration and consequently, the pattern of
injury in the liver parenchyma can vary widely and be very
diffuse. Right lobe injury is more prevalent than left;
fortunately, the majority of right-sided injuries are superficial and simple. In contrast, left-sided injuries tend to be
deeper and more complex. 52
Children with liver injuries experience pain in the right
upper shoulder or right upper quadrant tenderness. They
may also have bruising, seatbelt markings, and abrasions.
Hypotension may be present if major bleeding is occurring.
Fractured ribs are a common concomitant finding.
Initial laboratory tests include a complete blood
count (CBC), urinalysis, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and amylase. Elevations in AST and ALT appear to correlate with hepatic
injury.52
Management of children with hepatic injuries is similar
to the treatment for splenic injuries. Nonoperative management for the hemodynamically stable child is the treatment
of choice. Nonoperative management, however, mandates
that the child be followed closely in the intensive care unit
with frequent monitoring of blood work. Hematocrit levels
are assessed every 4 hours or more often, if indicated by
clinical condition. Once the liver transaminase normalizes,
the child can ambulate; however, activity is restricted until
complete healing has occurred. Delayed bleeding has been
reported to occur as late as I month after injury.52
Operative management is indicated if the child exhibits hemodynamic instability, transfusion requirements of
greater than 33% to 50% of the circulating blood volume
in 24 hours, signs of peritoneal irritation, or a pneumoperitoneum or other abdominal injuries that require surgical
repair52 .53 In the case of a severely injured liver, such as
a lobar fracture, the initial management is to control the
massive bleeding. Hemodynamic instability, defined by the
need for a blood transfusion in excess of 25 mllkg within
the first 2 hours, is a strong indicator of major hepatic
vascular injury which is associated with a high mortality
rate. 53 If liver resection is required, it also carries a high
mortality rate. 52
Pancreas. Pancreatic injury is relatively uncommon in
children. Because of its relative protection in the retroperitoneum, occurrence of injury is documented in only 3% to
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Box 28-3
Classification of Pancreatic Injury

Class I
Class II
Class III
Class IV

Contusion or laceration without duct injury
Ductal transection or parenchymal injury with
probable duct injury
Proximal transection or parenchymal injury with
probable duct injury
Combined pancreatic and duodenal injury

From Jobsl MA, Canty TG, LynCh FP: Management of pancreatic injury in
pediatric btunl abdominal trauma. j Pedialr Surg 34:818-823. 1999.

12% of all cases of severe abdominal trauma. The diagnosis
of pancreatic injury, short of intraoperative inspection, is
often difficult and given the current preference of nonoperative management of most pediatric abdominal injuries,
delays are common. 54 Traumatic pancreatitis commonly
results from blunt trauma compressing the pancreas over the
body of the vertebral column, causing contusion and/or
parenchymal disruption with or without ductal disruption
(Box 28-3). Because of the retroperitoneal location of the
pancreas, associated injuries involving the duodenum,
stomach, extrahepatic biliary system, and the spleen are
common. Injury resulting from pancreatic trauma is usually
devastating because of extensive bleeding and tissue damage from pancreatic and biliary secretions.
Children who have experienced pancreatic trauma usually have diffuse abdominal tenderness, abdominal pain,
vomiting, and findings of associated injuries. Hemodynamic
instability may be present, resulting from massive retroperitoneal bleeding or massi ve sequestration of third space fluid
losses.
Although serum amylase level remains one of the most
useful indicators in detecting pancreatic injury, elevated
levels also occur with other diagnoses or injuries such as
appendicitis, bowel perforation, mesenteric thrombosis, and
salivary gland trauma. In addition, initial serum amylase
levels do not correlate with the severity of pancreatic
injury55 An important consideration is the trend of amylase
elevations. Although a single elevated level may not be
indicative of pancreatic injury, a trend of increasing levels
may be. Also, a high level followed by decreasing levels
may indicate pancreatic contusion without ductal injury.56
Other diagnostic methods, including serum lipase levels, CT
scan, and ultrasound, are limited by low sensitivity and
specificity for acute injury when performed as part of the
initial evaluation 54
The preferred treatment of traumatic pancreatitis is
nonoperative, if there is no evidence of ductal disruption.
The use of nasogastric suction to rest the gastrointestinal
(GI) system is a major treatment modality. Also, total
parenteral nutrition is important and is continued for at least
3 weeks to allow for bowel rest. In addition, serial physical
examinations are important and the child is monitored for
signs of infection. Complications include the development
of pancreatic fistulas and pseudocyst formation.
Operative management is indicated for patients who have
pain, fever, ileus, or elevated serum amylase levels that

