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Preface

Traumatic injuries, both intentionally inflicted and
unintentional, have major health consequences
worldwide. Although primarily a disease of younger
adults, its morbidity and mortality are increasingly
severe at the extremes of age. Expert multidisciplinary
trauma care is recognized as the most important
determinant of survival. This concept has far reaching
implications for medical education, public health,
public policy, economics, and research.

There are a number of very fine textbooks on
trauma that the student and experienced clinician can
reference. However, the overwhelming majority of
those texts are written primarily from a surgical per-
spective; they detail the resuscitation, operative man-
agement, and intensive care of trauma patients.
Emergency physicians with proficiency in trauma
management are crucial elements in initial approach
to these trauma patients. Furthermore, there are many
traumatic injuries treated in the emergency depart-
ment by emergency physicians and nurses; outpatient
follow up may be performed by a variety of specialists
after the initial visit. Less tends to be written about
these patients yet they consume the majority of trauma
care provided in emergency departments.

We have assembled over eighty authorities in emer-
gency trauma care to craft a comprehensive reference
for all practitioners called upon to provide care for

patients with emergency presentations of traumatic
injuries. While specifically targeted at practicing emer-
gency physicians, emergency medicine residents in
training, physician assistants, nurse practitioners, and
emergency nurses will find that this text provides
insights and assistance for their trauma management.
In addition, the surgical trauma specialist will glean
insights that are topical and useful about care in the
emergency department. The internist and family prac-
titioner who may evaluate minor trauma in the office
will benefit from discussions on ways to manage minor
trauma, expedite care of their patients, and understand
which patients may require more emergent care and
the resources available in emergency departments.
Although primarily authored by emergency physicians,
multiple consultants and subspecialists lent their
expertise to this book, affirming that trauma is truly
a “team sport” that often requires efforts of multiple
specialties to attain optimal outcomes.

This text covers aspects of trauma care from resusci-
tation procedures to implications for rural settings, from
disaster preparedness to trauma in special populations,
from medical concerns in the trauma patient to professi-
onalism, communications, and interpersonal issues. The
authors in this book are clinicians, teachers, writers,
researchers, and administrators renowned as the experts
in modern trauma care in the emergency department.
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Section 1

Chapter

1
Approach to trauma

Decision making in trauma

Julie Mayglothling, Peter Rosen, and Ernest Moore

Introduction
With the development of trauma systems in the
1970s, the care of the injured trauma patient has
become more organized, specialized, evidence based,
and of improved quality. Organized trauma systems
have improved mortality by providing expert care to
trauma patients.1–3 The goal of trauma systems is to
match the severity of injury and resources required
for optimal care with the appropriate trauma facility
and personnel. On a theoretical basis, all patients with
significant traumatic injuries and mechanisms of
trauma would ideally be brought to a trauma center.
This is not possible in the United States, due to
funding, the geographic size of the country, the dis-
persal of the population, and the lack of a financial
means of supporting those physicians who would
confine their practice to trauma. Proficient trauma
care is accomplished by not only having appropriate
resources and specialists available in special trauma
centers, but by having practitioners well educated and
trained in the sophisticated care of the injured patient,
even in the institutions that rarely manage trauma.
A challenge is how to maintain trauma skills in the
physicians and nurses who practice in institutions
that rarely care for traumatic injuries, but may need
to during a disaster or other critical situation.

It is difficult to predict in advance what specific
needs an injured patient will require. Therefore, clin-
ical decisions are made both in the prehospital setting,
as well as on patient arrival to the emergency depart-
ment (ED), based on a consistent and compulsive
evaluation of each patient, rather than trying to guess
what is the most likely extent of injury that is present.
A routine and complete evaluation of the patient will
avoid missing significant pathology. For this reason,
adequate information about the mechanism of injury

and the magnitude of the trauma sustained is an
important part of the evaluation of each patient, and
requires detailed communication and trust between
the prehospital providers and the in-house trauma
team.

The trauma team
An efficiently functioning trauma team is integral to
the successful care of the severely injured patient. The
team may range from a single emergency physician
and emergency nurse at a small rural hospital, to a
large, multiperson team at an urban Level I trauma
center. Each member of the team should have an
understood and well-defined role in the resuscitation
and evaluation of the patient. Routine tasks must be
performed simultaneously, in a coordinated manner,
to identify and treat life-threatening injuries as early
as possible.4 Frequently, in rural institutions with a
paucity of manpower, tasks that can be performed in
parallel by the team in the trauma center will have to
be performed serially. It may be useful to have assist-
ance from the prehospital personnel, if they can stay
at the ED to assist. The trauma captain is responsible
for the overall management of the trauma resuscita-
tion. He or she designates team members’ responsi-
bilities prior to the patient’s arrival and ensures that
all members of the team perform their duties. The
captain is responsible for the overall assessment of the
patient, and should not become involved in the per-
formance of procedures unless there is no other
choice. All roles on the team can be interchanged
for educational variety, but this should be established
in advance rather than during the resuscitation. For
example, in an academic institution, the team captain
may be surgical resident one day or emergency
medicine resident another. At smaller hospitals, an

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
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emergency physician may be the only physician avail-
able in house, and assumes responsibility for whatever
comes through the door. When there are multiple
physicians present, it is imperative that there is a
chain of command which works through the trauma
captain. If the trauma captain becomes involved in a
difficult procedure such as an intubation or central
line placement, the overall responsibility of being
captain must be handed off to another physician
who is not involved in the procedure. In institutions
with housestaff, the emergency medicine attending
physician is responsible for the patient until the
trauma attending physician is physically present and
a transfer of care has occurred.

At designated American College of Surgeons
(ACS) certified trauma centers, the ACS mandates
that a surgeon must be present on arrival of all
severely injured patients and that he or she act as
the trauma team leader.5 This tenet initially was put
into practice when a high percentage of trauma
patients required operative intervention and many
EDs were staffed with non-emergency medicine
trained physicians with little or no trauma training.
However, with increasing numbers of EDs staffed by
residency trained emergency physicians and lower
rates of exploratory laparotomy, this tenet is being
re-evaluated and challenged.6,7 Currently, the debate
surrounds what is meant by severely injured. There is
no question as to the need for a trauma surgeon’s
presence in a patient with penetrating trauma to the
torso and hypotension. A more reasonable goal may
be to have a trauma surgeon present on patient
arrival when there is a high likelihood of a patient
requiring urgent operative intervention. Many hos-
pitals have developed a multitiered trauma activation
system to more efficiently utilize the attending
trauma surgeon’s expertise. These systems spare the
trauma surgeon from being present for all trauma
team alerts and reserve their efforts for those
patients that have high likelihood of requiring opera-
tive intervention.8 The reality of trauma practice is
that few institutions can meet the mandate of the
ACS. What is most important is that there is an
emergency physician present who has trauma
expertise and that there is an orderly transition of
responsibility between the emergency physician and
the trauma surgeon. If there are no institutional
surgeons with trauma expertise, there needs to be a
system to transfer the patient to a trauma center that
has those capabilities.

Prehospital personnel are important to the success
of any trauma resuscitation. They provide a unique
perspective as to the changing condition of the
patient, from injury to hospital presentation. They
communicate important information regarding
mechanism of injury, initial presentation, and
changes in clinical condition. Many times, the history
obtained from the field personnel is the only source
available. In addition, prehospital personnel often
initiate life-saving therapy such as airway control,
needle decompression for pneumothorax, and fluid
resuscitation.

An experienced trauma nurse is a valuable asset to
a severely injured patient. A nurse familiar with
trauma resuscitation is able to anticipate the needs
of the trauma captain, and has medications or sup-
plies ready even before they are needed. In most cases,
the trauma nurses are the personnel who spend the
most time with the patient, from initial presentation
to disposition, and are therefore more likely to notice
subtle changes in vital signs or other signs of deterior-
ation, and can notify the captain in a timely manner.
The trauma nurse maintains records of intravenous
(IV) fluids and blood products administered, medica-
tions given, and procedures performed.

The trauma team may also include physician
assistants, emergency medics, or medical technicians
whose responsibilities may include obtaining IV
access, attaining adequate exposure of the patient,
and assisting in rolling and transporting the patient
in a safe and expeditious manner. The level of respon-
sibility is often dependent upon training and the
center where they practice.

The appropriate and timely evaluation of the
trauma patient is also dependent on other support
personnel, such as radiology and computed tomo-
graphy (CT) technicians. The accuracy of radiographs
is imperative to the appropriate workup of a trauma
patient. A knowledgeable radiology technician can
safely and quickly obtain needed films with minimal
disruption of the evaluation. An experienced CT tech-
nician can have a large impact on the timeliness of a
trauma evaluation. They can rapidly obtain multiple
scans and promptly get patients back to the resusci-
tation area.

Additional surgical subspecialists, such as neuro-
surgeons and orthopedic surgeons, may be members
of the trauma team and provide a unique set of skills
and knowledge. Neurologic trauma, including head
injury and spinal cord injury, is common in trauma

Section 1: Approach to trauma
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patients. Traumatic brain injury accounts for 40% of
all deaths from acute trauma. The availability of
neurosurgeons to provide neurotrauma care
promptly and continuously is a prerequisite for a
level I trauma center. However, access to neurosur-
gical care remains a problem, most acutely in rural
communities. For those trauma centers and commu-
nity hospitals that do not provide routine neurosur-
geon coverage, it may be important to transfer
patients with spinal cord injury or moderate to
severe traumatic brain injury to a higher level of
care as soon as possible where these patients can
receive care by neurotrauma specialists. However,
this should be done with consideration of the full
range of injuries, with life-threatening hemorrhage
control taking precedence.

More than half of all hospitalized trauma patients
have one or more musculoskeletal injuries that could
be life or limb threatening or that might result in
significant functional impairment. Patients with iso-
lated simple fractures with low-grade soft tissue injur-
ies are appropriately treated in any well-equipped
hospital by orthopedic surgeons. Patients who have
multiple fractures, complex fractures (including
pelvic, acetabular, intra-articular, and spinal column),
or high-grade soft tissue injuries are appropriate can-
didates for musculoskeletal trauma care at a Level I or
II trauma center. The multiple trauma patient is best
served by being admitted to the trauma service with
subspecialty consultation rather than admitting such
patients to one or other of the subspecialty services.
This may allow for better overall coordination of care
and diagnosis of occult internal injuries.

Box 1.1 Trauma team essentials

� An efficiently functioning trauma team is integral
to the successful care of the severely injured
patient. The team may range from a single emer-
gency physician and emergency nurse at a small
rural hospital to a large, multiperson team at an
urban level I trauma center.

� Each member of the team should have an under-
stood and well-defined role in the resuscitation
and evaluation of the patient.

� When there are multiple physicians present, it is
imperative that there is a chain of command that
works through the trauma captain.

� The multiple trauma patient is best served by
being admitted to the trauma service with
subspecialty consultation rather than admitting

such patients to one or other of the subspe-
cialty services. This may allow for better overall
coordination of care and diagnosis of occult
internal injuries.

Prehospital
The initial challenge in the prehospital management
of trauma is finding and gaining access to the trauma
victim. This can be difficult due to problems with
communication (e.g., inadequate phone coverage in
rural areas), dispatch (lack of clear jurisdictional
authority), and access (e.g., traffic congestion, lack
of roads, or weather). The major forms of prehospital
transport are by ambulance, helicopter, or, rarely,
fixed-wing. The goal of prehospital trauma triage is
to identify and provide rapid treatment for the most
severely injured trauma patients and to transport
them to the most appropriate center able to manage
their injuries.

There is no national consensus on trauma triage
criteria and many trauma systems have adopted their
own guidelines. Most systems use some variation of
the field triage scheme outlined by the ACS Commit-
tee on Trauma (Figure 1.1). These guidelines have
been shown to have > 95% sensitivity for identifica-
tion of severely injured trauma patients.9,10 Multiple
variables are included, such as physiologic, anatomic,
and mechanistic criteria, as well as patient age and
comorbidities. Physiologic criteria, such as systolic
blood pressure (SBP), Glasgow Coma Scale (GCS),
or Revised Trauma Score (RTS) have been shown to
have the highest sensitivity (56–65%) in predicting
severe injury when used alone. The sensitivity of
physiologic criteria is increased even more when used
in combination with anatomic or mechanistic criteria.
An SBP < 90 mmHg, a mechanism of gunshot
wounds (GSWs), and endotracheal intubation (ETI)
predicts the need for intensive care unit (ICU) admis-
sion and operative intervention; a GCS < 8, SBP < 90
mmHg and ETI are associated with mortality.11

Anatomic criteria used for field triage include
penetrating injuries to the head, neck, torso, and
proximal extremity; two or more proximal long bone
fractures; crushed or mangled extremity; pelvic frac-
tures; open or depressed skull fractures; and paralysis.
The Injury Severity Score (ISS) is an anatomic scoring
system that is used to assess the extent of injury and
has been found to correlate with morbidity and
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mortality. Patients with an ISS score > 15 have been
shown to benefit from transport to a trauma center.12

However, the ISS is calculated at discharge, and is
difficult, if not impossible, to accurately calculate in

the field. In fact, trauma scores have generally not
worked prospectively in large part because they can
only be derived from data that is not available until
late in the trauma patient’s course. However, the use

1 Measure vital signs and level of consciousness

Glasgow Coma Scale
Systolic blood pressure
Respiratory rate

YES

Take to a trauma center. Steps 1 and 2 attempt to identify
the most seriously injured patients. These patients should be
transported preferentially to the highest level of care within
the trauma system.

NO

Assess anatomy of injury

2
• All penetrating injuries to head, neck, torso, and extremities
    proximal to elbow and knee
• Flail chest
• Two or more proximal long-bone fractures
• Crushed, degloved, or mangled extremity
• Amputation proximal to wrist and ankle
• Pelvic fractures
• Open or depressed skull fracture
• Paralysis

YES

Take to a trauma center. Steps 1 and 2 attempt to identify
the most seriously injured patients. These patients should be
transported preferentially to the highest level of care within
the trauma system.

NO

Assess mechanism of injury and
evidence of high-energy impact

3
Falls
• Adults: > 20 ft. (one story is equal to 10 ft.)
• Children: > 10 ft. or 2–3 times the height of the child

High-risk auto crash
• Intrusion: > 12 in. occupant site; > 18 in. any site
• Ejection (partial or complete) from automobile
• Death in same passenger compartment
• Vehicle telemetry data consistent with high risk of injury

Auto vs. pedestrian/bicyclist thrown, run over, or with
Significant (> 20 m.p.h.) Impact
Motorcycle Crash > 20 m.p.h.

YES

Transport to closest appropriate trauma center,  which
depending on the trauma system, need not be the highest
level trauma center.

NO

Assess special patient or
system considerations

4
Age

• Older Adults: Risk of injury death increases after age 55
• Children: Should be triaged preferentially to pediatric-capable
   trauma centers

Anticoagulation and bleeding disorders
Burns

• Without other trauma mechanism: Triage to burn facility
• With trauma mechanism: Triage to trauma center

Time sensitive extremity injury
End-stage renal disease requiring dialysis
Pregnancy > 20 weeks
EMS Provider Judgment

YES

Contact medical control and consider transport to a trauma
center or a specific resource hospital.

NO

Transport according to protocol

When in doubt, transport to a trauma center.
For more information, visit: www.cdc.gov/FieldTriage

< 90 or
< 14 or

< 10 or > 29 (< 20 in infant < one year)

Figure 1.1 Field triage decision scheme:
The National Trauma Triage Protocol.
(Courtesy of the US Department of Health
and Human Services Centers for Disease
Control and Prevention.)
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of any anatomic criteria alone to triage patients has a
lower sensitivity (45%) in predicting severe injury.9

Certain anatomic criteria, such as paraplegia or a
mangled extremity, may alert the trauma team to a
significant mechanism possibly causing other injuries
or the need for subspecialists, such as orthopedic
surgeons or neurosurgeons.

Mechanistic criteria, such as pedestrian stuck by a
vehicle, motor vehicle collision (MVC) with pro-
longed extrication, vehicle damage, or intrusion, and
death of another vehicle occupant have had mixed
results; however, when used alone have generally been
shown to be poorly predictive of severe injury or need
for trauma team activation.13–17 When used in com-
bination with anatomic or physiologic criteria, the
sensitivity increases. Multiple studies have attempted
to identify which mechanistic criteria are more sensi-
tive for the risk of severe injury; however, there is no
consensus. Many trauma systems tailor their own
triage guidelines depending on which mechanistic
criteria appear to be the most sensitive for their
unique patient populations.8,18 Like any screening
test, field triage will have a level of sensitivity and
specificity. A gain in one will lead to a loss in others.
Generally it is felt that overtriage, or loss of specificity
and gain of sensitivity, is preferable to undertriage.
The ACS uses a number of > 25% overtriage as
acceptable to achieve < 5% undertriage.

Geriatric trauma patients present a difficult chal-
lenge in the evaluation of injury. Patients > 65 years
old have higher mortality and complication rates and
longer hospital stays than younger patients with simi-
lar injury severity.19 Several prehospital trauma triage
guidelines that do not contain criteria to include
elderly trauma patients have found that it results in
unacceptable levels of undertriage in patients > 65
years old with potentially life-threatening injuries.20,21

Box 1.2 Prehospital essentials

� The goal of prehospital trauma triage is to iden-
tify and provide rapid treatment for the most
severely injured trauma patients and transport
them to the most appropriate center able to
manage their injuries.

� There is no national consensus on trauma triage
criteria and many trauma systems have adopted
their own guidelines.

� Generally it is felt that overtriage to trauma
centers, or loss of specificity and gain of sensitiv-
ity, is preferable to undertriage.

Hospital presentation
Patient management must consist of rapid primary
survey, resuscitation of vital functions, a more
detailed secondary assessment, and, finally, the initi-
ation of definitive care. The goals of the primary
survey are to identify and target potentially life-
threatening causes of injury on patient presentation.
The primary survey is the same regardless of whether
the injured patient is delivered to a small community
hospital or a level I trauma center. Trauma surveys
must be performed compulsively on each patient.

The ultimate goal of resuscitation is to restore
organ perfusion. This is accomplished by controlling
hemorrhage as much as is possible, administering
isotonic fluids to replace lost intravascular volume,
infusing packed red blood cells to avoid critical
anemia, and monitoring the patient response to inter-
vention in order to tailor further resuscitative efforts.
In attempting to restore organ perfusion, there are
multiple criteria clinicians use to assess patients’
response: blood pressure, heart rate, mental status,
and urine output are the most commonly used end-
points of resuscitation in the ED. Serum lactate and
base deficit values may be helpful because they may
alert the physician to organ hypoperfusion in the
setting of apparently normal vital signs, particularly
in the elderly. One of the recent controversies in the
patient with ongoing bleeding is the concept of “per-
missive hypotension,” where the goal of organ perfu-
sion is balanced with the risks of rebleeding by
accepting a lower than normal blood pressure. For
decades the standard approach to the trauma victim
who is hypotensive from presumed hemorrhage has
been to infuse isotonic fluid as early and rapidly as
possible, with the goal of restoration of intravascular
volume and vitals signs to normal. Multiple studies,
mostly in animal models of uncontrolled hemorrhage,
have suggested that this practice may be harmful and
increase mortality by accelerating hemorrhage
through increasing hydrostatic pressure at the hem-
orrhage site, breaking clots, and dilution of clotting
factors.22–24 However, this is countered by concerns
that delayed resuscitation may lead to tissue hypoper-
fusion, organ failure, and subsequent death. Special
consideration should be taken with patients with
traumatic brain injury, where avoiding a SBP < 90
mmHg is important. Currently there is no universal
consensus pertaining to the optimal resuscitation
strategy in trauma patients. However, a policy of
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judicious fluid administration to maintain a mean
arterial pressure (MAP) > 65 mmHg is advisable
once the patient is in the hospital. The most import-
ant early step in actively hemorrhaging patients is
control of the bleeding. In these cases, early involve-
ment of a trauma surgeon is appropriate.

Imaging
One of the decisions a clinician needs to make in the
setting of significant trauma is what imaging to
obtain. With the availability and diagnostic capability
of the CT scan and the emergence of ultrasonography
in the ED, imaging in trauma has changed signifi-
cantly in the past several years. Various factors influ-
ence the decision of what imaging to obtain.
A combination of mechanism of injury, vital signs,
reliability and findings of the physical examination,
clinical appearance of the patient, age, and existing
comorbidities all contribute to the extent of imaging
required.

The screening anteroposterior (AP) chest radio-
graph remains routine for patients sustaining signifi-
cant blunt or penetrating trauma to the head, chest, or
abdomen. This can often identify potential life-
threatening injuries, such as pneumothorax or
hemothorax, which may need to be addressed before
transport to the CT scan, the operating room, or
transfer to another facility. In addition, plain chest
radiographs may identify free intra-abdominal air,
mediastinal hematomas, or mediastinal air that may
mandate additional imaging.

The single-view pelvis radiograph has traditionally
been one of the screening radiographs obtained
during initial trauma resuscitation. However, the util-
ity of obtaining this film has been questioned.25–27

The main goal for the screening pelvis radiograph is
to identify unstable pelvic fractures or hip disloca-
tions that need emergent intervention. In patients
who are hemodynamically stable and have no clinical
suggestion of an unstable pelvis fracture or hip dis-
location, and who will undergo abdominal and pelvic
imaging with the CT scan, it appears safe, cost effect-
ive, and appropriate to forgo pelvic radiographs. The
CT scan is virtually 100% sensitive in diagnosing
significant pelvic fractures.28 On the other hand,
patients who have an unstable pelvis on physical
examination or evidence of hypotension should have
a pelvis film in the trauma bay. These patients may
have suffered an unstable pelvic fracture that needs to

be urgently stabilized or a posterior hip dislocation
that warrants prompt reduction.

Historically, lateral view cervical spine radio-
graphs were standard in initial trauma evaluation.
Previously, it was deemed essential to clear the cer-
vical spine radiographically before undertaking any
active airway management. When it was decided that
not all uncleared airway patients required a surgical
airway as opposed to being safely intubated orally, the
need for immediate imaging clearance of the spine
became less time constrained. However, the ineffi-
ciency of plain radiographs and the use of CT imaging
have made cervical spine radiographs much less
common. So long as the stabilization of the cervical
spine is maintained, the trauma team can now wait
until more critical injuries have been identified and
managed. Films can then be obtained according to
which modality is the most accurate.29 Plain radio-
graphs of the cervical spine have reported sensitivity
as low as 31% for identification of cervical spine
injury.30,31 Not only are radiographs not sensitive
for detection of cervical spine injury, 72–79% of films
are inadequate.30,32 Many radiographs need to be
repeated to get adequate views and the time it takes
to obtain adequate views can average up to 22 min-
utes, more than double the time for cervical spine
CT.32 The atlanto-occipital and lower cervical areas
are most difficult to evaluate on cervical spine radio-
graphs and are the ones most likely to be repeated.

Box 1.3 Initial imaging essentials

� The screening AP chest radiograph in the trauma
bay generally remains routine for patients sus-
taining significant blunt or penetrating trauma
to the head, chest, or abdomen.

� In major patients who are hemodynamically
stable and have no clinical suggestion of an
unstable pelvic fracture or hip dislocation, and
who will undergo abdominal and pelvic imaging
with CT scan, it appears safe, cost effective, and
appropriate to forgo pelvic radiograph in the
trauma bay.

� The CT scan is virtually 100% sensitive in diag-
nosing significant pelvic fractures.

� In the neurologically intact patient, if stabilization of
the cervical spine is maintained, the lateral cervical
spine filmmay bewithheld in the trauma bay while
more critical injuries are identified and managed.

� Radiographs can then be obtained according to
which modality (CT or plain film) is the most
appropriate for the situation.
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The cost-effectiveness of cervical spine CT relative
to cervical spine radiographs has been studied. For
example, Grogan et al. found that it was more cost
effective to obtain cervical spine CT scans rather than
plain radiographs for patients with any of the
following criteria: age over 50 years; a high injury
mechanism; any patient with focal neurologic deficit;
or evidence of head injury.33 Most patients requiring
trauma team activation likely meet at least one of
these criteria. The difficult decision arises when a
patient presents with low to moderate risk of injury
and any indication for imaging by either the National
Emergency X-Radiography Utilization Study (NEXUS)
Criteria or the Canadian Cervical Spine Rule. For
moderate risk of injury, cervical spine CT is preferred,
but controversial. The benefits have to be balanced
with the low yield of positive scans as well as the
additional cost and radiation exposure. For low-risk
patients, those patients under 50 years of age with
low to moderate mechanism for injury, cervical spine
CT has not been shown to be cost effective.34,35 The
exception may be the patients with a large body
habitus in whom it is unlikely to achieve adequate
radiographs and multiple plain films are anticipated.
Regardless of the modality used, the clinician needs to
take into consideration the potentially devastating
consequences of missed cervical spine injury and use
clinical decision rules and imaging appropriately.

Evaluation for potential intra-abdominal injury is
where many evaluation errors were made historically.
Today, there is more acceptance of a need for object-
ive evaluation of the abdomen in patients with blunt
abdominal injury, especially if there are concomitant
injuries, intoxication with drugs or alcohol, extremes
of age, and where there has been a significant mech-
anism of injury. Patients suffering from MVCs, ped-
estrians struck by vehicles, patients with significant
falls, or patients with penetrating trauma to the torso
are at high risk for abdominal injuries. One of the
complicating factors in the evaluation of these
patients is the difficulty of clinical assessment, espe-
cially in the multiply injured patient. The sensitivity
of physical examination alone in blunt abdominal
trauma, even with serial examinations, has been well
studied and is accepted as being relatively inaccurate
with sensitivities of detecting intra-abdominal injury
of only 65%.36

Determining the need for emergent operative care is
the top priority in the evaluation of patients sustaining
abdominal trauma. Patients who are hemodynamically

unstable need to have intra-abdominal hemorrhage
identified and controlled expeditiously. Time spent in
the ED and severity of hypotension increases risk of
death in patients with isolated operative blunt abdom-
inal trauma.37 In patients with penetrating trauma,
hypotension is an indication for immediate operative
intervention. Historically, bedside diagnostic periton-
eal lavage (DPL) was the diagnostic modality of choice
to rule out intra-abdominal hemorrhage or injury in
unstable patients suffering from blunt abdominal
trauma. The emergence of ultrasonography in trauma,
specifically the focused abdominal sonography in
trauma (FAST) exam, has markedly reduced the need
for DPL. Reported sensitivity of FAST in detecting
hemoperitoneum varies from 65% to 95%,38,39 but in
the hypotensive patient the sensitivity is thought to
increase to close to 97% in patients requiring surgical
intervention.40 Given this relatively high detection of
hemoperitoneum, most trauma centers employ FAST
early on in evaluation of hypotensive patients with
blunt trauma. The FAST exam needs to be interpreted
in light of the patient’s condition. It is dangerous to
rely solely on a single study without context. As with a
DPL, a positive FAST examination only tells you there
is blood present in the abdomen. It does not identify
the source, nor the magnitude of injury, and thus there
is still place for the trauma team to use judgment
about which patient must go directly to the operating
room for management. This is more true of blunt
rather than penetrating trauma.

For hemodynamically stable patients, the intro-
duction of the CT scan in the mid-1980s has funda-
mentally changed the evaluation and treatment of the
multisystem trauma patient, especially in evaluation of
abdominal trauma. The emergence of non-operative
management for many abdominal injuries and the
decreased need for exploratory laparotomy is in large
part due to the availability, speed, and accuracy of the
CT scan. The CT scan has improved the diagnosis of
both solid and hollow viscous injury after blunt
abdominal trauma. Only CT scans with IV contrast
are likely to be adequate for the evaluation of abdom-
inal trauma.41 Clinicians must balance the risks of
giving IV contrast to high-risk patients with decreased
glomerular filtration rate (GFR), diabetes, or history
of allergic reactions to contrast medium with the risk
of missed injury. However, a non-IV contrast abdom-
inal CT should not give the clinician a false sense of
security that there is no injury because this study is
inadequate to fully rule out intra-abdominal injury.

Chapter 1: Decision making in trauma

7



There has been some controversy regarding ultra-
sonography vs. CT in the evaluation of hemodynamic-
ally stable patients with blunt abdominal trauma.
Ultrasound is fast and allows other evaluations to
proceed while the patient is being scanned. It also
avoids exposure of the patient to ionizing radiation
and IV contrast medium. But the sensitivity of ultra-
sound in diagnosing intra-abdominal injury is lower
than the CT scan. Significant abdominal injury has
been reported in one third of patients without hemo-
peritoneum.38 These results indicate the lesser or
absent ability of ultrasound to detect organ injury in
the absence of free fluid. In the unstable patient who
should not be placed in a CT scanner, a FAST exam-
ination or a DPL should be performed for the detec-
tion of intra-abdominal fluid. However, in the stable
multisystem trauma patient, given the greater diag-
nostic capability and accuracy of the CT scan and the
relatively low sensitivity of physical exam, clinicians
should have a low threshold for evaluation with
abdominal CT scan. Patients with tenderness on
abdominal exam or evidence of abdominal wall
trauma, such as contusion or a seat belt sign, also
warrant evaluation with CT. If the physician elects
not to obtain a CT scan and monitor the patient with
serial abdominal exams, a CT can be subsequently
obtained if the physical exam changes. A benefit of
abdominal CT scan is the safe, expeditious disposition
of patients. Patients with a negative abdominal CT
scan may be safely discharged with a high degree of
certainty from the hospital without admission or
observation for occult intra-abdominal injury.42 This
decision is also dependent upon concomitant injuries,
diseases, the examination, and social circumstances of
the patient, as well as the mechanism of injury. There
are patients who will benefit from a period of obser-
vation even if the initial studies are negative.

Box 1.4 Essentials of CT in decision making

� The emergence of non-operative management
for many abdominal injuries and the decreased
need for exploratory laparotomy is in large part
due to the availability, speed, and accuracy of CT
scan.

� CT scans with IV contrast only are likely adequate
for the evaluation of abdominal trauma.

� Clinicians must balance the risks of giving IV
contrast to high-risk patients with decreased
GFR, diabetes, or history of allergic reactions to
contrast medium with the risk of missed injury.

� However, a non-IV contrast abdominal CT should
not give the clinician a false sense of security that
there is no injury because this study is inad-
equate to fully rule out intra-abdominal injury.

� In the stable multisystem trauma patient, given
the greater diagnostic capability and accuracy of
the CT scan and the relatively low sensitivity of a
physical exam, clinicians should have a low
threshold for evaluation with abdominal CT scan.

� A benefit of abdominal CT scan is the safe, exped-
itious disposition of patients.

Rural and non-trauma centers
Although algorithms are in place for Emergency
Medical Services (EMS) personnel to bypass commu-
nity hospitals in favor of trauma centers for patients
meeting selected criteria, often there is no trauma
center in the vicinity. Furthermore, there are patients
who arrive at the community or rural hospital with
seemingly mild trauma and are found to have more
extensive injury upon diagnostic review than what
was apparent upon initial assessment by the EMS
providers in the field. Therefore, protocols must be
in place to transfer patients to appropriate facilities to
manage their injuries.

The decision to transfer a patient depends on the
extent of injury as well as the capabilities of the local
hospital. Patients with certain injuries, combinations
of injuries, or who have findings indicating high
energy mechanisms may be at risk for severe injury
and they are candidates for early transfer to a trauma
center.43 For example, patients who present with
decreased GCS and evidence of closed head injury,
obtaining CT scans or other diagnostic studies should
not unduly delay transfer to a higher level of care. On
the other hand, for patients who are hemodynami-
cally stable, it may be more prudent to obtain the
appropriate workup at the local hospital in order to
rule out any injury requiring a trauma center. There-
fore, if the studies are negative, the transfer can be
avoided. If there is an injury diagnosed and the
patient requires further care, transfer to a higher level
facility may occur at that time.

There should be in place an easy to arrange trans-
fer mechanism. It is far safer to accept the transfer
that turns out to be a patient without significant
injury than to prevent transfer of the patient with
significant injuries. Prior to transfer of a critically
injured patient to a higher level of care, the patient
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should be resuscitated and attempts should be made
to stabilize the patient’s condition. Interventions such
as definitive airway control if indicated, chest tube
placement or mechanical ventilation if appropriate,
sufficient IV access, and control of external bleeding
as much as possible should occur before the patient
leaves the initial hospital. The receiving hospital must
not demand performance of tasks that are beyond the
capacity of the transferring hospital, such as difficult
airway management or central line placement. The
personnel in the transferring hospital may not have
the necessary experience and expertise to perform
them safely.

Conclusions
The care of the severely injured trauma patient is
complex. A multidisciplinary team made up of indi-
viduals familiar with the care of trauma patients
is essential to promptly evaluate and treat these
patients. Injury assessment is based on prehospital
data, vital signs, clinical presentation, and imaging
studies. Trauma patients may have suffered signifi-
cant injuries despite normal vital signs and an ini-
tially benign physical examination. The appropriate
use of imaging studies can promptly diagnose occult
injuries and help to make quick and safe dispos-
itions. The placement of patients where they can
receive definitive care, whether in the operating
room, the ICU, or another facility, is a high priority
in trauma care.
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Introduction
Injuries remain the leading cause of death in the
United States from age 1 to 34. Optimal initial man-
agement of the trauma patient during the first several
hours after injury offers the best chance of a good
outcome.1 The establishment of trauma center
designation has lowered overall trauma mortality by
approximately 15%.2 The resuscitation begins with
appropriate prehospital triage and field care and
continues in the emergency department (ED). The
ABCs remain the foundation of the initial evaluation
of the trauma patient, with rapid but thorough assess-
ment of the patient’s airway, breathing, circulation,
and potential disabilities. The early recognition and
aggressive treatment of hemorrhagic shock in trauma
patients has advanced in recent years. The use of
bedside ultrasound allows for the rapid detection of
intraperitoneal or pericardial fluid. Additionally, a
better understanding of shock physiology has led to
the use of metabolic markers, such as base deficit and
lactate, to detect occult hypoperfusion. As emergency
medicine continues to mature as a specialty, the abil-
ity of the emergency physician to provide optimal
initial care for the major trauma patient continues
to grow.

Box 2.1 Essential concepts in trauma care

� Prehospital care and triage
� ABCs of primary survey
� Secondary survey
� Use of radiologic studies and bedside

ultrasound
� Use of laboratory tests
� Consultation with specialists
� Patient disposition

Prehospital care
Rapid prehospital transport is an integral part of the
optimal management of trauma patients. Regional
organization of trauma systems, with hospital desig-
nations based on capability to care for the complex
trauma patient, has been shown to improve patient
outcomes,2–5 but appropriate field triage of patients
remains difficult. Various criteria have been used,
including anatomic (e.g., type of injury), physiologic
(e.g., vital signs), and mechanism of injury, modified
by the presence of comorbid conditions such as the
extremes of age and third trimester pregnancy.
Most trauma centers have two levels of trauma acti-
vation (with additional personnel reporting to severe
traumas) and use similar criteria. The criteria recom-
mended by the American College of Surgeons (ACS)
for the activation of the expanded trauma team for a
major trauma include physiologic criteria (traumatic
arrest, heart rate below 50 or over 120, systolic blood
pressure below 90 mmHg, a Glasgow Coma Scale
[GCS] score below 10, paralysis, and age over 65) as
well as two mechanistic criteria (gunshot wound to
torso, head, or neck, or burn over 20% of body surface
area). The criteria for a minor trauma activation
are all based on mechanism (gunshot wound to an
extremity; fall over 20 ft; motor vehicle collision
[MVC] with ejection, rollover or occupant death;
pedestrian struck by car; crush or degloving to
extremity; or stab wound to torso, head, neck, or
thigh).6,7 Physiologic criteria have a higher specificity
for major trauma (defined as the need for emergent
surgery or intensive care unit [ICU] admission, or
death in the ED) but the use of mechanistic criteria
can add sensitivity and decrease the rate of under-
triage, since some patients may initially maintain
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hemodynamic stability in the face of significant injury.6

Of the mechanistic criteria most frequently used in
triage, the four least predictive of surgery, ICU admis-
sion, or death are: (1) pedestrian struck by car; (2)
motorcycle crash with separation of rider; (3)MVCwith
rollover; (4) andMVCwith occupant death.6 In children
with blunt trauma, the mechanismmost associated with
immediate or delayed need for surgical management is
falls from playground equipment.8 Certain mechanisms
are more likely to cause severe injuries; gunshot wounds
and MVCs combined are responsible for one half of
all injury deaths in the United States.8,9 However, the
ability of any particular injury mechanism to predict
severity of injury and ultimate outcome depends on
multiple other factors, including mechanism details
(e.g., speed of crash, type of bullet), exact location of
injury (e.g., damage to major vessels or organs), and
patient factors (e.g., age and comorbidities). Although
mechanism of injury is still often a part of triage criteria,
it is clear that serious mechanisms may result in min-
imal injury and, conversely, apparently benign mech-
anisms may cause significant injuries (Table 2.1).8,10,11

The ACS guidelines for Level I trauma centers
require the presence of the attending trauma surgeon
at the ED arrival of trauma patients requiring major
resuscitation, or within 15 minutes in cases of short
advance notification. The minimum criteria for a
major resuscitation as defined by the ACS are: hypo-
tension (confirmed blood pressure below 90 for
adults or age-appropriate level for children); intub-
ation or respiratory obstruction or compromise;
gunshot wounds to neck, chest, or abdomen; a GCS
< 8 (attributed to trauma); transfer patients receiving
blood transfusions for hemodynamic stability; and
ED physician discretion.12 Although research has
shown that these criteria are associated with increased
mortality, more severe injuries, and longer ICU and
hospital stays,7 whether the physical presence of a
trauma surgeon in the initial resuscitation influences
outcomes is debated.7,13–15 The use of intubation or
airway compromise as the sole reason for trauma
surgeon presence upon arrival of the trauma patient
has been studied. Of these patients only 2% require
emergent operation for hemorrhage control. Patients
who arrive intubated and otherwise stable are actually
more likely to require neurosurgical or orthopedic
intervention than trauma surgeon intervention.14

Regardless of trauma severity, certain informa-
tion from prehospital providers is useful in guiding
ED approach and management. Basic patient back-
ground, including details such as age, past medical
history, medications and allergies, and medications
given en route, remains important. Additional helpful
information concerns patient injuries (including
prehospital treatment such as splinting or needle
decompression), patient hemodynamics en route,
and mechanism of injury.1 A study from 2003 showed
that isolated prehospital hypotension – with normal
blood pressure on presentation at the ED – was asso-
ciated with an increased mortality and need for opera-
tive intervention.16 For MVCs, useful mechanistic
information includes estimated speed, patient posi-
tion in car, use of restraints or airbags, patient ejec-
tion from vehicle, time of extrication, fatalities in
crash, vehicle condition after crash (e.g., windshield
or intrusion damage), and explosion or fire. For
trauma from falls, the height of fall is important, as
is the surface upon which the body lands and the
orientation of the body. For stab or gunshot wounds,
description of the weapon (length or caliber), number
of shots heard, and a rough estimate of the wound
path are important. For any trauma, additional useful

Table 2.1 Trauma mechanism and suspected injuries

Mechanism Injury

MVC (broken
windshield or steering
wheel damage)

� Closed head injury

� Chest: myocardial contusion,
aortic injury, pulmonary
contusion, flail chest

� Abdomen: diaphragm
rupture, liver and spleen
injuries

� Hip dislocation

MVC (ejection) � Head injury

� Aortic injury

� Renal pedicle injury

Falls (deceleration) � Aortic injury

� Renal pedicle injury

� Calcaneal fracture, lumbar
fractures

Bicycle handlebar � Duodenal hematoma

� Pancreatic injury

MVC, motor vehicle collision.
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prehospital information is the reason for injury
(e.g., suspected electrocution or syncope), ambient
temperature, and alcohol or drug use. It is important
to consider medical causes for trauma, such as hypogly-
cemia, anaphylaxis, and myocardial infarction, espe-
cially in single car crashes.

Protocols for field care vary somewhat by region,
and physicians should be aware of guidelines in their
system. Certain field interventions will influence
ED management. For example, prehospital needle
decompression of the chest will necessitate tube
thoracostomy in the ED. For patients intubated by
Emergency Medical Services (EMS), endotracheal
tube placement should be verified upon arrival in
the ED by some combination of auscultation, end
tidal carbon dioxide monitoring, chest radiography,
and direct visualization. Extremities splinted in the
field should be examined to ensure splints are not
compromising vascular flow. Appropriate prehospital
care of amputated parts will also affect the possibility
of replantation.

Emergency department evaluation
and treatment
Identification of life-threatening injuries is the prior-
ity in the initial evaluation of a trauma patient and is
generally accomplished through the step-wise approach
established by the ACS as described in the Advanced
Trauma Life Support® (ATLS®) course.17 However,
with an efficient and well-staffed trauma team, mul-
tiple steps occur simultaneously. As the physician
assesses the airway, other providers are establishing
intravenous (IV) access and exposing the patient.
Furthermore, this standard algorithm is illogical for
certain mechanisms or particular situations. For
instance, a patient with a single stab wound to the
left chest likely needs a focused abdominal sonogr-
aphy in trauma (FAST) exam to evaluate a potential
pericardial effusion prior to a full extremity examin-
ation. All trauma patients need a thorough evaluation
to avoid missing injuries overshadowed by the life
threat(s), but the order of evaluation may differ
depending on the specific case.

Primary survey
The initial approach to the trauma patient begins with
the primary survey. This is a rapid assessment for
immediate life-threatening conditions. As in other
types of ED patients, the airway, breathing, and

circulation evaluation comes first. As injuries are
identified, they are treated rapidly before the rest of
the primary survey is completed. This systematic
approach avoids missing life-threatening injuries.
The speed of this initial assessment depends on the
clinical stability of the patient. The goal is to address
the airway, treat any major chest injuries, treat shock,
and then identify any injuries that require immediate
operative repair.

Airway management
Airway assessment and management is the first step
in the care of an injured patient because inadequate
oxygenation or ventilation presents an immediate life
threat that may be easily reversible. This assessment
may be as simple as establishing that a patient is
awake and speaking normally without facial trauma,
but may be much more challenging in cases of sig-
nificant facial or neck trauma. Multiple modalities
are available for intubation, including rapid sequence
with in-line manual cervical immobilization, blind
nasotracheal, oral awake, cricothyrotomy, bougie, fiber-
optic, and lighted stylet. Factors affecting the choice
of method include the presence of obvious or possible
facial, anterior neck, intracranial, or cervical spine
injuries. In trauma, rapid establishment of the airway
is critical. Due to the presence of life-threatening injur-
ies that require immediate operativemanagement, there
may not be time to attempt difficult airway techniques,
and the physician must be prepared to perform a surgi-
cal airway when oral intubation fails or is contra-
indicated. New wire-guided (Seldinger technique) or
catheter-over-needle kits for cricothyrotomy may be
superior to traditional surgical approaches. In one
study, procedure duration and complication rates were
similar for wire-guided and surgical approaches but
physicians preferred the wire-guided approach, which
also required smaller skin incisions.18 In children under
8 years of age a needle cricothyrotomy is preferred to
a surgical cricothyrotomy.

Box 2.2 Indications for intubation

� Airway obstruction
� Airway protection
� GCS < 8
� Inadequate ventilation
� Head injury requiring hyperventilation
� Persistent hypotension
� Anticipated future course (e.g., need for multiple

radiologic studies or operating room)
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Breathing: ventilation and oxygenation
This step of the primary survey focuses on identifica-
tion of chest injuries that may impair ventilation.
The emergency physician should inspect for chest
wounds, listen for breath sounds, and palpate for
subcutaneous air or flail chest. Physical exam findings
consistent with a tension pneumothorax are indica-
tions for immediate chest decompression with a
needle or chest tube prior to a chest radiograph. These
include hypotension in addition to subcutaneous air,
or decreased breath sounds in blunt trauma and
hypotension in addition to decreased breath sounds
in penetrating trauma. A chest radiograph can aid in
the diagnosis of chest injury but should not delay
resuscitation of an unstable patient. However, in
stable patients with suspected chest trauma it may
be reasonable to obtain a chest radiograph prior to
placing a chest tube. All major trauma patients should
receive supplemental oxygen, especially if room-air
saturations are abnormally low or for preoxygenation
if intubation is imminent.

Bedside ultrasound may be useful in detecting
pneumothorax, as it is faster and more sensitive than
portable chest radiography and can identify small
pneumothoraces that would be otherwise seen only
on computed tomography (CT); some advocate for
including the lungs in an extended FAST exam.19 For
diagnosis of pneumothorax (with CT as the gold
standard), ultrasound has a sensitivity of 92–100%
and a specificity of 94–100%.20–22

Box 2.3 Chest injuries that impair ventilation

� Tension pneumothorax
� Flail chest
� Open pneumothorax
� Hemothorax

Circulation
The primary circulation survey of the trauma patient
includes establishment of vascular access, assessment
and control of hemorrhage (internal or external),
fluid resuscitation with crystalloid or blood, and
assessment of shock. Major trauma patients need at
least two large-bore (14 or 16 gauge) peripheral IVs.
Physician judgment may be used for stable patients
with lesser mechanisms, some of whom may require
only one IV. If peripheral IV placement is difficult or
impossible, the patient will require a saphenous vein

cut down, central access (subclavian, internal jugular,
or femoral) or an intraosseous line (IO). A single-
lumen, large-bore central line should be used rather
than a multilumen line to ensure rapid delivery of
fluids and medications. In children, an IO line should
be attempted prior to a central line. This technique has
also been studied recently for use in adult patients.23

The primary circulation survey should address
possible external or internal hemorrhage, including
assessment of blood pressure, pulse, and skin perfu-
sion. Compressive dressings should be applied to sites
of obvious external hemorrhage. In stable patients
with bleeding head wounds, rapid closure in the
trauma bay may be advisable prior to radiologic stud-
ies given the potential for ongoing hemorrhage.
Raney clips may be useful for temporarily closing
scalp wounds to control hemorrhage. Given the con-
cern over possible scatter artifact from scalp staples, it
is ideal to obtain the head CT prior to wound closure
with staples, but wounds with ongoing hemorrhage
need to be controlled if they interfere with or hinder
resuscitation. Significant internal bleeding may be
from intra-abdominal or intrathoracic injuries, pelvic
or femur fractures, or from arterial or venous involve-
ment of penetrating injuries.24 Intracranial hemor-
rhage will not cause hypotension from hemorrhage,
although it may cause neurologic disability and
hypertension with bradycardia (Cushing reflex).

Fluid resuscitation should begin with 2–3 L of
isotonic fluid, either normal saline (NS) or lactated
Ringer’s (LR). Although both fluid types are good
choices for initial resuscitation, NS can cause hyper-
cloremic acidosis when given in large volumes, espe-
cially in a patient with impaired renal function.17

Pediatric resuscitation is based on weight, with an
initial one or two 20 ml/kg crystalloid boluses
followed by 10 ml/kg of blood as indicated. Fluids
should be warmed to minimize hypothermia,
although it should be noted that by the time warm
fluids reach the patient via IV tubing they may have
cooled to room temperature unless administered
via a rapid infuser.25 Blood transfusion is indicated
for patients who remain hemodynamically unstable
after 2–3 L or have ongoing blood loss (e.g., open-
book pelvic fracture). Patients with life-threatening
hemorrhage should receive O-negative blood, which
should be immediately available in all EDs; O-positive
blood can be used instead in males and females
past child-bearing age. Patients with transient
response to crystalloid should receive type-specific
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blood, which is compatible with ABO and Rh blood
types and requires 10–30 minutes for matching. For
all patients, fully cross-matched blood is preferable,
but the time required for matching (1 hour) should
not delay care.

Any patient with major pelvic trauma should
receive blood immediately in anticipation of major
blood loss, even before hematocrit results are avail-
able. Patients with major open-book or other pelvic
fractures that are associated with significant bleeding
may also be temporally stabilized by the application of
a commercially available pelvic stabilization binder.
Alternatively, the emergency physician can tightly
wrap a sheet around the pelvis.

Conventional protocols, including ATLS®, rec-
ommend resuscitation of hemorrhaging patients with
the goal of maintaining a normal blood pressure. This
approach has been questioned, with the rationale that
fluid administration may actually increase bleeding
because of increased vessel wall pressure and dilution
of coagulation factors. Multiple animal studies have
supported this hypothesis, and research is ongoing
to examine the effects of permissive hypotension on
the outcome of hemorrhaging trauma patients.26–28

While certain trauma patients may benefit from
smaller volumes of fluid replacement, those with
head injuries need resuscitation. In those with head
injuries, hypotension results in increased mortality
rates, and aggressive fluid resuscitation improves out-
comes, decreases the risk of secondary brain injury,
and lowers the relative risk of death or vegetative
state.28–30 In multiply injured patients, hypertonic
saline dextran (HSD) may be useful, as it decreases
intracranial pressure and increases cerebral compliance
without having detrimental systemic hemodynamic
effects.29,31,32

Patients receiving large volumes of fluid or
blood may need replacement of other blood com-
ponents, including fresh frozen plasma (FFP), plate-
lets, and cryoprecipitate.24 The use of recombinant
factor VIIa for coagulation factor replacement in
trauma is an area of great current interest, as several
case series and retrospective studies have demon-
strated decreased transfusion requirements and per-
haps decreased mortality.33 Although initial reports
are hopeful, additional studies concerning safety,
timing of dosage, and indications and contraindi-
cations are needed before recombinant factor VIIa
becomes standard practice for treating hemorrhage
due to trauma.33

While hemorrhage is the most common etiology
of shock in the trauma patient, other clinical entities
should be considered. Non-hemorrhagic etiologies of
shock include cardiogenic, tension pneumothorax,
and neurogenic. Cardiac contusion and rupture after
blunt trauma and cardiac tamponade after penetrat-
ing trauma can acutely decrease cardiac output and
blood pressure. Tension pneumothorax and cardiac
tamponade obstruct cardiac outflow and may pre-
sent with muffled heart sounds, tachycardia, jugular
venous distention (JVD), and hypotension. Physical
exam findings consistent with a tension pneumo-
thorax, such as subcutaneous air, tracheal shift, and
the absence of breath sounds, will help differentiate
between the two diagnoses. As mentioned above,
ultrasound is useful in detecting a pneumothorax,
and it can also be used to diagnose a hemothorax
or a pericardial effusion. Bedside ultrasound is 96%
sensitive and 100% specific for hemothorax,34 and
95% sensitive and 100% specific for tamponade.35

Rapid treatment of pneumothorax or tamponade with
chest decompression or pericardiocentesis, respect-
ively, is critical to management. Pericardiocentesis is
indicated in hypotensive patients with a pericardial
effusion. Emergency department thoracotomy is indi-
cated in penetrating trauma patients who had vital
signs in the field or on arrival but lose them in the
ED, or in blunt trauma patients who had vital signs on
arrival but lose them in the ED.

Neurogenic shock causes hypotension through
peripheral vascular relaxation due to the loss of sym-
pathetic tone. Cardiac output is not obstructed,
and tachycardia is usually absent. Treatment of spinal
shock is IV crystalloid, followed by vasopressors if
needed.22

Box 2.4 Circulatory assessment and management
(for major trauma)

Component Comments

Vascular
access

Minimum of two large-bore
peripheral IVs, with central
access or IO line if IVs are
unobtainable

Hemorrhage
control

Sources include extremities,
intra-abdominal, intrathoracic,
pelvis, or femur fracture, and
arterial or venous involvement
of penetrating injuries
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Box 2.4 (cont.)

Fluid
resuscitation

Begin with 2–3 L of warmed
crystalloid (NS or Ringer’s lactate),
then transfuse type-specific or
type-O blood if patient still
unstable or bleeding. (Other
acceptable options include limited
resuscitation, although this remains
controversial)

Assessment of
shock

Types of shock include
hemorrhagic, cardiogenic
(myocardial contusion,
tamponade), tension
pneumothorax, and neurogenic
(spinal shock)

Disability
The primary survey also includes a brief global assess-
ment of neurologic disabilities. Providers should calcu-
late a GCS, with pediatric modifications as appropriate.
Eye, verbal, and motor responses are totaled for
the final GCS scale, ranging from 3 (comatose) to
15 (normal). Intubation will make assessment of the
verbal component impossible, and the total score
should be annotated to identify the patient as being
intubated. The initial GCS scale can give providers a
marker of injury severity and can guide treatment
priorities. For example, a GCS of < 8 in a trauma
patient is a criterion for activation of the first-tier
(expanded) trauma team and is an indication for
intubation. Although intoxication with alcohol or
other drugs may alter a patient’s sensorium, there is
evidence that it does not significantly alter the GCS in
patients with head injuries, suggesting that a lower
than normal GCS should be assumed to be due to the
brain injury rather than the intoxication.36 Providers
should also consider whether an alteration in mental
status is the etiology, rather than the result, of the
injury and evaluate for hypoglycemia, seizure, stroke,
ingestions, or other entities as indicated.

The primary neurologic survey should include
assessment of pupil size and reactivity as well, as this
can provide clues to possible intracranial injury.
In addition, a quick determination of gross motor
function should be performed. The secondary survey
and more complete exams should include a more
thorough neurologic assessment, including detailed
motor and sensory exams in any injured extremity.

Box 2.5 Glasgow Coma Scale (with pediatric
modifications)

Score Best eye
response

Best verbal
response

Best motor
response

1 No eye
opening

No verbal
response

No motor
response

2 Eye opening
to pain

Incomprehensible
sounds
(inconsolable,
agitated)

Extension
to pain

3 Eye opening
to verbal
command

Inappropriate
words
(inconsistently
consolable,
moaning)

Flexion to
pain

4 Eyes open
spontaneously

Confused (cries
but is consolable,
inappropriate
interactions)

Withdrawal
from pain

5 – Oriented (smiles,
oriented to
sounds, follows
objects, interacts)

Localizing
pain

6 – – Obeys
commands

Exposure
All trauma patients should be undressed to facilitate
a complete exam to assess for injuries. The removal of
clothing can be performed by assistants while the
physician assesses the airway, breathing, and circula-
tion. Part of exposing a patient’s injuries involves
rolling the patient (using in-line cervical spine immo-
bilization) to examine the back for wounds or evi-
dence of injury.

The exposure component of the primary survey
also reminds the physician to assess patient exposure
to the elements prior to arrival and in the resusci-
tation room. Hypo- or hyperthermia should be
addressed rapidly. Once undressed, patients should
be covered with warm blankets to avoid iatrogenic
hypothermia.

Secondary survey and ancillary studies
Once the primary survey is complete, the goal is to
perform a complete search to diagnose injuries and to
identify indications for further imaging or operative
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intervention. The secondary survey begins with a
more thorough physical examination to diagnose
potential injuries. This exam should include assess-
ment of the face, oropharynx, and dentition, the
extremities, and general motor and sensory function.
Imaging of potential fractures is indicated, and injur-
ies such as facial fractures or complex wounds may
require consultation with specialists.

A main focus of the secondary survey is the
abdominal exam. In blunt trauma, abdominal injuries
may present with frank hypovolemic shock but can
also have a more insidious presentation. Up to 25%
of major trauma patients will require an exploratory
laparotomy,37,38 and approximately 1% of all trauma
patients have an abdominal injury.39 Certain mech-
anisms raise the likelihood of intra-abdominal
trauma, including MVCs with steering wheel deform-
ity (when the patient is the front-seat passenger) and
impact against bicycle handlebars.38,40,41 The trauma
abdominal exam in the resuscitation bay should begin
with observation and inspection for ecchymoses,
abrasions, distension, or penetrating wounds. An
important physical exam finding is the “seat belt
sign,” bruising, or other markings in the seat belt
region. This finding has been associated with hollow
viscous, pancreatic, and mesenteric injuries,38,42–45

and should prompt physicians to obtain diagnostic
imaging.

Palpation for abdominal tenderness or peritonitis
remains an important part of the trauma exam, and
the presence of abdominal pain or tenderness should
not be ignored. However, a normal examination may
be falsely reassuring in patients who are intoxicated
or distracted by other injuries. The abdominal exam
has a sensitivity of 82% for intra-abdominal injury.
Therefore, the absence of pain or tenderness does
not rule out significant injury.38,46 Certain injuries
should alert the physician to possible intra-abdominal
injuries even in the absence of abdominal pain or
tenderness, including pelvic fractures, chest injuries,
and significant (and multiple) extremity fractures.46

Thoracolumbar flexion–distraction (“Chance”) frac-
tures, often from lap seat belt use, are associated
with intra-abdominal injuries, especially to the small
bowel.38,47,48 Lower rib fractures should raise concern
for injury to the liver, spleen, or kidneys, even in the
absence of abdominal pain.38,46,47,49

The difficult part of the secondary survey is decid-
ing which patients require workup with CT for
abdominal injuries. This has not been well studied.

It is clear that the physical examination is not a
perfect test and that up to 19% of patients with posi-
tive abdominal CT have no abdominal tenderness.50

In stable patients who are awake and without a dis-
tracting injury that would prevent them from feeling
the pain of an abdominal injury, the decision to scan
or not is largely based on physician judgment and
experience. The mechanism of injury should also be
considered. A high-speed mechanism or other high-
velocity trauma to the abdomen may be associated
with an injury that would not be detected by physical
examination. Given the high rate of normal examin-
ations in patients with abnormal CT scans, one could
make an argument to scan patients with a high-
velocity mechanism. Prehospital hypotension should
also be used as an indication for abdominal CT scan-
ning. Many patients who are not intoxicated and have
no other significant injuries can be safely observed
in the ED for a short period of time (4 hours) and
then discharged with careful discharge instructions.51

Other high-risk findings that might be considered
indications for CT scanning include the following:
GCS < 14; abdominal or costal margin tenderness; a
“seat belt sign”; femur fractures; hematuria ( > 25 red
blood cells per high powered field [RBC/hpf]); and rib
fractures or pneumothorax on chest radiography. The
absence of any of these findings is associated with a
99% negative predictive value for abdominal injury.52

The FAST examination has become routine in
trauma resuscitations. The timing varies, but usually
it is performed late in the primary survey or early in
the secondary survey. The FAST exam is both sensitive
and specific (range: 87–100%) for the identification
of free fluid in the abdomen of the blunt trauma
patient,24,53 even when performed by non-radiologists.
The FAST exam may also be useful during the primary
survey for assessment of hypovolemia and cardiac
tamponade. The main benefit of the FAST exam is
the rapid detection of intraperitoneal blood in the
hypotensive blunt trauma patient. It is also very useful
to detect pericardial blood after penetrating chest
trauma. As with many aspects of trauma care, there
are various algorithms for the use of FAST results in
determining patient care.53

Even in stable blunt trauma patient, a FAST exam
should be performed as part of the secondary survey.
This allows faster triage to CT if the ultrasound is
positive. If the patient becomes unstable, it also
helps the clinicians make rapid decisions about the
need for operative management and the cause of the
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instability. Furthermore, serial ultrasound exams can
be performed if the initial FAST is negative and there
is any change in clinical status. This will increase the
sensitivity for detecting hemoperitoneum.

Foley catheter placement is necessary in patients
who are unstable in order to monitor urine output.
For those unable to stand up or use a bedpan to
urinate, a Foley catheter placement may also be
required to obtain a sample for urinalysis, in order
to evaluate for hematuria as evidence for bladder or
kidney injury. Gross hematuria is an indication for
further workup with a CT cystogram. Contraindica-
tions to a Foley placement are signs of urethral injury,
such as blood from the meatus, hemoscrotum, and
inability to palpate the prostate. Finally, in patients
undergoing diagnostic peritoneal lavage (DPL), a
Foley catheter should be placed to avoid penetrating
a distended bladder with the DPL trocar or needle.

Nasogastric (NG) tube placement is also recom-
mended in patients undergoing a DPL to avoid gastric
penetration. Patients who are intubated should also
have decompression of their stomachs with an oro-
gastric or NG tube. For the awake patient, NG tube
placement should be avoided as it may induce
vomiting and cause the patient to move his or her
head excessively in the presence of a potential cervical
spine injury.

If not already provided by prehospital providers,
the secondary survey should include a focused patient
history. Patients should be questioned concerning
allergies, medications, past medical history, and the
time of last oral intake. As discussed above, questions
concerning the event can give insight to possible
injuries and predisposing medical conditions, such
as syncope leading to an MVC. Certain injury mech-
anisms suggest possible injuries and can help guide
the workup.

Initial radiography
A chest radiograph is still recommended for patients
with blunt trauma or penetrating trauma to the chest
or abdomen, since it is a rapid and safe way to identify
a pneumo- or hemothorax, a widened mediastinum
or other signs of traumatic aortic injury, or intra-
peritoneal free air. However, patients who are asymp-
tomatic with minimal mechanisms of injury may not
require a chest radiograph. Although most trauma
anteroposterior (AP) chest radiographs are obtained
in the supine position because of spinal precautions,
an upright posteroanterior (PA) chest radiograph is

ideal because it limits the impression of a widened
mediastinum due to the supine technique.

A pelvis radiograph, also traditionally a part of the
standard trauma resuscitation, may not be necessary
for every patient. A pelvis film taken in the resusci-
tation bay may be helpful in identifying an unstable
pelvic fracture as a source of bleeding in the unstable
patient, and it may also identify hip dislocations.
However, in the awake and sober patient without
symptoms, physical exam findings, or distracting
injuries, imaging of the pelvis may not be necessary.
For the trauma patient who is hemodynamically
stable and who will have a CT scan of the abdomen
and pelvis, pelvis radiography in the resuscitation bay
is not needed. Computed tomography identifies more
pelvis fractures and provides far more information
about fracture patterns. Compared to CT, pelvis radio-
graphy is 68% sensitive and 98% specific for pelvic
fractures.54 The three main indications for obtaining
a plain radiograph of the pelvis in the resuscitation
bay are: (1) hemodynamic instability; (2) suspicion
(by exam or mechanism) of a hip dislocation that
should be reduced emergently; and (3) the emergent
need for a procedure outside of the ED (e.g., operating
room or angiography) without time for CT scans.54,55

Box 2.6 Main indications for trauma room pelvic
radiography in patients undergoing CT of the
abdomen and pelvis54,55

� Hemodynamic instability
� Suspicion (by exam or mechanism) of a hip

dislocation that should be reduced emergently
� Emergent need for a procedure outside of the ED

(e.g., operating room or angiography) without
time for CT scans

Cervical spine radiographs were also traditionally
part of the initial evaluation of the trauma patient,
starting with a lateral radiograph taken in the resusci-
tation room. If all 7 vertebrae are visualized, a lateral
radiograph detects 90% of fractures, with the yield
increasing to 100% when anteroposterior and odont-
oid radiographs are included. Although plain cervical
radiographs are still used, there is a growing reliance
on CT scans for diagnosing cervical spine injuries.
Helical CT scans have a sensitivity of 98.1% and a
negative predictive value of 99.7% for cervical spine
injuries,56 and they can save time since plain radio-
graphs are often inadequate and require additional
images. In patients undergoing other CT scans, it is
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cost effective to perform cervical CT. With the advent
of new helical CT scanners, there is some evidence
that even ligamentous injury may be ruled out and
thus the spine cleared in obtunded patients.56–58

Commonly used guidelines for cervical spine imag-
ing include the National Emergency X-Radiography
Utilization Study (NEXUS) Criteria and the Canadian
Cervical Spine Rule. Under the NEXUS Criteria,
patients are at low risk of cervical injury and do not
need cervical spine imaging if they meet all five of
the following criteria: (1) a normal level of alertness
and (2) no evidence of intoxication; (3) no posterior
midline cervical spine tenderness (4) no focal neuro-
logic deficits on exam; and (5) no painful distracting
injury.59 The Canadian Cervical Spine Rules applies to
alert, stable trauma patients with a GCS of 15. These
patients are at low risk of cervical injury and do
not need injury if theymeet all of the following criteria:
(1) no high-risk factors (age over 65, certain dangerous
mechanisms, or extremity paresthesias); (2) have at
least one low-risk factor allowing range of motion
assessment (simple rear-end MVC, sitting up in ED,
ambulatory after crash, delayed onset of neck pain, or
lack of midline cervical spine tenderness); and (3) are
able to actively rotate the neck 45� right and left.60

Guidelines for imaging of the thoracolumbar
spine are similar to the cervical spine. Imaging is
generally indicated for any patient with a high energy
mechanism plus the presence of at least one of the
following: (1) back pain or tenderness on palpation;
(2) focal sign of injury on the back; (3) neurologic
deficit; (4) cervical spine fracture; (5) GCS lower than
15; (6) painful distracting injury; or (7) intoxication
with alcohol or other substances.61,62 As with clear-
ance of the cervical spine, even a slight alteration in
mental status (from intoxication, brain injury, or other
etiology) makes the physical exam of the thoracolum-
bar spine inaccurate.62–64 Computed tomography is
more sensitive than conventional radiography for spine
fractures,65 and traumaCT scans of the chest, abdomen,
and pelvis are adequate for identification of thoraco-
lumbar injuries without the need for additional dedi-
cated imaging.65–67

Patients who present with obvious major joint
dislocations, such as hip deformities or knee disloca-
tions, should undergo radiographs of the joint in the
trauma room with subsequent reduction prior to
being moved to the CT scanner. This will depend
on the stability of the patient and concern for more
life-threatening injuries.

Complicating factors
Up to 70% of trauma patients are intoxicated with
alcohol or other substances,68 making the initial his-
tory and physical examination difficult to interpret.
Similarly, patients with a “distracting” injury may not
notice pain elsewhere in their body – such as the
cervical spine or abdomen – and thereby complicate
the physician’s task. The guidelines developed by
NEXUS discuss the need for cervical spine imaging
when a “distracting injury” prevents accurate physical
examination, and define a distracting painful injury
as: “(a) a long bone fracture; (b) a visceral injury
requiring surgical consultation; (c) a large laceration,
degloving injury, or crush injury; (d) large burns; or
(e) any other injury producing acute functional
impairment.”69 Studies have attempted to narrow
the definition of a painful distracting injury,70 but
there still is no precise definition and the principle
typically is applied to any injury that is thought to
cloud the rest of the evaluation.64,70 Hypoxia, head
injuries, or metabolic derangements may also alter a
patient’s perception and expression of pain. Evalu-
ation of such patients must rely on a combination of
objective clinical signs – such as vital signs and phys-
ical findings – and mechanistic details of the trauma.
Thus, for an intoxicated patient who was the unre-
strained, ejected driver in a high-speed rollover MVC,
it may be prudent to obtain diagnostic imaging even
in the absence of pain or tenderness. Conversely, for
an intoxicated patient who fell from standing, it may
be appropriate to observe the patient with repeated
exams but no imaging until clinically sober.71,72

Box 2.7 Potential distracting injuries in cervical
spine evaluation70

� Long bone fracture
� Visceral injury requiring surgical consultation
� Large laceration, degloving injury or crush injury
� Large burns
� Any other injury producing acute functional

impairment

Laboratory studies
Most hospitals obtain a standard panel of labs in
every trauma patient, although in many cases these
have little impact on the initial management. This
panel includes chemistries, blood counts, toxicological
screens, pregnancy test, and coagulation factors. Critical
labs in patients with major trauma include a baseline
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hematocrit, platelet count, blood clot for typing, preg-
nancy test, and coagulation panel. A baseline hematocrit
is useful for subsequent management of the patient.
However, it takes time for equilibration to occur, so a
normal initial hematocrit should not be reassuring.
An initially low hematocrit is worrisome for significant
bleeding. In certain patients other useful labs may
include a blood glucose fingerstick, creatinine (for the
stable patient in whom IV contrast may pose a risk) and
a toxicological screen.

Serum lactate levels and base excess measurements
have recently emerged as useful metabolic markers to
guide the initial resuscitation of the trauma patient.
Elevated lactate levels suggest tissue hypoperfusion,
even with normal vital signs, and studies have shown
an association between clearance of lactate and
trauma mortality.24,73–75 The association is not per-
fect, as some patients with hypoperfusion have
normal lactate levels and some patients without hypo-
perfusion (but with other conditions such as seizures
or with certain medications) have elevated lactate
levels. Lactate may not perfectly predict mortality,76

especially in patients with minor trauma, but it may
be useful in identifying early shock and in directing
care over the first 24–48 hours when followed as a
trend. It may be especially helpful in elderly trauma
patients, in whom elevated lactate in normotensive
patients reflects occult hypoperfusion and a higher
mortality.77 Similarly, base excess may also provide
insight into tissue hypoperfusion, though it is also not
a perfect marker.

Other diagnostic studies
Patients with external evidence of chest trauma or
who are complaining of chest pain should have an
electrocardiogram (ECG) to evaluate for potential
blunt cardiac injury. Additionally, an ECG should
also be obtained in a patient at risk for myocardial
infarction, particularly those in a single car accident,
as it may reveal myocardial ischemia as the precipi-
tating cause of the trauma.

Consultation of specialists
Certain findings during the initial evaluation of the
trauma exammandate a specialist consultation or (after
stabilization) transfer to a higher level facility where a
specialist is available. Open fractures or unstable pelvic
fractures will need orthopedic intervention. Patients
with intracranial injuries should be evaluated by a
neurosurgeon, ideally prior to sedation, paralysis,

and intubation, but consultation should not delay
resuscitation or imaging. Although they should not
distract from resuscitation and management of poten-
tial life threats, serious injuries such as globe rupture,
orbital fracture with entrapment, facial trauma,
degloving, compartment syndrome, and extremity
crush injuries need consultation with an ophthal-
mologist, plastic surgeon, microvascular surgeon, or
other appropriate specialist.

Disposition
The majority of patients will be admitted to the hos-
pital following major trauma for the management of
their injuries. In patients with significant high-speed
blunt mechanisms without obvious injuries, a period
of observation is recommended. This should be at
least 4 hours and may be longer if the patient is
intoxicated. Repeat examinations and serial ultra-
sound examinations can be used to detect evolving
intraperitoneal bleeding or other injuries.

Patients with less significant mechanisms of
injury, who remain hemodynamically stable and have
benign physical examinations may not require a full
trauma workup as described above. There are few
rules or studies that assist the clinician and these
decisions are based largely on judgment and experi-
ence. The negative predictive value of a negative
abdominal CT scan in blunt trauma patients is 99%.
Thus, patients can usually be sent home from the ED
after a negative CT and do not require admission for
observation.50 Similarly, patients with minimal head
injury (GCS of 14 or 15) and a normal head CT without
other body system injuries who have a normal neuro-
logic examination can generally be discharged. In these
patients, the negative predictive value of CT is 99.7%.50
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Approach to trauma

Mechanism of injury

Aaron Hexdall andMaurizio A. Miglietta

Introduction
Traumatic injuries are themost common cause of death
in people between the ages of 1 and 44 years of age in the
United States and the 5th most common cause of death
overall.1 In 2004 there were 167 184 traumatic deaths,
yielding a mortality rate of 56.2 per 100 000 people.
Motor vehicle collisions (MVCs) account for the largest
number of traumatic deaths each year, 43 432 in 2004.
The 10 most common mechanisms of traumatic death
are listed by age group in Figure 3.1. (Unintentional
injuries are highlighted, as many non-traumatic mech-
anisms such as self-poisoning are also considered injury
deaths for statistical purposes.) A systematically organ-
ized approach to trauma evaluation and management
has been shown to reduce mortality, morbidity, and
length of hospital stay.2–4 The severity of initial injuries
and outcomes in trauma are determined by two princi-
pal non-modifiable factors: the mechanism of injury
and patient-related physiological factors, such as age
and comorbid illness. Traditionally the mechanism of
injury has been used in the prehospital setting to triage
the patient to the appropriate level of care (i.e., a Level I,
II, or III trauma center) and often helps to anticipate
common injury patterns.

It is intuitive that higher energy mechanisms will
result in more severe injuries. Yet experience has
proven that trauma is a complex multisystem disease
and even apparently innocuous mechanisms can result
in severe injuries, and severe mechanism may not. One
study that examined “insignificant” mechanisms, pri-
marily low level falls and unconscious patients without
external signs of trauma, reported a 37% incidence of
severe injuries.5 Thus, while the mechanism of injury
has been traditionally held as the main predictor of
injury, recent advances in diagnostic systems and algo-
rithms have emphasized objective physiologic factors.

In the future, more precise descriptions of a traumatic
event, such as prehospital telemedicine systems, and
more precise physiologic assessment tools may
enhance our ability to perform early trauma triage.

Numerous scoring systems have been developed for
trauma. Trauma scoring tools include anatomically-
based systems, physiologic-based systems, and com-
bined anatomic- and physiologic-based scoring systems.
Someof themore familiar trauma scoring tools are listed
in Box 3.1. Research has shown that many of these tools
assist with resource utilization and help predict mortal-
ity, although the authors’ experience is that, outside of
the Glascow Coma Scale (GCS), they are rarely used in
clinical triage practice. While scoring systems are
unlikely to trump the clinical acumen of experienced
providers, the utility of such systems is to produce a
uniform descriptive vocabulary that will allow for com-
parative research and facilitate rapid communication.6–8

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. # Cambridge University Press 2011.

Box 3.1 Trauma scoring systems

Anatomical trauma scores
� Injury Severity Score (ISS)9

� New Injury Severity Score (NISS)10

� Abbreviated Injury Score (AIS)8,11

� Anatomic Profile8

Physiological trauma scores
� Glasgow Coma Scale (GCS)12

� Acute Physiology and Chronic Health Evaluation II
(APACHE II)13

� Revised Trauma Score (RTS)14

Combined trauma scores
� Trauma and Injury Severity Score (TRISS)15

� International Classification of Disease-based ISS
(ICDISS)8
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The Injury Severity Score (ISS), for example, is
one of the more common and simplest scores to
calculate. An ordinal Abbreviated Injury Score
(AIS) value from 1 (minor injury) to 6 (fatal injury)
is assigned to the most severe injury in each of six
body areas. The square of the AIS in the three most
severely injured areas is summed to calculate the
ISS. The ISS ranges from 0 to 75, and an AIS of 6 in
any one area automatically gives an ISS of 75.16

Severe injury is routinely defined as an ISS > 15.
Amongst many shortcomings of the ISS is that it
underestimates the impact of severe isolated head
injury and the severity of penetrating trauma and it
is not a linear scale – many scores simply cannot
occur because of the mathematical formula used to
derive it. It is rarely useful early on as the infor-
mation needed to calculate the score cannot be
obtained until all the injuries are known, sometimes
at surgery or autopsy. The ISS treats the six AIS
body areas as being equal with the same severity;
this may not be true. It may also underestimate

severity at the extremes of age, i.e., the elderly and
young children. In addition, the ISS is a poor indi-
cator of severity and survival with multiple injuries
in one body region. Nonetheless, it is a widely
recognized descriptive tool. A modification to the
ISS focusing on the three most severe injuries
regardless of body area is more accurate and easier
to calculate (called the New Injury Severity Score
[NISS]).10 As a general rule, trauma scoring systems
with more data-points provide a more accurate
description but are likewise more complicated to
calculate.

