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Penetrating injuries account for 10% to 20% of all pediatric
trauma admissions at most centers. Gunshot wounds are
responsible for the overwhelming majority of penetrating
traumatic injuries and have a significantly higher mortality
rate than do blunt injury mechanisms. The management of
penetrating injuries can be quite challenging and often re-
quires rapid assessment and intervention. Specific manage-
ment principles are guided by the anatomic location of in-
jury, the determination of trajectory, and the suspected
organs injured. Management approaches have been
adopted in large part from the more robust adult experience.
However, application of these strategies to similar life-
threatening injuries in the pediatric population appears ap-
propriate.
© 2004 Elsevier Inc. All rights reserved.

DESPITE INTENSIFIED EDUCATIONAL cam-
paigns and increased efforts toward the prevention

of childhood and adolescent injuries, trauma remains the
leading cause of death and disability.1 Penetrating inju-
ries are responsible for more than 10% of admissions at
most major pediatric trauma centers, with firearm inju-
ries accounting for almost 7% of patients. According to
the 2003 annual report of the National Trauma Data
Bank (NTDB), penetrating mechanisms accounted for
approximately 20% of all injuries (and 20% of deaths) in
those less than 19 years of age.2 Penetrating injuries
accounted for more than 13% of both intensive care unit
and total hospital days. More concerning, the lethality of
penetrating injuries (gunshot and stab wounds) was
threefold greater than that of blunt injury mechanisms
(motor vehicle related, pedestrian injury, falls).2 Thus, a
thorough understanding of the management principles
for penetrating injuries is necessary for those involved in
the care of the pediatric trauma patient.

WOUNDING MECHANISMS

Despite recent decreases in firearm injuries nationally,
gunshot wounds (GSW) remain the most common cause
of penetrating trauma in children and adolescents3 (Fig
1). The incidence of firearm injuries rises dramatically
beginning at age 12 and peaks earlier than other mech-
anisms (eg, motor vehicle collisions) at age 19. GSW
injuries are associated with a mortality rate of almost
17%, higher than any other mechanism of injury.2 The
mortality risk is higher in younger children compared to
adolescents, which may be related to the closer proximity
of vital structures and the smaller frame in the younger
ages.4,5 Firearm injuries are responsible for almost 10
deaths each day in the United States pediatric and ado-
lescent population.6 Recent trends have also noted an
increase in both the average number of wounds per

patient as well as the average Injury Severity Score (ISS)
for the pediatric GSW population.7
Shotgun wounds account for almost 20% of firearm-

related injuries in children and adolescents. The lethality
of these weapons, which is related to their massive
projectile dispersion and higher kinetic energy, is much
greater than that of more commonly used firearms and
may be of even greater concern in the smaller child than
the adult.5 Management of these injuries can prove quite
challenging, as often many body cavities are injured
simultaneously.
An estimated 30,000 air-rifle injuries occur each year

in the United States. Although frequently underappreci-
ated as a weapon, these rifles can produce muzzle veloc-
ities greater than many low-velocity handguns and ri-
fles.8 While the injuries sustained by most children with
an air-rifle injury are minor, serious or even fatal injuries
can occur, mandating thorough evaluation of all such
injuries.
Despite the media attention of children and adoles-

cents carrying firearms in schools, several studies have
noted that most students (especially elementary and mid-
dle school children) are more likely to conceal a knife or
similar bladed weapon.9,10 Du Rant and colleagues found
that middle school students were almost five times more
likely to carry a knife or similar weapon than a firearm
(14% vs. 3%) to school.10 Although the incidence of fatal
stabbings in children has remained stable over the past
two decades, nonfatal stabbings have increased and con-
tinue to rise.11
In children, impalement injuries are uncommon but

are frequently fatal secondary to life-threatening injuries
to abdominal organs and major retroperitoneal vascular
structures. Most cases of impalement in childhood occur
at home and are a result of falls or falling objects.12,13
These objects should be carefully removed under direct
vision, with great care taken to debride tissue along the
course of injury. There is often extensive tissue destruc-
tion and contamination of the wound with debris such as
dirt, wood, and even the patient’s clothing.14 Considering
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this, broad-spectrum antibiotics and tetanus prophylaxis
are indicated. The impaling object should be left in place
until arrival in the operating room, but may require
trimming or cutting to expedite extraction. Premature
extraction can result in catastrophic hemorrhage.12-14