966

Part V Multisystem Problems

persist or develop. Also, external drainage or partial or total
pancreatectomy may be performed for children who have
findings of traumatic pancreatitis at the time of operative
exploration for other intraabdominal injuries.
Gastric and Intestinal Injury. Hollow visceral injury is uncommon and occurs in less than 2% of the
children evaluated for blunt abdominal trauma. 57 In recent years, however, the incidence is increasing as a result
of improved recognition and societal influences such as
urban violence and child abuse. Also, the widespread
availability of guns has led to an increase in penetrating
injury, which most commonly affects the hollow visceral
organs. 58
Hollow viscus injuries are difficult to diagnose. The only
early sign of this type of injury may be a subtle degree of
abdominal tenderness. Specific solid-organ injuries are
useful indicators for hollow viscus injuries. Injury to the
pancreas is associated with hollow viscus injury because the
C-loop of the duodenum encircles the head of the pancreas
and is at high risk when the pancreas is injured. 59
Abrasions or contusions in the upper abdomen should
raise the index of suspicion for stomach injury. Bloody
gastric drainage, tympanic sounds when percussion is
performed over the liver, detection of free air, and a
nasogastric tube in abnormal position on an x-ray film are all
indicative of stomach injury. If the stomach perforates, the
child develops a board-like abdomen with intense pain.
Peritonitis develops within hours, and surgery is always
required.
The small intestine can be ruptured by even mild
abdominal trauma. Perforation of the small intestine may
result from compression, such as that which occurs with lap
belts. The child with ruptured intestines may have minimal
symptoms, yet frank peritonitis is inevitable. Surgical repair
is always required. Perforation of the small bowel has low
mortality and complication rates if surgery takes place
within 24 hours of injury.60
The colon and rectum are rarely injured, and when they
are, injury is usually due to penetrating trauma. 61 The child
presents with signs of free air or peritonitis on x-ray films.
Surgical repair is necessary.
Critical Care Management. Assessment of the child
with a suspected intraabdorninal injury includes a careful
history of the incident including mechanism of injury,
consideration of the child's subjective complaints, and
meticulous physical examination. In addition, appropriate
and accurate diagnostic evaluations are essential. Caring for
a child with an intraabdominal injury necessitates a multidisciplinary approach. Essential team members include, but
are not limited to, surgeons, intensivists, pediatric nurses,
and radiographic specialists. 62
Evaluation of children with blunt abdominal trauma
continues to present a significant challenge. Physical
examination alone does not allow for enough sensitivity for
accurate diagnosis; thus clinicians need to rely on more
objective diagnostic methods for a more thorough assessment. With respect to penetrating trauma, however, this is
rarely an issue because exploratory laparotomy is indicated
in nearly all cases. 63
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Historically, diagnostic peritoneal lavage (DPL) and CT
have been considered the standard methods for evaluating
blunt abdominal trauma. DPL is helpful for deciding if
laparotomy is indicated in hemodynamically unstable patients (Table 28-4). CT provides more precise information
about the severity of injuries if the patient can tolerate the
scanning procedure. More recently another diagnostic tool,
ultrasonography (US), has been used for evaluating blunt
abdominal trauma. US has been used in Europe and Japan
since the 1980s, and its usefulness has recently been
acknowledged in the United States M The decision as to
which diagnostic method to apply, however, is often
controversial.
Advocates of US propose that it is a quick and efficient
method for evaluating patients who have sustained blunt
abdominal trauma, US can be performed simultaneously
with ongoing resuscitation measures in the emergency
department, thus eliminating the need to transport the child
to radiology. It is also safe, inexpensive, and noninvasive
and can easily be repeated. US invol yes no radiation or
contrast use and causes minimal discomfort. It is also the
method of choice for patients with clotting disorders or
adolescents who may be pregnant. Ultrasound waves are
transmitted well in abdominal organs, soft tissue, and fluids,
such as urine, bile, blood ascites, and pleural fluid; they are
not transmitted in air-containing organs such as the lungs
and the GI tract. Direct localization and grading of the organ
injury by US is not possible in most cases and time should
not be spent attempting to quantify the severity of the lesion.
The goal is to demonstrate the presence of a significant
hemoperitoneum in an unstable patient, which establishes
the need for immediate laparotomy.63
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Despite enthusiastic support for US as a diagnostic tool
for evaluating blunt abdominal trauma, many clinicians
recommend a cautious approach when considering its use.
Although abdominal US can be a very powerful tool to
rapidly triage a sick and unstable child in the emergency
department, it can also have a high false-negative rate; thus
many clinicians strongly advise against relying solely on
abdominal US for definitive management. 65 US is a
valuable screening method to determine the need for further
diagnostic testing; however, it is often believed that it should
not replace DPL or CT in the evaluation of intraabdominal
injury.
The management of blunt abdominal trauma in children
has changed significantly in the past decade as a result of
advances in diagnostic imaging and an improved understanding of the healing processes in the spleen and liver. In
the past, mandatory laparotomy was the accepted mode of
treatment for proven or suspected hemoperitoneum. Such
treatment modalities have been replaced with intensive
observation of patients able to be stabilized with supportive
therapy. Numerous pediatric centers throughout the country
have experienced very high success rates with nonoperative
management of blunt abdominal trauma. As a result, a
concomitant reduction in morbidity and mortality has
occurred. 66 In addition, nonoperative management has been
shown to decrease risks associated with blood transfusions
and the length of hospital stay.67
Although nonoperative management of abdominal injuries is the most frequent and preferred treatment of
choice, it is essential to clarify that "nonoperative" is not
synonymous with "nonsurgical." Expert surgical consultation is required in all but the most trivial of abdominal
injuries. If nonoperative management is to be successful,
meticulous observation in an intensive care setting is
essential.
Immediate treatment focuses on cardiopulmonary stabilization, if appropriate. If the child is hemodynamically
unstable, an intravenous line is placed, ideally above the
diaphragm in case of rupture of the hepatic vein and the
inferior vena cava. Resuscitation fluids are administered. If
the child is managed nonoperatively, close monitoring of
vital signs (especially trends) and appropriate serum levels
is mandatory. Indications for laparotomy include massive
bleeding, unstable vital signs in spite of aggressive fluid
resuscitation, requirements for more than one half of the
child's circulating blood volume for replacement, severe
abdominal distension associated with hypotension, penetrating injuries, and some blunt injuries.
Penetrating wounds of the abdomen require surgical intervention. Penetrating injuries often result in bleeding or perforation of the hollow viscera; therefore peritoneal irritation or hemorrhagic shock appears early. If
signs are not evident, significant injury may still exist and
surgical exploration is still indicated. Penetrating wounds
may result in evisceration of the abdominal contents. The
organs are not replaced into the abdomen and are not
allowed to kink or twist. The abdominal organs are covered
with moist, sterile dressings until surgical repair can take
place. 4
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Genitourinary Injuries
Etiology/Incidence. Genitourinary injuries occur often in children, with 90% the result of blunt abdominal
trauma. Trauma to the genitourinary tract is strongly
suspected in the patient with multiple injuries, because
symptoms may be obscured by concomitant injuries.
Unique anatomic features of the child's genitourinary
system allow for an increased risk of renal and bladder
injury. A child's bladder lies higher in the abdomen, as
compared with an adult's bladder that rests in the pelvic
region; weaker abdominal muscles in the child are thus less
protective of the bladder. In addition, underdeveloped
abdominal musculature along with decreased perirenal fat
offers less protection to the kidney. The kidney is proportionately larger in relation to the rest of the body. Also. the
kidney may retain fetal lobulations, which allows for easier
parenchymal disruption because these tobulations are less
resistant to blunt forces. 68
Children with congenital renal abnormality are more
vulnerable to injury from blunt trauma than other children.
The hydronephrotic, ectopic, or diseased kidney is prone to
injury from even minor trauma. The incidence of renal
injury in children who have a preexisting anomaly or disease
is between 5% and 21%.69
Pathogenesis. Approximately 80% of genitourinary
injuries result from blunt trauma and the remaining 20%
from penetrating trauma. The mechanism of renal injury as
a result of blunt abdominal trauma may be direct or indirect.
With a direct injury, the kidney is crushed against adjacent
viscera, ribs, spinal column. or abdominal wall. An indirect
injury, or decelerating injury, primarily causes contusion or
laceration. Renal injuries as a result of indirect mechanisms
are difficult to detect, and only an accurate description of the
injury will lead to the correct diagnosis.
A variety of classifications of renal injuries are described
in the literature-some in terms of minor and major; others
in terms of degree of contusions, lacerations, and tears. A
classification of renal injuries is presented in Fig. 28-17.
A child who has sustained blunt trauma may be
asymptomatic or complain of abdominal or flank pain.
Hematuria, which is the hallmark sign of renal injury, may
occur in 90% of cases, yet there is no correlation between
the magnitude of injury and the degree of hematuria. Also,
the absence of hematuria does not exclude the possibility of
renal injury if there are other findings that strongly suggest
it. Plain abdominal x-ray films are rarely helpful; up to 85%
are normal in spite of proven kidney injury. Instead, the
excretory urogram (IVP) is the standard for diagnosis of
renal injury. However, hypotension with low perfusion can
cause poor upper urinary tract visualization and may make
the IVP a limited imaging technique.
US provides anatomic, not functional, information. Ease
of use because of its portability and absence of radiation
make it a helpful tool with respect to locating a kidney if it
is not visualized with IVP. Doppler-enhanced US may
provide information on renal perfusion and verify the
integrity of the vascular pedicle of the kidney. CT continues
to be the standard imaging study for acute renal trauma in
children, primarily because there is more accurate display of
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Fig. 28-17 Composite of the five classes of blunt renal injury:
I, contusion; 2. laceration; 3. transection; 4, fragmentation;
5, pedicle injury. (From Hensle TW. Dillon P: Renal injuries.
In Touloukian RJ, ed: Pediatric traumLl. ed 2, St Louis, 1990,
Mosby.)