Many of the most common and severe injuries
are caused by mixed mechanisms, polytrauma. For
example, high-speed motor vehicle crashes often
combine deceleration, blunt, and penetrating injuries
and are the single most common cause of death in
young people. Thus, polytrauma is the norm rather
than the exception in high mortality injuries. Many
Level I trauma centers use mechanism of injury to
trigger trauma team activation, although this routine
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Figure 3.1 The 10 leading causes of injury death by age group in the United States, 2004. (Courtesy of the National Vital Statistics
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practice is controversial and less widely accepted.17,18

Current recommendations are that individual centers
decide their own criteria for trauma team activation.
Some commonly accepted mechanisms are listed in
Box 3.2 below.19 The presence of emergency phys-
icians who can receive and resuscitate the patient has
impacted the need for immediate surgical evaluation
in trauma centers of all levels. Whether major mech-
anisms of injury alone should automatically activate
the trauma team will be hotly debated in the coming
years as economic pressures on hospitals and pro-
viders mount.18

Blunt and penetrating trauma
mechanisms
Blunt trauma results from energy transfer through
intact skin to vital organs and anatomic structures.
Common blunt trauma mechanisms are MVCs, falls,
and interpersonal violence. Often, blunt trauma is
more complex than penetrating trauma in that more
energy is dispersed over a larger area rather than
dispersed along the path of a penetrating injury.
Penetrating trauma is usually caused by gunshot
wounds (GSWs) and stab wounds (SWs), although
virtually any object can cause a penetrating injury if it
has adequate force. Stab wounds are low energy and
the nature of the injury is determined by the size of

the sharp object and its trajectory of penetration and
path. Both blunt and penetrating traumas are divided
into high-energy and low-energy mechanisms.

Blunt trauma: Kinematics of acceleration and
deceleration as it relates to motor vehicle crashes:

Acceleration is defined as a change in velocity over
time (Dv/t). Acceleration (a) or deceleration (–a)
exerts force on a body. This force can be expressed
in terms of G force or the acceleration due to the
earth’s gravitational field (1 G ¼ a/g, where a is
acceleration and g is the gravitational constant of
the earth, 32 ft/s2 or 9.8 m/s2).

Gs ¼ a
�g

¼ V0
2

�d� 32:2 ft=s2
:20

If one assumes that the final velocity is zero, this
formula can easily be reworked for MVCs to reveal
that stopping distance is inversely proportional to
G force.

Gs ¼ ðVelocity change½ft=s�Þ2
30� Stopping distanceðftÞ

20;

in this formula 30 approximates the gravitational
constant, g.

The shorter the stopping distance, the greater the
G forces exerted will be. Thus doubling the stopping
distance will result in half the G force being applied.
While a healthy person can withstand brief forces
(“jolt force”) of 30–40 Gs in the anterior posterior
direction, abrupt acceleration or deceleration can
result in extreme G force stress. Human tolerance to
G forces is significantly less in a cephalad caudad or
in a side-to-side direction. Instantaneous changes in
velocity, deceleration of > 40 km/hour (25 mph) have
been associated with more severe injuries.21

In the case of MVCs, the vehicle and safety devices
such as airbags and seat belts may absorb much of
the energy that is generated, thus protecting the passen-
gers. The first impact is that of the vehicle, which may
absorb a substantial amount of energy through crumple
zones or other deformities of the vehicle structure.
The second impact is the person against any interior
structure, such as an airbag, steering wheel, or car
surfaces. The third impact is that of the person’s internal
organs against their bony skeleton. Lastly, there may be
unrestrained objects, including passengers or cargo,
which result in additional impacts.20 In cases of ejection,
little or no protection exists and the entire G force of
deceleration may be absorbed by the patient.

Box 3.2 Common indications for trauma team
activation

� Motor vehicle crash with death of another
passenger or ejection

� Motor vehicle crashat speed>40mph,deceleration
> 20mph

� Rollover MVC
� Motorcycle crash > 20 mph or separation of the

rider from the bike
� Pedestrian or bicyclist struck by automobile
� Major vehicle damage: intrusion of > 12 inches

into passenger compartment or vehicle deformity
> 20 inches

� Penetrating trauma to the head, neck, torso, or
abdomen

� Fall from height, generally > 10 ft
� Closed head trauma with loss of consciousness

and/or GCS < 14
� Amputation proximal to the ankles or wrists
� Discretion of the receiving physician
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Common blunt trauma-related
injury patterns
Non-fatal blunt trauma results in more than 14 mil-
lion emergency department (ED) visits per year, with
falls accounting for approximately half of the visits.
The next most common causes of blunt trauma
are MVCs, assault, and pedestrian crashes.22 Some
common injury patterns associated with blunt trauma
are described below.

Motor vehicle crashes
In the United States, across all ages below 65 years,
MVCs represent the leading cause of death. In 2005, there
weremore than6millionMVCs,which resulted in39189
deaths. Themajority ofMVCs result in property damage
only (69.9%), injury occurs in 1 in 3 incidents (29.5%),
and fatalities are rare, occurring in only 0.6%of incidents.
Since 1966, the fatality rate in MVCs has declined from
25.89 to 14.66 per 100 000 people. More notable is
that while driving (mileage) has more than tripled since
1966, the fatality rate has dropped from 5.50 to 1.45
deaths per 1millionmiles driven.23 This trend is graphi-
cally illustrated over 20 years in Figure 3.2.

Safety belts reduce MVC mortality by nearly half;
unfortunately more than half of MVC fatalities (55%)
occur in unrestrained occupants.21,23 Alcohol intoxi-
cation was implicated in 39% of fatal MVCs in 2005,
which remained consistent over the prior decade after
3 decades of significant reductions in alcohol-related
fatalities. Saturdays and Sundays from midnight to
3 am are the deadliest hours, and alcohol is implicated
in 75% of fatalities during these hours.21

Hallmarks of more severe MVCs are vehicle
damage findings such as vehicle crush, intrusion
into the passenger compartment, and “spidering” or
“helmeting” of the windshield. Vehicle rollover may
be a harbinger of more serious injuries: rollover is
associated with fatal MVCs (21.1%) more than MVCs
which result in injury (5.3%), or in MVCs that result
in property damage only (1.3%). A recent analysis
of MVC mechanism also identified lateral impact
crashes (“T-bone crashes”) as having a higher mortality
than front impact incidents (17% vs. 11%).21 Lateral
impact MVCs are associated with a higher ISS than
other impacts (mean ISS 25 for lateral impacts vs. 20
for others), and are associated with more severe chest
and abdominal injuries. Frontal impacts are associated
with more severe facial injuries.24 These results are
likely because of the increased protection provided by
crumple zones and airbags in front impact crashes, and
the fact that three-point restraints (i.e., seat belts) are
less effective in lateral impacts.

Seat belt sign and steering wheel marks
A seat belt sign is an area of erythema or ecchymosis
located over the abdomen, chest, or neck where a seat
belt was placed. It has been associated with more
severe injuries. An erythematous or ecchymotic
imprint of the steering wheel raises suspicion for
deceleration injuries to the thoracic aorta and other
blunt trauma to the chest (95% of blunt aortic injuries
will be to the thoracic aorta, and > 80% result from
MVCs).25,26 Reports of aortic dissection or rupture,
vertebral fractures and spinal cord injury, and gastro-
intestinal injuries associated with a seat belt sign are
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Figure 3.2 Traffic fatalities per miles
traveled. (Courtesy of the US National
Highway Traffic Safety Administration.)
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frequent, especially in head-on type MVCs in which
the primary vector of force is perpendicular to the
seat belt restraint. In one study of children, an
abdominal seat belt sign was associated with gastro-
intestinal and pancreatic injuries, but not with solid
organ injuries.27 A prospective study of the 131
patients with either cervical or thoracic seat belt sign
showed a 3% incidence of significant vascular trauma
(carotid artery injuries), and half of these patients
died. Another study that looked at a cervical seat belt
sign, but did not correlate it with physical exam, failed
to show it to be an independent predictor of carotid
or cervical spine injury.28 Thus, a clinical algorithm
such as the one developed by Rozycki et al. may
be useful in detecting these otherwise occult and
devastating injuries: all patients presenting with
a thoracic or cervical seat belt sign were evaluated
for possible vascular injury: patients with abnormal
mental status (GCS < 14) or an abnormal neurovas-
cular exam received immediate imaging (usually CT
angiogram).29 Those with a cervical seat belt sign and
normal exam received vascular evaluation within
24 hours.29 While an isolated seat belt sign in the
absence of pain or other abnormalities on physical
exam has no predictive value, the inappropriate appli-
cation of seat belts, especially in children, has been
associated with severe injuries.30

Airbag injuries
Airbags are reported to reduce fatalities by about 30%
in purely frontal MVCs, and by 11% in all MVCs.
Airbags are designed to protect an unrestrained occu-
pant by deploying within 50 ms of impact; a pyro-
technic oxidation reaction of sodium azide and other
oxides produces nitrogen gas and sodium hydrox-
ide.31 Not long after the mandatory introduction
of airbags in 1995, serious injuries associated with
their deployment were noted, especially in children.32

Common injuries are hearing loss and tinnitus, chem-
ical burns to the face and eyes, irritant induced asthma,
and forearm trauma such as fractures. In those of short
stature and children, more serious injuries include
cervical fractures and dislocations with spinal cord
injury and suffocation. It is recommended that chil-
dren under the age of 12 and rear-facing child seats
should not be in the front passenger seat. Side airbags
have been shown to decrease the AIS score in the head,
chest, and extremity by 2, compared with similar
crashes without these bags. However, in another study,
there was an increased risk of moderate to serious

upper extremity injuries with side airbags as well as
an increase in upper extremity orthopedic disloca-
tions.33,34 There was no increase in fractures.

Pedestrian crashes
Pedestrian crashes results in a disproportionate amount
of MVC-related death and disability; 4482 deaths were
reported in 2005 (mortality rate 6.6% for pedestrians
struck, as opposed to 1.3% for vehicle-only MVCs).23

Most pedestrian crash events that arrive to the hospital
occur at relatively lower speeds of 5–50 km/hour (3–30
mph). In experimental models the sequence of impact is
usually lateral to the pedestrian’s tibia or fibula by the
vehicle bumper, followed by roll-up trajectory of the
victim onto the vehicle hood with impacts to the chest
and abdomen, and finally impact to the windshield by
the victim’s head.35 This pattern is greatly influenced by
vehicle geometry andpedestrian size. For example, larger
vehicles such as SUVs may initially impact the pedes-
trian’s femur or hip and throw the victim downward
rather than the roll-up trajectory described for passenger
cars. Injury patterns in pedestrians struck include frac-
tures (77%), followed by head (34%), abdomen (21%),
and chest injuries (15%). While the triad of lower
extremity fracture, abdominal injury, and head injury
was first described by Waddell in 1971 is intuitively
appealing for its simplicity, its true usefulness is ques-
tionable because few patients have all three injuries.36

Falls from height
Falls are the most common trauma, accounting
for nearly 8 million ED visits annually. Falls from
standing height are common in the elderly and others
with gait or balance disturbances. Hip, rib, spine, long
bone fractures and closed head trauma are commonly
associated injuries. Although long-term sequelea can
be substantial, these injuries are generally low energy
and have a consequently low acute mortality.37,38

Falls from height are higher energy injuries and
have an acute mortality that may reach 35%.39 Three
meters (� 10 ft) is a commonly accepted height at
which serious injuries should be suspected, although
there is not a linear relationship between the distance
of fall and mortality in patients that survive to ED
admission.40 Intuitively, however, the height of the fall
is an appealing predictor of outcome, as the velocity of
impact is described by the Newtonian formula,

V ¼
ffiffiffi

2
p

gh
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(velocity equals the square root of 2 � gravitational
constant [9.8 m/s] � height [m]).

When prehospital deaths are included in the
analysis, the factors predicting mortality after a fall
from height are the distance fallen (in floors, more
than two floors), patient age, the surface on which the
patient lands (hard or soft), and the part of the body
that first impacts (landing on feet was associated
with lower mortality than landing on the chest, head,
or lateral body). The circumstances of the fall (suicide vs.
accidental) and intervening impacts during the fall
do not predict mortality.39 The mortality ranges from
6% to 20% in patients that survive to ED admission.41

The injury patterns associated with falls from height
have been extensively investigated. The most common
site of impact is the feet. Energy is transferred through
the bony skeleton to the spine leading to a high inci-
dence of occult vertebral fractures, especially in the
region of the thoraco-lumbar junction. A high index
of suspicion for vertebral fracture iswarranted in all falls
from height; because distracting injuries such as long
bone fractures are common, one quarter of patients
with spinal injury may not complain of back pain or
be tender on exam. A recent retrospective analysis
of 414 falls from height found vertebral fractures in
31% of patients, half of whom had multiple vertebral
fractures (15% were at non-contiguous levels).42

Box 3.3 Factors predicting mortality in falls
from height39

Factors predicting
mortality in falls
from height

Comment/risk
stratification

OR of
death

Patient age > 40 (42 � 17 years
vs. 36 � 15 years)

1.05

Height fallen
in floors

> 2 floors (5 floors
vs. 2 floors)

1.24

Impact surface Hard (39%
mortality) vs. soft
(22% mortality)

2.7

Body part
impacting first

Head, anterior face,
or lateral body high
mortality vs. feet
(lower mortality)

10.6–16.7

OR, odds ratio.

Penetrating trauma:
ballistics
Gunshot wounds are the leading cause of homi-
cidal death in the United States, accounting for
about 30 000 deaths annually.43,44 The case fatality
rate in GSWs is 30%, substantially higher than the
case fatality rate for all other injuries combined
(< 1%).45

Gunshot wounds are potentially complex injur-
ies and at least a minimal understanding of ballis-
tics is useful in evaluating these injuries. Several
factors determine the severity of a GSW (Box 3.5).
The kinetic energy imparted from a projectile is
described by the equation KE ¼ ½MV2 (kinetic
energy equals one-half the mass times the velocity
squared). This formula predicts that heavier and
higher velocity projectiles will have greater energy.
While this is true, it does not always follow that
higher velocity projectiles will lead to more severe
injuries. The behavior of the bullet within the
tissue has been recognized as the major determin-
ant of injury severity. Bullet deformation, fragmen-
tation, and yaw result in more energy being
deposited in the surrounding tissue. Bullet
yaw refers to the tendency of the bullet to tumble
in tissue.

Bullet design is also a major determinant of
injury: the size, shape, and behavior of the bullet
at impact determines how much kinetic energy is
transferred to the tissue and over what area. Bullets
passing through the body intact, transferring rela-
tively little energy, may result in less severe injury.
If the bullet fragments, transferring more of its
energy into the surrounding tissues, the injury will
be more severe. In particular, soft-tipped and
hollow-point bullets (which were banned by the
articles of the Hague Convention in 1899 for mili-
tary use) are more likely to cause severe injury and
are more common in civilian GSWs. These bullets
expand at impact to 2–3 times their original diam-
eter, thus causing significantly more tissue damage.
Shotgun shells are also worth mentioning because
while the projectile velocity is low, the blast area
and the volume of pellets (i.e., mass) are large
(Figure 3.3).

Chapter 3: Mechanism of injury

29



Bullet fragments
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Figure 3.3 (a) Effect of North Atlantic Treaty Organization (NATO) 7.62 high-speed projectile when fired through ballistic gelatin when
unjacketed (non-military) round is used. Note the bullet tendency to fragment and, thus, convert most of its velocity into wounding energy.
Resultant permanent cavity is much larger than that of similar jacketed round. Vel, velocity; m/s, meters per second. (b) Effect of NATO
7.62 high-speed projectile in ballistic gelatin when jacketed (military) round is used. Note the bullet tendency to remain intact with resulting
small conversion of velocity into wounding potential and relatively small permanent cavity. Also note that bullet takes single tumble at
30 cm and continues to travel backwards, which is a common characteristic of military rifle rounds also seen with Russian AK-47. 41Vel, velocity.
(From NATO. Emergency War Surgery: NATO Handbook, US revision 2. Washington, DC: US Government Printing Office, 1988.)

Box 3.4 Factors determining the severity of injury in GSWs

Factor Comment

Bullet trajectory and path Vital structures impacted

Velocity High, medium, low

Mass Bullet caliber

Bullet design Jacketed (military) vs. non-jacketed (hunting) rounds, and the likelihood of
bullet deformity or fragmentation: Dum Dum rounds, hollow-tipped rounds

Yaw Increase in forward cross-sectional area

Number of bullet wounds
received

–
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Blast injuries
Blast injuries are uncommon causes of traumatic
injury in US civilian medical practice; much of what
we know has been gleaned from military experiences
and terrorist mass casualty events.46 Blast injuries are
complex. These events are caused by the detonation of
explosive devices and are categorized into high-energy
and low-energy ordinance. High-energy explosives
include TNT (trinitrotoluene), Semtex, nitroglycerine,
C-4 (cyclotrimethylene trinitramine) and ammonium
nitrate fuel oils (ANFO). Low-energy ordinance include
gunpowder, most pipe bombs, petroleum-based incen-
diary devices, and most improvised explosive devices
(IEDs) which do not produce an over-pressurized energy
wave. The determinants of the severity of blast injuries
are listed in Table 3.1.

The hallmark of high-energy explosions is an
over-pressurized pulse of energy that is referred to
as a “blast wave” and is different from the “blast
wind,” which refers to the accelerated super-heated
air that can be produced by both high- and low-
energy devices. When high-energy explosives are
detonated, a solid or a liquid is converted into a
highly pressurized gas: this gas expands from the blast
epicenter, compressing the surrounding air to create
the blast wave. The over-pressurized blast wave
creates primary blast injuries that are characteristic
of high-energy explosions: C4, for example, can pro-
duce pressures of 4 million pounds per square inch.47

Secondary injuries are caused by blunt and penetrat-
ing trauma from flying debris and bomb fragments.
Shrapnel injuries are the most common cause of
immediate death in blast injuries. Injury patterns are
similar to those seen in conventional polytrauma,
although shrapnel deposition may occur in unex-
pected locations such as the eyes. Tertiary injuries
occur when the victim is thrown by the blast wind
and are largely blunt trauma injury patterns similar to
falls from height. Lastly, quaternary injuries represent
the thermal injuries, toxic inhalation, and radiation
exposure. Burns may occur from the blast itself or
subsequent super-heated blast wind (Figure 3.4).48

Over-pressurization in high-energy explosions
produces injuries that may not have obvious external
signs of trauma: air containing structures such as the
lungs, the gastrointestinal tract, and the middle ear
are at highest risk for such injuries due to rapid
changes in velocity of the blast wave at air–tissue
interfaces. Blast lung, which is the most common

cause of early death in initial survivors, is a direct
result of barotrauma (air expansion) and sheer stress
at the air–tissue interface causing alveolar-venous
tearing.47 Clinically blast lung may appear similar to
pulmonary contusion as the patient may complain
of dyspnea, cough, chest pain, or have hemoptysis.
The triad of apnea, bradycardia, and hypotension
seen in blast lung is likely vagally mediated and
differentiates this process from conventional blunt
trauma. Hypoxia and butterfly or bat-wing appear-
ance seen on initial chest X-ray is sine qua non for
blast lung. In patients with isolated pulmonary injury,
early airway management and mechanical ventilation
improves outcomes. Because of the high incidence of
air embolism and occult gas trapping, prophylactic
chest tube insertion is recommended prior to positive
pressure ventilation (e.g., anesthesia) or air transport.49

The intestine is also at high risk for primary blast
injury because it is air containing. Sheer stress may
produce intestinal perforations, rupture, contusions,
hemorrhages, mesenteric injury, and air embolic phe-
nomena similar to blast lung. Early and late tension
pneumoperitoneum or intestinal perforations have
also been reported.50,51 External signs of trauma
may be absent, but these injuries should be suspected
if abdominal complaints or unexplained hypovolemia
are present. The presence of tympanic membrane
rupture is common and indicates exposure to over-
pressurization, although it has not been shown to be
an indicator of more serious occult injuries such as
blast lung.52 The sensitivity of this is unknown; that is,
the absence of this may not rule out a significant
injury. Other important primary blast injuries related

Table 3.1 Severity of blast injuries

Nature of the device High- or low-energy
material, and the
amount of material

Method of delivery Explosive or incendiary

Nature of the blast
environment

Open space or closed
space

Distance from the device
to the victim

–

Intervening protective
barriers and personal
protective equipment

–

Projectiles Flying debris and bomb
fragments
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to over-pressurization include traumatic brain injur-
ies without signs of external trauma (Table 3.1).

Conclusions
The mechanism of injury can provide important
information and aid clinicians in anticipating injury
patterns, most importantly, life-threatening injuries
which require immediate attention. Some mechan-
isms of injury are strongly associated with severe
injuries and may warrant activation of the trauma
team or a similar response. An optimal approach to
prehospital or ED triage incorporates the mechanism
of injury along with the objective physiological assess-
ment of the patient’s condition.
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Section 1

Chapter

4
Approach to trauma

Multiple casualties and disaster
preparedness
Carl Bonnett, Shawn Ulrich, Charles Little, and Fred Severyn

Introduction
A disaster is an event that generates a group of patients
overwhelming an emergency department (ED), either
by virtue of the numbers of patients or their unique
pathology. The net result of such an incident will be to
cause an ED to change its normal operations, some-
times dramatically. Any number of man-made or nat-
ural disasters can strike a community and potentially
send a flood of casualties to local EDs. In addition, the
same event may damage the hospital itself and com-
promise its ability to respond to the disaster. Because
disasters are relatively rare events with the potential
for significant casualties and disruption of hospital
operations, it is critical for EDs to develop and practice
a response plan before an actual event. Unfortunately,
the same characteristics that make disasters disrup-
tive also create disincentives for preparation. Unlike
almost any other activity that the hospital engages in,
disaster preparedness involves investing time and
money into preparing for an event that may never
happen. Therefore, from a business viewpoint, any
activity which does not lead to increased profits for
an organization will naturally meet some resistance.1

Additionally, on an individual level, personnel within
a healthcare organization are busy with projects and
deadlines relating to problems that are more tangible
and immediate. This creates a situation where disaster
preparedness constantly keeps getting pushed aside
“until we have more time.”2

Emergency department administrators and pro-
viders should consider giving a higher priority to
disaster preparedness for several reasons. The pri-
mary reason is that a failure to adequately prepare
may lead to increased death and morbidity among
initial survivors. Making the assumption that the local
trauma center will handle most of the casualties from

a disaster is inappropriate and not supported by the
literature. Numerous disasters including the bombing
of the Alfred P. Murrah Federal Building in Oklahoma
City in 1995, the Rhode Island nightclub fire in
2003, and the Madrid, Spain train bombings in 2004
have shown that the majority of patients present to
the nearest available facility; many of these after
bypassing the formal on-scene triage system.3–8 Those
events demonstrate the potential for any ED to
become overwhelmed by patients. After the Rhode
Island nightclub fire for instance, a local hospital
received 67 patients in the first hour; 22 of these
required endotracheal intubation.5,6 A second reason
to prepare for disasters is that it is required by the
Joint Commission for hospital accreditation. Under
the new standards establishing emergency manage-
ment as a separate independent chapter, hospitals
are under increased scrutiny for disaster manage-
ment. Preparedness now encompasses two categories:
leadership standards and environment of care. Under
the leadership category there should be a disaster plan
in place and resources should be available in the event
of a disaster. Under the environment of care standard,
everyone in the institution should know his or her
role during a disaster. Disaster drills should also be
carried out in the hospital per the hospital’s policy.

Finally, disasters generate a tremendous amount
of media attention. Hospital administrators should
realize that their success or failure in managing a
disaster will be seen as a public relations benefit or
downfall for their institution.

The framework for thinking about disasters div-
ides the process into those activities that are per-
formed before an event (mitigation and preparation)
from those which are done after an event (response
and recovery).

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. # Cambridge University Press 2011.
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Box 4.1 Basic processes that encompass disaster
planning

� Before event:
Mitigation and preparation

� After event:
Response and recovery

Mitigation
Mitigation involves actions that can be taken prior to
a disaster in order to prevent or reduce the damage
and injuries. A simple analogy is the wearing of a seat
belt while driving a car; its use mitigates the risk of
serious injury to the driver involved in a crash.9

Before mitigation strategies can be implemented;
however, one must determine what risks and hazards
may exist. To do this, emergency planners conduct a
hazard vulnerability analysis. This is a comprehensive
look at what situations can occur in and around the
hospital that could create a large increase in the
number of patients. The hazards faced will be unique
to each hospital. For instance, a hospital in Des
Moines, Iowa will not have to worry about hurricanes;
one in Miami, Florida will. Both hospitals, however,
will have to consider airplane crashes, pandemic
influenza, and acts of terrorism.

Specifically hospitals need to evaluate three issues
of a potential event; the human impact, the property
impact, and the business impact. The human impact
will be the most immediately pressing if the hospital is
near an industrial site, for instance, then it may face a
higher likelihood of having to respond to chemically
contaminated patients.

When looking at the property impact it is import-
ant for planners to determine if the hospital itself is
likely to incur damage. One useful tool is a geograph-
ical informational system (GIS) maintained by many
states and some municipal emergency management
offices.9,10 A GIS is a sophisticated computerized tool
that combines multiple types of information into one
map and can gives planners a comprehensive picture
of the threats a locality may face. For example, a road
map can be overlaid on maps showing flood planes
and demographic information to determine if low-
income residents with poor access to transportation
may be trapped by floodwaters. At minimum, hos-
pital planners should examine street maps and drive
around the neighborhoods surrounding the hospital
to identify risks.

Once planners determine what risks and hazards
exist, there are two broad categories of mitigation to
be used: structural and procedural. Structural mitiga-
tion is ideally done during the design phase of a new
facility; it can also be accomplished by retrofitting
existing facilities. An example of a structural mitiga-
tion strategy is ensuring a redundant power supply
(e.g., generators) that is not vulnerable to flooding.
During Tropical Storm Allison, a Houston hospital
had its basement flooded, causing a short circuit in
the electrical switching gear.11 Another consideration
with generators would be their fuel and the need for
resupply trucks to be able to get to the hospital.

In addition to mitigating the effects of natural
disasters, planners should take into account the
potential for violent crime and terrorism. Hospitals
should consider deploying physical barriers that
prevent unauthorized people from entering EDs,
screening devices for weapons, and physical objects
to prevent vehicles from being driven into an ED, e.g.,
large concrete planters.12

Preparation
Preparation involves those activities that can be done
before an event to facilitate an effective response after
it occurs. To expand the earlier analogy further, this
could be carrying a fire extinguisher in one’s automo-
bile. In this case the driver has not only mitigated his
risk by wearing a seat belt but he is now prepared to
respond to a fire that may result from a crash.

Preparation consists of two broad categories; plan-
ning and equipment acquisition. The end result of the
planning process is the disaster plan; however,
viewing this document as an end in itself is a mistake.
The plan should be thought of as a process with
continual drills and exercises being conducted to
refine it. The economic considerations of exercises
and drills must be considered. For example, if an
exercise is to be conducted with employees who are
off duty, are they going to be paid for their participa-
tion or will it be voluntary?

In general the hospital disaster plan should
address how to take care of the patients and families
that are expected to arrive and also how to care for
the staff members that will be taking care of this
influx.13,14

A disaster plan has three fundamental compo-
nents: it should define what activates the plan, who
gets notified, and what happens in response to the
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event. These three components of the plan are known
as the initiation criteria, notification requirements, and
operational responses.

The initiation criteria are the list of events that
would trigger the activation of the plan. It is the point
at which the volume and/or pathology of patients
arriving exceeds the resources which would be avail-
able under normal operations. This point demands a
fundamental shift in operations. This may or may not
be a dramatic shift. The absolute number of patients
that triggers this shift may vary greatly between insti-
tutions and at different times of the day. Events that
might overwhelm an ED on an overnight shift with
limited staff coverage may cause no difficulties in the
middle of the afternoon. It might be prudent for
the plan to suggest a number of patients for initiating
the disaster plan but to ultimately leave it up to the
ED physician and charge nurse to assess the situation
and activate it as needed.

Other reasons to initiate the disaster plan would
include events that are far outside of ordinary oper-
ations. One example could be an act of terrorism that
might be a diversionary attack in preparation for
larger attacks to follow. In such a situation, healthcare
facilities may be targeted. Another example might be
multiple patients with chemical or radiological con-
tamination from an industrial accident. Any events
like this are rare but have the potential for significant
disruption of operations. Therefore they should
garner a more aggressive response from the hospital.

The second component of the plan is the notifica-
tion requirements. This is the list of people to be
notified when the disaster plan is activated. A tool
known as an activation matrix often describes the
initial steps in making notifications of a event that
will impact the hospital. This may be done in a two-
tiered fashion. First, there are certain people who
should be notified regardless of the nature of the
event. This may include a hospital administrator, the
hospital nursing supervisor, the director of security
personnel, and an in-house hospitalist or intensivist.
The second tier would include individuals who would
be notified for specific types of events. For example,
the trauma surgeon on-call would be notified for an
explosion; a toxicologist would be notified for a
chemical release; a radiation safety officer would be
notified for a radiation contamination event. Inherent
in this part of the plan is the requirement for an
effective call-down list that is updated and tested
regularly.

The final component of the disaster plan defines
the operational responses. This would be the heart of
the plan; it describes the actual response to an event.
Generally, emergency managers create plans with an
“all-hazards” approach rather than have multiple
plans for each potential event. In such a plan, the
operational response section should begin with a list
of actions that are accomplished for any event.
Following that section, it is appropriate to have sup-
plemental sections describing additional actions to be
taken for specific events. One example may be a
requirement that on-call staff members are to be
called to establish contact even if they are not actually
needed to come in. An event-specific action may be to
move any stable or boarding patients in the ED to the
inpatient units to be boarded in the hallway or dis-
charged in order to open beds in the ED to enhance
surge capacity.

It is important to have the buy-in of all interested
parties as the plan is developed. Failure to do so will
almost ensure that the response to an event will not be
optimal. If the plan calls for certain individuals to be
called and for them to perform certain duties, it
would be prudent for these individuals to be aware
of this and agree to it ahead of time. Additionally,
regularly exercising the plan is important because if it
sits on the shelf long enough the people who fill key
roles may have left. Just because the person who filled
a role in the past agreed to perform a certain task in
the disaster plan does not mean that the person who
now holds that position can be counted on.

Event
There are numerous types of events that may create a
disaster. These may appear to be very different but
they share an ability to overload a healthcare system’s
resources and capabilities. Emergency planners must
understand disasters from a “big-picture” conceptual
level. The lack of universally accepted definitions has
led to the use of a number of terms and categories of
disasters in the medical literature. Some authors have
described static and dynamic events as the first deci-
sion point.15 This describes whether the event was a
discrete event (“static”) that has done all the damage
that it will do (e.g., an isolated bombing in a shopping
mall) or is the “disaster” an unfolding event
(“dynamic”) expected to keep causing problems and
generating new casualties (e.g., widespread civil dis-
turbance in a metropolitan area). Other authors have
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used the terms “contained” or “population-based”
disasters.16 A contained event is one that is limited
to a defined geographic area. Conceivably it could be
static or dynamic, but it effects only one location. This
could range anywhere from an isolated bombing to a
riot but it is localized to one metropolitan area (e.g.,
the Los Angeles riots of April 1992). A population-
based event would be one that has poorly defined
boundaries. This may include events such as a spread-
ing pandemic or concurrent civil disturbances in
multiple cities after an economic or political crisis. It
is difficult to devise a system of terminology that can
accurately describe all kinds of crises without being so
overly complicated as to limit its usefulness. One of
the important aspects of these differentiations is the
ability to determine what outside resources are avail-
able. For example, in a contained event such as Hur-
ricane Katrina of 2005, the infrastructure of the rest of
the United States was unaffected making it possible
for unaffected areas to send personnel and resources
to assist. If there was an influenza pandemic, however,
conceivably all municipalities in the United States
could be affected, thereby limiting the possibility of
outside help.

Response
The response phase involves those actions that
occur immediately after the event has transpired;
these actions attempt to contain the event, treat
casualties, and prevent further damage and injuries.
To revisit the earlier analogy, the response is like a
motorist using that fire extinguisher that was carried
in the car for such an event. Incident response can
be a complex and intricate system. Some of the
critical components that form the foundation of a
response operation include the Incident Command
System, triage, surge capacity, decontamination, and
communications.

National Incident Management System
and Incident Command System
The Incident Command System (ICS) is a flexible
system that standardizes the command structure for
an incident response.9 The model grew out of the
work of the US Forest Service and the fire-fighting
community that battled wildfires in California in the
early 1970s. It is based on a very simple yet powerful
framework that centers on an Incident Commander

(IC). That person then has four subordinate Section
Chiefs that oversee the Planning, Operations, Logis-
tics, and Finance/Administration Sections. The IC
also has a Command Staff consisting of Information,
Safety, and Liaison Officers who assist with their
respective roles. Each section may have subordinate
groups, sections, and resources. The ICS uses a system
of common terminology and standardized structure
which allows various agencies and responders to inte-
grate their efforts on short notice and work effectively
to respond to a crisis. After the Department of Home-
land Security was created in the aftermath of the
September 11th, 2001 attacks, the National Incident
Management System (NIMS) was created by the
Homeland Security Presidential Directive 5. Its
purpose was to guide government agencies and
non-governmental organizations in their prevention,
preparation, response, and recovery from disasters of
any type and scope. While the NIMS covers a large
number of issues, the ICS is its foundation. Infor-
mation about the Federal Emergency Management
Agency (FEMA), various resources, and free training
materials related to NIMS and ICS are available from
http://www.fema.gov/emergency/nims/ (Figures 4.1
and 4.2).

Triage
In order to do the most good for the greatest number
of victims, emergency providers must have a means to
categorize patients into those who need the most
immediate help and those who can wait. Tradition-
ally, victims have been sorted into one of four cat-
egories that are represented by colors. The exact terms
and colors vary somewhat by organizations. As an
example, the US military uses the the categories listed
in Table 4.1.

The colors traditionally assigned to these categor-
ies are red, yellow, green, and black, respectively.
There is some debate in the medical literature as to
what the best method is to triage casualties.17–20 All
studies on triage methodology are retrospective and
somewhat anecdotal. Further, a variety of commer-
cially developed triage systems are available, each
using its own proprietary educational materials and
patient-tracking cards. Examples of these systems
include Simple Triage and Rapid Treatment
(START), JumpSTART (for kids), Homebush, Triage
Sieve, Pediatric Triage Tape, CareFlite, Sacco Triage
Method, Military Triage, and CESIRA. Information
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A response plan A comprehensive, nationwide,
systematic approach to incident
management, including the Incident
Command System. Multiagency
Coordination Systems, and Public
Information

Only used during large-scale
incidents

A communications plan

Only applicable to certain
emergency management/incident
response personnel
Only the Incident Command
System or an organization chart

A static system

A dynamic system that promotes
ongoing management and
maintenance

Scalable, so it may be used for all
incidents (from day-to-day to large-
scale)

Standardized resource management
procedures that enable coordination
among different jurisdictions or
organizations

A set of preparedness concepts and
principles for all hazards

Essential principles for a common
operating picture and interoperability of
communications and information
management

What NIMS Is NOT:What NIMS Is: 
Figure 4.2 National Incident
Management System (NIMS) overview.
(Courtesy of FEMA Resource Center,
Homeland Security National Incident
Command System, 2008.)

Command Staff
Incident

Command

Planning
Section Chief

Operations
Section Chief

General Staff

Logistics
Section Chief

Finance/
Administration
Section Chief

Liaison
Officer

Public Information
Officer

Safety
Officer

Figure 4.1 Incident command
leadership table of organization.
(Courtesy of FEMA Resource Center,
Homeland Security National Incident
Command System, 2008.)

Table 4.1 US military triage criteria

Immediate Patients with life-threatening injuries that require immediate treatment

Delayed Patients that can wait 6–8 hours before definitive treatment

Minor Patients that can wait indefinitely for further treatment

Expectant Patients who are dead or who will die despite aggressive treatment
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on several of the methods can be obtained from the
websites listed in Box 4.2.

Regardless of the triage system chosen, it is
important to pick one, plan for its implementation,
and train with it.

Surge capacity
A surge capacity plan defines how the facility will alter
its structure and protocols to accommodate a large
influx of patients. It should be in place before a
disaster occurs or may be expected.16,21 One of the
first priorities of a surge capacity plan is to empty or
“decompress” the ED as quickly as practical prior to
the arrival of the majority of the disaster patients.
Frequently, there is some advance notice of multiple
casualties arriving: the surge plan should be activated
when this information is appropriately confirmed.
Prior agreements should be in place for inpatient
units to accept patients that may be boarding in the
ED or are in the midst of an evaluation. This requires
agreements among physician, nursing, and admission
leaders. There should be a clear understanding and
agreement of when and who activates the surge cap-
acity plan.

The inpatient physician groups should have a
standing agreement with the ED leaders to continue
workups, or open alternate care sites outside of the
ED. The agreement should have outlined how and
when patients are accepted from the ED when the
surge capacity plan is activated. These agreements
should include the department of surgery. Operating
rooms (ORs) can easily become overwhelmed in a
mass casualty situation: it is important to have prior

agreements in place to efficiently maximize the use of
OR space. Depending on the event, it may be appro-
priate to have a surgeon in the ED working with the
emergency physician to prioritize surgical triage;
however, they may be required in the OR. Junior
residents are not appropriate substitutes, however.
Communication between the OR and the ED is essen-
tial; it should be consistent and uniform in the insti-
tution. Since telephones in the ED and the OR can
become overwhelmed in a disaster, radios may be
used to facilitate real-time communication. Radios
should be tested and maintained. A supply of replace-
ment batteries is necessary. Standard phraseology and
assigned frequencies are critical to limit communi-
cation errors.

Prior to a disaster, emergency nursing leaders and
the inpatient nursing leaders should have agreements
about how to accept more than the normal capacity
on the inpatient units. Nursing leaders on the inpa-
tient floors must convey to inpatient staff that the
normal patient ratios do not apply during a surge
capacity activation. Nursing inpatient leaders should
also have a call-down list for their staff to accept
the influx of patients. There should be a plan to bed
these patients either in disaster cots or alternate
arrangements.

Admissions personnel should understand the
surge capacity plan. Tracking of patients after they
have been “surged” to the inpatient floor can be
challenging. If the facility uses an electronic tracking
system it should be reviewed prior to a disaster to
determine whether the potential to add “surge” beds
within the system architecture exists. If that is pos-
sible, a solution to add these beds or have a “toggle” to
increase the capacity of the electronic tracking system
should be implemented. In addition, it is important to
have a back-up paper tracking process in preparation
for potential system failures.

Hospital decontamination
In an incident involving potential contamination with
chemical, biologic, or radioactive agents, hospitals
should be prepared to perform patient decontamin-
ation.22 Each hospital must have this capability
regardless of regional capability. The hospital plan
cannot rely on all patients being decontaminated at
the scene. All hospitals are required by national stand-
ards to maintain a decontamination team. These
teams are required to meet the Occupational Safety

Box 4.2 Triage systems

Homebush
� http://www.ema.gov.au/agd/EMA/rwpattach.nsf/

viewasattachmentpersonal/(C86520E41F5EA5
C8AAB6E66B851038D8)~An_Australian_mass_
casualty_incident_triage_system.pdf/$file/An_
Australian_mass_casualty_incident_triage_system.
pdf

Triage seive
� http://www.triagesystems.co.uk/cwctriage.html

Sacco triage method
� http://www.sharpthinkers.com/STM_Site/stm_

home.htm
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and Health Administration (OSHA) standards for
equipment and training. In addition to a team, it
may be useful to set up specific areas or transport
corridors so, if a hospital does experience contamin-
ation, the contamination is limited to a confined or
small area. This may also include closing off ventila-
tion to the rest of the hospital and laying floor
covering.

The process of decontamination is straightfor-
ward. Staff and patient safety is paramount. Decon-
tamination teams need initial and ongoing training.
Decontamination gear is categorized by levels of
protection as A, B, C, or D. Level A suits are heavy
duty chemically resistant material, vapor sealed with
a self-contained breathing apparatus (SCBA) within
the suit. These are generally used by field HazMat
teams. The training, cost, and physical requirements
to use these suits are typically prohibitive for hos-
pitals. Level B is a lighter protective suit with chem-
ically resistant gloves and boots. Level B maintains
high respiratory protection with an SCBA external to
the suit. Level B suits are less effective against chem-
icals than Level A suits. Level C protection uses a
protective suit similar to Level B coupled with a
respirator (face mask) fitted with chemical filters.
A common type of respirator used by hospitals is a
powered air purified respirator (PAPR). The PAPR
draws air though the filter system to a loose fitting
hood that does not require the individual to be fitted
with a face mask.

Level D protection is a particulate-resistant suit
with gloves, boots, eye protection, and masks. The use
of surgical gowns, boots, and double gloves is field-
expedient protective gear that would be adequate for
simple particulate protection such as for radiation or
anthrax contamination.

Box 4.3 Decontamination suits

Level Suit characteristics

A Heavy duty chemically resistant material,
vapor sealed with a SCBA
Generally used by field HazMat

B Maintains high respiratory protection with
a SCBA external to the suit

C Protective suit similar to Level B coupled
with a respirator (face mask) fitted with
chemical filters

D Particulate-resistant suit with gloves, boots,
eye protection, and mask

More information about protective suits can
be obtained at: http://www.osha.gov/pls/oshaweb/
owadisp.show_document?p_table¼STANDARDS&
p_id¼9767 and http://www.au.af.mil/au/awc/awcgate/
army/sbccom_decon.pdf.

The approach to decontamination depends on the
suspected agent. It is important to quickly determine
if any contamination is present even if it appears that
the event was caused by a conventional explosive. It is
prudent to assume that all explosions may be terrorist
attacks until proven otherwise. In especially large or
unusual explosions, hospital personnel would be wise
to survey the first arriving patients with a radiation
detector to detect any radiation contamination (e.g.,
from a “dirty bomb”). The goal is to prevent hospital
contamination, which may not cause immediate
problems but would be detrimental to the longer-
term health of hospital employees.

Decontamination can be either “hasty” (e.g., with
fire hoses) or deliberate. With overwhelming
numbers of patients, hasty decontamination may be
all that is practical. More thorough decontamination
is preferable, particularly with patients suffering the
effects of a chemical exposure. Chemical decontamin-
ation should ideally be performed in a specially built
hospital shower (with exterior exhaust) or in a tent
outside the hospital. The layout is divided into zones
called “hot,” “warm,” and “cold.” No one will move
from hot to cold zones without decontamination.
Healthcare providers in the hot and warm zones
should have at least Level C protection.

Patients in the “hot zone” are instructed to bag
their belongings and enter the showers (“warm
zone”). Non-ambulatory patients enter on stretchers
and have their clothing cut off. The majority of con-
tamination (up to 90%) on patients is removed by
removing the clothing. Soap and water is used to wash
the patient head to toe. With radiation contamination
a survey meter is used to monitor the process. After
completion of decontamination the patient enters the
cold zone. They will then require fresh clothing and
medical treatment.

Non-critical patients contaminated with radiation
should be decontaminated before treatment. Radi-
ation is easily detected with counters and is generally
a minimal risk to medical personnel. Patients with
life-threatening injuries should be treated as trauma
patients with hospital contamination limited as much
as is practical. The hospital facilities can be decon-
taminated later as needed.
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Chemical contamination
Patients contaminated with dangerous chemicals
should be decontaminated prior to entry to the hos-
pital, regardless of condition, to prevent injury to
individuals in the facility. Scene information as to
chemical types is very helpful and should be actively
sought.

Biologic exposures
Patients contaminated with biologic agents (i.e.,
anthrax spores) should be decontaminated in the
same fashion as with chemicals exposures. Biologic
agents may cause contamination (the agent existing
on the patient) or infection (the agent causing illness);
the infected patient may also be contagious. After
initial exposure, an infected patient may require iso-
lation but will generally not require decontamination
days later.

Emergency workers in protective gear doing
decontamination need frequent rest breaks.
A substitution plan to rotate workers in and out of
the decontamination area is necessary. The run off
from showers should ideally be contained to prevent
environmental contamination. In a terrorist (crim-
inal) event clothing and material should be saved for
forensic evaluation.

Crisis communication
Consideration of the manner in which information is
released to the media and the public is important.
After taking care of the victims themselves it is
important to address the needs of the families and
friends of those victims. A well-run communication
plan will get families the information they need, facili-
tate an orderly response to the event, and maintain a
co-operative relationship between a healthcare facility
and the community. A poorly run communications
plan could lead to undue emotional upset amongst
relatives of the victims, significant animosity directed
towards the healthcare facility, panic in the commu-
nity, and negative treatment in the press.23–25 There
are a few key principles in crisis communication.
First, it is best to have one person serving as the
spokesperson for the organization; contradictory
statements from different people are counterproduct-
ive. Second, the spokesperson should have some
training in crisis communication. This person should
give facts clearly and succinctly; speculation should be

avoided. If the answer is not known the speaker
should say so and offer to make the information
available as soon as possible. Any attempt to lie, cover
up, or otherwise gloss over the facts may be exposed
and could create a public relations problem for the
institution as well as lead to loss of credibility when it
is needed. Lastly, it is prudent to give people some-
thing tangible that they can do to help. For example,
families can be told to assemble at a given hotel where
they all will be given updates on a situation. Alterna-
tively, people can be instructed to go and donate
blood if that is required. Disasters can be psychologic-
ally overwhelming: it can be helpful to restore a sense
of control for people by giving them something that
they can do to assist.

Recovery
The recovery phase involves repairing and rebuilding
the infrastructure that was damaged during the event
as well as replenishing medical supplies and equip-
ment. It also involves transitioning from disaster
operations back to normal operations. Depending
on the nature of the incident there may have been a
suspension of the usual course of care. If so, then
patients should be re-evaluated, charting updated,
and efforts made to ensure that nothing has “slipped
through the cracks.”

It will also be essential to address the physical and
mental health of care providers. For many staff, the
event will have been the most horrific experience of
their careers. By virtue of the fact that the healthcare

Box 4.4 Essentials of crisis communication

� A well-run communication plan will get families
the information they need, facilitate an orderly
response to the event, and maintain a co-operative
relationship between a healthcare facility and the
community.

� It is best to have one person serving as the spokes-
person for the organization; contradictory state-
ments from different people are counterproductive.

� The spokesperson should have some training in
crisis communication.

� If the answer is not known the speaker should say
so and offer to make the information available as
soon as possible.

� It is prudent to give people something tangible
that they can do to help.
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system was overwhelmed, it is quite possible that
some number of patients experience morbidity or
mortality which, under normal circumstances, would
not have occurred. This situation can lead healthcare
providers to feel that they failed or were in some way
inadequate. In light of this it may be helpful for ED
and hospital administration to address these concerns
and arrange for debriefing, such as a critical incident
stress debriefing (CISD).2

Finally, because no disaster will ever go “as
planned,” it is important for hospitals to conduct an
after action review (AAR) to take a critical look at
what went well and what needs to be improved upon.
It is important for a person of authority to take charge
of this meeting and keep it focused: there can be a
tendency for participants in these reviews to avoid
personal blame and assign fault for deficiencies
during the planning and response.26

Conclusion
Planning for a disaster can be one of the most chal-
lenging tasks that healthcare providers will face. As
disasters can occur in a multitude of forms and in a
wide range of scales, trying to adequately plan and
prepare for an event can be a daunting task. In add-
ition to the potential human suffering that may
unfold, emergency planners must take into account
the scrutiny they will face in the political, legal, and
media arenas. Anyone who occupies an administra-
tive role should consider themselves obliged to edu-
cate themselves about disaster planning and make it a
priority to make the appropriate preparations in their
healthcare facilities and systems.

References
1. Rodriguez H, Aguirre BE. Hurricane Katrina and the

healthcare infrastructure: a focus on disaster
preparedness, response, and resiliency. Front Health
Serv Manage 2006;23(1):13–23.

2. Auf der Heide E. Disaster planning, Part II. Disaster
problems, issues, and challenges identified in the
research literature. Emerg Med Clin North Am 1996;14
(2):453–80.

3. Hogan DE, Waeckerle JF, Dire DJ, Lillibridge SR.
Emergency department impact of the Oklahoma City
terrorist bombing. Ann Emerg Med 1999;34(2):160–7.

4. Gutierrez de Ceballos JP, Turegano FF, Perez DD et al.
Casualties treated at the closest hospital in the Madrid,
March 11, terrorist bombings. Crit Care Med 2005;33
(1 Suppl.):S107–12.

5. Dunbar JA. The Rhode Island nightclub fire: the story
from the perspective of an on-duty ED nurse. J Emerg
Nurs 2004;30(5):464–6.

6. Dacey MJ. Tragedy and response – the Rhode Island
nightclub fire. N Engl J Med 2003;349(21):1990–2.

7. Tokuda Y, Kikuchi M, Takahashi O, Stein GH.
Prehospital management of sarin nerve gas terrorism
in urban settings: 10 years of progress after the Tokyo
subway sarin attack. Resuscitation 2006;68(2):193–202.

8. Auf der Heide E. The importance of evidence-based
disaster planning. Ann Emerg Med 2006;47(1):34–49.

9. Haddow GD, Bullock JA, Coppola DP. Introduction to
Emergency Management, 2nd edn. Burlington, MA:
Elsevier Butterworth-Heinemann; 2006.

10. Boulos MN, Honda K. Web GIS in practice IV:
publishing your health maps and connecting to remote
WMS sources using the Open Source UMNMapServer
and DM Solutions MapLab. Int J Health Geogr
2006;5:6.

11. Cocanour CS, Allen SJ, Mazabob J, et al. Lessons
learned from the evacuation of an urban teaching
hospital. Arch Surg 2002;137(10):1141–5.

12. Bullard TB, Strack G, Scharoun K. Emergency
department security: a call for reassessment. Health
Care Manag (Frederick) 2002;21(1):65–73.

13. Bonnet C, Ullruch S, Shockley L, et al. Writing Cell
Emergency Department Disaster Plan, 2007 edn.
Denver, CO: Denver Health Medical Center, 2008.

14. Van Dyke S. Surge Capacity Plan. Denver, CO: Denver
Health Medical Center, 2008.

15. Koenig K, Dinerman N, Kuehl AE. Disaster
nomenclature – a functional impact approach: the
PICE system. Acad Emerg Med 1996;3:723–7.

16. Bonnett CJ, Peery BN, Cantrill SV, et al. Surge
capacity: a proposed conceptual framework. Am
J Emerg Med 2007;25(3):297–306.

17. Gebhart ME, Pence R. START triage: does it work?
Disaster Manag Response 2007;5(3):68–73.

18. Asaeda G. The day that the START triage system came
to a STOP: observations from the World Trade Center
disaster. Acad Emerg Med 2002;9(3):255–6.

19. Zoraster RM, Chidester C, Koenig W. Field triage and
patient maldistribution in a mass-casualty incident.
Prehosp Disaster Med 2007;22(3):224–9.

20. Lerner EB, Schwartz RB, Coule PL, et al. Mass casualty
triage: an evaluation of the data and development of a
proposed national guideline. Disaster Med Public
Health Prep 2008;2(Suppl. 1):S25–34.

21. Hick JL, Hanfling D, Burstein JL, et al. Health care
facility and community strategies for patient care surge
capacity. Ann Emerg Med 2004;44(3):253–61.

Chapter 4: Multiple casualties and disaster preparedness

43



22. Currance PL. Medical Response to Weapons of
Mass Destruction. St. Louis, MO: Elsevier
Mosby; 2005.

23. Levi L, Michaelson M, Admi H, Bregman D,
Bar-Nahor R. National strategy for mass
casualty situations and its effects on the
hospital. Prehosp Disaster Med 2002;17(1):
12–16.

24. Lynn M, Gurr D, Memon A, Kaliff J. Management of
conventional mass casualty incidents: 10

commandments for hospital planning. J Burn Care Res
2006;27(5):649–58.

25. Partington AJ, Savage PE. Disaster planning:
managing the media. Br Med J (Clin Res Ed) 1985;
291(6495):590–2.

26. Hoffman B. The capability of emergency departments
and emergency medical systems in the US to respond to
mass casualty events resulting from terrorist attacks.
Written testimony submitted towebsite: http://oversight.
house.gov/documents/20080505103219.pdf.

Section 1: Approach to trauma

44

http://oversight.house.gov/documents/20080505103219.pdf
http://oversight.house.gov/documents/20080505103219.pdf


Section 1

Chapter

5
Approach to trauma

Trauma airway

Abraham Berger, Christine Preblick, and Pinchas Halpern

Introduction
Control of the airway in a major trauma patient
may be the most important contributor to survival.
The emergency physician must be facile in emer-
gent airway management. Timely recognition of
the need to secure an airway, identification of the
potentially difficult airway, and an awareness of
the resources available (equipment and medica-
tions) are necessary.

The initial evaluation
The initial assessment of the airway can be very
brief and basic; however, a more thorough assess-
ment is eventually required based on patient factors
and findings. Just speaking with the patient and
having them answer appropriately in a full sentence
gives the clinician some measure of comfort that
immediate aggressive management may not be
required. An intoxicated patient with minor trauma
may just require a chin thrust and observation,
while a severely head-injured unconscious patient
needs early intubation.

The initial point of assessment in the trauma
patient and the decision to intubate is a clinical one
made at the bedside. If the physician feels that the
airway is threatened then it should be secured with
intubation. To aid in this decision, the physician may
use a four-question assessment tool:

1. Is there failure of airway maintenance or
protection?

2. Is there failure of oxygenation?
3. Is there failure of ventilation?
4. Is there an anticipated need for intubation?

Having the patient speak often assesses a failure of
airway maintenance or protection. Patients who are

able to speak clearly and control and swallow their
secretions are generally able to protect their airways.
Many clinicians rely upon the lack of a gag reflex as
an indication for intubation. However, the gag reflex
is a poor discriminator for the need for intubation.1–4

By eliciting the gag reflex, one runs the risk of causing
a patient to vomit and aspirate.

An airway should also be considered threatened
if it is anatomically distorted (as in the case of
maxillofacial trauma) or if the patient’s conscious-
ness is altered (as in intoxication or brain injury).
On the other hand, experience and clinical judg-
ment can and should take into account other factors
before a patient is reflexively intubated. For
example, the patient with head trauma after a rela-
tively minor mechanism and with a computed tom-
ography (CT) scan readily available may be a better
candidate for sedation rather than intubation.
If there is a severe mechanism, however, with a
high potential for intracranial injury, early intub-
ation may be more appropriate, even if the patient
is most likely just intoxicated. If intubation is
deferred, however, close monitoring is necessary
with the ability to rapidly secure an airway if
needed. One commonly accepted scoring system
that serves to guide the decision to intubate is the
Glascow Coma Scale (GCS). A GCS < 8 in a trauma
patient warrants intubation.

Failure of oxygenation can be assessed by several
means. Patients who are quite hypoxic may appear
cyanotic. However, this is an insensitive sign for
moderate degrees of hypoxia. Non-invasive pulse-
oximetry devices have become commonplace in
nearly all emergency departments (EDs) and most
ambulances. Pulse oximetry is as sensitive as 92%
and as specific as 90% for the detection of hypoxia
in normal individuals.5 However, pulse oximetry
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accuracy can be affected by motion, hypotension,
vasoconstriction, hypothermia anemia, hemoglobi-
nopathies, certain dyes (such as methylene blue,
indocyanine green, and indigo carmine), nail
polish, ambient light, and skin pigmentation. Lastly,
arterial blood gas determination can demonstrate
hypoxia. However, this takes time to obtain the
sample and run the test and it is rarely necessary
when used solely as a means of making intubation
decisions.

Failure of ventilation is most often determined
by the clinical examination. Patients with inad-
equate chest rise and fall, with poor air movement
on auscultation, or low respiratory rates may be
candidates for emergent intubation. The exception
may be the patient with an expected short-term
impairment of ventilation, such as that caused by
over-sedation. In such a situation, assisting the
patient’s ventilations with a bag-valve-mask (BVM)
device or administering a reversal agent may be
more prudent than proceeding to endotracheal
intubation. End-tidal carbon dioxide (ETCO2)
monitors may also help in the recognition of a
hypoventilating patient. However, ETCO2 monitors
are prone to sampling errors (e.g., poor cardiac
output, rapid respiratory rates, low tidal volumes,
hypothermia, and malpositioning of the sampling
instrument).6,7 Similarly, arterial blood gases can
demonstrate hypercapnea. However, as in deter-
mining hypoxia, the test takes time to obtain the
sample and run the test and it is rarely necessary
when used solely as a means of making intubation
decisions.

The ability to anticipate a need for intubation is
one mark of a thoughtful clinician exercising
sound judgment. Some cases are very straightfor-
ward. For example, the patient with penetrating
neck trauma with an expanding hematoma that
is compressing the airway should be intubated
expeditiously. However, an inexperienced clinician
may not recognize the potential for rapid airway
deterioration in the same patient who presents
moments after the injury before the hematoma
has developed. In such a circumstance, the risks
and benefits of performing the procedure early
must be weighed carefully against the risks and
benefits of performing the procedure later, when
it may be considerably more difficult or impossible.
In making the intubation decision, the clinician
should consider:

� What is the likelihood of significant
deterioration that will require emergent
intubation?

� If deterioration is a reasonable possibility, howmuch
time will I likely have to respond? Will this be a
“crash” situation?

� What resources are available to handle the situation
now and in the future (including airway options,
personnel, and medications)?

� Where could this patient be if and when he or
she deteriorates (CT scan, elevator, exam room,
helicopter)?

Even though a patient may have one or more of the
four assessment tool conditions, endotracheal intub-
ation may not always be the most appropriate
response. For example, a patient who is hypoxic
because of a pneumothorax would benefit more from
a chest tube thoracostomy than intubation (which
may be harmful instead).

It is important to consider intracranial injury or
intoxication that can also compromise ventilation.
High level cervical spine injury may also comprom-
ise ventilation via respiratory muscle paralysis.
Patients with significant chest trauma may need
intubation. Lung contusions may cause respiratory
failure and may progress rapidly from minor to
severe symptoms. It is important to monitor these
patients closely for the need for intubation and
following intubation for hypoxia and hypotension
which may be a result of their lung injury. Direct
facial trauma may also compromise the airway.
Evidence of burn injury in the form of soot or
singed facial hair may also be an indicator of injury
to the lungs or trachea which may cause airway
compromise.

Finally, the decision to secure an airway may
also be directed by the anticipated clinical course
for the patient. Injuries to the neck, trachea, or
larynx should alert the physician to potential airway
compromise and warrant early establishment of an
artificial airway. Patients who will require multiple
procedures including CT scans, chest tubes, fixation
of broken bones, or eventually will go to the oper-
ating room (OR) or intensive care unit (ICU) set-
ting should also be considered for early intubation.
Patients who are being transported out of the secur-
ity of the ED, e.g., CT scanner or transfer to
another institution, should also be considered for
intubation.
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Box 5.1 High-risk situations often requiring
advanced airway management

� Head-injured patients
� Burn injury
� Direct airway injury (trachea, neck, larynx)
� Need for multiple procedures
� Need for transport out of ED
� Multiple injuries
� Significant chest trauma

Predicting the difficult airway
The difficult airway can be defined as the clinical
situation in which adequate face mask ventilation of
the upper airway or tracheal intubation is challen-
ging.8 The airway may be made difficult by the inter-
actions of patient factors, the clinical setting, and the
skills of the physician. A patient with a history of
prior airway difficulties should alert the physician to
potential problems with intubation. However, this
information is rarely available in the acute trauma
setting. A quick, focused examination of the airway
anatomy can help the physician assess the potential
risk of encountering difficulties (Table 5.18).

The Mallampati classification compares tongue
size to pharyngeal size.9,10 As originally described,
the test is performed with the patient seated. The
patient’s head is held in a neutral position with
the mouth wide open and the tongue protruding.
The extent of the visibility of the pharyngeal struc-
tures determines the classification (Figure 5.1):

Class I: Visualization of the soft palate, uvula,
anterior and the posterior pillars.
Class II: Visualization of the soft palate and uvula.
Class III: Visualization of soft palate and base of
uvula.
Class IV: Only hard palate is visible.

An airway assessment mnemonic, LEMON, takes
into account many of the anatomic factors in a
scoring system.11–13 LEMON is a 10-point scale (up
to 1 point for each factor) (Table 5.2). Although never
validated, in general, patients with higher LEMON
scores are more likely to have difficult intubations.

Assessment of most of these physical examination
findings require either a cooperative, awake patient or
require the ability to safely extend the neck. In many
circumstances the ability to predict difficulty is not
readily apparent. Unless obvious by external findings,

Table 5.1 Components of the preintubation airway physical
examination – concerning factors8

Anatomic factor Predictor of potential
difficulty

Length of upper incisors Relatively long

Relation of maxillary and
mandibular incisors
during normal jaw
closure

Prominent “overbite”
(maxillary incisors anterior to
mandibular incisors)

Relation of maxillary and
mandibular incisors
during voluntary
protrusion of mandible

Patient cannot bring
mandibular incisors anterior
to (in mandible front of)
maxillary incisors

Interincisor distance < 3 cm

Visibility of uvula Not visible when tongue is
protruded with patient in
sitting position (e.g.,
Mallampati class > II)

Shape of palate Highly arched or very narrow

Compliance of
mandibular space

Stiff, indurated, occupied by
mass, or non-resilient

Thyromental distance < 3 Ordinary finger breadths

Length of neck Short

Thickness of neck Thick

Range of motion of head
and neck

Patient cannot touch tip of
chin to chest or cannot
extend neck

Table 5.2 The LEMON Scale

Variable Factors/points

L ¼ Look
externally

Facial trauma¼ 1, large incisors¼ 1,
beard or moustache ¼ 1, and large
tongue ¼ 1

E ¼ Evaluate the
3–3–2 rule

Mouth opening distance < 3
fingerbreadths ¼ 1, hyoid/mental
distance < 3 fingerbreadths ¼ 1,
thyroid-to-mouth distance < 2
fingerbreadths ¼ 1

M ¼ Mallampati Mallampati score 3 or greater ¼ 1

O ¼ Obstruction Presence of any condition that could
cause an obstructed airway ¼ 1

N ¼ Neck
mobility

Limited neck mobility ¼ 1
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difficulty can be very hard to predict; the laryngo-
scopic view will ultimately indicate the severity of the
difficulty. Faced with this situation, the prudent phys-
ician should have access to multiple rescue techniques
and a “Plan B” if airway problems are encountered.

Options for intubation
Rapid sequence inbutation: theory
and practice
Rapid sequence intubation (RSI) is the technique most
often utilized for trauma intubations.14 It involves the
use of a paralytic agent along with a sedative to ease
intubation and reduce the risk of gastric aspiration as
well as a spike in intracranial pressure. The use of
paralytic agents poses a risk of hypoventilation and
hypoxia in the difficult airway. Some have argued that
paralytics should be avoided in patients who may be
difficult to ventilate or in situations where one antici-
pates a difficult airway, although this is generally out-
weighed by the benefits and is generally considered the
standard of care in the ED.15 Certain circumstances,
e.g., penetrating neck trauma with hematoma, may
warrant careful consideration of alternative approaches.

Rapid sequence intubation has been broken into
seven steps, the seven Ps. These are described below.

Preparation
All resources and the patient should be prepared
for intubation. The patient should be placed on a
cardiac monitor, and a pulse oximeter with blood

pressure measurements. An intravenous (IV) line
should be placed and the patient assessed for a pos-
sible difficult airway. Equipment should be prepared
at the bedside, including bag valve mask connected
to oxygen, a Yankauer suction, ETCO2 detector (or
continuous CO2 monitor), laryngoscopes (with func-
tioning light source), and endotracheal tubes. The
endotracheal tube should be prepped with a stylet in
place and a 10 ml syringe attached to the balloon port.
The balloon should be inflated and then deflated to
test for leaks. All RSI medications should be drawn
and ready for administration.

Preoxygenation
Because RSI patients are rendered apneic during the
procedure, they should be adequately preoxygenated
prior to administration of medications. Patients are
given at least 3 minutes of normal tidal volume
breathing or 8 vital capacity breaths with as close to
100% oxygen as practical. A well-fitting non-rebreathing
face mask at 15þ L of oxygen per minute may be used; if
necessary, a BVMdevicemay also be used.However, this
technique risks forcing air down the esophagus, inflating
the stomach, and potentially precipitating aspiration.

Pretreatment
Pretreatment medications are used by many clinicians
to attempt to blunt the parasympathetic and sympa-
thetic stimulation caused by direct laryngoscopy and
intubation for specific patients. These medications
include lidocaine (1.5 mg/kg IV) and fentanyl (1–3
mcg/kg IV) for patients with suspected intracranial

Class II Class III Class IVClass I

Figure 5.1 Mallampati classification. The classification of tongue size relative to the size of the oral cavity as described by
Mallampati and colleagues. Class I: faucial pillars, soft palate, and uvula visualized. Class II: faucial pillars and soft palate visualized,
but the uvula is masked by the base of the tongue. Class III: only the base of the uvula can be visualized. Class IV: none of the
three structures can be visualized. (From Mahadevan S, Garmel G. An Introduction to Clinical Emergency Medicine. Cambridge:
Cambridge University Press, 2005.)
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injuries. If used, they should be given 3 minutes prior
to paralysis. The benefits from these drugs have never
been quantified and intubations in trauma without
them are acceptable, especially when time is a factor.

Paralysis of anesthesia
Induction agents may include narcotics, short-acting
barbiturates, benzodiazepines, ketamine, etomidate,
propofol, and others. Because of its cardiovascular
neutrality (not causing hypotension, hypertension,
bradycardia, or tachycardia) many clinicians prefer
etomidate (0.3 mg/kg IV). Simultaneous administra-
tion of a paralytic accompanies the sedative/induction
agent. Paralytics should not be used without adequate
sedation. Commonly used paralytics include succinyl-
choline (1.5 mg/kg IV), a depolarizing agent, and
rocuronium (1 mg/kg IV), a non-depolarizing agent.

Protection
If the patient was being ventilated with a BVM device,
this is suspended after the paralytic is given. It should not
be necessary to continue if the patient was adequately
preoxygenated and the risk of instilling air down the
esophagus rises while the patient is becoming paralyzed.

Many practitioners advocate applying the Sellick
maneuver once the patient becomes unconscious in
an effort to prevent gastric regurgitation. The Sellick
maneuver involves an assistant applying firm pressure
on the cricoid cartilage in an attempt to close the
esophagus. If the patient begins to vomit then pres-
sure should be released. The utility of the Sellick
maneuver, however, has not been proven and may
make intubation more difficult by partially collapsing
the upper trachea. One modification of this maneuver
has been shown to increase the chances of success, the
BURP maneuver. This maneuver involves placing the
larynx into a position that optimizes the view for an
intubator holding a laryngoscope in the left hand by
applying Backward (towards the spine), Upward
(towards the mouth), Rightward Pressure. Excessive
pressure may, however, make the view worse.16,17

Concern for cervical spine injury should lead to
in-line traction by an assistant to prevent neck hyper-
extension during laryngoscopy.

Placement
Confirmation of paralysis can be made in a number
of ways (loss of body movements, loss of chest rise
and fall, loss of corneal reflexes); the most germane,
however, may be the laxity of the mandible to upward

and downward movement by the intubator. An endo-
tracheal tube is then inserted under direct laryngoscopy
with visualization of the vocal cords. The cuff is then
inflated, the stylette is removed, and tracheal placement
is confirmed by color change with an ETCO2 detector
or capnograph, condensation within the tube on exhal-
ation, the observation of chest rise and fall, and auscula-
tion over the stomach and both axilla. Other additional
confirmatory techniques may include the passage of a
lighted stylette, fiberoptic bronchoscopy through the
endotracheal tube, ultrasonography, the use of a pneu-
matic esophageal detector device (EDD), or chest radi-
ography. Care must be taken to always guard the
endotracheal tube’s position by grasping it close to the
teeth until it can be secured with tape or string.

Post-intubation management
The endotracheal tube is connected to a mechanical
ventilation device (a ventilator or a BVM). Additional
sedation, with or without longer acting paralytic
agents, is administered and restraints are applied to
prevent self-extubation (Figure 5.2).

Other options besides standard RSI
The prudent emergency physician should acquire
skills in using adjuncts to assist RSI, as well as develop
familiarity with other airway techniques that may be
used in place of RSI, or as rescue techniques in the
case of the failure of RSI:

� awake intubation
� retrograde intubation
� laryngeal mask airways (LMA)
� combitube and laryngeal tube
� lighted stylet intubation
� semi-rigid fiberoptic stylets
� nasal and orotracheal intubation over a flexible

fiberoptic
� rigid fiberoptic laryngoscopy
� video-assisted laryngoscopy
� blind nasotracheal intubation
� transtracheal jet ventilation
� surgical airways (cricothyroidotomy)
� bougie assisted intubation.

Post-intubation care
Once the airway is established and the patient is intub-
ated it is important to maintain adequate sedation for
both patient comfort and safety. Depending on the
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clinical scenario, sedative induction medications can
be continued to maintain sedation. These medications
are titrated to sedation and the Richmond Agitation
Sedation Score can be utilized to help ensure patient
comfort post-intubation (Table 5.318,19).

Proper sedation requires frequent clinical moni-
toring and observation for agitation and hypotension
(common post-intubation). In addition, the use of
two-point wrist restraints should be considered to
prevent self-extubation.

Prehospital intubation
In the prehospital setting the same basic principles
for securing the airway are applied. The techniques
available are determined by the training of the pro-
vider, the equipment available, and the agency’s
policies and procedures, as determined by the med-
ical director. Supplemental oxygen and the chin lift
maneuver may be adequate in some trauma
patients; others may require ventilation with a
BVM device. Many prehospital systems provide
the option for unmedicated endotracheal intubation
in the field; some provide RSI. Other airway options
may be chosen from the list above. The decision to
intubate a trauma patient in the field, especially if
that procedure will delay transportation, is a con-
troversial one. In many cases a stable patient can
safely be transported with a non-rebreather or BVM

device, deferring the intubation to the more con-
trolled setting of the ED where a wider array of
procedures and personnel are available.

An Ontario Prehospital Advanced Life Support
(OPALS) study examined the question of whether
invasive airway management should be done in the
field and whether this would change the survival of
patients with traumatic injuries.20 Other authors have
investigated this topic and discovered that there is an
increase in mortality in severe head-injury patients
when intubated vs. receiving BVM ventilation. Place-
ment of the endotracheal tube can increase the risk of
aspiration and also lead to a rise in intracranial pres-
sure furthering the neurologic insult. Another factor
contributing to potential risks from early intubation
is inappropriate ventilation. Studies have found that
once intubation is accomplished, prehospital personel
commonly hyperventilate head-injured patients, even
when protocols are set otherwise.21–24

In the prehospital arena patients with suspected
blunt neck injuries should be transported in a supine
position, with a cervical collar and oxygen. Bleeding
should be controlled with direct pressure. Blind
intubations are not recommended because of the risk
of creating a false route or completely transecting a
partially damaged airway. Laryngeal mask and RSI are
relatively contraindicated in patients with laryngotra-
cheal disruption.
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Preparation
• Drugs
• IV
• Monitor
• Personnel
• Ventilator
• Equipment

• BVM
• Oral airway
• Suction
• Tubes
• Laryngoscopes
• Rescue devices

Preoxygenate
• 100% O2

• 5 min
• or 8 VCB

Pretreatment
• Lidocaine
• Fentanyl
• 1/10 paralytic
dose of NDP,
if using sux.

Paralysis w/
induction
• Etomidate
• Succinylcholine, or
• Rapacuronium, or
• Rocuronium

Placement
• Sellick/ BURP
• Visualization

• Intubation

•

In line traction ±

ETCO2

Post-intubation
management
• Longer acting sedative
• +/– paralysis
• Tube confirmation
• Secure tube

Typical RSI time

• 

Figure 5.2 Rapid sequence intubation (RSI): sequence of events. BVM, bag-valve-mask; ETCO2, end-tidal carbon dioxide; IV, intravenous;
NPD, ethosuximide; VCB, vital capacity breaths.

Section 1: Approach to trauma

50



Box 5.2 Key concepts in the trauma airway

� The four-question assessment tool is a valuable
aid in assessing the need for intubating a trauma
patient:
1. Is there failure of airway maintenance or

protection?
2. Is there failure of oxygenation?
3. Is there failure of ventilation?
4. Is there an anticipated need for intubation?

� Difficult airway management can often be pre-
dicted by the airway assessment mnemonic,
LEMON:
L ¼ Look externally
E ¼ Evaluate the 3–3–2 rule
M¼Mallampati
O ¼ Obstruction
N ¼ Neck mobility

� While RSI is generally considered the standard in
the emergency management of the airway, it is
prudent to consider other options with a very
high-risk airway and always have a “Plan B”
rescue option, including the ability to create a
surgical airway by cricothyroidotomy.
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Section 2

Chapter

6
The injured patient

Head trauma

Livia Santiago-Rosado, Matthew Simons, and Andy Jagoda

Definitions
Head trauma (or head injury) includes the full spec-
trum of injury to the head, from superficial contu-
sions, abrasions, and lacerations of the soft tissues
that overlie the cranium, to injuries deep within the
skull. The vast majority of patients who present to the
emergency department (ED) with head trauma have
blunt trauma or closed head injury, which is the focus
of this chapter.

A traumatic brain injury (TBI) implies disruption
of brain tissue as a result of a blunt directional or
rotational shearing force on the brain. Although the
presence of obvious signs of trauma above the clav-
icles may be associated with intracranial injury,
patients who sustain a TBI may not have external
signs of trauma.1 In addition, while some patients
with severe TBI have a depressed mental status, the
majority of patients with TBI have less severe injuries
with an intact or minimally altered mental status and
no neurologic deficit.

In 1974, Teasdale and Jennett developed the
Glasgow Coma Scale (GCS) as a surrogate measure-
ment of mental status.2 The original score was devel-
oped for use in adults, but was subsequently amended to
include children and infants (Table 6.1).2–4 The main
utility of the GCS lies in its application over time, as it
helps to document improvement or deterioration. A key
concept is that a single GCS score in the field or in the
ED has limited diagnostic or prognostic value.

The vast majority of injured patients fall into the
mild traumatic brain injury (MTBI) category, i.e., a
GCS score of 13–15. Patients with MTBI at increased
risk for sequelae include the elderly, as well as any
patient having had blunt head injury resulting in
either loss of consciousness (LOC) < 30 minutes,
post-traumatic amnesia (PTA) lasting < 24 hours,

or confusion. However, these characteristics fail to
identify all patients at risk for significant acute injury
or for developing sequelae.