RESUSCITATION ISSUES SPECIFIC TO
PENETRATING TRAUMA

Primary Survey

As with victims of blunt trauma, children presenting
with penetrating injuries should be initially evaluated
using the Advanced Trauma Life Support (ATLS) guide-
lines.15 The primary survey includes a rapid evaluation of
the airway and breathing. Penetrating injuries to the neck
can often compromise a patient’s airway and surgical
intervention may be required for definitive control. The
majority of patients, however, can be maintained with
bag-valve mask ventilation until semi-elective, con-
trolled intubation is possible. With regards to breathing
and ventilation, penetrating wounds to the neck and torso
can produce a tension pneumothorax. If clinically sus-
pected, this should be initially addressed with needle
decompression. Formal decompression with an appropri-
ate-sized chest tube may be necessary following proce-
dure.
An elevated heart rate is classically the earliest indi-

cator of hemorrhagic shock in the pediatric patient. Chil-
dren frequently maintain their blood pressure until late in
the course of hemorrhagic shock and once hypotensive
may deteriorate precipitously. Large-bore intravenous
access should be established for volume resuscitation
and possible transfusion requirements. Placement of
femoral lines should be avoided in patients with pene-

trating torso injuries. Penetrating injuries require a base-
line blood count and type and crossmatch at a minimum.
The primary survey is concluded with a quick neuro-

logical assessment and complete exposure of the patient.
Full exposure in these patients is mandatory and should
be done at the time of the primary survey.
Impaled objects noted at this time should be left (and

possibly secured) in place. After all ventral wounds have
been noted and all potential GSW marked with radio-
opaque clips, the patient should be log rolled to fully
evaluate the back, axillae, and perineum.

Prehospital and Preoperative Fluid
Resuscitation

Several authors have proposed limiting, even with-
holding, fluid resuscitation in this patient population until
operative control of active bleeding is achieved.16-18 By
limiting the volume of resuscitation in both the prehos-
pital and preoperative setting, ongoing hemorrhage
would theoretically be attenuated by preserving any in-
tact clot, minimizing dilutional coagulopathy, and keep-
ing the blood pressure low. The survival rate in the
delayed fluid resuscitation group was significantly
greater in the immediate resuscitation group in this study.
There are some issues regarding the patient selection for
the compared cohorts in this article and similar data is
not available in the pediatric population subsequently
this approach cannot be advocated at this time.

Blood and Operating Room Availability

As with all trauma patients, the treating facility should
ensure the immediate availability of uncrossed matched
blood. Although an initial fluid challenge with Lactated

Fig 1. Trend in firearm-related mortality (ab-
solute number and rate per 100,000) in the pedi-
atric and adolescent population in the United
States. (Adapted from CDC WISQARS data set.
Accessed October 22, 2003. Available at: http://
webapp.cdc.gov/sasweb/ncipc/mortrate.html)
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Ringers solution is warranted, the use of excessive crys-
talloid during resuscitation should be avoided. Should
the patient’s hemodynamics dictate rapid restoration of
volume, uncrossed matched blood should be infused
until type-specific blood is available. Blood infusions in
these patients are typically given as 10 to 20 mL/kg
boluses. Compared to patients injured by blunt mecha-
nisms, these patients have a higher probability of requir-
ing urgent or immediate, surgical intervention. Snyder
and colleagues investigated trends in pediatric GSW at a
pediatric Level I trauma center.19 The authors found that
penetrating injuries were becoming more lethal and pa-
tients more likely to require operative exploration than in
previous years.

Radiographic Assessment

If the patient’s clinical status allows, and simultaneous
with the secondary survey, radiological evaluation
should be performed. Patients with penetrating wounds
to the neck, chest, abdomen, or pelvis should have a
single-view chest radiograph performed. This will help
to identify any foreign bodies within the chest cavity, as
well as any pathology requiring immediate intervention
(eg, hemo- or pneumothorax). In patients with nonfire-
arm injuries, imaging the involved body region will help
to identify the presence of any foreign bodies, debris,
fractures, or subcutaneous air. For patients with firearm
injuries, plain films are used to determine trajectory
based on the location of radio-opaque markers and mis-
siles. Trajectory determination is crucial to define poten-
tial anatomic injuries.

CHARACTERISTICS OF FATAL PENETRATING
INJURIES

Numerous investigators have attempted to define po-
tential factors associated with lethal penetrating injuries.
These include patient demographics, prehospital vital
signs, scene or mechanism characteristics such as inten-
tional or nonintentional, body region injured, and initial
resuscitation markers such as lactate and base deficit.20-24
While black males were more likely to sustain a lethal
penetrating injury from assault, the fatality rate for self-
inflicted injuries was highest among white males.20 Ty-
burski et al noted that an emergency room systolic blood
pressure less than 90 mm Hg and initial core temperature
less than 34°C were the most significant factors predict-
ing mortality in victims of penetrating trauma.21 Several
authors have demonstrated the prognostic value of base
deficit in this patient population, with base deficits of!5
or more predicting mortality rates of at least 25%.22-24
Utilizing the NTDB, Kincaid and colleagues found that
admission base deficit reflected not only severity of in-
jury, but predicted mortality as well.24 The authors noted
that once a child’s base deficit was !8 or more the