renal injury and better visualization of nonvascularized
areas of renal tissue. 69
Although significant controversy exists with regard to the
management of renal trauma, the ultimate goals are to
prevent mortality, reduce immediate and long-term morbidity, and preserve as much functioning renal parenchyma as
possible. 7o Considering that patients with renal trauma often
have associated injuries, the immediate management of the
patient is determined more by the patient's general clinical
state than by the renal injuries. Renal injuries, in and of
themselves, are rarely life threatening; hypovolemic shock
in patients with renal injury is nearly always due to
associated trauma.
The management of blunt kidney injury in children is
dependent on the stability of the child and the extent of the
injury. Approximately 85% to 95% of renal injuries are best
managed nonoperatively.71 Injuries in this category include
contusions and simple lacerations. Successful results can be
anticipated with nonoperative management if the child is
maintained on bed rest with monitoring of laboratory
studies, vital signs, and urinary status. The remaining 5% to

15% of clinically stable patients with major renal trauma
elicit controversial opinions with regard to operative versus
nonoperative treatment. Some centers advocate routine
exploration and repair of such injuries, whereas others
advocate conservative management. There is less controversy concerning management of penetrating trauma than
there is about management of blunt renal trauma. Most
penetrating renal injuries require surgical exploration during
laparotomy for associated intraabdominal injury. A minor
renal stab wound without associated intraabdominal injury
may be observed in a child with stable vital signs and
with radiographic evidence of parenchymal function. In
contrast, gunshot wounds almost always require surgical
exploration. 69
The incidence of ureteral trauma in children is low but is
suspected after severe blunt trauma or penetrating injury to
the abdomen. When ureteral injury does occur, the most
common is the separation of the ureter at its junction with
the renal pelvis. This may occur as a result of a sudden
extreme flexion of the trunk that stretches the ureter. This
injury is more likely in children because of their hyperextensible and hypermobile spine. 72
Attention to the description of injury is essential for a
correct diagnosis. IVP is the best screening test for ureteral
injury; it will be manifested as urinary extravasation or a
decrease in collecting system visualization or both. Operative repair is required for such injuries, and recovery is
usually without sequelae if the injury is recognized early and
treated appropriately.72
In the child, the bladder is considered an abdominal
organ and therefore vulnerable to external trauma. As the
bony pelvis grows, the bladder eventually becomes a pelvic
organ and more protected from injury. Although penetrating
trauma to the bladder, such as from a gunshot or stab wound,
can occur, blunt trauma to the abdomen is the more common
cause of injury. Blunt injury most commonly results from
motor vehicle accidents, falls, crushing injuries, or blows to
the abdomen. 72 Bladder rupture is most often defined as
extraperitoneal or intraperitoneal. Intraperitoneal rupture of
the bladder occurs following a sudden rise in the intravesical
pressure resulting from a blow to the pelvis or lower
abdomen (seat belt injury). The increased pressure ruptures
the dome of the bladder, which is the weakest and most
mobile part of the organ. Treatment of intraperitoneal
rupture requires surgical intervention because continued
intraperitoneal spillage of urine leads to metabolic derangements, such azotemia and acid-base disorders, which
potentially lead to death of the child. 72
Extraperitoneal bladder ruptures are seen almost exclusively in association with pelvic fractures. The bladder is
usually sheared on its anterior lateral wall, near the bladder
base. Treatment of extraperitoneal bladder rupture is best
accomplished through a selective approach. The extent of
the injury and the sex of the child are important considerations when formulating a treatment plan. With the exception of large or complicated extraperitoneal rupture, bladder
catheter drainage permits complete healing in most cases.
This approach is advantageous because it does not convert
a closed pelvic fracture to an open one. If the suspected
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injury is due to penetrating bone fragments, surgical
exploration to remove or reduce the bone fragments is
preferable in order to prevent persistent leakage and
. 69
sepsIs.
Urethral injuries in the female are rare because of a short
urethra. Urethral injuries are seen most often in males
because the male's urethra is longer and less well protected.
In males, urethral injuries are generally divided into two
types: posterior and anterior. Posterior injuries include those
of the prostatic and membranous urethra, above and
including the urogenital diaphragm; anterior injuries include
those of the bulbous and penile, or pendulous, urethra below
the urogenital diaphragm. Almost all injuries of the posterior
urethra in males occur in conjunction with fracture of the
bony pelvis. Most of these injuries are due to motor vehicle
accidents involving automobiles, motorcycles, or pedestrians. Shearing forces of the bony disruption cause urethral
injury. Most injuries of the anterior urethra are due to blunt
trauma to the perineum. The bulbous urethra is crushed
against the pel vic arch as the patient falls astride an object.
Common mechanisms of injury include straddling a fence,
having a foot slip from the rung of a ladder, or hitting a
bump in the road while riding a bicycle and coming down
hard on the seat or the crossbar. 72
Management of urethral injuries is individualized depending on the severity and extent of injury. Minor and
incomplete anterior injuries may be able to be managed with
temporary suprapubic diversion; more severe anterior injury
may require diversion and staged urethroplasty. A common
complication of this type of injury is stricture formation.
Posterior injury, usually caused by pelvic fracture, is more
difficult to manage. Most clinicians agree that posterior
urethral tears require suprapUbic diversion and delay of
treatment of any resultant stricture. Although some clinicians favor early operative intervention, many advocate
treatment delay because complications such as stricture,
incontinence, and impotence are infrequent. 69
Injuries to the male genitalia may be the result of blunt
trauma or penetrating injury. Examples of blunt trauma
include falls or kicks, whereas penetrating injuries may be
due to falls onto sharp objects such as glass, fences, sticks,
and so on. Injury to the penis may be caused by a falling
toilet seat in a child being toilet trained; zipper injuries are
also common, particularly in uncircumcised males who
catch the redundant foreskin in the zipper of their pants.
Testicular trauma in males can also occur during sporting
events if the child is hit or kicked in the scrotum.
Management of such injuries depends on the type and
severity of the injury.
Perineal injuries of young females may occur as a result
of falls on sharp or blunt objects or straddle injuries. It is
important to pay careful attention to the history; if it is not
consistent with the type and degree of injury, sexual abuse
is suspected. In any injury to the female vulva or vagina,
urethral or rectal injuries are also considered. Management
of the injury will depend on the extent and severity of the
injury.
Critical Care Management. The abdomen and flank
are examined carefully to detect the presence of pain,
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masses, abrasions, contusions, or flank ecchymosis (Grey
Turner's sign), all of which may suggest retroperitoneal
bleeding. Considering that genitourinary injuries are rarely
life threatening, knowledge about the location, type, and
extent of injury is necessary as a guide to determine
appropriate treatment. A detailed history and physical
examination are critical. Details of the method of injury are
elicited from the patient, family. or others who may have
been present. Signs and symptoms of genitourinary trauma
will vary depending on severity, location, presence of
associated injuries, and the child's general condition.
Urinalysis is performed early in the evaluation of every
child who suffers significant trauma.
Some form of radiographic investigation is necessary to
exclude injury to the urinary tract if a child presents with
hematuria, a history of a deceleration injury, or abdominal
trauma. The specific imaging method may vary depending
on the clinical status of the patient, the capability of the
institution, and practitioner preference. Radiographic imaging may include [YP, renal scan, cystogram, US, CT scan,
and renal angiography. The type and role of radiographic
evaluation is a controversial subject. In the past, IYP was
recommended for all patients with hematuria; currently,
many practitioners are reluctant to expose all children to a
potentially serious reaction to contrast medium, and unnecessary radiation and expense. Instead, they recommend that
IVP be used in children with physical findings of renal
injury, evidence of significant blood loss or hematuria, or
when renal artery injury is suspected. CT scans have become
more widely used and are often the procedure of choice for
many practitioners. The major benefit of CT scan is that all
organs in the upper abdominal and retroperitoneal areas can
be simultaneously evaluated. 72
The management of genitourinary injury is primarily
nonoperative and is aimed at prevention of complications
and maintenance of function. 69 Management involves close
monitoring for signs of complications and progress of
healing.