Epidemiology
An estimated 1.5 million people seek medical care for
TBI annually in the United States. Approximately
1.6% of ED visits are for a head injury; up to 90% of
these are for MTBI.5,6 Traumatic brain injury is
responsible for up to 235 000 hospital admissions
and 50 000 deaths per year, totaling one third to one
half of all trauma-related deaths.7 Risk factors for
intracranial injury include male sex, increasing age,
and alcohol intoxication.8 There is a 2 : 1 male to
female preponderance; in elderly patients and infants,
the difference is slightly less marked, presumably
because the factors that influence head trauma in
those populations affect both sexes equally.9

The most common causes of head trauma in the
United States are motor vehicle collisions, falls, and
assaults. The relative incidence of specific causes
varies according to geographic setting – urban vs.
rural – and population issues, including age and
socioeconomic status. Children and the elderly are
more frequently victims of falls, whereas assault is a
common cause of head trauma among males in urban
environments. The rate of hospitalization according
to age has a trimodal distribution: children under 4
years of age; young adults aged 15–24 (strongly male
predominant); and elderly patients aged over 75.9

Approximately 5–10% of patients with MTBI will
have an abnormal head computed tomography (CT)
scan, but only 0.5–1.0% will require acute neurosur-
gical intervention for intracranial injury.5 Head
injured patients with an abnormal GCS score, even
mildly abnormal, have significantly higher rates of

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. # Cambridge University Press 2011.
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intracranial injury than patients with a GCS of 15.10

In one illustrative study, the rate of neurosurgical
intervention among patients with a GCS of 13 was
1.3%, and the rate of positive CT findings about 20%.
In contrast, in patients with a normal GCS score of 15
the rates were 0.4% and 5.5%, respectively.6 In
another review, the respective percentages of CT
abnormalities were 38%, 24%, and 13% for GCS
scores of 13, 14, and 15, respectively.11

Between 1980 and 1995, there was a 50% reduc-
tion in hospitalization and a 22% decline in the
number of deaths secondary to TBI. During that same
period, there was a 29% reduction in hospitalization
for all causes. It is plausible that the proportionally
greater reduction in TBI may be due to the success of
preventive measures as well as to the increase in use of
CT brain imaging to exclude significant intracranial
injury, thus obviating the need to admit these patients

for observation.12 While injury to the central nervous
system (CNS) is a common cause of death and
disability, injuries to the head often do not occur in
isolation; cervical spine injuries are the most signifi-
cant associated injuries, while extremity injuries are
the most common.13

Anatomy
The scalp is composed of five layers: skin, subcutane-
ous tissue, galea, areolar tissue, and pericranium. The
dermis of the scalp contains a rich blood supply,
which if disrupted can result in large hemorrhage
as the blood vessels there are unable to fully constrict
in response to laceration. The galea is the tough
fascial layer which contains the occipitofrontalis and
temporoparietalis muscles. The areolar tissue lies
under the galea, and it is comprised of loose tissue

Table 6.1 The Glasgow Coma Scale (GCS)2,3

Score* Adult Children aged 1–5 Infants

Best eye response

1 No eye opening No eye opening No eye opening

2 Eye opening to pain Eye opening to pain Eye opening to pain

3 Eye opening to voice Eye opening to voice Eye opening to voice

4 Eyes open spontaneously Eyes open spontaneously Eyes open spontaneously

Best verbal response{4

1 No response No response No response

2 Incomprehensible sounds Incomprehensible, restless, unaware Moans to pain

3 Inappropriate words Inappropriate words, inconsolable, unaware Cries to pain

4 Confused Disoriented, consolable, aware Irritable cry

5 Oriented Oriented, social, interactive Coos, babbles

Best motor response

1 No response No response No response

2 Decerebrate posturing Decerebrate posturing Decerebrate posturing

3 Decorticate posturing Decorticate posturing Decorticate posturing

4 Withdraws from pain Withdraws from pain Withdraws from pain

5 Localizes pain Localizes pain Withdraws to touch

6 Follows commands Normal spontaneous movement Normal spontaneous movement

*Note that lowest possible combined score is 3; highest is 15.
{Since intubated patients cannot be evaluated for the verbal component, a “Derived Verbal Score” was elucidated via linear regression analysis
using the motor and eye components.4

Derived Verbal Score ¼ –0.3756 þ [Motor Score X (0.5713)] þ [Eye Score X (0.4233)].
By definition: mild traumatic brain injury (TBI) ¼ GCS score 13–15; moderate TBI ¼ GCS score 9–12; severe TBI ¼ GCS score 3–8.
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attachments, allowing for the formation and spread of
large hematomas, as well as tissue avulsion. The areo-
lar tissue lies above the pericranium, which adheres to
the skull.

The skull is comprised of eight fused bones which
are composed of solid inner and outer layers sur-
rounding a layer of cancellous bone. This structure
lends added rigidity and strength to the bone. The
thinnest areas of the skull are at the pterions, where
the temporal, parietal, sphenoid, and frontal bones
join (Figure 6.1). Fractures in this area may result in
epidural hematoma by laceration of the underlying
middle meningeal artery.

The brain occupies 80% of the volume of the
skull, and is divided by the dura mater, which
adheres to the inner lining of the skull, and its
intracranial reflections. The falx cerebri separates
the two cerebral hemispheres sagittally, and the ten-
torium cerebelli transversely separates the cerebellum
and brainstem from the cerebrum. Both of the
attachments are fixed, and herniation most fre-
quently occurs when the uncus herniates along the
inner edge of the tentorium cerebelli. The dura also
separates into two layers to form the dural venous
sinuses which drain blood and cerebrospinal fluid
(CSF) from the brain. The arachnoid mater lies
underneath the dura, and perforates the dura at the
venous sinuses to filter and drain CSF through the
arachnoid granulations. The pia mater is a thin
innermost layer that lies on the surface of the brain.

Between the arachnoid mater and the pia mater is
the subarachnoid space, in which circulates the CSF.
Cerebrospinal fluid is produced by the choroid plex-
uses located in the lateral ventricles. Approximately
500 ml of CSF is produced per 24 hours. The four
ventricles within the brain are the two lateral ven-
tricles, and the midline third and fourth ventricles.
The CSF drains from the lateral ventricles to the third
ventricle via the foramen of Monroe, and from the
third ventricle to the fourth ventricle via the aqueduct
of Sylvius. The CSF exits the fourth ventricle into the
subarachnoid space via the foramina of Luschka and
Magendie.

Pathophysiology
Primary head injuries refer to the damage directly
related to a traumatic event, such as fractures, lacer-
ations, or hematomas. Secondary injury refers to the
damage incurred as a result of subsequent ischemia,
edema, or inflammation. Secondary injury contrib-
utes greatly to overall morbidity and mortality in
TBI, and ED management of these patients is aimed
at mitigating these events.

Injury to the brain parenchyma occurs when
sudden deceleration or rotational forces cause shear-
ing of small blood vessels and axons. Injuries to the
blood vessels cause the development of hematomas.
Small intraparenchymal vessel damage results in
petechial bleeds. Disruption of bridging veins or
arterial injury results in subdural or epidural hema-
tomas, respectively.

Diffuse axonal injury (DAI) refers to a pattern of
injury associated with disruption of axonal transport,
which results in swelling and Wallerian degeneration.
Subsequent release of excitatory amino acids and
generation of oxygen radicals then perpetuate second-
ary neuronal injury.

Epidural hematomas (Figure 6.2) are the result
of arterial injury, commonly to the middle meningeal
artery, as a result of direct compressive forces. Since
they involve arterial disruption, these can bleed
rapidly and may result in a rapid deterioration of the
patient’s neurological status, classically following a
“lucid interval.” Epidural bleeds can precipitate her-
niation, and emergent evacuation of the hematoma is
frequently indicated, either in the operating room
(OR) by neurosurgery or by burr hole in the ED if
the OR is unavailable. Injuries due to direct force,
including epidural hematomas and skull fractures,

Figure 6.1 The weakest part of the skull, the pterion lies at the
junction of the multiple bones and overlies the middle meningeal
artery. Injury to this area may cause epidural hematomas. Sph.,
sphenoid.
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are sometimes referred to as “coup” injuries. These
are in contrast to “contracoup” injuries, which occur
when the brain is set in motion and strikes the
opposite inner surface of the skull, causing rapid
deceleration.

Subdural hematomas (Figure 6.3) occur when the
bridging veins from the cortex to the dura become
disrupted. Typically, these venous bleeds progress
more slowly than epidural bleeds, which are arterial.
Large subdural hematomas can still produce severe
neurological deterioration and may require emergent
neurosurgical intervention. Figure 6.4 highlights an
associated skull fracture.

Subarachnoid hemorrhage, or SAH, consists of
bleeding in the subarachnoid space and can occur
either in isolation or in combination with other intra-
cranial bleeds.

Intracerebral hematomas are caused by disrup-
tion of the small intraparenchymal vessels secondary
to shearing forces (Figure 6.5). Like patients present-
ing with subdural hematomas, these patients may
exhibit a slow decline in neurologic state, or possibly

Figure 6.2 Epidural hematomas form as a result of trauma to an
artery, commonly the middle meningeal artery, and thus can expand
rapidly. Classically, the hyperdense acute blood appears as a
lens-shaped or lenticular lesion adjacent to the cranium, with
associated brain edema.

Figure 6.3 A subdural hematoma may result when bridging veins
between the cerebral cortex and dural sinuses are stretched and
torn. The hematoma is a crescent-shaped hyperdense lesion
adjacent to the cortex, with varying degrees of edema in the
surrounding brain tissue.

Figure 6.4 Bone windows are useful for highlighting skull fractures
that may occur with concomitant brain injury.
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no focal neurological signs whatsoever. Management
of these bleeds depends on their location and size, as
well as on the patient’s clinical neurological status.

Cerebral herniation occurs as the result of critical
elevations of intracranial pressure (ICP), either due
to cerebral swelling or mass effect secondary to
hematoma formation. Signs of herniation include
fixation or dilation of one or both pupils, rapid
deterioration in GCS, and decerebrate (extensor)
posturing. The classic sign of a unilateral fixed,
dilated pupil (Hutchinson’s pupil) occurs when
herniation of the uncus of the hippocampal gyrus
compresses the outer parasympathetic fibers of the
ipsilateral third cranial nerve, and may be associated
with a contralateral hemiparesis. Kernohan’s phenom-
enon occurs in a small percentage of patients, in
which a notch on the contralateral cerebral peduncle
(Kernohan’s notch) is formed when the peduncle is
pressed against the tentorium, resulting in a hemipa-
resis ipsilateral to the dilated pupil. Bilaterally fixed
and dilated pupils are suggestive of brainstem injury.
It should be noted, however, that hypotension or
hypoxia may also produce the same finding and thus
the patient should be aggressively resuscitated.

The Cushing reflex is defined as systemic hyper-
tension and bradycardia that occurs as a reflex in

response to increased ICP. It is generally regarded as
a sign that the ICP has risen to a critical level.

Common types of intracranial injuries and
affected structures are summarized in Table 6.2.

Cerebral hemodynamics
Cerebral blood flow (CBF) is maintained by cerebral
autoregulation in response to physiologic conditions
and metabolic rate. Regional CBF is held constant
when the mean arterial pressure (MAP) is between
60 and 150 mmHg. Cerebral arteries constrict in
response to hypocapnia, hypertension, and alkalosis
and dilate from the opposite conditions.

Vascular response in relation to carbon dioxide is
linear between PCO2 levels of 20–60mmHg.14 Below 20
mmHg, vasoconstriction may accelerate and contribute
to cerebral hypoxia or ischemia.15 Vasoconstriction
in response to hypocapnia is also subject to desensi-
tization over time, and in the setting of prolonged
hyperventilation-induced hypocapnia, injured vessels
may become dilated, increasing swelling and ICP.16

Cerebral perfusion pressure (CPP) is defined as
MAP minus ICP (Box 6.1). It is this pressure gradient
that drives CBF, and is therefore the integral variable
related to cerebral ischemia. In the setting of acute
TBI, CBF is often decreased as a result of cerebral
vasospasm and possibly lower perfusion pressures as
a result of systemic hypotension. For this reason,
clinical interventions after TBI are aimed at enhan-
cing CPP to avoid cerebral ischemia. A CPP of 50
mmHg or lower has been associated with cerebral
hypoxia and increased morbidity and mortality. Cur-
rent guidelines suggest that maintenance of CPP
above 60 mmHg is associated with improved out-
comes in the TBI patient.17

Figure 6.5 Intraparenchymal hemorrhage.

Table 6.2 Common intracranial injuries

Structure Common injury

Scalp Lacerations, contusions

Skull Fractures: linear, depressed

Dura Epidural hematoma

Bridging veins Subdural hematoma

Subarachnoid space Subarachnoid hemorrhage

Brain parenchyma Parenchymal bleed, herniation

White matter Diffuse axonal injury (DAI)

Gray matter Diffuse axonal injury (DAI)
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Prehospital
Prehospital providers are often the vital link
between the injury and definitive care. They are
responsible for initiating interventions which can
minimize mortality and morbidity. In a study from
Colorado, the incidence of TBI was higher in rural
than in urban populations and the mortality of
rural patients was higher.18 These findings are sup-
ported by similar results in an Australian study.19

The mortality associated with TBI sustained in rural
settings is partially due to delayed access to defini-
tive care, but also emphasizes the pivotal role pre-
hospital providers play.

Recognizing the importance of prehospital care of
TBI patients, theUS government provided a grant to the
Brain Trauma Foundation (BTF) to develop guidelines
to assist prehospital care providers in assessing and
managing the TBI patient (Figure 6.6). First published
in 1998 and disseminated through a national education
initiative, the guidelines were revised in 2007.17

Prehospital assessment
On the initial encounter, it is seldom possible to accur-
ately determine the degree of brain injury. In patients
who appear to have sustained a minor blunt head
injury, the only historical parameters proven useful in
identifying patientswith lesions requiring neurosurgical
intervention are LOC and amnesia.20 The presence of
either of these findings prompts the need for careful
serial examinations and consideration for transport to
a hospital with neurosurgical capabilities. Although the
mechanism of injury may direct additional inquiries,
there is no evidence that mechanism alone is predictive
of an intracranial injury in blunt head trauma.21 Patients
with a history of a penetrating injury, or the potential for
a penetrating injury such as a gunshot to the scalp,
deserve special attention and should be transported dir-
ectly to a trauma center even if the injury appears incon-
sequential.22 A history of alcohol use, anticoagulant
therapy, hemophilia, or age over 60 years shouldprompt
consideration of transport to a trauma center.

The patient should be examined for open wounds,
blood from the external auditory canal, and clear or
bloody nasal or ear drainage, concerning for CSF
rhinorrhea and otorrhea. All patients require a min-
imum assessment of: (1) blood pressure; (2) oxygen-
ation; (3) pupils; and (4) GCS score.

The Traumatic Data Coma Bank (TDCB) provides
the best scientific evidence in which hypotension was
defined as a single observation of a systolic blood
pressure (SBP) < 90 mmHg, and hypoxemia defined
as apnea, cyanosis, or a hemoglobin oxygen saturation
< 90% in the field.23 The TDCB found that hypoten-
sion and hypoxemia were predictors of a poor out-
come independent of other major predictors, such as
age, GCS score, intracranial diagnosis, and pupillary
status. A single episode of hypotension was associated
with a doubling of mortality and an increased morbid-
ity when compared with a matched group of patients
without hypotension.

The pupillary examination consists of determin-
ing pupil size, symmetry, and reactivity to light.
Hypoxemia, hypotension, and hypothermia may
cause dilated pupil size and abnormal reactivity,
making it necessary to resuscitate and stabilize the
patient before accurate pupillary assessment can
occur.24 Serial evaluation of the pupils during trans-
port remains a standard, although unproven, assess-
ment parameter in that signs of intracranial
hypertension may prompt temporizing interventions
to lower ICP.

The key to employing the GCS is in serial deter-
minations. In one of the original multicenter studies
validating the scale, approximately 13% of patients
who ultimately were in coma had an initial GCS
of 15.25 A single GCS determination is of little utility.

Box 6.1 Essentials of cerebral hemodynamics

� CPP ¼ MAP – ICP
� Goal SBP > 90
� Goal ICP < 20; mental status changes occur with

ICP � 20
� Goal CPP > 60

Box 6.2 Essentials of the prehospital management
of head injured patients

� Hypoxemia and hypotension are predictors of
outcome in TBI patients and thus should be
carefully monitored and treated appropriately.

� A single GCS score determination has low pre-
dictive value and thus the GCS must be repeated
serially.

� Clinical signs of increased ICP include dilated
fixed pupil(s) or posturing.

� Patients with moderate or severe TBI should be
transported to a hospital with neurosurgical
monitoring capabilities.
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Prehospital management
The prehospital management of the TBI patient
focuses on stabilizing and maintaining oxygenation
and blood pressure. All head injured patients have
potential cervical injury and should be immobilized
if there is cervical tenderness or pain, a neurologic
deficit, altered mental status, or distracting injuries.26

Anticipate and prepare for potential eventualities
such as vomiting, seizures, and aberrations of blood
pressure or oxygenation. Consideration should be

given to intravenous (IV) access, and to pulse oxim-
etry, blood pressure, and cardiac monitoring.

Indications for a field intubation include failure
to protect the airway, failure to ventilate, or failure to
oxygenate despite supplemental oxygen administra-
tion. It is reasonable to consider proactively securing
the airway if it is anticipated that one of the above may
occur during transport. In one retrospective case-
controlled study of 1092 patients with severe TBI, the
outcome of patients endotracheally intubated in the

TBI patient

Assess, treat, stabilize
Airway – breathing – circulation

Does
the patient

open eyes to:
“What happened

to you?”

Does
the patient open
eyes to axillary
pinch/nail bed

pressure? 

No

No

No

Assess patient
every 5 min

Direct transport to a
trauma center

GCS-M = 1,2

Assess pupils

Pupils
symmetric

and
reactive

GCS-M = 3,4,5

Secure airway
(intubate if available)

Hyperventilate

Assess oxygenation
Ensure SaO2> 90%

(if available)

Assess BP
Ensure SBP > 90 mmHg

Yes

Yes

Yes

Figure 6.6 Algorithm for the
prehospital management of traumatic
brain injury (TBI). BP, blood pressure;
GCS-M, Glasgow Coma Scale Motor
Score; SBP, systolic blood pressure;
M, molar score. (Courtesy of the Brain
Trauma Foundation.)
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field was compared to patients who were not intub-
ated.27 Paramedics intubated only if patients were
apneic, unconscious with ineffective ventilation, and
had no gag reflex. The study suggested that prehospital
endotracheal intubation significantly improved survival
in select patients. More controversial is the question
whether paramedics should use rapid sequence intub-
ation (RSI) for securing the airway in TBI patients who
are able to oxygenate but who either have a decreased
gag or who have the potential for deterioration during
transport. Investigators in San Diego conducted a pro-
spective observational case controlled study involving
209 suspected TBI patients and 627matched controls.28

The authors found that the patients who underwent RSI
had a higher mortality rate and worse neurologic out-
comes than patients who did not undergo intubation.
A subsequent study by the same investigators on
59 intubated TBI patients found that low end-tidal
carbon dioxide (ETCO2) in intubated patients (inad-
vertent hyperventilation) was correlated with increased
mortality.29 In addition to hyperventilation, studies
have found a not insignificant rate of inadvertent
esophageal intubation in the prehospital setting, with
concomitant worse outcomes.30 Based on these find-
ings, current prehospital airway recommendations
caution against RSI in the field (Box 6.3).

Hypotension is another critical factor associated
with an increased morbidity and mortality in head
injured patients. Generally, isotonic IV crystalloid
administration has been the mainstay of prehospital
treatment of hypotension. Vassar et al.31 reported that
the prehospital administration of hypertonic (7.5%)
saline to a subgroup of severely head injured patients
resulted in improved outcomes. However, a well-
designed randomized double-blind prehospital study
comparing hypertonic saline to lactated Ringer’s
found no survival benefit in severely head injured
patients.32 At the present time whether there is a role
for hypertonic saline is unclear and in need of add-
itional study.

The signs of cerebral herniation include a dilated,
fixed pupil(s), posturing, or a decrease in the GCS
score by two or more points. Hyperventilation can
decrease ICP by inducing vasoconstriction and is the
recommended first-line intervention for the field
management of patients demonstrating signs of intra-
cranial hypertension. Since capnography is generally
unavailable in the prehospital setting, a rough guide-
line is to give 18–20 breaths/min when the patient
shows any of the above signs. Hyperventilation is
discontinued when the signs of herniation resolve or
when other ICP treatment modalities are available.

Mannitol does not have a role in the field man-
agement of patients with brain injury and increased
ICP. While concern exists that it may cause hypovo-
lemic hypotension, one pilot study demonstrated that
mannitol does not cause hypotension when given in
the field.33 However, with no outcome data and the-
oretical harm, its use is not recommended.

A potential pitfall in the management of the head
injury patient is to assume that trauma is entirely
responsible for altered mental status. Consideration
must be given to the reversible causes of altered
mental status that include hypoglycemia, hypoxemia,
hypotension, hypothermia, infection, and drug
toxicity. At least one case series highlighted problems
of unrecognized hypoglycemia in trauma patients and
emphasized the importance of a comprehensive
approach to patient care.34

Severely head injured patients can experience epi-
sodes of agitation and combativeness, both of which
tend to increase ICP. Therefore, as first line treatment
for these patients, analgesics and sedatives should be
considered. These medications should have a short
duration of action. Narcotic analgesics, such as
fentanyl, or a benzodiazepine, such as midazolam,

Box 6.3 Recommendations for the prehospital
airway management17

� An airway should be established in patients who
have severe TBI, the inability to maintain an
adequate airway, or hypoxemia not corrected
by supplemental oxygen by the most appropriate
means available.

� Emergency medical service systems implement-
ing endotracheal intubation protocols including
the use of RSI should monitor blood pressure,
oxygenation, and ETCO2.

� In ground-transported patients in urban environ-
ments, the routine use of paralytics to assist
endotracheal intubation in patients who are
spontaneously breathing and maintaining
oxygen saturation above 90% on supplemental
oxygen is not recommended.

� Hyperventilation (ETCO2 < 30–35) should be
avoided unless the patient shows signs of hernia-
tion and corrected immediately when identified.*

*While not required, ETCO2 is the preferred method of
monitoring CO2 in the field.
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are typically used. The GCS score should be deter-
mined before these agents are given. Although halo-
peridol is commonly used to control agitation in ED
patients, in the head injured population there are argu-
ments, based on theory, against it. However, there are
no conclusive data to argue for or against its use.

Emergency department evaluation
and management
The first few minutes
The initial evaluation of the head injured patient is the
same as for all trauma patients. Evaluate and stabilize
with particular attention to theABCs and cervical spine.
Because the consequences of ventilatory and circulatory
failure are dismal in the setting of TBI, early interven-
tion to ensure adequate oxygenation and perfusion are
crucial.35 In cases of altered mental status, it is impera-
tive to maintain a broad differential diagnosis so as to
avoid missing concomitant medical issues, including
intoxication and hypoglycemia. Patients presenting
with altered mental status require a stat serum glucose
determination, core temperature, and oxygen satur-
ation determination. In select patients where an opioid
toxidrome is suspected, judicious naloxone administra-
tion may be considered as a diagnostic agent.

If endotracheal intubation is necessary by trad-
itional parameters or due to an inability to control a
combative patient with a high suspicion of intracra-
nial injury, the principles of RSI apply. Preoxygena-
tion minimizes the risk of hypoxia during intubation
while pretreatment medications minimize changes in
ICP during the procedure. Patients may be pretreated
with fentanyl and lidocaine in order to blunt the
ICP response to laryngoscopy; a non-depolarizing

paralytic can also be used adjunctively. Given the lack
of proven clear benefit, however, this should be
considered an option only when time is available.
Following pretreatment, induction and paralysis are
performed. Ideally, patients should have continuous
capnography post-intubation to prevent inadvertent
hyper- or hypoventilation. Cervical spine precautions
should be maintained at all times.

Ventilatory support in the intubated patient
should be dictated by the clinical condition. Typically,
all patients should be placed on a ventilator that
delivers 100% oxygen in a tidal volume approximately
5–7 cc/kg of ideal patient weight. The respiratory rate
is typically set at 14–16 breaths/min. There is evidence
that hyperventilation may be deleterious and, if used
at all, should be reserved as a temporizing measure for
patients exhibiting acute signs of increased ICP.17

Cerebral ischemia is likely the most important
predictor of poor outcomes following TBI.36–38 An
adequate CPP is critical to minimize the incidence
and severity of ischemic events and should be main-
tained above 60 mmHg.17 Given that ICP measure-
ments are frequently not available in the ED, steps
directed at maintaining an adequate systemic blood
pressure (and MAP) are crucial in preventing reduc-
tions in CPP. Even a single episode of hypotension
results in a 150% relative increase in mortality.23 The
most likely causes of hypotension in the patient with
TBI are due to extracranial trauma.39 Less likely,
hypotension and shock may be neurogenic secondary
to concomitant spinal cord injury.

Patients at risk of compromised perfusion will
require IV access and monitoring. Intravenous fluid,
either normal saline or lactated Ringer’s, is used for
the resuscitation of head injured patients. Studies
have suggested that a 250 ml bolus of hypertonic
saline (HTS) as an initial resuscitation fluid is more
effective in raising blood pressure when compared to
normal saline and may reduce overall fluid require-
ments.40 In cases of hypotension refractory to fluid
resuscitation, pressors may be indicated to maintain
adequate CPP. If pressors are required, limited data
suggest that norepinephrine may be more predictable
in maintaining an adequate CPP than dopamine.41

Since the ICP is seldom known in the ED, one reason-
able option is to use a SBP of > 90–100 mmHg as a
target. While never specifically studied, keeping the
systemic pressure low in cases of “hypotensive resusci-
tation” or “permissive hypotension” may potentially
result in detriment to the injured brain.

Box 6.4 Essentials of the prehospital management
of head injured patients

� Hypoxemia and hypotension are predictors of
poor outcome in TBI patients and thus should
be carefully monitored and treated appropriately.

� A single GCS score determination has low pre-
dictive value and thus the GCS must be repeated
serially.

� Clinical signs of increased ICP include dilated
fixed pupil(s) or posturing.

� Patients with moderate or severe TBI should be
transported to a hospital with neurosurgical
monitoring capabilities.
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Once the ABCs have been addressed, the patient is
assessed for gross neurologic disability including
mental status, pupillary response, motor function,
and GCS. Pupil size and response should be assessed
and followed; a unilateral fixed and dilated pupil in an
obtunded patient should prompt identification and
aggressive management of a presumed brain hernia-
tion. Bilateral fixed, dilated pupils may indicate brain-
stem injury. Motor response should be evaluated in
all four extremities; look for evidence of decreased
response or asymmetry in the setting of noxious stim-
uli. Decorticate posturing involves abnormal flexion of
the upper extremities associated with extension of the
lower extremities. It is present when there is damage to
the corticospinal tracts but implies an intact brain-
stem. Decerebrate posturing is more ominous, and
involves extension of the upper and lower extremities
as well as arching of the neck. Decerebrate posturing is
frequently a sign of intracranial hypertension and por-
tends a poor prognosis, as it is often caused by acute
uncal herniation compressing the brainstem.

The history
History-taking should never preclude or delay active
stabilization, but should occur concurrently. Evidence
of amnesia and LOC should be queried. One difficulty
with this question is that it is frequently unwitnessed,
poorly defined, and defined differently in relevant
literature depending on the study. Corroboration
and additional history may be obtained from wit-
nesses, relatives, and paramedics. While mechanism
is poorly predictive of injury, trauma sustained from
greater force or deceleration should raise more suspi-
cion for significant injury and deterioration than low-
velocity, low-impact trauma.

Age is an important factor in head trauma. The
extremes of age are particularly worrisome, as they
are at higher risk for significant injury. Elderly
patients are at risk for significant TBI because the
age-related atrophy of their brains results in the
stretching and possible rupture of bridging with sub-
sequent subdural hematomas. Infants, on the other
hand, are at risk for significant TBI due to a thinner
skull and open cranial fontanelles.

It is helpful to find out about the patient’s medical
history and medications. Medical conditions, such as
seizure disorder or heart disease,may predispose patients
to traumatic events. In addition, conditions associated
with impaired coagulation, including hemophilia,

advanced liver disease, and anticoagulant use, require
special consideration. Due to their coagulopathy, these
patients are at risk of significant morbidity from what
may otherwise be a relatively harmless minor trauma.
Certain medications may predispose patients to trauma.
Elderly patients are particularly susceptible to the effects
of medications that may cause dizziness or sedation.
Polypharmacy creates additional risk due to medication
interactions and synergistic effects.

Where obtainable, a social history should be sought.
Ingestion of intoxicants, both acutely and chronically,
may predispose the patient to injury, and may be con-
tributing to an altered mental status. Interpersonal
violence including domestic violence, elder and child
abuse may be difficult to elicit without specific ques-
tioning. A history in which the mechanism seems
inconsistent with the observed injuries should raise
suspicion of the possibility of abuse.

Physical exam
An effort should be made to identify concomitant
trauma and evidence of underlying predisposing
medical conditions, such as medical alert bracelets,
surgical scars, or implanted devices. Any external sign
of head trauma should be noted, including hema-
tomas, lacerations, and contusions (Box 6.5). Pupils
should be checked for size, shape, symmetry, and
reactivity. If feasible, funduscopy should be per-
formed to assess for intraocular pathology, including
post-traumatic retinal hemorrhage or detachment.
Cranial nerve assessment is performed, paying special
attention to extraocular muscle (EOM) function. It is
important to note that in studies predicting risk in
head injured patients with LOC and MTBI, no spe-
cific physical sign has been associated with need for
intervention; any sign of “trauma above the clavicles”
was an independent risk factor in these patients.10

Battle’s sign and raccoon eyes are infrequently seen
early in the course of the injury, but when present

Box 6.5 Signs of skull fracture

� Skull depression/step-off
� Hemotympanum
� Raccoon eyes (periorbital ecchymosis)
� Battle’s sign (postauricular ecchymosis)
� Cerebrospinal fluid leak
� Rhinorrhea
� Otorrhea
� Scalp hematoma (especially infants)
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should raise suspicion for a basilar fracture (Figures
6.7 and 6.8). The external auditory canals should be
examined with an otoscope to look for lacerations,
tympanic membrane (TM) rupture, or evidence of
CSF otorrhea and hemotympanum. Cerebrospinal
fluid otorrhea is a CSF leak due to skull fracture with
associated TM rupture. Cerebrospinal fluid rhinor-
rhea, or nasal leak, may be present if there is violation
of the cribriform plate with associated dural disrup-
tion. The diagnosis of CSF otorrhea and rhinorrhea
may be elusive, as blood and other secretions, includ-
ing mucus, may mimic CSF. Testing the fluid for
glucose may be a way to differentiate CSF from other
secretions; normal CSF has a glucose concentration
equal to two thirds that of the serum glucose, whereas
nasal secretions are essentially glucose-free. The test
can be done using a dextrose stick and glucometer. The
historical “target sign” elicited by dripping the leaking
fluid onto a sheet or other absorbent material, and
observing color separation of dark blood in the center
and clearer fluid peripherally, is inaccurate.

Finally, a focused neurologic evaluation of the
patient should be performed including motor func-
tion and gross cerebellar function. The remainder of
the clinical evaluation should be directed towards
identifying concomitant injuries.

Management: general principles
The initial assessment of the patient and GCS score
determination will dictate further testing. The evalu-
ation and management will largely depend on the
severity of the injury. An outline of general treatment
goals in TBI is given in Box 6.6.

Sedation
Many patients with TBI will have alterations in
mental status and violent behavior. Agitated patients
are at increased risk for self harm or harm to care
providers. In many cases, sedation is indicated to
allow for evaluation, stabilization, and diagnostic
testing. Sedation is preferentially accomplished via
the use of a benzodiazepine or antipsychotic.42

Etomidate or propofol in low doses may also be used.
Ketamine should probably be avoided, as it may
cause increased ICP. Many sedative agents, including
barbiturates, may cause systemic hypotension,
respiratory depression, and airway compromise. The

Figure 6.7 Battle’s sign. Retroauricular ecchymosis may be a sign
of basilar skull fracture. (Courtesy of Immediate Action Services.)

Figure 6.8 Raccoon eyes. Periorbital ecchymosis, unilateral or
bilateral, may follow direct trauma to the orbits or basilar skull
fracture. (with permission from eMedicine.com, 2007. Available
from http://www.emedicine.com/med/topic3221.htm.)

Box 6.6 Basic treatment goals in TBI

� Secure airway
� Prevent ICP rise
� Lower elevated ICP
� Maintain

� O2 saturation > 90%
� SBP > 90 mmHg
� ICP � 20 mmHg

� Correct hypoglycemia
� Avoid hyperglycemia
� Avoid hyperthermia
� Analgesia
� Wound care
� Prevent seizures
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clinician should thus have a low threshold to intubate
and take over the airway in patients with head trauma
who require sedation. This must be balanced with
appropriate clinical decision making, i.e., an agitated
or belligerent patient with a low likehood of intracra-
nial injury should not be subjected to the risks of
intubation if not required.

Analgesia
There has been considerable discussion in the literature
regarding inadequate analgesia in patients presenting
with a complaint of pain.43 The same appears to hold
true in TBI. Bazarian et al. found that only 46% of TBI
patients with documented pain received analgesia.44 As
with any painful condition, pain following head trauma
should be treated. Acetaminophen may be useful in the
treatment of mild headache due to head trauma. There
is some theoretical concern regarding treatment with
aspirin and non-steroidal anti-inflammatory drugs
(NSAIDs) given their propensity to cause bleeding via
platelet inhibition. Opioids should be reserved for the
treatment of moderate to severe pain. These medica-
tions, particularly when administered parenterally, may
cause hypotension, respiratory depression, or alteration
inmental status. If used, judicious aliquots of parenteral
medication with close monitoring is the safest course.

There is no answer or research on the use of oral
opiods, e.g., hydrocodone, on the patient who has
been clinically or radiographically cleared of intracra-
nial injury. Clinical judgment and local customs tend
to predominate.

Glucose control
Data have identified hyperglycemia as a significant sec-
ondary insult, portending a poor prognosis. It is unclear
if hyperglycemia is more prevalent in patients who have
had more severe injuries and is a marker of a severe
stress response, or whether the high levels of glucose are
causative of increased morbidity.45 Since hypoglycemia
may further complicate the management of the head
injured patient, glucose control with a goal of englyce-
mia should be an objective of early stabilization.

Seizure prophylaxis
The incidence of post-traumatic seizure (PTS)
following severe TBI is relatively high, ranging
between 5 and 35%.46,47 In general, a higher severity
injury increases the chance of developing PTS. Post-
traumatic seizure is categorized as occurring early,

within 7 days of head injury, or late, after the 7-day
period. Most instances of PTS will occur in the first 24
hours after injury. Both phenytoin and valproate have
been found to be comparably effective in reducing the
incidence of early PTS, but not late PTS.46,48–50 While
there are insufficient data to show that the prevention
of early PTS improves overall outcomes, it is reason-
able to assume that seizures may result in immediate
adverse effects, which have the potential to exacerbate
secondary brain injury.

For most patients, seizure prophylaxis is unneces-
sary. However, injuries involving the dura and intra-
cranial hemorrhages are considered high risk for
developing PTS. Penetrating head injuries carry par-
ticular risk. It is recommended that either phenytoin
or valproate be used prophylactically for the first week
following a high-risk TBI. There is no indication to
continue seizure prophylaxis beyond the first 7 days,
unless the patient has recurrent late seizures.17

Blood pressure management
There is a significant body of literature delineating the
risks of hypotension in head trauma. There is also some
evidence that there may be a role in controlling hyper-
tension in the management of spontaneous intracranial
hemorrhage.51 In the setting of traumatic intracranial
hemorrhage, on the other hand, there is no benefit to
aggressivemanagement of hypertension. In fact, because
the autoregulatory mechanisms that maintain cerebral
blood flow are altered in head trauma, lowering the
blood pressure may cause acute decreases in CPP. Thus,
hypertension in the head injured patient should not be
acutely lowered. When systemic hypertension is associ-
ated with bradycardia, the cause may be intracranial
hypertension, via Cushing’s reflex; the ICP should be
aggressively treated, not the systemic pressure.52

Wound care
General wound care principles apply in the TBI popu-
lation. Any bleeding should be controlled; direct pres-
sure will suffice in most cases. Since larger scalp vessels
do not retract after being lacerated, blood loss may be
significant.53 Occasionally, injuries to these vessels
require surgical intervention, such as deep sutures or
ligation, to halt bleeding. Abrasions, lacerations, and
avulsions should be examined for the presence of
foreign bodies. External wounds should be debrided,
cleaned, and, if contaminated, irrigated copiously.
Following cleansing and irrigation, abrasions can be
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dressed with sterile gauze following application of a
topical antibiotic ointment. Lacerations and avulsions
may lend themselves to closure, discussed below. Some
patients will present with hematomas and ecchymoses
without associated skin breaks. These resolve spontan-
eously via resorption. Ice may be useful in decreasing
associated swelling. Tetanus status should be checked
and immunization provided when indicated.

Laceration repair
Patients with head trauma may sustain avulsions and
lacerations to the scalp or face. As always, care of these
injuries starts with meticulous cleansing. A local anes-
thetic such as lidocaine should be used to allow for a
careful deep examination, debridement, and closure, if
appropriate. Preparations containing epinephrine are
useful in the well-vascularized scalp and face and
are recommended if no contraindications to their use
exist. Routine shaving prior to closure is not recom-
mended; eyebrows should never be shaved. When a
scalp laceration is present, it should be carefully exam-
ined for violation of the galea, the layer of fibrous
tissue surrounding the skull. If the galea is torn, it
should be repaired using non-absorbable sutures to
prevent the formation of a subgaleal hematoma, which
can in turn become infected. The scalp can then be
closed using sutures or staples. It should be noted that
staples, due to their metallic composition, may create
artifact on CT. If a patient is to undergo CT scanning,
it may be advisable to delay staple closure until the
initial CT has been performed. Staples should never be
used on the face. Simple interrupted sutures using a
thin nylon suture (preferably 6–0) is preferred for
facial lacerations. Deep sutures may also be placed if
necessary to better appose deeper tissues. Synthetic
absorbable sutures made primarily of polyglycolic acid
(e.g., Vicryl® or Dexon®) and catgut sutures are both
acceptable for this purpose. Additionally, some evi-
dence supports the use of rapidly absorbable external
sutures for the face. Finally, superficial, linear lacer-
ations on the face and scalp may be appropriate for
closure with a cyanoacrylate adhesive.

Antibiotics
Due to the vascularity of the scalp and face, superficial
injuries to these areas infrequently become infected and
generally do not benefit from prophylactic antibiotics.
However, some patients may benefit from antibiotic
prophylaxis following head trauma. Blunt trauma to

the skin or scalp resulting in significant tissue macer-
ation or contamination may warrant antibiotic admin-
istration. More importantly, violation of the dura
mater with subsequent exposure of intracranial con-
tents to pathogens may predispose the patient to
developing meningitis, encephalitis, brain abscess,
and other dangerous and potentially lethal infections.
When imaging reveals an open skull fracture or frac-
ture into a sinus cavity (e.g., orbital floor fracture with
maxillary sinus involvement), especially when there is a
CSF leak or penetrating injury, antibiotics are some-
times recommended. There have been no randomized
controlled trials to determine when antibiotic prophy-
laxis is indicated, nor any proof that it is effective.54

First-generation cephalosporins are the first-line agents
used for skin and scalp wound prophylaxis. A broader-
spectrum agent such as amoxicillin–clavulanate may be
used when the injury causes communication with
the sinuses or respiratory passages. Changing bacteri-
ology in the patient population, such as community
acquired Methicillin-resistant Staphylococcus aureus,
may require a different spectrum of antibiotic.

Penetrating injury
Though much less common than blunt head trauma,
penetrating trauma to the head, whether caused by
projectiles or direct penetration from a stab wound,
can have devastating effects. It is almost always asso-
ciated with intracranial hemorrhage and swelling, as
well as intracranial hypertension. Patients with this
type of injury should have emergent imaging with
non-contrast CT. Some penetrating injuries occur in
the context of blunt trauma, such as impaled skull
fragments. When any impaled foreign body protrudes
from the head it should never be removed in the ED.
The effect of the indwelling foreign body may be to
tamponade bleeding, and removal outside the con-
trolled environment of the operating room may cause
uncontrolled bleeding and rapid deterioration. These
injuries are particularly prone to subsequent compli-
cations, including infection and seizures. Prophylaxis
with antiepileptic medications and antibiotics is
recommended in cases of penetrating TBI.55

Severe TBI
Patients with a GCS score of 8 or less will invariably
require stabilization, including intubation. Prevention
of acute increases in ICP is of particular importance.
Non-contrast CT of the brain and neurosurgical
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consultation should be obtained promptly. If the
patient presents to a facility without neurosurgical
backup, early initiation of patient transfer to a trauma
center is advisable. In general, transfer should not be
delayed for the purpose of imaging.

Initial stabilization and resuscitation are directed
at mitigating hypotension and hypoxemia and man-
aging increased ICP. Intracranial pressure monitor-
ing requires the placement of an invasive catheter
into either the patient’s brain parenchyma or a lat-
eral ventricle.17 While it is recommended to guide
the care of all salvageable severe TBI patients,
ICP monitoring is generally reserved for the inten-
sive care unit (ICU) setting, as it is often not avail-
able during ED management. When ICP cannot be
directly monitored, therapeutic interventions are
based on the presence of clinical signs of increased
ICP (Box 6.7).

One small study suggested that the measurement
of intraocular pressure (IOP) with a handheld tono-
meter accurately detected or ruled out elevated ICP
100% of the time when using a cut-off of 20 cmH2O.

56

Intraocular pressure measurements using handheld
tonometry may prove be a useful adjunct to early
detection of ICP elevation in these patients when
invasive monitoring is not available.

Increased ICP
The early detection and management of increased
ICP has been the cornerstone of stabilization of TBI
patients. The techniques used to decrease ICP have
traditionally included hyperventilation, osmotic
agents, barbiturates, and surgical decompression.
These modalities have at times been overused, or
applied in settings when there is no evidence of
increased ICP, possibly with deleterious effects.

Hyperventilation
For many years, hyperventilation was widely used in
the management of patients with severe TBI; at times

it was instituted prophylactically without clear signs
of increased ICP. Hyperventilation causes a reduction
in ICP by lowering PCO2, which induces cerebral
vasoconstriction and results in decreased cerebral
blood volume.57 However, in addition to lowering
ICP, vasoconstriction also causes a decreased CBF
and therefore carries a high risk of contributing sig-
nificantly to brain ischemia. For this reason, the use
of hyperventilation as a mainstay of treatment is no
longer recommended.

Hyperventilation is recommended only as a tem-
porizing measure in the setting of elevated ICP. The
BTF17 recommends that hyperventilation be avoided
in the first 24 hours following acute injury, as this is
the time period when cerebral perfusion may be critic-
ally reduced, and vasoconstriction induced by hyper-
ventilation may worsen cerebral ischemia. Prophylactic
hyperventilation in the absence of signs of increased
ICP should be avoided.

Osmotic agents
Hyperosmolar agents increase CBF and reduce ICP
through both hemodynamic and osmotic mechan-
isms. First, hyperosmolar fluid administration draws
water in from tissues and red blood cells into the
plasma, causing plasma expansion and reduced
volume and rigidity of red blood cells.58 This decreases
blood viscosity, and though a rheologic effect, results
in reduced vascular resistance and increased CBF. The
osmotic effect occurs partially through the direct
removal of water from the brain parenchyma. This is
a delayed effect that depends on the development of an
osmotic gradient between the plasma and tissue, and it
may take up to 30 minutes to develop.59 The more
immediate rheological effects of these agents may be
the primary cause of ICP reduction.

The main osmotherapeutic agent used today is
mannitol. Unfortunately, while there are numerous
studies that demonstrate beneficial physiologic
effects, there is a paucity of clinical studies to show a
correlation between the use of mannitol and
improved clinical outcomes. It is also worth noting
that a rebound phenomenon causing a paradoxical
increase of ICP has been associated with the use of
osmotic agents, including mannitol.60

Despite the widespread use of mannitol as a thera-
peutic agent in the management of patients with
severe TBI, there have been no studies comparing
mannitol to placebo in a clinical trial. While many
studies have shown that mannitol decreases ICP

Box 6.7 Clinical signs of increased ICP

� Unilateral fixed, dilated pupil
� Decrease in GCS greater or equal to 2 points in a

patient with severe TBI
� Posturing
� Cushing reflex
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and increases CBF, the lack of clinical trials makes
definitive recommendations on its use and dosage
difficult.61 The BTF recommends the use of mannitol
in patients with severe TBI and “signs of transtentorial
herniation or progressive neurological deterioration
not attributable to extracranial explanations.”17 The
BTF guidelines recommend a dose of mannitol
ranging from 0.25 to 1.0 g/kg of body weight. How-
ever, there have been three recent studies, by the same
investigators, that have shown improved neurological
outcomes with the use of early, high dose (1.4 g/kg)
mannitol in severe TBI when compared with conven-
tional dose mannitol.62–64 Mannitol boluses should be
administered over 15–30 minutes to avoid hypoten-
sion, and euvolemia should be maintained by con-
comitant isotonic fluid replacement.65 Hypotension
(SBP < 90 mmHg) is a relative contraindication to
mannitol use.

Hypertonic saline has been shown to reduce ICP
in patients with severe TBI, including cases that
were refractory to mannitol.66–69 Like mannitol, it
appears to lower ICP through both hemodynamic
and osmotic mechanisms. However, HTS is less
likely to cross the blood–brain barrier and therefore
less likely to result in rebound increases in cerebral
edema and ICP.70 Two studies have suggested that
HTS may be superior to mannitol for reducing
ICP.68,69 As with mannitol, however, there is a
potential for adverse effects. Infusions of HTS may
result in central pontine myelinolysis when admin-
istered to patients with pre-existing chronic hypo-
natremia, and should not be initiated until
hyponatremia has been excluded. Hypertonic saline
may also precipitate renal failure in hypovolemic
patients and pulmonary edema in patients with
underlying cardiac or pulmonary problems.71,72

Hypertonic saline may be used independently or
as an adjunct to mannitol to lower ICP.

Barbiturates
High-dose barbiturates have been used to manage
elevated ICP in patients with severe TBI. They have
several protective mechanisms of action. First, they
cause a dose-dependent depression on cerebral
metabolism, which via auto-regulation leads to a
decreased CBF, thereby reducing cerebral blood
volume and ICP. Second, barbiturates increase
cerebrovascular tone. Finally, they inhibit free
radical mediated lipid peroxidation and inhibit
excitotoxicity.73,74

Barbiturates also have well-described side effects,
the most significant of which is systemic hypotension
due to decreased systemic vascular resistance and myo-
cardial depression. The Cochrane Injuries Group
released a meta-analysis of three barbiturate trials in
2005 and concluded there was no definitive evidence
that barbiturate therapy improves outcome in patients
with severe head injury, and that its hypotensive effects
negate the benefit of its ICP-lowering properties.75

Therefore, the use of high-dose barbiturates should only
be considered in patients who have refractory elevated
ICP despite maximal medical and surgical therapy, and
should not be used prophylactically. If barbiturate
therapy is initiated, close hemodynamic monitoring,
preferably in an ICU setting, is recommended.

Neurosurgical intervention
Some patients with severe TBI will need emergent
neurosurgical procedures; involving a neurosurgeon
early is prudent. Patients with mild or moderate TBI,
but worsening or lateralizing neurologic examin-
ations should receive early consultation. Neurosurgi-
cal interventions include ICP monitoring, craniotomy
(Figure 6.9), and ventriculostomy. Recent guidelines
outline the indications for operative management of
specific injuries (Table 6.3).76

Figure 6.9 Craniotomy. A temporal burr hole is placed two finger
breadths anterior to the external auditory meatus and two finger
breadths above the zygomatic arch.
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Burr holes
In cases where maximal medical management is inef-
fective and the patient is exhibiting signs of acute
uncal herniation, burr-hole placement may be con-
sidered. Ideally, this procedure should be performed
by a neurosurgeon but, in the case that one is unavail-
able, the emergency physician may perform the pro-
cedure in a life-saving effort. Given the availability of
rapid CT scans throughout EDs in the United States,
exploratory burr holes are generally not indicated,
and placement should be guided by findings on the
scan. However, in the case that CT is not available, it
should be noted that abnormal pupillary changes
occur ipsilateral to hematoma formation in 85% of
cases and epidural hematomas occur in the area of the
pterion in about 70% of patients.77

Three major anatomical areas for burr-hole place-
ment are frontal, temporal, and parietal. The frontal
burr hole is made immediately anterior to the coronal
suture, 3 cm lateral from the midline, or in the mid-
pupillary line. It can also be used for the placement of

a ventriculostomy catheter. A temporal burr hole is
placed two finger breadths anterior to the external
auditory meatus and two finger breadths above the
zygomatic arch. The parietal burr hole is placed two
finger breadths behind the external auditory meatus
and three finger breadths above the mastoid process.

Before initiating the procedure, the patient’s
airway should be secured by endotracheal intubation.
After choosing the appropriate location for burr-hole
procedure, the scalp should be shaved and prepped.
A Hudson brace drill is typically used for burr-hole
placement (Figure 6.10).

Moderate TBI
There is a general lack of consensus as to the manage-
ment of moderate TBI. These patients have a GCS
score that ranges from 9 to 12. Clinical presentation
and CT findings are varied in this population, as are
prognosis and long-term outcomes.78 In most cases,
moderate TBI is treated like severe TBI, as this is a
patient population at risk for rapid and severe deteri-
oration. Patients in the moderate TBI category will
often require intubation for airway protection and
must be imaged with CT scanning as soon as possible.
Since neurosurgical intervention may be required,
early neurosurgical consultation is optimal. When
there is evidence of increased ICP, it must be man-
aged expeditiously to prevent deterioration.

Mild TBI
Patients with MTBI and GCS scores 13–15, are the
most diverse and in some ways the most challenging
to manage. The vast majority of these patients do well,

Table 6.3 Guidelines for neurosurgical intervention76

Surgical
intervention

Non-operative
management

Epidural
hematoma
(EDH)

EDH > 30 cm3

regardless of GCS
EDH < 30 cm3 and
< 15 mm thick and
< 5 mm shift and
GCS > 8 without
focal deficit

Subdural
hematoma
(SDH)

SDH > 10 mm
thick or > 5 mm
shift

SDH< 10 mm thick
and < 5 mm shift;
monitor ICP if
GCS < 9

Parenchymal
lesions

Progressive
neurologic
deterioration

Medically
refractory "ICP

Signs of mass
effect on CT

Absence of specific
indication for
surgery

Cranial
fractures

Open fractures
Fractures
depressed
beyond
thickness of
cranium

Linear, mildly
depressed skull
fractures

CT, computed tomography; GCS, Glasgow Coma Scale;
ICP, intracranial pressure.

Figure 6.10 Photograph of the Hudson brace drill with perforator
and burr bits.
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even those in whom there is evidence of intracranial
injury on CT. A significant minority of MTBI
patients go on to have neurospsychiatric sequelae,
known as the postconcussive syndrome, which may
affect their functioning for months or years. It is
unclear which MTBI patients will go on to develop
these symptoms.

There are a myriad of studies addressing the
approach to the MTBI patient, including clinical deci-
sion instruments attempting to discern who needs
CT, who needs admission, and what follow-up is
required.1,20,79,80 In addition, guidelines have been
developed to address concussion in the setting of
sport-related injuries, given that these patients tend
to have recurrent insults.11

Imaging in MTBI
While the history and physical exam are important in
the patient presenting with head trauma, they are
relatively insensitive in the diagnosis of MTBI. Thus,
the emergency physician often must rely on ancillary
studies to help guide the treatment. Ideally clinical
decision making is geared towards obtaining the
highest sensitivity possible, while understanding the
cost and risks of obtaining brain CTs.

Skull radiography
Historically plain films of the skull were the corner-
stone of imaging prior to wide CT availability. How-
ever they are insensitive for intracranial lesions, as the
majority of TBI occurs in the absence of skull frac-
tures. Computed tomography has supplanted skull
radiographs almost entirely (Figure 6.11). Some
authors have touted the use of skull films in the
evaluation of pediatric patients, but there seems to
be little or no role for this study in adults (see Pediatric
considerations, below.) The American College of
Emergency Physicians (ACEP) guideline regarding
decision making in MTBI concludes that plain skull
radiographs in head injured adults are not sufficiently
sensitive to be a useful screening test and are therefore
not recommended.81

Computed head tomography
Non-contrast CT is the modality of choice for
imaging the brain after head trauma. Much of the
recent literature on MTBI has revolved around the
appropriate use of CT in head injured patients. There
are two competing goals: to identify all clinically

significant injuries, and to reduce the number of
unnecessary studies. While some authors have argued
for liberal CT scanning in MTBI, others have advo-
cated a more selective approach, attempting to derive
prediction rules that identify patients in whom CT
may be safely obviated.1,82

Beginning in the early 1990s, research focused on
early CT scanning of all MTBI patients with a history
of LOC or PTA. Because they included patients with
a GCS of 13–15, based on the definition of MTBI,
those studies found a positive CT rate in the range of
13–17%. It has been shown that patients with a GCS
score of 13, despite being classified as mild, have a
prognosis similar to those with moderate head injury
and a GCS of 9–12.36 In addition, while patients with
a GCS of 14 typically do significantly better than
those who score 13, they have a much higher rate of
positive CT results than those with a GCS of 15. Thus,
most authors recommend imaging all patients with an
abnormal GCS. The question still remains as to the
optimal management of the largest subset of MTBI
patients: those presenting with a normal GCS and no
focal neurologic signs.

Stiell et al.1 developed the Canadian CT Head Rule
(CCHR) and Haydel et al.20 published a decision
instrument referred to as the New Orleans Criteria

Figure 6.11 Skull fracture CT is the preferred study to identify
skull fractures, especially when bone windows are viewed.
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(NOC). They both were developed to identify which
patients have such a low risk of significant injury
that they can safely forgo CT scanning. Table 6.4
compares the NOC and CCHR.

A subgroup analysis was performed by the
Canadian group to exclusively study those patients
with a GCS of 15. They found that neurosurgical
intervention was rare in this group (0.2%) but that
potential warning signs included any vomiting, any
GCS score decrease within 6 hours of arrival in the
hospital, and the presence of severe headache, focal
temporal blow, restlessness, or confusion.83

In 2002, ACEP published guidelines that address
the issue of neuroimaging in MTBI.81 Because the
literature is unclear on which patients deteriorate or
are at risk for developing sequelae including the post-
concussive syndrome, they chose “presence of acute
intracranial injury” as their primary outcome. The
conclusion was that head CT is not indicated in
the absence of headache, vomiting, age > 60 years,
drug or alcohol intoxication, deficits in short-term
memory, physical evidence of trauma above the clav-
icle, and seizure. The absence of all seven risk factors
had a negative predictive value of 100%.

In 2005, two studies were published comparing the
performance of the CCHR and NOC criteria. Stiell
et al.84 (who had developed the CCHR) performed a
prospective cohort study of both rules on patients
presenting with a GCS of 15. Both rules had a sensitiv-
ity of 100% for the need for neurosurgical intervention
and for clinically important brain injury, and the sen-
sitivity for all cases of brain injury, including those
termed clinically “unimportant,”was 93.1% for CCHR
and 98.6% for NOC. They found that the NOC had
much lower specificity than CCHR, necessitating a CT
rate of 88%, vs. 52% if the CCHR rule was followed.

The second study, by Smits et al.85 in the Nether-
lands, found both rules to have a sensitivity of 100%
for neurosurgical intervention. However, while the
NOC identified 98–99% of any positive finding on
CT, the CCHR was 83–87% sensitive. The Dutch
group included patients without LOC in their sample;
of note, 30% of the patients that required neurosurgi-
cal intervention did not report LOC.

Given these results, Smits et al.6 have gone on to
develop their own decision rule. The CT in Head
Injury Patients (CHIP) prediction rule was developed
for the selective use of CT scanning in a more undif-
ferentiated population. Patients with a GCS of 15
were included if they had any of several risk factors

(LOC, PTA, seizure, vomiting, severe headache, evi-
dence of intoxication, coagulopathy, external evidence
of trauma above the clavicles, or neurologic deficit) in
combination with predictive criteria (Table 6.5).6 The
CHIP rule results in 100% sensitivity for neurosurgi-
cal intervention, with a sensitivity of 94–96% for all
intracranial positive findings on CT. However, the
specificity in the 25–32% range is not much better
than the other decision rules.

Prior studies involving MTBI patients had incorp-
orated LOC and PTA into their inclusion criteria,
leading to a practice where patients without these
symptoms were commonly discharged without
imaging or observation. Among the most salient
features of the CHIP rule is that LOC and PTA are
removed from the inclusion criteria and instead
become independent risk factors for intracranial
injury. This shift was further explored in a recent
publication by the same group which found that
patients without LOC and PTA required neurosurgi-
cal intervention at the same rate as patients with these
findings.86 The common approach of discharging
patients with a normal mental status who have not
had LOC or PTA without imaging or observation
may thus not be justified, particularly if other known
risk factors are present.

The clinical bottom line to all of the studies is that
the ACEP guidelines propose a reasonable and effect-
ive strategy to diminish CT usage without missing
major injury. However, these guidelines, although
based on good evidence, cannot fit every clinical
situation. If the clinical picture is highly worrisome
due to underlying patient morbidity, symptomatol-
ogy, or mechanism, it may be fully appropriate to
perform a non-contrast CT to exclude intracranial
bleeding. On the other hand, CT scans are somewhat
costly, use limited resources, and deliver ionizing
radiation to the brain. Therefore indiscriminate use
for every minor head injury is neither medically
appropriate nor effective.

Magnetic resonance imaging
While CT scanning is the gold standard in neuroima-
ging after head trauma, there is some utility to alter-
nate imaging studies, particularly magnetic resonance
imaging (MRI). It is more sensitive than CT in
detecting DAI and small intraparenchymal hemor-
rhages, particularly in the brainstem. On the other
hand, CT is clearly superior at detecting subarachnoid
hemorrhages and skull fractures. When compared
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Table 6.4 Comparison of Canadian CT Head Rule (CCHR) and the New Orleans Criteria (NOC)

CCHR NOC

Objective Identify patients who need CT Identify patients who can safely forgo CT

Inclusion Age � 16 years Age > 3 years

GCS 13–15 with LOC/PTA GCS 15 with LOC/PTA

Head injury within 24 hours Head injury within 24 hours

Risk factors
identified

High-risk
Failure to reach GCS of 15 within 2 hours

Headache
Vomiting

Suspected open skull fracture Age > 60 years

Sign of basilar skull fracture Drug or alcohol intoxication

Vomiting � 2 episodes Short-term memory deficits

Age � 65 years Physical evidence of trauma above clavicles

Medium-risk

Amnesia before impact > 30 minutes Seizure

Dangerous mechanism of injury (pedestrian
struck, ejection from motor vehicle, fall from
height > 3 ft or 5 stairs)

Exclusion criteria No LOC or PTA No LOC or PTA

Penetrating skull injuries Patient declined CT

Unstable vital signs associated with major
trauma

Concurrent injuries precluding CT

Seizure before assessment in the ED

Bleeding disorder or oral anticoagulants

Returned for reassessment of the same injury

Pregnant

Outcome measures Neurosurgical intervention; and “clinically
important” brain injury on CT

Neurosurgical injury and any positive finding
on CT (any hematoma or hemorrhage,
contusion or depressed skull fracture)

“Unimportant” findings included: solitary
contusion < 5 mm in diameter, localized
subarachnoid blood < 1 mm thick, smear
subdural hematoma < 4 mm thick, isolated
pneumocephaly or closed depressed skull
fracture not through the inner table

Sensitivity for
injuries requiring
neurosurgical
intervention

100% 100%

Main limitation Only two thirds of patients received CT Low specificity does not greatly decrease
number of CTs

CT, computed tomography; ED, emergency department; GCS, Glasgow Coma Scale; LOC, loss of consciousness; PTA, post-traumatic amnesia.
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with CT in the setting of intracerebral hemorrhage,
MRI was superior at detecting a subset of small acute
hemorrhages and chronic bleeds.87 This advantage has
limited utility in the trauma patient, however. In con-
trast, MRI has several disadvantages, including
increased study duration (thus increasing the time
during which the patient is out of the ED), increased
cost, and myriad contraindications, including the
introduction of magnetic objects into the room. At
this time, MRI is not recommended as part of the
initial evaluation of the head injured patient in the ED.

Complications of TBI
Predictably, the most common short- and long-term
complications of TBI are neurologic. In the majority
of cases, the frequency, degree, and duration of these
complications are related to the severity of the initial
injury. Both focal and global neurologic deficits may
persist and result in long-term disability. The range of
such sequelae is broad, from mild paresis of an
extremity to persistent unconsciousness to death.
The Glasgow Outcome Scale (GOS) was developed
in order to classify functional neurologic outcomes

in patients with TBI.88 This is a useful tool for popu-
lation studies of TBI patients (Table 6.6).88

Seizures are a potential complication of TBI, most
commonly within the first 24 hours to 1 week. On
occasion, TBI leads to a post-traumatic seizure
disorder or epilepsy. Infection may also complicate
TBI. Most commonly, local infections occur, particu-
larly in the setting of penetrating trauma or dural
tears. These range from cellulitis and soft tissue infec-
tions to meningitis and brain abscess. In TBI patients,
systemic infections may also ensue; mental status
changes and vomiting in the setting of TBI predispose
patients to aspiration pneumonia. Moreover, since
many patients with significant brain injuries are
admitted to the hospital, and frequently to the ICU,
they may contract a spectrum of infections.

While complication rates tend to be lower among
patients with milder injuries, there are distinct phe-
nomena that may follow MTBI, namely the postcon-
cussive syndrome and the second-impact syndrome.

Postconcussive syndrome
The postconcussive syndrome includes neurologic
and psychological manifestations such as chronic

Table 6.5 CHIP Rule: simple prediction model6

CT is indicated in the
presence of one major
criterion

CT is indicated in the
presence of at least two
minor criteria

Pedestrian or cyclist vs.
vehicle

Fall from any elevation

Ejected from vehicle Persistent anterograde
amnesia

Vomiting PTA of 2–4 hours

PTA � 4 hours Contusion of the skull

Clinical signs of skull
fracture

Neurologic deficit

GCS score < 15 Loss of consciousness

GCS deterioration � 2
points (1 hour after
presentation)

GCS deterioration of
1 point (1 hour after
presentation)

Use of anticoagulant
therapy

Age 40–60 years

Post-traumatic seizure

Age > 60 years

CHIP, CT in Head Injury Patients; CT, computed tomography;
GCS, Glasgow Coma Scale; PTA, post-traumatic amnesia.

Table 6.6 The Glasgow Outcome Scale (GOS)88

Score Description

1 Death

2 Persistent vegetative state

Patient exhibits no obvious cortical function

3 Severe disability

(Conscious but disabled.) Patient depends
upon others for daily support due to mental or
physical disability or both

4 Moderate disability

(Disabled but independent.) Patient is
independent as far as daily life is concerned.
The disabilities found include varying degrees
of dysphasia, hemiparesis, or ataxia, as well as
intellectual and memory deficits and
personality changes

5 Good recovery

Resumption of normal activities even though
there may be minor neurological or
psychological deficits
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headaches, visual changes, depression, irritability,
decreased concentration, and memory impairment.
Postconcussive syndrome has been reported in up
to 80% of patients with MTBI. While in most
patients these symptoms usually resolve spontan-
eously within the first 3 months, they may persist.
Approximately 30% of patients will have
symptoms at 3 months, and half of those will have
persistent symptoms at one year.14 Initially thought
to be primarily due to psychological mechanisms,
recent advances in brain imaging with MRI and posi-
tron emission tomography (PET) have correlated the
clinical findings to subtle changes in brain structure
and physiology.80,89 However, there is a body of evi-
dence which suggests that the patient’s psychosocial
situation influences the incidence of these symptoms
and the timing of their resolution.80

There is some evidence that early follow up of
patients at risk for developing postconcussive syn-
drome may decrease the incidence of these symptoms
6 months after the injury. Wade et al.80 found that
interventions including counseling and neuropsycho-
logical assessment and treatment decreased patients’
social disability and the rate of postconcussive
symptoms.

Sports-related injuriesand the second impact
syndrome
A significant proportion of TBI cases are sports
related. Often referred to as “concussion” in
sports-related literature, MTBI carries significant
morbidity in this setting. Because these patients
are exposed to repeated insults, they are at risk for
developing second impact syndrome. This syn-
drome occurs when the brain is traumatized a
second time prior to fully recovering from a first
impact. The already injured brain may suffer addi-
tive damage and has a diminished capability to
recover. Significant disability and even deaths have
been reported as a result of this syndrome. Patients
who practice contact sports, such as boxing and
football, are at particular risk. Concussions vary in
grade, from mild insults resulting in confusion to
those leading to LOC. The risk of developing
second impact syndrome rises as the grade of the
concussion increases. Practical management guide-
lines, based mainly on consensus opinion rather
than robust literature, have been developed for this
group of patients (Table 6.7).11

Pediatric considerations
Trauma is the leading cause of death among
children, and head injury is responsible for up to
3000 annual deaths in children. Infants under 1 year
of age have a worse prognosis after trauma to the
head, with a high incidence of brain injury.90

Unfortunately, clinical signs have limited predictive
value in children, and the majority of patients
with headache, vomiting, and lethargy have no
demonstrable injury on CT. To complicate matters,
infants often lack physical signs, including LOC,

Table 6.7 Management of patients with sports-related
concussion11

Grade I Confusion
but no LOC/
PTA

� Remove from activity
and observe

� After return to
baseline, return to full
activity if patient is
asymptomatic with
exertion

Grade II Confusion
and PTA, but
no LOC

� Remove from activity
for the rest of the day

� Reassess in 24 hours

� Return to activity after
1 week if patient
remains asymptomatic

� After two grade II
concussions, no
activity that places
patient at risk for 3
months

Grade III LOC � Transport to ED for
evaluation and CT

� Return to activity after
1 month and
asymptomatic for 2
weeks

� After two grade III
concussions,
terminate season and
consider terminating
high-risk activity
indefinitely

CT, computed tomography; ED, emergency department; LOC,
loss of consciousness; PTA, post-traumatic amnesia.
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mental status changes, and vomiting even when
significant TBI is present.

Infants to 2 years
Because they are preverbal and have a limited
behavioral range at baseline, young infants are most
at risk for having a missed intracranial injury, as
“common” signs of TBI are frequently absent.91

Thus, current clinical decision rules developed for
adults are inadequate for evaluating children, par-
ticularly preverbal ones. Even LOC, a variable that
has been used in risk stratifying adult patients with
head trauma, is highly insensitive as a marker in
these children, with a sensitivity as low as 3%.92 In
their study on intracranial injury in infants,
Greenes and Schutzman found that among infants
with documented intracranial injury (ICI), 27% of
those younger than 6 months, and 15% of those
between 6 months and 1 year of age, had no symp-
toms.93 However, the vast majority of those with
significant ICI had a scalp hematoma. Thus, the
clinician should have a low threshold to image
infants, especially those with scalp hematomas.

Children 2 years and older
In older children, LOC acquires greater sensitivity, as
do other clinical risk factors. Much like in the adult
patient, the question then becomes which children
need neuroimaging. In addition to cost consider-
ations, increased lengths of stay in the ED, and the
concern regarding transferring a patient out of the ED
for imaging, there are several disadvantages to routine
CT scanning in children. Radiation exposure is a
concern in the pediatric patient, due to children’s
increased susceptibility to the effects of radiation. In
addition, many children require sedation in order to
undergo CT scanning, and sedation places the patient
at risk for complications including respiratory depres-
sion and aspiration.

In 1999, the American Academy of Pediatrics
published a guideline for the management of MTBI
in children, addressing patients aged 2–20 with
isolated closed head trauma.93 In patients who present
with normal mental status, non-focal neurologic
exams and no clinical evidence of skull fracture, CT
is not indicated if there was no LOC. In patients with
brief LOC (defined by the authors as < 1 minute),
either CT scanning or observation are appropriate.
Palchak and colleagues at UC Davis found that the

presence of high-risk clinical signs had a sensitivity
of 100% for TBI requiring acute intervention.94 Their
decision rule, which has yet to be validated, also had a
negative predictive value of 100% when all high risk
variables were absent. Oman and the NEXUS II inves-
tigators evaluated a decision rule to reduce unneces-
sary CT scanning in young children.95 They
concluded that ICI is extremely unlikely in any child
who does not exhibit any of the defined high-risk
criteria (Table 6.8).94,95

There has been a paucity of data on the rates of
TBI among undifferentiated pediatric head injury
patients. Some research suggests that among neuro-
logically intact children with MTBI, the rate of radio-
graphically evident injury is as high as 3–6%.
However, the clinical significance of these data is
unknown. The majority of children who have had
MTBI will experience a full recovery. Children have
lower complication rates than adults following head
trauma, and the postconcussive syndrome described
in adult patients does not appear to affect most
children.96

Another source of controversy has been the use
of skull radiography in the evaluation of pediatric
TBI patients. In children, skull fractures are not
uncommon and are more predictive of intracranial
injury than in adults.90 Moreover, skull fractures
have important sequelae in children given their
potential to develop leptomeningeal cysts and frac-
ture non-union. Finally, unlike in CT scanning,
sedation is typically not required in patients under-
going skull plain films so these are used by some

Table 6.8 Pediatric high-risk94,95

UC Davis Rule NEXUS II

Clinical signs of skull
fracture

Evidence of skull fracture

Abnormal mental status Altered level of
consciousness

High-risk vomiting Neurologic deficit

Scalp hematoma age < 2
years

Persistent vomiting

Severe headache Scalp hematoma

Abnormal behavior

Coagulopathy

NEXUS, National Emergency X-Radiography Utilization Study.
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practitioners to screen for skull fractures. If a skull
fracture is identified on plain film radiography, a
CT should be performed to assess for intracranial
pathology. A normal radiograph, however, cannot
rule out, but can diminish the likelihood of intra-
cranial pathology.

Child abuse is frequently manifested by head
trauma. The stated mechanism of injury must be
consistent with the child’s developmental maturity
and with the presenting signs of injury, if any. When
the history is suspect, inconsistent, or repeatedly
changing, abuse should be entertained. In suspected
cases of child abuse, a full radiologic survey is indi-
cated (“baby-gram”) to identify evidence of previous
or concomitant injuries.

The optimal management of the pediatric head
trauma patient remains controversial. We outline a
reasonable approach in Figure 6.12.

Considerations in the elderly
While trauma is the leading cause of death among
young people, it is also a significant cause of death
among the elderly. It is, in fact, the seventh leading

cause of death among patients over age 65. In this
population, falls are the primary cause of TBI.

The elderly are prone to falls due to polypharmacy
and the pathophysiology of aging. Their balance and
proprioception may be impaired. Slower reflexes may
prevent them from stopping a fall, or from protecting
their heads when they do. They may also have comor-
bid conditions that predispose them to increased
morbidity and mortality, including coagulopathy
and osteopenia. Mosenthal et al. studied patients with
isolated TBI and found that increasing age predicted
increasing mortality in these patients regardless of
initial injury severity.9 Moreover, for patients who
survived their injury, age predicted an increased rate
of poor functional outcome.

Donohue et al. studied patients aged 65 and over
and found that the relative risk of death in this popu-
lation remains elevated for at least 2 years following
the injury.97 With the exception of the most severely
injured patients, overall mortality following head
injury was dependent on general health as much as
on injury severity. Poorer outcomes may be related to
the elderly patient’s decrease in “physiologic reserve,”
increased post-injury complications, and delay in

Pediatric TBI

GCS

<9

Immediate ETT
Emergent CT

Consider ETT
Emergent CT

Evaluate airway
Emergent CT

Risk factors?*

9–12 13–14 15

Age < 2 years

Low threshold
for imaging

CT imaging
if risk factors, esp.
scalp hematoma

Discharge with
instructions

Emergent CT

Yes

No

Figure 6.12 Approach to pediatric head trauma. CT, computed tomography; ETT, endotracheal tube; GCS, Glasgow Coma Scale;
TBI, traumatic brain injury. *Risk factors include evidence of skull fracture, altered level of consciousness, neurologic deficit, persistent
vomiting, scalp hematoma, abnormal behavior, and coagulopathy.
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onset of neurologic findings, perhaps delaying diag-
nosis and aggressive treatment.

These findings may be partially explained by the
increased risk of elderly patients of sustaining sub-
dural hematoma after head trauma. Brain atrophy
due to normal aging causes increased tension on
bridging veins within the subdural space and places
them at risk of rupture following head trauma.
Because brain atrophy results in increased potential
intracranial space, mass effect and shift may not occur
early on, even in the setting of a major intracranial
lesion. Thus, the elderly are less likely to have early
changes in GCS or focal neurologic signs, and clinical
assessment is less useful in stratifying head trauma
among the elderly. Some of these are the often
described “talk and die” patients.98 Thus CT scanning
should be performed on elderly patients who have
sustained MTBI. Emergency physicians should also
have a low threshold to image elderly patients with
minimal head injury without neurologic signs or
symptoms, particularly if they take anticoagulants.

Anticoagulation
It is intuitive that patients with congenital and acquired
coagulopathies, including therapeutic anticoagulation,
are at increased risk for intracranial pathology in the
setting of head injury. One small study showed a prob-
ability of intracranial hemorrhage of up to 25% even in
patients presenting without apparent neurologic abnor-
malities.99 A protocol with rapid reversal of anticoagu-
lation in these patients withCT findings has been shown
to significantly decrease mortality.100 These patients are
at high risk and generally should be prioritized for a
rapid brain CT. An abnormal one should be followed by
immediate reversal of anticoagulation and a normal one
should also be followed by consideration for reversal if
the International Normalized Ratio (INR) is signifi-
cantly out of range. Reversal is generally accomplished
by using fresh frozen plasma (FFP). In cases where
reversal is high risk, e.g., mechanical valves, lowering
the INR to the low range of therapeutic, and observa-
tion, may be the safest course.

With the widespread use of antiplatelet agents,
including aspirin and clopidogrel, there is a potential
for similar complications in patients with head trauma.
A retrospective review of trauma patients taking clopi-
dogrel found an increase in morbidity, including the
need for surgical intervention.101 Another study com-
pared a cohort of patients aged over 50 taking aspirin or

clopidogrel with a control group and found a significant
increase in mortality in the antiplatelet group.102 Rever-
sal of antiplatelet agents with platelets or FFP has not
been studied, but should be considered particularly in
patients who require operative intervention.

Disposition
Patient disposition following TBI varies according to
injury severity. Patients with severe head trauma need
close monitoring and ventilatory support. Many of
them will require neurosurgical intervention, and
while some may be managed expectantly, all will
require admission to an ICU. Similarly, patients with
moderate head trauma (GCS of 9–12) may require
ICU admission and airway management. At a min-
imum, patients with moderate TBI require admission
and frequent neurologic checks, as they are at risk for
rapid deterioration. In cases of MTBI, disposition is
again a source of controversy. Patients who have
undergone CT imaging should be admitted if there
is evidence of intracranial hemorrhage or depressed
skull fracture. Some studies have used the term
“clinically important” to refer to CT findings that would
require the patient to be admitted, while clinically unim-
portant findings would not warrant admission. Others
have postulated that any CT finding is clinically import-
ant enough to admit the patient for further observation.
Because there is a paucity of data elucidating the inci-
dence of deterioration and long-term prognosis of
patients following these “unimportant” injuries, it is
generally recommended that all patients with intracra-
nial findings on CT be admitted for observation.

The disposition of MTBI patients with a normal
head CT has been debated in the literature. It would
be prudent to adopt a conservative approach where
patients with abnormal GCS scores (13–14) are admit-
ted for observation even when CT results are normal.
After reviewing the literature, the ACEP guidelines con-
cluded that a patient with a GCS score of 15 and a
negative CT can safely be discharged after a period of
observation of 6 hours from the time of injury.103 The
observation period may be shorter if the patient is
discharged in the care of a responsible third party.
While the risk of delayed deterioration in discharged
patients is low, it is not zero. On the other hand, the
negative predictive value of a negative CT scan for any
intervention is close to 99%, and if the patient is other-
wise stable, admission probably offers little.99 The
major, although rare, concern is in a patient on whom
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a CT scan is not performed. Any patient in whom
discharge is considered must have clear instructions as
to important reasons to return for re-evaluation. These
patients should only be discharged if there is reasonable
proximity and access to re-evaluation in case of
worsening condition. It is preferable that a responsible
adult is able to check on the patient repeatedly and has
the ability to transport the patient back to an acute care
facility quickly if the patient deteriorates. Patients and
their relatives or caretakers should be encouraged to
return to the ED immediately for any deterioration of
mental status, worsening of headache, vomiting, or
evolving neurologic deficit.