mortality rate increased to 25%. With greater base defi-
cits, the fatality risk increased dramatically.
In their evaluation of body region specific fatality

rates, Beaman and colleagues noted patients presenting
with GSW to the head were more than three times as
likely to die (61% vs. 18%) compared to those involving
all other body regions.20 Patients presenting with a Glas-
gow Coma Score (GCS) less than 8, unilateral dilated
pupil, and transventricular or bihemispheric trajectories
were associated with mortality rates of 70% to 98%.25 In
addition, patients with an infratentorial trajectory had
improved outcomes compared with those sustaining a
transtentorial injury.26
Patients with GSW to the head quite frequently are

nonsalvageable. However, those patients with nonintra-
cranial firearm injuries will survive in 75% to 80% of
cases. Nance et al reviewed the organs injured in patients
with nonintracranial but fatal firearm injuries to better
understand potentially lethal wounding patterns.27 Not
surprisingly, the thorax was the body region most com-
monly injured in those fatally wounded children, but
nearly 50% had injuries to multiple body regions. The
most common injuries identified included lung, major
vascular and hemopneumothorax (Table 1).
In patients presenting with nonfirearm-related injuries,

the ability to predict which wounds are potentially fatal
may be more difficult. With regard to air-rifle injuries,
those involving the head are more likely to be fatal if the
weapon was used in a suicide attempt, at close range, or
if the projectile entered the cranium through the orbit or
temple.28,29 The vast majority of fatal cases involve chil-
dren, most commonly males, under the age of 16. Intra-
cranial air-rifle injuries have been reported to carry an
approximate 30% mortality.29 Those projectiles that pen-

Table 1. Organs Injured in Children with a Fatal,
Nonintracranial Firearm Injury

Organ Frequency (%)

Lung 56.5
Any major vascular 54.6
Hemopneumothorax 49.2
Heart 44.6
Liver 28.8
Thoracic major vascular 26.6
Bowel 26
Abdominal major vascular 24.9
Diaphragm 22
Kidney 11.3
Spleen 9.6
Esophagus 9.6
Larynx/trachea 5.6
Pancreas 4.5
Spinal cord 4.0
Tracheobronchial 2.3
Ureter/bladder 2.3

Adapted from Nance et al.27
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etrate the chest wall have been associated with fatal
injuries from cardiac lacerations.28
Fatal stabbings are most likely to be noted in adoles-

cent males with wounds to the anterior mediastinum
involving heart and typically result in tamponade in the
prehospital setting.29 Those wounds sustained as a result
of impalement are likely to be fatal in cases where the
victim or another bystander has removed the object and
thereby released tamponade of a major vascular struc-
ture.30,31

MANAGEMENT ISSUES BY BODY REGION

Head Injuries

Initial Evaluation

Following the initial trauma survey, neurosurgical
consultation, and hemodynamic stabilization, patients
with penetrating head injuries should, if possible, un-
dergo immediate computed tomography (CT) evaluation.
Plain-film radiographs are unnecessary in facilities with
available CT scanners and attempts at obtaining these
films cause further delays in definitive evaluation.32 An-
giography should be utilized in patients with suspected
major vascular injury. This should be considered in those
patients with facio-orbital entry, associated intracranial
hematoma, or transdural trajectory, all of which place the
patient at a fourfold or greater risk of aneurysm devel-
opment.32,33 In addition, the use of angiography often
provides an additional treatment option in patients with
complex skull-based injuries.

Management

The current approach to surgical management of these
wounds is one of early identification and evacuation of
“surgical” hematomas, minimal debridement, and ag-
gressive control of intracranial hypertension.34,35 The im-
portance of early hematoma evacuation is based on the
recognition of improved survival in patients who have
earlier surgical intervention.34 The purpose of wound
debridement in this setting is to prevent infection and
minimize the development of posttraumatic seizures due
to the presence of devitalized tissue.35 The use of crani-
ectomy, although often used in particularly devastating
GSWs and in cases of recalcitrant intracranial hyperten-
sion, has not been shown to lower infection rates or
improve survival.36

Prognostic Factors

Children in general have improved survival rates and
functional outcomes as compared to adults with trau-
matic brain injury (TBI). The mechanism of penetration
has a significant influence on the associated mortality
and functional recovery. Penetrating brain injuries result-
ing from tangential missiles or impaled objects have

better outcomes than those associated with transcranial
GSW.37 Hypotension is a well-known secondary insult in
patients following TBI and, in fact, a single documented
episode of hypotension may double the mortality rates in
patients with severe brain injury.38 CT scan findings such
as bihemispheric lesions and ventricular hemorrhage are
associated with higher mortality rates. Other factors as-
sociated with poorer outcomes include coagulopathy (es-
pecially in patients with lower GCS), fixed and dilated
pupils, and persistently elevated intracranial pressure.37