Orthopedic Injury
Etiology/Incidence. Musculoskeletal trauma is common in children; it occurs in approximately 20% of all
trauma sustained by children. 73 Skull and clavicle fractures
are most common at birth; however, during the first year of
life, fractures are rare. Fractures that occur during the first 2
years of life may be an indication of skeletal problems, bone
disease, or child abuse. In children 2 years of age through
adolescence, fractures of the upper extremity occur more
often than fractures of the lower extremity.73 Fractures of
the femoral shaft peak during toddler and adolescent years
with the primary mechanisms also being age dependent.
Falls are the primary mechanism of injury for children
younger than 6 years of age, motor vehicle-pedestrian
incidents for children 6 to 9 years old, and motor vehicle
incidents for adolescents. 74
Motor vehicle incidents are a common cause of fractures
and are associated with the more serious injuries. For
example, the unrestrained child in a car can be tossed around
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the inside in a crash and actually ricochet off the interior
structures multiple times. A child pedestrian can be thrown
a long way with significant force upon impact.
Falls are another common cause of fractures. Children
may fall from great heights, resulting in numerous fractures
along with other injuries. Additional causes of fractures
include sports-related trauma, penetrating injuries, and child
abuse. With child abuse, fractures are a common manifestation, second only to skin injuries.
Children are susceptible to fractures because of the types
of activities they engage in and because of their immature
skeleton. Many fractures, such as hairline or greenstick
fractures, are not serious, but intraarticular or epiphyseal
plate fractures have serious potential for growth plate
disruption.
Children have different complications from fractures
than adults. Growth disturbances will follow epiphyseal
plate fractures. Osteomyelitis resulting from an open
fracture or an open reduction from a closed fracture tends to
be more extensive in a child. This infection has the potential
to damage the epiphyseal plate, resulting in growth disturbance. Volkman ischemia (resulting from vascular compromise) of the nerves and muscles, posttraumatic myositis
ossificans, and refracture are more common in children. 75
Tom ligaments and dislocation are less common in
children. The ligaments are strong and resilient; in fact, the
ligaments are stronger than the associated epiphyseal plates.
A sudden extension on a ligament at the time of injury

results in the separation of the epiphyseal plate rather than
a tom ligament.
This is also true of the fibrous joint capsule. The type of
injury that would produce a traumatic dislocation of the
shoulder in an adult will produce a separation fracture of the
proximal humeral epiphysis in a child.
Children's fractures heal more rapidly because of the
osteogenic activity of the periosteum and endosteum. The
osteogenic activity is very active at birth, decreases progressively throughout childhood, and remains constant from
adulthood to old age.
Pathogenesis. The mechanism of bone injury involves external forces acting on the body and the bony
structures (direct impact) or internal forces caused by
muscle contraction or ligament stress (bending force). Bone
breakage is produced by loading forces where the ability of
the bone to store and dissipate energy by temporary
deformation has been exceeded. Loading forces include
bending, tension, compression, torsion, and combined
loading. These forces can be applied along the bone's long
axis or along the traverse axis. The magnitude and rate of
loading will determine the extent of bone deformation.
Epiphyseal fractures are of particular concern in children.
As mentioned earlier, these injuries have the potential to
produce growth disturbances in children by causing progressive angular deformity and limb length discrepancies 76
Epiphyseal fractures have been classified according to the
Salter-Harris classification (Table 28-5).

Salter and Harris Classification of Epiphyseal Plate Fractures

W
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Description

Management

Prognosis

Complete epiphyseal separation
without fracture; most common in
younger children with thick epiphyseal plates

Closed reduction and cast
immobilization

Excellent unless the blood supply to
the epiphysis is compromised

Most common epiphyseal fracture;
separation of epiphyseal plate with
a fracture through the metaphysis,
producing a triangular fragment

Closed reduction and cast
immobilization

Excellent unless the blood supply to
the epiphysis is compromised

Fracture through part of the epiphyseal plate and extending into the
joint

Open reduction and internal
fixation usually required

Good, with restoration of normal
joint surface and vascularity

Fracture completely through the
epiphyseal plate and extending
through a portion of the
metaphysis

Open reduction and internal
fixation

At risk for interrupted longitudinal
growth unless there is perfect anatomic alignment, which must be
maintained until complete healing

Crush injury to an area of the epiphyseal plate that is nondisplaced
with no fracwre line visible on
roentgenography

Immobilization and non-weight
bearing for a minimum of
3 weeks to prevent further
compression

Poor. Injury is frequently identified
only in retrospect after growth
disturbance has occurred

•.