Transfer criteria
Patients who present to hospitals and other settings that
are not equipped or able to deliver specialized care often
need to be transferred from one institution to
another.104 The circumstances and timing surrounding
such transfers need careful evaluation by the transfer-
ring physician in order to prevent deterioration. As
discussed previously, patients at risk for decompensa-
tion during transfermay need to be intubated for airway
protection. Measures should be taken to avoid hypoxia
and hypotension, common causes of secondary injury.
Once the decision has beenmade to transfer the patient,
transfer proceedings should begin as soon as practical.
Transfer criteria vary based on the type of injury and
the potential benefits. The general principles are that
the patient should be transferred if there is an injury that
may require specialized care that is unavailable at the
transferring institution, but can be provided at the
receiving center, and that the patient has been reason-
ably stabilized to allow for a safe transfer.

Future research directions
Neuroimaging
Non-contrast CT of the brain is the test of choice in
identifying and excluding intracranial hemorrhage.
However, significant symptoms and sequelae may
manifest themselves in patients with negative head CT.
It is becoming increasingly clear that other modalities
may aid in the diagnosis of subtle findings associated
with DAI and other mild derangements in brain struc-
ture and physiologic function, including those that pre-
dispose patients to postconcussive symptoms. Belanger
et al. reviewed some of the promising techniques in
neuroimaging for TBI.89 Magnetic resonance imaging

has already been used to image evidence of DAI, which
is typically not captured on CT. Diffusion tensor
imaging (DTI) measures the directional diffusion of
water molecules as a marker of structural integrity in
the brain. It may be used in the future to predict recov-
ery in patients with TBI. Magnetic resonance spectros-
copy (MRS) yields in vivo neurochemical information
about the brain by measuring specific metabolites in
brain tissue. Functional MRI (fMRI) is also being stud-
ied to observe “real-time” brain functioning. Positron
emission tomography (PET) and single photon emis-
sion computed tomography (SPECT) are techniques for
imaging regional brainmetabolism via regional cerebral
blood flow. Like fMRI, PET specifically provides a “real-
time”measurement. All of these imaging techniques are
currently being studied, and the structural and physio-
logic abnormalities being identified correlate with clin-
ical outcomes. The eventual application of these
techniques will likely be outside the realm of the ED,
but future research into the use of these modalities may
reveal optimal strategies for the initial management of
patients in the ED.

Therapeutic hypothermia
In recent years, hypothermia has been considered to be
an attractive treatment adjunct in trauma patients. Sev-
eral studies have suggested better neurological out-
comes in patients treated with systemic cooling when
compared to normothermic controls. However, the
largest randomized study did not support this theory.
A recent meta-analysis published by the BTF found that
the use of therapeutic hypothermia in patients with
severe TBI resulted in significantly higher Glasgow
Outcome Scale (GOS) scores.17 There was no difference
in overall mortality, but data suggested improved mor-
tality rates when hypothermia was used for more than
48 hours.17 Some investigators have also examined
selective head and neck cooling as an alternative.105

Research suggests that hypothermia may be most
beneficial among severe TBI patients with increased
ICP not controlled by conventional means; the optimal
timing of onset and cessation is controversial. There are
significant difficulties with inducing and maintaining
hypothermia along with detrimental side effects such as
systemic coagulopathy. A randomized prospective
study was terminated prematurely due to lack of effect
of therapeutic hypothermia vs. normothermia.106 The
lack of effectmaybe due to amissed therapeuticwindow;
patientswho are hypothermic onarrival in theED –from
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ambient causes, for instance – and are kept hypothermic,
did better than patients in whom hypothermia was
induced after arrival.107 In addition, when patients who
arrive hypothermic are actively rewarmed to achieve
normothermia, they have worse outcomes than if they
are allowed to remain hypothermic. It may be that the
rebound effects of rewarming, rather than the hypother-
mia itself, adversely affect outcomes.108We alsomay not
be maintaining hypothermia long enough to observe
neuroprotective effects, as cerebral edema is often
greatest more than 48 hours after traumatic insults.
A recent study by Inamasu et al. suggests that patients
with isolated subdural hematoma have decreased mor-
tality and improved outcomes when hypothermia is
employed; this effect was not seen in patients who had
concomitant cerebral contusion or other injuries.109

In sum, therapeutic hypothermia, while initially
promising, may not have utility. It may be that patients
already hypothermic with severe TBI benefit from
maintaining hypothermia. However, inducing hypo-
thermia, at least in the short term, does not appear to
confer a major clinical benefit on these patients.

Factor VIIa
Recombinant factor VIIa (rFVIIa) is a hemostatic agent
approved by the US Food and Drug Administration
(FDA) for the treatment of bleeding in hemophiliacs
who have circulating inhibitors to factor VIII or IX.
Over the last few years, additional “off-label” uses have
been studied, including reversal of coagulopathy in
non-hemophiliacs and treatment of traumatic hemor-
rhage. Even a small dose of rFVIIa will normalize an
elevated INR, and its mechanism of action suggests that
hemostatic activity is limited to the site of injury with-
out systemic activation of the coagulation cascade.110

However, while thromboembolic complications are
rare among hemophiliacs, these events may pose par-
ticular risk to non-hemophiliac patients, possibly
increasing mortality, as was shown in atraumatic intra-
cranial hemorrhage. Recent studies have examined both
the use of rFVIIa in trauma and its complications, and
point to the importance of weighing the risk of throm-
boembolic event vs. the possible benefit of hemo-
stasis.111,112 Of note, the high cost of the agent would
dictate that alternative treatments be given if available,
and that its use be reserved for patients who stand to
benefit the most from its administration. This subset of
patients is yet to be firmly identified, but it likely
includes coagulopathic TBI patients.

Summary
Head trauma, and specifically TBI, is a leading
cause of morbidity and mortality. It is incumbent
upon the emergency physician to understand its
pathophysiology and treatment. In addition to the
damage caused by the initial traumatic event, second-
ary injury may occur due to hypoxia, hypotension,
and other metabolic insults. Traumatic brain injury is
classified into severe, moderate, and mild: the man-
agement, disposition, and prognosis of each varies.
Because the clinical evaluation is insufficiently sensi-
tive to identify all TBI among head injured patients,
CT scanning has emerged as an integral imaging
modality. Epidural hematomas, subdural hematomas,
subarachnoid hemorrhage, and intraparenchymal
bleeds are the main CT-apparent injuries in TBI.
The treatment for TBI revolves around preventing
complications, especially intracranial hypertension.
Some patient populations, such as children, the eld-
erly, coagulopathic patients, and those with penetrat-
ing trauma, require special consideration. Long-term
complications of TBI include neuropsychiatric seque-
lae that may persist, even after mild injury. Future
research promises to further elucidate the optimal
management of these patients and may uncover new
treatment strategies.

Box 6.8 Clinical pearls in head trauma

� Traumatic brain injury is classified as severe,
moderate, or mild depending on presentation.

� Primary injury refers to damage due to direct
compressive forces; secondary injury includes
subsequent damage due to insults at the cellular
level.

� The clinical evaluation may be insufficient to
diagnose significant injuries in the head-injured
patient.

� Head CT is the preferred imaging modality
following head trauma and detects intracranial
injury requiring intervention.

� Poor outcomes are associated with increasing
injury severity.

� There is no specific treatment for primary injury in
head trauma; treatment strategies are directed
towardsminimizing secondary injury andpreventing
complications, principally intracranial hypertension.

� Management of severe head injury should be
directed to the prevention of hypotension and
hypoxia, both of which are clearly associated with
increased morbidity and mortality.
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Chapter

7
The injured patient

Oral and maxillofacial trauma

KurtWhitaker and John E. Frank

Introduction
The spectrum of facial trauma varies by age and
mechanism. The most common causes of minor
trauma are household injuries, sports, violence, traffic
accidents, and workplace accidents. The most common
cause of more severe injuries, such as facial fractures,
is automobile collisions.1 Older patients are prone to
fractures (increase of 4.4% per year of age) while
younger patients are more susceptible to dentoalveolar
trauma (decrease of 4.5% per year of age).2

Concomitant injuries are common in facial
trauma. In patients with facial fractures, up to 6%
also have cervical spine injury,3,4 and up to 45% have
brain injury or skull fracture.5 Laryngo-tracheal injur-
ies and pulmonary injuries are also common. The
hospital complication rate in patients with multisys-
tem trauma and facial injuries is high and may be
related to missed injuries, including vascular injuries
and ocular injuries.

The percentage of patients reporting significant
post-traumatic complaints, such as visual problems,
anosmia, difficulty masticating or breathing, and
epiphora (overflow of tears), increases with the sever-
ity of injury.6 It is also this severely injured popula-
tion that reports the greatest percentage of injury-
related disability, hindering employment at long-term
follow up.

Box 7.1 Essentials of facial trauma

� Focus on the ABCs – Do not be distracted by the
impressive visual nature of facial trauma.

� Orally intubate early if oropharyngeal deformity
or bleeding threatens the airway.

� Have a surgical airway kit ready and the neck
prepped before attempting intubation.

� Computed tomography (CT) scan is the most
important diagnostic test.

� No medications in the acute setting have been
proven to reduce the mortality or morbidity of
facial trauma.

Clinical anatomy and pathophysiology
The face encompasses a complex region of sensory
and motor neural systems. The protective bony
framework facilitates integrated functions such as
vision, olfaction, and mastication yet also maintains
a very important protective role during trauma.
While the thick maxillary, orbital, frontal, zygomatic,
pterygoid, and sphenoid bones comprise both a ver-
tical and horizontal buttress system, the thinner
maxillary, ethmoid, sphenoid, and frontal sinuses
absorb considerable force when crushed. For
instance, the anterior wall of the frontal sinus
(frontal bone) may easily be depressed into the sinus,
while the extremely thick posterior wall resists frac-
turing and the brain is well protected. The globe,
which is housed in its rigid bony framework, is also
protected. The thin orbital walls and floor will frac-
ture and collapse, thereby absorbing the impact of
trauma to the globe, protecting the globe from rup-
ture (Figure 7.1).

The skin of the face is durable because of its high
collagen content. Themusculature and subcutaneous fat
protect underlying structures. Lacerations heal quickly
because the face is well vascularized. This is generally an
advantage; however bleeding from facial trauma can be
severe if not controlled expeditiously.

For the purpose of fracture management, the face
is divided into the lower face or mandible, midface
(maxillae, zygomata, nasal bones, and orbits), and

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
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the upper face or frontal bone. The likelihood of death
from neurologic injury is lowest for mandible frac-
tures and highest for frontal fractures.7

Prehospital
Most serious injuries to the face are associated with
concomitant trauma to other organ systems. The
trauma to the face may be immediately evident and
may be quite distracting secondary to impressive bleed-
ing or the disfiguring nature of the injury. Facial
trauma, however, is rarely an immediate threat to life
unless airway compromise occurs. If significant facial
deformities endanger the airway (e.g., segmental man-
dible fracture with the tongue and soft tissues falling
posteriorly into the hypopharynx and obstructing the
airway), early intubation is strongly recommended. If
intubation is not in the local emergency medical ser-
vices protocol, then an oral airway, bag-valve-mask
(BVM), laryngeal mask airway, or combination tube
may be acceptable alternatives. Though cervical spine
precautionsmust bemaintained, there is no contraindi-
cation to performing jaw thrust or applying a BVM
with pressure on a patient with presumed facial frac-
tures. There is, however, a relative contraindication to
nasal intubation in patients with significant trauma to

the head and face. Because skull base fractures may be
present, a nasal trumpet or endotracheal tube passed
through the nose could potentially pass into the cranial
vault and penetrate the meninges and brain. Due to this
extremely rare but reported complication, it is generally
advised to avoid placing a nasal airway in patients with
significant facial trauma in the prehospital setting.

If significant intraoral or nasal hemorrhage is pre-
sent, placing the patient in a cervical collar on a back-
board may endanger the airway by funneling bleeding
down the airway. A patient with a gunshot wound or
major blunt trauma to the mouth or midface can have
copious bleeding from the lingual artery, facial artery,
branches of the maxillary artery, or the internal
carotid. In a supine patient, this bleeding will cause
airway compromise or disordered oxygenation before
hemorrhagic shock develops. Orotracheal intubation
should be performed early if possible. Packing the
oropharynx following intubation may decrease bleed-
ing. Penetrating trauma to the face with a no spinal
neurologic finding has an extremely low incidence of
an unstable cervical spine. It may be necessary and
appropriate to forgo spinal immobilization in order
to allow for easier airway control.

In some instances, massive bleeding or disfiguring
injury to the structures of the oropharynx and larynx
will make intubation through the oro- or nasophar-
ynx impossible. Unfortunately, these are the same
patients in which oxygenation with a BVM device will
be equally challenging. This situation may necessitate
a field cricothyrotomy, which may be performed by
trained personnel as a salvage procedure.

As with all trauma patients, the critical aspect of
the prehospital management is rapid transport. As
little time as possible should be spent at the scene,
and the patient should be rapidly transported to the
closest appropriate trauma center.

Box 7.2 Essential interventions

� Evidence of airway compromise; orally intubate
(if in protocol).

� Oxygenate all patients, oxygen (O2) saturation
should remain > 90%.

� Obtain large-bore peripheral intravenous (IV)
access.

� Presume concomitant injuries to brain, spine, chest,
and abdomen based on reasonable mechanism.

� Board and collar.
� Use direct pressure to control sources of signifi-

cant hemorrhage.

Figure 7.1 Force required to fracture. (Low G forces: nasal bones
< zygoma < nasal bridge. High G forces: maxilla < supraorbital.
Low and high G forces: frontal bone.)
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Emergency department evaluation
and management
Presentation
Severe
The patient with life-threatening facial fractures gen-
erally has a threat to the airway. A common cause
would be a crush injury or blast injury to the man-
dible, resulting in loss of bony support for the tongue
in a supine patient. Loss of the suspension support of
the mandible allows the tongue to sag back into the
posterior pharynx and obstruct the airway. Profuse
bleeding from the oropharynx can result in airway
compromise as well, particularly in open fractures
with lacerations and gunshot wounds that transect a
major artery, such as the facial artery or lingual artery.
Bleeding directly from the well-vascularized face, if
left unstaunched, may occasionally result in hemor-
rhagic shock. Dislocated teeth may be aspirated and
cause airway obstruction at the level of the bronchial
tree. Injuries directly to the eye can result in loss of
vision. Secondary injuries to the eye – such as
increased intraocular pressure and traction on the
optic nerve – can result from facial trauma and may
be a severe threat to vision.

Moderate
Facial fractures and severe lacerations can cause
loss of normal facial contour and aesthetics, loss of
function of the facial nerve or one of its branches,
transection of the parotid duct, long-term loss or
derangement of the nasal airway, and other
morbidity.

Minor
The majority of injuries to the face are not life
threatening and result in little morbidity. An avulsed
tooth, an eyebrow laceration, or a nasal fracture will
cause pain, inconvenience, and may have a negative
impact on cosmesis. This may be lessened by expert
closure of wounds and referral as necessary to facial
plastics specialists.

Occult facial trauma is uncommon, though occult
injuries may lie beneath seemingly routine trauma
such as lacerations. Intoxicated or head injured
patients may under-report their pain or may not be
able to detect malocclusion of their teeth. Patients
with serious injuries to the eye may have swelling
impairing eye opening and examination, resulting in

lack of recognition of a vision threatening injury.
Another category of what might be considered
“occult” in the setting of facial trauma is the true
cause: the clinician should maintain a high index of
suspicion for domestic violence in patients with facial
trauma, particularly women, children, and the elderly.

Initial evaluation
Physical examination
The primary and secondary surveys should be per-
formed. After threats to life have been addressed,
particular attention should be paid to pupil reactivity,
the intraoral examination including the teeth, the
tympanic membranes, facial stability, and any signifi-
cant sources of bleeding. Significant bleeding in the
posterior pharynx may be present without any exter-
nal evidence. A thorough neurologic evaluation of the
face and eyes should be performed. A facial nerve
injury may result in significant long-term morbidity.
Failure to document facial nerve function prior to the
debridement and closure of a complex facial lacer-
ation could contribute to significant medicolegal
liability. The parotid duct should be identified and
examined in the event of any severe cheek laceration.
If a deep wound crosses the duct, consultation with
facial plastics should be obtained to rule out ductal
laceration or transection.

Studies
There are no emergent trauma room studies neces-
sary for screening patients with isolated facial trauma.
If the cervical spine cannot be clinically cleared, the
patient should remain in a hard collar.

Acute interventions
Trauma patients frequently have altered mentation
secondary to concomitant head injury or intoxication,
so oro-pharyngeal bleeding may cause airway com-
promise as well as significant blood loss. Although the
airway should be addressed by this point, continued
suspicion, vigilance, and early intervention will pre-
vent airway catastrophes. External bleeding should be
controlled with pressure. Any posterior pharyngeal or
oral bleeding should be addressed immediately as
well. This may be achieved by direct pressure as an
initial step. Endotracheal intubation followed by oro-
and/or naso-pharyngeal packing, or emergent inter-
ventional radiology for embolization or surgery to
stop the bleeding may be neccesary.
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Secondary evaluation
History
For all facial trauma other than superficial lacerations
or contusions, a focused history should be obtained.
Careful questioning can be used to identify any func-
tional derangement.

This history is intended to be highly sensitive,
rather than specific, for detecting facial injuries that
may require intervention. For example, many patients
without mandible fracture will have masseter spasm
that causes trismus. Patients with simple periorbital
hematomas may report blurred vision. The goal is to
identify areas to focus on in the physical exam for
further clinical and radiographic evaluation.

Physical exam
Inspection

The clinician should visually inspect the face, making
note of lacerations, areas of asymmetry, dislodged
teeth, and foreign bodies. Pay particular attention to
the eyes and the oropharynx. Use the history to focus
your exam (Table 7.1). If the injury is the result of an
impact with glass, or a retained foreign body, duct or
nerve laceration may exist. If the patient reports a loss
of vision in the one eye, the majority of the exam
should be focused on detailing the nature of the injury
e.g., floaters, field cut, etc.

Palpation

Palpate the bony protuberances of the forehead, the
orbital rims, the zygomata, the maxillae, the mandible

(including the temporamandibular joints), and the
teeth. Note areas of tenderness, crepitus, and bony
deformity. Contusions will often result in significant
hematoma and swelling because the tissues are well-
vascularized. Patients tend to report tenderness at any
area of swelling or bruising. The clinician should
make an attempt to palpate the underlying bones
without palpating the tender area of skin over it where
possible. For example, a patient with a swollen, tender
superior orbital rim might respond to palpation of the
area with significant pain. Apply upward traction to
the skin of the forehead, drawing the tender area
superiorly off of the orbital rim. The rim may be
palpated from below – essentially palpating through
the tissue of the superior eyelid – without the con-
founder of whether the tenderness is secondary to the
soft tissue injury or an underlying bony injury.
A similar approach may be used for the anterior
maxillary wall and anterior aspect of the zygoma by
palpating the bones through the oral cavity rather
than through facial edema.

Soft tissue edema may obscure exam of nasal
bones, frontal bones, maxilla, and orbits.

Neurologic exam of the face

Perform a motor exam of cranial nerves 3, 4, 5, 6, and
7. Evaluate for conjugate eye movements in all car-
dinal directions and check sensory function by using a
cotton swab lightly brushed on the forehead, cheek,
and jaw on both sides of the face. Compare the
strength of the injured side to the uninjured side,
understanding however that asymmetry may exist

Table 7.1 Focused history in facial trauma

Questions to ask victims of facial trauma Screening for what injury?

Have you had any change in vision? Is there any
change in your color vision?

Retrobulbar hematoma, hyphema, perforated globe, retinal
detachment, optic nerve injury

Does it hurt when you move your eyes? Do you
see double?

Orbital wall fractures, extraocular muscle entrapment,
retrobulbar hematoma

Can you breathe, speak, and swallow normally? Laryngeal injuries, tracheal injuries, blood, teeth or foreign
bodies in the airway

Can you open your jaw all the way? Mandible fractures

Is anywhere on your face feeling numb? Peripheral nerve injuries

Do your teeth come together okay? Mandible, maxilla, or alveolar ridge fracture

Are any teeth you had when you woke up this
morning missing now?

Missing teeth, possibly aspirated

How is your hearing? Traumatic ear injury or basilar skull fracture
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simply because of swelling rather than nerve injury.
Certain tasks, such as pursing the lips and puffing out
the cheeks, may be impossible secondary to lacer-
ations, pain, or edema. Perform a sensory exam on
the three branches of the trigeminal nerve. Next,
evaluate the sensation of the distribution of the infra-
orbital nerve, supraorbital nerve, and inferior alveolar
nerve (cranial nerve 5). Injuries to these nerves may
occur in direct trauma as well as secondary to nerve
compression in the setting of fractures to the inferior
orbital rim, superior orbital rim, or mandible respect-
ively (Figure 7.2).

Midface stability

Assess the midface by palpation. Note any crepitus or
deformity. Grasp the nasal bone between the thumb
and index finger of one hand while grasping the hard
palate between the thumb and index finger of the
other hand. The patient may have pain or palpable
laxity to anterior and posterior and lateral movement
if Le Fort type fractures are present.

Oral exam

Have the patient open his mouth as far as possible.
The clinician will need to seek an explanation for the
cause of any patient who can not open his mouth to
three finger breadths. A cervical collar may impede
jaw opening, so testing may need to be performed
with the collar briefly opened and the cervical spine
manually stabilized, or when the spine has been
cleared. Ask the patient to bite down firmly and assess
for malocclusion. Open the mouth again and inspect
the oral cavity with adequate, focal lighting. An oper-
ating room light in a trauma bay, an otoscope without
a speculum, headlight, or a flashlight may be used for
lighting. Evaluate for dislodged or missing teeth. If a
tooth has been avulsed and remains in the oro- or
hypo-pharynx, it should be removed with forceps and
the socket should be identified. Even if the tooth has
been avulsed for up to an hour, it may still remain
viable because saliva is an excellent medium for the
preservation of avulsed teeth. Place the tooth into
milk or Hanks balanced salt solution (HBSS) until it
can be reimplanted. Grasp or tap each tooth individu-
ally to check for tenderness or laxity within the socket.

Evaluate for lacerations of the tongue or oral
mucosa. Use suction to facilitate the exam if bleeding
obstructs the view. Perform a full sweep of the buccal
mucosa, gingival mucosa, and all sides of the tongue
searching for abraded tissue and lacerations. Some
lacerations of the buccal mucosa will essentially fall
back together and appear as if they are only superficial
abrasions or avulsions of the mucosa. Place traction on
the wound edges to evaluate for a true laceration. If
there is an external facial laceration lying over an
abraded or lacerated area inside the mouth, a cotton
swab or the tip of a hemostat can be passed through the
external portion after the wound is anesthetized. If the
swab or clamp enters the oral cavity, a through-and-
through laceration is present. A significant error in the
management of peri-oral lacerations is the failure
to recognize that they communicate intraorally.
A through-and-through laceration of the lip or cheek
that is treated as a superficial laceration with a one
layer closure is a higher risk for infection. Poor cos-
metic outcome or functional deficit such as prolonged
drooling or altered speech may be a consequence.

Mandibular exam

Again, evaluate for trismus. Palpate the jaw from the
temporomandibular joint to the chin. Place a finger in
the external canal of the ear and palpate anteriorly as

Figure 7.2 Distribution of the infraorbital nerve (yellow),
supraorbital nerve (red), anterior ethmoidal nerve (brown), and
mental nerve (blue). (From Burton J, Miner J. Emergency Sedation
and Pain Management. Cambridge: Cambridge University Press,
2008.)
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the patient opens and closes his jaw, checking for
instability or tenderness of the mandibular condyle.
Stress the jaw by manipulating with both hands and
applying traction. In a patient with jaw pain and no
evidence of instability or malocclusion, perform the
tongue-blade test to evaluate for fracture. The tongue
blade is inserted lengthwise into the mouth between
the upper and lower molars on one side of the mouth.
The patient then bites down on the tongue blade
forcefully. The patient then twists the tongue blade
until it breaks and comes apart. If pain or malocclu-
sion prevents the patient from successfully gripping
of the tongue blade on both sides, then further evalu-
ation of the mandible with radiologic studies is
required. This test has high, but not perfect reported
sensitivity, so if there is a high clinical suspicion with
a negative test, further imaging is appropriate.8 Low
suspicion can probably rule out a mandible fracture
with a normal test. It may not be appropriate in
intoxicated or altered patients. Clinical judgment
must be used.

Test for numbness of the lips or gums to evaluate
for injury to the inferior alveolar nerve.

Orbital and eye exam

Examine the eye without placing any pressure on the
globe itself. If significant periorbital swelling exists,
the clinician must gently open the eyelids using eyelid
retractors without applying pressure to the eye. These
retractors are comprised of a loop of smooth material,
such as plastic or aluminum, with eyelid restraining
blades positioned on opposite sides. A common quick
substitute may be a bent paperclip, although this is
not optimal if a formal retractor is available. The
metal in the clip can flake off into the eye and cause
an abrasion, so care must be taken when bending.
Evaluate for ex- or enophtholmos. Perform visual
acuity testing. Test each eye individually and both
eyes together. This can be performed with a handheld
Snellen eye chart in a supine trauma patient in a
cervical collar. Test the extraocular muscle function
to evaluate for cranial nerve 3, 4, or 6 injury or extra-
ocular muscle entrapment. Test sensation around the
eye to assess the infraorbital and supraorbital nerves.
Palpate the bones about the eye and along the medial
canthus. Lacerations over the medial canthus or
between the medial canthus and the nasal bone may
cause injury to the nasolacrimal duct, so explore these
injuries thoroughly and evaluate the duct. In the
setting of blunt trauma, tenderness over the medial

canthus, or excessive epiphora may indicate medial
orbital wall fracture or duct injury. Fluoroscein
staining, intraocular pressure testing, and slit-lamp
exam should be performed when practical. Perform
a visual field exam to evaluate for traumatic retinal
tears. Ophthalmologic consultation is required for full
fundoscopic examination if retinal detachment is
suspected.

Ear exam

Inspect the entire external ear including auricle,
pinna, and external auditory canal. Lacerations and
avulsions of tissue are common on the ear, and they
may go undetected if they are on the posterior aspect
of the pinna. Evaluate the architecture of the ear and
compare it to the contralateral side. If it is focally
swollen, if it has purple discoloration, or the ridges
of underlying cartilage are indistinct, a subperichon-
dral hematoma may be present. These subperichon-
dral fluid collections will be tender on palpation and
may feel either tense or fluctuant. Evaluate the tym-
panic membrane for laceration, rupture, or hemo-
tympanum, which may be present in basilar skull
fractures.

Diagnostic studies
Labs
Laboratory values are not useful in the evaluation
of facial trauma, with the exception of screening
for blood loss or concomitant illness or injury.
The clinician should order appropriate laboratory
studies based on the suspicion for multisystem
trauma or need for urgent operative repair. In a
patient with facial injuries in whom significant
bleeding is suspected, a complete blood count
may be sufficient.

Plain films
Historically, plain films of the face were the initial
radiographic modality. With the increased availability
of CT scanning, however, plain films are much less
commonly used.

Computed tomography
The discussion regarding CT in facial trauma has
evolved from the question of whether CT scanning
or plain films of the face should be ordered to what
kind of CT is required and on whom (Figure 7.3).
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Computed tomography scanning is the test of
choice in facial trauma. It has both superior sensitiv-
ity and specificity over plain films, and it allows better
preoperative planning. There are two challenges for
the clinician, however, regarding CT scans in facial
trauma. The first is deciding which minimally injured
facial trauma victims need CT scanning of the face.
The second is deciding if a non-contrast head CT
alone, rather than dedicated thin-slice facial CT, is
sufficient in patients suspected of having multisystem
trauma. A non-contrast CT is a relatively quick and
simple way to screen for fractures, whereas contrast
CT is preferred for more complete and detailed exam-
ination assessing soft tissue, blood vessels, and other
fluid collections such as an abscess.

For many years, panoramic views (Panorex®) of
the mandible were considered the best modality for
the evaluation for mandible fractures.9 More recently,
coronal CT has been found to have superior accuracy
in the evaluation of mandible fractures over panor-
amic plain films, mandible series, and axial CT.10

Coronal CT has improved sensitivity over plain films
for fractures of the mandibular condyle.11 In one
recent study, the sensitivity of helical CT was 100% in
diagnosing mandibular fractures; this compared with
86% for panoramic tomography, in which significantly
more fractures were missed.12 Helical CT has also been

found to have enhanced imaging quality, excellent
sensitivity in identification of fractures, decreased
interpretation error, and greater interphysician agree-
ment in the identification of mandible fractures.13

A recent study found 100% sensitivity and nega-
tive predictive values of a negative non-enhanced
head CT scan when screening for fractures. The
authors found a negative non-enhanced head CT scan
precludes the need for a dedicated facial bone or
orbital CT scan in the evaluation for orbital, maxil-
lary, or zygomatic fractures.14 Contradicting this
result is a more recent study that showed that 12%
of trauma patients requiring head CT had facial frac-
tures, and that orbital fractures may be missed on the
screening head CT. Most of these missed fractures
however were nasal fractures. Significant facial
trauma seemed to be an indicator of underlying facial
fractures.15 For that reason, many clinicians opt for
dedicated facial CT in addition to a non-contrast head
CT in obtunded or multiply injured trauma patients.

Some research has been done regarding using the
physical exam to guide whether dedicated facial CT
scanning is required in trauma patients already
receiving a head CT. Lacerations occurring in areas
of the lips, nose, and intraorally, as well as wounds
leading to periorbital contusion and subconjunctival
hemorrhage, have been found to increase the odds of

(a) (b)

Figure 7.3 (a) Radiograph of facial bones and (b) reconstruction of facial bones (with permission).
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finding underlying fracture.16 Conversely, scalp lacer-
ations and scalp contusions were significantly higher
in the non-fracture group.

Magnetic resonance imaging
Recently, magnetic resonance imaging (MRI) has
begun to take on a role in the grading of severity of
dento-alveolar trauma, particularly for preoperative
planning.17 The MRI may be used in a severe con-
dylar fracture to evaluate for hemarthrosis and
capsular tear.17,18 However, because MRI does not
image bone as well as CT, it plays a minor role in
the evaluation of acute facial trauma. In addition, the
practicality of obtaining MRI may also be challenging.
Computed tomography of the face has better sensitiv-
ity and is superior in identifying and grading facial
fractures19; therefore, MRI is rarely pertinent to the
emergency department (ED) management of facial
trauma.

Angiography
Life-threatening hemorrhage from facial trauma is
rare. The initial approach to these injuries should be
pressure, packing, volume replacement, and correc-
tion of coagulopathy. If bleeding continues, angio-
graphy is the best approach to both characterize and
treat severe bleeding from facial trauma.20,21 Once the
interventionalist has identified the source of bleeding,
selective embolization may be performed in an
attempt to control it (Figure 7.4).

Regardless of the imaging modality chosen, main-
tain a high degree of suspicion for airway obstruction
in order to avoid disastrous consequences which can
occur while the patient is being scanned.

Specific injuries
Lacerations
Face
The face presents some unique challenges because of
the intricate musculature and the dense vasculariza-
tion and innervation. Pay particular attention to the
identification of injuries to underlying structures,
such as the parotid duct or facial nerve. Debride any
small areas of devitalized tissue and remove all foreign
bodies. Irrigate the wound. Close any lacerations
through the facial musculature with deep sutures to
repair the defect. If this is not done, poor cosmesis
results for two reasons. First, a depressed, elevated or

even pigmented scar may appear at the site of the
wound; second, active facial expressions will exacer-
bate the defect with further dimpling. Facial lacer-
ations may be closed up to 24 hours after the event,
if an acceptable level of wound cleanliness can be
achieved. Extremely dirty wounds and wounds left
open for > 24 hours generally require delayed pri-
mary closure, healing by secondary intent, or other
facial plastic management.

Peri-oral
The key to insuring a good cosmetic outcome in peri-
oral lacerations, as with any facial laceration, is to
restore the tissue architecture working from the
“bottom of the hole” up to the skin. If the underlying
muscle, such as the orbicularis oris is lacerated, close
it tightly with 5–0 Vicryl® or similar absorbable
suture. Take tension off of the skin edges by placing
an intermediate depth or subcuticular layer of
sutures, making sure to close any potential space that
would remain. At this point of the closure, the wound
should be well aligned without any significant gaping
at the edges. Then the skin may be closed with small
bites of a non-absorbable monofilament suture, such
as 6–0 nylon or a synthetic non-absorbable polypro-
pylene suture, to essentially fine-tune the horizontal
and vertical alignment of the wound and slightly evert
the edges.

Consider all lacerations to the lips or cheeks to
have a high likelihood of communicating with the
oral cavity. Conduct a thorough search of the oral
cavity to insure that the laceration is not through and
through. If a laceration is present on the cheek and
another laceration is present in the same vicinity
inside the mouth, use traction to investigate for a
communicating tract. The clinician can also pass a
cotton swab or hemostat through the laceration to see
if it enters the mouth. If the instrument does not enter
the oral cavity, ask the patient to keep their lips tightly
sealed while the wound is irrigated with normal
saline. If the patient detects a salty taste in the mouth
during irrigation, then the wound communicates with
the oral cavity. After ample anesthesia is achieved,
through-and-through lacerations should be closed as
described in Box 7.3.

These wounds are at risk of infection. The goal in
using this method is to avoid contamination of the
wound with intraoral contents. Through-and-through
lacerations may require either a three layer (buccal
mucosa, deep, and skin) or a four-layer (buccal
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Maxillofacial trauma, hemorrhage, and hemodynamic compromise

ATLS® initial assessment and resuscitation

Testing for non-facial etiology of hemorrhage

Non-facial source identified

No Yes

Appropriate intervention

Intractable hemorrhage with hemodynamic compromise or continued blood product replacement

Angiography with transcatheter arterial embolization (TAE)

Local measures
Compression
Packing
Suture ligation of obvious hemorrhage
Local vasoconstrictive/hemostatic agents
Correct coagulopathy

Figure 7.4 Algorithm for management of life-threatening bleeding from facial trauma (From Bynoe RP, Kerwin AJ, Parker HH, et al.
Maxillofacial injuries and life-threatening hemorrhage: treatment with transcatheter arterial embolization. J Trauma 2003;55(1):77.)

Box 7.3 Closure of through-and-through facial lacerations

1. Place traction on the cheek or lip to expose the intraoral wound.
2. Irrigate the wound from first the buccal surface and then the skin surface.
3. If exposure is inadequate a rolled sterile 4 � 4 between the gingival surface and the area to be sewn may

improve the view.
4. Close the intraoral portion with assistant providing proper exposure. Use 5–0 Vicryl® sutures and make the

closure water tight. Burying the knot may allow for a more comfortable closure.
5. Change to a new suture kit and new sterile gloves.
6. Reirrigate the wound.
7. Close the wound from the outside in as you would any other non-through-and-through facial laceration,

i.e., closing the muscle then skin.
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mucosa, muscle layer, dermal, and skin) closure.
Though it is controversial, many specialists will place
the patient on a prophylactic three day course of anti-
biotics, such as penicillin or clindamycin, to reduce the
risk of infection. A recent analyses looking at this
question found few investigations adequately studied
the question. Generally, it was felt that for through-
and-through wounds there may be a benefit, but the
number needed to treat is considerable. The downsides
of antibiotics were not adequately studied. There is no
absolute answer, and clinical judgment as well as
patient and provider preference must be used.22

Lacerations of the lips require special attention.
The lip itself is composed of an epidermal layer, fatty
soft tissue, small salivary glands, the labial artery, the
orbicularis oris muscle, and the inner labial mucosa.
Close them as described above for through-and-
through facial lacerations, with a couple of adjust-
ments in technique. If the lip is “split,” i.e., cut through
the labial epidermis, muscle, and labial mucosa, the
muscle layer should be closed first, then the labial
mucosa, followed by the labial epidermis. The orbicu-
laris oris is the sphincter muscle of the mouth. Failure
to correct defects in it will result in asymmetry in the
shape of the mouth. If the laceration passes through
the epidermis of the face and the lip, crossing the
vermillion border, realign the vermillion border with
the first stitch placed. Then the lip mucosa should be
closed with interrupted 5–0 or 6–0 Vicryl® with
the knot buried. If nylon or synthetic polypropelene
(e.g., Prolene) is used on the lipmucosa, the cut ends of
the knot will irritate the tongue and the lips. If simple,
rather than buried, knots are employed, the patient will
worry the exposed knot with their tongue or habitually
nibble on it until it loosens or unties. Complete the
closure by suturing the facial skin portion with a non-
absorbable suture as one would close any facial wound.
Misalignment of important lip structures such as the
oral commissure, vermilion borders, or nearby struc-
tures such the philtral columns may result in readily
visible defects.

Parotid gland, parotid duct, and facial nerve
Injuries to the cheek cause damage to the skin and
soft tissue; the deeper, functional structures are also at
risk. The parotid gland and duct may be injured. The
best time to evaluate is prior to repair of the open
wound. The duct follows a line from the tragus to the
corner of the mouth and any deep injury crossing this

line is suspicious for causing damage to the parotid
duct. One way to look for an injured duct is massa-
ging the parotid gland while evaluating for saliva
spilling from the severed proximal end of the duct.
Cannulating Stenson’s duct and papilla in the buccal
mucosa opposite the second molar to look for the
distal end in the wound is a more involved, definitive
procedure, typically performed by facial plastic spe-
cialists. If possible, the duct can be anastamosed end-
to-end over a stent by an otolaryngologist or facial
plastic surgeon. Alternatively, the proximal end can
be sutured directly to the papilla and stented open for
several weeks. A surgeon may also repair the gland
parenchyma as well as the capsule in order to prevent
delayed sialocele. However, with any work in and
around the parotid gland and duct one must be very
careful not to damage the branches of the facial nerve;
indiscriminate suturing, cautery, traction, and
clamping should be avoided. For the facial nerve,
proximal damage creates significant functional loss.
For example, lacerations medial to the lateral canthus
of the eye may damage the distal branches, whose fine
threads are typically unrepairable. However, the func-
tional deficit is minimal. Damage lateral to the lateral
canthus can damage the main trunk of the facial
nerve, creating motor loss in several branches. This
causes a large functional deficit. Primary anastamosis
or nerve cable grafting would be required to re-
establish continuity. For facial nerve injury as well
as parotid gland and duct injury, the best time to
explore is through the open wound and therefore,
consultation with a facial plastic specialist should
not be delayed. This is especially true for facial nerve
injury as significant neuromuscular damage may
begin within three days.

Ear, including canal
Lacerations to the ear frequently pass through the
cartilage. Keep in mind three goals in closing these
lacerations. First, the cartilage must be completely
covered with skin; if necessary, trim back up to
3–4 mm of cartilage to guarantee that there is none
exposed. Second, the perichondrium must be aligned
on both sides of the cartilage for its blood supply to aid
healing of the avascular cartilage. This can be effected
either by taking full three-layer bites (skin, cartilage,
skin) with a non-absorbable suture on both sides of the
laceration, or by suturing the cartilage independently
with absorbable suture and then closing both skin
layers separately with non-absorbable skin sutures
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(Figure 7.5). Third, a subperichondral hematoma must
not be allowed to form. Place a compressive dressing
over the ear as shown in Figure 7.6. Lacerations of the
external canal should prompt a search for serious under-
lying causes. If they are the result of blunt trauma to the
head, computed tomography should be performed to
evaluate for basilar skull fracture. If lacerations to the
canal are the result of direct trauma with an implement
into the ear and are superficial, they may be treated
conservatively with irrigation and updating tetanus vac-
cine without attempting closure. A small expandable
cotton “wick”may be placed in the canal and antibiotic

drops applied to minimize the risk of otitis externa.
Follow up with an otolaryngologist should be arranged
to minimize the risk of canal stenosis.

Tongue
The tongue is composed primarily of muscle tissue
that is extremely well vascularized, so lacerations may
bleed profusely. Anesthetize the tongue initially by
placing a 2 � 2 gauze soaked in 4% lidocaine with
epinephrine over the wound for 5 minutes with the
patient applying pressure. If inadequate anesthesia is
achieved, then anesthesia may be injected directly

(a) (b)

Figure 7.5 (a and b) Severely lacerated ear requiring significant debriding and reapproximation of layers.

(b)

Fluffed 
gauze

Elastic 
gauze 
roll

Cotton soaked in oil, 
covering a small, dry 
cotton pledget in the 
ear canal

3 layers of 
gauze

(a)

Figure 7.6 (a and b) Compression dressing of the ear.
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through the already partially anesthetized wound edge
to achieve sufficient pain control. Do not exceed the
recommended 5–7 mg/kg dosing for lidocaine with
epinephrine, including the amount used in the initial
topical stage. Injecting anesthetic directly into the
tongue is extremely painful. Consider procedural
sedation (especially in children) or a lingual nerve block
for large lacerations requiring lengthy closure. Ketamine
may be an excellent choice for procedural sedation.
Through and through lacerations, lacerations > 1 cm
involving the muscle, flaps, or deep lacerations involv-
ing the tongue edge (e.g., resulting in a forked tongue)
require closure. If bleeding is the only indication for
closure, superficial lidocaine with epinephrine and pres-
sure may be sufficient. If bleeding continues, inject
buffered lidocaine with epinephrine at the site. If the
bleeding still does not resolve, silver nitrate sticks
applied briefly to a small localized area may staunch it.
If not, closure is indicated. Exposure of the wound is
challenging. If the patient is sedated or the tip of the
tongue is anesthetized, a towel clip or a 1–0 Prolene
stitchmay be used through the tip of the tongue to place
traction on it for improved exposure. An assistant may
be helpful, but neither the caregiver nor the assistant
should place their fingers between the patients teeth
until a bite block, such as a large roll of gauze between
the maxillary and mandibular teeth on one side of the
mouth, is in place. Close lacerations to the tongue with
3–0 or 4–0 absorbable suture and large bites of tissue.
Start with the inferiormucosa andmuscle layer, proceed
to the superior mucosa and muscle layer, and finally,
close the tip or edge with large bites as well. A buried
knot may improve patient comfort.

Dental injuries
With sufficient traumatic forces applied, the teeth may
be subluxed, avulsed, or fractured. Associated injuries
may include alveolar ridge fracture, mandible, or max-
illary fracture, as well as facial or oral laceration.

Concussion or minor subluxation (loosening) of
the teeth does not require specific treatment. Concus-
sion is characterized by tenderness to tap but no
laxity. If a tooth has a minor amount of laxity in its
socket on exam, soft foods, pain control, gentle
chewing, and referral to a dentist are sufficient treat-
ment. Splinting or extraction is not necessary.
Depending on the findings, the dentist may place a
mechanical block on neighboring teeth to prevent
occlusion directly on the injured tooth.

Significant subluxation indicates tears to the
attachment apparatus and carries a significant risk
of pulp and tooth necrosis. Subluxations are described
by the direction in which they occur: intrusive, extru-
sive, or lateral. Fractures either of the base of the tooth
or the alveolar bone at the point of attachment are
relatively common. There are two options for manage-
ment: (1) a dentist or oral surgeon may be consulted to
see the patient in the ED; or (2) the clinician caring for
the patient may reposition the tooth in anatomic align-
ment and splint the tooth using common periodontal
dressing, such as Coe-Pak.

Reimplantation needs to occur rapidly to be
successful. Decidual or “baby teeth” do not require
reimplantation. The likelihood of successful reimplanta-
tion degrades significantly with time. If a tooth has been
dislodged (or partially dislodged) from its socket for
more than 6 hours, even if it has been properly stored,
successful implantation is extremely unlikely. The goal is
to maintain the viability of the periodontal ligament
in avulsed teeth. They should be stored either in the
patient’s mouth (held under the tongue), in Hanks’
solution, or in milk until they can be reimplanted.
Manipulate them as little as possible. Rinse them gently
with saline. Do not scrub or mechanically attempt to
debride them if soiled. After performing a dental block,
rinse out the socket gently to remove clot and debris. Be
cognizant not to disrupt the remaining periodontal liga-
ment. The tooth or teeth are repositioned into proper
anatomic position and then a rapidly curing periodontal
dressing, such as Coe-Pak or other commercially avail-
able products, is applied. The periodontal dressing is
rolled into a malleable cylinder long enough to extend
two teeth in each direction beyond the affected tooth or
teeth. It is then molded over the top of the teeth down,
including both the internal and external surfaces of the
teeth, even extending down over the gingiva to provide
stability. It is allowed to harden with the patient’s mouth
open. This approach will temporarily stabilize the teeth
until dental or oral surgery consultation canbe obtained.

Dental fractures are a common occurrence. Up
until recently, emergency medicine textbooks com-
monly referred to the Ellis classification for tooth
fractures. This simple system is divided by what layers
of tooth are involved. An Ellis I fracture goes through
the enamel only. An Ellis II fracture goes through
enamel and dentin. An Ellis III fracture is character-
ized by pulp involvement. Unfortunately, dentists and
oral surgeons may be unfamiliar with the Ellis classi-
fication system and generally use a different system.23
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Use this terminology to facilitate communication
with consultants (Table 7.2).24

The clinician should manage fractures to the
teeth based on whether dentin or pulp is exposed. If
the fracture goes through only the smooth, white
enamel, then no treatment is necessary in the ED.
Refer the patient to a dentist for smoothing of any
sharp or unsightly edges as needed. If the dentin – the
yellow-tinged, porous material which contributes
most of the volume of the tooth – is exposed, then
place a commercially available calcium hydroxide
coating over the cleaned and dried fracture surface.
Exposed pulp, which is made up of the tooth’s nerve
and blood supply, appears pink or bloody at the
fracture surface. This is extremely painful and usually
requires anesthesia prior to any further manipulation.
It must be covered with a calcium hydroxide coating
after cleaning and drying it well. The porous dentin
and the pulp are subject to inflammation and infec-
tion if exposed to saliva and oral flora. Frequently,
tooth necrosis occurs as a result of these injuries and

extraction or root canal is necessary. Follow up within
24 hours with a dentist or oral surgeon is required.

If it appears that teeth in series are dislodged, then
examine gingiva and alveolar ridge at the base of the
teeth closely. If the teeth appear to be in their sockets, but
theymove as a set when grasped and gently shaken, then
an alveolar ridge fracture is present. Alveolar ridge frac-
tures often result in tooth necrosis or ankylosis. Consult
an oral surgeon to evaluate the patient in the ED.

Facial fractures
Nasal fractures
Nasal bone fracture is the most common facial fracture.
The nasal bones project out from the surface of the
maxillae and therefore often receive direct, isolated
trauma. The skin overlying the bones is thin and has
no underlying musculature. Forces are transmitted
efficiently to the relatively thin and weak nasal bone.
Associated injuries may include maxillary or orbital
fractures, dental fractures, or septal hematoma.

Table 7.2 Overview of dental fractures24

Category Description Management

Enamel infraction Incomplete fracture of the
enamel without loss of tooth
substance

Routine dental follow up.

Enamel fracture Fracture with loss of tooth
substance confined to the
enamel

Routine dental follow up.

Enamel–dentin fracture (also
called uncomplicated crown
fracture)

Fracture including enamel and
dentin but not pulp

Cover with calcium hydroxide or glass ionomer
cement. Dental follow up within 24 hours.*

Complicated crown fracture Fracture involving enamel,
dentin, and pulp

Cover with calcium hydroxide or glass ionomer
cement. Same day or within 8–12 hours dental
follow up.*

Uncomplicated crown–root
fracture

Fracture involving enamel,
dentin, and cementum, but not
the pulp

Cover with calcium hydroxide or glass ionomer
cement. Dental follow up within 24 hours.*

Complicated crown–root
fracture

Fracture involving enamel,
dentin, cementum, and pulp

Cover with calcium hydroxide or glass ionomer
cement. Same day or within 8–12 hours dental
follow up.*

Root fracture Fracture involving dentin,
cementum, and pulp

Cover with calcium hydroxide or glass ionomer
cement. Same day or within 8–12 hours dental
follow up.*

*Note. A dentist or oral surgeon may be consulted to see the patient at the emergency department clinician’s discretion, or if urgent
follow up is unavailable.
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Patients present with nose pain and may have
swelling, inability to breathe through the nose, and
epistaxis. Exam findings include swelling, deviation,
tenderness, and crepitus. Always check inside the nose
and the oropharynx in a patient with suspected nasal
fracture. Introduce a nasal speculum gently into both
nares (Table 7.3). Evaluate the patient for a septal
hematoma, which is a subperichondral blood collec-
tion that appears as a purple lump or deviation of the
septum. This fluid must be drained or the patient is at
risk for either seeding of the hemotoma and bacterial
infection, or avascular necrosis of the nasal septum
from loss of the perichondral blood supply. Saddle
nose deformity may result.

To drain the nasal septal hematoma, incise the
perichondrium over the blood collection. If the hema-
toma is acute, it will drain as soon as it is incised.
Suction may be required. If the hematoma is more
than 6–8 hours old, it may be coagulated. The clin-
ician should gently milk the clot out. After evacuating
the blood, irrigate gently with saline. The nare should
then be packed to prevent reaccumulation of blood
and to maintain the perichondrium in close proxim-
ity to the septum and facilitate healing. The patient
should be placed on prophylactic antibiotics, such
as amoxicillin or trimethoprim–sulfamethoxazole to
cover routine sinus flora, for 48 hours. After 48 hours,
the patient should return to the ED or an otolaryn-
gologist for packing removal and re-examination.

Most isolated nasal fractures may be diagnosed
clinically. Plain radiographs are unlikely to add clin-
ically useful information. If there is suspected con-
comitant midface and orbital fractures, CT scanning
is the test of choice (Figure 7.7).

Reduction of the nasal fracture is possible in the
ED, but the clinician may decide to defer reduction

until the patient is seen by an otolaryngologist. Edema
of the nasal soft tissues may increase over the first
48 hours and thereby limit the ability to accurately
reduce the fracture. Waiting up to several weeks until
the edema has resolved is an acceptable plan for
reducing nasal fractures.

Mandible fractures
Almost 50% of patients with facial fractures have
fractures of the mandible,22,25 making it the second

Table 7.3 Reduction of a nasal fracture

1. Instill 3–5 cc of viscous lidocaine gel into each nare, being careful not to exceed the patient’s weight-based lidocaine
dosing

2. Give the patient an appropriate dose of a short-acting parenteral pain medication, such as fentanyl. Perform a nasal
block with lidocaine from the nasion running a wheal inferolaterally toward the nasolabial fold on each side

3. Wrap 2 needle drivers in kerlex or 4 � 4 gauze (may also use scalpel handles)

4. Gently introduce the wrapped needle drivers or scalpel handles into the nares and slide them up until they gently rest
against the internal mucosa underlying the nasal bones

5. Briefly apply upward and/or lateral pressure to the depressed or deviated area. This should be performed rapidly (2–3 s)
because it is a profound noxious stimulus

Figure 7.7 Coronal computed tomography (CT ) showing nasal
bone fracture.
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most common facial bone to be fractured. In decreas-
ing order of frequency, fractures occur at the angle,
body, condyle, symphysis, and ramus (Figure 7.8).
Assault is the most common mechanism, followed
by motor vehicle collisions, falls, and sporting
accidents. Patients may complain of pain, malocclu-
sion, inability to fully open the mouth, blood in the
mouth, or even inability to breathe. Patients with
altered mental status secondary to head trauma or
intoxication may not report complaints localized to
the jaw; a repeat exam when sober or stable is
warranted.

The tongue-blade test is an excellent screening
tool for mandibular fracture, and it has higher sensi-
tivity than plain film series of the mandible. In the
authors’ opinion, a sober patient with a normal
mental status exam who passes the tongue-blade test
does not require imaging to evaluate for jaw fracture.
Research has shown a very high sensitivity for the test
and a normal test should only be followed by imaging
with a high suspicion or severe pain (Figure 7.9).

If jaw fracture is diagnosed, the patient must be
seen by a specialist who treats these fractures. This is
commonly an oral-maxillofacial surgeon, otolaryn-
gologist, or plastic surgeon. A dilemma in the ED is
the timing of the consultation. If the patient can not
maintain his or her airway when lying flat, cannot
handle his or her own secretions, cannot handle oral
intake of liquids ormedications, or has inadequate pain
control with oralmedications, he or shemust be admit-
ted to the hospital for further treatment. Patients may
also require admission if they have a poor social situ-
ation making follow-up treatment impossible. Many
fractures are treated with immobilization by wiring
the teeth of the maxilla to the teeth of the mandible.
Open reduction and internal fixation is another

common approach, depending on the location and type
of fracture(s). A short-term (48 hour) course of antibi-
otics should be prescribed for open mandibular frac-
ture (Figure 7.10) to prevent infections; however, this is
not indicated for closed condylar fracture.26

Orbital fractures
Orbital wall fractures occur commonly in facial
trauma. Fractures occur most often to the medial wall,
followed by the orbital floor.27 Serious injuries to the
globe itself in blunt facial trauma causing orbital frac-
tures occur commonly. In one recent study, the most
common positive ocular finding in the presence of
orbital wall fracture was commotio retinae (9%). This
was followed in frequency by traumatic mydriasis
(8%), and traumatic iritis (6%).28 Other associated

Figure 7.8
Mandible anatomy.

Figure 7.9 Fracture of left ascending ramus of mandible.

Figure 7.10 Open
mandible fracture.
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(a)

(b)

Figure 7.11 Orbital floor fracture with
(a) transverse and (b) coronal image.

(a) (b)

Figure 7.12 (a) Preoperative CT scan shows a large blowout fracture of the right medial orbital wall with herniation of orbital tissue.
(b) CT scan taken at 8 weeks after surgery shows a well-reduced medial orbital wall. Otolaryngol Head Neck Surg 2007;136(1):38–44,
with permission.

98



injuries include ruptured globe, hyphema, and corneal
abrasions and lacerations. Severe ocular injuries are
associated with orbital apex fractures, lateral wall frac-
tures, and Le Fort type III fractures.29

Patients may complain of diplopia or eye pain.
On exam, the clinician may note enophthalmos,
exophthalmos, tenderness over the medial canthus,
or upward gaze palsy secondary to inferior rectus
entrapment. These findings should prompt the order
of a thin slice facial CT with reconstructions to char-
acterize the fractures present and appropriately refer
the patient for specialty follow up. Orbital wall frac-
tures, even with inferior rectus muscle entrapment,
rarely need emergent evaluation by an ophthalmolo-
gist or facial surgeon in the ED. Next day follow up is
sufficient, unless there are other factors – such as
concomitant ocular injury or inability to follow up
for social or economic reasons – which mandate
emergent management. For this reason, the emer-
gency physician should perform a thorough eye exam,
including papillary reactivity, visual acuity, visual
fields, fluoroscein, and slit-lamp exam, on patients
with orbital wall fractures. If a visual field defect is
present, suspect a retinal detachment and consult
ophthalmology to see the patient in the ED.

In follow up, visual acuity, ocular motility,
exophthalmometry, and forced duction is evaluated.
Persistent diplopia, restriction of eye movement with
CT evidence of extra-ocular muscle entrapment, or an
enophtalmos of > 2 mm may be considered indica-
tions for surgery (Figures 7.11–7.14).30

A special condition that requires immediate
care is retrobulbar hematoma, which is the accumu-
lation of blood behind the globe causing increased
pressure and traction on the optic nerve. Symptoms
may include eye pain, double vision, and blurred
or obscured vision. Suspicious findings include
exophthalmos, a sluggish or non-reactive pupil,
decreased visual acuity, and increased intra-ocular
pressure. Untreated, retrobulbar hematoma will lead

(a) (b)

Figure 7.13 (a) Preoperative CT scan shows an inferior blowout fracture of the right orbit. (b) CT scan taken at two months after
surgery shows a well-reduced orbital floor. Otolaryngol Head Neck Surg 2007;136(1):38–44, with permission.

Figure 7.14 Severe blow to the right eye causing orbital contents
to extrude into maxillary and ethmoid sinuses.
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to permanent vision loss in the affected eye. If this
condition is suspected, the emergency physician
should emergently consult ophthalmology and if not
immediately available, perform a lateral canthotomy.

Midface fractures
Depending upon the direction of the trauma as well as
the force applied, any of the bones of the midface may
fracture causing functional and cosmetic defects.
Anterior trauma may result in frontal, nasal, and
maxillary fractures, including dental-alveoloar and
the spectrum of Le Fort fractures. Lateral trauma
may injure the zygomatic arch or temporal bone.

Maxillary and Le Fort fractures
Maxillary wall fracture is the most common midface
fracture. The anterior, posterior, medial, and lateral
maxillary walls may fracture. Fractures are usually
detected on CT scan and findings may include
directly visualized fractures or simply fluid in the
maxillary sinus, possibly indicating bleeding from a
non-visualized fracture. The absence of free parana-
sal sinus fluid after facial trauma is a highly reliable
criterion to exclude fractures involving the parana-
sal sinus walls.31 Maxillary fractures may disrupt
innervation to the teeth or skin of the cheek,
resulting in anesthesia. This may be temporary or

(a) (d)

(b) (e)

(c) (f)

Figure 7.15 (a) Le Fort I fracture
pattern. (b) Le Fort II fracture pattern.
(c) Le Fort III fracture pattern. (d) Le Fort I
lateral view. (e) Le Fort II lateral view.
(f) Le Fort III lateral view.
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permanent depending on type of injury to the nerve,
but generally acute treatment is not performed. The
clinician should evaluate for and document these
deficits at the time of initial evaluation.

More extensive injuries are classified through the
continuum of Le Fort I, II, and III injuries depending
upon the level of the fracture line and the extent of
injury.32 Le Fort I fractures may result in a “floating
palate,” more extensive Le Fort II injuries usually run
through parts of the orbit, whereas with the extensive
Le Fort III injury, the entire facial skeleton may
become detached from the cranial base (Figure 7.15).

Should the cribiform plate and dura mater
become injured, then cerebrospinal fluid (CSF)
rhinorrhea may be noted and must be treated accord-
ingly. Similarly, longitudinal and transverse temporal
bone fractures may also damage the dura of the
middle or posterior cranial fossa resulting in CSF
otorrhea. Research to date has not shown antibiotic
prophylaxis to be effective with basilar skull fracture
and its use cannot be supported nor completely
refuted. It has not been conclusively shown to prevent
meningitis and it may select more resistant organ-
isms. Isolated maxillary sinus fractures likewise have
no evidence for the need or exclusion of antibiotics
and local custom is usually followed.33

A tripod fracture is essentially a “floating cheek-
bone.” The anterior wall of the maxilla is fractured in
conjuction with the zygoma and the lateral orbital wall.

The zygoma comprises the underlying bony archi-
tecture for the upper cheek and lateral eye. Because of its
superolateral positioning in the face, it is both extremely
important to facial symmetry and commonly fractured.
The zygomamay be fractured as part of a complex facial
fracture or it may be an isolated fracture. Sixty percent
of isolated zygomatic arch fractures are displaced or
comminuted.34 The minority of patients with non-dis-
placed fractures may be managed conservatively with-
out operative repair. Zygomatic arch fractures, which
are part of a complex fracture pattern involving the
bones to which it attaches, generally require operative
repair, as do displaced or comminuted fractures.
Patients with any zygomatic fracture other than an
isolated linear non-displaced fracture must be referred
to anotolaryngologist or facial plastic surgeon for evalu-
ation and treatment. Without operative intervention,
these fractures typically result in poor cosmetic
outcomes. Paresis of the orbicularis oculi and zygoma-
ticus muscles may occur as a result of fracture or opera-
tive repair. Also, injury to the zygomaticofacial branch

of the trigeminal nervemay result in sensory deficit over
the prominence of the cheek (Figure 7.16).

A frequent fracture pattern is the tetrapod frac-
ture. This fracture was formerly referred to as a tripod
fracture, but it is better described as a tetrapod: the
fracture involves the frontal, maxillary, and temporal
articulation of the zygoma along with an orbital
extension of the fracture pattern into the greater wing
of the sphenoid (Figures 7.17 and 7.18).31,32 This
fracture requires operative treatment.

Frontal fractures
The frontal bone is thick and resistant to fracture. An
impact of 200 times the force of gravity is required for
fracture. Ten percent of patients with facial fractures
have frontal bone fracture.31,35 The clinician should
consider any frontal bone fracture, excepting those
that only involve the anterior wall of the frontal sinus,
as a skull fracture and treat it as such. Evaluate the
patient for intracranial and cervical spine injuries.
Frontal bone fractures are associated with skull base
fractures as well, and cerebrospinal fluid leak may
complicate these injuries. Non-displaced fractures to
the anterior wall of the frontal bone may be managed
non-operatively, though management by an otolaryn-
gologist or a facial plastic surgeon is optimal. If
the fracture is significantly displaced or the frontal
sinus is obliterated, the likelihood of complication

Figure 7.16 Maxillary computed tomography (CT ) showing injury
to right zygomatic arch (as well as fractures of right maxilla).
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(a) (b)

Figure 7.17 (a) Tetrapod fracture anatomy. Pink ¼ maxilla; blue ¼ frontal bone; green ¼ arch of temporal bone; yellow ¼ greater wing of
sphenoid. (b) Zymagoticomaxillary fracture.

Table 7.4 Overview of documentation in facial trauma

History: AMPLE (Allergies, medications, past medical
history, last meal, and events leading up to the injury).
Include any drug or alcohol abuse, as well as functional
deficits

Physical: Include all cosmetic defects and functional
deficits

Workup: Include all laboratory testing and radiographic
studies

Therapies: Include intravenous fluids and medications
given, as well as procedural sedation

Procedures: Include indication, timing, consent, and
technical steps

Consultations: Include all services consulted, along
with timing

Medical decision making: Include differential diagnosis
and interpretation of results of history, physical, testing,
and consultations

Patient instructions: Include what you told the patient
to expect regarding functional and cosmetic outcomes,
as well as medications prescribed and timing and service
of follow up

Figure 7.18 Zygoma-lateral orbital complex fracture. (From Zingg M,
Laedrach K, Chen J, et al. Classification and treatment of zygomatic
fractures. J Oral Maxillofac Surg 1992;50(8):79, with permission.)
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such as brain abscess, contour deformity, osteomye-
litis, hematoma, meningitis, and mucocele increases
(Tables 7.4 and 7.5; Figure 7.19).

Box 7.4 Essential ED interventions: facial fractures

� Intubation for altered mental status, airway
collapse, or uncontrolled hemorrhage

� General trauma management for possible multi-
system trauma

� Spinal immobilization
� CT scan as diagnostic test of choice
� Evaluate for concomitant injuries (especially

intracranial, ocular, cervical, pulmonary)
� Closure of lacerations
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Chapter

8
The injured patient

Ocular trauma

HeatherMahoney

Introduction
Traumatic injuries to the eye may result in severe
disability. After initial stabilization, a rapid eye
evaluation can be performed to identify immediate
threats to vision. A more thorough evaluation can be
done after definitive management of other serious
injuries.

The incidence in ocular injury has decreased in
the past years due to intense focus on prevention
including changes in the break patterns of wind-
shields and requiring protective eye wear in the work-
place. In 2005 6.98 per 1000 of the population
experienced an eye injury in the United States requir-
ing treatment. Rates were highest in white males in
their twenties.1,2

A retrospective analysis done in the United
Kingdom found a significant association between
facial factures and ocular injury. In patients with
major trauma, 2.3% of patients had associated
ocular injury and 10.4% had a facial fracture. More
importantly, the odds ratio of an eye injury in
patients with facial fractures is 6.7. Almost 60% of
ocular injuries were associated with motor vehicle
collisions.3

Box 8.1 Essential information/highlights of
ocular trauma

� Ocular injuries can lead to vision loss and should
be considered in all major trauma, especially
when the patient is unable to describe injuries.

� Major trauma has been associated with ocular
injury of 2.3%.

� Ocular injuries are common and more prevalent
in young white males.

� Facial fractures significantly raise the likelihood of
an ocular injury.

Relevant anatomy
The eye is a complex structure consisting of the globe
and its accessory organs. Understanding the anatomy
allows one to predict patterns of injury. The functions
of the eyelids are: (1) to protect the anterior surface of
the globe from local injury; (2) to assist with regula-
tion of light reaching the eye; (3) to maintain tear film
maintenance; and (4) to adjust tear flow by their
pumping action on the conjunctival sac and lacrimal
sac. The layers of the eyelids are composed of a thin
skin outer layer (< 1 mm), eyelashes at the palpebral
junction in rows of 2–3 follicles, orbicularis oculi
skeletal muscle, tarsal plate, and the inner layer of
palpebral conjunctiva contiguous with the fornix
and bulbar conjunctiva (Figure 8.1). On the palpebral
edge of the eyelid the tarsal plate extends beneath the
orbicularis oculi muscles. The tarsal plate consists of a
fibrous band of tissue about 29 mm long and about
1 mm thick which connects to the orbital septum. The
orbital septum creates the anterior border of the
intraorbital space. This septum has connection with
the lid retractors (including the levator aponeurosis)
and with the periosteum of the orbital rim superiorly
and inferiorly. The medial and lateral canthus, two
fibrous structures at the creases of the eyes, connect to
the orbital septum. This fibrous meshwork maintains
the intraorbital contents in position (Figure 8.2).
With intraorbital bleeding this layer can be cut to
release the pressure on the optic nerve. Posterior to
the orbital septum there are fat pads in both eyelids
and the lacrimal system in the lateral aspect of the
upper eyelid. Disruption of the orbital septum and
intraorbital penetration may be noted by visualization
of the yellow fatty tissue in this layer or the pinkish
tissue of the lacrimal system. The nasolacrimal ducts
are in the medial palpebral crease of the eye and

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. # Cambridge University Press 2011.
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any injury in this area should alert the physician to
potential disruption of this duct.

The orbital structures consist of the extraocular
muscles, the globe, nerves, and vessels (Figure 8.3).
Awareness of the attachments and identification of
disruption can help predict injuries unable to be dir-
ectly visualized. Any fractures of the orbit or
increased pressure in the orbit can restrict the func-
tion of these muscles. The most commonly entrapped
muscles in the orbit are the inferior rectus or inferior
oblique after a “blowout” fracture. The outer cover
of the eye consists of a fibrous layer in two parts:
(1) the cornea (transparent layer for vision); and
(2) the sclera. The cornea is a structure that is part

of the visual pathway. It covers the anterior chamber,
iris, and pupil. The surface of the globe that commu-
nicates with the outside environment and lids is
covered with an epithelial layer called the ocular or
bulbar conjunctiva. The globe is divided into the
anterior and posterior segments. The anterior cham-
ber consists of the cornea, iris, ciliary body, and lens.
The posterior segment includes the vitreous, choroid,
retina, macula, optic nerve, and central retinal artery
and vein. Both segments are fluid-filled chambers, the
anterior filled with aqueous humor and the posterior
filled with vitreous humor. The choroid is the vascu-
lar layer between the retina and the sclera. The junc-
tion of the optic nerve to the globe marks the end of

Lacrimal gland

Sclera

Lateral canthus
Pupil
Iris
Limbus

Inferior punctum

Inferior canaliculus

Common canaliculus

Superior punctum

Superior canaliculus

Nasolacrimal sac

Nasolacrimal duct

Caruncle

Medial canthus

Figure 8.1 Anterior view of the eye and
adnexal structures. Lacrimal gland is
situated superotemporally. The superior
and inferior puncta drain into the
canalicular system, which eventually
empties into the nasal cavity. (From
Mahadevan S, Garmel G. An Introduction
to Clinical Emergency Medicine.
Cambridge: Cambridge University Press,
2005.)

Orbital
part

Palpebral
part

Muscle disengaged
from around orbit
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part

orbicularis oculi m. Figure 8.2 On the palpebral edge of the eyelid the tarsal
plate extends beneath the orbicularis oculi muscles. (From
Melloni J, Dox I, Melloni H, Melloni B. Attorney’s Reference
on Human Anatomy. Cambridge: Cambridge University
Press, 2008.)
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the retina and choroids. As the optic nerve exits the
globe, it is covered by all three meningeal layers of the
brain. In addition, the optic nerve encases the central
retinal artery and vein that supply the blood flow to
the retina.

Prehospital management
Prehospital care for a patient with obvious ocular
injury consists of application of an eye shield to
prevent further damage. In the cases of chemical
exposures without foreign body projectile injury,
copious saline (normal saline or lactated Ringer’s)
irrigation should be initiated. Penetrating objects
should be left in place and stabilized if necessary.
Since the eyes track together, the contralateral unin-
jured eye benefits from patching also. If possible, pain
control and antiemetics should be administered to
prevent an increase in intraocular pressure (IOP)
from vomiting.

Emergency department evaluation
and management
Ocular exam in trauma
In the trauma patient who requires airway interven-
tion, the initial choice of intubation medications
may be important in the setting of an intraocular
injury. Studies have suggested an increase in IOP with
succinylcholine that is significantly higher than with
other agents, such as rocuronium.4,5 The clinical

significance of this increase is unknown; the use of
non-depolarizing paralytic agents such as rocuronium
may be an advantage in patients with suspected ocular
injury. The use of premedication with lidocaine 1.5
mg/kg intravenously (IV) 2 minutes prior to intub-
ation to blunt the increase in IOP can also be con-
sidered, however, with the caveat there remains no
known outcome benefit from this.6,7

Secondary survey includes head, eye, ear, nose
and throat (HEENT) examination to assess for both
ocular injury as well as any damage along the visual
pathway suggesting intracranial pathology. A quick
assessment for immediate threats to a patient’s vision
(e.g., retrobulbar hematoma, globe rupture, or retinal
detachment) should be performed in order to initiate
prevention of further injury and arrange for coordin-
ated repair along with life-saving measures. Ideally
this examination should be completed early in the
evaluation as development of periorbital edema may
obscure a full evaluation later. The eye should be
examined in a systematic fashion from external to
internal structures. Any unnecessary pressure on the
globe should be avoided. If chemical exposure has
occurred, irrigation should be initiated unless globe
rupture is suspected. In the event of globe rupture the
necessity for removal of any further exposure to a
chemical an especially, alkaline substance, should be
discussed with an ophthalmologist. At any point a
globe rupture is suspected or discovered, the exam
should be stopped, an eye shield placed, and ophthal-
mology expeditiously consulted.
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Sclera

Choroid

Retina

Fovea centralis in
macula Iutea

Optic nerve

Central vessels
of retina

Iridocorneal angle

Medial rectus muscle

Iris

Anterior chamber

Cornea

Suspensory ligament

Ciliary body

Ora serrata

Figure 8.3 The globe in cross section. The iris diaphragm outlines the margins of the pupil. The anterior surface of the lens abuts the
posterior surface of the iris. Zonular suspensory fibers are seen emanating from the ciliary body, adjacent to the iris root. (From Mahadevan S,
Garmel G. An Introduction to Clinical Emergency Medicine. Cambridge: Cambridge University Press, 2005.)
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In an alert patient, first ask questions relating to
visual acuity: light perception, finger counting, Snel-
len eye chart at bedside, visual fields, and floaters.
Pain in the eye indicates injuries to the portions of
the globe with sensory innervation including the peri-
orbital and retrobulbar structures, bulbar conjunc-
tiva, and anterior chamber structures. Change in
vision indicates any injury that affects the visual path-
ways of the eye. Patients should be checked not only
for pupillary reflex but also for afferent pupillary
defect. The afferent pupillary defect in an indication
of decreased light perception. It is assessed by using
the swinging light test. The usual pupillary response
to direct light is that both pupils contract equally if
there is nothing wrong with either pupil. If you move
the light rapidly from one eye to the other, both
pupils remain contracted. To perform the test on an
afferent pupillary defect, one shines a light directly in
one eye observing for pupillary constriction in both
eyes. The examiner then swings the light to the other
eye. When there is an injury to the optic nerve, the
nerve will also transmit light but to a lesser and slower
degree. Consequently, when the light is moved from
the good to the injured eye the brain interprets this as
receiving less light, or less light coming into the eye.
The response is to cause both pupils to dilate to allow
more light in to the eye. This is a bilateral response,
although only one eye is affected. After this test, note
the red light reflex in all patients to detect possible
blood or other injury to the posterior chamber. If any
defect is found on this exam, a more detailed exam
should be performed to identify the cause and help
indicate how quickly an intervention is needed. Next
assess extraocular movements in the alert patient.
A defect here will require a computed tomography
(CT) scan of the head and orbit to further assess. An
ophthalmology consultation may be valuable at any
point in the examination if one is unable to fully

assess and the history is concerning, or there are
abnormal findings consistent with serious injury, or
if there is rapid edema that may obscure further
ocular evaluation (Figure 8.4). Highlights of the
examination are shown in Table 8.1.

In the case of a patient with a negative exam and
no obvious facial trauma, the likelihood of a vision-
threatening injury is extremely low. However, even if
the exam is negative but the patient has significant
facial trauma in the extraocular area, a complete
slit-lamp examination and possible ophthalmology
follow up within 48 hours for repeat exam is
appropriate.

The slit lamp can be utilized in the mobile patient
with minimal trauma or isolated facial injury. The
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Figure 8.4 Depiction of extraocular
muscle innervation by cranial nerves III, IV,
VI, and the direction of eye movements
that result with contraction of the
different extraocular muscles. CN, cranial
nerve; IO, inferior oblique; IR, inferior
rectus; LR, lateral rectus; MR, medial rectus;
SO, superior oblique; SR, superior rectus.
(From Shah SM, Kelly KM. Principles
and Practice of Emergency Neurology.
Cambridge: Cambridge University Press,
1999: p. 199.)

Table 8.1 Highlights of the examination

Structure Notable findings

Face Bony deformity, crepitus, loss of
sensation

General Proptosis, endopthalmos/
enophthalmos, loss of extraocular
movements, decreased vision,
RAPD, diplopia, increased
intraocular pressure

Eyelids Laceration, edema, hematoma

Sclera/
conjunctiva

Laceration or subconjunctival
hemorrhage, foreign body

Cornea Laceration, abrasion, foreign body

Anterior
chamber

Hyphema, pupillary irregularities

Posterior
chamber and
retina

Hemorrhage, detachment,
papilledema

RAPD, relative afferent pupillary defect.
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high magnification of the slit lamp can help identify
injuries not seen with gross external inspection,
such as occult globe rupture, hyphema, foreign
objects, or small lacerations. Using fluorescein
(which binds to the amine group on proteins inside
cells) with ultraviolet light identifies defects in the
epithelial surface of the eye such as corneal abra-
sions, conjunctival lacerations, or globe rupture.
Globe rupture is noted by fluorescein streaming
from the site of rupture, and this is called a positive
Seidel test (Figure 8.5). A positive test is indicated
when the fluorescein streams down the eye and is
taken up by the extruding vitreous humor and turns
bright green under Cobalt blue light. In bedbound
patients, a portable blue Cobalt light can be used for
a beside fluorescein exam. If no globe rupture has
been detected at this point, but the patient has
persistent pain, IOP should be measured. Normal
ranges are 10–20 mmHg with an acceptable differ-
ence between eyes of 3–6 mmHg. Most commonly
this is measured in the ED with an applanation
tonometer, e.g., Tono-Pen®.

The history of injury is a valuable asset in predict-
ing findings. For example, in cases of projectiles,
intraocular or intraorbital foreign objects should be
investigated. Certain chemical exposures require
emergency treatment even without obvious early

signs of damage. In cases of blunt trauma, there is a
well-recognized pattern of injury due to the transmis-
sion of force placed on the globe and the weakest
points that rupture (Figure 8.6). This means that
physical examination, while essential, needs to be
interpreted in the light of clinical suspicion. Even with
minimal findings, the examination may need to be
supplanted with diagnostic testing.

Figure 8.5 Seidel test positive after corneal perforation.