Spine Injuries

As the ISS and mortality associated with GSW con-
tinues to increase, so does the incidence of spinal cord
injury (SCI). Although SCI from motor vehicle crashes
still predominate, GSW have increased and now repre-
sent the second most common cause.38,39 Both the direct
path and the concussive effects of the missile contribute
to the destruction of the cord and spine. These patients
should undergo extensive evaluation of the spine to de-
termine the trajectory, bony involvement, stability, and
possible presence of epidural hematoma. Helical CT of
the involved area, with thin cuts (3 mm) is recommended
in patients with penetrating injuries to the spine. In
patients with a clinical presentation that does not corre-
late with radiographic findings, magnetic resonance im-
aging (MRI) is suggested. In fact, MRI is the most
sensitive imaging modality available in the evaluation of
the acutely injured spinal cord.40,41 MRI is also indicated
in those patients with injuries as a result of knife wounds
or impalement.42
Gunshot wounds to the spine have a potential for

instability if the missile fractures pedicles and facets as it
traverses the spinal canal.38 Patients with incomplete
injury and or partial motor function should remain im-
mobilized until stability can be assured. For bullets that
have injured the spine, exploration and removal is rec-
ommended when the object has a compressive effect or
has traversed colon prior to lodging in the spine.43,44
Currently, corticosteroids are not indicated in the initial
management of SCI resulting from penetrating mecha-
nisms. From a prognostic standpoint, children presenting
with incomplete injuries have the greatest likelihood of
regaining ambulatory function (25% walking at 1-year
postinjury).43

Neck Injuries

Initial Management and Diagnosis

Nearly 25% of patients with penetrating neck injuries
will require urgent intubation. The intubation itself can
be complicated by the associated expanding neck hema-
toma and laryngotracheal injury. Early intubation and
airway control are of paramount importance. The most
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experienced person available should be designated for
control of the airway. A brief neurological exam prior to
sedation or chemical paralysis in these patients is man-
dated.
Physical findings such as an expanding neck hema-

toma, active or pulsatile bleeding, bruit, lateralizing neu-
rologic signs, stridor, or obvious laryngotracheal injury
are considered “hard” signs and require immediate op-
erative intervention. Active bleeding, if encountered,
should be initially controlled with digital pressure. This
should be continued until proximal and distal control is
operatively obtained. Wounds should not be probed,
cannulated, or locally explored. These maneuvers can
dislodge clot and lead to uncontrolled hemorrhage or
embolism.45 If the patient’s status allows, a chest radio-
graph should be obtained to look for any associated
life-threatening issue (eg, tension pneumothorax) that
requires treatment prior to surgery.
Those without “hard” signs are managed with appro-

priate trajectory guided diagnostic studies. “Soft” signs
include hoarseness, hematemesis, hemoptysis, or a
change in voice, dysphagia, or odynophagia. In the ab-
sence of “hard” or “soft” signs of vascular injury, several
authors have concluded that penetrating injuries limited
to Zone II can be safely managed on physical exam
alone.46-48 Biffl et al concluded that asymptomatic pa-
tients with Zone II neck injuries could be observed with
less than a 1% chance of a missed injury.48 Zone I and III
injuries have traditionally been investigated with angiog-
raphy. This remains the gold standard, because of oper-
ative exposure difficulties. In addition to the evaluation
and exclusion of injury, angiography aids in planning the
operative approach when more than one zone is in-
volved.45
Dramatic improvements in image quality and ad-

vances in software have made helical CT angiography
(CTA) an alternative to conventional angiography. Mu-
nera and colleagues noted CTA to be a safe alternative to
conventional angiography in patients with penetrating
neck injuries and could be used as the initial method of
evaluation, reserving conventional angiography for those
patients with equivocal studies.49 This has particular ben-
efit for children in whom angiography is often difficult
with significant morbidity. Helical CT is also useful in
determining missile trajectory. Several institutions have
examined the utility of CT scan in accurately determin-
ing the missile trajectory and, therefore, defining the
anatomic injuries in penetrating neck trauma. The sensi-
tivity of CT scan for identifying significant injury was
100% with a specificity over 90%.50 It was concluded
that CT scan could help eliminate the need for mandatory
exploration and limit the need for further diagnostic
testing.