,oy C: Musculoskeletal trauma. In Joy C. edt Pediatric trauma nursing. Rockville, Md, 1989, Aspen Publishers.
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Types of fractures seen in children are presented in Fig.
28-18. Greenstick fractures are common in small children
and are characterized by an incomplete fracture of the bone
with a portion of the cortex and periosteum still intact.
Trans verse fractures are seen in infants and small children
with the fracture line across the bone at a right angle to the
longitudinal axis of the bone. Spiral fractures are caused by
torsional forces, such as when the extremity rotates while
the body remains in a fixed position. This injury is
commonly associated with child abuse. Comminuted fractures are seen more often in older children and adolescents
and are the result of a high-impact force such as a fall from
a high height or a high-speed motor vehicle accident.
Pelvic fractures may occur as the result of a severe injury,
such as that associated with a motor vehicle accident. The

Transverse - Results from angulation force

or direct trauma.
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most important aspect of the fracture is not the fracture itself
but associated complications such as internal bleeding from
tom vessels and extravasation of urine from bladder rupture
or urethral injury. Pelvic fractures are classified as stable or
unstable, depending on whether the fracture interferes with
the stability and integrity of the pelvic ring. Stable fractures
do not transgress the pelvic ring, therefore they do not
interfere with the stability of the pelvis in relation to weight
bearing and do not require reduction. Unstable fractures
include separation of the symphysis pubis, an opening in the
pelvic ring, movement of one half of the pelvis, or a bucket
handle fracture, in which the fractured half of the pelvis rolls
forward and inward. 75 Usually these fractures result from a
crush injury that occurs when the child is run over by a
vehicle.

Impacted - Results from severe trauma
causing fracture ends to jam together.

Oblique - Results from twisting force.
Compressed - Results from severe
force to top of head or os calcis or
acceleration/deceleration injury.

Spiral- Results from twisting force with
firmly planted foot.

Comminuted - Results from severe direct

trauma; has more than two fragments.

Fig.28·18
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Greenstick - Results from compression
force; usually occurs in children under
10 years of age.

AVUlsion - Results from muscle mass contracting
forcefUlly, causing bone fragment to tear off
at insertion.

Types of fractures. (From Budassi-Sheehy S, ed: Manllal of emergency care, St Louis. 1990,
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Box 28-4

Abnormalities Associated
With Musculoskeletal Trauma

Blood loss associated with a specific injury
Neurologic or vascular deficit distal to the injury
Visible deformity, shortening, or angulation of a limb
Partial or complete loss of a digit or limb
Increase in limb circumference that worsens
Manifestations of pelvic fracture
Crush injury
Any injury suspected of resulting in compartment syndrome
Abnormal muscle or tendon function
Point tenderness or muscle spasms
Bruising
Swelling
Crepitus
Abnormal movement between joints or a joint

A serious musculoskeletal injury that may be seen is an
amputation. Amputations may occur as the result of power
tools, farm machinery, railroad accidents, or sharp objects.
Amputations are classified as partial or complete with
varying degrees of tissue and bone injury. A guillotine type
of amputation involves a wound that has clean, well-defined
edges, and has the best prognosis for reimplantation. A crush
amputation is the separation of the body part with extensi ve
damage to the soft tissue, bone, nerve, and blood vessels.
This wound has a poor prognosis for limb salvage.
Patient Management. As with any trauma patient,
the first focus is on the ABCs (airway, breathing, and
circulation). A detailed musculoskeletal assessment takes
place during the secondary survey. Observation along with
palpation of each bone and joint will help to identify
abnormalities. These abnormalities are listed in Box 28-4
and are documented once identified. Observation for spontaneous movement always takes place before manipulation
of the extremity. Manipulation of the injured extremity may
inflict pain and interfere with further examination.
Once the injuries are recognized, the first priority is to
estimate blood loss and then follow with a neurovascular
assessment. Components of the neurovascular assessment
are included in Box 28-5. Extremities are compared
bilaterally. Neurova~cular status is monitored frequently for
the first 24 hours after injury, after application of a cast or
traction, after surgery, and after any treatment, including
temporary splinting.
Assessment after an amputation injury also first focuses
on the ABCs. Blood loss is estimated, but with a complete
amputation, the severed blood vessels retract and clamp
down, resulting in effective clotting and minimal bleeding.
The child with an orthopedic injury requires monitoring
for the development of compartment syndrome. Compartment syndrome is progressive vascular compromise caused
by an increase in pressure within an anatomic space that
causes circulatory impairment and compromised tissue
function within that space. Direct bleeding and inflammation may cause increased pressure within a compartment. In

Fig. 28-19 The four compartments of the lower leg. (From
Robertson WW: Crush injury and compartment syndrome. In
Eichelberger MR, ed: Pediatric Trauma: prevelllion. acuTe care.
rehabililaTion, St Louis, 1993, Mosby.)

~

Box 28-5

..

Components of a Neurovascular Assessment

Circulation

Color
Temperature
Capi llary refill
Edema
Pulses above and below the injury
Sensation