Blowout fracture of
orbital floor

Figure 8.6 Illustration showing typical
mechanism of injury that produces an
orbital blowout fracture. (FromMandavia D,
Newton E, Demetriades D. Colour Atlas of
Emergency Trauma. Cambridge: Cambridge
University Press, 2003.)
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Imaging in ocular trauma
When imaging to evaluate ocular trauma, three
modalities are now utilized: computed tomography
(CT), magnetic resonance imaging (MRI), and ultra-
sound. Magnetic resonance imaging is limited by
availability, cost, transportation logistics (patient sta-
bility), and fear of complications, e.g., damage caused
by undiagnosed metallic foreign objects. With signifi-
cant facial trauma, edema, and pain, most patients
require imaging. Determining which imaging studies
are adequate is not always clear. Computed tomog-
raphy scanning is most useful for evaluating orbital
pathology including retrobulbar hematoma, orbital
fractures, and intraocular foreign objects (Figure 8.7).
However, certain materials such as vegetable and
organic matter may not be visualized on CT scan and
should be suspected by the history of injury. If high
suspicion exists and a metallic foreign object has been
ruled out in hemodynamically stable patients, an MRI
can evaluate for these substances.8

Ultrasound has also been used in ocular trauma
and is better at evaluating intraocular pathology, espe-
cially when periorbital trauma obscures a direct oph-
thalmoscope exam. However, in order to perform
ultrasonography, external pressure has to be placed
on the globe, which is contraindicated in globe rup-
ture. Only when and if rupture has been ruled out,
ultrasonography may be used to further image the
globe including intraocular foreign objects (radiolu-
cent or opaque), choroidal/scleral rupture, lens dis-
location, vitreous hemorrhage, retinal detachment,
retrobulbar hematoma, and IOP. Although it has not

reached widespread use, in some academic centers it
has been shown to provide additional information.
There are few prospective randomized trials to evalu-
ate the role of ultrasound in the emergency department
(ED), but one study revealed it to have a sensitivity of
100% and specificity of 97.2% evaluating ocular path-
ology when performed by emergency physicians.9 This
included lens dislocation, retrobulbar hemorrhage,
intraocular foreign object, and retinal detachment.
This may be useful as a rapid screening test, but is
unlikely to supplant CT scan. Plain films are rarely
indicated. They may be used to screen for metal prior
to MRI or when CT is unavailable.

General principles: key points
Anesthesia
Anesthesia of the cornea and conjunctiva is best
accomplished with topical agents. Most common is
the use of proparacaine or tetracaine. If the adnexal or
deep structures of the eye are involved then parenteral
or oral pain control is also necessary. Globe ruptures
should avoid topical medications. Occasionally top-
ical non-steroidal anti-inflammatory drugs (NSAIDs)
are effective for pain relief;10,11 however, this should
be limited to cases of severe pain not relieved with
oral analgesics. Topical NSAIDs have been associated
with corneal toxicity including keratitis, ulceration,
and perforation in limited case reports.12–14

Irrigation/wound preparation
In the event of a chemical exposure without globe
rupture, copious irrigation of the ocular surface
should be initiated as soon as possible with lactated
Ringer’s or normal saline. There is limited evidence to
suggest one ocular irrigation solution over another;
however, lactated Ringer’s and normal saline are con-
sidered safe and readily available in the ED.

Prophylactic antibiotics
All open injuries require tetanus immunization if not
up to date. Topical antibiotics recommended for the
eye should be broad spectrum antibiotics to prevent
secondary infection when the globe surface is dis-
rupted. Sulfacetamide, erythromycin, tobramycin, or
a fluoroquinolone are the most commonly prescribed
prophylactic topical medications. Neomycin has fallen
out of favor due to its significant incidence of hyper-
sensitivity reactions. Bacitracin ointment applied to the
eye nightly is also recommended as a prophylactic

Figure 8.7 Computed tomography (CT) scan showing orbit with
intraocular foreign object. (Courtesy of Lawrence Jacobson, MD.)
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agent. Contact wearers are commonly prescribed
fluoroquinolones topically due to the higher risk of
pseudomonal infection. If the globe is ruptured, a
systemic antibiotic regimen is recommended within
6 hours of injury.

Dressing and shielding
Eye patching is no longer considered a treatment in
corneal abrasions since it has not been shown to
promote re-epithelization nor decrease discomfort.
However, if there is a globe rupture or hyphema, a
hard shield should be placed over the eye until evalu-
ated by ophthalmology.

Pupil dilation to facilitate exam
Topical drops with tropicamide 1% one drop or phe-
nylephrine 2.5% one drop can be used to facilitate
direct ophthalmoscopy and evaluation of the poster-
ior chamber in select patients. However, they should
only be used in select cases taking into account the
possibility of precipitating an acute attack of narrow-
angle closure glaucoma and the possible systemic
affects of topical medications.

Common traumatic ocular injuries
Periorbital contusions
This is the most common presentation of direct blunt
injury to the orbit. As swelling and edema can make
the exam challenging, an early examination is best.
A Desmarres retractor (or bent paper clip) can be
used to retract the swollen lids, but it must be used
with caution so as not to apply additional external
pressure on the globe. One challenge in the ED is
determining which patients require further imaging
to exclude underlying orbital fractures. Some studies
have reported 58.3% incidence of orbital fractures
with isolated blepharohematoma.15 However, the sig-
nificance or necessity for emergent intervention for
these fractures was not discussed. Depending on the
severity of the mechanism and extent of periorbital
trauma, it is up to the emergency physician’s judg-
ment when to order an orbital CT with isolated peri-
orbital contusions. Any ocular injury, crepitus,
decreased periorbital sensation, or limited examin-
ation secondary to edema warrants orbital CT to
evaluate for fracture. Treatment of contusions con-
sists simply of ice and head elevation, and should
resolve in 2–3 weeks. All patients with significant
contusion and an inability to fully visualize the globe

and fundi should be given early ophthalmology follow
up for a comprehensive examination of the posterior
chamber and retina. Any loss of vision, floaters, or
severe pain should prompt ED consultation.

Eyelid lacerations
Many eyelid lacerations require ophthalmology or plas-
tic surgery consultation for repair due to the very thin,
complex structure of the eyelid. The job of the emer-
gency physician is to fully evaluate the depth of lacer-
ation, assess for penetration into the globe, and identify
any foreign objects. Careful evaluation consists of
examining and everting the lid without applying exter-
nal pressure onto the globe. Important structures to
examine include tarsal plate, lacrimal gland, or canali-
cular system. The tarsal plate, thin muscle layers of the
orbicularis oculi, and canalicular system require separ-
ate layers of closure and alignment (Figure 8.8). Spe-
cialized stenting of the canalicular system may be
required if there is duct involvement. This will prevent
loss of function and cosmetic appearance and the col-
lapse of ducts and epiphora (excessive tearing of the
eye). The emergency physician should be concerned
about this when the wound is in the medial corner of
the eye. Examine the globe surface beneath the lid in the
full range of motion. Note if there is penetration into
the orbit. Also note injury to the extraocular muscles.
Following this, evaluate with fluorescein and the slit
lamp or a handheld Wood’s lamp of the eye surface to
identify any disruptions in the epithelial layer of the eye,
corneoscleral lacerations, foreign objects, or globe rup-
ture. If the wound involves the canicular structures,
fluorescein placed in the eye may be taken up and leak

Figure 8.8 Lid laceration involving margin and canaliculus.
(Courtesy of Andrew Doan, MD.)
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out of the wound. Superficial (partial thickness) eyelid
lacerations without involvement of the lidmargin or the
above mentioned structures can be repaired primarily
by the emergency physician. Repair can be done under
local anesthetic. Supraorbital or infraorbital blocksmay
not be adequate for complete eyelid anesthesia because
parts of the eyelid are innervated by branches of the
supratrochlear, infratrochlear, and lacrimal nerves.
Suture the laceration with 6–0 or 7–0 non-absorbable
sutures. Sutures should be removed in 3–5 days. Any
laceration that is unable to be sutured primarily by the
emergency physician in the EDmay be treatedwith cold
compress and antibiotics and referred to an ophthal-
mologist to see the next day in their office, although
follow up must be assured.

Subconjunctival hemorrhage
These are hemorrhages visualized on the surface of the
eye contained underneath the conjunctival layer due to
rupture of small blood vessels (Figure 8.9). This can
occur due to simple blunt trauma, scratching, with
forceful valsalva actions such as vomiting, or spontan-
eously. Most patients have no symptoms, so if a patient
describes pain, photophobia, or decreased vision, a
more serious injury such as penetrating injury or
post-traumatic iritis must be considered. Evaluation
consists of a thorough eye exam under the slit lamp to
rule out any lacerations or globe rupture. Subconjunc-
tival hemorrhages appear flat on exam. If the hema-
toma is raised, one should consider the diagnosis
of bloody chemosis, a more serious condition. Large
circumferential hematomas around the cornea can be
associated with occult globe rupture. Therefore, a

detailed exam with fluorescein is indicated; even
if normal, these large injuries should have a re-
evaluation with ophthalmology within 24–48 hours.
Treatment of isolated subconjunctival hemorrhage can
be cold compresses for 24 hours, although it is not clear
if this is better that watchful waiting. They should resolve
spontaneously in 2–3 weeks. Warning the patient that
color changes, such as seen with any resolution of a
contusion, may be seen and are not concerning.

Bloody chemosis or bullous
subconjunctival hemorrhage
This injury is due to bleeding within the conjunctival
tissues and edema (Figure 8.10). This is suggestive of
more serious injury such as scleral or globe rupture,
foreign objects, chemical or thermal injuries, or infec-
tion. Treatment is based upon the cause.

Conjunctival lacerations
Conjunctival lacerations cause pain, conjunctival
injection, and bloody chemosis (Figure 8.11).

The conjunctiva is less innervated than the cornea;
therefore, conjunctival lacerations may not produce the
same level of pain as corneal injuries. The conjunctiva
will appear injected, patients may complain of pain and
foreign object sensation, tearing may occur, and there
may be bleeding seen in addition to subconjunctival
hemorrhage or chemosis. The main concerns are
retained foreign body, scleral involvement, or globe
penetration. If the Seidel test is negative, a careful exam
under topical anesthesia using a saline-moistened

Figure 8.9 Subconjunctival hemorrhage from foreign body
found under lid. (Courtesy of William Caccamise Sr, MD.)

Figure 8.10 Bullous subconjunctival hemorrhage from fist blow.
(Courtesy of Jordan M. Graff, MD.)
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cotton-tip applicator can manipulate the laceration to
evaluate the depth and extent. Conjunctival lacerations
< 1 cm in size are generally left to heal without suturing.
Applying topical antibiotic ointment until fully healed
within a few days is appropriate. Lacerations > 1 cm
and some smaller lacerations that have tissue avulsion
or gaping or poor appositional closure involving the
plica, semilunar fold, or caruncle, warrant closure to

prevent scarring and poor cosmesis (Figure 8.12).
Referral to an ophthalmologist within 24 hours for
primary closure in these cases is necessary.
A perforated eye shield may be applied on discharge.

Corneal abrasions
A corneal abrasion is a disruption in the outer epithe-
lial layer of the cornea (Figure 8.13). This can be
caused by blunt trauma, penetration trauma, foreign
objects, and chemical/environmental exposures. They
can cause pain, blurry vision, conjunctival injection,
tearing, and a foreign object sensation. The abrasion

(a) (b)

Figure 8.11 (a) Conjunctival laceration. (b) Conjunctival laceration higher magnification. (Courtesy of Andrew Doan, MD, PhD.)

A

B

C

D

E

Figure 8.12 Conjunctival lacerations and associated injuries.
A: Marginal laceration. B: Hyphema. C: Subconjunctival hemorrhage.
D. Globe rupture with leakage. E. Conjunctival laceration.

Figure 8.13 Photograph of the eye after installation of fluorescein
dye showing bright yellow-green uptake of dye lateral to the
pupil (arrow). (From Mandavia D, Newton E, Demetriades
D. Colour Atlas of Emergency Trauma. Cambridge: Cambridge
University Press, 2003.)
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can sometimes be seen during general inspection of
the eye but is clearly delineated under fluorescein
exam. Linear abrasions may suggest a foreign object
under the eyelid (ice rink sign) and should be fully
investigated. Streaming of fluorescein may suggest
penetration into the anterior chamber, consistent
with a globe rupture; an eye shield should be placed
and emergent ophthalmology consultation obtained.
A simple abrasion can be treated with topical broad
spectrum antibiotics and lubricating drops. In the
past, cycloplegics or mydriatics were suggested in
treatment to reduce ciliary spasm and pain. While
there is limited data on this subject, a literature review
has failed to show any benefit compared to lubricat-
ing drops.16 The only randomized control study on
the subject found no benefit in comparison to lubri-
cation.17 Therefore, unnecessary pharmacologic treat-
ment may increase risk of unwarranted side effects,
and their routine use is not encouraged. Eye patching
is probably unnecessary; it does not seem to increase
comfort and may delay re-epithelization.18,19 Topical
anesthetics should never be prescribed or dispensed to
go with the patients: repetitive use impedes healing and
may mask development of more serious injury. As dis-
cussed previously, topicalNSAIDs for short periodsmay
provide additional pain relief, although different case
studies have shown concern for corneal toxicity without
a clear dose–toxicity relationship. Cautious use for only
a few days is recommended, and NSAIDS should gener-
ally not be used in conjunction with steroids.10–14 Most
corneal abrasions heal within 1–3 days. It is prudent to
follow up the patient with a repeat examination in 24–48
hours. Large defects or those in the central visual axis,
i.e., passing though the middle of the pupil, require
24 hour referral to an ophthalmologist.

Corneal foreign objects
Foreign body sensation or irritation and conjunctival
injection or corneal infiltration may suggest a corneal
foreign body (Figure 8.14). Evaluation should be done
under slit lamp with high magnification (if possible)
using fluorescein to evaluate for rupture and corneal
abrasion. In addition, certain materials such as plas-
ter, cement, mortar, and whitewash may also cause an
alkali injury as these substances contain lime. Ocular
pH (normal 7.0–7.5) should be checked and irrigation
may need to be initiated. Any burning or pain, or
abnormal pH requires immediate copious irrigation
with reassessment of pain and ocular pH every 1 L of

irrigation. Multiple liters may be required to normal-
ize the pH. After topical anesthesia, superficial objects
can be removed with a moistened cotton-tip applica-
tor or irrigation. Any visualized objects should be
removed prior to irrigation, and any irrigation for
microscopic or unvisualized foreign body sensation
should be done without a Morgan lens. Under the slit
lamp, high magnification lens, small, minimally
imbedded objects can be removed with a 18–25-gauge
needle or eye spud held parallel to the corneal plane
and used to lift the object gently off the surface. If
unable to easily remove with this technique, or if
there is deep penetration, referral to an ophthalmolo-
gist within 24 hours is necessary. Ferrous objects tend
to leave a rust ring that may require a corneal burr to
remove the ring after removal of the metal object.
Ophthalmology referral within 24 hours can be done
for removal of the rust ring. Topical antibiotics
should be prescribed as prophylaxis. Emergent refer-
ral is needed in cases of any corneal laceration,
positive Seidel test, evidence of corneal ulcer or infil-
trate, deeply imbedded foreign object, hypopyon, or
significant anterior chamber reaction such as iritis.

Corneoscleral lacerations
Disruption of the corneal or scleral layers can be deep
enough to disrupt the integrity of the globe (Figure
8.15). For this reason, any corneoscleral laceration
requires immediate eye shield and emergent ophthal-
mologic evaluation. Most patients report pain or
decreased visual acuity. Even without globe rupture,
all patients require their tetanus immunization

Figure 8.14 Photograph of the eye showing a metallic foreign
body on the cornea that is deforming the iris and pupil (arrow).
(From Mandavia D, Newton E, Demetriades D. Colour Atlas of
Emergency Trauma. Cambridge: Cambridge University Press, 2003.)
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updated and broad spectrum parenteral antibiotics
for prevention of post-traumatic endophthalmitis.
Most of these patients are admitted to the hospital.

Hyphema
A hyphema is a collection of blood in the anterior
chamber of the eye (Figure 8.16). The etiologies
include blunt trauma from small tears in the ciliary
muscle or iris or from penetrating trauma. Hyphemas
are classified by Grade 0–4:

Grade 0: Microscopic can only be detected on
slit-lamp examination.
Grade 1: Layered blood occupying less than one
third of the anterior chamber.
Grade 2: Blood filling one third to one half of the
anterior chamber.
Grade 3: Layered blood filling one half to less than
total of the anterior chamber.
Grade 4: Total clotted blood, often referred to as
blackball or eight-ball hyphema.

Hyphemas are measured in millimeters of height
from the inferior edge of the anterior chamber and as
a percentage of the anterior chamber filled. Examin-
ation must include patient history of any blood dyscra-
sias or treatment with anticoagulants, visual acuity,
fluorescein exam with slit lamp, retinal exam, and
IOP measurements. Management is dependent on the
etiology. With penetrating trauma, it is considered an
open globe; an eye shield is placed and emergent oph-
thalmology consultation is required. In the setting of
closed globe trauma, the managment is more varied. In

general, consultation with an ophalmologist is pre-
ferred in the ED for all hyphemas. The main treatment
goals are to prevent rebleeding, and increased IOP in
order to prevent corneal bloodstaining and optic atro-
phy and promote the best visual outcome. Patients
should be placed in a bed with head elevated to 30�.
An eye shield may be placed although the science
behind it is not conclusive. In a prospective random-
ized double-blind study, bilateral patching, unilateral
patching, and no patching appear to be associated with
the same visual outcome.20 However, some recom-
mend a perforated (to protect binocular vision) eye
shield to prevent further trauma to the eye and a non-
perforated eye shield to reduce light exposure for
reducing corneal bloodstaining in select patients. The
decision should be made in consultation with an
ophthalmologist. Bed rest used to be the mainstay of
treatment; however, limited studies have suggested no
increase in rebleeding rates in patients placed on bed
rest vs. quiet ambulation (no strenuous activity).21 Sur-
gery is usually reserved for patients with delayed com-
plications but it may be performed early in patients
with sickle cell or total hyphema. Medical management
is also focused on healing and preventing rebleeding.
Rebleeding is the most common complication and
occurs 2–5 days after injury, when the clot retracts and
loosens, and has an incidence of 3.5–38.0% depending
on numerous patient factors. A series of topical and
systemic medications, administered in coordination
with an ophthalmologist, may be used. These include
cycloplegics, such as atropine 1% daily, although
numerous retrospective studies have found no effect
on outcome.22–24 However, consensus opinion still rec-
ommends their use for patient comfort, prevention of

Figure 8.15 Open globe with corneal laceration due to bungee
cord injury. (Courtesy of James Howard, MD.)

Figure 8.16 Hyphema. (Courtesy of Lawence Jacobson, MD.)
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formation of posterior synechiae, and to decrease
rebleed in patients on aspirin.25 A topical corticosteroid
(prednisolone acetate 1%QID) is also recommended to
reduce intraocular inflammation, the risk of anterior or
posterior synechiae, and rebleeding. While numerous
studies on topical steroids have been performed, the
data has varied based upon the severity of the hyphema,
patient population, and dosage of corticosteroid. A full
evaluation of the literature still provides inconclusive
evidence but suggests that even systemic corticosteroids
may be beneficial in preventing rebleeding in select
high-risk patients. Systemic antifibrinolytic agents (i.e.,
tranexamic acid and aminocaproic acid) significantly
lower the rate of rebleeding after traumatic hyphema
and also may delay clot resorption, based on numerous
studies since 1966, but they have not been proven to
statistically improve visual outcome in traumatic
hyphema.26 Due to this reason and the large number
of adverse side effects they are much less commonly
used. In the event of elevated IOP, agents that decrease
IOP (see section on glaucoma, below) such as timolol
eye drops and acetazolamide (except in sickle cell
patients) should be initiated. In limited cases the patient
can be discharged home with daily ophthalmology
evaluation for rebleeding and IOP monitoring.
A recent review discusses the limited evidence on out-
patient management of traumatic hyphema stressing
the lack of prospective randomized studies and limited
patient populations.21 Their recommendations consist
of considering outpatient management for patients
without associated ocular injury requiring admission,
over 12 years of age, with hyphema less than half
of anterior chamber volume, with satisfactory IOP
< 24 mmHg, no blood dyscrasia, and compliant.21

Complications of hyphema include traumatic or future
angle-recession glaucoma and rebleeding, synechiae for-
mation, optic atrophy, and corneal staining from blood.
Visual prognosis is substantially worse for total
hyphema than subtotal hyphema, with studies showing
a recovery of good visual acuity (> 20/50) occurring in
76%of patients with a subtotal hyphema but in only 35%
of patients with a total hyphema.27 Depending on the
extent, hyphemas should resolve in about a week.
Patients should avoid aspirin or non-steroidal
medications.

Traumatic glaucoma
This can either be an immediate sequelae or delayed
complication of trauma. Blood, particles released

from the iris or lens, direct contusion to the trabecu-
lar meshwork, or lens dislocation into the anterior
chamber may block aqueous flow out of the anterior
chamber. Patients may present with pain, blurred
vision, colored halos around lights, frontal headache,
nausea, and vomiting. On exam, conjunctival injec-
tion will be noted and in severe cases a fixed, mid-
dilated pupil, and corneal edema. The hallmark is an
acute increase in IOP > 20 mmHg or a difference >
3–6 mmHg between eyes. Treatment consists of
medications to decrease the IOP immediately. Con-
sult ophthalmology immediately but do not delay
treatment. Start a beta-blocker topically (Timoptic®
0.5%, one drop every 30 minutes for two doses) and
an alpha-agonist topically (Alphagan® one drop TID
or apraclonidine one drop every 30 minutes for two
doses). Patients may also require pain medications
and antiemetics to prevent increases in IOP due to
vomiting. If pressure is not decreasing after an hour
of topical drops, systemic medications such as car-
bonic anhydrase inhibitors or hyperosmotic agents
may be started if the patient is hemodynamically
stable. If the angle is mechanically obstructed, surgery
is required. Delayed glaucoma can occur 1–3 weeks
post-injury and may be from scarring to the trabecular
meshwork or angle recession or hemosiderin deposits
in the anterior chamber. Treatment is medical but may
require surgery. An expedited ED ophthalmology con-
sultation should occur with cases of elevated IOP.

Iris sphincter tears/traumatic mydriasis
The etiology of sphincter tears and traumatic mydria-
sis is from blunt trauma to the eye with the transmis-
sion of forces through the globe. Complaints usually
include pain and photophobia. Examination finding
is an irregular and often dilated pupil with a possible
associated hyphema. In addition, IOP must be meas-
ured as these can have an association with glaucoma,
more likely in a delayed presentation. Smaller tears
are best left alone and followed for healing. Larger
sphincter tears with resultant mydriasis and photo-
phobia may be managed pharmacologically with top-
ically miotic agents or by the use of a tinted contact
lens or sunglasses. Some may require surgery. If
isolated injury has occurred without other injuries
immediately threatening vision, the patient can be
re-evaluated by ophthalmology within 24 hours.
Although mydriasis can also be caused by intracranial
injury and damage to the third cranial nerve, the
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history and mental status examination should be able
to distinguish between them.

Iridodialysis
This is a localized traumatic separation of the iris root
from the ciliary body seen in trauma due to blunt
force to the eye (Figure 8.17). An associated hyphema
may be present in addition to other more serious
injuries. Symptoms include monocular diplopia, pain,
and photophobia. The examination will show appear-
ance of polycoria (multiple pupils, see Figure 8.17).
Treatment is generally urgent surgical repair if any-
thing other than minimal. High suspicion for other
injuries should exist due to the amount of force
required to cause this injury. This finding requires
an ophthalmology consult within 24 hours if an iso-
lated injury, normal IOP, and no concern for globe
rupture or other sight-threatening injuries exist.

Subluxation/dislocation of the lens
(ecoptia lentis)
This may result from either blunt or penetrating
trauma. In subluxation, the lens is partially decen-
tered but will remain visible through the pupillary
aperture, a crescent-shaped defect may be noted
(Figure 8.18). In dislocation, the lens may be fully
displaced from the pupillary aperture. Symptoms
consist of diplopia or decreased vision and pain.

Exam shows a crescent-shaped red reflex or defect in
addition to possible increased IOP. An open globe
should be suspected until proven otherwise. Measure-
ment of IOP after fluorescein exam is required. Sur-
gical correction is necessary and ophthalmology
should be immediately involved especially due to the
possibility of the lens subluxing to create secondary
acute angle closure glaucoma at any time.

Post-traumatic cataract formation
The stretching and pulling forces exerted on the lens
during blunt trauma can cause edema and scarring
and eventual cataract formation. Penetrating trauma
causes direct injury as it passes through the lens. Both
mechanisms are commonly associated with lens
subluxation or dislocation as well as associated glau-
coma, uveitis, and globe rupture. Acute cases will
present immediately or within a day of injury.
Delayed cataract formation normally occurs weeks
to months following the injury. Patients may com-
plain of diplopia or decreased vision, and cataracts are
detected by a cloudy appearance or opacification of
the lens on exam (Figure 8.19). Treatment requires
surgery when vision is impaired and necessitates IOP
monitoring. Ophthalmology should be consulted in
the ED if the lens is subluxed/dislocated or other

Figure 8.17 Iridodialysis from blunt trauma. (Courtesy of Andrew
Doan, MD, PhD.)

Figure 8.18 Subluxed lens. (Courtesy of William Caccamise Sr, MD.)
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associated injuries are noted in acute presentations.
Isolated delayed cataract formation can be re-evalu-
ated by ophthalmology within 24 hours if IOP is
normal.

Vitreous hemorrhage
This is blood in the posterior chamber. Symptoms
include loss of vision or small bleeds described as
floaters, shadows, or haziness. On ophthalmoscopic
examination, the hemorrhage may be visible in the
posterior chamber or the red reflex may be decreased
or absent. Blood in the posterior chamber should alert
the emergency physician to potential retinal detach-
ment. Studies show 11–44% of traumatic vitreous
hemorrhages are associated with retinal tears.28 Add-
itionally, vitreous hemorrhage can be associated with
subarachnoid hemorrhage (Terson syndrome) and
indicates a poorer prognosis in subarachnoid hemor-
rhage. Vitreous or retinal hemorrhage in any child
< 3 years old should prompt a high index of suspi-
cion for child abuse. In the event of penetrating injur-
ies, this indicates globe penetration and possible
intraocular foreign object necessitating a CT scan of
the orbit. The patient’s head should be kept elevated
at 30� and emergent ophthalmology consult should be
obtained. If rupture is suspected, place a shield over
the eye. When the exam is limited by periobital con-
tusion and rupture is not suspected, ultrasound may
be helpful in detecting retinal detachment; however, it
can miss a substantial number of retinal tears (50%).29

If the ophthalmologist has excluded other pathology,
patients with isolated vitreous hemorrhages can be
discharged with strict instructions for head elevation,

avoiding aspirin and non-steroidal medications, and
limited physical activity. These hemorrhages usually
resolve spontaneously in a few weeks to months.

Retinal detachment
These injuries cause complete or partial peripheral loss
of vision. There may be a history of progressive visual
field loss as the detachment advances. The same symp-
toms as in vitreous hemorrhage may be described; in
addition flashing lights from stimulated retinal
neurons may occur. This is painless by itself, unless
there are other associated injuries. These can also have
a delayed presentation, up to months after the initial
injury. Sometimes the hazy, gray membrane of the
retina billowing forward can be seen on direct ophthal-
moscopy; however, smaller and more peripheral tears
may not be seen and any patient suspected of this
should be examined under indirect ophthalmoscopy
by the ophthalmologist emergently. These patients
require emergent surgery within 24 hours.

Commotio retina
Blunt trauma can contuse the retina. Commotio retina
consists of disruption of the retinal photoreceptors
and normally occurs as a contracoup injury in the
traumatized eye. Patients are asymptomatic or com-
plain of decreased visual acuity if the macula is
involved (called Berlin’s edema). On exam, a patchy
gray–white opacification of the retina is seen within a
few hours of injury (Figure 8.20). While this con-
dition resolves spontaneously, concurrent retinal
hemorrhages, tears, or detachment may be present.

Figure 8.19 Post-traumatic cataract and synechie formation.
(Courtesy of William Caccamise Sr, MD.) Figure 8.20 Commotio retina. (Courtesy of Lawrence

Jacobson, MD.)
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Long-term visual loss may also be found when the
injury results in macular scarring, reactive pigment
hyperplasia or atrophy, or macular holes. This may
lead to central visual loss. As the differential diagnosis
includes other injuries, ED evaluation by ophthalmol-
ogy is indicated when visual acuity or peripheral fields
are affected; however, asymptomatic patients with this
found incidentally on exam can follow up with oph-
thalmology within 24 hours.

Traumatic optic neuropathy
This is an injury to the optic nerve due to trauma. It can
be by indirect or shearing forces in head trauma or due
to direct compression of the nerve frombony fragments
or other injuries. Patients may complain of various
degrees of vision loss (decreased visual acuity, visual
field abnormalities, or loss of color vision especially red
desaturation). There will be an afferent pupillary defect
that can not be accounted for by other injuries. In most
cases the optic nerve appears normal on funduscopic
exam during the acute phase. Atrophy may be seen 3–4
weeks post-injury. There is a high association with
concurrent head trauma in these patients. A head and
orbital CT scan should be done to evaluate for intracra-
nial injury or optic nerve compression. Treatment con-
sists of systemic corticosteroids alone or in conjunction
with optic nerve decompression. Ophthamology con-
sultation is emergently indicated.

Globe rupture
Globe rupture is a major cause of monocular blind-
ness and should always be suspected in any blunt

or penetrating trauma to the eye. Sometimes this
can be an obvious diagnosis (Figure 8.21), but
occult globe rupture can be difficult to diagnose
and must be suspected by noting associated find-
ings (Figure 8.21). These include decreased visual
acuity, severe subconjunctival hemorrhage (> 50%),
bloody chemosis, a peaked pupil (Figure 8.22), a
deep or shallow anterior chamber, limitation of
extraocular motion, and an afferent pupillary
defect. In the event that none of these signs are
present, continue examination as described earlier
including a fluorescein exam looking particularly
for the Seidel sign (see Figure 8.5). The loca-
tions to search for occult globe rupture in blunt
trauma are at the points of attachment to the globe
by accessory organs, insertion of the extraocular
muscles, or by the corneal limbus where the sclera
is the thinnest. Treatment consists of eye shield
placement and emergent ophthalmologic consult-
ation. Administer IV antibiotics and tetanus immun-
ization. In adults, antibiotic regimens may include a
combination of cefazolin and ciprofloxacin. In pedi-
atrics, fluoroquinolones should not be used and gen-
tamicin is recommended instead. In some regions
with a high methicillin-resistant Staphylococcus aur-
eus incidence, vancomycin may be added. In add-
ition, anti-emetics to prevent increased IOP from
vomiting may be given.

Figure 8.21 Scleral rupture and protruding vitreous. (Courtesy of
Lawrence Jacobson, MD.)

Figure 8.22 Peaked pupil in open globe. (Courtesy of Andrew
Doan, MD, PhD.)
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Globe luxation
This is a rare condition in which the globe is displaced
out of the orbit. It may result from penetrating trauma,
severe blunt trauma, or rare spontaneous cases. If
awake, patients will have severe pain and decreased
vision, exam will show proptosis with lid retraction
behind the globe sometimes suspended by the optic
nerve. The emergent treatment is to reduce traction
on the optic nerve if possible until surgical correction.
This is usually possible in spontaneous cases, while
most traumatic cases will have obstruction posterior
to the luxed globe preventing reduction. Although the
treatment for a spontaneous luxation is as follows, it is
not fully clear if this can be effective in traumatic lux-
ation and should be done with great caution. Use a
saline-moistened gauze pad, apply small pressure to
the superior scleral region as the patient looks down-
ward, if possible, to slowly reduce the globe towards or
into the orbit only enough to reduce traction on the
optic nerve. Then, leave the saline gauze cover and apply
a hard protective eye shield over the entire area. If no
reduction is possible or necessary, cover the area includ-
ing the globe with a hard protective shield. Emergent
ophthalmology consultation and surgery is indicated.

Penetrating foreign objects: intraocular
and intraorbital
Penetrating objects can reside in the intraorbital or
intraocular region. Sometimes the presentation is
obvious with a foreign object protruding. Foreign
objects should be suspected by the mechanism of
injury, pain, vision loss, globe rupture, corneoscleral
lacerations, or pupillary irregularity. Unless going
emergently to the operating room, in these cases
orbital CT scanning is essential. Organic material
may not be noted on CT scan and further evaluation
with ultrasound or MRI is warranted based on clinical
circumstance. The material of the foreign object pre-
dicts the inflammation reaction and likely endophthal-
mitis that may help the decision to remove. Generally,
the only foreign bodies left intraorbitally are small
metallic fragments, except iron, lead, and copper
which are highly inflammatory. All cases warrant
emergent ophthalmologic consult.

Retrobulbar hematoma
This is a serious and uncommon complication
of blunt trauma to the orbit. It is similar in

pathophysiology to compartment syndrome. Bleeding
accumulates behind the orbit, creating pressure
behind the globe, pushing it forward and creating
traction on the optic nerve. If there isn’t an associated
and displaced orbital wall fracture, this pressure may
continue until patient loses vision. The damage can
quickly become irreversible in as little as 90–120
minutes.30–32 Signs and symptoms of a retrobulbar
hematoma are proptosis, severe eye pain, periorbital
edema, ophthalmoplegia, afferent pupillary defect,
and vision loss (Figure 8.23). The IOP is increased,
and palpation of the orbit will generally find a hard
globe. Ophthalmoscopic findings include cherry red
macula, absent pulsations of the central retinal artery,
or choroidal folds. The emergent treatment is a lateral
canthotomy. Absolute indications for lateral canthot-
omy include retrobulbar hemorrhage resulting in
acute loss of visual acuity, afferent pupillary defect,
increased IOP, and proptosis. An IOP > 40 mmHg in
this clinical situation is an indication for lateral
canthotomy (normal IOP is 10–21 mmHg). Medical
treatments that decrease IOP can also be used but are
never a replacement for surgical decompression and
should not delay intervention. Ophthalmology should
be involved in treatment emergently, but the lateral
canthotomy should be performed by the emergency
physician if they are not immediately available.

Orbital fractures and entrapment
Orbital trauma may result in entrapment of the
extraocular muscles. This may be due to fracture
requiring surgical decompression. Edema may also
cause a global decrease of extraocular movements
and diplopia, which resolves as the edema resolves.
Entrapment is more likely if movement is restricted in
only one or two directions. The most common muscle
involved in entrapment is the inferior rectus due to
fracture of the inferior wall of the orbit, resulting in
diplopia on upward gaze (Figure 8.24). Generally, CT
scanning is the test of choice to evaluate. Opthalmol-
ogy consultation is indicated. In some centers, oto-
laryngology or plastic surgery may be the primary
consulting service.

Chemical burns
Acid or alkali exposures can cause substantial damage
and potential blindness. Immediate copious irrigation
should begin when a patient arrives. Alkali substances
cause more severe damage since they are lipophilic
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and hydrophilic and can penetrate the cell membrane
rapidly, within 5–15 minutes, and damage the anter-
ior structures. Alkali substances include oven
and drain cleaners (potassium hydroxide), lime in
plaster (calcium hydroxide), fertilizers and sparklers

(ammonium hydroxide), high concentration bleach
(sodium hypochlorite), and sodium hydroxide from
an air bag. Acidic agents may be less deeply penetrat-
ing due to the action of corneal proteins which act as
a buffer and form a precipitate on the surface. Normal
ocular pH is neutral, approximately 7.0–7.5 on litmus
paper. Ocular pH can be measured after initial copi-
ous irrigation using a Morgan lens (if no particulate
matter is present) and a topical anesthetic such as
tetracaine. After each liter of irrigation, measure the
pH and, if not neutral, continue irrigation. It is best
not to complete a full and comprehensive examin-
ation until a neutral pH is established, which can take
many liters. If an abnormal pH persists after 2 L of
irrigation, a search for particulate matter in the folds
of the eye should be done rapidly, with irrigation then
continued. Once the pH is neutral, a more thorough
eye exam can be done. This optimally includes a

Figure 8.24 Blowout fracture with entrapment and upgaze
restriction. (Courtesy of Jordan M. Graff, MD.)

(a) (c)

(b) (d)

Figure 8.23 (a) Proptosis and periobital edema. (Courtesy of Lawrence Jacobson, MD.) (b–d) Lateral canthotomy performed on cadaver.
(b) Cadaver undergoing lateral canthotomy with compression of lateral canthal fold. (c) Photograph shows all tissues layers cut along lateral
canthal fold up to orbital rim. (d) Photograph shows cadaver after all tissue layers of canthal fold and lateral canthal membrane incised.
(b–d, Courtesy of Taku Taira, MD and New York University School of Medicine.)
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slit-lamp, fluorescein exam, and measurement of IOP.
Common findings with minor chemical burns
include corneal abrasions or keratitis, conjunctival
injection, or chemosis. Severe burns can cause corneal
opacification (Figure 8.25), ulcers including perfor-
ation, and conjunctival ischemia. Ischemia is noted by
the blanching of the conjunctival vessels (Figure 8.26).
Eyelids may be edematous and periorbital skin may
have first- or second-degree burns. Later the patient
may develop glaucoma, cataracts, scarring of the
cornea or conjunctiva, and problems associated with
adnexa of the eye including the conjunctival cul-de-
sac eyelid. Long-term disability is significant. In one
study, one third of 131 patients with ocular burns
were considered disabled; approximately 15% were
considered blind. The success rate for transplants for
this condition is < 50%.33 Patients are treated with
topical antibiotics and ophthalmology follow up
within 24 hours with isolated corneal abrasions and
skin involvement. Strict instructions to keep the eye
moist with artificial tears or antibiotic ointment is
important to prevent keratitis. Most alkali exposures
and any other chemical injuries require emergent
ophthalmologic evaluation and possible admission
for corneal and IOP monitoring. Patients without a
normal pH should not be discharged.

Thermal burns
Thermal burns can be caused by contact with any hot
substance. Most injuries are superficial but thermal
necrosis and penetration can occur. Burns that
damage the periorbital structures such as the eyelids
can cause contractures. Irrigation helps to clear debris
and cool the ocular surface. The ocular exam should

evaluate for corneal abrasions, intraocular inflamma-
tion (uveitis, glaucoma), and globe penetration. The
most common injury is corneal abrasion. Patients
with isolated corneal abrasions and minor periorbital
burns can be discharged to follow up with an oph-
thalmologist within 24 hours. Ointments should be
used on the eye to ensure adequate lubrication and
prevent keratitis especially if the eyelid is involved.
More severe injuries require ophthalmology consult
emergently.

Delayed complications
Traumatic iridiocyclitis (uveitis)
Iridiocyclitis or inflammation of the iris occurs when
iris particles are released into the anterior chamber
and cause a transient irritation that may be accom-
panied by an increase in IOP. This may be seen within
3 days after blunt trauma to the eye. Symptoms
include photophobia even with the consensual light
response, blurred vision, and eye pain. If the uveitis is
severe enough, a small poorly dilating pupil may be
seen. Signs include cells and flare in the anterior
chamber on slit-lamp exam, which confirm this diag-
nosis. The differential includes the more concerning
entity endopthalmitis and should be considered in
patients with severe pain and chemosis and any
patient with a hypopyon. Cycloplegics (homotropine

Figure 8.25 Burn of lid margin and cornea. (Courtesy of William
Caccamise Sr, MD.)

Figure 8.26 Anhydrous ammonia burn with conjunctival ischemia.
(Courtesy of Andrew Doan, MD, PhD.)
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5%) can be prescribed for comfort and prevention of
synechiae. In rare cases, topical corticosteroids (pred-
nisolone acetate 1%) may be prescribed if inflam-
mation has not resolved in 7 days and the patient
does not have a corneal abrasion or dendritic fluores-
cein staining suggest herpes simplex virus (HSV).
Most will spontaneously resolve within a week.
Patients warrant follow up in 24–48 hours with an
ophthalmologist.

Endophthalmitis
Inflammation of the deep structures of the eye after
open globe injury occurs in 1–6% of patients. Risk
factors associated with an increased risk of post-
traumatic endophthalmitis include delayed primary
repair, dirty wound, breach of lens capsule, retained
intraocular foreign body (IOFB), visual acuity 20/1000
to light perception, and rural setting.34–36 Signs and
symptoms consist of pain, photophobia, variable
visual loss, extreme conjunctival injection, chemosis,
hypopyon, uveitis, and lid swelling (Figure 8.27).
Fluorescein exam and IOP readings should be taken
(Figure 8.28).

The possibility of endophthalmitis should be
suspected in any painful red eye post-trauma
whether hours to months after the incident. A study
of post-traumatic endophthalmitis by Al-Omran et al.
showed a large variety in species but the majority
were Streptococcus and Staphylococcus epidermidis
(most common with retained foreign bodies).34 Bacil-
lus was only isolated in 3% but has been cultured in
up to 25% in other studies, especially in rural areas or
in cases of organic foreign objects. Based on clinical
circumstances, CT scan or ultrasound to look for
retained foreign objects is important. Combination

therapy of IV antibiotics is recommended such as
vancomycin plus an aminoglycoside or a third-
generation cephalosporin. Clindamycin should be
considered to cover for Bacillus if soil contamination
is suspected. Ophthalmology should be emergently
contacted as patients require admission and may
require surgery.

Sympathetic ophthalmia
Sympathetic ophthalmia is a granulomatous uveitis of
both eyes following severe trauma to one eye. This is a
rare but serious complication of unilateral severe eye
injury, and it can cause blindness even in the uninjured
eye. Floating spots and loss of accommodation are the
earliest signs. Iridiocyclitis develops with pain and
photophobia. This condition may develop from days
to several years after eye injury but in 80% uveitis
develops in 2–12 weeks following injury and 90%
occur within a year.37 The key to diagnosis is in the
history of eye trauma and, especially penetrating, eye
injury. Mild cases may respond to immunosuppressive
therapy butmanymay require enucleation (removal of
the globe) or evisceration (removal of the vitreous and
aqueous humor, sclera is left) of the injured eye.38

Preventing sympathetic ophthalmia is one reason
enucleation or evisceration may be done immediately
following severe trauma. All suspected cases require
emergency ophthalmologic consultation.

Figure 8.27 Traumatic endophthalmitis with small hypopyon.
(Courtesy of Andrew Doan, MD, PhD.)

Figure 8.28 Scleral defect in endophthalmitis patient showing
missed open globe. (Courtesy of Andrew Doan, MD, PhD.)
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Documentation
All patients should have ophthalmologic examination
documented. Diagrams may aid in this (Table 8.2).
This examination should include a visual acuity
exam with spectacle correction when possible, periph-
eral fields, and extraocular movements. External lid
and lash injuries should also be noted. Timing and
response of consult with outpatient appointment
should be in the chart.

Disposition
The role of the emergency physician in ocular trauma
is to do a thorough evaluation, establish a provisional
diagnosis, and treat an emergent condition when able.
Minor injuries can be handled by the emergency
physician as long as a high index of suspicion exists
to rule out occult injuries that could threaten a
patient’s vision. Every patient with significant ocular
injury should be reassessed by an ophthalmologist
after discharge. Optometrists can follow up patients
with superficial injuries such as corneal abrasions,
conjunctival abrasions, and subconjunctival hemor-
rhages. The patient should be provided with clear
discharge instructions to return if any signs of delayed
complications develop.
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Section 2

Chapter

9
The injured patient

Neck trauma

Niels K. Rathlev

Introduction
Blunt and penetrating trauma to the neck results in
a spectrum of injuries to vascular and aerodigestive
structures that range from minor to life-threatening
in severity. The injuries frequently demand immedi-
ate attention and intervention on the part of the
emergency physician and trauma surgeon. The risk
of devastating morbidity and mortality is significant
because of the proximity of airway, neurological,
digestive, and major vascular structures in closely
confined fascial compartments.

Airway injuries challenge even the most skilled
practitioners; familiarity with multiple approaches to
securing a definitive airway is required to ensure
successful management of patients with neck injuries;
successful placement and maintenance of an appro-
priate airway is not assured with any single technique
or modality. Ill-fated attempts at orotracheal intub-
ation have resulted in the extension of partial airway
lacerations and complete transaction of the trachea
with disastrous consequences. Accordingly, intub-
ation through an accessible neck wound and estab-
lishment of a surgical airway are procedural skills
necessary for the successful management of victims
of neck trauma. Arterial and spinal cord injuries
cause significant morbidity and mortality in these
patients. Major arterial structures such as the sub-
clavian and internal, external, and common carotid
arteries comprise critical vascular structures that may
be involved in neck trauma. Injuries to these struc-
tures are a major source of morbidity because of
exsanguinating hemorrhage, thrombosis, and distal
embolus formation. They account for up to 50% of
all deaths due to penetrating neck trauma.1 Patients
with esophageal injuries may demonstrate suggestive
signs and symptoms initially; however, a significant

number present in subtle fashion. Aggressive initial
evaluation is indicated since a more than 24-hour
delay in diagnosis and definitive treatment of esopha-
geal perforation is associated with a marked increase
in mortality.

Box 9.1 Essential information

� Blunt and penetrating trauma to the neck can
result in immediately life-threatening injuries
due to airway, arterial, and spinal cord injuries.

� The major role of the emergency physician is
to protect the airway, manage hemorrhagic
shock, and diagnose occult injuries that require
intervention.

� Diagnosis of laryngotracheal, esophageal, and
major arterial injuries are a priority.

� Providers must be skilled in several different
approaches to airway management since no
single method will be successful 100% of the time.

� Thrombosis of the common and internal carotid
arteries account for 50% of the deaths due to
penetrating neck trauma.

Clinical anatomy and pathophysiology
Anatomy
For the purpose of describing wounds of the anterior
neck, the surface anatomy is divided into three zones
(Figure 9.1). Zone 1 comprises the thoracic outlet at
the base of neck from the sternal notch to the cricoid
cartilage. It contains the subclavian artery, the great
vessels of the superior mediastinum, the trachea, and
the esophagus. Zone 1 injuries are considered high
risk because of concern for injury to critical thoracic
and mediastinal structures. The area is not easily
accessible to surgical exploration. Zone 2 is located
between the cricoid cartilage and the angle of the

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. © Cambridge University Press 2011.
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mandible; the common and internal carotid arteries
and the internal jugular vein are located close to the
skin surface in this region and are easily accessible to
surgical exposure and vascular control. The pharynx,
larynx, and upper portions of the trachea and esopha-
gus are also located in this zone. Zone 3 extends from
the angle of the mandible to the base of the skull.
It contains the vertebral and distal internal and exter-
nal carotid arteries as well as the upper segments of
the jugular veins. The internal carotid artery courses
cephalad behind the body of the mandible which

obviously complicates efforts to achieve proximal
and distal vascular control. For the purpose of surgi-
cal repair, part of the mandible may have to be par-
tially dislocated and repositioned anteriorly in order
to gain adequate exposure to the internal carotid
artery above the level of C2.

The neck is also divided into the anterior and
posterior triangles by the sternocleidomastoid muscle
(Figure 9.2). The anterior triangle contains the carotid
sheath which envelops important vascular structures
such as the common and internal carotid arteries and

Figure 9.1 Zone I is confined between
the clavicle and the cricoid cartilage, Zone
II between the cricoid and the angle of
the mandible, and Zone III between the
angle of the mandible and the base of
the skull. (From Mandavia D, Newton E,
Demetriades D. Colour Atlas of Emergency
Trauma. Cambridge: Cambridge
University Press, 2003.)
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Figure 9.2 Drawing shows the sternocleidomastoid muscle with the anterior triangle highlighted. (From Melloni J, Dox I, Melloni H,
Melloni B. Attorney’s Reference on Human Anatomy. Cambridge: Cambridge University Press, 2008.)
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internal jugular vein; it extends from the midline
to the anterior aspect of the sternocleidomastoid.
The posterior triangle is located posterior to the ster-
nocleidomastoid muscle extending to the anterior
border of the trapezius muscle. The posterior triangle
is considered a lower risk region of injury due to the
paucity of critical vascular structures. The three zone
nomenclature of anterior neck wounds does not apply
to the posterior triangle. The vertebral arteries enter a
bony canal known as the foramen tranversarium,
created by the transverse processes of the vertebrae
of the cervical spine, starting proximally at C6. The
arteries continue cephalad within this well-protected
bony canal until they exit from this foramen at C2
and enter the skull through the foramen magnum.
Serious injuries to the vertebral arteries are rare
because of this bony protection. Conversely, fractures
involving the foramen tranversarium and facet joint
dislocations due to either penetrating or blunt trauma
should raise suspicion for vertebral artery injuries.2 In
the neck, vital structures are located in close proxim-
ity and are confined to compartments enclosed by
relatively rigid and inflexible layers of fascia. The
superficial and deep cervical fascial layers envelop
these structures and offer protection vs. injury and
excessive movement. The superficial fascia covers the
platysma, a muscle that is only a couple of millimeters
in width located just below the skin surface. The
platysma is located between the superficial and deep
cervical fascia and covers the entire anterolateral neck.
It is an important landmark in the management
of neck trauma because penetration of this muscle

should raise suspicion of injury to deeper structures.
Historically, violation of the platysma was considered
an indication for admission and observation or
exploration in the absence of signs and symptoms of
injury to vital structures.

The deep cervical fascia consists of several layers.
The investing fascia surrounds the muscles of the
neck circumferentially and envelops the sternocleido-
mastoid and trapezius. The pretracheal fascia adheres
to the thyroid gland, cricoid and thyroid cartilages,
trachea, and esophagus. It courses behind the sternum
and inserts caudally into the pericardium. This fascial
plane is clinically important because of its connection
to the anterior mediastinum. Perforation of the
esophagus, larynx, or trachea leads to spillage of
luminal contents, including air and undigested food,
into adjacent spaces. The anatomical connections of
the deep fascial compartment allow these contents to
enter the anterior mediastinum resulting in chemical,
and eventually, infectious mediastinitis. Finally, the
prevertebral fascia covers the muscles that stabilize
the vertebrae and forms the axillary sheath that
surrounds the subclavian artery. The carotid sheath
envelops the common and internal carotid arteries,
internal jugular vein, and vagus nerve (Table 9.1).

Case reports have documented, that in rare
circumstances, the carotid sheath is able to deflect
low-speed projectiles such as bullets from some hand-
guns thereby preventing damage to critical vascular
and neurological structures.3 Because of the anatomic
proximity of airway and major arterial structures,
hemorrhage from a significant, adjacent vascular

Table 9.1 Overview of surface anatomy of the neck

Surface
anatomy

Structures of concern

Zone 1 Base of neck to cricoid cartilage Subclavian artery, great vessels of the superior mediastinum,
trachea, esophagus

Zone 2 Cricoid cartilage to the angle of the
mandible

Common carotid and internal carotid arteries, internal
jugular vein, pharynx, larynx, upper portions of trachea and
esophagus

Zone 3 Above the angle of mandible Vertebral artery, distal internal and external carotid arteries,
upper segments of jugular veins

Anterior
triangle

Anterior border of the sternocleidomastoid
muscle to the midline

Common carotid and internal carotid arteries, internal
jugular vein, vagus nerve, trachea, and esophagus

Posterior
triangle

Posterior border of the sternocleidomastoid
muscle to the trapezius muscle

Vertebral arteries
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injury may externally compress and eventually distort
the larynx and trachea (Figure 9.3). An expanding
neck hematoma can quickly cause tracheal deviation
and ultimately obstruct the airway. Accordingly, the
size of a traumatic neck hematoma must be carefully
assessed at regular intervals and a definitive airway
should be established early if continued expansion
is noted. This dramatic development can occur over
a period of only minutes.

Pathophysiology
The majority of penetrating neck injuries is caused by
knives and low-energy gunshot wounds. Fortunately,
these weapons impart a lower level of kinetic energy
to tissues in comparison with military rifles and shot-
guns. The current mortality rate from civilian pene-
trating injuries to the neck is approximately 3–6%.4

This is in contrast to the military experience during
the Korean and Vietnam conflicts when the mortality
rates were significantly greater due to high-energy
projectiles. The mortality rate in civilians has not
changed appreciably in recent years, despite con-
tinued improvement in diagnostic and therapeutic
techniques.5 Unfortunately, this appears to reflect
the fact that the prognosis for the subset of patients
with spinal cord and major arterial injuries has
not been appreciably altered despite advances in diag-
nostic imaging and interventions. Factors that

increase mortality include gunshot wounds, zone 1
entry or exit wounds, spinal cord injury, shock from
uncontrolled hemorrhage and missed vascular injuries.
In total, approximately 50% of all deaths are caused by
arterial or venous injury. In addition, acute renal fail-
ure, stroke, air embolus, adult respiratory distress syn-
drome, severe brain injury, laryngo-tracheal trauma,
and airway obstruction by hematoma also contribute
as causes of death.1 A missed esophageal perforation
may occasionally result in mediastinitis, sepsis, and
death. Fortunately, the mortality rate from perforation
of the cervical esophagus due to a neck injury is lower
than esophageal injuries caused by chest and abdo-
minal wounds.

The demographic characteristics of the victims
mirror the experience from penetrating trauma in
general. Patients are primarily young men with injur-
ies sustained as a result of interpersonal violence.
Pooled data from civilian series published between
1963 and 1990, reported the frequency of these injur-
ies among 2495 patients with penetrating neck
trauma primarily caused by gunshot and stab
wounds.1 Approximately 51% of patients suffered
significant injuries to vascular, airway, and digestive
tract structures. The compiled data demonstrated that
the common and internal carotid arteries were the
most frequently involved structures accounting for
almost 7% of all injuries. Nearly one third of these
patients present with a concomitant neurological

Carotid sheath
Carotid artery

Vagus nerve

Internal jugular vein

Figure 9.3 Transverse section of the
neck at C7. (Courtesy of the Visible
Human Project®, with permission.)
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deficit due to thrombus formation and cerebrovascu-
lar ischemia. Hemispheric stroke and hemiplegia is an
infrequent but devastating cause of long-term mor-
bidity in survivors.5 In descending order of frequency
of injury, internal and common carotid artery injuries
(6.7%) were followed by the subclavian (2%), external
carotid (2%), and vertebral (1.3%) arteries. The
internal jugular vein was the most frequently injured
venous structure accounting for 9% of all victims.

Airway and digestive tract injuries are potentially
life threatening and require a high index of suspicion
in pursuit of the diagnosis. In the previously quoted
pooled series of 2495 victims of penetrating neck
trauma, laryngo-tracheal injuries occurred in 10% of
the total number of victims. The pharynx and esopha-
gus were damaged in 9% of patients.1 Fortunately,
injuries to these structures rarely require operative
repair. Although complete airway occlusion is easily
recognizable and rapidly fatal if not corrected imme-
diately, other more insidious injuries to the airway
and digestive tract prove no less fatal when the diag-
nosis is delayed. In a series of 12 789 consecutive
trauma patients presenting over an 8-year period
from 1988 to 1996, only 12 (0.09%) patients had
airway or digestive tract injuries.6 Other studies esti-
mate the injury rate to be closer to 5%. Large ran-
domized studies to determine optimal diagnostic and
management decisions have not been published
because of the infrequency of these injuries.

The most common mechanism causing blunt
trauma to the neck are motor vehicle collisions.7

These injuries typically result from rapid deceleration,
or from direct blows to the anterior neck by the
steering column, or dashboard crushing the trachea
at the cricoid ring and compressing the esophagus
against the cervical vertebrae. Injuries can also occur
from increased intrathecal pressure against a closed
glottis related to improper seat belt use.

Strangulation results from hangings, ligatures,
manual choking, and excessive manipulation. The
usual mechanism of death in hangings is compression
of the jugular veins, preventing venous return and
resulting in loss of consciousness from edema of the
brain. Subsequently, the unconscious patient’s body
weight falls against the ligature, compressing the
trachea and restricting airflow to the lungs. Irrevers-
ible asphyxiation follows in minutes.8 Chokeholds
typically generate even greater force and are no longer
promoted in police training. While occasionally
reported, carotid artery occlusion and dissection is

actually quite rare after strangulation injury.9

Clothesline injuries occur in various contact sports
such as football, as a result of tackling, and martial
arts as well as in accidents involving all-terrain vehicles,
motorcycles, and snowmobiles. Direct blows by fists,
feet, and other blunt weapons and excessive cervical
manipulation account for the remaining causes of
blunt neck injury.10,11

Significant vascular injuries to the neck occur
in approximately 1–3% of all major blunt trauma
victims.12–15 While high-speed motor vehicle acci-
dents cause the majority of these injuries, other mech-
anisms include motorcycle crashes, pedestrians struck
by motor vehicles, falls, and assaults with direct
blows to the neck.16,17 Intraoral trauma and basilar
skull and cervical spine fractures are frequently asso-
ciated injuries. Although vascular injuries are rare
following blunt trauma, the morbidity and mortality
rates are significantly higher than for penetrating
trauma. The overall mortality related to blunt vascu-
lar injuries is 20–30%; in addition, 40–60% of the
patients develop permanent neurologic deficits due
to central nervous system ischemia.18

Both penetrating and blunt vascular trauma can
result in the formation of pseudoaneurysms, arterio-
venous fistulae, complete transections, and occlusions
due to thrombus formation. In blunt trauma, injury
to the cervical arteries is caused by rapid deceleration
associated with distraction plus hyperextension or
hyperflexion and rotation.2 Vascular structures are
stretched across bony prominences of the spine and
the resulting shearing forces create intimal tears in
the vessel wall.19 With improved diagnostic imaging
techniques, traumatic dissection is increasingly being
recognized as the primary injury to the vessel wall.
Hemispheric ischemic stroke and hemiplegia is a
devastating consequence in these patients and is due
to occlusive thrombus and embolus formation.5

Box 9.2 Pathophysiology of neck injuries

� Significant vascular injuries to the neck occur in
approximately 1–3% of all major blunt trauma
victims.

� Airwayanddigestive tract injuries areextremely rare.
� Motor vehicle collisions and strangulation are

common mechanisms of blunt neck injuries.
� Knives and low-energy gunshot wounds cause

most of the penetrating injuries.
� The mortality rate is 2–6% from penetrating

trauma and 20–30% from blunt vascular injuries.
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Prehospital care
Appropriate prehospital care of patients with poten-
tial airway and vascular injuries of the neck is crucial
to patient outcomes. The natural inclination of
prehospital providers is to immobilize the cervical
spine for victims of both blunt and penetrating neck
trauma. While evidence supports this practice in the
former, immediate management of the airway and
hemorrhage control of the victim of a penetrating
neck wound should take precedence over cervical
spine stabilization in alert patients with no neuro-
logical deficits.

There are no reports of unstable cervical spine
injuries caused by penetrating neck trauma secondary
to stab wounds. Conversely, these injuries are a rec-
ognized consequence of gunshot wounds to the neck.
In order to create an unstable cervical spine fracture
both anterior and posterior columns must be frac-
tured. Consequently, the bullet must traverse the
spinal cord to cause this injury, and the patient will
invariably present with neurological signs and symp-
toms. A retrospective study of 19 patients sustaining
gunshot wounds to the face and neck found that all
patients with unstable cervical spine fractures also
presented with neurological deficits; all were either
comatose due to hemorrhagic shock or brain injury,
or suffered para- or quadriplegia which was evident
upon presentation to the emergency department
(ED).20 In this study, three awake and neurologically
intact individuals presented with gunshot wounds to
the face that resulted in stable cervical spine fractures.
A previous series found no cervical spine injuries in
174 patients with gunshot wounds to the head.21

Based on these results, emergent treatment, such as
hemorrhage control or airway management, should
take precedence over cervical spine stabilization in
alert patients with no neurological deficits. This may
involve removing the cervical collar to gain access to
the injury. Once the immediate priorities have been
addressed in the prehospital setting, the collar may be
replaced during transport. In “non-judicial” hanging
attempts, the risk of an unstable cervical spine frac-
ture is extremely low. Moreover, the cervical collar
may impede venous outflow from the head leading to
an increased intracranial pressure.

Patients with progressive subcutaneous or medi-
astinal emphysema, uncontrolled hemorrhage, or an
expanding hematoma require early airway interven-
tion. This may be life saving for patients with severe

airway compromise or vascular injuries because of
potentially progressive distortion of normal, recog-
nizable tissues and landmarks. In the care of experi-
enced paramedics, it is far preferable to intubate
a patient with relatively normal anatomy in the pre-
hospital setting than waiting to perform a “crash”
surgical airway in the ED or operating suite. Patients
who require intubation for definitive airway control
can be safely managed with in-line stabilization
to minimize movement of the neck during the pro-
cedure. Standard procedure using direct laryngoscopy
with a Macintosh or Miller laryngoscope blade causes
minimal movement of the cervical spine, i.e., no more
than 10–11� of extension in healthy patients posi-
tioned on a rigid board prior to intubation.22

Patients in hemorrhagic shock must be managed
by stopping external bleeding and fluid resuscitation.
External hemorrhage or a rapidly expanding hema-
toma of the neck must be controlled with uninter-
rupted, forceful, direct pressure. Intraoral bleeding
may be controlled with gauze packing of the orophar-
ynx once a definitive airway has been established.
The strategy of accepting a lower than normal blood
pressure while maintaining perfusion to vital organs
is termed “controlled” or “permissive” resuscitation
and remains controversial; it involves delaying
aggressive fluid resuscitation until operative interven-
tion. Favorable outcomes of delayed fluid resuscita-
tion were obtained in patients with penetrating torso
injuries but cannot yet be extrapolated to neck injur-
ies.23 Rapidly raising the blood pressure before the
hemorrhage is controlled may theoretically promote
further bleeding and increase mortality as evidenced
by a transient or minimal response to resuscitation.
Balancing the dual goals of maintaining organ
perfusion and minimizing the risk of rebleeding can
be difficult and requires constant monitoring of
the victim.

Box 9.3 Essential rehospital interventions

� Oxygenate all patients, O2 saturation should
remain > 90%.

� Intravenous fluids to maintain perfusion to vital
organs.

� Intubate early using standard protocols.
� Apply external pressure to stop hemorrhage.
� Board and collar all blunt trauma victims and

patients who are comatose or demonstrate neuro-
logical deficits with penetrating trauma to the
neck.
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Emergency department evaluation
and management
Patients who are awake and able to converse should
be questioned about the timing and mechanism of
injury. If the patient arrives via Emergency Medical
Services, prehospital providers can provide further
details, as may friends or family that accompany
the patient. The initial clinical presentation ranges
from patients who are entirely asymptomatic with
no signs or symptoms of injury, to immediately life-
threatening complications such as hemorrhagic shock,
airway compromise, and coma.

The initial examination of any penetrating
neck wound should determine the zone or zones
of external wounds and the presence or absence
of penetration of the platysma. It must be empha-
sized, that the zone of injury merely refers to the
locations of wounds. Bullets notoriously travel in
unpredictable directions once tissues are penetrated
and bone is struck and redirects their course. The
direction of stab wounds also cannot always be
predicted. During the initial evaluation, injuries
should therefore be sought in all zones of the neck
as well as the head and chest. Patients commonly
sustain significant injuries to vital organs that
cannot be predicted based on the location of exter-
nal wounds alone.

The airway must be secured when there is any
question of compromise, and hemorrhage must be
stopped with pressure and gauze packs. Direct pres-
sure will usually successfully stop the bleeding while
attempts to “blindly” clamp vascular structures under
poor visualization are to be avoided. Other critical
structures such as neurovascular bundles may be
injured in the process; when managing zone 1
wounds, intravenous lines should be placed on the
side opposite to the injury when possible. This is to
avoid extravasation of fluids into the chest from a
potential subclavian vein injury.

The pharynx must be examined by visual inspec-
tion when possible. Pharyngeal packing to tamponade
severe oral bleeding will be necessary after a definite
airway has been established. Patients with zone 1
injuries and refractory shock may require a thoracot-
omy for control of a suspected subclavian artery
injury. A standard lateral thoracotomy may not
allow proper exposure to the area of injury. In this
instance, the help of a thoracic or trauma surgeon
is required since a median sternotomy with extension

to the involved side may be required for proximal
control of the vessel.

The evaluation of blunt and penetrating neck
trauma begins with the airway. Patients with airway
injuries may present with abnormal respiratory
patterns, stridor, dysphonia, tachypnea, cyanosis,
progressive airway obstruction from an expanding
hematoma that is compressing the airway, or cervical
tenderness. Dyspnea, hoarseness, and cough also
suggest the presence of an airway injury.24 Bubbling
of blood from a neck wound in synchrony with
respirations is highly suggestive of a laryngeal or
tracheal injury; however, hemoptysis may not be a
reliable sign of serious injury to the airway. Kelly
et al. published a 20-year study that examined
100 penetrating and 6 blunt neck trauma victims;
all 80 patients with tracheal injuries had signs of
airway compromise in the ED.25 These signs
included tachypnea, dyspnea, cyanosis, subcutaneous
emphysema, and an abnormal respiratory pattern.
Other investigators have found that breathing diffi-
culties may not be present initially. Hemoptysis
was an unreliable sign of serious injury and patients
with major vascular or tracheal injuries rarely sur-
vived. Additional presenting features include voice
alteration, stridor, drooling, cervical subcutaneous
emphysema or crepitance, dyspnea, and distortion
of the anatomy of anterior neck including loss of
normal landmarks, asymmetry, flattened thyroid
prominence, and tracheal deviation.26

Greene and Stark evaluated clinical signs of
laryngeal fracture according to anatomic location.24

Injuries above the glottis presented with cervical
emphysema, progressive airway obstruction, palp-
able disruption of the thyroid cartilage, dysphagia,
or hoarseness. Lesions located below the glottis
presented with hemoptysis or a persistent air
leak from the endotracheal tube in intubated
patients but were not associated with swallowing
difficulties and did not have early signs of airway
compromise.

Under normal conditions, the esophagus is rela-
tively mobile and collapsed, which partly explains
why injuries to this organ are uncommon. Early
detection of penetrating esophageal injuries remains
difficult because clinical signs of injury are initially
absent in 30% of patients.27 In seriously injured
patients, crepitance or subcutaneous emphysema
may be found in the neck on physical exam and
symptoms of dysphagia or hematemesis should raise
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suspicion of an acute esophageal injury. Unfortunately,
clinical findings of odynophagia, drooling, and hema-
temesis are only approximately 80% sensitive for
injury.28 Blood in the saliva or nasogastric aspirate
may be an early clue to esophageal damage. The average
delay to diagnosis from the time of injury is usually
many hours when using a selective approach to evalu-
ation, and the resultant morbidity and mortality is
significant.29,30 While more than 90% of patients will
survive if the injury is detected within 24 hours, the
survival rate drops precipitously after this time, usually
from infectious complications related tomediastinitis.31

Blunt esophageal injuries are equally uncommon.
In subtle cases, there may be no initial signs of sig-
nificant injury. Dysphagia, presence of a sucking neck
wound, blood in oral gastric and nasogastric aspirate,
and crepitance are all signs of esophageal rupture.
The majority of injuries to the esophagus are associ-
ated with concomitant laryngotracheal trauma, which
is to be expected given its posterior and protected
location behind the airway structures.28 Keogh et al.
describe two cases in which minor neck trauma
caused significant airway compromise from delayed
neck hematomas.32 Both patients were anticoagulated
with warfarin.32

A careful physical examination is critical in strati-
fying vascular injuries that require further evaluation.
Patients in extremis from hemorrhagic shock obvi-
ously require immediate transfer to the operating site.
In terms of clinical decision making, the greater chal-
lenge rests in managing patients that do not have
immediate indications for operative management.
The presence of “hard” signs of vascular injury is
useful in predicting injuries that require repair. They
include: (1) a bruit or thrill which may be detected by
palpation or auscultation in 45% of patients with a
traumatic arteriovenous fistula; (2) active or pulsatile
hemorrhage; (3) pulsatile or expanding hema-
toma.30,33 The absence of “hard” signs reliably
excludes significant zone 3 injuries that require inter-
vention according to one series of 844 penetrating
trauma patients.34 “Soft” signs of vascular injury
include: (1) hypotension and clinical shock; (2) stable
or non-pulsatile hematoma; (3) proximity of the entry
or exit wound to major vascular structures. In add-
ition, neurological deficit due to ischemia is also con-
sidered a “soft” sign of vascular injury. Deficit due to
a primary nerve injury occurs immediately whereas
ischemic neuropathy is delayed and typically develops
minutes to hours later.

Box 9.4 “Hard” and “soft” signs of vascular injury

Hard signs Soft signs

Bruit or thrill Hypotension and shock

Central or peripheral
nervous system ischemia

Expanding or
pulsatile hematoma

Stable, non-pulsatile
hematoma

Severe or pulsatile
hemorrhage

Neurologic deficit from
ischemia

Pulse deficit

Diminished or absent pulses is not a sensitive
finding; up to 25% of patients with major vascular
injuries requiring surgical repair demonstrate normal
pulses by physical exam.35 Arterial flow may be main-
tained when these lesions are non-occlusive in nature.
Fortunately, the majority of these non-occlusive
injuries without “hard” signs resolve spontaneously
over time.36 The challenge, as always, is to detect
subtle injuries that will eventually progress and
require operative repair. A pseudoaneurysm, or false
aneurysm, is a focal dilatation of the artery with
disruption of one or more layers of the vessel wall.
It is typically caused by leakage of blood into the
surrounding tissues with persistent communication
between the originating artery and the blood-filled
cavity. Pseudoaneurysms of the neck may eventually
present as a pulsatile mass if left untreated.

Blunt vascular injuries, involving the carotid or the
vertebral arteries, are rare and the clinical presentation
is often subtle and non-specific. McKevitt et al. docu-
mented that 60% of blunt cerebrovascular injuries
were unsuspected at initial evaluation, and concomi-
tant head or thoracic injuries frequently overshadowed
the presenting symptoms.37 When identified and
treated early, the likelihood of permanent, devastating
neurological dysfunction is reduced significantly. The
diagnosis is often delayed because almost 25% of
patients with injuries do not manifest signs and symp-
toms until 24 hours post-injury or later.

The classic presentation of a patient with a blunt
vascular injury to the neck is a neurologically intact
victim who subsequently develops hemiparesis after a
high-speed motor vehicle crash. The vast majority of
patients manifest neurological deficits at the time of
diagnosis of blunt carotid injury.12 Early signs and
symptoms may include pain in the head and neck,
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ptosis, and miosis; however, there are no reliable clin-
ical means with which to diagnose blunt carotid injury
prior to the development of neurological deficits or
stroke.38 Providers should screen for blunt cerebrovas-
cular injury because significant lesions amenable to
intervention are currently under-recognized and also
because the typical latent period between initial pre-
sentation and onset of neurological deficits allows time
for intervention. Finally, definitive treatment may
improve patient outcomes. Based on amultiple logistic
regression analysis, definitive diagnostic testing should
be pursued for patients who demonstrate any of the
high-risk features listed in Table 9.2.16

Since 20% of patients with blunt cerebrovascular
injuries unfortunately meet none of these criteria,
screening should be performed liberally, especially
for survivors of near-hangings and severe hyperexten-
sion and hyperflexion injuries. With this approach,
72–80% of all blunt vascular injuries can be identified
prior to the onset of neurologic deficits.16,18,39 The
presence of an ecchymosis on the neck caused by the
shoulder portion of the seat belt is known as the “seat
belt” sign. The risk of blunt carotid artery injury in
patients with a neck “seat belt” sign is significantly
higher when associated with an Injury Severity Score
> 16, a Glasgow Coma Scale score< 14, or a clavicle or
first rib fracture. Clearly, presence of this sign should
raise suspicion of occult vascular injury and prompt
further evaluation when accompanied by the previ-
ously stated criteria.15

Vertebral artery injuries are closely associated
with cervical spine injuries. In one series, fully 33%
of cervical spine fractures, excluding spinous process
fractures, are associated with a vertebral artery
injury.14 Fractures involving the transverse foramen
are present in 78% of patients while subluxation is
associated with most of the remaining injuries; at
least one of these bony injuries is present in 92% of

patients with vertebral artery injury. Bilateral injuries
occur in approximately 15% of all patients.12,18 Con-
current injuries to other organ systems are common;
McKevitt et al. found that almost 95% of patients with
blunt vascular injuries of the neck had a concomitant
major thoracic injury or a Glasgow Coma Scale
score < 8.37

Penetrating neck wounds should be examined
with care to assess the depth of penetration by gently
spreading the wound edges. The Trendelenburg pos-
ition may be utilized if there is concern about an
internal jugular vein injury and possible air embolus.
Probing the wound is discouraged since it may inad-
vertently disrupt a thrombus or release a hematoma
that was previously not actively bleeding. The wound
should never be closed unless the depth is clearly
visualized. Patients with progressive subcutaneous
or mediastinal emphysema, severe dyspnea requiring
intubation, difficulty in mechanical ventilation, uncon-
trolled hemorrhage, or patients with an air leak from
their chest tubes should all be directed to the operating
room for definitive surgical management.40

Box 9.5 Emergency department interventions
for penetrating neck trauma

� Early intubation prior to airway compromise.
� Stop hemorrhage and resuscitate with blood

products.
� Assess for “hard” and “soft” signs of vascular

injury.
� Do not blindly probe wound.
� Patients with zone 1 injuries and refractory shock

may require a thoracotomy for suspected sub-
clavian artery injury.

Stable patients are approached from a selective set
of criteria that are outlined in Figure 9.4 for penetrat-
ing trauma and Figure 9.5 for blunt injury.

Secondary evaluation
A lateral neck plain film and chest X-ray are useful as
initial screening tests. The radiographs may reveal
subcutaneous emphysema which is the most common
presenting X-ray finding in patients with significant
injuries to the airway and digestive tracts.40 In
patients with airway disruption, the surgical anatomy
of the rupture creates patterns of air leak on plain
films that may help predict the site of perforation.
Patients with laryngeal transection tend to have gross,

Table 9.2 High-risk criteria for blunt cerebrovascular injury16

� Glasgow Coma Scale score � 6

� Petrous bone fracture

� Cervical spine fracture or subluxation especially
involving C1–3 or the foramen tranversarium

� Diffuse axonal injury

� Le Fort II and III facial fracture

(NB. 20% of patients with lesions meet none of these criteria).
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superficial, and deep emphysema of the face and neck,
while patients with tracheal rupture often present
with deep cervical and massive mediastinal emphy-
sema without a pneumothorax (Figure 9.6).41

The improvement in speed and resolution of images
by multidetector computed tomography (MDCT),
including 64-row multiplanar reconstructions, has had a
significant impact in facilitating widespread acceptance of
the selective approach to evaluation of penetrating neck
injuries. It has become clear that a normal MDCT may
obviate surgical exploration in cases that previouslywould
have gone directly to the operating room. Computed
tomography can accurately identify extrapulmonary air,
directly visualize tracheal wall disruption and signs of
transtracheal balloon herniation in intubated patients,
and locate extratracheal endotracheal tube position.42 In

intubations in cadavers with tracheal disruption, CT
images closely match those obtained in live cases. Equally
good results have been obtained when comparing CT to
bronchoscopic images confirming the accuracy of
CT.43,44 Three-dimensional reconstructions also help the
surgeon to choose the optimal surgical approach. Studies
also note that it takes an extreme amount of pressure in
order to rupture the tracheal rings in cadavers, suggesting
it would be unusual for routine endotracheal tube balloon
inflation during intubation to cause additional airway
compromise in penetrating neck injuries.