Clinical findings suggestive of hypopharyngeal or
esophageal penetration include dysphagia, odynophagia,
hemoptysis, and subcutaneous emphysema.45 Diagnostic
options range from mandatory surgical exploration to
various combinations of radiographic and endoscopic
inspection to close clinical observation. Physical exam-
ination, however, does not appear reliable in excluding
injuries to the esophagus following GSW.46,51 Srinivasan
et al investigated the use of flexible endoscopy in the
evaluation of penetrating neck injuries and noted a sen-
sitivity of 100% and specificity of 92% for detecting
esophageal injuries.52 A negative endoscopic evaluation
can be followed by a contrast esophagogram to further
minimize the risk of missed injury. Physical examination
combined with both endoscopy and esophagography will
detect 100% of penetrating esophageal injuries.53-55
The risk of death and complications associated with

laryngeal and tracheal injuries can be minimized by
aggressive airway control and an expedient search for
occult injuries. Patients with laryngotracheal injury often
present with obvious signs of airway injury, such as
stridor, dyspnea, or subcutaneous crepitance. As with the
digestive tract, physical examination findings are sensi-
tive for detecting airway injury but lack specificity.
Diagnostic laryngoscopy is utilized to evaluate the hy-
popharynx following Zone III injuries, whereas tracheo-
bronchoscopy is better suited for examination of Zones I
and II. The sensitivity of these modalities alone is ap-
proximately 90%, but increases to 100% when com-
bined.45

Operative Approaches

In injuries involving Zone I, a median sternotomy with
a sternocleidomastoid incision (SCM) is usually the most
useful approach. This is especially important when time
does not permit adequate preoperative investigation. In
the unstable patient, injuries to the proximal one third of
the left subclavian are best controlled through an antero-
lateral thoracotomy through the third intercostal space. A
supraclavicular counter-incision is then made to achieve
distal control. To achieve adequate exposure to injuries
involving the innominate or common carotid arteries, a
median sternotomy provides ample exposure and the
ability to achieve proximal (and often distal) control.
Utilization of a supraclavicular incision can provide ex-
posure and allow for vascular control of injuries to the
right subclavian and distal two thirds of the left subcla-
vian artery. If one is required to obtain vascular control
of a vertebral artery injury, a supraclavicular incision
provides optimal exposure; if the area of injury is not
known preoperatively, the SCM remains the most versa-
tile incision.56 Exposure is maximized by ligation of the
thyrocervical trunk and division of the anterior scalene.
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Care should be taken to avoid and protect the phrenic
nerve.
Although an anterior SCM incision will provide ade-

quate exposure of unilateral neck injuries in Zone II,
transcervical or bilateral wounds are better exposed with
a transverse (collar) incision. Both of these incisions can
be quickly extended into the chest should a sternotomy
be required.57 If the extent of injury extends into either
Zone I or Zone III or the point necessary for vascular
control lies outside of this area, several maneuvers may
be employed. As with Zone I injuries, a sternotomy may
be used if more proximal exposure is necessary. For
those extending distally (or into Zone III), division of the
omohyoids and or digastrics will increase exposure. If
necessary, anterior subluxation of the mandible may be
utilized for those injuries requiring extreme distal expo-
sure.58
Due to the inherent difficulty in evaluating and obtain-

ing vascular control in this area, selective management of
injuries to Zone III has arisen. In addition to subluxation
of the mandible, resection of the angle of the mandible or
styloid process may also be undertaken.45 If proximal
control can be obtained, distal control of Zone III (and
even some Zone II) injuries may be obtained through the
placement and inflation of a Fogarty catheter. This al-
lows the surgeon to further expose necessary vessels for
vascular control or provides control of distal bleeding
until interventional radiology or endovascular treatments
can be employed.

Management Principles

Vascular injuries, especially those involving the ca-
rotid artery, account for almost one third of life-threat-
ening injuries in patients with penetrating neck trauma.
Carotid injuries should be repaired unless the surgeon is
faced with uncontrollable hemorrhage or a devastating
vessel injury that cannot be temporized with a vascular
shunt.45 A temporary vascular shunt should be utilized if
distal pressures are less than 50 to 60 mm Hg.57 Primary
repair should be attempted on all common and internal
carotid injuries following debridement of nonviable tis-
sues. Unless the injury is at or near the bifurcation, those
involving the external carotid should be ligated. Defects
greater than 2 cm should be repaired using saphenous
vein. The internal jugular vessels should not be utilized
for conduit in this setting considering the disruption to
venous outflow associated with their harvest.56 Repair of
the innominate and subclavian arteries can be accom-
plished using similar principles as those applied to the
carotid arteries. If the diagnosis of a vertebral artery
injury is made in a hemodynamically stable patient with-
out active external hemorrhage, the vessel should be
embolized. Should the patient present with active hem-
orrhage or experienced personnel are not available for

angiography and embolization, an attempt at operative
control is indicated. After ligation of the proximal artery,
a Fogarty catheter can be passed in an antegrade fashion
and be left in place to occlude the distal injury. Inter-
ventional or endovascular assistance should then be ex-
peditiously obtained.45,56
The repair of an injury to the cervical esophagus is