Numbness
Tingling
Level of pain
Motion of Extremities

Coordinated
Symmetric
Strength

addition, a decrease in the size of the compartment caused
by the constriction of a splint or cast may produce
compartment syndrome. This syndrome can occur anywhere
in which fascia binds muscle groups however, it tends to
occur most often in the four components of the lower leg
(Fig. 28-19).
The manifestations of compartment syndrome are seen
with the "five P's":
I. Pain, which is described as extreme, occurs out of
proportion to the apparent injury. Pain may also occur
with passive movement of the affected extremity.
2. Paresthesia, specifically numbness or tingling, may
occur. The child may also exhibit a decreased ability
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to discriminate between two points on the affected
extremity.
3. Pallor is a late sign, and delayed capillary refill may be
present.
4. Paralysis or a progressively weakening muscle is another
late sign.
5. Pulselessness occurs only after compartment pressures
are extremely high because the larger arteries remain
open until then. Therefore an injured extremity with a
strong pulse does not rule out compartment syndrome.
Diagnosis of compartment syndrome is based on the
presence of these symptoms and on increased interstitial
pressure. This pressure can be directly measured using a
variety of systems that use a needle or a catheter connected
to a pressure transducer and monitor. Interstitial pressures
exceeding 30 to 35 mmHg are indicative of compartment
syndrome.
The initial treatment of fractures involves controlling
bleeding, assessing neurovascular status, and then applying
splints or traction. A closed fracture will require anatomic
alignment and splinting. An open fracture requires wound
irrigation, debridement, fracture alignment, and stabilization
in the operating room. Continuous monitoring for signs of
complications, such as infection or compartment syndrome,
is critical.
Amputations require special attention. Initially, if severe
bleeding is occurring, direct pressure with a soft dressing is
applied and the extremity is elevated. If there is minimal
bleeding, a sterile dressing is applied to the stump, which is
then splinted and elevated. Tourniquets and clamps are
contraindicated because they may cause tissue ischemia and
vessel damage. Intravenous access is obtained for fluid
resuscitation and antibiotics.
The goal of care for the amputated body part is to reduce
ischemia time. The body part is gently rinsed with normal
saline to remove visible dirt. It is then wrapped in moist,
sterile gauze, placed in a sealable plastic bag, and then put
on ice for transport to the operating room or to another
center. The body part is never placed directly in saline or ice
because moisture absorbed by the tissue will result in
sweUing and necrosis.
Postoperatively, the child's neurovascular status is frequently assessed. Leech therapy alleviates venous engorgement that may compromise the graft (Chapter 16 provides
information on leech therapy). Sp02 monitoring of the reimplanted body part provides early information about the development of arterial compromise. Anticoagulants may be
given to prevent hemostasis in the reimplanted vessels, so
measures to prevent bleeding are initiated. Antibiotics are
administered to prevent or treat infection. Psychosocial support is crucial, especially if the child loses the body part, to
help the child and family cope with a changed body image.
Compartment syndrome requires immediate treatment if
pressures exceed normal limits. The limb is placed in a
neutral position because elevation results in further compromise of arterial flow. Cast or constricting bandages are
opened and removed. If the symptoms and excessive
pressures continue, a fasciotomy may be performed to
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release pressure and maintain extremity circulation. The
incision will be left open for a period of time with the limb
splinted in a functional position. A dressing is applied to the
open wound, and, if after 24 hours the muscle is considered
viable, saline dressings are applied and changed daily until
the wound is closed. 77
Pain management is an important issue for those caring
for children with musculoskeletal injuries. Results of a study
examining pain in children suggest that children hospitalized with orthopedic conditions experience a higher number
of painful occurrences and symptoms than children hospitalized with other conditions. 78 Occurrences such as postoperative pain, pain with moving, and pain associated with
traction and pins were rated as causing more pain than
injections, venipuncture, and intravenous insertion. Recommended methods for pain control include oral or intravenous
medication, patient-controlled analgesia, and nonpharmacologic methods. 79 Chapter 17 provides in-depth information
regarding pain management.

PRIORITIES FOR MULTIPLE TRAUMA
Airway management and maintenance of adequate oxygenation is of critical importance in the child with multiple
injuries. Many children with multiple trauma have an
unmaintainable airway or inadequate respiratory effort.
Also, shock and the child's physiologic response to trauma
leads to an oxygen debt. Definitive airway control is
obtained through intubation while maintaining cervical
spine immobilization. Children with evidence of tension
pneumothoraces or hemothoraces require emergent decompression before, or with, intubation.
Priorities in addressing circulation include controlling
bleeding and stabilizing hemodynamic status. Aggressive
fluid resuscitation is necessary for the hypotensive child,
even in light of a potential head injury. Maintaining cerebral
blood flow and oxygen delivery adequately minimizes
neurologic injury. Hypotension and decreased cerebral
oxygen delivery have been shown to potentiate secondary
injury and worsen outcomes in head injury.8o Fluids have
been shown to reduce mortality and improve neurologic
.
outcomes. 81
Patients with severe thoracoabdominal injuries and
concomitant head trauma provide a challenge to prioritization. Patients with severe bleeding who are unresponsive to
fluid and blood administration require emergent surgical
intervention. Assessment and management of chest and
abdominal injuries is generally prioritized based on the
assumption that correction of hemorrhagic shock is the
optimal treatment for head trauma. R2
Orthopedic injuries are of secondary importance in the
resuscitation of the child with multiple injuries. However,
appropriate treatment is necessary to prevent long-term
disability and may be life saving. Fractures require splinting
with emergent reduction if there is evidence of neurovascular compromise. Open fractures require surgical intervention, but treatment does not defer resuscitation of more
serious injuries. Potentially life-threatening fractures that
require urgent treatment are femur and pelvic fractures.
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Delayed treatment of these injuries has been associated with
poor outcomes. 83

CHILD MALTREATMENT
History
Varying forms of child abuse have been accepted by society
for many centuries. In earlier times, children who were
considered undesirable for religious or economic reasons or
because they were defective or female were often destroyed;
such actions were culturally sanctioned. During the fourteenth century, unwanted children were thrown into the
Thames; during the Industrial Revolution, young children
were forced to work long hours in hazardous settings with
unhealthy conditions.
The first legal intervention on behalf of a child occurred
in 1874 in the United States. Ironically, the case was brought
to court by the American Society for the Prevention of
Cruelty to Animals (SPCA). The SPCA was able to demand
legal protection for a child who was regularly beaten by her
adoptive parents on the basis that she belonged to the
Animal Kingdom. Most states did not adopt laws requiring
reporting of abuse until the 1960s and 1970s. Today, all 50
states have laws requiring the reporting of child abuse. The
public became more acutely aware of this concern when Dr.
Henry Kempe coined the phrase "battered-child syndrome"
in 1962. Despite the progress that has been made in this
area, child maltreatment continues to be a serious social
problem.

The Spectrum of Child Abuse
Children of any race, age, religion, sex, and socioeconomic
group can be victims of child maltreatment. Compared with
other medical conditions during childhood, the data indicate
that more children are affected by maltreatment than all
other serious illnesses combined. There are also many cases
of abused and neglected children that do not come to the
attention of social service agencies. 84 Over the years, the
issue of child maltreatment has evolved such that it is now
a multidisciplinary problem requiring contributions and
interventions from medicine, nursing, public health, sociology, psychology, law, and social work. Although it is
generally beneficial to have a variety of disciplines involved, this can also be a cause for concern. Efforts in
problem solving may be uncoordinated, and fields that may
have historically been at odds with one another need to
cooperate with the common goal of preventing and eliminating child abuse. 84

Incidence of Abuse
Almost four decades have passed since Kempe and colleagues published their landmark description of the battered
child. Since that time there continue to be many challenges,
including gaining an understanding of the problem and
striving to develop better systems for improved reporting
and more effective intervention. Despite the fact that all 50

states have laws that require the reporting of abuse,
under-recognition continues to be a problem. 85 Although the
true incidence of child abuse is unknown, the data indicate
that the numbers have increased significantly in the last l5
years. This increase, however, is controversial as to whether
the numbers represent increasing societal recognition of the
problem or real changes in the rates of maltreatment.84
Flaws in the existing data collection systems exist because
every state uses its own definitions of abuse and neglect and
applies its own standards of proof when substantiating
whether maltreatment occurred.
A recent study examined children who were victims of
abuse over a 10-year period. Children injured by child abuse
compared with nonintentional injury were more likely to be
younger and to have a preinjury medical history. They were
more likely to be injured by battering and shaking and to
sustain intracranial injury. They also were more likely to be
admitted to intensive care and have a longer length of stay.86