Stable patients with suspected airway injuries
should be evaluated with a combination of careful
physical exam, plain films, MDCT, and bronchos-
copy depending on the institutional resources and
expertise. Three-dimensional reconstructive CT is

Stable:

Diagnostic evaluation of stable patients
with penetrating neck trauma

Unstable:
Immobilize cervical spine (±) Immobilize cervical spine (±)

Definitive airway
Blood products for 
hemorrhagic shock

MDCT

Surgical exploration

Suspicion of
aerodigestive injury

 Suspicion of vascular injury (high risk or “hard” signs)

Panendoscopy MDCT angiography brain and neck

Normal and low clinical suspicion:

Observe
Normal: Abnormal:

Observe Consider surgery

Abnormal or normal but high clinical suspicion 

Four-vessel conventional angiography Normal:

Abnormal

Surgical or endovascular repair

Observe

Figure 9.4 Diagnostic evaluation of
stable patients with penetrating neck
trauma. MDCT, multidetector computed
tomography.
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extremely sensitive in identifying and locating tracheal
injuries. In the evaluation of esophageal injuries, barium
swallow, flexible endoscopy, and rigid endoscopy all
have sensitivities approaching 90%. In one study, the
combination of rigid endoscope and barium swallow
found 100% of esophageal injuries.27 An MDCT scan
may demonstrate free air in the neck adjacent to the
esophagus suggesting perforation or rupture.

Imaging of the blunt trauma patient with a neck
injury has also evolved with the advent of high reso-
lution CT. Lateral soft tissue neck X-rays should never
be used exclusively to rule out airway and digestive
tract injuries, although significant injuries will typic-
ally reveal radiographic abnormalities.41 The chest
X-ray, however, remains an important element of
the initial trauma workup to detect pneumothorax,
hemothorax, and pneumomediastinum.

Computed tomography scanning is the initial
imaging modality of choice in the hemodynamically
stable blunt trauma patient and is used to guide selec-
tive operative management. As previously stated, Chen
et al. found that CT accurately diagnosed tracheal
rupture with deep cervical air in intubated cadavers,42

and Moriwaki et al. found that three-dimensional CT
accurately identified the site of injury, as confirmed by
bronchoscopy.43

In conjunction with CT, panendoscopy ensures
complete evaluation of the airway and digestive tracts.
These procedures are recommended in the workup of
all blunt and penetrating neck trauma patients with
signs and symptoms of airway or digestive tract
injury. Before embarking on this procedure, airway
patency should be assessed and secured. Schaefer and
Brown developed a classification system for laryngeal

Diagnostic evaluation of blunt neck trauma

Stable: Unstable:

Immobilize cervical spine Immobilize cervical spine
Definitive airway
Blood products for 
hemorrhagic shock

MDCT

Surgical exploration

Suspicion of
aerodigestive injury

 Suspicion of vascular injury (high risk or “hard” signs)

Panendoscopy MDCT angiography brain and neck

Normal and low clinical suspicion:

ObserveNormal: Abnormal:

Observe Consider surgery

Abnormal or normal but high clinical suspicion 

Four-vessel conventional angiography Normal:

Abnormal:

Systemic anticoagulation, stenting, or surgical repair

Observe

Figure 9.5 Diagnostic evaluation of
blunt neck trauma. MDCT, multidetector
computed tomography.

Section 2: The injured patient

136



injuries based on a combination of CT scanning and
endoscopy (Table 9.3).45

Fiberoptic nasopharyngoscopy is used to evaluate
vocal cord function and to initially assess the extent of
trauma of the glottis and above; direct laryngoscopy
allows for a detailed view of the larynx and bronchos-
copy is performed to examine the subglottic larynx.
The combination of direct laryngoscopy and bron-
choscopy appears to be highly sensitive for lesions
of the larynx and trachea. Esophagoscopy allows
detailed evaluation of esophageal mucosa. Addition-
ally, barium swallow has been studied for esophageal
injuries. It is commonly recognized that a swallow
study alone does not rule out a pharyngeal or esopha-
geal leak. Weigelt et al. examined 118 stable patients
with cervical trauma and compared barium swallow
with endoscopy.27 All 10 esophageal injuries were
identified when the 2 modalities were combined.
Gastrograffin has currently replaced barium because
of concern about chemical mediastinitis that may
result from barium leakage through an esophageal
perforation.

Conventional four-vessel cerebral angiography
remains the “gold” standard for evaluating the carotid
and the vertebral arteries with a sensitivity in
excess of 99%. Very rarely do injuries missed by
angiography require repair and a normal study is
highly predictive of survival from vessel injury.46

Conversely, angiography is invasive, expensive, and
resource intensive, and involves mobilizing interven-
tional radiology. Complications usually involve the
catheter insertion site or reactions to intravenous
contrast. Biffl et al. developed a classification system
for blunt carotid artery injuries based on angio-
graphic findings that is utilized to guide further man-
agement (Table 9.4).19 The lesions are categorized
based on size, outcome, and treatment options.

In a series of penetrating neck injuries, MDCT
angiography had a sensitivity of 90–100% compared
with conventional angiography and surgical explor-
ation.47,48 High resolution CT angiography offers
high diagnostic accuracy with minimal risk, making
this the initial diagnostic study of choice when avail-
able. In addition, CT angiography can be used in lieu
of conventional angiography to rule out an arterial
injury in penetrating injuries to zone 2 of the neck.49

Most patients who meet screening criteria for
blunt vascular injury of the neck undergo MDCT
scanning for other injuries. Adding MDCT angio-
graphy of the neck to the clinical evaluation has
increased the rate of identification of injuries by a
factor of three, decreased the mean time to diagnosis
and decreased the rate of permanent neurological
sequelae from carotid arterial injuries.18 In the evalu-
ation of blunt injuries, MDCT angiography has a
sensitivity of 68% and a specificity of 67%. In 2 series,
it missed 55% of Grade I injuries, 14% of Grade II
injuries, and 13% of Grade III injuries.50,51 Approxi-
mately one third of the missed injuries were signifi-
cant and resulted in stroke. Schneidereit et al.
determined that the detection of blunt cerebrovascular
injury increased from 0.17% to 1.40% after
the implementation of screening with a protocol based
on 8-slice MDCT angiography.52 The protocol
resulted in a decrease in the stroke rate from 67% to
0% (P < 0.002) and a decreased mortality from 38%
to 0% (P¼ 0.002). Higher resolution, 64-slice technol-
ogy will likely improve the sensitivity and specificity of
MDCT angiography in blunt neck trauma. The
modality is limited by artifacts from metallic frag-
ments and occasionally by abundant soft tissue air.

Duplex ultrasonography is non-invasive, conveni-
ent, and low cost, but the technique remains highly
operator-dependent. The technique relies on the
detection of turbulent flow caused by vascular injur-
ies. Consequently, duplex ultrasonography can miss
non-occlusive injuries with preserved non-turbulent
flow. Examples of such injuries include intimal flaps

Figure 9.6 Multidetector computed tomography (MDCT)
of the neck in a patient with tracheal disruption and deep tissue
emphysema.
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and pseudoaneurysms that may require surgical
repair. The technique is also limited by its ability to
reliably evaluate only the extracranial arteries, i.e., the
common and external carotid arteries. Unfortunately,
most injuries involve the internal carotid artery,
which is unfortunately not evaluated well by ultra-
sound. The technique is especially inaccurate in evalu-
ating injuries at the base of the skull. When utilized
by skilled, experienced operators, the sensitivity of
duplex ultrasound vs. conventional angiography as

the “gold” standard is reportedly 90–100% for injuries
requiring intervention.53 In spite of this and other
favorable reports, duplex ultrasonography has largely
been replaced by MDCT angiography in the assess-
ment of patients without clear indications for surgical
repair of vascular injuries.

Treatment
Early and rapid airway assessment, followed by
definitive airway protection is critical to the manage-
ment of both penetrating and blunt neck trauma.
Most blunt neck trauma patients are placed in cervical
spine collars that complicate the intubation. In-line
cervical stabilization is a safe method for immobiliz-
ing the cervical spine during intubation. The optimal
technique for intubating a patient with penetrating
neck injuries is by direct laryngoscopy, though it has
not been studied in detail in randomized trials. It
remains a difficult decision when to expectantly
observe a patient for signs of impending airway com-
promise, or to intubate the patient early before fur-
ther distortion of the anatomy makes the procedure
more difficult and possibly leads to an emergent
surgical airway. Clearly any patient in shock, with
hypoxia, or suspicion of airway compromise needs
immediate intubation.

As described previously, immediate urgent treat-
ment of the penetrating neck wound should take
precedence over concerns for the cervical spine in
awake and neurologically intact individuals. This
includes removing the cervical collar to gain access
to the injury or manage the airway, when necessary.
However, a conservative but reasonable approach is
that all patients with gunshot wounds to the neck and
face should generally be immobilized in a cervical

Box 9.6 Essentials of the secondary evaluation

� Conventional angiography remains the “gold”
standard for vascular injuries.

� High resolution MDCT angiography defined as 64
slice or greater is the screening test of choice for
patients without obvious indication for surgical
intervention.

� Duplex ultrasonography is highly operator-
dependent.

� Panendoscopy is required to rule out airway and
digestive tract injuries.

Table 9.3 Treatment of laryngeal injury based on injury classification

Group Symptoms Signs Management

I Minor airway
symptoms

Minor hematoma without laryngeal
fracture

Observation and humidified oxygen

II Airway
compromise

Edema plus mucosal disruption Tracheostomy followed by laryngoscopy and
esophagoscopy

III Airway
compromise

Massive edema, exposed cartilage and
vocal cord immobility

Tracheostomy followed by exploration and
repair

IV Airway
compromise

Massive edema, exposed cartilage Tracheostomy followed by exploration and
repair Possible stent placement

Table 9.4 Grading scale for blunt carotid artery injury

Grade Angiographic findings

1 Irregularity, < 25% narrowing of luminal
diameter

2 Intimal flap, thrombus, > 25% narrowing of
luminal diameter

3 Pseudoaneurysm

4 Total occlusion

5 Complete transaction
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collar, understanding that the prevalence of unstable
fracture is probably miniscule at most, until radio-
graphy definitively shows there is no fracture. Direct
laryngoscopy using a Macintosh or Miller laryngo-
scope blade causes minimal movement of the cervical
spine in healthy patients positioned on a spine board
prior to intubation.18 Patients who require intubation
can be safely managed with in-line stabilization with-
out a collar.

It is safe to use rapid sequence intubation using a
short-acting paralytic along with an induction agent
in these patients. In the most recent series in the
literature, all of the 39 patients were successfully
intubated using succinylcholine. In total, 12 patients
underwent attempted fiberoptic intubation by oto-
laryngologists with three failures. Interestingly, those
three patients were subsequently successfully intu-
bated using rapid sequence intubation.54 This series
underscores the vital importance of using the tech-
nique with which the clinician is most comfortable
during emergent airway management. If the airway
can be directly visualized through the traumatic neck
wound because of tracheal disruption, it may be
possible to intubate the patient through the wound,
but care must be exercised to stabilize the proximal
end of the trachea. A single case report describes
the use of the gum elastic bougie to facilitate the
intubation of a patient with a self-induced deep
slash wound to zone 2 and complete tracheal transec-
tion. When blind intubation failed, the bougie was

used to intubate the trachea. The tracheal rings caused
a “clicking” sound to confirm the bougie’s location,
and the endotracheal tube was successfully placed into
the trachea over the bougie.55

Numerous alternative intubation methods are
available if direct laryngoscopy fails or cannot be used
(Figure 9.7). Flexible fiberoptic endoscopes can be
used both for orotracheal and nasotracheal intub-
ations. These techniques require patient preparation
with topical anesthetics, possible intravenous sed-
ation, and are therefore time consuming and depend-
ent upon the experience of the operator. Newer rigid
fiberoptic endoscopes and video-laryngoscope blades
may aid in visualizing the vocal cords for intubation,
though all fiberoptic methods are difficult to use in
the presence of bleeding or copious secretions.

Blind nasotracheal intubation historically has
been discouraged due to a perceived high failure rate
and potential for complications. A recent study of 40
patients intubated via the nasotracheal route in the
prehospital setting demonstrated a 90% success rate
with a similar mortality rate to matched patients who
were orotracheally intubated.56 It is reasonable to
consider nasotracheal route as a viable alternative in
the prehospital setting when emergency orotracheal
intubation is not possible.

A surgical airway is used as a last resort. Cri-
cothyrotomy or occasionally, tracheostomy, is the
preferred procedure for securing the airway when
other techniques have failed. There is a risk that the

Normal airway Difficult airway

Orotracheal intubation unsuccessful 

Unstable patient

Orotracheal intubation with
rapid sequence induction  

(68–100%)

Intubation through accessible wound
(100%)

Surgical airway
(100%)

Cricothyrotomy or tracheotomy

Stable patient

Fiberoptic intubation 
(75–100%)

Figure 9.7 Airway techniques (success
rates are listed in parentheses).
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operator could open an otherwise stable hematoma
while incising through fascial planes that have con-
tained the bleeding. Significant hemorrhage may sub-
sequently obscure the operative field and result in
severe blood loss. There is also a risk of transforming
a partial tracheal injury into a complete transection,
which only further complicates the management of
the patient.

In the past, controversy raged surrounding the
choice between mandatory and selective evaluation
of penetrating neck trauma. Selective surgical explor-
ation has now become the standard of care for
patients without obvious indications for surgical
repair. This assumes that all necessary staffing, equip-
ment, and radiographic and procedural expertise are
available 24 hours a day for the management of these
patients. In settings where these prerequisites are not
available, exploration may be the safest course of
action. This involves evaluation of vascular, airway,
and digestive structures under direct visualization in
the operating suite. The incision is made at the anter-
ior border of the sternocleidomastoid, which is
reflected posterior allowing easy access to zone 2
structures. Difficulty in exposure of critical structures
renders exploration of zones 1 and 3 much more
challenging. Mandatory exploration of zone 2 is a
common therapeutic strategy in rural settings where
transport to a level I trauma center is not an option
and in developing countries. Non-operative tech-
niques have proven to be sufficiently sensitive to
safely rule out injuries to the airway, digestive tract,
and vascular structures that require surgical interven-
tion. Careful physical examination using protocols for
serial examinations, including auscultation of the
carotid arteries, is more than 95% sensitive for
detecting arterial and aerodigestive tract injuries that
require repair.49 While esophageal and arterial injur-
ies have reportedly been missed during selective
evaluation, this has also been described during
mandatory exploration. The selective approach is sig-
nificantly more cost-effective than mandatory explor-
ation because of a faster recovery period and a
reduction in in-hospital days.57

The definitive treatment of penetrating and blunt
cerebrovascular lesions is determined by the angio-
graphic evaluation based on the proposed grading
scale. In general, surgical repair is preferred for
accessible Grade II–V lesions because the morbidity
and mortality of these patients is significantly reduced
compared with those who undergo simple ligation.

Adverse outcomes occur in 15% of individuals after
repair vs. 50% after ligation. Consequently, ligation
should be considered only for patients with coma and
no antegrade flow in the internal carotid artery.58

This unfortunate circumstance is thought to be asso-
ciated with a high risk of converting an ischemic
stroke into a hemorrhagic brain injury. Uncontrol-
lable hemorrhage and inability to place a temporary
shunt are also considered indications for ligation
rather than primary repair. Fortunately, a shunt is
rarely needed for repair of an internal or common
carotid injury. A severe fixed neurological deficit
related to either infarction or hemorrhage is con-
sidered a relative contraindication to definitive repair.
On the other hand, primary repair is preferred over
graft placement, when possible. Surgical intervention
may also include resection or thrombectomy of
lesions of the common or external carotid. Most blunt
injuries involve the internal carotid artery, which is
less accessible than the common and external carotid
arteries. Complicating the approach to the internal
carotid is the fact that subluxation and anterior repos-
itioning of the mandible may be required for optimal
surgical exposure of this vessel.

The surgical management of vertebral artery
injuries should be guided by the results of four-vessel
angiography. When conditions allow, vascular sur-
geons generally require this gold-standard study prior
to definitive repair. The rate of detection of these
lesions has increased dramatically since four-vessel
angiography has been performed as a matter of rou-
tine. Vertebral artery injuries now comprise almost
20% of all cerebrovascular injuries, which is a much
higher incidence than past experience had sug-
gested.59 The risks of adverse outcomes of vertebral
artery lesions are low due to the presence of collateral
flow through the Circle of Willis. Ligation is therefore
more commonly performed than for carotid lesions.
Brainstem ischemia occurs in 2–3% of patients
following ligation and may be avoided by careful
examination of a four-vessel angiogram.60 Specific-
ally, it is important to assess the vertebral artery on
the opposite side of injury for evidence of anomaly or
hypoplasia when deciding whether to perform pri-
mary repair vs. ligation. The presence of anatomic
abnormalities will favor a decision to perform pri-
mary repair. In addition, angiography can help assess
whether the posterior inferior cerebellar artery will
remain adequately perfused after ligation. This is
critical since lack of perfusion through this artery is
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likely to result in brainstem ischemia and a posterior
circulation stroke. Consequently, primary repair is
recommended if this concern is corroborated by
angiographic findings.

While lesions of the external jugular veins can
generally be managed with ligation, repair of in-
ternal jugular vein injuries is favored. This is espe-
cially true if bilateral internal jugular vein injuries
are present. This approach also facilitates healing of
the repair of a concomitant carotid artery lesion.
Surgical repair of the vein may involve simple
closure, resection, and reanastomosis or placement
of an interposition graft.

The mural thrombus associated with traumatic
dissection of the carotid and vertebral arteries may
be a nidus for distal emboli. The potential develop-
ment of cerebrovascular ischemia as a consequence,
has prompted great interest in the prevention of this
potentially devastating phenomenon. Anticoagulation
and antiplatelet therapies have been recommended to
reduce morbidity and mortality related to specific
grades of injury to the carotid or vertebral arteries.
Randomized trials have not been conducted on this
topic; however, in case series, the rate of subsequent
stroke in patients who are initially asymptomatic is
decreased by 75% when systemic anticoagulation is
instituted in comparison with historical controls.
Heparin and antiplatelet drugs appear to be equiva-
lent in promoting the healing of vascular injuries;
however, heparin is more effective in improving neu-
rologic outcome and in preventing stroke.18 In
asymptomatic patients studied by Biffl et al., the inci-
dence of stroke was 1% with heparin, 9% with anti-
platelet drugs, and 51% without any treatment.19

A Cochrane review on the topic of cerebrovascular
dissection documented a rate of subsequent stroke
post-injury of 1.7% with anticoagulation, 3.3% with-
out therapy, and 3.8% with antiplatelet therapy.61

A statistically significant difference in patient out-
comes between anticoagulation and antiplatelet ther-
apy could not be demonstrated. Based on these
results, anticoagulation therapy is therefore routinely
administered, especially to blunt trauma patients
with inaccessible Grade I–V lesions unless specifically
contraindicated.19 Antiplatelet therapy is employed
when contraindications to systemic anticoagulation
exist; e.g., in the presence of major, concurrent trau-
matic injuries. Routine follow-up angiography 7–10
days post-injury is recommended in order to plan
further therapy.

Endovascular treatment by interventional radiolo-
gists is gaining popularity in the management of
cerebrovascular injuries. The fact that definitive treat-
ment potentially can be administered immediately
following diagnostic angiography without moving
the patient is a great advantage. Embolization of
bleeding vessels by placement of coils has become
the procedure of choice for vessels that are either
expendable or difficult to access and expose in the
operating suite. Branches of the external carotid
artery are examples of the former and a classic
example of the latter is the internal carotid artery at
the base of the skull.62 Complications of the proced-
ure include thrombosis with distal embolus formation
and pseudoaneurysms due to perforation of the vessel
wall. Percutaneous angioplasty with stent placement
after follow-up angiography has been used for the
treatment of persistent blunt carotid injuries.63,64

The intervention has raised concern regarding the
danger of iatrogenic stroke and has yet to obtain wide
acceptance.65 In spite of this, it currently appears that
the risks of the procedure outweigh the benefits, espe-
cially for carotid artery lesions.

Early detection of esophageal injuries allows a
two-layer primary closure with wound irrigation,
debridement, and drainage. Conversely, when the
esophageal injury is diagnosed late, the tissue may
not hold sutures because it is devitalized and frayed.
In this case, several options exist including place-
ment of a T-tube for drainage through a controlled
fistula, and the injury site may be exteriorized in
lower cervical esophageal perforations.1 Optimal
nutritional support and aggressive antibiotic treat-
ment is imperative for healing. Moreover, it is
important to maintain separation of the suture lines
of the repairs if concomitant esophageal and tracheal
lesions exist.

Approximately 10% of patients with injuries to
the larynx or trachea require immediate surgery
because of an unstable airway.66 Severe hemorrhage,
expanding neck hematoma that impinges on the
airway, and an open wound into the airway are
common indications for immediate surgical interven-
tion. A tracheostomy must be performed if a defini-
tive airway cannot be established by other means, or
if a severe laryngeal injury is present. The procedure
should not be placed through the repair since it may
delay and complicate wound healing. Conversely,
simple lacerations of the trachea can be closed pri-
marily without tracheostomy. Closure is performed
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mucosa-to-mucosa and fractures are reduced and sta-
bilized. Extensive disruption of tracheal cartilage may
warrant placement of a soft laryngeal stent that
remains in place for 4–6 weeks. Stent placement must
be accompanied by a tracheostomy in order to insure
proper healing.

Box 9.7 Essential treatments in ED for severe
laryngeal or tracheal injuries

ED treatment Definition and
general indication

Establish
definitive airway

Orotracheal intubation is the first
choice

Cricothyrotomy or tracheotomy

Tracheal intubation through
accessible wound

Fiberoptic bronchoscopy in
elective circumstances

Box 9.8 Common surgical interventions
for penetrating neck trauma

Intervention Definition and
general indication

Mandatory exploration
of zone 2 injuries

No longer recommended

Non-occlusive vascular
injuries

Pseudoaneurysms and
arteriovenous fistulae
usually require surgical
repair

Blunt vascular injuries Accessible Grade
2–5 lesions require
repair

Non-accessible lesions are
anticoagulated to prevent
stroke

Endovascular
techniques

Are gaining in acceptance
and applicability

Documentation
The medical record is used as a communication tool
with consultants and inpatient providers. As an
effective instrument for hand-offs, it must reflect an
accurate picture of the scenario leading up to the
injury and include a detailed description of the

mechanism and of the initial physical exam. The
documentation must support the risk assessment of
the emergency physician and justify further evalu-
ation, definitive treatment, and the disposition of the
patient. A secondary, but equally important goal is to
provide a tool for risk management and medical–
legal purposes.

Based on the ED record alone, the reader should
be able to assess the presentation as either low risk in
a patient that requires observation only, high risk in a
patient that requires an aggressive evaluation includ-
ing MDCT and panendoscopy, or life-threatening
mandating immediate transport to the operating suite
for definitive surgical intervention. In the case of
interpersonal violence, the distance between the
assailant and victim and the type of weapon must
be established. As an example, it is critical to note
whether a handgun, shotgun, or rifle was used by the
assailant. The depth of penetration by a sharp object
such as a knife or nail should be estimated and docu-
mented. In blunt trauma victims of motor vehicle
crashes, the rate of speed prior to the accident and
use of restraints are also important in terms of risk-
stratifying the patient.

A carefully documented, detailed description of
the primary survey and head-to-toe physical exam
during the secondary survey is critical as it will serve
as a basis for comparison for subsequent, serial evalu-
ations. At minimum, a complete set of vital signs,
detailed examination of the injured area with
emphasis on evaluation of airway patency, pulses,
and neurological function must be documented. The
appearance and depth of any wounds and presence of
foreign bodies or objects, crepitus, and subcutaneous
emphysema should be noted. The presence of hema-
toma or ecchymosis on the skin surface of the neck
and other areas of the body is of importance since
follow-up examinations will use the initial exam as a
baseline.

The record must justify the subsequent plan of
action including notification of appropriate consult-
ants. A brief, factual summary of the conversation
with consulting physicians is mandatory, especially
if the recommended course action is controversial or
if transfer to another facility is planned. If discharge
to home is contemplated for what is perceived to be
very minor neck trauma, it is imperative that the ED
record carefully describes in detail the benign nature
of the injury. The record must clearly document the
absence of previously described signs and symptoms
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of neurovascular, airway, and digestive tract injuries
of the neck when further selective evaluation is not
performed. In addition, it should be stated that no
evidence of cardiac, pulmonary, abdominal, or neuro-
logical injuries are present. Appropriate, expeditious
follow up with the surgical service must be docu-
mented when patients are discharged to home.

Disposition
The admission criteria for patients with blunt and
penetrating neck trauma should be liberal. Any patient
with signs or symptoms of organ damage to respira-
tory, digestive, or vascular structures, as described
previously, should be transferred and admitted to a
level I trauma center where constant observation by
qualified surgeons can be undertaken. Only in this
setting will interventional radiology, MDCT scanning,
and panendoscopy be available 24 hours a day. In
addition, patients with a wound that penetrates the
platysma, which is only 2–3 mm in depth, should be
admitted for observation. There is general agreement
that this is a criterion for admission among trauma
surgeons and emergency physicians alike. Even
patients with apparently minor injuries may benefit
from 24-hour observation in a hospital with appropri-
ate staffing and resources, even when further evalu-
ation is not planned initially. Practically speaking,
“active” observation of the patient at regular intervals
for signs and symptoms of significant organ injury are
best provided in a level I trauma center.

Box 9.9 Consult, disposition, and transfer criteria

Admission criteria
1. Consider admission:

� Penetration of the platysma (which is only
2–3 mm in depth).

2. Admission necessary:
� Any signs or symptoms of injury to airway,

digestive, or vascular structures.

Transfer criteria
Admission criteria above are indications for transfer
to a level I trauma center.

Summary
Establishing a definitive airway early in the presenta-
tion is crucial to successful management of severe
penetrating and blunt neck injuries. Orotracheal
intubation is the initial method of choice; however,

no method will be successful 100% of the time. It is
therefore crucial that practitioners are skilled in sev-
eral different approaches to airway management
including providing a surgical airway. In patients
without obvious indications for operative interven-
tion initially, evaluation for “hard” signs of vascular
injury should be pursued. “Hard” signs include bruit,
thrill, expanding or pulsatile hematoma, pulsatile or
severe hemorrhage, pulse deficit, and central nervous
system ischemia. The reference standard for vascular
injury is conventional angiography. In addition,
MDCT angiography is a non-invasive, less expensive,
and more convenient alternative that is rapidly
becoming the diagnostic tool of choice in the evalu-
ation of cervical vascular injury due to both penetrat-
ing and blunt trauma. A high degree of suspicion
should be maintained for neurological and esophageal
injury. A careful, comprehensive neurological exam
should be performed: MDCT is also a useful
screening test for injuries to the airway and digestive
structures. Unfortunately, radiographs do not exclude
esophageal injury and panendoscopy is therefore the
optimal diagnostic method for the evaluation of
airway and digestive tract injuries. Diagnostic algo-
rithms for the evaluation of penetrating and blunt
trauma are provided in Figures 9.4 and 9.5 above.
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10
The injured patient

Injuries of the spine: musculoskeletal

Daniel Zlogar and RonMedzon

Introduction
The spine is a complex bony structure providing
stability and protection. The National Emergency
X-Radiography Utilization Study (NEXUS) showed
that 55% of all spine fractures were of the cervical
spine.1 Data from the Canadian Cervical Spine Study
showed that in their country, like the United States,
patients presentmuchmore often with neck injury that
is non-bony. For example, in Canada, physicians treat
185 000 alert and stable trauma victims yearly who are
at risk for cervical spine injury, but only 0.9% of these
patients have suffered a cervical spine fracture.2

Injuries to the spine range from minor soft tissue
contusions without structural abnormality, to bony
fractures, severed ligaments, and nerve damage. Due
to the potentially devastatingmorbidity, physicians are
compelled to quickly and accurately identify serious
injury. Recent research has provided guidelines to
safely reduce the number of studies required to diag-
nose and treat bony spine fractures as well as choose
the most efficient and cost-effective diagnostic test.

Box 10.1 Essentials of bony spinal trauma

� The NEXUS and the Canadian Cervical Spine Rule
have reduced the number of cervical plain films
in the evaluation of cervical spine fractures after
blunt trauma.

� Computed tomography (CT) is becoming the
study of choice for the evaluation of cervical
spine fractures in moderate to high-risk trauma
patients.

Clinical anatomy and pathophysiology
The spinal column is comprised of 33 vertebrae:
7 cervical, 12 thoracic, 5 lumbar, 5 sacral, and 4 coccy-
geal (Figures 10.1 and 10.2). The cervical, thoracic,

and lumbar vertebrae are mobile, articulating via facet
joints and intervertebral disks, and joined by multiple
ligaments (Figure 10.3). The spine can be anatomically
divided into upper cervical (C1–C2), lower cervical
(C3–C7), and the remaining thoracic, lumbar, and
sacral spine. The atlas (C1) articulates with the occipi-
tal condyles, the dens, and the facets of C2. The axis
(C2) consists of the odontoid process that articulates
with the anterior arch of C1 and the transverse
ligament. The odontoid process is stabilized by the
alar, transverse, and apical ligaments (Figures 10.4
and 10.5).

Stable vs. unstable fractures
Spinal instability causes abnormal or excessive spinal
motion in response to normally tolerated physiologic
loads, potentially injuring the spinal cord.

Historically, the bony cervical spine has been
divided into three columns in order to describe its
stability with different injury patterns. The theory is
that if two contiguous columns are disrupted by
trauma, the fracture is unstable. A recent study using
a biomechanical trauma model validated the three-
column theory of fractures by correlating multidirec-
tional vertebral injuries to each of the three columns
and subsequent instability. Sixteen fresh cadavers
were subjected to bony spinal trauma. In addition
to confirming the three-column theory, the results
also demonstrate that the middle column is the pri-
mary determinant of mechanical stability of the
lumbar spine.3

The anterior column consists of the anterior half
of the vertebral body disc and annulus as well as the
anterior longitudinal ligaments. The middle column
is composed of the posterior half of the verterbral
body disc and annulus, and the posterior longitudinal
ligament. The posterior column is made up of the

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. © Cambridge University Press 2011.
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spinal canal, pedicles, transverse processes, articulat-
ing facets, laminae and spinous processes, and held
stable by the nuchal ligament complex (supraspinous,

interspinous, and infraspinous ligaments), the capsu-
lar ligaments and the ligamentum flavum. The thora-
columbar spine can be divided into three columns
(anterior, middle, and posterior) similar to the cer-
vical spine. Like the cervical spine, when at least two
contiguous columns are injured there is biomechani-
cal instability. Also, any spinal fracture with an asso-
ciated neurological injury is unstable, except those
injuries from penetrating trauma where the spinal
column usually retains stability; the injury comes
from direct cord trauma from the penetrating object.

Fracture patterns
Occipitocervical injuries consist of subluxations, dis-
locations, or condylar fractures and are extremely rare
emergency department (ED) presentations and typic-
ally fatal.

C1 (atlas) injuries include five different types of
fractures – posterior arch fracture, Jefferson burst
fracture (Figure 10.6), lateral mass fracture, horizon-
tal fracture of the anterior arch, and either a unilat-
eral or bilateral transverse process fracture. Unstable
fractures occur when the transverse ligament is dis-
rupted. The Jefferson fracture describes a fracture of
the anterior and posterior arches of C1 as well as the
transverse ligament and is extremelyunstable.On lateral
plain film there will be a widening of the predental
space between the anterior arch of C1 and the dens.

1st cervical
or Atlas

2nd cervical
or Axis

1st thoracic

1st lumbar

3

4

5

6

7

2

3

4

5

6

7

8

9

10

11

12

2

3

4

5

Figure 10.1
Vertebral columns.
(From Gray’s
Anatomy of the
Human Body,
20th edn, in Public
Domain.)

Figure 10.2 Magnetic resonance imaging (MRI) of spine.
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A space in excess of 3 mm in adults or 5 mm in children
is abnormal (Figure 10.7).

Atlantoaxial joint injuries
Atlantoaxial joint injuries are subluxations which
occur when the transverse ligament is disrupted and
the ring of C1 remains intact. This is extremely
unstable and has a high risk for neurological deficit.
Rotary subluxations of C1–C2 clinically present with
the patient’s head in fixed rotation.

Odontoid fractures
Odontoid fractures are classified into three types. Type I
fractures are through the apex of the dens and are very
rare. Type 2 fractures are the most common and are
transverse fractures at the junction of the dens and body
of C2 These are unstable fractures and often result in
non-union. Type 3 fractures extend into the body of C2
and are typically stable. Open mouth views are the best
plain films to find these fractures, while CT can better
define the extent of the fracture (Figure 10.8).

Clinical presentation will include pain and an
inability to move the neck. A common complaint is
the sensation of instability, as if the head is not being
supported by the neck. Patients may hold their head
with their hands to prevent any motion.

Traumatic spondylolisthesis of the axis (C2)
The so-called Hangman’s fracture results from
extreme hyperextension of the head and neck, such
as the force of the hangman’s noose as the victim’s
body is stopped short in free fall by the taut rope
around his or her neck. The force is driven through
C1 and C2, resulting in bilateral pedicle fractures of
C2 and disruption of the anterior and middle
columns. These injuries are very unstable; they should
never be subjected to traction or distraction. Spinal
cord injury is often minimal, as the fractured pedicles
allow for cord decompression; the anteroposterior
(AP) diameter of the spinal canal is greatest at C2.
This injury pattern can be seen on lateral cervical
plain film (Figure 10.9).

Subaxial cervical spine injuries (C3–C7)
Facet injuries include fractures, subluxations, and dis-
locations, and can be unilateral or involve both facets.
Disruption of the facet joint initially leads to sublux-
ation, then as either one or both of the facets shift
superiorly over the inferior facet, can lead to a
perched facet. With a more significant injury a
perched facet can develop into a dislocation, with
the superior facet lying in the intervertebral foramen
(Figures 10.10–10.13).

Figure 10.3 View of cervical vertebrae
from an oblique viewpoint. (Courtesy
of Creative Commons, Wikimedia.)
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Unilateral facet dislocation occurs from flexion
and rotation, and while this disrupts the posterior
ligament, this essentially locks the facets and is con-
sidered a stable injury. Oblique plain films can be
helpful in differentiating this from torticollis. In the
thoracolumbar and lumbar areas, facet fracture is
more common than dislocation, resulting in an
unstable injury.

Subluxation
This injury involves ligamentous rupture without bony
injury. It may be diagnosed on CT if there is significant
soft tissue edema or bleeding. Magnetic resonance
imaging (MRI) is the test of choice, however. Plain film
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Figure 10.4 (a) First cervical vertebra, or atlas. (b) Second cervical vertebra from above. (From Gray’s Anatomy of the Human Body,
20th edn, in Public Domain.)

Figure 10.5 Schematic showing the ligamentous attachments
of C1 and C2. (From Mandavia D, Newton E, Demetriades D. Colour
Atlas of Emergency Trauma. Cambridge: Cambridge University
Press, 2003.)
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may often miss this finding, and a delayed (after spasm
has subsided) flexion–extension film may be necessary
if this alone is the diagnostic choice.

Compression fractures
Simple wedge fractures are stable and occur as a result
of flexion forces disrupting the anterior column, with
the middle column intact. Neurological injury is rare.
Severe wedge fractures include those in which over
half of the vertebral body height is lost and posterior

ligaments are disrupted or there are multiple adjacent
wedge fractures present (Figure 10.14).

Burst fractures
Burst fractures occur most often in the cervical and
lumbar regions of the spine and result from a large
axial load (Figure 10.15). These fractures compromise
the anterior and middle columns, with some protru-
sion into the neural canal. Unstable burst fractures
have > 50% of body height loss, > 25� of angulation,
> 50% of canal compromise, and/or present with
neurological deficit.

Other fractures
The flexion teardrop fracture is an extremely unstable
fracture and results from forceful flexion–compression
of the spine, causing a wedge-shaped bony fragment,
disruption of all three spinal columns, the ligamentum
flavum, and anterior longitudinal ligament. It is often
associated with neurological damage (Figure 10.16).
This results in concomitant posterior displacement of
the fracture into the spinal canal and can present with
acute anterior cord syndrome.

The extension teardrop fracture is a stable avulsion
injury of the anterior vertebral body, involving only the
anterior spinal column. With forced extension, the
anterior longitudinal ligament pulls the antero-inferior
corner of the vertebral body away from the remainder
of the vertebra – most commonly at C2.

(a) (b)

Figure 10.6 Transverse (a) and coronal (b) computed tomography (CT ) view of Jefferson burst fracture.

Figure 10.7 Magnetic resonance imaging (MRI) image of
C1 compression fracture. Note the prevertebral soft tissue edema,
which is white on this image.
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The so-called clay shoveler’s fracture is a fracture of
the base of the spinous process of one of the lower cervi-
cal vertebrae – most commonly at C7 (Figure 10.17).
This injury results from direct trauma to the spinous
process (e.g., from baseball bats) or sudden deceler-
ation as in a motor vehicle collision (MVC) causing
forceful flexion. A clay shoveler flexes his neck
while placing his shovel into the clay. If his shovel
becomes unexpectedly stuck in the clay as he exerts
himself to lift the heavy load, he could experience a
similar sudden deceleration and fracture, and hence
the eponym “clay shoveler’s fracture.” Because this
injury is isolated to the posterior column it is con-
sidered stable (Table 10.1).

Thoracic spine
A large amount of force is required to fracture the
thoracic spine because of the added structural support
offered by the ribs and sternum. This additional force
often results in profound neurological deficits in
patients (Figure 10.18).

Thoracolumbar spine
This area is highly susceptible to injury secondary to
increased mobility and is only second to cervical spinal
injuries in frequency of occurrence (Figure 10.19).

Compression fractures are the most common type
of thoracolumbar fracture and present with a

(b) (c)

(a)

Transverse
ligament

Accessory
ligament

Apical ligament
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Upper cervical
ligaments

Figure 10.8 (a) Schematic showing the
three types of odontoid fracture. (From
Mandavia D, Newton E, Demetriades D.
Colour Atlas of Emergency Trauma.
Cambridge: Cambridge University Press,
2003.) (b) Sagittal computed tomography
(CT ) of Type 2 dens fracture.(c) Sagittal CT
of Type 3 dens fracture. (b and c: Courtesy
of Mark Bernstein, MD.)
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decreased anterior vertebral body height without dis-
ruption of the posterior body or spinal cord.

Flexion–distraction/chance injuries
Chance fractures occur most commonly with high-
speed frontal impact deceleration injuries when the
patient is using the lap belt without the shoulder

harness. This is a purely bony injury where the flexion
and distraction in the lumbar region due to the lap
belt causes a fracture beginning in the spinous pro-
cess, progressing through the pedicles and the verte-
bral body. Chance fractures should be considered,
especially in young patients found to have traumatic
compression fracture following a MVC, and is diag-
nosed either by AP view (ruling out posterior injury)
or CT scan. Devascularization or bowel rupture are
also possible with this mechanism of injury. During

Figure 10.9 Lateral neck radiograph showing hangman’s fracture
at C2. (Courtesy of Mark Bernstein, MD.)

> 11°

Abnormal angulation > 11°

Figure 10.10 Schematic illustrating abnormal angulation
measurements with perched facets. (From Mandavia D, Newton E,
Demetriades D. Colour Atlas of Emergency Trauma. Cambridge:
Cambridge University Press, 2003.)

Figure 10.11 Plain lateral cervical spine radiograph shows a
subluxation at C4–C5.

Figure 10.12 Computed tomography (CT ) image of C4 fracture
dislocation on C5.
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stabilization of this injury, all traction and distraction
maneuvers should be avoided.

Fracture dislocations
Fracture dislocations are extremely unstable injuries
caused by the spinal column being subjected to

various degrees of rotation, flexion, and trans-
location forces, causing all three columns to fail.
Operative treatment is almost always needed. Neuro-
logically incomplete injuries may benefit from early
posterior reduction by surgical decompression and
stabilization.

Isolated transverse process fractures are stable
fractures.

Epidemiology of fractures
Fifty-five percent of all spine fractures are of the
cervical spine. C2 fractures account for 24% of all
fractures in the NEXUS, while fractures of C6 and
C7 take up another 39.3%. C3 is the least fractured
vertebrae of the cervical spine, and the vertebral body
itself is the most common site of fracture. Disloca-
tions occurred most frequently at the C5–C6 and
C6–C7 interspaces.4 The thoracolumbar spine is less

Figure 10.13 Magnetic resonance imaging (MRI) image of C4
fracture dislocation on C5. Note the different anatomical information
provided between Figures 10.12 and 10.13.

Figure 10.14 Sagittal computed tomography (CT ) shows both
simple compression fracture (L2) and burst fracture (L1). (Courtesy of
Mark Bernstein, MD.)

Figure 10.15 Computed tomography (CT) image of C4 burst
fracture. The body of the vertebrae is fractured, as well as both laminae.
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frequently injured than the cervical spine, with 8–15%
of victims of blunt trauma suffering fractures.5

Studies looking at the most common contiguous
fractures have pointed out a difference in fracture pat-
terns between elderly and pediatric patients. C1–C2
contiguous fractures aremoreoften found in the elderly,
while C5–C6 fractures occur more commonly in chil-
dren. Multiple regions of the vertebral column are
involved in 7.8% of cervical spine injured patients.6

A study from the United Kingdom shows that the most
common spine injury in motorcyclists is forced hyper-
flexion and consequent thoracic spine injury, while car
crash victims more commonly had cervical spine injur-
ies.7 Looking at injuries from falls, burst fractures at the
thoracolumbar junction are themost common injuries.8

Prehospital
In the United States, spinal immobilization with a
cervical collar and long board is currently considered
the standard of care for hospital transport agencies

such as Emergency Medical Services (EMS) systems,
and by national guidelines like Advanced Trauma
Life Support® (ATLS®), but the evidence supporting
this is lacking.9 The EMS system was instituted in
1971 and, after a decade, the number of patients
presenting with complete spinal cord injuries
dropped from 55% to 39%; however, there have been
no randomized controlled studies showing the bene-
fit of spinal immobilization in trauma patients.
Indeed, a Cochrane database review concluded
“the possibility that immobilization may increase
mortality and morbidity cannot be excluded.”10 This
concern is mainly due to airway issues in the immo-
bilized patient.10

Interestingly, a study involving the University of
Malaya (where none of the trauma patients were
immobilized) and the University of New Mexico
(where all of the transported trauma patients were
immobilized) showed fewer injuries causing neuro-
logical disability in the non-immobilized patients.

(a) (b)

Figure 10.16 (a) Computed tomography (CT ) scan and (b) plain radiograph of flexion teardrop fracture. (Courtesy of Mark Bernstein, MD.)
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However, there were a larger percentage of motor
vehicle accidents at the University of New Mexico,
and the University of Malaya did not have any ambu-
lances or EMS in place. The study authors hypothe-
sized that cord damage occurs only at the time of
initial trauma when high-energy forces are present,
rather than during transport.11

It has been estimated that over 50% of immobil-
ized trauma patients do not have neck or back pain
prior to field immobilization,12 while it should be
noted that there are possible risks to patients by
placing them on their backs in terms of airway com-
promise, aspiration, or pressure sores (prolonged
immobilization with paralysis).

With these concerns over improper or unnecessary
spinal immobilization, several studies have attempted
to explore the possibility of prehospital spinal clear-
ance. An observational study using modified NEXUS

Low-risk Criteria to remove the cervical collar showed
that EMS had approximately 95% sensitivity to clinic-
ally detect cervical spine fractures in the field.13 This
led to a follow-up prospective randomized study show-
ing a 39% reduction in the number of patients immo-
bilized. Unfortunately, 8% of patients with spine
injuries (33/415) were not immobilized. None of the
non-immobilized patients sustained cord injuries.14

Maine also instituted a state-wide protocol for spinal
immobilization that effectively reduced the number of
immobilized trauma patients by over 50%; however,
13% of acute spinal fractures were not immobilized
during the period of study.15

Also, transporting football, ice hockey, or lacrosse
athletes with potential cervical spine injuries to
the hospital can be accomplished with in-line stabil-
ization with helmet and shoulder pads remaining
in place.16

(a) (b)

Figure 10.17 (a) Axial and (b) sagittal computed tomography (CT ) of clay shoveler’s fracture.
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Figure 10.18 Magnetic resonance imaging (MRI) image of
T4 fracture with spinal cord involvement.

Figure 10.19 Magnetic resonance imaging (MRI) of L1–L2
dislocation with clinically devastating spinal cord compression and
epidural hematoma.

Table 10.1 Summary: common cervical spine fracture

Injury Usual cause Stability

Occipitocervical Anterior, longitudinal or posterior
displacement of occiput on atlas

All extremely unstable

Atlas (C1)

Posterior arch (most common) Extension Potentially unstable

Jefferson Compression Extremely unstable

Atlantoaxial subluxation Flexion Extremely unstable

Odontoid (C2) Flexion Potentially unstable

Hangman’s fracture (C2) Extension Unstable

Unilateral facet dislocation Flexion–rotation Stable

Bilateral facet dislocation Flexion Unstable

Wedge fracture Compression Stable

Burst fracture Compression Potentially unstable

Flexion teardrop fracture Flexion Extremely unstable

Extension teardrop fracture Extension Stable

Clay shoveler’s fracture Flexion Stable

Chance fracture Flexion–distraction Unstable

Transverse process fracture Flexion Stable

Section 2: The injured patient

156



To summarize, clearly a large number of trauma
patients transported by EMS do not require spinal
immobilization, but we do not yet have criteria that
demonstrate high enough sensitivity and negative
predictive value to change the current practice of
immobilization. Further research may reveal a subset
of patients where they can accurately be applied.

Box 10.2 Essentials of prehospital care in bony
spinal trauma

� Immobilizing patients in a cervical collar and on a
long board for transport is the current accepted
practice.

� There is no criteria sensitive enough to allow
for cervical spine clearance in the prehospital
setting.

Emergency department management
and evaluation
Severe
While there is no standard definition of “severe” spinal
injury, consider patients involved in high energy mech-
anisms or ones who have suffered multiple blunt
trauma to have the potential for severe bony spine
injury. High-risk factors include: fall � 3 m, moderate
velocity MVC or motorcycle crash, palpable step off,
bruising, hematoma, pedestrian struck). Also, consider
trauma patients presenting with a neurologic deficit as
severe, as this suggests an unstable injury.

Moderate
Patients who are older, or have arthritic disease are at
increased risk for spinal injury. Also, those patients
with a history of malignancies which tend to metasta-
size to bone (prostate, breast, etc.) could suffer spinal
trauma in the setting of an undiagnosed bony lesion.
They should be viewed with closer attention even in
lower mechanism traumas. The Canadian Cervical
Spine Study recommends imaging patients over
65 years old, and an analysis of patients over the age
of 64 in the NEXUS database found odontoid frac-
tures four times more common in the elderly com-
pared to the non-elderly population.17

One retrospective case-control study in 2005 evalu-
ated blunt trauma patients 65 years and older with
cervical spine fractures and compared them to ran-
domly selected control subjects without fracture.18

Composite predictors of fracture in the elderly included

focal neurologic deficit (adjusted odds ratio [OR], 17.7;
95% clearance interval [CI]: 3.8–83.4), severe head
injury (OR, 3.2; 95% CI 1.5–7.1), high energy mechan-
ism (OR 6.7; 95% CI 3.1–14.8), and moderate energy
mechanism (OR 3.3; 95% CI: 1.3–8.3).18 While these
factors may increase the odds of fracture, all except the
moderate energy mechanism would have received a
radiograph in NEXUS.

Minor
Minor spinal injury includes trauma that does not
have any fracture or ligamentous injury. Because
the cervical spine is the most vulnerable to injury,
this section of the spine is the most filmed. In an
attempt to reduce the number of needless plain films
of the cervical spine, the Canadian Cervical Spine
Rule and NEXUS Criteria were developed. Both allow
the ordering clinician to categorize patients into a
“minor” cervical spine injury not needing radio-
graphic studies. Because the thoracic spine is inher-
ently more stable with the additional support of the
ribs and sternum, this area of the spinal column is less
commonly injured. Currently, no criteria for thoracic
and lumbar spinal injuries have been prospectively
validated that allow the clinician to use certain patient
factors to confidently exclude imaging in the at risk
population.

Occult
The truly “occult” bony spinal has never been re-
ported. There have been cases of delayed diagnosis
due to altered mental status, painful distracting injur-
ies, neurlogic impairments, etc. However, the patient
with a cervical spine fracture who truly has no symp-
toms, but is otherwise intact, probably does not exist.

Initial evaluation
The initial physical exam for the severe, moderate, or
minor trauma patient is the same as for any trauma
patient, starting with the primary assessment of the
airway, breathing, and circulation (ABCs).

The secondary survey should include carefully
loosening the cervical collar (assuming the patient is
cooperative) and checking for midline tenderness.
Also the clinician should perform a detailed neuro-
logical exam. The extent of the exam depends on
the clinical situation. A significantly injured patient
should have an exam that includes sensation, reflexes,
extremity movement, and rectal tone. Those patients,
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especially young, with minimal trauma and com-
plaints may need a less thorough review.

With the help of several people, the patient should
be log-rolled in order to remove the long board and
examine the back. One person stands at the head of
the bed to maintain in-line stabilization. It is easiest to
keep the thumbs on the patient’s clavicle, using the
flat of the palm to cradle the head, then giving a three
count to the rest of the team when the head and neck
are stable to roll the patient. Another clinician exam-
ines the back for bruising, penetrating trauma, bony
deformities, or bony step-offs (obvious interruptions
in the otherwise linear position of the vertebrae).

Penetrating injury to the neck, via stab wound or
gunshot, is approached in much the same way as any
major trauma except that the cervical collar may be
expendable. There are no reports in Western medical
literature of an unstable cervical spine fracture
resulting from a stabbing to the neck. The degree of
force needed to fracture two columns of the cervical
spine with a knife is considerable. Thus, any patient
who requires emergent care of the neck wound, for
example intubation because of an expanding hema-
toma, should have the collar removed for better access
to the patient. Gunshot wounds to the head and neck
present a problem in the patient with an acute airway
emergency. The three-column theory of the bony
spine would suggest that in order for a penetrating
injury to create an unstable spine fracture, it would
have to traverse the spinal cord to break at least two
columns. It follows logically that a patient sustaining
such an injury should have at minimum bony spine
pain and tenderness, but more likely also neurological
signs ranging from sensory changes to loss of motor
function. Several studies confirm this thesis.19–21

Some researchers have found no bony spine injury
in alert patients with a normal neurological exam who
have sustained gunshots to the neck or head and go so
far as to recommend no need for a collar or further
imaging.22,23 However, one study noted that three
patients who sustained gunshot wounds to the face
were found to have cervical spine fractures, despite
presenting as alert and oriented without pain or
neurological signs on physical exam.24 None of
these fractures required surgical repair. Therefore a
rational, although conservative, approach would rec-
ommend that the collar could be carefully removed
during the physical exam of the neck and to perform
any life-saving maneuvers but should be returned to
the patient while awaiting radiographic studies.

Trauma room studies
No specific radiographic study of the spine are abso-
lutely necessary in the trauma room. If the patient
requires further imaging of the cervical, thoracic, or
lumbar spine, they should proceed to the CT scanner
or plain radiography suite once hemodynamically
resuscitated. Some institutions still obtain lateral films
in the trauma bay, although this has unclear utility.

Patients with a gunshot wound to the neck may
benefit from plain films of the neck, head, and chest
in the trauma room to localize the bullet and
fragments.

Acute interventions
Managing the airway of a trauma patient with known
or possible cervical spine injury can be challenging.
Usually the cervical collar is removed and an assistant
holds in-line stabilization with the clinician perform-
ing the intubation. New airway devices now rely on
video camera assistance and specialized optics and
allow for the cervical collar to remain in place during
the entire process of intubation.

An unstable fracture at C3 or above can cause
paralysis of the diaphragm. Pulmonary function
testing, particularly the negative inspiratory pressures,
can be evaluated if there is concern over a partially
paralyzed or weakened diaphragm.

During in-line stabilization, the person respon-
sible should be careful not to place any neck or head
axial traction as this can cause unstable cervical spine
injuries to distract or sublux.25

Any patient who is brought in on a long board in a
cervical collar should be seen and evaluated in a
timely manner by a clinician, as it is extremely
uncomfortable for the patient, especially one who
has sustained a significant injury. Patients who are
paralyzed either by mechanism or chemically for
intubation can develop decubitus ulcers if left on hard
boards for prolonged periods of time. Any patient,
even those with suspected thoracic or lumbar frac-
ture, can be carefully removed from the long board.
Those patients with suspected thoracic or lumbar
fractures should remain supine, and be log-rolled
whenever transfer is required. Patients presenting
without prehospital care who have sustained a signifi-
cant injury should have a cervical collar placed and be
kept until further studies can be performed.

Pain control with parenteral medication can be
very helpful.
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Box 10.3 Initial interventions in spinal trauma

Acute interventions
� Stabilize ABCs
� Find and treat life-threatening injuries
� Oxygen
� Avoid hypotension (intravenous fluid/blood/

pressors)
� Stop hemorrhage
� Maintain spinal immobilization

Most important evaluation in the first
10 minutes
� Assess and stabilize the ABCs
� Assess for vertebral body “step-offs”
� Assess lowest level of sensation/movement

Secondary evaluation
Minor
The cervical spine is the region of the neck most
susceptible to injury and the most commonly filmed.
In an effort to reduce unnecessary plain films (i.e.,
improve the specificity of radiography) but still main-
tain extremely high sensitivity, for diagnosing cervical
spine injury, two separate and valid, decision rules –
the NEXUS Low-risk Criteria (NLC) and the Canadian
Cervical Spine Rule (CCR) (Figure 10.20) – have been
developed.1,2

The NLC were based on a multicenter prospective
observational study, in which 34 069 blunt trauma
patients underwent either plain film orCTof the cervical

Canadian Cervical Spine Rule: (alert patients with a GCS score of 15)

Any high-risk factor that mandates radiography?

YES Radiography
Age ≥ 65 years, or
Dangerous mechanism, or
Paresthesias in extremities

Dangerous mechanism:

Fall ≥ 3 ft or 5 stairs
Axial load to head
High-speed MVC (> 100 mph)
MVC with ejection, rollover
Collision of bike or motorized recreational vehicle

Any low-risk factor that allows safe assessment of range of motion?

Simple rear-end MVC, or
Patient in sitting position in ED, or
Patient ambulatory at any time, or
Delayed (not immediate) onset of neck pain, or
Absence of midline cervical-spine tenderness

UNABLE

Radiography

RadiographyAble to rotate neck actively?

(45° to left and right)

NO RADIOGRAPHY

“Simple rear-end MVC” excludes:
Being pushed into oncoming traffic
Being hit by a bus or large truck or a high-speed vehicle
A rollover

NO

NO

YES

YES

Figure 10.20 Canadian Cervical Spine
Rule. ED, emergency department;
GCS, Glasgow Coma Scale; MVC, motor
vehicle collision.
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spine to identify significant spine injuries. The five ques-
tions that comprise the decision rule had a sensitivity of
99.6% (95% CI 98.6–99.6%), specificity of 12.9%, and a
negative predictive value (NPV) of 99.9% (95% CI 99.6–
100%) for the diagnosis of clinically important cervical
spine injury.1

The NLC had no age criterion, although the
CCR excluded patients younger than 16 years of age.
One criticism of the NLC is that “no evidence of
intoxication” and “no painful distracting injuries”
were not well defined. One study attempted to narrow
the definition of “distracting injury” to those only in
the upper extremities.26 Another study from Canada
attempted to show that intoxicated blunt trauma
patients may be able to have spine fractures requiring
operative stabilization excluded using physical exam-
ination of the spine at presentation to the trauma
center.27 This study, however, only had a sensitivity
of 60% for cervical spine abnormality on imaging.

Stiell et al. developed a decision rule that was
prospectively evaluated against the NLC.2 The CCR
had a sensitivity of 99.4% and specificity of 45.1% in
their study, compared to 90.7% and 36.8% (respect-
ively) for the NLC.

Radiographs of the cervical spine should be
obtained on patients who fail the low-risk criteria of
either the CCR or NLC. For the low-risk patient with
a good chance of obtaining a fully interpretable film,
it is reasonable to use plain radiographs as a screening

test. Plain films typically consist of the AP, lateral
(including the top of T1), and open-mouth view. If
plain films are inadequate, then CT is recommended.
However, because in some studies, plain films miss up
to 20% of cervical spine fractures (although usually
have some abnormal findings), and many films need
to be repeated or eventually require CT imaging, CT
imaging has replaced plain radiographs as the first-
line imaging modality in many centers (Figure 10.21).

On occasion there are plain films that on first look
appear to be negative, but leave the clinician feeling
that perhaps all is not quite right. Table 10.2 describes
findings on plain films that are subtle but indicate
vertebral instability.28

Figure 10.21 (a) Radiograph and (b) transaxial computed tomography (CT ) of atlantoaxial rotary fixation.

Table 10.2 Radiographic signs of vertebral instability28

Displacement implies injury to major ligamentous and
articular structures

Wide interlaminar space implies injury to the posterior
ligamentous structures and the facet joints

Wide facet joints imply injury to the posterior
ligamentous structures

Disrupted posterior vertebral body line implies burst
injury with disruption of anterior bony and posterior
ligamentous structures

Wide vertebral canal implies injury to the entire vertebra
in the sagittal plane
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CT scan
Imaging the spine with CT is becoming the preferred
modality to evaluate for bony pathology after blunt
trauma. The sensitivity of plain films for spinal frac-
tures has been found to be as low as 32% for the
cervical spine and 58% for thoracolumbar spine.29–32

The greater radiation exposure with CT remains a
concern due to the real but low risk of radiation-
induced head and neck cancers. Other benefits
include a more rapid removal of spine protection.33

A CT scan can also help to identify foreign bodies,
acute disk herniations, or extramedullary hematomas
that can impinge on the spinal cord.34

For patients who suffer high-energy trauma or
have a significantly depressed mental status, CT
imaging is the study of choice to evaluate for bony
fractures.35 One decision analysis model found, using
estimates and assumptions derived from the litera-
ture, that in moderate risk trauma patients CT is
cost-effective and with low-risk patients CT may pre-
vent rare cases of paralysis, but the incremental cost-
effectiveness is low (about $80 000 per quality
adjusted life year).36 A recent meta-analysis con-
cluded that there is insufficient evidence to state that
CT of the cervical spine should replace plain films for
initial screening for low-risk cervical spine injury.35

However, others advocate for the use of CT imaging
in the minor trauma patient if the cervical spine can
not be cleared clinically.37 The ultimate answer is
dependent on the risk profile of the patient and the
clinician’s (and society’s) tolerance for the risk of a
serious adverse outcome, balanced with the increased
cost, use of finite resources, and the radiation expos-
ure that may cause ultimate harm.

Flexion–extension films
Most patient will have some discomfort or pain after
their radiographs. When a patient continues to have
persistent significant neck pain after negative plain
films, CT should be the next imaging modality. If a
patient continues to complain of significant cervical
spine pain despite both negative plain films and CT
imaging, there is still the rare possibility that a liga-
mentous injury could be present. Flexion–extension
films of the cervical spine had been the next study to
evaluate for ligamentous injury, but MRI is now pre-
ferred in the acute setting. Immediately following an
injury, flexion–extension films are of limited use
because up to 30% of films are limited by inadequate
motion, most likely due to muscle spasms and pain.38

Flexion–extension films may be useful 7–10 days after
injury when muscle spasm has abated. However, if
flexion–extension films are negative and pain is severe
and persistent, MRI should be used to evaluate for disc
herniation or ligamentous injury. Flexion–extension
films were never the only study to find cervical spine
injury in the NEXUS study.39

Magnetic resonance imaging
The role of MRI in a blunt trauma patient is to
identify ligamentous injury, the extent of spinal cord
damage, and cases of spinal cord injury without
radiographic abnormality (SCIWORA). An MRI
may be superior to CT and plain film in identifying
cervical spine ligamentous injury.40,41 It is also helpful
in identifying acute disk herniation, and in clearing
the cervical spine in an obtunded or paralyzed trauma
patient. However, recent studies have found that a
normal motor exam and a negative cervical CT essen-
tially negates the need for MRI in patients after blunt
trauma.42 Another retrospective review found CT
imaging to have negative predicative value of 98.9%
for ligamentous injury and those cases of ligamentous
injury picked up by MRI were isolated to only one
column. While controversial, these authors concluded
that a normal CT of the cervical spine in obtunded or
unreliable patients was sufficient to exclude unstable
injuries.28 A CT scan is still preferred to MRI for
identifying osseous abnormalities, especially in the
posterior column. In instances of penetrating trauma
with a ferrous metal projectile, MRI is contraindi-
cated because of potential bullet motion. Ultimately,
CT may eventually be the single study to evaluate for
both bony and ligamentous injury, but outside of
some centers of expertise, it is more common at this
time to obtain both when there is a significant con-
cern or risk for ligamentous disruption and the CT
scan is non-diagnostic.

Thoracolumbar spine
The thoracolumbar spine is structurally more stable,
is less commonly injured, and is not imaged as fre-
quently as the cervical spine. Most of the studies
evaluating the thoracolumbar spine are retrospective
reviews, and a prospectively validated decision rule
has yet to be developed. However, certain risk factors
have been associated with spinal fractures: Injury
Severity Score (ISS) � 15, positive clinical exam, fall
� 10 ft, ejection from motorcycle/MVC � 50 mph,
Glasgow Coma Scale (GCS) score � 8, or neurologic
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deficit.43,44 In one retrospective study, 40% of
patients with spinal fracture had no documented
complaints of pain at the fracture site, although many
had distracting injuries.44,45 Hsu et al. put forth
guidelines for imaging the thoracolumbar spine if
there is a high-energy traumatic mechanism and
either back pain/midline tenderness, local signs of
thoracolumbar injury, abnormal neurological signs,
cervical spine fracture, GCS < 15, a major distracting
injury, or alcohol/drug intoxication.46 Following
these guidelines, the majority of patients are filmed,
but resulted in a sensitivity of 100%, specificity of
11.3%, and a NPV of 100%. This study also found
that back pain/midline tenderness was the most sen-
sitive finding at 62.1% and a palpable midline step
had a specificity of 100%.46 Interestingly, a retrospect-
ive review of patients involved in a MVC who then
ambulated into the department complaining of back
pain, showed that none of them had a fracture on
plain film of the thoracic or lumbar spines.47 If a
patient has a high energy mechanism, has a known
cervical spine fracture, or is obtunded, then CT
imaging of the head or cervical spine is necessary,
and CT imaging of the remaining spine is recom-
mended.48 Most times, however, this data can be
reformatted from that obtained in trauma CT scans
of the chest and abdomen performed with a multi-
detector CT scan (MDCT). One study showed CT
sensitivity of 100% for thoracolumbar fracture and
sensitivity of plain film of only 73%.5

Once a simple lumbar wedge-compression frac-
ture has been identified, CT may help to determine if
the fracture is stable.49 The need may be based on the
mechanism and suspicion.

Treatment
Most stable spinal fractures without neurological def-
icit are managed without surgical intervention, as
most bony injuries can heal with proper orthotic
immobilization. Ligamentous injuries require close
follow up and will often require surgery.

Non-surgical options for treatment vary from
cervical collars to halo rings. Cervical traction is
often an option to reduce cervical spine deformity,
via either placement of tongs or the halo apparatus.
Braces can be used and include both cervical
orthoses and high and low cervico-thoracic orthoses.
The lumbar region is difficult to immobilize and
often a brace extending 4–5 vertebra levels proximal

and distal to unstable vertebrae is required. Thoracic
bracing is also difficult because of inherent move-
ment with respiration, however, with the sternum
and ribs and shoulder, this area of the spine is
inherently more stable.

Injuries that cause spinal instability, with or with-
out neurological involvement, require surgery. Sur-
gery allows for decompression of the neural canal, as
well as restoration and maintenance of spinal stability
and alignment. Immediate surgery is warranted when
there is progressive neurological deterioration; early
surgery is indicated in cases of impingement on the
spinal cord caused by foreign bodies, herniated disks,
bony fragments, or an epidural hematoma, although
if the lesion is complete the prognosis is generally
poor.50,51 The extent of the injury (number of
columns that are injured) may make an injury
unstable, requiring stabilization with hardware (either
anterior, posterior, or both). Fusion is the ultimate
goal of these surgeries as the hardware will only
provide short-term stability.

Numerous studies have questioned the need for
surgical intervention for thoracolumbar burst frac-
tures without neurological deficit.52–54 A Cochrane
review on the subject concluded that “there was no
statistically significant difference on the functional
outcome 2 years or more after therapy between
operative and non-operative treatment for thoraco-
lumbar burst fractures without neurological def-
icit.”55 However, proponents argue that surgery
provides patients with a life with less pain and a
greater chance of returning to work in their original
jobs.56,57

Timing of surgery is also controversial, with
some physicians advocating a waiting period to
allow for reduction in tissue swelling, while others
prefer earlier intervention. Some reports have shown
that surgery results are best when performed within
4 days of injury and no later than 7–10 days
(Table 10.3).58–60

Box 10.4 Essentials of spinal fracture treatment

� Stable spinal fractures can be often managed
with proper orthotic immobilization.

� Unstable spinal fractures require surgical
intervention.

� Emergent surgical intervention is warranted with
progressive neurologic dysfunction or spinal
impingement by bony fragment, hematoma, her-
niated disk, or foreign body.
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Documentation
In spinal injury, a history of the trauma and examin-
ation, with details focusing on the CCR or NLC (if they
are to be utilized) should be included, especially if the
decision rules are being used to preclude imaging
(Table 10.4). The physical exam should note any areas
of bony tenderness, vertebral step-offs, decreased or
limited extremity movement, and whether the patient
presented boarded and collared. The chart should
optimally include a thorough section on “medical deci-
sion making,” explaining use of either the CCR or
NEXUS to clear the cervical spine, and a re-evaluation
of the patient after pain medication. With a spinal
fracture, for persistent severe pain or pain out of pro-
portion to expected despite negative plain films and
CT, consultants should be contacted with proper
documentation stating that the case was discussed
and appropriate “hand-off ” for follow-up care was
put in place.

Disposition
Patients who are cleared either via the CCR or NRC
may have their collars removed and do not require
imaging. Soft cervical collars are often recommended;

however, the available data do not strongly support
their use, and in some cases find it detrimental com-
pared to active immobilization.61–64 These patients
may be discharged to home. Patients who do not meet
criteria for either CCR or NLC, those who are
obtunded, the elderly, or those with a higher-risk
mechanism of energy should have imaging of the
spine performed. An MDCT scan should be ordered
if cervical spine films are inadequate, if there is a high
suspicion of injury, or in those undergoing other
MDCT imaging. Those patients who continue to
have neurological symptoms (without demonstrable

Table 10.3 Common treatment patterns

Type Treatment

Occipital cervical injuries Fractures in which the transverse ligament is disrupted require traction initially to reduce the
displaced lateral masses and then can be placed in a halo-vest

Atlas fractures with significant displacement can require traction for up to 8 weeks before a
halo-vest is subsequently worn. Surgery is usually not needed acutely

Atlantoaxial joint injuries Patients are initially put in traction to achieve reduction. The definitive treatment is a
posterior cervical fusion of C1–C2

Rotary subluxations: These injuries usually reduce with traction and require only brace support

Burst fractures Unstable injuries require surgery (anterior decompression and fusion) to realign and stabilize
the fracture if reduction can’t be achieved or maintained

Stable burst fractures, can be treated with a halo-vest if there is no neurological deficit and
alignment is acceptable, but require close follow up to insure that the spinal alignment is
maintained. Surgery is warranted if both anterior and posterior longitudinal ligament injury
occurs, surgical stabilization is required

Thoracic spine fractures Stable fractures with intact neurological function (most often compression or burst fractures)
can usually be treated with a brace. Unstable fractures either have associated neurological
injury or excessive flexion, rotation, or translation

Flexion–distraction/
chance injuries

Closed reduction and bracing is appropriate in those injuries with < 30� of angulation of the
bony spine at the site of injury. Surgical reduction and fixation are indicated for flexion–distraction
injuries that involve primarily ligaments or disks that demonstrate more than 30� of angulation

Table 10.4 NEXUS Low-risk Criteria: cervical spine
radiography is indicated unless patients meet all the
following criteria1

1. No posterior midline cervical spine tenderness

2. No evidence of intoxication

3. A normal level of consciousness

4. No focal neurologic deficits

5. No painful distracting injuries

NEXUS, National Emergency X-Radiography Utilization Study.
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deficits), or persistent significant pain despite nega-
tive plain films or a negative MDCT should receive an
MRI or be discharged with a cervical collar for
delayed flexion–extension films or MRI, to evaluate
for ligamentous injury. This should be a semi-rigid
Philadelphia, Aspen, or Miami J collar. In patients
with persistent pain, neurological symptoms, or con-
cerning mechanism of injury, a discussion with the
consulting service is appropriate. Once an unstable
fracture is identified, the consulting service (trauma,
neurosurgery, orthopedics) should be contacted and
plans made for transfer or admission for definitive
stabilizing therapy. Wedge fractures of the thoracic
and lumbar spine may be best managed in the hos-
pital (due to the need for parenteral narcotics, the
usually large amount of force needed to cause the
fracture and concern over internal organs, and
because it is often associated with prolonged and
occasionally delayed ileus).47,65

Some spinal fractures may be managed in the
outpatient setting (isolated cervical vertebral body
compression fractures or spinous process fractures)
when the mechanism of injury and degree of patient
distress are not significant and there is no evidence of
neurologic impairment or associated ligamentous
instability; in such a case orthopedic or neurosurgical
consultation should first be made. Patients should be
instructed to return immediately if they notice muscle
weakness, increasing pain, numbness, or bowel or
bladder incontinence.

Box 10.5 Essentials of disposition with spinal
trauma

� Patients who have had their cervical spines
cleared by either NLC or CCR, and whose pain is
gone or mild, can be discharged.

� Consultation with the spinal service for treatment
plan, disposition, and follow up should occur
when a spinal injury (either bony or ligamentous)
is identified.
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11
The injured patient

Injuries of the spine: Nerve

Suzanne Bigelow and RonMedzon

Introduction
A spinal cord injury (SCI) is a sudden, life-altering
event. Damage to the spinal cord results in a disrup-
tion, either temporary or permanent, of the normal
motor, sensory, or autonomic function of the spinal
cord. The annual incidence is estimated to range
between 15 and 40 cases per million.1,2 In the United
States, 12 000 new cases occur yearly.3 The good news
is that survival amongst patients with SCI has
improved.2 In the United States an estimated
177 000 persons were living with SCI in 1988, com-
pared to an estimated 255 700–300 000 persons in
2008.3,4 Spinal cord injury impacts society strongly,
in medical expenses/use of resources, loss of product-
ivity, and income. The estimated lifetime costs for
someone with a high cervical spine injury (C1–C4)
at the age of 25 years is > 3 million dollars. This
figure does not include losses in wages, benefits, and
productivity.3 Missed SCI not only has litigious impli-
cations for the physician, but can be devastating for
the patient in terms of complications, neurological
abilities, and familial emotions.

Epidemiology
In 2005, the National Spinal Cord Injury Statistical
Center released facts and figures regarding SCI from
2000 to 2005. They have recorded data on 13% of
new SCIs (annually). There appear to be changes in
the epidemiology, risk factors, and demographics of
spinal cord injured patients when compared to data
from the previous several decades. Average age of
the SCI patient has increased from 28.7 years to
37.6 years (attributed to the overall aging of the gen-
eral population).3 African-Americans now comprise
a larger percentage of the total population with
SCI (an increase from 14% to 22%).3,5 Men suffer a

sobering 80% of all SCI, with Caucasians topping the
list with 63% of total cases. Conversely, being female,
Hispanic, African-American, or < 18 years of age
carries a reduced risk of cervical spine injury. In the
United States, motor vehicle crashes account for
47.5% of SCI cases, followed by falls (22.9%), violence
(13.8%), and sports/recreational activities.3,5

Box 11.1 Summary of spinal cord injury
epidemiology

Risk factors
for SCI

Causes of SCI Reduced risk
of SCI

Male (4 : 1
male : female)

Motor vehicle
crash (47.5%)

Female

Caucasian Falls (22.9%) Hispanic
or African-
American

Young age
(over 18
years)

Violence
(13.8%)

Age younger
than 18 years

Motor vehicle
crash

Sports/
recreational
activities

The annual incidence of SCI ranges from 15 to 40
cases per million.1,2,6,7 A majority (55–60%) of SCI
occurs in the cervical spine region (C1–T1). The
location of SCI is spread evenly between the remain-
der of the spinal areas (15% thoracic, T1–T11; 15%
thoracolumbar, T11/12–L1/2; 15% lumbar and sacral
areas).7,8 In one retrospective review of patients pre-
senting with new SCI, associated spinal fracture was
seen in 56% of patients with cervical SCI, 100% of
thoracic SCI, and 85% of lumbar SCI.9

Spinal cord injury carries a high mortality. It is
estimated that 4000 patients with acute SCI die before

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. © Cambridge University Press 2011.
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reaching the hospital. This number is extrapolated, as
solid data on prehospital deaths do not exist. Out of
12 000 annual estimated new cases of SCI (paraplegia
and tetraplegia), 1000 people die during their acute
hospitalization.10–12 Cervical spine injury carries the
highest mortality.9 In the thoracolumbar region, L1 is
themost commonly injured level (16%), with L2 second
(15%), L3 third (11%), followed by T12 (10%).13 The
most common neurologic diagnosis at discharge from
the hospital after the initial admission was incomplete
tetraplegia.3 In one Canadian study, falls were respon-
sible for 63% of SCI in patients 65 years or older.9

Recent major changes in evaluation
and management
Over the past 40 years, roughly 66% of patients pre-
senting with SCI had complete cord injury. Recent
numbers show a decrease to 41%.3 A limited number
of preventive, diagnostic, and therapeutic improve-
ments have been made in the past 20 years: improved
prehospital care and retrieval systems, increased
awareness of the need for spinal immobilization after
an accident, introduction of airbags and restraint
devices in motor vehicles, and hospital-based inter-
ventions (including avoidance of hypotension, hyp-
oxia, and careful manipulation of the patient).
Multislice computed tomography (CT) and magnetic
resonance imaging (MRI) are now widely available
for evaluating spine injuries.14 Although steroids have
become more commonly used in management, evolv-
ing treatments are now trending away from their use
as standard in all cases.14,15

Box 11.2 Essentials of spinal cord injury
epidemiology

� The annual incidence estimated to range
between 15 and 40 cases per million.1,2 In the
United States, 12 000 new cases occur yearly.

� The estimated lifetime costs for someone with a
high cervical spine injury (C1–C4) at the age of 25
years is > 3 million dollars (exclusive of losses in
wages, benefits, and productivity).

� Men suffer 80% of all SCI.
� A majority (55–60%) of SCI occurs in the cervical

spine region (C1–T1).
� The rest is spread evenly between the remainder

of the spinal areas.
� A limited number of preventive, diagnostic, and

therapeutic improvements have been made in

the past 20 years: improved prehospital care and
retrieval systems, increased awareness of the
need for spinal immobilization after an accident,
introduction of airbags and restraint devices in
motor vehicles, and hospital-based interventions
(including avoidance of hypotension, hypoxia,
and careful manipulation of the patient).