best approached through an anterior SCM incision, un-
less associated with a laryngotracheal injury. In these
combination injuries a collar incision offers better expo-
sure. Maximal exposure of the esophagus is achieved
through retraction of the trachea and thyroid medially
and the carotid sheath laterally.59 Nonviable edges
should be sharply debrided prior to primary repair, which
is performed with an interrupted submucosal (absorbable
suture) and a muscular layer (nonabsorbable suture). The
patient should remain NPO until a contrast swallow has
excluded a leak.
Most laryngeal defects from penetrating trauma can be

repaired primarily. Although proper debridement should
proceed any attempt at primary repair, all viable tissues
should be spared.57,60,61 Early fracture stabilization
(Kirschner wires) of involved components and repair of
mucosal lacerations has been associated with improved
airway and voice quality.61 If the cartilaginous frame-
work has been disrupted beyond management with a
primary repair, some authors advocate “stenting” the
airway with the indwelling endotracheal tube or with the
placement of a silicone stent.60,61 Tracheostomy should
be avoided in the area of injury, but if necessary should
be placed distal to the repair to “protect” the anastomo-
sis. Tracheal injuries are repaired primarily in a single-
layer fashion, using an absorbable (3-0) suture. As with
laryngeal injuries, viable tissue should be conserved and
search for recurrent laryngeal nerves avoided.60 Large
defects ("3 cm) can be repaired primarily after adequate
mobilization; best accomplished by releasing anterior
(thyroid and suprahyoid) attachments, staying clear of
the lateral blood supply. Vascularized flaps should be
employed to buttress the repair, decreasing the risk of
fistula formation. With very large defects ("6 cm, those
requiring vascularized flaps) a tracheostomy should be
placed at the time of the initial operation. Avoidance of
flexion in the postoperative period (5 to 7 days) can be
achieved with cervical collar immobilization.61

Thoracic Injuries

Initial Presentations

The past decade has been witness to a dramatic in-
crease in the incidence of penetrating thoracic injuries
and fatalities in children.62-66 While thoracic injuries are
responsible for only 15% of blunt traumatic deaths, 97%
of pediatric deaths from penetrating chest trauma are the
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direct result of thoracic injury.67 Nance and colleagues
noted that thoracic GSW are more destructive in patients
less than 12 years of age.27 They also noted these patients
were more likely to present with unstable vital signs and
an increased need for thoracotomy. In a review of all
fatal, nonintracranial firearm injuries in children, tho-
racic injuries were noted in almost 80%.27 In addition,
over 95% of these children died in the first 24 h. Simi-
larly, Acosta et al found thoracic vascular injuries were
the most common cause of death in the first hour after
admission. These findings suggest that uncontrolled
hemorrhage from the injury, rather than delayed compli-
cations, were the primary cause of death. Therefore, if
attempts at salvage of these patients are to be successful,
adherence to ATLS guidelines and aggressive, some-
times innovative, surgical interventions are mandatory.27

Initial Diagnostic Modalities
Chest radiographs should be obtained following the

primary survey in victims of penetrating chest injuries.
These and other radiographs of affected regions will
allow the determination of trajectory to assist the physi-
cian in identifying possible anatomic injuries. As with
transabdominal and transcervical GSW, the trajectory
and likely injury patterns in thoracic injuries can be
defined using helical CT. Stassen et al concluded that
contrast enhanced helical CT scan of the chest was a
safe, practical, and cost- effective tool in the exclusion of
major injuries associated with transmediastinal GSW.68
They concluded that patients with low-risk trajectories
could be safely observed without further diagnostic eval-
uation. In light of the fact that few patients will present
with a single wound (except in cases of impalement or
stabbing), focused assessment for the sonographic eval-
uation of trauma (FAST) provides a noninvasive means
of establishing priorities in children with multiple torso
wounds.69 FAST provides a means of evaluating the
patient for evidence of pericardial fluid, hemothorax, or
hemodynamically significant intraperitoneal fluid.

Early Management Principles
The most common injuries involving the chest are

hemothorax and pneumothorax (Table 2).62 After airway
control, attention should be directed at evacuation of
hemo- or pneumothorax with needle decompression
and/or thoracostomy tube placement (ATLS). Thoracot-
omy is indicated in patients with immediate chest tube
output of 20% of the patient’s blood volume or persistent
output of 2 or more mL/kg per hour. The appropriate
indications for emergency room thoracotomy (ERT) are
still of some debate. In the child with a penetrating
injury, ERT may be indicated in the child with loss of
documented vital signs (in the ER or en route) but is of
limited value in the patient with no documented signs of

life. ERT may be useful in cases of suspected cardiac
tamponade from penetrating chest trauma.70-73 Institu-
tions that have employed more stringent definitions of
patients in whom ERT should be employed have seen
dramatic improvements (from #5% to almost 50%) in
their survival rates.73 Should a tamponade be encoun-
tered, the pericardium should be opened in a vertical
fashion above and along the phrenic nerve course, evac-
uating the hematoma or clot. Lacerations to the heart and
great vessels can be quickly repaired using a 3-0 or 4-0
polypropylene suture. In more complicated cases, dam-
age control techniques (such as temporary closure of
cardiac defects or cardiopulmonary bypass) can be em-
ployed.68 In cases of pulmonary parenchymal damage,
tractotomies can expedite exposure, providing a rapid
and effective alternative to lobectomy in patients with
severe lung injuries. Gasparri and colleagues noted that
this approach offered rapid exposure of bleeding vessels,
less likelihood of parenchymal hematomas, and shorter
operative times.74