Defining Child Maltreatment
Child abuse can take on many forms and is difficult to define
and standardize. Physical abuse is a form that is often easy
to identify and recognize; other forms such as emotional and
psychologic abuse are just beginning to be acknowledged.
Still other forms of abuse such as child pornography and
prostitution remain difficult to identify and manage.
Unfortunately, the term child maltreatment is subject to a
variety of interpretations and definitions. In addition to a
lack of clear definitions, inadequate professional experience,
and lack of training and motivation to report, disagreement
exists about how responsible parents should be for the safety
of their children. A general definition of child maltreatment
may be described as an act that endangers a child such that
substantial risk to his or her health, safety, development, or
mental well-being is created. Various forms of child
maltreatment exist, including physical abuse and neglect,
sexual abuse, and emotional abuse and neglect.
Physical Abuse. The physical abuse of children is a
concept that remains difficult to define. Although the
definition depends largely on the mores and values of the
times, most health care workers agree that physical abuse
involves the nonaccidental injury of the child at the hands of
the caregiver87 When making an assessment of physical
injury, two elements are essential to consider. First is
whether the explanation given is plausible as a means of
causing the injury, and second is whether the developmental
level of the child is consistent with the history.84 Physical
injuries labeled by the parents as self-inflicted accidents
require certain motor skills on the part of the child; thus
knowledge of child development is essential.
Physical Neglect. Identifying the scope of the problem of neglect is nearly impossible because of the inability
to give clear and consistent answers to the question of what
constitutes neglect of a child. Typically defined as an act of
omission rather than commission, neglect mayor may not
be intentional. It is sometimes obvious and other times
nearly invisible. 88 Although neglect can result in obvious
physical signs such as malnutrition, other forms, such as
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Box 28·6
Examples of Neglect

Delaying or failing to provide physical or mental health care
Inadequate supervision
Lack of protection from household/environmental hazards
Poor personal hygiene
Poor nutrition
Inappropriate substitute child care

emotional neglect, can have a destructive impact on a child's
future development. Neglect may also be fatal as a result of
inadequate physical protection, failure to provide the essential necessities of life, and inadequate health care (Box
28-6). A note of caution, however, is not to define as willful
neglect a case in which an impoverished or uneducated
family is providing, in truth, the best care possible within
their means.
Sexual Abuse. Sexual abuse refers to contacts or
interactions between a child and an adult when the child is
being used for sexual stimulation of the perpetrator or
another person. Sexual abuse may also be committed by a
person under the age of 18 if that person is significantly
older than the victim or when the perpetrator is in a position
of power or control over the victim. Subsequent sexual
activity is defined as abusive because the child does not have
the cognitive ability to understand the deviance of the act
nor of age to give consent. Most sexual abuse is neither
disclosed immediately nor reported to authorities subsequent to disclosure. Many times victimization comes to light
because of an unintentional report from the child victim,
such as confiding in a friend. 89
Sexual abuse can be assaultive or nonassaultive. Assaultive abuse produces physical injury and, often, severe
emotional trauma. Nonassaultive abuse often results in little
or no physical injury, yet the child who is chronically
sexually misused often suffers a severe disruption in the
development of his or her own sexuality. Sexual abuse is the
least reported form of child abuse, particularly nonassaultive, chronic abuse.
Munchausen Syndrome by Proxy. Munchausen
syndrome by proxy (MSBP) is a form of child abuse that has
been recognized for approximately 20 years. The syndrome
occurs when a child's parem or guardian falsifies a medical
history or actually causes an illness or injury to the child in
order to gain attemion from hospital medical staff. The
child's mother usually manifests the induction or fabrication
of illness; however, fathers or other guardians may also
demonstrate the behavior. Additional elements of MSBP
include denial of responsibility for illness and resolution of
symptoms when the child is separated from the perpetrator.
Generally, clinicians regard MSBP as different from other
forms of child abuse for three reasons: (1) it seems that
MSBP may be symptomatic of a psychiatric disturbance in
the perpetrator, (2) mortality and morbidity rates are higher,
and (3) MSBP seems to be premeditated rather than
motivated by acute frustration and impulsive behavior9o
Although difficult to differentiate who has the condition,
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parent or child, MSBP is a complex interaction between
parent, child, and the medical establishment. The priority is
to ensure the child's safety and to prevent further harm.

Histories Suggestive of Child Maltreatment
Obtaining an accurate history in cases of pediatric injury is
usually challenging but even more so in the case of
suspected child maltreatment. To make the correct diagnosis, nurses, physicians, and other members of the team need
to be suspicious for its possible occurrence. When a
clinician is concerned about the mechanism of injury, the
extent of the injury, or the timing, child abuse is considered. 85 Physicians and nurses are often dependent on family
members for an explanation of an injured child's condition
because many children may be too frightened, too young, or
too ill to give an explanation. Even when they are able to do
so, many children are unwilling to accuse the adult who
cares for them of abuse. Also, it is rare for an adult to
spomaneously admit to inflicting injuries.
Other clues or presentations suggestive of child abuse
include denial of the existence of injuries or how they
occurred, an explanation inconsistent with the physical
findings, and a marked delay in seeking medical attention. A
history of prior trauma is important to note, and reviewal'
the medical record may reveal a pattern indicati ve of prior
abuse. All details of the elected history are carefully
evaluated in the context of their consistency or discrepancy
with the physical findings.

Physical Examination
The physical examination of the battered, sexually abused,
or neglected child is critical. Sometimes, physical injuries
not revealed in the history may be discovered. The absence
of external injury, however, does not rule out abuse.
Children with significant head or abdominal trauma may not
have any outward visible signs of trauma. Documentation
of physical findings is an important component of the
examination. Physical signs of possible abuse are listed in
Box 28-7.

Radiographic Examination
Radiographic studies are invaluable in the diagnosis of
intentional injuries. Skeletal surveys, CT scans, bone scans,
and magnetic resonance imaging (MRI) scans are all useful.
Radiographic evidence of intentional injuries is presented in
Box 28-8.