Clinical anatomy/pathophysiology
The bony spinal column encases and protects the
spinal cord. The spinal cord is 40–45 cm in length,
cylindrical in shape, starts at the base of the brain,
exiting through the foramen magnum, and terminates
in the conus medullaris at roughly L1–L2, although
this can range from T12 to L3. The cauda equina
emanate from the cona medullaris. The spinal cord
is divided into neurological units, labeled after verte-
bral levels, i.e., C1, C2, etc. However, within the spinal
cord, a C8 neurological level exists. This is not true of
the bony spine.16

The spinal cord gives off 31 spinal nerves, (8 cer-
vical, 12 thoracic, 5 lumbar, 5 sacral, 1 coccygeal). Spinal
nerves consist of anterior (ventral) and posterior
(dorsal) nerves, containing efferent and afferent axons,
respectively. These nerves exit the spinal column
through bony foramina. FromC1 to C7, the nerve roots
exit the spinal column above the corresponding verte-
bra. At theC7 vertebra, C8 roots exit below the vertebra.
All roots caudal to C7 exit inferior to the vertebra.16

Fusiform enlargements of the spinal cord exist in
the cervical as well as the lower thoracic/upper
lumbar regions. The enlargements give rise to the
brachial and lumbo-sacral plexuses that innervate
the arms and legs respectively. The amount of space
not occupied by the cord is reduced at these levels.
Consequently, the cord is more easily compressed in
these locations.17,18 The most commonly injured
spinal cord level is C5, whereas the thoracolumbar
junction (T12–L1) is the most frequent lumbar
level.19 Transection of the cord above C5 causes tetra-
plegia. Respiratory failure may occur if the transec-
tion is superior to C4 (Figure 11.1).16

Mirroring the brain, the cord is covered by three
meningeal layers, the pia, arachnoid, and dura maters.

Vascular system
Vascular supply of the spinal cord is divided into
anterior and posterior vessels.
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Arterial
Both the anterior and posterior circulation systems of
the cord receive contributions from the radicular and
medullary arteries:

1. Anterior arterial vessel: The anterior spinal artery
(from the union of the vertebral arteries), runs the
entire length of the cord in the midline, supplies
the anterior circumferential two thirds of cord
and the central gray matter.

2. Posterior arterial vessels supply the remaining
third circumferential of posterior cord.

The anastomotic flow between the anterior and pos-
terior arterial systems is poor. Both arterial systems
contribute to a net-like arterial plexus surrounding the

thoracic, distal cervical, and proximal lumbar cord.
While redundancy in the arterial supply of this area
exists, this area is felt to be at greater risk of ischemia
than the very upper and lower ends of the cord during
episodes of hypotension (Figure 11.2).16–18

Venous
The venous system of the cord follows the arterial
system, draining into the internal and external venous
plexuses. The internal venous plexus passes superiorly
and communicates with the dural sinuses and verte-
bral veins in the skull. The external venous plexus lies
on the external surface of the vertebrae (Figure 11.3).16

The cord itself is made up of gray and white
matter. White matter concentration is greatest in the
cervical spinal segments (as a consequence of the large
density of axonal fibers). The butterfly-shaped gray
matter sits centrally and contains the nerve cell bodies
and their processes, whereas the white matter is a
collection of the myelinated ascending and descend-
ing axonal fibers known as tracts. Multiple tracts
exist. Important spinal cord tracts are the posterior
columns (medial and lateral), spinothalamic tract,
and corticospinal tract. The tracts are named for their
origins (i.e., corticospinal tract starts in the cortex,
travels to the spine) (Table 11.1 and Figure 11.4).17–19

Classification of spinal cord injuries
The American Spinal Injury Association (ASIA) clas-
sification system is now used to describe the neuro-
logic level of injury as well as the type of SCI (e.g., C8
ASIA A with zone of partial preservation of pinprick
to T2). While not commonly used in actual emer-
gency department (ED) practice, it may be used by
consultants and in research (Figure 11.5). Copies may
be found online and freely downloaded (http://www.
asia-spinalinjury.org).20

Spinal cord injury terminology
Tetraplegia (formerly known as quadriplegia) is
injury to the spinal cord in the cervical region with
associated loss of muscle strength in all four extrem-
ities. It can be complete – lacking sensory and motor,
or incomplete – having one or both of these neuro-
logic functions partially or completely intact.20

Paraplegia is injury to the spinal cord in the
thoracic, lumbar, or sacral regions, including the
cauda equina and conus medullaris, sparing the upper
extremities.20

Conus
medullaris

Cauda
equina

Filum
terminale

CS5
S4

S3

S2

S1

L5

L4

L3

L2

L1

T12

T11

T10

T9

T8

T7

T6

T5

T4

T3
T2
T1
C8
C7

C6

C5

C4

C3

C2
C1

Spinal cord

Foramen
magnum

(ventral aspect)

Figure 11.1 The
distribution of the
nerve roots as they
exit the spinal canal
and their relation to
the vertebrae. (From
Melloni J, Dox I,
Melloni H, Melloni B.
Attorney’s Reference
on Human Anatomy.
Cambridge:
Cambridge University
Press, 2008.)
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The extent of injury is defined by the ASIA Impair-
ment Scale, using the categories listed in Table 11.2.

Digital rectal exam will help delineate between
complete and incomplete SCIs. The presence of rectal
tone or sacral sensation is considered sacral-sparing
and this equates with an incomplete SCI. Accurate
assessment of the type and level of SCI may be diffi-
cult in the acute period, especially if the patient is in
spinal shock.

Pathology of spinal cord injury
Spinal cord injury can be sustained through mul-
tiple mechanisms. Research over the past 25 years
has shown that the spinal cord suffers two distinct
injuries: the initial or primary injury and a later
secondary insult. The following list details the
common mechanisms (primary injuries) leading to
tissue damage:

Figure 11.2 Vertebral artery based on three-dimensional-surface rendered computed tomography angiogram (CTA). (Courtesy of Frank Gaillard.)
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1. Destruction from direct trauma.
2. Compression by bone fragments, hematoma, or

disk material.
3. Ischemia from damage or impingement on the

spinal arteries.

Spinal cord edema could ensue secondary to any of
the above.

The phenomenon of the secondary insult is still
not entirely clear, but the various pathways are better
understood now. Currently, secondary injury is
believed to be a highly complex combination of
cord hypoxia, calcium efflux, cell apoptosis, free rad-
icals, and generalized inflammation.21 Research will

Deep cervical v.

Suboccipital
venous plexus

Occipital v. Sigmoid sinus

Superior bulb

Vertebral
venous
plexus

Internal jugular  v.

Inferior bulb

Brachiocephalic v.

Manubrium
of sternum

Internal
thoracic v.

Anterior
vertebral  v.

Vertebral  v.

Accessory
vertebral  v.

Figure 11.3 Venous drainage of the cervical spinal cord. (From
Melloni J, Dox I, Melloni H, Melloni B. Attorney’s Reference on Human
Anatomy. Cambridge: Cambridge University Press, 2008.)

Table 11.1 Major spinal cord nerve tracts

Tract Function Location of
symptoms in
acute cord injury

Corticospinal
tract

Voluntary
movement

Ipsilateral

Spinothalamic
tract

Pain,
temperature

Contralateral

Posterior
columns

Proprioception,
vibration

Ipsilateral

Posterior columns

Lateral
corticospinal tract

Posterior columns

Dorsal
sensory roots

Motor root Lateral
spinothalamic

tract

Hand

Arm
Trunk

Lateral corticospinal tract

Leg

Foot

Lateral corticospinal tract

Lateral spinothalamic tract

Figure 11.4 Illustration of the cross-section
of cervical spinal cord showing ascending
sensory and descending motor tracts and
stereotopic organization of the lateral
corticospinal tract. (From Mandavia D,
Newton E, Demetriades D. Colour Atlas of
Emergency Trauma. Cambridge: Cambridge
University Press, 2003.)
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Comments:

(scoring on reverse side)

STANDARD NEUROLOGICAL CLASSIFICATION 
OF SPINAL CORD INJURY

Patient Name ____________________________________

Examiner Name __________________________________  Date/Time of Exam ___________________

(distal phalanx of middle finger)

(little finger)

Figure 11.5 Standard neurological classification of spinal cord injury. (Courtesy of the American Spinal Injury Association.)

Table 11.2 The American Spinal Injury Association (ASIA) Impairment Scale

ASIA
classification

Injury Sensation Motor

A Complete Absent in S4–S5 Absent in S4–S5

B Incomplete Function preserved below neurologic
level, extends through sacral
segments S4–S5

Absent in S4–S5

C Incomplete Function preserved below neurologic
level, extends through sacral
segments S4–S5

Preserved below neurologic level, most key
muscles below the neurologic level have muscle
grade < 3

D Incomplete Function preserved below neurologic
level, extends through sacral
segments S4–S5

Preserved below neurologic level, most key
muscles below neurologic level have muscle
grade � 3 but < 5

E Normal Function preserved below neurologic
level, extends through sacral
segments S4–S5

Motor preserved, muscle Grade 5 (not used in
acute injury)

Section 2: The injured patient

172



continue to search for new receptor targets, better
pharmacologic therapies, and unravel the complicated
pathway of neuronal death and regrowth.22–24

Prehospital interventions
Prehospital interventions are limited. Attention
should be paid first to stabilization of the spine and
the airway, breathing, and circulation (ABCs). In
regards to the spine, emergency services personnel
are tasked with stabilization and immobilization
using a hard cervical collar, backboard, and other
restraints to keep the patient as flat and still as pos-
sible. This can be difficult if the patient is intoxicated
or combative.25

Emergency department evaluation
and management
The emergency physician should be suspicious of a
SCI if the patient:

1. States she or he cannot move a limb(s).
2. Has/had numbness/decreased sensation.
3. Complains of back or neck pain.
4. Has urinary or fecal incontinence.
5. Is intoxicated or has altered mental status and a

traumatic mechanism.
6. Suffered a mechanism of injury which could lead

to SCI. One should be alert for the presence of
neurogenic shock. It is a diagnosis of exclusion,
and typically presents with bradycardia and
hypotension.

Initial evaluation
Assess the ABCs. If the patient is very combative and
refuses to lie flat, they may require sedation and
intubation to prohibit movement that may exacerbate
a spinal cord injury. This should be balanced by the
clinical suspicion for an injury and the risk/benefit of
intubation or sedation. If the patient can be managed
by sedation and observation in spinal precautions,
this may be a more optimal approach, especially if
suspicion is low by mechanism and exam findings.
Some patients may require paralysis after intubation
to facilitate acquisition of adequate imaging. When in
doubt, treat the patient as if she or he has a spinal
cord/column injury.

The initial goal is of patient stabilization, focusing
on any life-threatening injuries. If the patient requires

emergent surgery, that should take precedence over
spinal cord imaging; however, the patient should
remain in a cervical collar and be on spinal precau-
tions until cleared.25

Secondary survey
During the secondary survey, be alert to the presence
of other injuries as these are common in the SCI
patient.26 Injuries to the thoracic spine and cord
require a very high amount of force and other severe
injuries are not uncommon.27 (The thoracic spine is
the most stable section of the spine because of support
from the rib cage.) Palpate the cervical spine for point
tenderness and bony step-offs while a second person
maintains in-line stabilization. Replace the cervical
collar, log-roll the patient, repeat the same for the
thoracic/lumbar/sacral bony spine. Look carefully
for signs of penetrating and blunt trauma. At the
end of the spinal examination is the best time to
complete the rectal exam. Log-roll the patient to the
supine position and complete the neurological evalu-
ation. Ideally, the neurological exam is completed
before sedation/paralysis occurs, however this may
not be practical and a safe/secured airway takes
precedence.

1. Assess pupillary reflex in both eyes (not crucial
for evaluation of spinal cord injury).

2. Check for gross movement in all four extremities.
3. Assess strength by having the patient squeeze

the examiner’s fingers and plantar-flex both
feet.

Muscle strengths are graded using a five-point
scale. The patient should be supine. Muscle
strength always should be graded according to
maximum strength attained, regardless of the
duration that level of strength was maintained
during the examination. However, in the ED
strength tends to be graded as normal, reduced,
or absent. This may be a more appropriate
initial description of a trauma patient’s strength,
with a more detailed exam being completed
at a later time when the patient is stable
enough to allow for a prolonged neurological
exam:
5. Normal power
4. Moderate movement against resistance
3. Movement against gravity but not against

resistance
2. Movement with gravity eliminated
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1. Flicker of movement
0. No movement

4. While checking strength, quickly check gross
sensation in hands and feet using light touch. If
the patient is unable to feel anything distally,
continue checking sensation while moving
proximally towards the trunk. The goal is to
identify the lowest level of sensation using the
dermatomal scale (see ASIA Impairment Scale,
Table 11.2.). Any toe movement defines the injury
as incomplete.

5. Spinal reflexes should also be assessed. Again,
quickly check the biceps/patellar reflexes
bilaterally and assess for the presence of a
Babinski sign bilaterally.

6. Digital rectal exam is performed to evaluate for
rectal tone, perianal sensation, voluntary rectal
contraction, and the bulbocavernosus reflex
(BCR). The BCR can be done one of two ways –
insert a finger into the anus and tug on the penis/
foley or squeeze the glans. Anal sphincter
contraction equals an intact BCR. The first three
assess for sacral sparing, the BCR assesses for
spinal shock.28

Trauma room studies based on severity
If the patient is stable enough, a spinal CT is the
next appropriate study.29 Although this is a general

recommendation and clearly supported by the litera-
ture that spinal CT is much more sensitive, in real-
ity, this is not always practical. In addition, there has
been no definitive risk assessment of the increased
sensitivity of CT compared with the increased radi-
ation risks. Many institutions use some hybrid
protocol where a lower risk patient will receive plain
radiographs and a higher risk one will receive a
CT. If the patient has spinal fractures or persistent
neurological symptoms, an MRI of the spine is indi-
cated. Magnetic resonance imaging provides the best
visualization of the soft tissues, spinal cord, and

Figure 11.6 Magnetic resonance imaging (MRI) of the spine.

Box 11.3 Summary of early ED evaluation and
management for SCI

Acute interventions 1. Stabilize ABCs
2. Find and treat life-

threatening injuries
3. Oxygen
4. Avoid hypotension

(intravenous fluid/
blood/pressors)

5. Stop hemorrhage
6. Maintain spinal

immobilization

Most important
evaluation in the first
10 minutes

1. Assess and stabilize
the ABCs

2. Assess lowest level of
sensation/movement

Figure 11.7 Cross-table lateral plain radiograph of the cervical
spine.
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spinous ligaments (Figure 11.6)28,30,31. At this time,
MRI cannot predict neurological status at 6 weeks in
cases of cord hemorrhage, edema, and contusion.32

If a patient is very unstable, check a cross-table
lateral cervical spine X-ray (Figure 11.7). It will
provide basic information about the cervical spine.
None of these diagnostic studies are therapeutic
(Figures 11.8–11.10).

Treatment
The unfortunate reality is that there are few acute
treatment options for SCI patients. Most SCI will be
treated with supportive care and either surgery or
watchful waiting, however it rarely changes the out-
come. The following will discuss the management of
the patient with acute SCI.

Medical
There are no pharmaceutical therapies at present
that have been shown to convincingly improve the
long-term outcome in SCI. Medical therapy’s goal is
to decrease/eliminate the secondary injury that
affects the spinal cord. Although the biochemical
pathways leading to the secondary injury (ischemia,
free radical, calcium efflux, lipid peroxidation,
apoptosis) are better understood, effective treat-
ments are still lacking. Medications studied have
included opiate receptor blockers, calcium channel
blockers, GM1 ganglioside blockers, NMDA-

receptor antagonists, growth factors, and glucocor-
ticoids.33–40

Steroids
The treatment of spinal cord injury with corticoste-
roids remains controversial. To date, in the authors’
opinion, there are no randomized, placebo-controlled
trials that demonstrate significantly improved neuro-
logic outcome in steroid-treated patients. Differing

High-risk patient

CT initial study

Negative – If concerning signs or symptoms
MRI, or delayed flex. ex.

Positive – MRI, or
treat as appropriate

Stop

Cleared by NEXUS

Figure 11.8 Radiologic evaluation of
high-risk* patient. CT, computed tomography;
flex. ex., flexion–extension; MRI, magnetic
resonance imaging; NEXUS, National
Emergency X-Radiography Utilization Study.
*High risk: severe pain; elderly, significant
mechanism; any signs or symptoms.

Low-risk patient

Cleared by NEXUS
or CCR
Stop

Radiograph normal
Stop

Radiograph insufficient or 
abnormal CT

Figure 11.9 Radiologic evaluation
of low-risk* patient. CCR, Canadian
Cervical Spine Rule; CT, computed
tomography; NEXUS, National Emergency
X-Radiography Utilization Study. *Low
risk: low mechanism; minimal findings;
non-elderly.

Figure 11.10 Magnetic resonance imaging (MRI) with T5
fracture.
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interpretation of the current literature on steroids, as
well as a lack of any other efficacious pharmacologic
treatments, has fed the ongoing controversy.

The National Acute Spinal Cord Injury Studies
(NASCIS I, II, and III)41–43 were three large studies
that looked at high-dose methylprednisolone in acute
SCI. The original study showed no overall improve-
ment in patient outcomes at 6 months or 1 year.
However, looking deeper into the data of NASCIS II
using post-hoc subgroup analysis, it appeared the
group of patients treated within 8 hours of injury
had a very small but statistically significant difference
in motor function. These patients were only partially
paralyzed and it is possible they would have improved
without steroid therapy. The subsequent NASCIS III
assumed the 8-hour subgroup was the important
variable and subsequently tested different doses of
methylprednisolone vs. other medications given
within this 8-hour window. This conclusion from
the post-hoc analysis has been questioned for its stat-
istical validity.

A Cochrane review of corticosteroids for acute
spinal cord injury in 2003 looked at eight trials (includ-
ing NASCIS). None of these demonstrated any differ-
ence in motor scores at 6 weeks, 6 months, or 1 year.44

Other authors note similar findings.45,46 There are no
studies subsequently that contradict these findings. At
best, there is only weak support in the literature for the
use of steroids. Furthermore, there appears to be a
higher rate of severe pneumonia and sepsis in the
steroid-treated groups, as well as higher frequency of
arrhythmias, congestive heart failure, thromboembo-
lism, and gastrointestinal bleeding.47,48 Finally, the
treatment has never been submitted for approval by
the US Food and Drug Administration (FDA), and
remains an off-label treatment. At this time, use
remains variable and often institution-specific. The
risk–benefit ratio should be weighed carefully when
considering this treatment.

Box 11.4 Steriods in spinal trauma

� The treatment of spinal cord injury with cortico-
steroids remains controversial.

� No randomized, placebo-controlled trials demon-
strate significantly improved neurologic out-
come in steroid-treated patients.

� NASCIS i, ii, and iii were three large studies
that looked at high-dose methylprednisolone in
acute SCI.

� Some benefit was found in NASCIS II, but the
findings remain questionable and highly
controversial.

� A Cochrane review of corticosteroids for acute
SCI in 2003 looked at eight trials (including NAS-
CIS). None of these demonstrated any difference
in motor scores at 6 weeks, 6 months, or 1 year.

� Severe pneumonia and sepsis in the steroid-
treated groups appears greater, as well as higher
frequency of arrhythmias, congestive heart fail-
ure, thromboembolism, and gastrointestinal
bleeding.

� The risk–benefit ratio should be weighed care-
fully in considering this treatment.

� The authors of this chapter do not support its use.

Blood pressure control
Few major interventions are effective in the ED.
One is blood pressure control. A mean arterial
blood pressure of > 90 mmHg should be main-
tained to provide optimal circulation to the spinal
cord.17,49,50 Multiple animal studies have shown that
hypotension worsens neurologic outcome and
increases the secondary injury to the cord. Patients
should be volume resuscitated first (with crystalloid
and/or blood), then started on pressors (dopamine
or phenylephrine) for fluid resistant hypotension and
presumed neurogenic shock. Be cognizant of overag-
gressive fluid resuscitation.51

Oxygenation
Maintaining adequate oxygenation is also essential.
Whereas adequate volume ensures perfusion of the
spinal cord, sufficient oxygen levels are required for
the spinal neurons’ high metabolic needs. Maintain an
oxygen saturation as close as possible to 100%.50,51

Surgical
Most patients with cord injuries will either undergo
acute decompressive surgery or watchful waiting with
repeated spinal imaging. There is no consensus in the
literature regarding the optimal timing of surgical
repair/decompression of spinal injuries. The general
approach is to repair the bony lesion as soon as
feasible. In studies where early decompression is con-
sidered < 3 days, late decompression > 5 days, gener-
ally no difference is found in the long-term
neurological outcome, although there is some literature
which supports early decompression (< 3 days).52–54
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Concern exists regarding the “second hit” phenom-
enon: the theory postulates that the spinal cord suffers
further ischemic damage when patients have early sur-
gical repair, further worsening neurological outcome.
In one study, a subset of five SCI patients with cervical
lesions and early surgical repair, found that these
patients had a worse neurological outcome than those
who were repaired at a later time.55

Cervical traction in the ED is rarely done, but is an
option for the patient with a cervical facet dislocation or
fracture/dislocation causing severe cervical cord com-
pression.19,26,56 This is usually performed in conjunc-
tion with a spinal surgeon. The goal is the rapid reversal
of the cord compression, which is done to restore ana-
tomic alignment and ideally some neurologic function.
Failure of closed reduction to restore alignment may be
due to concurrent disc herniation.57–60 Some studies
recommend ventral decompression (surgery) before
reduction if a significant disc herniation exists.61

If the patient has spinal column injury with
worsening neurological deficits, the patient may
require emergent operative decompression and stabil-
ization. Urgent surgery should also be done for epi-
dural lesions (hematoma) and cauda equina
syndrome to decompress the spinal cord.62,63

Consultations
A patient with SCI will require consultations from a
neurosurgeon, orthopedic surgeon, or both. Patients
with SCI frequently require a trauma surgeon as most
patients have other serious injuries in addition to SCI.
The neurosurgeon/orthopedic surgeon will decide on
the need for and timing of spinal surgery.

When to transfer for acute SCI
The indications for transfer are:

1. No trauma surgeon, orthopedic surgeon, or
neurosurgeon available.

2. No CT or MRI scanner available.
3. A regional SCI center is within a reasonable

transport time and the patient is stable for transfer
(outcome has been found to be better for SCI
patients at SCI centers).64

When to admit
Admit all patients with an acute SCI. The patient
generally requires admission to an intensive care unit
setting.

When to send home
If the patient has no documented spinal cord contu-
sion, it is safe to discharge the patient to home.
Symptoms such as subjective sensory complaints
without objective sensory or motor signs on physical
exam, are often temporary and resolve on their own
over time. Although if there is doubt, the patient
should be admitted for observation and further
evaluation.

Prognosis
Providing an accurate prognosis for the patient
with an acute SCI takes days and multiple imaging
modalities. Rarely is this possible in the ED and
should be avoided. Prognosis varies, depending
on the exact injury to the spinal cord. Patients
with a complete SCI currently have no chance of
neurologic recovery. Spinal cord injured patients
over the age of 50 have a dramatically higher
mortality, especially if they are tetraplegic. In one
paper, 90% of tetraplegic patients aged 1–24 years
(n ¼ 1242) lived for at least an additional 12 years,
whereas only 27% of tetraplegic patients aged 50
years or older (n ¼ 187) survived 12 years.65 The
prognosis is much better for the incomplete cord
syndromes.

Complications
Patients with SCI are at risk for complications. Short-
term complications include:65–68

1. Decubitus ulcers
2. Worsening of neurological symptoms
3. Aspiration/pneumonia/respiratory insufficiency
4. Other infections
5. Deep venous thrombosis/pulmonary embolism
6. Gastrointestinal hemorrhage
7. Depression.

Long-term complications include:65,68

1. Urinary tract infections
2. Pneumonia
3. Decubitus ulcers
4. Autonomic dysreflexia
5. Spasticity
6. Sepsis
7. Cardiac disease
8. Heterotopic ossification.
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Medicolegal points
In one study of 20 cervical spine injury malpractice
cases from 1987 to 2002, the types of errors were
mixed and fairly evenly distributed. They were
defined as Type I errors (inadequate or improper tests
ordered), Type II errors (misreading or misinterpret-
ing an appropriate test), and Type III (relying on a
test insensitive to detect the injury). Those in which
the jury found for the defendant were all Type I and
III errors. Cases decided in favor of the plaintiff were
a mix of Types I, II, and III errors.69

Basic areas to concentrate on from a risk manage-
ment perspective are:

1. Diagnosis – perform a careful and well-
documented neurological examination.

2. Proper spinal immobilization when SCI could be
present – consider chemical and physical
restraints as needed.

3. Consider neurogenic shock in the proper clinical
picture.

4. Correct interpretation of imaging studies – this
was the reason for the error in 10/12 malpractice
cases found for the plaintiff.69

Documentation
Clearly document initial and serial neurological exams,
noting the time of examination, lowest level of sensa-
tion, and movement. Medical decision making should
also be documented.

Spinal shock and neurogenic shock
Confusion exists as to whether spinal shock and neuro-
genic shock are the same or different entities. Several
papers define spinal shock as distinct from neurogenic
shock. We suggest that they should remain separate for
clarity’s sake. Patients would be better served by defin-
ing the two terms separately, allowing for amore precise
description of the degree of illness.26 The term spinal
shock refers solely to the loss of reflexes andmuscle tone
whereas neurogenic shock is defined as SCI with brady-
cardia and hypotension secondary to loss of sympa-
thetic tone. It is useful to note that spinal shock does
not denote any hemodynamic collapse.26,55,70

Spinal shock is only seen in complete cord injury
and tends to occur more commonly in injuries above
T6. Spinal shock is a state of transient physiological
(rather than anatomical) reflex depression of cord
function below the level of injury with associated loss

of all sensorimotor functions. Flaccid paralysis, with
bowel incontinence and urinary retention, is
observed, and sometimes accompanied by sustained
priapism. These symptoms tend to last several hours
to days, rarely weeks, until the reflex arcs below the
level of the injury begin to function again (e.g., BCR,
muscle stretch reflex). Studies vary as to which phys-
ical finding is best to follow progress of spinal shock,
but return of the BCR is considered a consistent exam
finding signaling the resolution of spinal shock.
Muscle tone and deep tendon reflexes (DTRs) will
then follow.70 Treatment is supportive.

Neurogenic shock implies a hemodynamically
compromised patient.26 Neurogenic shock is mani-
fested by hypotension and bradycardia. Shock tends
to occur more commonly in injuries above T6, sec-
ondary to the disruption of the sympathetic outflow
and to unopposed parasympathetic tone. Loss of vas-
cular tone leads to hypotension.70 Rarely, atrioven-
tricular block is present. Treatment of neurogenic
shock is with fluid and vasopressors (e.g., norepin-
ephrine or dopamine).6,17

Incomplete cord injuries
Many different types of incomplete cord syndromes
exist. In incomplete injuries, the patient will have
some preservation of sensory or motor function
below the level of injury.

Central cord syndrome
This is the most common incomplete spinal cord syn-
drome, often seen in the elderly due to hyper-extension
of the neck. One should suspect this in patients with
spinal stenosis. As the vertebral column ages, degen-
erative changes occur (degenerative joint disease),
leading to irregularities in the bony spine and hyper-
trophy of the ligamentum flavum. Hyperextension of
the cervical spine pinches the cord between the hyper-
trophied arthritic surface of the anterior vertebral
ridge and the thickened, bowing, posterior ligamen-
tum flavum. Neurological symptoms (usually weak-
ness) are most prominent in the upper extremities.
Lower extremity symptoms tend to be more mild as
compared to the upper extremities. The symptoms
stem from damage within the central gray matter to
the corticospinal and spinothalamic tracts. These
range from weakness to paralysis. Sensory and bladder
irregularities may be present. Sacral sparing will exist
and the patient may have an associated spinal cord
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contusion.17,18,71 See Figure 11.11 for MRI imaging of
spinal cord edema. The prognosis depends in part on
the patient’s age at injury: if < 50 years, most retain
bladder continence and the ability to walk; if > 50
years, a much smaller percentage regain bladder func-
tion and an ambulatory status.72

Brown-Séquard syndrome
In Brown-Séquard syndrome, hemisection of the cord
occurs, from either penetrating trauma or lateral mass
fractures of the cervical spine.73 Blunt trauma is a very
infrequent cause.74 Neurological exam will reveal ipsi-
lateral motor paralysis and proprioceptive loss with
contralateral sensory deficit (pain and temperature).
Bladder and bowel function remains intact, and the
sacrum is spared.17,18,71,75

The prognosis of Brown-Séquard syndrome is the
best of all incomplete cord syndromes. Most patients
will have partial sensory and motor loss, but regain
bowel and bladder continence, be able to walk, and to
complete activities of daily living independently.76

Anterior cord syndrome
The mechanism of anterior cord syndrome is usually
hyperflexion of the neck, commonly due to herniated

discs or fragments of vertebral bone compressing the
cord and/or anterior spinal artery. In addition, the
spinal artery may be lacerated, or the aorta ruptured,
leading to cord infarction from ischemia and subse-
quent anterior cord syndrome.77 The intercostal
arteries originate from the aorta, and terminate at
the anterior spinal artery. Disruption of the aorta will
halt or cause decreased blood flow to the anterior
spinal artery. The gray matter has a higher metabolic
rate and hence is more susceptible to ischemia.78

Patients experience partial paralysis, decreased sensa-
tion (to light touch and pinprick), but maintain pos-
ition, vibration, and touch sense.17,18,71

Most of the data regarding prognosis is from
patients who suffered an ischemic insult to the cord.
In a small study of five patients, three patients with-
out lower extremity motor function at presentation
all regained motor function at one year. Two with
partial motor loss had improvement; one was able to
walk independently at one year post-injury.77

Another study showed motor improvement in two
out of three patients with anterior spinal cord syn-
drome.79 As these lesions may be operable, a neuro-
surgeon should be consulted as early as practical in
the patient’s course.

Posterior cord syndrome
Posterior cord syndrome is a very rare entity which
involves the dorsal column. Patients will notice loss of
proprioception and vibration. Strength is preserved.
Many patients experience difficulty walking as a con-
sequence of the loss of proprioception.80

Conus medullaris syndrome/cauda
equina syndrome
Conus medullaris syndrome is associated with com-
pression to the sacral cord (L1). Cauda equina syn-
drome is compression of the nerve roots at the
terminus of the spinal cord.17,18,71,80 Differentiating
clinically between these two entities is not possible.
The symptoms are the same: bladder and bowel over-
flow incontinence, lower limb weakness/paralysis,
saddle anesthesia, and decreased or absent rectal tone.
Sacral segments occasionally show preserved reflexes
(e.g., BCR and ability to urinate voluntarily). Patients
may also have unilateral or bilateral sciatica and back
pain. Bilateral symptoms are more common with
conus compression.17,72,80 If the provider suspects

Figure 11.11 Central cord syndrome: cervical cord edema on
magnetic resonance imaging (MRI). Sagittal, T2-weighted image.
Spinal cord edema is present from C2–C7. This patient also has
prevertebral hematoma (not well seen on this image) and C4
marrow edema secondary to vertebral fracture.
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cauda equina or conus syndrome, a lumbar MRI is
indicated as it is the best way to see edema of the
spinal cord.81 A preliminary CT scan of the spine may
be done, but the definitive study is MRI. If an MRI is
not available at the treating facility, the patient should
be transferred to a facility with an MRI.

The definitive treatment is surgical decompres-
sion of the cord/spinal nerves. While the standard
teaching is to decompress the cord or nerve roots as
soon as feasible, there is some research which shows
that neither duration of symptoms nor early (within
6 hours) surgical intervention had any bearing on a
patient’s long-term bowel or bladder or sexual func-
tion.82 The caregiver should consult a spine or
neurosurgeon as soon as practical, as this is contro-
versial, and the common practice is to perform early
intervention.

Prognosis is generally good. Most patients do
quite well after surgery, regaining most of their blad-
der or bowel function, sensation, and strength over
weeks to months. However, in a small but significant
percentage, urination, defecation, sexual function,
motor, and sensation may still be altered enough to
interfere with normal daily functions.83,84

Spinal cord injury without radiographic
abnormality
Spinal cord injury without radiographic abnormality
(SCIWORA) is defined as spinal cord deficit(s) in
trauma patients with no observed bony abnormality
on radiographs.85 This entity has a higher incidence
in children probably due to their anatomy and soft
tissue pliability. In one study, up to 40% of children
from birth to 17 years with varying ranges of trau-
matic myelopathy had SCIWORA.86 The incidence of
SCIWORA decreases with age as does the overall
severity of the injury. Thoracic SCIWORA does not
demonstrate a clearly age-related pattern, although it
is usually related to a pedestrian being struck by a
car.86 Most recent research demonstrates that very
few patients with neurological symptoms and nega-
tive cervical spine X-rays have negative spinal MRIs.
In patients with spinal symptoms but normal radio-
graphs, MRI of the spine often showed complete cord
transection, cord contusion, hemorrhage, disc hernia-
tion, or cord edema.87

Although SCIWORA is felt to be more common
in children, one large multicenter prospective
observational study did not find any children with

SCIWORA. Of the roughly 34 000 patients (from
the National Emergency X-Radiography Utilization
Study [NEXUS] trial data), 3000 patients were < 18
years old. Within the adult cohort, 27 (3%) of the 818
adults with cervical spine injury had SCIWORA,
0.08% overall.88 The total pediatric population in this
study may have been too small to derive any specific
conclusions.

Causes of SCIWORA depend on a patient’s age. In
younger patients, pedestrian–motor vehicle collisions
and falls predominate. Child abuse must also be con-
sidered. In older children, the injury is most often due
to motor vehicle collisions or highly physical activ-
ities, such as gymnastics, diving, downhill skiing, and
equestrianism.86

The mechanisms of injury include flexion, hyper-
extension, or longitudinal distraction with resultant
spinal cord ischemia.85 Children are felt to be at
increased risk for this syndrome because of their
inherent vertebral column elasticity and other age-
related anatomical vertebral characteristics. One
study of neonatal cadavers found that the spinal
column stretched up to 2 inches without discernable
damage whereas the spinal cord ruptured at a one
quarter inch of elongation.89 The juvenile vertebral
column is extremely pliable, rendering it less prone to
breakage but more likely to suffer ligamentous rup-
ture. By 9 years of age, the spine is more like that
of an adult: less deformable and at higher risk for
bony fracture.

Children with upper cervical SCIWORA are more
likely to have worse neurological injuries than chil-
dren with lower cervical lesions. Neurological lesions
in children under 9 years of age were generally more
severe than those found in children of 9 years of age
or older.90

Prehospital interventions include complete spinal
immobilization, comforting the child, and rapid
transport to the nearest appropriate treating facility.
Spinal immobilization should include cervical collar
and backboard, with care taken to minimize the
movement of the child. In very young children the
occiput is large enough to cause flexion of the neck
when the child is supine on a backboard. Towels or
blankets should be placed under the child’s shoulders,
torso, and hips to maintain the neck in a neutral
position. Towels or blankets placed on either side of
the head and secured with tape will maintain in-line
cervical stabilization if the child is too small for a
cervical collar.
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Presentations of SCIWORA can range from the
very subtle to the overtly obvious. Symptoms may be
transient, rendering the patient asymptomatic by the
time they reach the ED. During the initial evaluation,
the diagnosis may be missed, especially if more severe
injuries exist.86

In children, there are several approaches to radio-
logic evaluation. While some physicians would
recommend plain films initially, if the ultimate plan
is to obtain a head CT, it makes sense to do a spinal
CT at the same time. In order to decrease radiation,
another option is to obtain plain films first and, if
negative, follow with MRI in the symptomatic
patient. If fractures are seen, CT is generally recom-
mended. Data on adults supports omitting the full
cervical spine X-ray series and going directly to cer-
vical spine CT as the initial imaging modality.91–95

Thin section axial scan with bone algorithms, includ-
ing coronal and sagittal reconstructions should be
done to identify occult fractures. The next step in
patients with no radiologic findings but persistent
spinal symptoms is to get the MRI of the spine as
soon as possible. Transient symptoms with complete
resolution in adults are unlikely to show clinically
significant abnormalities (Figure 11.12).86

If the plain radiographs, CT, and MRI are all
negative, it would be unlikely that an acute injury
exists. The NEXUS subgroup analysis found that the
flexion extension radiographs in the acute situations
provided essentially no real change in management of

patients with cervical spine injuries.86 While a min-
imal percentage had new findings on this examin-
ation, they all had other significant injuries already
known.89 While new CT studies suggest that multi-
detector CT alone is good enough to clear the cervical
spine, other studies found that there still is a small
number of ligamentous injuries not diagnosed on
CT.96 These missed injuries are in unreliable patients
(Glasgow Coma Scale score < 15).96 If the CT is
negative and MRI is not available in the patient with
severe pain or minor neurologic finding, outpatient
MRI is an option. The patient should be kept in a
cervical collar such as a Philadelphia or Aspen collar
until the studies can be completed. A neurology con-
sult and possibly neurosurgical or orthopedics consult
should be considered with objective findings or
symptoms.

Finally, somatosensory evoked potentials (SSEPs)
may be performed later in the course, but not as a part
of the ED workup. These help separate SCI from head
injury and brachial plexus injury, especially if the
patient is unconscious.

Treatment of patients with SCIWORA may
include spinal immobilization, neurosurgical inter-
vention, steroids, supportive care, and treatment of
concomitant injuries. Spinal immobilization should
be maintained with a rigid collar, such as an Aspen
or Philadelphia collar. The decision to implement
steroid therapy should be made only after a com-
plete discussion with the parent(s) or guardian(s) of
the child, clearly explaining the risk–benefit profile
and the lack of data in children. If used, current
steroid therapy guidelines are intravenous methyl-
prednisolone, 30 mg/kg over 15 minutes followed
by 5.4 mg/kg per hour for the next 23 hours. Fur-
ther, steroid treatment should be initiated within 8
hours of the injury.86

If one is unsure about an injury, it is prudent to
admit the child for observation, repeated studies, and
serial exams.

Cervical root syndrome
The deficit in cervical root syndrome results from an
isolated nerve root impingement typically from acute
disk herniation or a dislocated facet joint. Conse-
quently, patients will have ipsilateral sensory and
lower motor neuron deficits. Diagnosis is made with
electromyography (EMG) and MRI. Treatment
includes facet injection and surgery.80

Figure 11.12 Cervical magnetic resonance imaging (MRI)
showing prevertebral edema.
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Complete cord injury
Patients with complete cord injury experience a com-
plete absence of sensory and motor functions from
the level of injury caudad, from one of four causes:

1. Compression
2. Hemorrhage
3. Infarction
4. Transection.

Trauma is the most common reason for a person to
incur a complete SCI.

The presentation of such an injury can vary.
Reflexes may still be present as the DTR circuit is still
intact, not requiring ascension in the spinal cord. Pri-
apism and hypotension may exist. No sacral sparing
will be present. Prognosis is very poor if symptoms of
complete spinal cord syndrome persists past 24 hours;
fewer than 5% of these patients will have a functional
recovery. At 48 hours, virtually no chance of recovery
exists (Figures 11.13–11.15 and Table 11.3).17,80,97

Penetrating injury to spine
Spinal stability is based upon the well-accepted three-
column theory. The bony spine is separated into three
columns: anterior, middle, and posterior columns
(Table 11.4). Each is composed of bony and ligament-
ous structures. To create an unstable spine, one of two
things must happen: either disruption of all columns
or the anterior and middle columns.

Following this logic, a penetrating injury must
traverse the spinal cord and break at least two columns
to create an unstable spine fracture. A patient

Figure 11.13 T2-weighted magnetic resonance imaging (MRI)
image of C4–C5 complete cord transection. C3–C5 subluxation with
anterolisthesis of C4 and C5 and concurrent retrolisthesis of C5 on
C6. An epidural hematoma is visible, along with prevertebral and
posterior paraspinous soft tissue hematoma/edema.

Figure 11.14 Magnetic resonance imaging (MRI) (stir image) of
L1–L2 dislocation and cord compression with edema of hematoma
within paraspinous tissues.

Figure 11.15 A T2-weighted image of the same patient in
Figure 11.14.
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sustaining such a significant injury should have at
minimum bony spine pain and tenderness, but more
likely neurological signs and symptoms ranging from
sensory changes to loss of motor function. Conversely,
the lack of these symptoms should be able to rule out
an unstable injury.98–101 One study noted that three
patients who sustained gunshot wounds to the face
were found to have cervical spine fractures, despite
presenting as alert and oriented without pain or neuro-
logical signs on physical exam.101 However, none of
these fractures required surgical repair. A single study
noted patients presenting neurologically intact and
asymptomatic after gunshot wounds to the spine, and
were subsequently found to have bony spine injuries.
Unfortunately, the study was a retrospective chart
review, and one cannot ascertain what the true initial
clinical presentation was for those patients.102

To date, there are no reports of unstable fractures
occurring in the alert asymptomatic patients. An excep-
tionally cautious approach would be to CT all these
patients, although this is not supported by any data.
Negative plain films without bony injury are probably
sufficient. Patients with neurological signs require CT of
the spine in the region of concern, and may require MRI
for assessment of ligamentous and spinal injury. Of note,
while thedata is limited, it appears that it is safe toperform
MRI on patients with bullet fragments in the spine.103

Peripheral nerve injuries
Traumatic brachial plexus injury
The true incidence of traumatic brachial plexus injury
(TBPI) is difficult to measure. However, it is likely
increasing with the rising popularity of high velocity
sports.104 Traumatic brachial plexus injury occurs most
commonly in males in their late teens to mid-twenties.
Closed injury occurs more frequently than open. Motor
vehicle crashes are the most common cause of TBPI;
other causes include falls, bicycle/motorcycle crashes,
gunshots/stabbings, or industrial accidents.104–106

The anatomy of the brachial plexus consists of
combinations of nerves originating from C5–T1.
Trauma can occur anywhere along the plexus and is
divided into supraclavicular or infraclavicular injury.

Table 11.3 Spinal cord syndromes

Name Usual cause Neurologic deficit

Central cord syndrome Hyperextension Upper extremity weakness > lower extremity

Distal > proximal

Brown-Séquard syndrome Traumatic hemisection Ipsilateral motor paralysis and proprioceptive loss.

Contralateral pain and temperature decreased

Anterior cord syndrome Hyperflexion Partial paralysis

Decreased pin and light touch sensation

Conus medullaris/cauda
equina syndrome

Compression of distal spinal cord/cauda
equina by masses/intervertebral disc

Saddle anesthesia

Overflow incontinence of bladder and bowels

Back pain

Decreased or absent rectal tone

Lower extremity weakness

Complete cord syndrome Trauma Complete loss of motor and sensation below
level of lesion

No rectal tone present.

Table 11.4 Three columns of the spine

Column Contents

Anterior Anterior longitudinal ligament and the
anterior part of the vertebral body

Middle Posterior part of the vertebral body and the
posterior longitudinal ligament

Posterior The bony and ligamentous structures posterior
to the posterior longitudinal ligament
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The brachial plexus is organized into five zones/elem-
ents (Figure 11.16):16

1. Roots
2. Anterior branches of spinal nerves
3. Trunks
4. Cords
5. Terminal peripheral nerves.

Patients with brachial plexus injuries generally have other
serious injuries and TBPI can easily be overlooked.
Considerable traction on the upper extremity or neck is
required to cause closed injury. Traumatic brachial plexus
injury is associatedwith clavicular, shoulder, and first and
second rib fractures.107Other physical findingswhich can
signal TBPI include Horner syndrome, enophthalmos
(if the avulsion is of ipsilateral preganglionic of T1), or
winging of the scapula (injury to the long thoracic nerve
or preganglionic C6 avulsion) (Table 11.5).104,105

Traumatic injury to the plexus may be induced by
stretch/contusion, traction, compression (hematoma),
or penetration. Supraclavicular injuries usually occur
when a large amount of traction is applied to the head
or ipsilateral shoulder, forcing them in opposite direc-
tions. Stretch/contusion injuries also tend to damage
the plexus in the supraclavicular region, with the most
rostral branches being affected first.106 Infraclavicular
injuries tend to result from extreme arm abduction
(Figures 11.17 and 11.18).104,108

Patients can present with a wide range of symp-
toms, ranging from isolated neurological upper

extremity complaints to “flail arm”: complete paresis
of the upper extremity.107 Horner syndrome may be
present as the sympathetic output to the head may be
disrupted if the T1 root is avulsed. Diaphragmatic
palsy, rhomboid, and serratus anterior weakness/palsy

Table 11.5 Physical exam findings in traumatic brachial plexus
injury

Physical exam Nerve

Elbow flexion/extension Musculocutaneous N,
Radial N

Shoulder abduction Axillary N

Deltoid function Posterior cord

Latissimus dorsi function Thoracodorsal N

Pectoralis major and minor
(have patient abduct
against resistance)

Medial and lateral cords

Rotator cuff evaluation Can mimic brachial plexus
injury

Cranial nerve exam CNIX – spinal accessory
nerve, can be coinjured
with brachial plexus

Sensory exam Depends on location of
findings

Tinel’s sign/percussion of
injured nerve

Acute pain with
percussion of nerve
suggests rupture

Cords Divisions

Dorsal scapular nerve

Suprascapular nerve

Nerve to subclavius

Lateral pectoral nerve

Musculocutaneous nerve

Axillary nerve

Median nerve

Ulnar nerve

Medial cutaneous nerve of the forearm Medial cutaneous nerve of the arm

Radial nerve

Lower subscapular nerve

Thoraco dorsal nerve

Upper subscapular nerve

Medial pectoral nerve

Long thoracic nerve

T1

C8

C7

C6

C5

Trunks Roots

Lateral c
ord

Poste
rio

r cord

Medial cord

Figure 11.16 Anterior view of right
brachial plexus.
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suggest TBPI.109 Be alert to other injuries, as these
patients usually suffer polytrauma. Studies found the
following major injuries associated with TBPI:105,109

1. Long bone fractures
2. Spinal fractures
3. Head injuries
4. Chest injuries
5. Axillary artery injury
6. Shoulder girdle injuries.

Imaging should be based on mechanism and other
potential injuries. In regards to the brachial plexus
injury, acute radiography is rarely helpful. The major
concern is the presence of arterial injury. Arterial
pressure indices should be completed first. In the
arm, this is known as the Brachial–Brachial Index
(BBI). In one study of 100 traumatized limbs (includ-
ing upper and lower extremities), Arterial Pressure
Index (API) had a sensitivity and specificity of 95%
and 97%, respectively, for detecting significantly

occult arterial damage. An abnormal API was a ratio
of < 0.90. Of the 100 limbs, 17 had an API of < 0.90.
Subsequently, 16 of those limbs had positive arterio-
grams.110 There is limited research available, but
what there is supports arterial angiography if there
is a > 10% difference in forearm systolic blood pres-
sure or in whom the ABI is < 0.90.111

Angiography of the axillary artery should also be
considered as axillary arterial injury happens frequently
with TBPI, roughly 20%. One study found 10 of 54
patients with TBPI had associated subclavian or axillary
artery/vein injuries.105 Another identified 13 of 58
patients with TBPI who had concurrent pseudoaneur-
ysms or arteriovenous fistula.112 A third study noted 17
of 100 patients with either a vascular tear or thrombosis,
although the authors did not specify whether these were
in patients with open, penetrating, or closed TBPI.109

A CT angiogram or angiography should be performed.
Eventually, the patient with TBPI will require CTmyelo-
graphy of the cervical spine to evaluate the extent of the
injury, but again, this is not urgent and can wait weeks to
months after the injury.113,114 Magnetic resonance
imaging of the brachial plexus shows promise as the
technology evolves, but as yet does not have the sensitiv-
ity or specificity of CT myelography.115,116

Treatment is either urgent, if the injury is open or
involves the artery, or delayed, with initial observa-
tion and physical therapy in all others.

C5

C6

C7

C8
T1

Figure 11.18 Stretch injury to superior elements of the brachial
plexus (C5–C7).

C5

C6

C7

C8

T1

Figure 11.17 Traction injury to inferior elements of the brachial
plexus (C7–T1).
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Patients with open TBPI secondary to gunshot
injuries appear to do well with conservative manage-
ment as the nerves are rarely transected. Injury to the
plexus is more often due to contusion or stretch
injuries of the plexus.117 In one study of 118 patients
with TPBIs secondary to gunshot wounds, 40%
resolved spontaneously and did not require sur-
gery.117 Surgery in most cases is delayed on the order
of months. Patients with supraclavicular injuries tend
to be better surgical candidates.109,112,118

Prognosis depends on what level of the plexus is
injured (C5–T1), what type of injury occurred within
the plexus (stretch vs. laceration), and where the injury
occurred (supraclavicular vs. infraclavicular). Patients
with injuries to more rostral elements of the plexus
(especially C5–C6) have a better prognosis as the hand
is neurologically intact and there appears to be a higher
success rate with surgical repair of this zone.106,109 Long-
termneural prognosis of the arm/hand function is worse
in patients with avulsion of the entire plexus. Open
injuries have better outcomes than closed injuries.109

Patients may also develop chronic pain syndromes.

Conclusion
Spinal cord injuries are common and devastating.While
often the injuries do not benefit from acute manage-
ment, correcting hypotension and hypoxia as well as
managing the entire patient well may affect outcome.
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12
The injured patient

Chest trauma

Alasdair Conn

Introduction
Many patients with severe chest trauma die before
they reach the hospital; however, a large percentage
will arrive alive and require emergency evaluation.
Rapid evaluation and management is critical. The
range of injuries varies from a mild thoracic contu-
sion – which after evaluation can often be released
from the emergency department (ED) – to a penetrat-
ing cardiac injury or a thoracic aortic injury in which
the immediate assessment and management can make
the difference between a successful outcome or a
patient’s demise. Fewer than 10% of blunt chest injur-
ies and 30% of penetrating thoracic injuries will
require operative intervention.

Motor vehicle crashes constitute the most
common cause of major thoracic trauma. It is esti-
mated that up to 20% of motor vehicle deaths may be
attributed to blunt cardiac injury and a further 15%
caused by thoracic aortic injury. Thoracic trauma
accounts for about 16 000 deaths per year in the
United States.1 The most common severe thoracic
injury is blunt aortic injury, typically the driver of a
car involved in a motor vehicle crash. Blunt aortic
injury is often associated with high speed crashes, lack
of restraint use, and significant intrusion into the
vehicle.

Major changes and developments
Over the last decade the evaluation of thoracic injury
has dramatically improved with the advent of high-
speed computed tomography (CT) scanning and, in
conjunction with CT angiography, early diagnosis of
thoracic vascular injury is now almost routine.
A normal CT angiogram excludes a great vessel injury
and in many centers the use of intra-arterial angiog-
raphy to confirm the diagnosis has been abandoned.

This has allowed a more streamlined approach to the
diagnosis. A thoracic CT with contrast may be ordered
early in the course of a patient’s evaluation, without the
delays and costs associated with activating an angio-
graphic team (Figure 12.1). Expanded use of multide-
tector CT scanning has also enabled identification of
injuries such as pneumothoraces previously undetected
by routine plain radiography. The treatment modality
for injury to the thoracic aorta is also changing: thor-
acotomy and primary repair used to be the standard
surgical approach but is being rapidly replaced by the
endovascular placement of stents in selected patients.
An additional major change has been the advent of
portable ultrasonography; emergency physicians famil-
iar with this technique can diagnose a cardiac effusion,
cardiac tamponade, a hemothorax, and a pneumothorax
within a few minutes of patient arrival. New research

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. © Cambridge University Press 2011.

Figure 12.1 Three-dimensional multidetector computed
tomography (MDCT). The use of CT is revolutionizing the diagnosis
of thoracic injury. Multiple rib fractures and clavicular fracture can be
easily seen.
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on the evaluation of blunt cardiac injury has allowed
risk stratification early in a patient’s management
and unnecessary intensive care monitoring can be
avoided in these patients. Lastly the continued deve-
lopment and increasing sophistication of trauma
systems have improved survival of the sickest
patients.2 Early identification and disposition to a
designated trauma center is essential to this process.

Box 12.1 Essentials of chest trauma

� Fewer than 10% of blunt chest injuries and 30%
of penetrating thoracic injuries will require opera-
tive intervention.

� Motor vehicle crashes constitute the most
common cause of major thoracic trauma.

� The most common severe thoracic injury is blunt
aortic injury.

� Blunt aortic injury is associated with high speed
crashes, lack of restraint use, and significant intru-
sion into the vehicle.

� Over the last decade the rapid evaluation of thor-
acic injury has dramatically improved with the
advent of high speed CT scanning.

� In conjunction with CT angiography, early diag-
nosis of thoracic vascular injury is now almost
routine.

� A normal CT angiogram excludes a great vessel
injury.

Clinical anatomy and pathophysiology
The thorax is the largest of the bony cavities of the
body; it contains the heart, great vessels, and the lungs
and is traversed by structures that pass from the neck
to the abdomen. The following description is that of a
normal anatomy, although there may be a variety of
normal and abnormal variations.

Anatomy
The bony thorax comprises the 12 vertebrae, the 12th
pairs of costae – the ribs and costal cartilages – and
anteriorly, the sternum. Superiorly the entrance to the
chest is bordered by the body of the first thoracic
vertebra, the first rib and costal cartilages and the
superior component of the manubrium. Inferiorly
the thorax is limited by the two hemidiaphragms
and is bordered by the lower costal cartilages and
12th rib on each side with the body of the 12th
thoracic vertebra posteriorly. The hemidiaphragms
have apertures which allow the aorta, esophagus,
and vagal nerves to pass into the abdomen and the

inferior vena cava and thoracic duct to go from the
abdomen into the chest. In expiration, the top of
the diaphragm may reach up as high as the nipple
so that penetrating injuries below this level may pene-
trate the diaphragm and damage the intra-abdominal
contents.

Within the chest are the left and right lungs, the
left lung has two lobes and the right has three; each
lobe is further divided into segments. Superiorly the
trachea enters the thorax and divides at the carina
into the left and right mainstem bronchi; these
mainstem bronchii then further divide to supply the
lobes and then the segments of the lung. The heart is
in the mediastinum and is enclosed by the fibrous
pericardium.

The right atrium receives blood from the super-
ior and inferior vena cavae; blood passes through the
tricuspid valve into the right ventricle. The right
ventricle is a lower pressure system than the left
ventricle and hence the wall of the right ventricle is
thinner than the left ventricle. Blood then emerges
from the right ventricle through the pulmonary
valve and into the main pulmonary artery; this
divides into the left and right pulmonary arteries
which subsequently branch to supply the lungs.
After passing through the lungs, oxygenated blood
returns to the left atrium through the pulmonary
veins; blood then passes though the mitral valve into
the left ventricle. During systole blood flows through
the aortic valve into the proximal aorta. Initially the
aorta passes superiorly and then, after giving off the
innominate artery, left carotid and left subclavian
arteries curves downward and lies anterior to the
thoracic vertebral column. Superiorly the esophagus
passes into the chest and lies posteriorly to the
trachea as it enters the posterior mediastinum. It lies
anteriorly to the vertebral column before entering the
abdomen through the esophageal hiatus. The thoracic
duct enters the chest through the diaphragm and
courses superiorly in close proximity to the vertebral
column before it ends by entering the left subclavian
vein (Figure 12.2).

Physiology
Normal inspiration is effected by contraction of the
diaphragm (innervated by the phrenic nerve which
comes from the 3rd, 4th, and 5th cervical nerve roots)
and the intercostal muscles; this creates a negative
pressure within the pleural cavity and air at normal
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atmospheric pressure enters the lungs, provided the
upper airway is not obstructed. Expiration is normally
passive and caused by the relaxation of the muscula-
ture involved. If there is a large enough opening
between the external environment and the pleural
space, no such pressure gradient can be involved
and the lung will not expand or be aerated. The
reduced intrathoracic pressure during inspiration also
assists with venous return, allowing a greater volume
of blood to enter the chest during inspiration. If flow
is obstructed by an increase in pressure within the
chest (such as a tension pneumothorax) or constric-
tion of the pericardium (such as cardiac tamponade)
the patient may have clinically detectable distended
neck veins.

Prehospital management
The prehospital management of the patient with thor-
acic injury is limited to two areas: the evaluation and
triage component and acute intervention. Interven-
tions permitted under the scope of practice for pre-
hospital personnel will depend upon the local
Emergency Medical Services (EMS) protocols but will
usually include the administration of oxygen and the
decompression of a tension pneumothorax using a
large bore needle and inserted into the 2nd inter-
costal space midclavicular line or 5th intercostal
space midaxillary line. For the patient that has

sustained a penetrating injury and the weapon is still
impaled, prehospital providers will dress the wound
to provide weapon immobilization until it can be
removed in the ED or the operating room. For pene-
trating thoracic injuries without the object being
impaled, the prehospital provider should provide an
occlusive dressing whilst observing the patient for
signs of a tension pneumothorax. These prehospital
protocols are subject to the local medical direction
and oversight, and hence may vary dependent
upon locale. Appropriate prehospital evaluation and
reporting of thoracic trauma should include the
mechanism of injury together with the pertinent vital
signs and physical exam of the chest. For the patient
with blunt trauma the mechanism of injury may be
important – the unrestrained driver who has com-
pressed the steering wheel column is at risk for mul-
tiple rib fractures, pulmonary contusion, blunt aortic
injury, and blunt cardiac injury. Likewise for pene-
trating injury, it is useful to obtain information of the
nature of the weapon (gunshot wound or stabbing)
and details of the exact weapon if this is available.
Vital signs (including oxygenation), the adequacy of
the upper airway, and the presence of bilateral breath
sounds should all be reported. The prehospital pro-
viders should also be questioned as to the presence
of stridor, subcutaneous emphysema, and the pres-
ence of any flail chest. Prehospital hypotension, espe-
cially if caused by a thoracic stab wound or gunshot

Figure 12.2 Overview of the anatomy of the thorax. Art., artery. (Courtesy of Patrick J. Lynch, in public domain.)
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wound, may require immediate operative interven-
tion and under the appropriate circumstances the
operating room should also be notified.

Needle thoracostomy
In most areas of the country advanced level prehos-
pital providers can perform needle thoracostomy
and insert a needle into the 2nd intercostal space
midclavicular line or 5th intercostal space midaxil-
lary line (Figure 12.3). A study suggests that
untreated tension pneumothorax may have been
the cause of death in 3.9% of casualties who died
in the Vietnam conflict;3 however, data from civilian
experience is more difficult to obtain and some data
suggests that this procedure is often overutilized.4 It
is also uncommon; in a retrospective review of the
use of prehospital needle decompression of the chest
by prehospital personnel brought to a Level
I trauma center, of 20 330 advanced life support
(ALS) calls only 39 patients (0.2%) had needle
decompression for treatment of a tension pneumo-
thorax.5 Of these, 22 patients (56%) were in circula-
tory arrest. The conclusion of this article was that
this appeared to be a safe procedure but an uncom-
mon one – the authors did note that prehospital
treatment resulted in four cases of unexpected sur-
vival over the one year of the study. In general it
should be performed in the unstable patient (from
respiratory or hemodynamic compromise) with
clear signs or high suspicion for tension pneumo-
thorax; e.g., unilateral breath sounds, subcutaneous
emphysema, increasing difficulty in bagging the
intubated patient.

Unless there is a contraindication to do so all
thoracic trauma patients should be placed on supple-
mental oxygen. If it will not slow transport time,
intravenous lines should also be initiated in the field
as a component of prehospital trauma care.

Emergency department evaluation
and management
The immediate life-threatening injuries associated
with trauma to the chest include: upper airway
obstruction, tension pneumothorax (or a pneumo-
thorax that is large enough to provide respiratory
compromise but that is not under tension), large or
tension hemothorax, flail chest, open chest wound,
and cardiac tamponade. All of these injuries must be
identified and managed by the emergency physician
expeditiously; these conditions can frequently be
identified and managed without the assistance of a
chest radiograph.

Critical assessment
The initial assessment of the patient with chest
trauma should concentrate on the airway, breathing,
and circulation as it is related to traumatic chest
injuries.

Upper airway assessment
The physician should examine the patient and deter-
mine if the upper airway is completely open, partially
obstructed upper airway (indicated by stridorous
breathing), or completely obstructed. Examine the

(a) (b)

Figure 12.3 Needle thoracostomy performed (on cadaver) with needle placed in the second intercostal space midclavicular line
(a) and the fifth intercostal space midaxillary line (b).
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anterior neck for tracheal position and presence of
hematomas; the removal of the anterior portion of the
cervical collar may be necessary to facilitate this.
Inspection of the neck veins should be performed; if
they are prominent it indicates that a cardiac tampon-
ade, pneumothorax, or venous obstruction might be
present. Deviation of the trachea to one side is a late
indication of a tension pneumothorax or a large
hemothorax.

Breathing assessment
The presence or absence of cyanosis, the work of
breathing and the symmetrical expansion of the
chest can be confirmed rapidly. Auscultation should
be quickly performed to confirm equal bilateral
breath sounds. Decreased breath sounds on one side
might indicate a pneumothorax or a hemothorax.
The presence of paradoxical chest wall motion (on
inspiration a portion of the rib cage moves in rather
than out) confirms the clinical diagnosis of a flail
chest. A low pulse oximetry measurement should
alert the physician to look for an underlying cause.
The physician should also palpate the chest for
crepitus, deformity, or the presence of an open
wound.

Circulation
Hypotension in the trauma patient should always be
initially considered to be indicative of blood loss,
however in chest trauma cardiac tamponade or ten-
sion pneumothorax can also cause hypotension.
Hypotension is a late finding in both and is usually
accompanied by distended neck veins.

In the elderly population a myocardial infarction
may precipitate a motor vehicle crash; this will com-
plicate both resuscitation and management. For the
patient in extremis, emergency ultrasound should be
used to visualize cardiac activity in the absence of a
large cardiac tamponade. Portable ultrasonography
may also be used for the detection of a hemothorax
or a pneumothorax.

Box 12.2 Major life-threatening diagnoses in
chest trauma

� Upper airway obstruction
� Tension pneumothorax
� Large or tension hemothorax
� Flail chest
� Open chest wound
� Cardiac tamponade

Severe injuries
Tension pneumothorax
A tension pneumothorax may arise from two mech-
anisms. In one, an injury to the lung allows air to pass
into the pleural cavity on inspiration through a hole
in the surface of the lung but on expiration the injury
acts as a flap valve and so the air remains in the
pleural space and cannot be expired. In the other,
a patient with a simple pneumothorax or barotrauma
to the lung is placed on positive pressure ventilation.
In this instance, air is forced under pressure into the
pleural space. In either mechanism, over the course of
a few minutes the air in the pleural space pushes the
heart and mediastinal structures to the opposite side,
compressing the contralateral lung. Hypoxia results
both from the collapsed lung on the affected side but
also the compression of the contralateral lung; in
addition, the decreased venous return from the dra-
matically increased intrathoracic pressure and the
pressure on the thin walls of the atria cause a decrease
in cardiac output eventually precipitating cardiac
arrest and death. This is truly a dramatic event. The
patient initially experiences increasing difficulty in
breathing and chest pain, they will become confused
and agitated as hypoxia progresses. The clinician will
note tachycardia, tachypnea, and eventually hypoten-
sion. Cyanosis and a decrease in oxygen saturation are
also common. Clinically the affected side of the chest
is hyper-resonant and breath sounds are absent on the
affected side, the trachea is deviated away from the
side of the chest with tension although this is usually a
late finding. The intercostal muscles on the affected side
may also be “ballooned out” by the underlying dramatic
increase in intrapleural pressure. A commonmisunder-
standing amongst emergency providers is that a tension
pneumothorax can arise in a few seconds or 1–2 min-
utes; this would be unusual. A recent comment states
that the natural history of tension pneumothorax is that
decompensation rarely takes < 20 minutes and most
take about 30–60 minutes.6 Hemodynamic and respira-
tory decompensation may take many hours to develop;
the longest time on record is 4 days. However, this
process can be rapidly accelerated in patients receiving
positive pressure ventilation, especially in those with
high airway pressures.

Treatment is by immediate decompression of the
affected side; emergency practitioners should be
familiar with the technique. A large bore needle
(14–16 gauge will suffice) is inserted into the chest
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in the 2nd intercostal space anteriorly (or in the 5th
intercostal space, anterior axillary line). A study in
2005 of 25 emergency physicians (21 of whom had
completed ATLS® training) noted that only 60% were
able to correctly identify the 2nd intercostal space.7

The intercostal vessels and nerve lie just inferior to
the rib and so needle decompression should be per-
formed just over the top of the rib below to avoid
damage to these structures. If the diagnosis is correct,
a rush of high pressure air will be extruded through
the needle: the symptoms related to the tension
pneumothorax will resolve. Performance of needle
decompression does not guarantee success even if
tension is present; the catheter may not be long
enough, or it may become kinked or obstructed. Suc-
cess also depends upon the body habitus of the patient
and the presence of subcutaneous emphysema. In a
study of 111 patients the chest wall thickness was
measured at the 2nd intercostal space, the mean chest
wall thickness was 4.24 cm (95% confidence interval
3.97–4.52 cm) and almost 25% of patients had a chest
wall thickness of > 5 cm. Further: the thickness was
greater in women than men (4.90 cm for women; 4.16
cm for men; P ¼ 0.022),8 so that practitioners should
ensure that the needles are long enough. Following
this procedure in which the needle is placed into the
pleural space, chest thoracostomy tube is generally
necessary.

It is uncommon to see a patient with bilateral
tension pneumothoraces, but in many patients with
chest trauma the diagnosis may be of a tension
pneumothorax on one side and a simple pneumo-
thorax or a hemothorax on the other. In a small case
series, three patients with bilateral tension pneu-
mothoraces who presented in pulseless electrical
activity (PEA) were reported; needle decompression
failed to relieve the tension and cardiac output was
only restored after chest tube insertion.9 If there is
doubt as to which side of the chest is affected, bilateral
chest tubes may be inserted. Although not formally
studied, it is likely that more patients succumb to the
lack of a chest tube being inserted rather than the
complications of chest tube insertion.

The insertion of a chest tube is not without compli-
cations:misplacement of the tube, infection, and further
bleeding are the most common but rupture of the
pulmonary vessels and of the heart have been
reported.10 The complication rate was studied by a
Canadian group11 and over a 12-month period a retro-
spective study of all chest tube insertions by residents at

a regional trauma center demonstrated a complication
rate of 30% – insertional, positional, and infective com-
plications were identified. Computed tomography scan-
ning was used to document the complications. The use
of prophylactic antibiotics for tube thoracostomy is
controversial: a prospective, multicentered, randomized
trial of antibiotics in the prevention of empyema and
pneumonia published in 2004 failed to show any bene-
fit.12 There were three arms, two antibiotic regimens,
and a placebo group. Two hundred and twenty four
patients were analyzed for a total of 229 thoracostomies;
antibiotic use did not significantly affect the incidence
of empyema or pneumonia.

Hemothorax
Hemothorax is blood in the pleural space and is
common after thoracic trauma. A hemothorax is
graded by the amount of blood in the pleural space;
a massive hemothorax is a collection of 1500 cc or
greater of blood. With rapid accumulations of this
magnitude patients are usually hypotensive and
tachycardic and often require volume resuscitation.
Breath sounds are usually diminished on the side of
the hemothorax and in the latter stages there may be
deviation of the mediastinum and the trachea to the
opposite side. Bleeding may be from lacerations of the
lung parenchyma or from the intercostal vessels.
Patients with complete transection of the aorta or
other major vessels do not usually survive to reach
the hospital. The treatment is twofold – to insert a
chest tube relieving the hemothorax and to restore
intravascular volume. In high volume trauma centers
an autotransfuser may be available such that the
blood can be collected, filtered, and then reinfused
to the patient. Concerns as to bacterial contamination
of autotransfused blood, in the case of a multiply
injured patient, have not been realized in practice.
There are not many reports in the literature of the
use of autotransfusion in the management of a
hemothorax but case reports do demonstrate that
large volumes of up to 3000 ml may be autotrans-
fused.13,14 Often in these patients there is a large
amount of blood that is lost as the tube is inserted.
The chest tube should immediately be connected to
an underwater seal so that the rate of bleeding from
the chest tube can be monitored. The decision to
proceed to thoracotomy for the management of a
hemothorax depends upon the judgment of the indi-
vidual thoracic or trauma surgeon. General guidelines
for thoracotomy are as shown in Table 12.1. Some
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surgeons will perform a thoracotomy based upon the
absolute amount of drainage (about 1400 cc) on ini-
tial chest tube placement; others will examine the rate
of blood loss and operate based upon the loss of 200–
300 cc of blood per hour in an adult. If the blood loss
is decreasing some surgeons may decide to monitor
the patient and defer the decision to operate.

Flail chest
A flail chest is commonly noted clinically when three
or more ribs are fractured in more than one location
(Figure 12.4). On inspiration, when the chest nor-
mally expands, this segment will now be free floating
and may cave into the chest. On expiration the posi-
tive pleural pressure will allow this free floating
segment to bulge out – the so-called paradoxical
respiration. Patients will experience pain when
breathing because of the movement of the fractured
ribs; clinically patients become tachypneic and will
have rapid shallow breaths. Hypoxia is common but
this is usually due to the underlying pulmonary con-
tusion rather than the flail segment itself. Initial treat-
ment includes supplemental oxygen and appropriate
analgesics; regional (intercostals) nerve blocks or an
epidural may be utilized in more severe cases. If the
pulmonary contusion is severe and oxygenation
compromised, intubation and ventilation may be
required. Flail chest does seem to indicate a more
severe pulmonary injury although the young are less
likely to sustain rib fractures than the elder popula-
tion whose ribs are more brittle. In an uncontrolled
study, 22 patients with flail chest following trauma
were compared with 90 patients with more than 2
fractured ribs.15 Despite similar age and pulmonary
contusion rates, patients with flail chest had higher
needs for mechanical ventilation (86% vs. 42%
P < 0.01), longer hospital length of stay (28 � 21 days
vs. 17 � 19 days P ¼ 0.04), and a higher incidence of

respiratory complications. (64% vs. 26%, P < 0.01).
The authors concluded that flail chest was an inde-
pendent marker of severe lung injury. For severe flail
chest the use of internal fixation has been advo-
cated.16 This report documented operative fixation
on seven patients with multiple rib fractures – five
during the initial hospitalization and two delayed.
They describe good results but the subset of patients
who would benefit from such a procedure was not
defined. In a further study in 2002, 37 consecutive
flail chest patients were enrolled and identical respira-
tory management, analgesia, bronchial toilet were
performed.17 On day 5 of hospitalization the patients
were randomly assigned to either conservative treat-
ment or operative fixation. Analysis showed that the
two groups appeared to be identical in terms of age,
sex, and severity of lung injury; however, in the group

Table 12.1 General guidelines for OR thoracotomy in patients with thoracic trauma

� If severe hemodynamic compromise, ED thoracotomy should be performed

� Hemodynamic instability in a patient with thoracic trauma despite aggressive resuscitation

� Immediate drainage of 20 ml/kg upon insertion of the first chest tube (approximately 1400 cc in a 70 kg patient)

� Continued drainage of > 3 ml/kg – or drainage increasing – over 4 hours. (200 ml/hour or above in a 70 kg patient)

� Cardiac tamponade or suspected cardiac injury, e.g., penetrating cardiac wound or rupture

� Severe tracheobronchial injury

� Impaled objects or intrathoracic retained bodies following trauma

Flail chest

Figure 12.4 Illustration of flail chest. Double fractures of at least
three adjacent ribs are required in order to produce a flail chest.
(From Mandavia D, Newton E, Demetriades D. Colour Atlas of
Emergency Trauma. Cambridge: Cambridge University Press, 2003.)
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that received fixation there was a shorter ventilatory
period (10.8� 3.4 days vs. 18.3� 7.4 days) (P < 0.05),
a shorter length of stay in the intensive care unit
(fixation group 16.5 � 7.4 days vs. 26.8 � 13.2 days
for the control group) (P < 0.05), and a decreased
incidence of pneumonia (fixation group 24% and
control 77%) (P < 0.05). They also noted that the
fixation group returned faster to their job. The
authors’ conclusion was that operative fixation may
be preferred in patients with severe flail chest but
this technique has yet to receive wide acceptance;
this second study also was not able to clearly define
which subset of patients with rib fractures might best
benefit from this technique.17

Open chest wound from penetrating injury
An open chest wound may not allow negative internal
pleural pressure on inspiration. As a result, air passes
in and out of the chest with each attempt at inspir-
ation leading to hypoventilation of one lung, and
resultant respiratory compromise. This type of injury
is most common in penetrating trauma; however,
blunt trauma can also cause open rib fractures with
an open sucking chest wound. The patient will com-
plain of pain around the chest wound site; tachycar-
dia, tachypnea, and difficulty breathing will also be
experienced. These injuries are commonly identified
by the prehospital personnel. The treatment is to
control the wound by applying an occlusive dressing
(which can be performed in the prehospital phase)
and then insert a chest tube. The chest tube should
not be placed through the open wound, rather it
should be placed in the intercostal space in the normal
manner. Appropriate wound care with debridement
and potentially closure of the primary wound can be
performed in the ED.

Cardiac tamponade
Traumatic cardiac tamponade is caused by the accu-
mulation of blood in the pericardial sac. As the blood
accumulates it compromises the filling of the cardiac
chambers, eventually leading to a restriction of car-
diac output. Although most often seen in penetrating
cardiac injury, it can also be seen in patients who have
sustained blunt trauma where it is usually due to
lacerations of the atrial appendage. Although the
classic signs and symptoms are muffled heart sounds,
systemic hypotension, and an elevated central venous
pressure (noted clinically by distended neck veins)
(Beck’s triad), this may be a difficult clinical

diagnosis. These signs and symptoms may be absent
in the multiply injured patient or difficult to evaluate
in a busy trauma resuscitation bay. The most reliable
diagnostic modality is the portable ultrasound; a black
stripe seen around the heart is indicative of fluid,
however, acute clot in the pericardium may have a
more echogenic appearance resembling liver paren-
chyma. Initially there may be no hemodynamic
instability or compromise aside from tachycardia.
As fluid accumulates, scalloping of the pericardium
is seen, central venous pressure increases, and dis-
tended neck veins are noted. Initial therapy is to
administer a bolus of intravenous fluid in an effort
to increase central venous pressure and, hence, car-
diac filling. If portable ultrasound detects a pericardial
effusion following traumatic injury, early emergency
surgical consultation is necessary. Case reports of
incidental findings of pericardial fluid following
abdominal trauma and subsequent emergency thora-
cotomy have been reported,18 but, in general, patients
with an ultrasound detected pericardial effusion
should be further assessed in the operating room.
A thoracotomy or a sternotomy is performed and
the pericardial tamponade relieved; if there is doubt
as to the diagnosis a small incision can be made in the
upper abdomen with the removal of the xiphisternum
and the pericardium opened. This is a so called
“pericardial window” and if blood is found in the
pericardial space further exposure is warranted. If
the patient is experiencing severe hypotension in
the ED then an emergency thoracotomy with relief
of the tamponade should be considered.

Emergency department thoracotomy
A challenging situation for an emergency physician is
the thoracic trauma patient who presents in the “pre-
arrest” state or following cardiac arrest. The patient
may have already been intubated and intravenous
lines initiated and the emergency physician (perhaps
with the assistance of a responding trauma team) will
be faced with the question of whether to perform a
resuscitative thoracotomy.