Abdominal Injuries

Initial Evaluation and Diagnosis
As the majority of penetrating injuries to the abdomen

will require surgical intervention, preparation of an op-
erating room for laparotomy should occur simulta-
neously with the primary survey. During the secondary
survey, the abdomen is evaluated for any physical find-
ings that may suggest possible intraabdominal injury.
Distention may develop from hemorrhage or hollow vis-
ceral injury with free air. Percussion of the abdomen may
help distinguish the dullness of fluid from the tympany of
free air. Tenderness may be present as a result of diffuse
peritoneal inflammation from blood or enteric contents,
or locally as a result of soft tissue destruction.
Chest and abdominal radiographs are usually indicated

to help determine bullet trajectory and search for possi-
ble retained missiles, fragments or bony injury. A decu-
bitus or upright view may demonstrate free air in the

Table 2. Frequency of Intrathoracic Organs Injured

Organ Frequency (%)

Pneumo/hemothorax 64
Pneumothorax 23
Pneumohemothorax 24
Hemothorax 18

Lung 29
Contusion 14
Laceration 10

Diaphragm 15
Heart 13
Major vessel 10
Esophagus 1

Adapted from Cooper et al.67
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abdomen, which further supports the need for operative
intervention. CT scan has been advocated for evaluating
tangential abdominal wounds or wounds in the hepatic
region that may not require celiotomy.75,76 If an extra-
peritoneal trajectory is determined, laparotomy may be
avoided. In addition, the adult literature indicates that
injuries that clearly involve the liver, in the absence of
other indications for surgical intervention, may be man-
aged expectantly. There is some conflicting data in chil-
dren, however, and the question requires further investi-
gation.77 CT scan may also be of benefit in evaluation of
transpelvic and gluteal GSW; CT scans obtained to eval-
uate GSW in this region should include IV, oral and
rectal contrast.78 While the utility of FAST for blunt
injury in the pediatric patient is not clear, it may be quite
useful when it is used to help the physician determine
which body cavity (pericardial, pleural, or peritoneal)
may contain fluid in the patient with multiple GSWs.
Diagnostic peritoneal lavage (DPL) has been advo-

cated as a tool to determine the need for laparotomy in
penetrating trauma, while others have found this tech-
nique less reliable and nonspecific. The decision to per-
form a DPL should be that of the operating surgeon as
the interpretation of the results will determine the need
for laparotomy. Laparoscopy may also be useful to help
determine if peritoneal violation has occurred. If perito-
neal penetration is identified, the patient should undergo
a formal laparotomy for thorough exploration. The lap-
aroscope may also be valuable in assessing the dia-
phragms in those cases in which the trajectory suggests a
possible thoracoabdominal path.
In selected patients, nonoperative management of stab

wounds or GSWmay be indicated. This decision must be
individualized and the patient examined on frequent in-
tervals to detect peritoneal signs.76,78 Deterioration of the
physical exam or vital signs mandates urgent laparot-
omy.
Potential intraabdominal injuries from a gunshot

wound can be varied thus one must assume and prepare
for the worst (Table 3). The chest, abdomen, and groin
should be prepped and draped into the operative field.

The left arm is extended above the head to provide access
to the chest in case thoracotomy is necessary. Maintain-
ing the patient’s core body temperature is a priority
during the laparotomy. The operating room should be
warmed and all fluids and blood products (if necessary)
run through a warming device. Broad-spectrum antibiot-
ics (eg, second-generation cephalosporins) are adminis-
tered preoperatively. After entering the abdomen, all four
quadrants should be packed with laparotomy sponges to
control hemorrhage. Each quadrant is then inspected for
ongoing hemorrhage and repacked if necessary. Control
of hemorrhage is of primary importance. After control of
hemorrhage, attention turns to identification of injuries
and control of contamination. The bowel should be in-
spected meticulously from diaphragm to rectum. In gen-
eral, an even number of enterotomies should be identified
as bowel injuries are typically through and through.
Retroperitoneal hematomas should be explored to iden-
tify potential major vascular injuries.
The management of hollow organ injuries is based on