Psychosocial Interventions
Maltreatment of children is a family problem. The effects
reach much further than the abused child and his or her
perpetrator. Issues revolve around partners or spouses who
allow the abuse to occur, and many times the partners abuse
one another as well. Siblings of abused children may also be
abused or be witnesses to the maltreatment. Many parents
were maltreated in their own childhood. Because it is a
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Box 28-7

Physical Signs of Possible Abuse in the Child

Skin and Subcutaneous Tissue
Cradle cap, diaper rash, uncleanliness, and other evidence of
unconcern or unawareness of infant needs
Cigarette bums, bite marks (human, insect. etc.; infected or
not), grab marks, belt lashes (also the characteristic loop
lamp cord welts)
Ecchymosis, hematomas, abrasions, and lacerations unusual for
the child's developmental age
Injury to the external genitalia, anus, and rectum
Marks on the neck from strangling by hand or rope
External ears traumatized by pinching, twisting, or pulling
Unusual skin rashes that defy dermatologic diagnosis
Bums, particularly of the soles of the feet, hands, or buttocks
Skeletal System
Tenderness, swelling, and limitation of motion of an extremity
Periosteal swelling
Deformities of the long bones

Ears
Ruptured eardrums from blows to the head
Face
Periorbital ecchymosis
Displaced nasal cartilages
Bleeding from the nasal septum
Fracture of the mandible
Mouth
Lacerated frenulum of the upper lip
Loosened or missing teeth
Bums of the lips or tongues
Chest
Deformity of the chest and limitation of motion due to fracture
of the ribs
Subcutaneous edema
Hemothorax

Head
Cephalhematomas
Irregularities of contour resulting from skull fractures
Signs of intracrani,al trauma

Abdomen
Signs of peritoneal inritation from ruptured organs
Abdominal masses from hematomas

Eyes
Subconjunctival hemorrhages
Traumatic cataracts
Retinal hemorrhages
Papilledema

Central Nervous System
Lower motor neuron paralysis from spinal cord injury
Upper motor neuron paralysis from intracranial injury
Neurologic signs varying with location and extent of the
injury

From Widner-Kolberg MR: Recognizing child abuse and neglect and what 10 do about it. Presented at Pediatric Issues in Multisystem Tmuma Conference, Walnut Creek,
CA. 1991, Symposia Medicus.

,

Box 28·8

,,'.

,

~, Radiographic Evidence of Intentional Injuries
Multiple Fractures
In different stages of healing, including:
Single blow fractures in infant
Epiphyseal separation
Spiral fracture in the young
Fractured ribs
Fractured spine'
Cortical Metaphyseal Fragmentation
"Chip" fractures or "comer spurs" partially separated from
the metaphysis

Traumatic Involucrumt
Exuberant calcifying new bone formation secondary to
subperiosteal forces and hematoma (grasping, shaking,
and torsion forces); may produce "bucket-handle" images
(extension of hematoma beyond the end of the shaft)
Skull Fracture*
Witht or without subdural hematoma
Suture Separationt
Hemorrhage' without fracture
Increasing head circumference in infant-whiplash forces from
shaking alone can cause

From Widner-Kolberg MR: Recognizing child abuse and what to do about it. Presented at Pediatric Issues in Multisystem Trauma Conference, Walnm Creek, CA. 1991,
Symposia Medicus.
"'Cerebrospinal injury, subduraL intraventricular, and/or intracerebral hemorrhage are most serious complications and principle causes of death and pennanent crippling.
tNot visible radiographically umil 7 to 18 days after trauma.
:+Evident immediately after trauma.

Chapter 28

family problem, the issue is understood, treated, and
prevented in the context of families 91
The child victim of abuse and the family need comprehensive psychosocial intervention. This intervention is best
provided by a trained mental health professional, such as a
clinical nurse specialist, social worker, or psychologist who
specializes in the care of child maltreatment victims. The
status of the child and the parent-child relationship are
assessed and treatment is based on that assessment. The
approach is one of nonjudgmental support and probing for
relevant information. Even though the nurse caring for
the child will probably not do the in-depth psychosocial intervention, it is still essential that the parent or
caretaker be treated in a nonjudgmental manner. Although
difficult, partnership with the parent (should he or she be
the perpetrator) is still possible so long as it is made
explicit that the focus of all work is the child's welfare.
Professional style is mutually respectful and as inclusive of
parents as possible while still maintaining the child's
safery.92

Considerations for the Practitioner
in Suspected Child Maltreatment Cases
Reporting Child Maltreatment. All 50 states have
enacted laws requiring practitioners and other persons to
report child maltreatment. Some states are more specific
than others as to those who are mandated to report, but states
that list these professionals usually include physicians,
nurses, other medical professionals, counselors, social
workers, and school personnel 87 These laws also have a
number of provisions designed to remove legal impediments
to reporting. These provisions include immunity from civil
and criminal liability for reporting, abolition of doctorpatient privilege in situations of suspected maltreatment,
and penalties varying from nominal fines to imprisonment
for failure to report. 93
Protection for the Child. Abused and neglected
children are often too young and too frightened to seek help
themselves. Because of their physical and psychologic
immaturity, they are helpless against the cruelty of their
caregivers. In the instance of suspected abuse, a decision is
made whether it is safe to return the child to his or her home.
If hospitalization is required due to a medical condition, the
matter is temporarily solved. If hospitalization is not
medically warranted, the practitioner, in concert with a
social worker or protecti ve services worker, makes the
decision. The custody and possible placement of children
during the investigative process is often controversial and
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therefore entails careful scrutiny of a number of factors such
as age of the child, nature of the injury, past treatment of
injuries, and family characteristics. Such a decision is not
made lightly because it could result in additional harm to the
child, even a potentially fatal injury. Severity of abuse is not
always the contributing factor to removal, instead, perceived
future risk is of greater significance,87
Documentation. Inadequate documentation of pediatric injuries often makes the diagnosis of child abuse
difficult. Thorough, well-documented histories and complete physical examinations are essential, as well as
information about the presence of witnesses to the injury.
Even minor injuries require thorough evaluation and history
because bruises are a common occurrence in children who
have been maltreated. The inadequacy of documentation
points to the need for concrete tools to improve documentation and continued education about the signs of child
abuse. The abused child's hospital record is part of the
substantive evidence that is used in court; thus detailed
descriptions are critical. Failure to recognize and document,
in accurate detail, the presence of injuries and the pattern of
illnesses that are possibly related to child abuse may lead to
recurrent trauma or death,94

SUMMARY
Pediatric trauma is a national epidemic. It is the leading
killer of children between the ages of I and 14 years and is
a major cause of disabling injuries. This is a major concern
to society when one considers the tragedy to the family, in
addition to the implications of the loss of work potential, the
length and cost of rehabilitation, and the effects on growth
and development.
Children have been shown to have a better potential for
recovery than adults from traumatic injury.7,95 Expert care
can maximize this potential. Expert care includes precise
assessment, formulation of diagnoses based on assessment,
and collaborative interventions guided by appropriate diagnoses. Research has demonstrated the positive impact
nursing care has on the trauma patient; however, more study
is needed, especially in the pediatric population, Research
priorities for trauma nursing have been identified. 96
Nurses are in a key position to provide leadership in the
area of pediatric injury prevention. They can educate
legislators and the public about how to manage this public
health epidemic. Children can be protected by further
research in all areas of pediatric trauma, including trauma
prevention, resuscitation, and nursing interventions to further maximize outcome.
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