the extent of injury. Focal injuries with minimal blast
effect can be managed with debridement and primary
repair if adequate caliber can be assured. Extensive in-
jury or tissue devitalization usually requires resection
and reconstruction. Multiple injuries in close proximity
(as often occur in the small bowel) are best managed by
limited bowel resection incorporating all holes with a
primary anastomosis rather than repair of individual
wounds. The management of colonic injuries remains
controversial. Most adult studies suggest primary repair
or resection with repair is appropriate for the majority of
colonic injuries. Colostomy is reserved for complex in-
juries or the unstable patient. Such an approach is likely
safe in children but is as yet unproven.
Solid organ injuries such as those involving the liver

or spleen are typically amenable to packing or local
maneuvers. In the minority of cases, resection may be
required for hemostasis. Attempts at splenic salvage are
warranted in the stable pediatric patient to avoid the
potential for overwhelming post splenectomy sepsis.
Abdominal vascular injuries, although somewhat un-

common, are associated with a high mortality. Hemody-
namic instability in the setting of an abdominal gunshot
wound is likely the result of a vascular injury. Consid-
eration should be given to thoracotomy and cross-clamp-
ing of the aorta prior to entering the abdomen as decom-
pression of abdominal tamponade effect may prove
rapidly fatal. Additional maneuvers to control exsangui-
nating hemorrhage include cross-clamping of the aorta at
the suprahepatic level or compression of the aorta with
an instrument. Once the vascular injury is identified,
local control should be established and aortic occlusion
released. Management of the injured vessel should be
individualized. Most injuries are amenable to debride-

Table 3. Frequency of Intraabdominal Organs Injury

Organ Frequency (%)

Gastrointestinal tract 70
Stomach 13
Duodenum 4
Jejunum/ileum 24
Colon/rectum 27

Liver 27
Major vessel 19
Kidney 10
Spleen 9
Genitourinary tract 8
Pancreas 6
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ment with primary repair or in selected cases, ligation. If
vascular reconstruction is necessary, native internal jug-
ular vein or hypogastric artery is a potential conduit.
Impalements represent a truly unique subset of penetrat-
ing injuries. Their often spectacular presentation can lead
to great distraction and loss of management focus. These
injuries are best managed in the operating room where
complete assessment of injuries can be performed and an
appropriate treatment strategy developed. The manage-
ment is highly individualized based on the nature and
trajectory of the impaling instrument. Fistulotomy-like
incisions that extend from the entrance to exit wound
provide adequate exposure to establish proximal and
distal vascular control prior to removal of the implement.
Management of these injuries is frequently a team effort
involving surgery, neurosurgery, and orthopedic surgery.

Extremity Injuries

The treatment of fractures associated with GSWs in
children is never easy, particularly if the wounds are
caused by high-velocity firearms or shotguns. Bony de-
fects, the presence of peripheral nerve damage, and in-
volvement of the joint negatively affect the outcome,
increasing complications and the need for additional
procedures.79,80 Internal bone transport is an effective
method in the treatment of bone and soft-tissue defects
associated with GSWs in children. Patients with pene-
trating extremity injuries should be evaluated with phys-
ical examination and pulse pressure indices (systolic
pressure unaffected limb/systolic pressure in affected
limb) to reliably exclude vascular injuries in the involved
limb. Those children with a normal exam and ankle-
brachial (AB) indices of 0.9 or greater may be safely

discharged. In symptomatic patients and those with AB
indices less than 0.9 usually require angiographic eval-
uation.79 The younger age of the patients contributes to
their limb salvage rates being higher than predicted.
Additionally, expeditious surgical exploration and early,
but judicious use of arteriograms is associated with im-
proved outcomes.80

DAMAGE CONTROL

The damage control concept centers on the early iden-
tification of life-threatening injuries and the decision to
avoid complicated, sometimes lengthy, definitive re-
pairs.45 Recently, damage control techniques have been
applied to the pediatric trauma population.81 In cases of
abdominal injury, the initial laparotomy is abbreviated
and involves expeditious tamponade of active bleeding
with packing and control of contamination by closure of
enterotomies. No attempts are made to definitively man-
age injuries that can safely be delayed until the patient is
more stable. A temporary abdominal closure of skin only
is performed to prevent intraabdominal hypertension. In
the second phase, aggressive resuscitation continues in
the intensive care unit with a focus on rewarming and
correction of acidosis, and coagulopathy. The resuscita-
tion phase typically lasts 12 to 24 h. The third phase
involving definitive management of injuries and fascial
closure should be undertaken when adequate resuscita-
tion has been achieved. In addition to its use in abdom-
inal injuries, the application of damage control principles
can be applied to neck, chest, and extremity injuries.82,83
The damage control approach, although resource inten-
sive, may salvage patients with an otherwise high mor-
tality.
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