A thoracotomy in a patient in whom the efforts of
resuscitation are futile will expose the trauma team to
unnecessary exposure of potentially infected body fluids
and may waste valuable resources.19 However, in an
appropriate patient this can be life saving (Table 12.2).
The indications for ED thoracotomy are different for
patients with blunt trauma and for patients with pene-
trating thoracic trauma. For patients that have sustained
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blunt trauma and arrive to the ED in cardiac arrest
the eventual successful outcome is poor. The vast
majority of these patients have exsanguinated from
severe injuries prior to hospital arrival and the heart is
empty. Cardiopulmonary resuscitation (CPR) in these
patients is not effective as the heart is empty (even
though many of these patients will arrive with CPR
in progress) and any attempt to open the chest, cross-
clamp the aorta, and maintain some level of a cerebral
perfusion is usually futile. The major injuries have not
been controlled, cerebral perfusion has not been present
for severalminutes, and hypothermia and coagulopathy
are usually present. Any resuscitative infusions of crys-
talloid and blood will continue to be lost through the
injured organs. For this reason such heroic resuscitation
efforts are usually not indicated; the risks and costs
of performing this invasive procedure do not justify
the means. The one exception is if the blunt trauma
patient arriving in cardiac arrest has cardiac activity on
ultrasound or has the presence of a cardiac tamponade.
For patients who arrive with vital signs after blunt
trauma but who have a cardiac arrest during resusci-
tation an ED thoracotomy is justified, these patients
have only a short time when cerebral perfusion is com-
promised andwith aggressivemanagementmay survive
neurologically intact.

For patients who have sustained penetrating trauma
to the chest and have vital signs upon arrival (and arrest
either upon arrival or whilst they are being evaluated in
the ED) or have had vital signs within 5 minutes of
arrival, ED thoracotomy is justified. The survival for
patients who have sustained this type of injury is
between 20 and 60% depending upon the series.

For patients who have sustained prehospital
cardiac arrest after trauma, data is available. In a
study published in 2004, 26 years of ED thoracotomy
were reviewed.20 In total, 959 patients underwent ED
thoracotomy and 62 patients survived to leave the
hospital for a survival rate of 6.4%. Of the 62 who
survived, 26 (42%) underwent prehospital CPR. The
injury mechanism of these 26 was stab wound in 18,
gunshot wound in 4, and blunt trauma in 4. Based
upon analysis of the data it was proposed that resusci-
tative ED thoracotomy is futile in patients with blunt
trauma requiring prehospital CPR for longer than 5
minutes and patients with penetrating trauma with
more than 15 minutes of prehospital CPR.

The study was criticized because the authors did
not comment on the use of portable ultrasound,19 and
the latest guidelines from the same authors indicate
that they perform ED thoracotomy on patients who
have sustained blunt trauma and arrive to the ED with
CPR in process only if they can demonstrate electrical
activity, or ultrasound detection of cardiac activity or
tamponade.21 Patients who have electrical activity
or who have sustained penetrating trauma undergo
thoracotomy; if, on direct visualization of the heart,
there is no activity and no tamponade the patient is
declared dead without further resuscitative efforts.
There will be a few patients who have sustained blunt
injury to the heart who will have a ruptured atrial
appendage with subsequent tamponade; this should
be obvious on ultrasound and with rapid identifica-
tion and thoracotomy these patients can potentially
be salvaged. It should also be noted that given the very
small number of blunt trauma patients who survived
(n ¼ 4) it is hard to make a practice guideline using
this number. Emergency department thoracotomy in
penetrating trauma has much higher survival rate and
the scientific and theoretical basis for it are much
stronger.

For patients who arrive with vital signs and have
sustained penetrating or blunt thoracic trauma but
whose vital signs deteriorate in the ED, ED thoracot-
omy should be strongly considered (Table 12.3).
Ultrasound may be used to identify the presence or
absence of cardiac tamponade and hence to assist in
appropriate decision making.

The exact surgical procedure will depend upon the
mechanism and the suspected injuries. A general
approach is as follows: The thoracotomy is performed
by opening the left chest, a rib spreader is inserted and
the contents of the chest quickly evaluated. If the

Table 12.2 Potential benefits of ED thoracotomy

� Release of pericardial tamponade and tension
pneumothorax

� Perform open chest CPR (with increased perfusion
pressure than closed CPR)

� Control cardiac wounds

� Control wounds to great vessels

� Cross-clamp aorta to limit distal hemorrhage

� Cross-clamp hilum of lung to limit pulmonary
hemorrhage

� Perform internal defibrillation and administer
intracardiac resuscitation drugs

CPR, cardiopulmonary resuscitation; ED, emergency department.
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thoracotomy is being performed for a cardiac tam-
ponade then the pericardium is open anterior to the
phrenic nerve to relieve the tamponade and to iden-
tify the bleeding point in the myocardium. Penetrat-
ing myocardial injury can be initially controlled by
pledgeted sutures, digital pressure, stapling, or Foley
catheter tamponade.

The moderate injuries to be detected at this stage
of the patient’s evaluation include a simple pneumo-
thorax, a hemothorax, blunt cardiac injury, pulmon-
ary contusion, aortic or other great vessel injury,
diaphragmatic rupture or penetration, and wounds
that traverse the mediastinum in the patient with
hemodynamic stability.

Pneumothorax
Pneumothorax is the presence of air in the pleural
cavity, these may be small enough that they cannot
be detected on a routine chest X-ray but only
detected on subsequent CT scanning or so large that
they encompass the collapse of the entire lung
(Figure 12.5).

Normally the chest X-ray will show large pneu-
mothoraces and these are then graded by the percent-
age of collapse. Many emergency chest radiographs

initially ordered are performed on supine patients in
the trauma bay and often do not demonstrate a large
pneumothorax. In one study, only 52% of patients
with a CT-proven pneumothorax had the pneumo-
thorax detected on the initial supine chest radio-
graph.22 An erect chest radiograph is more sensitive
to detect a pneumothorax. This may not be practical
in the unstable patient or in the patient with potential
cervical, thoracic, or lumbar spine injuries. If hypoxia
is present, then a pneumothorax decompression is
indicated (Table 12.4). Ultrasound can also be used
to diagnosis pneumothorax. An 18-month prospect-
ive study evaluated 109 conscious, spontaneously
breathing patients who had been admitted to the ED
with chest trauma and had a standard supine chest
radiograph and a spiral thoracic CT scan within 1
hour of ED arrival.22 All patients also had a lung
ultrasound performed by an operator who was
unaware of the other examination results. Twenty five
traumatic pneumothoraces were detected in the 109
patients evaluated by CT scan (2 patients had bilateral
pneumothoraces) and only 13 of 25 (52%) were
detected by chest radiography. Twenty three of the
25 (92%) were detected by the lung ultrasound with
one false positive (sensitivity 92%, specificity 99.4%).

Table 12.3 Indications for emergency department
thoracotomy (EDT)

Probably should perform an EDT

1. Patient with penetrating thoracic injury who has
documented vital signs within 5minutes of ED arrival

2. Patient with blunt or penetrating thoracic injury who
has vital signs upon arrival but loses them in the ED

3. Patient with blunt or penetrating injury who has
pericardial tamponade diagnosed on ultrasound
and becomes unstable in the ED

Consider an EDT

1. Patient with abdominal, pelvic, or lower extremity
trauma who becomes unstable in the ED and in
whom proximal aortic control is considered justified

Probably should not perform an EDT

1. Patient with penetrating thoracic injury who has
no vital signs for more than 5 minutes prior to
hospital arrival

2. Patient with blunt thoracic trauma who has no vital
signswithin 5minutes of ED arrival andhas no cardiac
activity or pericardial tamponade upon ED arrival

Figure 12.5 Computed tomography (CT) with tension
pneumothorax. This should generally be diagnosed much earlier by
physical examination or radiograph. The physician in this case
reported that there were bilateral breath sounds and the oxygen
saturation was above 90% on room air. The deviation of the
mediastinum can be easily seen.
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Aspiration of spontaneous pneumothorax has
been advocated.23 In one series, aspiration was suc-
cessful in 50% of cases in which it was attempted;
many of these patients were sent home from the ED.24

However, these series are for spontaneous pneu-
mothoraces and not for traumatic pneumothoraces.
Small trauma pneumothoraces may be observed,
some may be aspirated, but at this time this observa-
tion should probably be in a hospital setting.

Not infrequently, small clinically inapparent or
occult pneumothoraces are found only on CT scan
(abdomen or thoracic) (Figure 12.6) or ultrasound.
A common question is whether a chest tube should be
inserted. Insertion of a chest tube may have signifi-
cant complications and if not needed should be
avoided. There have been only six published papers
on this topic; three published since 1998. In one study
the pneumothoraces were divided into miniscule,
anterior, or anterolateral.25 Of the 16 with miniscule
pneumothoraces, 15 were observed without the need
for a chest tube. Twelve of 20 with anterior were
observed (1 developed a tension pneumothorax).
The second paper was a prospective randomized clin-
ical trial with 39 adult patients.26 After randomization
18 patients received a chest tube and 21 were
observed. Three patients who were observed
developed respiratory distress with pneumothorax
enlargement. The 3rd study was a prospective obser-
vational study involving 11 children who presented to
a Level I trauma center; all were found to have an
occult pneumothorax.27 Only one patient had a chest
tube placed: the rest were successfully observed.

Although all of these studies involve a small
numbers of patients, it appears appropriate to manage
small occult pneumothoraces with observation and
monitoring. Overall, a small percentage (10–15%) will
probably develop a significant pneumothorax.

Further research and definition is required as to what
size and position of an occult pneumothorax required
tube thoracostomy. Although there is some mixed
evidence about how to proceed if positive pressure
ventilation is being used, currently most physicians
recommend prophylactic tube thoracostomy. Studies
are being conducted to answer this question.

Hemothoraces may be seen in blunt or penetrat-
ing trauma (Figure 12.7). The exam may reveal
decreased breath sounds or dullness to percussion,
but they may be difficult to ascertain in the busy
trauma bay. Large hemothoraces may present with-
out initial instability, but can also present with
hypotension due to hemorrhage or decreased car-
diac return. In the stable patient a hemothorax may
be detected by ultrasonography, chest radiograph,
or CT scanning. For a supine film a hemothorax
may appear as a diffuse opacity across all lung fields
in the pleural space and breath sounds may be
diminished on the appropriate side. Standard prac-
tice is to use chest radiograph and potentially CT
scanning; however, evidence is showing a possible
role for ultrasound. A report of 54 patients who
underwent thoracic ultrasound following blunt
trauma showed that 12 patients had a hemothorax
detected by ultrasound and subsequently confirmed

Table 12.4 Indication for chest tube insertion without
confirmatory radiograph

� Tension pneumothorax (hypotension, unilateral loss
of breath sounds, increased airway pressures,
tracheal deviation)

� Hemodynamically unstable patient with penetrating
chest trauma

� Penetrating chest trauma and subcutaneous air

� Blunt chest trauma, subcutaneous air, and hypoxia
or hypotension

Figure 12.6 The initial chest X-ray and oxygenation is normal but
the patient has a small pneumothorax detected by computed
tomography (CT). The emergency physician should be cognizant of
the management of these small pneumothoraces; this patient was
managed conservatively.
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by CT or tube thoracostomy. Four of the hemo-
thoraces were detected on ultrasound but were not
apparent on the initial chest radiology. In this small
series there were 12 true positives, 48 true negatives,
no false positives, and 1 false negative. This led to
a sensitivity of 92%, a specificity of 100% with a
positive predictive value of 100%, and a negative
predictive value of 98% for the detection for the
hemothorax following blunt trauma. The conclu-
sion of the authors was that ultrasound is a valuable
tool and should be used to augment the immediate
clinical assessment of trauma patients.28 A review of
the literature from 1996 to 2007 examining the
use of ultrasonography to detect hemothorax
following trauma came to the same conclusion,
but also suggested that radiography should continue
to be utilized in patient evaluation because it may
provide additional information that ultrasonogr-
aphy cannot provide.29 The treatment is to insert a
chest tube in the appropriate side and record both
the initial drainage and monitor the rate of bleed-
ing. If the drainage is excessive a thoracic or trauma
surgical consultation should be obtained. Unlike
pneumothorax, aspiration is not indicated for
hemothoraces.

Blunt cardiac injury
Blunt cardiac injury is a pathological diagnosis and is
dependent upon the findings of acute inflammation
and damage on autopsy, thoracotomy, or myocardial
biopsy. The term “blunt cardiac injury” encompasses
a range of pathology from clinically non-significant
contusion through transient arrhythmias to fatal car-
diac rupture. Previously used terms such as myocar-
dial contusion or cardiac contusion have now been
replaced by the broader term, blunt cardiac injury.
The mechanism of injury is most commonly deceler-
ation (e.g., a patient’s chest impacting the steering
wheel in a motor vehicle crash). The right ventricle
is the most often injured chamber because of
the relatively greater retrosternal area. Other rarer
pathological findings may include valvular tears and
ruptures, septal defects, and coronary artery throm-
bosis.30 Commotio cordis is a rare cause of cardiac
arrest, particularly noted in young athletes who sus-
tain direct trauma to the anterior chest. A detailed
review of this condition was conducted by the Com-
motio Cordis Registry.31 Patients who have sustained
blunt thoracic trauma should have a 12-lead electro-
cardiogram (ECG) performed as part of the initial
evaluation; this may demonstrate sinus tachycardia,
a new bundle branch block, ST depressions, or ST
elevations. Patients with blunt cardiac injury have an
increased risk of dysrhythmia compared with con-
trols; the most common dysrhythmia outside of sinus
tachycardia was atrial fibrillation.32 In a patient with a
new arrhythmia or with tachycardia out of proportion
to the clinical status, echocardiography should be
considered. Any complex dysrhythmias such as ven-
tricular tachycardia or signs of instability should have
an echocardiogram as soon as practical. Portable
ultrasound may be used in the resuscitation bay to
rule out pericardial tamponade; consultative echocar-
diography may demonstrate wall motion abnormal-
ities, septal injuries, or valvular dysfunction.33 The
use of cardiac biomarkers in cardiac injury is contro-
versial despite many studies. The lack of a gold stand-
ard for the diagnosis of blunt cardiac injury, the
difficulty of interpretation of abnormal results, and
the realization that biochemical measurements rarely
effect clinical management decisions have led many
centers to abandon the routine collection of cardiac
biomarkers following acute injury. There are small
subsets of patients who sustain a myocardial infarc-
tion related to their trauma; this should be detected by

Figure 12.7 This radiograph shows a bilateral hemothoraces that
was not immediately obvious on the supine admission chest X-ray.
Sometimes one hemithorax is more opacified than the other on
the initial X-ray, giving an indication that a hemothoraxmay be present.
The blood appears to be draining posteriorly but this is because the
patient is supine on the computed tomography (CT) table.
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changes of acute myocardial infarction upon the ini-
tial ECG. Elevation of cardiac troponin I and T do not
appear to be of prognostic value;34 however, some
experts have advocated that if the level is within
normal range and the initial ECG is normal, signifi-
cant cardiac injury can be safely excluded.35 Patients
who have valvular, septal, or ventricular injuries
should receive a prompt consultation from a cardi-
ologist or cardiac surgeon. Patients with complex
cardiac dysrhythmias should be admitted to the inten-
sive care unit for continuous cardiac monitoring for
24 hours. Those stable patients with persistent tachy-
cardia alone may be managed on general telemetry.
Intervention beyond the administration of antiarryth-
mic drugs for specific dysrhythmias is rarely required.

Pulmonary contusion
Blunt trauma to the lung parenchyma may result in
hemorrhage into the lung and the inability of
adequate gaseous exchange; this condition is termed
pulmonary contusion. Although the initial chest
radiograph may be non-diagnostic and initial meas-
urements of gaseous exchange may be normal, pul-
monary function may become compromised over the
ensuing few hours. Subsequent radiographs taken
over several hours may demonstrate the irregular
opacification of the pulmonary parenchyma in a
non-lobular pattern. Chest CT (often performed to
rule out major vascular injuries) may demonstrate the
contusion (Figure 12.8). Uncomplicated pulmonary
contusions typically develop over the first 24 hours
and resolve in approximately 1 week.36 Patients with
severe pulmonary contusions experience difficulty
breathing and hypoxia. Repeat chest radiographs
show an increasing opacity of the affected lung fields.
The condition is exacerbated if extensive crystalloid
fluid resuscitation has been performed. Blood gas
evaluation reveals an increased a–A gradient. Treat-
ment is initially supplemental oxygen administration
to reverse hypoxia; however, subsequent intubation
and ventilation with positive end-expiratory pressure
may be required. Pulmonary toilet to prevent atelec-
tasis and pneumonia, management of hypoxia, and
analgesia are the mainstays of pulmonary contusion
treatment.

Aortic and great vessel injury
Patients involved in severe deceleratative forces, such
as high-speed motor vehicle crashes, may sustain
aortic and great vessel injury. For blunt trauma the

most common site of aortic injury is just beyond
the origin of the left subclavian artery near the liga-
mentum arteriosum. If the rupture involves all three
layers of the aortic wall the patient will rapidly
exsanguinate. Patients who survive to reach the hos-
pital do so because the outer layer of the aorta
(adventitia) remains intact; however, these patients
are at great risk of subsequent rupture if the injury
remains untreated. It is estimated that if undiag-
nosed and untreated, 50% of these patients will suc-
cumb in the first 24 hours. Plain chest radiography
may demonstrate an abnormality consistent with a
hematoma around the aorta or great vessels; these
patients should undergo further diagnostic investi-
gation. Up to 7% of patients who had a rupture of
the aorta will have no mediastinal abnormality
detected on the initial chest X-ray. For this reason
CT scanning with intravenous contrast is often used
to evaluate the patient who has sustained severe
thoracic injury (Figures 12.9–12.12). A normal CT
examination of the chest excludes major thoracic
vessel injury.37 For patients in which an aortic rup-
ture is suspected, the heart rate should be maintained
below 100 and the systolic blood pressure kept
around 90–100 mmHg. Intra-arterial pressure moni-
toring and intravenous beta-blockade should be used
to prevent systolic hypertension with subsequent
rupture of the periaortic hematoma and immediate

Figure 12.8 Computed tomography (CT) showing a pulmonary
contusion. This is often better seen and delineated on the CT than it
is on the plain X-ray.
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exsanguination. If beta-blockade is contraindicated,
calcium channel blockers may be used. The phys-
ician should first lower the heart with beta-blockade
to prevent reflex tachychardia, and then the blood
pressure with nitroprusside if the beta-blockade
alone does not do so. Appropriate consultation
should be made as soon as the diagnosis is seriously
considered; in smaller facilities this will include
consideration for transfer to a trauma center that
has the capability and experience of managing this
type of injury. Over the last 10 years CT angiog-
raphy has overtaken the need for intravascular angi-
ography to confirm the diagnosis;38 70% of trauma
centers will now use the CT arteriography findings
as confirming the diagnosis. The management of
this injury has also changed as more centers become
experienced in endovascular repair;39–42 while the
long-term outcomes are not yet known, more recent
experience seems to indicate a decreased immediate
mortality and morbidity. With appropriate beta-
blockade and control of the systolic blood pressure,
operation can be delayed and emergency transfer
effected.

Diaphragmatic rupture
Diaphragmatic injury following blunt trauma is a
diagnosis that is often missed in the multiply injured
patient and occurs in approximately 1% of thoracic
trauma patients. The diagnosis can be missed

especially if the patient has not sustained a signifi-
cant intra-abdominal or thoracic injury requiring
surgery. The diagnosis appears to be increasing as
the diagnostic accuracy of multidetector CT scanners
becomes more widely available.43 The mechanism of
injury is most commonly that of a high-speed motor
vehicle crash. Increased intra-abdominal pressure
from the forceful impact causes a pressure pulse
leading to acute rupture of the diaphragm: this is
most commonly on the left side because the right
side hemidiaphragm is protected by the liver. In a
series of 65 patients, the rupture was on the left in
66%, on the right in 32%, and bilateral in 1.5%.44

The diaphragm does not usually bleed sufficiently to
cause a large hemothorax or hemoperitoneum. The
classic findings of the gastric bubble being in the
chest or the nasogastric tube being above the dia-
phragm are only seen in 44% of patients. Other
findings are of an elevated hemidiaphragm and a
hemothorax. The initial chest radiograph of patients
proven to have a traumatic diaphragmatic rupture
have a normal or non-diagnostic chest radiograph up
to 50% of the time. Because of the difficulty of
diagnosis different modalities have been examined
in an effort to improve diagnostic accuracy. Diagnostic
peritoneal lavage is helpful, but highly non-specific
and relying on this may lead to non-therapeutic lapar-
otomies. However, DPL fluid that comes out a chest
tube is diagnostic. Helical CT scanning has improved
the accuracy of the diagnosis (Figure 12.13).

Once a traumatic rupture of the diaphragm is
diagnosed following blunt trauma, expeditious repair
is warranted. The late complications include hernia-
tion through the diaphragmatic defect leading to
bowel obstruction and gangrene of the bowel.

For penetrating injury the average length of lacer-
ation is only approximately 1 cm compared to 5 or
6 cm in blunt trauma. Detection of these injuries it is
usually by inference, a penetrating wound to the lower
chest on the left side has a significant likelihood of
penetrating the diaphragm and producing an intra-
abdominal injury. The detection in these cases of
intra-abdominal injury by CT scanning or other
modality from a penetrating chest wound infers pene-
tration of the diaphragm. Many of these patients may
be observed if the intra-abdominal injury does not
require surgery. The long-term risk of complications
such as adhesions or diaphragmatic herniation of
such a traumatic laceration of approximately 1–2 cm
is not known.

Figure 12.9 Radiograph is of the initial chest X-ray of a driver who
was unrestrained and involved in a high-speed motor vehicle crash.
Even on the supine X-ray there is the suggestion of a widening of
the mediastinum. Figure 12.10 shows the computed tomography
(CT) images.
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Transmediastinal wounds
For patients who have sustained gunshot wounds
that have traversed the mediastinum and who are
unstable, immediate operative repair is necessary.
For those patients who are hemodynamically stable
the question is somewhat controversial, some
surgeons would advocate immediate exploration
whilst other would advocate a more conservative
approach with CT scanning.45 Advocates of the

conservative approach indicate that 68% of patients
who were stable following a transmediastinal gun-
shot wound had no injuries on CT scanning and
were safely observed, no late complications were
reported.45

Minor injuries
Patients may complain of chest pain from trauma but
have a normal chest radiograph and normal vital

(a)

Injury site in aorta

(b)

(c)

Figure 12.10 (a–c) The computed tomography (CT) scans of a driver who was involved in a high-speed motor vehicle crash.
The arrows show the area of aortic injury.
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signs – including oximetry. Minor injuries include
fractured ribs and small pulmonary contusions.

Fractured ribs
Rib fractures are common injuries resulting from
blunt thoracic trauma. Fractures often occur at the
site of impact; however, the posterolateral bend of
the rib, the weakest point, is also vulnerable. Frac-
tured ribs which are out of alignment (displaced)
are more readily seen on plain radiographs than
non-displaced fractures. Displaced rib fractures
have a higher risk of injury to the underlying lung
and intercostal vessels.46 Patients will often have
localized tenderness over the site of the fracture.
An isolated single rib fracture does not usually
require hospitalization; however, a patient who has
sustained two or more rib fractures (especially in
the elderly) is at risk for complications including
respiratory compromise, atelectasis, pneumonia,
and moderate to severe pain. In such a case, con-
sider hospitalization. If palpation demonstrates
tenderness of multiple adjacent ribs a thoracic CT
is justified to define the diagnosis, identify associ-
ated injuries, and determine if hospitalization is
required. Patients with fractures of the lower ribs
should be evaluated for potential intra-abdominal
injuries. In general, fractures of the superior ribs
are associated with greater forces and have a higher
potential for underlying pulmonary contusion than
other ribs. Fractured ribs are common in the elderly

(a) (b)

Figure 12.12 (a and b) The same patient after endovascular stent placement in the aorta. The patient was doing well in follow up
2 years after the injury.

Figure 12.11 This image is the reconstruction from the computed
tomography (CT) scan of the same driver.
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due to the high incidence of osteoporosis in this
age group; conversely, children have more pliable
ribs and fractures are less common with similar
forces.

The diagnosis of rib fracture is often made on a
chest radiograph; detailed rib views may increase
the yield but are often not indicated unless detection
of additional fractures would alter the patient’s
management.

If other injuries can be excluded the treatment of a
non-displaced rib fracture is symptomatic. Pain
control may be achieved with non-steroidal anti-
inflammatory drugs (NSAIDs) but often opiates are
required; local nerve blocks may also assist in man-
agement. Generally, patients should be admitted if
they have three or more rib fractures because these
are associated with a higher morbidity.47

Sternal fracture
Fractures to the sternum are usually associated with
blunt force trauma to the chest. A typical patient is a
driver who was not wearing a safety belt and the airbag
either was not present or it did not deploy. Patients will
complain of localized pain in the anterior chest and
often a step-off or crepitus is felt at the site. Usually

fractures are not grossly displaced, management will be
symptomatic although recognition should be made of
the severity of traumatic injury and appropriate evalu-
ation should be performed looking for pulmonary
contusion, aortic rupture, or blunt cardiac injury.
A fractured sternum is more common in the elderly
because the sternum is more brittle and requires less
force to fracture (Figure 12.14).

Occult injuries
Even after an appropriate initial evaluation in the ED
some injuries may be difficult to diagnose. Physicians
should be aware of the following five particular con-
ditions whose diagnosis may be delayed: (1) aortic
rupture; (2) pulmonary contusion; (3) rib fractures;
(4) diaphragmatic injury; and (5) pneumothorax
(Figure 12.15).

Radiography
Most patients who have sustained thoracic trauma
will require a chest radiograph to determine if the
patient has sustained a pneumothorax, hemothorax,
pulmonary contusion, or injury to the mediastinum
or great vessels. However, chest radiography alone is
not highly sensitive for the detection of small

(a) (b)

Figure 12.13 Diaphragmatic rupture of the left hemidiaphragm. (a and b) These computed tomography (CT) slices demonstrate
traumatic rupture of the left hemidiaphragm. Here the stomach is clearly seen in the left hemithorax on both coronal (a) and sagittal
(b) views of the CT.
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pneumothoraces, small hemothoraces, early pulmon-
ary contusions, non-displaced fractured ribs, and
subtle aortic injuries. In high-risk patients CT scan-
ning may be necessary to define these injuries.

Ultrasound
Ultrasonography for the evaluation of thoracic
trauma is divided into the use of portable ultrasound
at the bedside and consultative ultrasonography to
assess cardiac function to visualize aortic injuries.
Portable ultrasonography may be used for the rapid
detection of cardiac tamponade, pneumothorax, and
hemothorax.

CT scanning in blunt trauma: The majority of
patients who have sustained severe blunt thoracic
trauma undergo CT scanning expeditiously. Often
this is in conjunction with the CT scan of the head,
neck, abdomen, and pelvis. Prior to the administra-
tion of intravenous contrast media, it is prudent to
consider a patient’s renal function and potential for
pregnancy. However, in the patient in which a rapid
means of diagnosis is critical and the information

obtainable by CT scanning is necessary and not easily
obtainable by other means with less risk, the phys-
ician should not delay the study for considerations of
renal function or pregnancy.

For the chest CT, intravenous contrast is usually
administered in a timed fashion such that the CT scan
can be performed when the contrast bolus has entered
the great vessels. This will allow detection of aortic or
great vessel injuries. A normal thoracic CT angiogram
will exclude great vessel injury, injuries to the thoracic
wall, pneumo and hemothoraces, the presence of car-
diac tamponade, and most intrathoracic injuries.
If the CT of the aorta is indeterminate in the high-
risk patient, it should be followed by angiogram.

CT scanning in penetrating trauma: The majority
of stab wounds to the chest, particularly to the right
chest, do not require CT scanning. However, CT
scanning does have the ability to visualize small pneu-
mothoraces and hemothoraces. Stab wounds below
the nipple line on either side of the chest may pene-
trate through the diaphragm and into the abdominal
cavity. A CT scan will be able to detect significant

(a) (b)

Figure 12.14 Computed tomography (CT) images (a) and (b) show a fractured sternum. Fractured sternums are often not obvious
on an anteroposterior (AP) chest X-ray and may be seen best on lateral chest X-ray. However, a CT will give a better definition and
delineation of a sternal injury.
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intra-abdominal injury. For stable patients with gun-
shot wounds, CT scanning of the chest is being
increasingly used to follow the track of the projectile.
This may be particularly important in cases in which
bullets enter the thoracic cavity and strike bone; the
wound track may not be clinically obvious in such a

case. An unsuspected thoracic injury, vascular injury,
or an intra-abdominal injury can be detected using
this technique. A CT scan evaluation of transmediast-
inal gunshot wounds may help alleviate the need
for surgery in approximately 70% of stable patients
(Table 12.5).48,49

Hemodynamically stable?

Yes

Yes

Yes

Abnormal findings?

If patient
asymptomatic
can discharge

Appropriate treatment

Possible ED
thoracotomy

Needle
thoracostomy
if necessary

Tube
thoracostomy

Tube
thoracostomy

High speed deceleration
mechanism or significant

chest wall injury?

Persistent hemodynamic
instability or blood loss?

OR
thoracotomy

Chest CT*
(or TEE/

angiography)

Yes

Yes

Yes

No

No

No

No

No

PA + Lateral CXR

Abnormal findings?

No

Consider mechanism,
Presence of extrathoracic injury

FAST exam
AP supine CXR
ECG

High-risk mechanism or
significant injury identified by

initial examination?
Evaluation Includes:

Trauma resuscitation

Management of life-threatening
thoracic injuries based on findings:
Loss of pulses in ED, or
chest tube output
> 20 mL/kg blood
Absent breath sounds,
or unilateral absent
or diminished breath
sound, or CXR shows PTX

Pericardiocentesis
Pericardial effusion
by US with suspected
tamponade
CXR shows significant
hemothorax (see text)

FAST exam
AP supine CXR
ECG

Initial evaluation includes: Secondary survey

PA + Lateral CXR if
ANY concerns
ECG if elderly or
possible heart disease

Immediate management as
required

If patient
has symptoms
may observe
and repeat
exam/CXR

Further evaluation
as indicated, generally
including chest CT

Figure 12.15 Algorithm for blunt chest trauma ED management. AP, anteroposterior; CT, computed tomography; CXR, chest X-ray;
ECG, electrocardiogram; ED, emergency department; FAST, focused assessment with sonography in trauma; OR, operating room; PA,
posteroanterior; PTX, pneumothorax; TEE, transesophageal echocardiography; US, ultrasound. *This algorithm is a general guide; sophisticated
imaging may not be necessary in all circumstances (From Legome L. General approach to blunt thoracic trauma in adults. Available from
http://www.uptodate.com, with permission.)
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Laboratory evaluation
A suitable evaluation for the patient with thoracic
trauma will include consideration of the following
laboratory analyses.

Complete blood count: The hematocrit or hemo-
globin determination is often normal initially in
major trauma patients because significant hemodilu-
tion takes time. However, a baseline measurement
may be helpful in interpreting future measurements.
The white count may be elevated, but is rarely helpful
for clinical decision making.

Coagulation measurements: Twenty-five to fifty
percent of severely injured patients have coagulation

abnormalities evident upon their arrival at the hos-
pital.50,51 For this reason, many trauma centers make
these tests a portion of their initial laboratory studies.
On the other, healthy patients not significantly
injured probably have little or no benefit from these
studies.

Electrolytes (Chem 7): Routine measurement of
electrolytes and renal function is warranted in
all moderate or severe thoracic trauma patients.
Electrolyte abnormalities, metabolic acidosis, meta-
bolic alkalosis, and renal function can be rapidly
assessed.

Beta human chorionic gonadotrophin (hCG)
(or a urine hCG) in all women of childbearing years
unless there is unquestionable evidence of pregnancy,
such as seeing the fetus on abdominal ultrasonog-
raphy or no possibility of pregnancy such as a previous
hysterectomy.

Blood typing is indicated in all cases of severe and
moderate chest injury. Clinical guidelines stratify the
use of type O-negative blood, type-specific blood, and
cross-matched blood.

Toxicology (serum or the urine) in appropriate
patients.

Serum troponin and myocardial creatinine
kinase: The use of cardiac markers has not shown
clear utility in the absence of an abnormal ECG or
hemodynamic cardiac instability. They are not gener-
ally recommended.

Blood gases are indicated for patients that are
intubated or are hypoxic on pulse oximetry.

Serum lactate levels: Many trauma centers advo-
cate a baseline serum lactate level for moderate or
severe thoracic injury. The initial serum lactate level
in the resuscitation bay is an indication of the amount
of tissue hypoperfusion. The rate of clearance of lac-
tate gives an indication of prognosis.

Documentation
The presenting history, symptoms, evaluation and
assessment, response to therapy, and medications
administered should be carefully documented. If pos-
sible the previous medical history, previous surgical
history, medications, and allergies should also be
recorded. These details are often not available during
the initial assessment. If the patient is to be trans-
ferred, copies of records (including the laboratory and
radiological findings) and consents should accom-
pany the patient.

Table 12.5 Phases of thoracic evaluation

First phase: during the primary survey

Identification of:

� Upper airway obstruction

� Tension pneumothorax

� Large hemothorax

� Flail chest

� Open chest wound from penetrating injury

� Cardiac tamponade

� Decision if an emergency department
thoracotomy is justified

Second phase – after initial stabilization

Identification of:

� Simple pneumothorax

� Hemothorax

� Blunt cardiac injury

� Pulmonary contusion

� Aortic or great vessel injury

� Diaphragmatic injury or penetration

� Wounds traversing the mediastinum

Third phase (may be in the hospital phase of
care and evaluation)

Identification of:

� Fractured ribs

� Sternal fractures

� Other less common intrathoracic injuries such as
esophageal injury
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Disposition
Many patients with uncomplicated stab wounds that
produce small pneumothoraces or hemothoraces can
usually be managed at a non-trauma center, commu-
nity hospital. More severe injuries (particularly great
vessel and cardiac injuries) should be considered for
transfer to a major trauma center. Transfer criteria and
referral patterns should be developed at the local and
regional level; the exact criteria will depend upon the
capabilities of the initial hospital receiving the patient.
A guideline of which thoracic trauma injuries should be
considered for transfer is shown in Tables 12.6 and 12.7.
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Chapter

13
The injured patient

Abdominal trauma

Jennifer Isenhour and JohnMarx

Introduction
Abdominal trauma is frequently encountered in the
emergency department (ED) and emergency physicians
(EP) must be prepared to identify and expeditiously
manage these patients, avoiding the most serious pitfall
of missed or delayed diagnosis. Newer high resolution
computed tomography (CT), bedside ultrasound (US),
diagnostic laparoscopy (DL) and the ability to serially
evaluate patients augments the armamentarium of the
EP and trauma surgeon in identifying injury associated
with blunt and penetrating abdominal trauma.

Blunt abdominal trauma (BAT) while frequent in
the ED, is often difficult to diagnose with accuracy; it is
commonly associated with extra-abdominal injuries.
Most commonly blunt injuries occur after a motor
vehicle collision (MVC), followed in decreasing fre-
quency by a pedestrian being struck, a direct abdominal
blow, or a fall.1,2 In addition, intimate partner violence,
elder abuse, and child abuse may all result in BAT. All
intra-abdominal solid organs are at risk, but the spleen
is most often injured and may be an isolated finding in
nearly two thirds of abdominal trauma patients. The
liver is the next most common, and hollow viscera,
usually the intestine, are less frequently involved.3

The number of homicides committedwith a firearm
exceeds the number of homicides from all other forms
of violence. This is due to their greater velocity and
potential for widespread damage. Firearm deaths are
greatest among African-Americans aged 15–34 years,
closely followed by Hispanics in the same age range.

Box 13.1 Essentials of abdominal trauma

� Most commonly blunt injuries occur after a MVC,
followed in decreasing frequency by a pedestrian
being struck, a direct abdominal blow, or a fall.

� In blunt trauma the spleen is most often injured
and may be an isolated finding in nearly two
thirds of abdominal trauma patients. The liver is
the next most common, and hollow viscera, usu-
ally the intestine, are less frequently involved.

� Penetrating abdominal trauma (PAT) is less
commonly observed in the ED when compared
to BAT, but it still carries a high morbidity and
mortality.

� Stabbings are encountered three times more
often than firearm injuries, but the latter have
greater associated morbidity and account for up
to 90% of mortality for PAT.

Clinical anatomy and pathophysiology
Blunt abdominal trauma
There are three main physiologic entities which lead
to injury after BAT.

First, outward forces from a seat belt may create a
sudden or pronounced increase in intra-abdominal
pressure resulting in rupture or burst of a hollow
viscus. Second, abdominal organs may be compressed
between the abdominal wall and the spinal column.
This crushing effect usually injures solid viscera such
as the spleen and liver. Those with lax abdominal wall
musculature, for instance the elderly, children, or
alcoholics, are at increased risk for this type of injury.
Finally, both hollow and solid organs, and their vas-
cular pedicles, are at risk of injury from shearing
forces that may cause laceration. Areas of fixed organ
attachment are especially vulnerable to this type of
injury, particularly following sudden acceleration–
deceleration as occurs in head-on MVCs.

Seat belt injuries deserve special mention, as their
use, while shown to decrease morbidity after MVC, is

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
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associated with some specific injury patterns. For
example, three-point restraint systems when pos-
itioned incorrectly (for example, placing the shoulder
restraint under the arm) may cause intrathoracic and
intra-abdominal organs to be compressed and
injured. Lap-belt only restraint systems create a ful-
crum for compression of bowel against the vertebral
column or bowel upon bowel creating a closed loop,
which may in turn rupture due to an increase in
intraluminal pressure.4 During the second and third
trimesters of pregnancy, improperly worn lap belts
(those placed over the uterus rather than under it)
place the fetus and mother at risk.

Ecchymosis of the abdominal wall in the distribu-
tion of the lap belt (a seat belt sign) is found in
relatively few patients with BAT, but its presence
correlates with a significantly increased risk of under-
lying intra-abdominal injury, compared to similar
patients without the finding.5,6

Penetrating abdominal trauma
Knives, hand guns, shotguns, and rifles are the trad-
itional implements of penetrating trauma. However,
flying glass, arrows, fence posts, horned animals, scis-
sors, arrows, grenades, and bombs may all create non-
conventional PAT. Gunshot wounds (GSWs) have the
highest mortality due to their increased kinetic
energy, but SWs are encountered more frequently.
In either case, the bowel, and then the liver, are most
commonly injured.7

Stab wounds
Stab wounds are most commonly located in the left
upper quadrant followed by the right upper quadrant
then the lower quadrants. Ten percent will involve
the chest and up to 20% of patients will have more
than one SW. Most SWs don’t cause serious intra-
abdominal injury even with penetration through the
peritoneum. Anterior abdominal SWs enter the peri-
toneum in up to 70% of cases, but only half of these will
inflict serious injury.8 Flank and back wounds pene-
trate 44% and 15% of the time, respectively. Low chest
wounds have increased rates of diaphragmatic injury,
pneumothorax, and pericardial tamponade and nearly
a 15% rate of coincident intra-abdominal injury.9,10

Gunshot wounds
The wounding potential is most closely correlated
with the amount of kinetic energy (KE ¼ 1/2 MV

where M ¼ mass and V ¼ velocity) imparted by the
bullet to the patient.2 The greater the mass of the
bullet and the faster it travels, the more energy present
and thus increased potential for tissue destruction.
Additionally the viscoelastic properties of the tissue
transversed and the stability of the missile also con-
tribute to the amount of destruction.

Impact velocity, which is the main contributor to
the kinetic energy of the bullet in the patient, is based
on the distance of the firearm from the patient, the
muzzle velocity of the firearm and characteristics of
the bullet itself, and is the most important factor in
determining the potential for injury (Table 13.1).

High and medium velocity ballistics have an
“explosive” effect on tissues. This can create cavities
for temporary passage which may in turn indirectly
injure nearby organs. There are case reports of intra-
abdominal injury even with extra-abdominal missile
passage.11

Missiles may also contaminate wounds by “drag-
ging in” foreign material such as shotgun wadding and
clothing. The wound tract or permanent cavity may be
much smaller than the temporary cavity the bullet
passed through. This may lead to underestimation of
injury. Finally, the bullet may fragment once inside the
abdominal cavity causing increased destruction.

Shotgun wounds
Shotguns are designed to shoot small rapidly moving
targets. The shape of the pellets (round) experience a
large amount of drag through the air and thus decel-
erate rapidly after leaving the barrel. The kinetic
energy imparted to the patient is based on the pellet
size (mass) used, the number of pellets, the type and
amount of powder and the barrel choke (constric-
tion); but the most important variable is the distance
of the victim from the weapon to the victim. The
closer the range the more tightly clustered the pellets
and the more lethal the shot (Table 13.2).

Table 13.1 Muzzle velocity

Type Approximate
velocity

Weapon

Low velocity < 1100 fps Pistol

Medium
velocity

1100–2000 fps Lever action
rifle

High velocity > 2000 fps Assault rifle

fps, feet per second.
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Tissue damage is proportional to the specific grav-
ity and inversely proportional to the elastic properties
of the affected organ (as such, the liver is more
vulnerable to injury than the lungs). The brain is the
most vulnerable organ for several reasons: its specific
gravity 1.01–1.02 is the same as the liver, the brain
tissue is irreplaceable, and the brain is encased in the
skull, which must be shattered with resultant second-
ary missiles (bone fragments) when penetrated. Wad-
ding and other contaminants may be driven into Type
II or III shotgun wounds (Figure 13.1).

Prehospital
The basics of prehospital medicine applies to both BAT
and PAT. Patients must be expeditiously evacuated to
the closest appropriate facility. Death from uncontrolled
hemorrhage and ensuing shock is the major threat.

Traditionally early and aggressive initiation of
intravenous (IV) fluid resuscitation was standard in

these patients. However there is concern that this may
lead to increased bleeding secondary to dilution of
clotting factors as well as loss of soft clot with increased
blood pressure. Currently there are no authoritative
studies to support or refute use of early crystalloid
resuscitation in patients with hemorrhagic shock. Only
a few studies have addressed the question in human
trauma patients, and the data, while suggesting that
the less aggressive approachmay be better, is not defini-
tive. Further research may define the best approach.12

Covering open wounds and eviscerations, and
securing implements in situ, help prevent further
contamination and injury.

Emergency Medical Service personnel are import-
ant in providing historical factors surrounding the
mechanism of injury. For BAT due to vehicular colli-
sion, the number of fatalities at the scene, type of
vehicles involved, velocity of the vehicles, amount
of intrusion, rollover, steering wheel deformity, use
of seat belts and airbags, and patient location within
the vehicle may assist the EP needs in assessing the
patient.13,14 In PAT, the weapon involved, the size
and length of a blade, the number of gunshots heard,
the distance of the patient from the gun, and the
position of the patient are all important facts prehos-
pital care providers can supply.

Box 13.2 Essentials of prehospital care in
abdominal trauma

� The basics of prehospital medicine applies to
both BAT and PAT.

� Expeditiously evacuate to the closest appropriate
facility; death from uncontrolled hemorrhage and
ensuing shock is the major threat.

Anterior
thoracoabdominal area

Back
Anterior

abdomen
Flank

Posterior
axillary line Anterior

axillary line

Posterior
thoracoabdominal

area

Figure 13.1 Anatomic drawings of the boundaries of the abdomen.

Table 13.2 Shotgun wounds

Type Distance Pellet
spread

Injuries

Type I > 7
yards

> 25 cm Subcutaneous
and fascia
penetration

Type II 3–7
yards

10–25 cm Large number
of perforated
structures

Type III < 3
yards

< 10 cm
“point blank”
range

Mass
destruction/
highest
mortality
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Box 13.2 (cont.)

� There are no definite answers whether more or
less aggressive fluid resuscitation is best in the
field in the patient with ongoing hemorrhage,
although some data (especially in penetrating
trauma) suggests less aggressive may be better.

� Covering open wounds and eviscerations, and
securing implements in situ, help prevent further
contamination and injury.

Emergency department evaluation
and management
Blunt abdominal trauma
Common presentations
Depending on the severity of injury, patients sustain-
ing BAT present with a variety of findings ranging
from inconsequential up to shock and coma. Patients
with abdominal tenderness or peritonitis, evidence of
gastrointestinal bleeding, and hypotension without
signs of extra-abdominal hemorrhage suggest pres-
ence of intraperitoneal injury. However, sometimes
these signs are not evident early in the resuscitation.
Some patients, seemingly uninjured, have occult
intra-abdominal trauma, and can only be discovered
through additional testing or serial evaluation.

Initial evaluation
Physical examination

Patients should be fully undressed and exposed for a
complete evaluation. Unstable patients may require
resuscitation concurrent with physical examination.

Even though the physical examination in stable
alert patients has a reported sensitivity < 65% for
detecting intra-abdominal injury, it remains the first
line of evaluation. In the proper patient population,
e.g., otherwise healthy and no other injuries, it is
probably an excellent definitive test.15 In patients with
altered mental status, intoxication, closed head injury,
or a distracting injury, physical examination is even
less reliable and close, frequent re-evaluation as well
as diagnostic testing based on clinical suspicion
warranted.

Hypotension in the absence of extra-abdominal
causes of blood loss usually results from splenic or
liver injury. However, even if an extra-abdominal
cause of hemorrhage is present, evaluation for con-
comitant intra-abdominal injury is warranted if the

mechanism fits. Up to 10% of those with closed head
injury and 7% of those with extra-abdominal injuries
will have an intra-abdominal injury.16

Certain physical exam findings portend intra-
abdominal injuries. Patients with left lower rib frac-
tures may have associated splenic injury and those
with right lower rib fractures may have associated
liver injury.17 Patients with abdominal wall ecchy-
mosis from a lap belt have injury, typically hollow
viscus, up to one third of the time.6

While the presence of concerning physical exam
findings is helpful, their absence does not rule out
intraperitoneal injury. Adjuvant laboratory and radi-
ology testing, as well as serial evaluation, helps to
avoid missed intra-abdominal injuries.

A nasogastric tube placed in those without concern
for facial trauma, decompresses the stomach and iden-
tifies upper gastrointestinal hemorrhage. Similarly a
Foley catheter detects gross hematuria and provides a
means to follow urine output. The information
gleaned from these studies should be balanced with
the invasiveness, discomfort, and risk. These should be
reserved for patients with a real concern for occult
injury or known significant traumatic injury.

Trauma room studies
Radiology: A chest radiograph is a useful adjuvant
test. It may demonstrate the presence of rib fractures,
mediastinal air, hemothorax, and pneumothorax,
allowing for directed interventions and raising suspi-
cion for coincident intra-abdominal injury. In those
patients able to sit upright, free air under the dia-
phragm strongly suggests hollow viscous perforation.

Pelvis X-rays are helpful in identifying those
patients with open book or shear fractures in which
severe hemorrhage occurs. Emergent interventions
such as pelvic wrapping may limit blood loss in these
patients. Furthermore, the knowledge that a pelvic
fracture exists helps direct resuscitation and evalu-
ation for concomitant intra-abdominal injury. On
the other hand, stable patients with no pelvic pain
or patients with a stable pelvis and normal blood
pressure who are getting a rapid CT scan may forego
the trauma room pelvic film.

Laboratory: Patients with signs of more than min-
imal injury should have a baseline hematocrit or
hemoglobin, and those with hypotension or indica-
tions for emergent laparotomy should have their
blood typed and screened and often cross-matched.
Other testing such as base deficit is frequently
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utilized, but these values may lag behind physical
examination findings.18 White blood cell count, pan-
creatic enzymes, liver function testing, and amylase
have historically been part of the panel of laboratory
tests ordered for those with BAT, but these are unre-
liable indicators of intraperitoneal injury.19,20 These
should be ordered based on clinician judgment rather
than empirically on every patient. All women of child-
bearing age with unknown pregnancy status should
have a urine pregnancy test. Gross hematuria in
patients with shock indicates abdominal injury in
65% of patients, while microscopic hematuria in
unstable patients portend intra-abdominal injury
29% of the time.21 Microscopic hematuria alone,
however, does not necessarily indicate a higher risk
of important intra-abdominal injury. Toxicologic
screening adds little to the initial clinical assessment
of abdominal trauma patients, except in those patients
with altered mental status in whom closed head injury
is a possibility.22

Ultrasound: The advent of bedside US has
changed the emergent management of BAT. It rapidly
detects the presence of hemoperitoneum and has a
reported sensitivity of up to 95% for distinguishing as
little as 100 cc of fluid.23 Serial bedside US increases
its sensitivity in patients with BAT.24,25 Recent small
studies adding sonographic contrast demonstrate
accuracy for identifying solid viscus injury with active
bleeding, although this is not actively performed in
most centers at this point.26–28 It is non-invasive,
portable, and imparts no radiation to the patient.
Visualization of the mediastinum and pericardium
may be concurrently performed.

Disadvantages of US include the inability to differ-
entiate ascites from hemoperitoneum. Therefore, its
value in patients with liver disease and known ascites is
limited. It cannot provide any information about the
retroperitoneum, and diaphragmatic, hollow viscus,
and subcapsular solid viscus injuries are not well visu-
alized due to their minimal bleeding.29 Uncooperative,
agitated, and obese patients are not ideal candidates
and results may not be accurate in these patients. If an
US is indeterminate, then further diagnostic studies
are warranted.25

Ultrasound is particularly helpful in the rapid
triage of hypotensive patients with BAT who have
no other signs of extra-abdominal injury or cause of
hypotension.30 It is replacing diagnostic peritoneal
aspirate in the initial evaluation of these patients
and typically those with a positive US in this setting

proceed to exploratory laparotomy. However, US is
not as sensitive as DPL and its availability should not
preclude the use of DPL.

Diagnostic peritoneal tap: For hemodynamically
unstable patients with multiple injuries and a negative
or indeterminate US, a diagnostic peritoneal tap
(DPT) rapidly determines the presence of hemoperi-
toneum. When 10 ml or greater of gross blood is
aspirated in these patients, emergent operative inter-
vention to control hemorrhage from solid viscus or
vascular injury is indicated (Figure 13.2).

Acute interventions
Initial management is focused on stabilization and
identification of those patients with hemoperitoneum
requiring emergent intervention.

Intubation: Unstable patients with evidence of
airway compromise or severely compromised hemo-
dynamics or anticipated ED course requiring them to
leave the department (losing the ability to closely
monitor their airway status) need emergent intub-
ation. This is a clinical decision based on suspicion
of underlying pathology, patient conditions, skills,
and available resources.

Intravenous access: Obtain IV access for fluid and
blood administration. In patients with hemodynamic

Box 13.3 Advantages and disadvantages of
bedside US

Advantages Disadvantages

� It rapidly detects the
presence of
hemoperitoneum.

� Inability to
differentiate ascites
from
hemoperitoneum.

� It is non-invasive,
portable, and imparts
no radiation to the
patient.

� It cannot provide any
information about the
retroperitoneum, and
diaphragmatic, hollow
viscus, and subcapsular
solid viscus injuries are
not well visualized due
to their minimal
bleeding.

� Ultrasound is
particularly helpful in
the rapid triage of
hypotensive patients
with BAT and has
largely supplanted DPL.

� Uncooperative,
agitated, and obese
patients are not ideal
candidates and results
may not be accurate in
these patients.
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instability or potential for this, obtain a minimum of
two IV lines, although they may need addition when
critically ill.

Tube thoracostomy: Patients with BAT in the
thoracoabdominal region are at increased risk for
concomitant chest trauma including pneumothorax
or hemothorax. In unstable patients and those under-
going positive pressure ventilation, these injuries
require emergent tube thoracostomy to prevent fur-
ther hemodynamic compromise and, in the case of
hemothorax, to monitor blood loss.

Thoracotomy: While a rare procedure in the ED
for those with BAT, in patients with traumatic arrest
or “pre-arrest” in the ED, thoracotomy with cross-
clamping of the aorta may help control bleeding and
shunt blood to the heart and brain while resuscitative
measures ensue.

Emergent laparotomy: Using trauma room stud-
ies such as chest and pelvic radiographs, US, and
DPL/DPT, coupled with physical examination identi-
fies those patients requiring emergent laparotomy.
The five parameters in Table 13.3 guide operative
intervention.

Uncontrolled intraperitoneal hemorrhage is an
immediate life threat and should be a priority among
diagnostic and therapeutic interventions. For
example, the altered patient with hypotension and

hemoperitoneum should have laparotomy prior to
CT scan of the head. Likewise radiographs of extrem-
ities can also wait, and if needed emergent fasciotomy
can be done empirically in the operating room if a
serious concern. However, in patients who are stable,
who may have intra-abdominal injury that does not
require immediate operative intervention (e.g., blad-
der rupture, hollow viscus injury, diaphragmatic
injury), other life-threatening extra-abdominal injur-
ies such as severe closed head trauma and pelvic
fractures may assume precedence (Table 13.3).

FAST

**Stabilize
and

resuscitate

Emergent 
laparotomy

CT

Extra-abdominal
hemorrhage?*

DischargeObservation

YES

NO

STABLE

DPL/ repeat FAST
serial exam

+

+

DPT

–

–
–

+
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non-operative
management

–
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Figure 13.2 Algorithm for unstable blunt abdominal trauma. CT, computed tomography; DPL, diagnostic peritoneal lavage; DPT,
diagnostic peritoneal tap; DPTþ, > 10 ml blood aspirated; FAST, focused abdominal sonography in trauma. *Long bone fracture, hemothorax,
scalp laceration, pelvic fracture. **Pelvic wrapping, splinting, whipstitch, tube thoracostomy.

Table 13.3 Indicators for emergent laparotomy in blunt
abdominal trauma (BAT)

1. Continued profound hypotension despite
resuscitation in a patient strongly suspected to have
intra-abdominal injury

2. Presence of unequivocal peritonitis on physical
examination

3. Pneumoperitoneum suggesting viscous rupture as
visualized on radiographs

4. Diaphragmatic rupture visualized on radiographs

5. Persistent gastrointestinal bleeding as evidenced by
nasogastric tube output or hemetemesis not felt to
be due to swallowed blood
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Secondary evaluation
Stable patients require continued evaluation once an
immediate need for operative intervention has been
removed. Computed tomography is the preferred
diagnostic test for these patients as it allows for detec-
tion of specific organ injury, active intraperitoneal
hemorrhage and evaluation of extra-abdominal struc-
tures. Ultrasound and DPL may also be utilized.
Diagnostic laparoscopy is rarely utilized in evaluation
of BAT unless there is suspicion for diaphragmatic
injury or HVI (Figure 13.3).

Computed tomography: Multislice scanners with
high resolution and the ability to rapidly perform
studies make them the most often used test for the
evaluation of BAT.31 While it doesn’t have 100%
sensitivity for detecting all intra-abdominal injuries
(especially hollow viscus and pancreatic injury), it
does provide invaluable data for solid organ injury
while additionally providing information about the
retroperitoneal space, diaphragm, vascular struc-
tures, and vertebrae.32,33 Some centers advocate CT
for all patients with BAT regardless of physical
examination findings, citing a change in manage-
ment in up to 19% of patients when CT was utilized,
although this study is not consistent with usual
findings and does not reflect current standard of
care.34 As non-operative management for many
splenic and hepatic injuries has become the most
common approach, CT is important in delineating

those injuries amenable to this treatment algorithm
(Table 13.435 and Figure 13.4).36–39 It decreases the
number of non-therapeutic laparotomies and there-
fore morbidity and mortality associated with liver
and spleen injuries.40 Detection of hollow viscus
injuries is improving, even when no oral contrast is
given and only IV contrast is utilized.41,42

Disadvantages include significant radiation expos-
ure and cost associated with the increased use of CT.
Additionally, patients must leave the trauma bay and

FAST

Laparotomy
or

non-operative
management
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Discharge

+

+

Observe

-

Serial exam

Serial FAST
+ –/
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mechanism or

unreliable exam*

+

–

–

Yes

No

Figure 13.3 Algorithm for stable blunt
abdominal trauma. CT, computed
tomography; FAST, focused abdominal
sonography in trauma. *Concerning
mechanism: fatality at scene, rollover,
intrusion, prolonged extrication, ejection.
Unreliable exam: altered mental status,
intoxication, distracting injury.

Figure 13.4 Grade 3–4 splenic laceration.
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travel to the CT scanner, making it less ideal in those
who may be uncooperative, have tenuous hemody-
namic status, or other extra-abdominal injuries
requiring emergent interventions.43 Finally, coinci-
dental hollow viscus and mesentery injury in patients
with BAT and splenic or liver injuries is still possible.
While CT is improving, it still has decreased sensitiv-
ity for these injuries as well as those to the diaphragm
and pancreas.41,42

Ultrasound: Stable patients with a positive US,
require further delineation of their injuries usually
via CT, as many solid viscus injuries are managed
non-operatively. Ultrasound is not well suited for
identifying subcapsular solid viscus injuries, bowel,
retroperitoneal, and diaphragmatic injuries.44–46 But
for many patients, US can decrease the need for CT or
DPL.47,48 A negative focused abdominal sonography
in trauma (FAST) coupled with negative serial phys-
ical examinations during an observation period of up
to 24 hours typically excludes injury.49

Diagnostic peritoneal lavage: As mentioned
above, DPT is best utilized in unstable patients to
help triage them to laparotomy. If a DPT does not
show > 10 ml of blood or EI contents then further
evaluation for intra-abdominal injury is needed. Diag-
nostic peritoneal lavage is a bedside test which detects
the presence of hollow viscus and diaphragmatic injury
in addition to solid organ injury.50,51 It is especially
useful in those patients in whom CT is not amenable
due to other injuries or instability and whose physical
examination is not reliable (those with severe closed
head injury or intubated sedated patients). It also can
be useful with an equivocal or unclear ultrasound and a
suspicion of serious intra-abdominal injury.

A positive test is one with > 100 000 red blood
cells per high powered field (RBC/hpf) present in the
lavage effluent. Gross bowel or bladder contents is
also considered a positive lavage. If there are concerns
for diaphragmatic injury, the threshold for positivity
is dropped to 5000 RBC/hpf, which increases the
sensitivity of the test at the expense of specificity.
False negatives occur when the lavage catheter is
placed into the preperitoneal space, or omentum
obstructs egress of fluid, or there are large diaphrag-
matic tears allowing fluid to enter the thoracic cavity
instead of returning, or adhesions compartmentalize
the lavage fluid. Inadequate control of hemostasis
when introducing the catheter into the peritoneal
cavity, or passage of the catheter into a hematoma
create false positive studies.

The DPT portion of DPL may be revealing in
patients with multisystem injury and hypotension.
Otherwise DPL has had decreasing value in the BAT
patient as many of the injuries it previously found are
non-operative. However, in addition to serving as a
rapid triage instrument in patients with hypotension
and blunt multisystem injury, it can also be used to
detect hollow viscus rupture in the severely obtunded
patient in whom the CT either shows solid organ

Table 13.4 Splenic and hepatic injury grades by computed
tomography (CT) findings35

CT finding

Splenic injury grade

1 Capsular tear; laceration < 1 cm;
subcapsular hematoma < 10%

2 Laceration 1–3 cm not involving
trabecular vessel; subcapsular hematoma
10–50%; intraparenchymal hematoma
< 5 cm

3 Laceration > 3 cm or involving
trabecular vessels; subcapsular hematoma
> 50% or expanding; ruptured subcapsular
or parenchymal hematoma

4 Laceration involving segmental or hilar
vessels producing major devascularization
(> 25% of spleen);

5 Completely shattered spleen; hilar vascular
injury which devascularizes spleen

Hepatic injury grade

1 Subcapsular hematoma < 10%; laceration
< 1 cm in depth

2 Subcapsular hematoma 10–50%; laceration
1–3 cm in depth; parenchymal hematoma
� 10 cm in length

3 Subcapsular hematoma > 50%; laceration
> 3 cm in depth; parenchymal hematoma
> 10 cm in length

4 Laceration 25–75% of lobe or 1–3 Couinaud
segments

5 Laceration > 75% of lobe or > 3
Couinaud segments; retrohepatic
inferior vena cava or major hepatic
vein injury
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injury and there is ongoing concern for hollow viscus
or it shows only isolated free fluid.

Special cases
Pelvic fracture: Patients with pelvic fractures are at
greater risk for concomitant and potentially life-
threatening intra-abdominal hemorrhage. In a patient
found to have active intraperitoneal hemorrhage and
hypotension, laparotomy should ensue. If the search
for intraperitoneal hemorrhage is negative in the
unstable patient, the presumption should be that the
source of hypotension is retroperitoneal hemorrhage
secondary to the pelvic fracture, in which case inter-
ventional angiography and embolization or “damage
control” exploration and packing is undertaken.
External fixators and various methods of attempting
to stabilize and compress the pelvis, particularly with
open book fractures, are adjuncts that may be under-
taken in the patient with unstable pelvic fractures.

Closed head injury: Patients with concomitant
closed head injury and hemorrhagic shock ascribed
to intraperitoneal hemorrhage can pose a conun-
drum. In patients without lateralizing findings, the
need for emergent craniotomy is extremely low. If
there are lateralizing findings and the patient can be
stabilized, CT is indicated to determine whether
active intracranial hemorrhage amenable to interven-
tion is present. If the patient with intra-abdominal
injury cannot be stabilized hemodynamically and has
lateralizing neurologic signs, exploratory laparotomy
prior to CT is indicated. While under anesthesia, if
intracranial hemorrhage with herniation is strongly
suspected clinically, concomitant intracranial moni-
toring device or craniotomy may be performed by
neurosurgeons without prior neuroimaging. In some
centers, mobile CT scan may be available.

Treatment
Solid organ injury

Most injuries to the spleen and liver are amenable to
non-operative management.52 A CT scan of the abdo-
men allows accurate grading of the severity of injury.
Knowing the extent of injury allows the clinician to
rely upon serial physical examination and monitoring
of hemodynamic status and hematocrit to make fur-
ther operative decisions in these patients.53

Most Grade 1 and 2 injuries are managed non-
operatively. Some centers advocate this approach for
Grade 3 and higher injuries as well.54 Therapeutic
angiography and embolization of vessels may augment

this approach. Centers advocating non-operativeman-
agement of high-grade injuries should anticipate the
need for possible operative intervention and have the
personnel available to quickly convert to this treatment
plan. Patients with distracting extra-abdominal injur-
ies or altered mental status rendering their exams
unreliable are less optimal candidates for this less
conservative approach.

Pitfalls include increased use of blood products,
underestimation of severity of injury, missed concur-
rent HVI, and unsuccessful attempts at embolization
of hemorrhage which therefore must be operatively
repaired. Those patients with rare blood types, those
who refuse blood products, or those with underlying
coagulopathy should undergo operation sooner rather
than later when non-operative management fails.
Non-operative management is more likely to fail when
the patient has a non-hepatic injury (i.e., a spleen or
renal injury), a positive FAST at presentation, > 300
ml of intra-abdominal free fluid on CT and requires a
blood transfusion.38

Hollow viscus injuries

All of these injuries with perforation or devasculariza-
tion must be managed operatively. Some minor con-
tusion or bowel wall hemorrhage may be observed. As
previously mentioned, diagnosis of hollow viscus
injuries is difficult and thus the physician must be
vigilant, especially in the multi-injured patient.55

Patients with persistent significant abdominal tender-
ness, peritoneal signs, and CT presence of free fluid
without evidence of solid organ injury should raise the
suspicion for the presence of a HVI.45 However, even
those patients with negative CTs may have undetected
HVI in up to 13% of cases, and as time to diagnosis
increases, so do complications. Those patients with
concerns cited above and a negative CT should gener-
ally remain for a period of observation.45,56

Penetrating abdominal trauma
Initial evaluation

Physical examination

As with all trauma patients, those with PAT must be
fully undressed and exposed to ensure complete
evaluation. Wounds may be obscured by clothing,
body habitus or blood, or “hidden” in the axilla,
groin, buttocks, skin folds, or scalp. In those sustain-
ing GSWs, finding the number and area of wounds
may help elucidate whether there is a retained missile
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as well as the potential of underlying abdominal
injury. However, bullets do not always maintain a
straight path and it is difficult, if not sometimes
impossible, to ascertain whether a wound is an
entrance or exit in the ED.57 Both a nasogastric tube
and foley catheter should be placed if no contraindi-
cations exist. If the patient will clearly require the
operating room, this may be done there.

Hemodynamic instability: Shock usually results
from massive hemorrhage due to solid viscus or vas-
cular injury. These patients should proceed from the
ED directly to the operating room if there is PAT and
no other signs of extra-abdominal causes of hypoten-
sion and shock such as tension pneumothorax,
hemothorax, pericardial tamponade, or significant
blood loss from lacerations involving the scalp or
other extra-abdominal areas.58

Peritoneal signs: While several studies have noted
that physical examination can be inprecise, most
centers agree that if unequivocal peritonitis is present
(i.e., involuntary guarding/abdominal rigidity), par-
ticularly in those with delayed presentation in whom
hollow viscus perforation may be present, these
patients should undergo exploratory laparotomy.59

Evisceration: This used to be an unequivocal cri-
terion for mandatory laparotomy, however, newer
studies show this practice may be unnecessary.60 Up
to one third of patients with evisceration after PAT
may have a non-therapeutic laparotomy. Therefore
some advocate serial examinations instead of manda-
tory laparotomy, especially in those stable patients
with only omental evisceration.58 Others cite an inci-
dence of up to 80% of patients having major intra-
peritoneal injury requiring operative repair when
omentum or viscus herniation is found. They advo-
cate exploratory laparotomy as the next step in these
patients.61 Evisceration after GSWs generally require
exploratory laparotomy. The GSW mechanism typic-
ally imparts greater energy and greater risk for sub-
stantial injury than stab wounds.

Gastrointestinal hemorrhage: Hollow viscus per-
foration results in bleeding which may be detected in
nasogastric tube effluent, hematemesis or rectal bleed-
ing. These injuries require operative repair.58,59

Implement in situ: These are typically removed in
the operating room because if the implement is in a
vascular structure, removal may cause sudden and
substantial hemorrhage. If, however, the implement
is interfering with necessary resuscitative measures, it
may have to be removed in the ED.43

Box 13.4 Indications for immediate laparotomy
in PAT

Indication Likely findings or
concerns

Hemodynamic instability Solid organ or vascular
injury

Unequivocal peritoneal
signs

Solid organ or HVI

Evisceration* Bowel injury

Evidence of
gastrointestinal
hemorrhage

Hollow viscus
perforation

Implement in situ Possible hemorrhage
when removed

*Some centers will replace eviscerated omentum and then
serially examine the patient rather than proceed to
emergent laparotomy.

Trauma room studies
Initial trauma room studies augment the above
criteria to determine the need for emergent laparot-
omy and include radiographs, laboratory tests, and
ultrasound.

Radiology: A chest radiograph (CXR) may rapidly
detect the presence of significant pneumothoraces
and hemothoraces. If these are present, interventions
such as tube thoracostomy may stabilize a hemody-
mically compromised patient and avoid the perceived
need for mandatory laparotomy. A CXR illustrating
free air under the diaphragm indicates peritoneal
penetration. However, these patients do not necessar-
ily have peritoneal organ injury and as such do not
need mandatory exploration (unless the criteria above
are present). This is especially true for anterior SWs
as implements may draw in air as they penetrate the
peritoneal cavity.60 However, for GSWs, free air con-
notes peritoneal transgression. This, in turn, usually
prompts laparotomy although some centers, in
patients without other indications for operation, will
undertake additional testing, serial observation, or
both. Other radiographs, when obtained in two
planes, can help locate retained missiles, estimate
missile path and potential organ injury. One rare
occurrence to keep in mind is the potential for embo-
lization of a ballistic missile, particularly shotgun
pellets. In addition, tracking of multiple missiles and
ones that have ricocheted can create considerable
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confusion and misinterpretation. Estimation of bullet
caliber based on film appearance is often wrong and
unhelpful.

Laboratory: Initial testing is helpful to establish
baseline values. These may include a hemoglobin/
hematocrit, lactate, and base excess. All women of
child-bearing age with the possibility of unknown
pregnancy should have a urine pregnancy test. In
patients with torso injuries, a urinalysis indicating
the presence of microscopic hematuria suggests uro-
logic injury. Urine drug screens and blood alcohol
levels typically do not add to the initial evaluation of
these patients. However, if positive, these may allow
an opportunity for substance abuse intervention in
follow up. Finally, in unstable patients and those
requiring mandatory exploratory laparotomy, type
and crossed matched blood is usual practice.

Ultrasound: Bedside US is now a mainstay in the
evaluation of trauma patients. In patients with PAT, its
utility is in quickly assessing for evidence of hemoperi-
toneum, pneumothorax, and pericardial tampon-
ade.62,63 The presence of hemoperitoneum has a high
(> 90%) positive predictive value for a therapeutic
laparatomy.64 However an US which is negative for
hemoperitoneum is insensitive for peritoneal penetra-
tion and potential injury, especially to the diaphragm
and hollow viscus; Further studies will be necessary.65,66

Acute interventions
Initial management is focused on stabilization and
identification of those patients with hemoperitoneum
requiring emergent intervention.

Intubation: Unstable patients with evidence of
airway compromise or severely compromised hemo-
dynamics or anticipated ED course requiring them to
leave the department (losing the ability to closely
monitor their airway status) need emergent intub-
ation. This is a clinical decision based on suspicion
of underlying pathology, patient conditions, skills,
and available resources.

Intravenous access: Obtain IV access for fluid and
blood administration. In patients with hemodynamic
instability or potential for this, obtain a minimum of
two IV lines, although they may need additional lines
when critically ill.

Tube thoracostomy: Radiographic confirmation is
not necessary prior to tube placement in the unstable
patient with clinical signs of pneumothorax or hemo-
thorax. These may include subcutaneous emphysema or
loss of unilateral breath sounds.

Thoracotomy: For those with penetrating injury
to the thoracoabdominal area and cardiac arrest,
thoracotomy allows the emergent identification and
mitigation of intrathoracic injury, the ability to per-
form open chest cardiopulmonary resuscitation, as
well as the ability to cross-clamp the aorta and limit
hemorrhage below the diaphragm.

Secondary evaluation
Once those patients not meeting criteria for manda-
tory laparotomy (Figure 13.5) are stabilized, the sec-
ondary evaluation should answer the following
questions. First, is there peritoneal penetration?
Second, if there is peritoneal penetration, is there
intraperitoneal organ injury requiring operative
intervention?

Stab wounds (Figure 13.6)

Is there peritoneal penetration? –– If the wound tract
is definitively found to be superficial to the entire
abdominal cavity, including the retroperitoneum,
pleura, and pericardium, then these patients may be
discharged after appropriate wound care.67–70

Plain radiographs: An upright CXR, especially for
those with thoracoabdominal wounds, or a lateral
decubitus abdominal film showing free air indicates
peritoneal violation. The converse of this, lack of free
air, does not guarantee no penetration (Figure 13.7).

Local wound exploration (LWE): This is best util-
ized in those patients with anterior abdominal wall
SWs. However it has been utilized in those with back

Indications for
emergent laparotomy?*

Exploratory
laparotomy

Peritoneal
penetration?

[XR, CT, DL]

Non-operative
candidate?

Peritoneal
injury?

[DPL, CT, DL, Serial Exam]

Observe
12–24 h

Discharge

Observation

Yes No

No
No

No

Yes

Yes

Yes

Figure 13.5 Algorithm for gunshot wounds. CT, computed
tomography; DL, diagnostic laparoscopy; DPL, diagnostic peritoneal
lavage; Serial exam, frequent abdominal examination; XR, plain
radiographs in two planes. *Indications for emergent laparotomy.
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and flank wounds with some success.9,10 Those with
heavy musculature or obesity may be poor candidates
for local wound exploration as localizing the abdom-
inal fascia is challenging in these patients. In addition,
if there are multiple wound tracts present, LWE may
not be an efficient means of determining peritoneal
penetration. Slash wounds to the chest may be care-
fully inspected to determine if the thoracic cavity is
penetrated; however, deeper wounds on the chest wall
should not be explored due to the presence of neuro-
vascular structures and pleura. Blind probing with
cotton swabs, fingers, or instruments is dangerous
and may lead to inaccurate results.71

Ultrasound: Hemoperitoneum indicates peritoneal
penetration; however, a negative US does not rule out
penetration (Figure 13.8). There is recent limited use of
US in conjunction with LWE to evaluate intactness of
abdominal fascia.72 If fascial violation is not foundusing
US, other methods must be pursued, as US is specific in
determining fascial violation, but not very sensitive.

Direct laparoscopy: This is a reliable means of
diagnosing peritoneal penetration; however, it is
mainly performed in the operating room by the sur-
geon. It is best utilized in those patients with wounds
to the left thoracoabdominal area to inspect and
repair diaphragm injuries. Those with right-sided
wounds have fewer incidences of diaphragmatic
injury and evisceration due to protection of that area
by the liver. But, if peritoneal injury is concurrently
found, repair may quickly ensue.73–75

Is there peritoneal injury requiring operative interven-
tion? –– Some patients have known or equivocal peri-
toneal penetration and require further diagnostic
studies to determine if operative injury exists. Even
if these studies show no evidence of injury, an obser-
vation period of at least 12–24 hours should follow as
hollow viscus and pancreatic injuries which may not
be detected on initial evaluation typically demonstrate
peritonitis within this time frame.67,68

Diagnostic peritoneal lavage: This is an invasive
but rapid procedure that can be easily performed at
the bedside.71 It allows for immediate detection of
hemoperitoneum. However, because it is a highly
sensitive test, it has only fair specificity for injuries

Figure 13.7 Chest radiograph shows free air under the diaphragm.

Figure 13.8 Hemoperitoneum with free fluid in Morison’s pouch.

Indication for
emergency laparotomy?*

Exploratory
laparotomy

Peritoneal
penetration?
[LWE, CT, US, DL]

Non-operative
candidate?

Peritoneal
injury?

[DPL, CT, DL, serial exam]

Observe
[12– 24 h] Discharge

Yes No

No

No

Yes or
unsure

Yes

No
Yes

Figure 13.6 Algorithm for stab wounds. CT, computed
tomography; DL, diagnostic laparoscopy; DPL, diagnostic peritoneal
lavage; LWE, local wound exploration; Serial exam, frequent
abdominal examination; US, ultrasound. *Indications for emergent
laparotomy.
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requiring operative intervention, as it will also iden-
tify organ injury that is amenable to non-operative
management.

For anterior SWs, the initial return of 10 ml or
more of gross blood or lavage effluent of > 100 000
RBC/hpf indicates visceral injury in > 90% of
patients.76,77 Most agree that when 20–100 000 RBC/
hpf are found there is need for continued evaluation
and observation for injury.77,78 Injuries to hollow
viscera typically produce such results and usually
declare themselves clinically within a 12–24 hour
observation period. Others suggest decreasing the
threshold to 5000–10 000 RBC/hpf to better detect
hollow viscus injury (HVI) or diaphragmatic injuries,
which bleed minimally, but this would conversely
increase the negative laparotomy rate.79 Another
approach is to couple the presence of > 100 000
RBC/hpf with the presence of > 500 WBC/hpf or bile
or amylase in the effluent to better detect HVI.80

For thoracoabdominal SWs with a specific concern
for diaphragmatic injuries, the threshold is lowered to
5–10 000 RBC/hpf to better detect these injuries which
are more common in these patients.71,80

As other diagnostic modalities have evolved and
become more accurate, the routine use of DPL has
diminished. It is best employed in those patients with
unreliable examinations or thoracoabdominal wounds.

Computed tomagraphy: Multislice scanners are
gaining favor as the test of choice in stable patients.
It not only detects peritoneal injury, but provides the
extent of the injury allowing some patients non-
operative management.31,81 Studies cite a sensitivity
of up to 97% for detecting peritoneal violation and
specificity of 95% for predicting the need for oper-
ation.81–83 Newer studies suggest oral contrast is not
necessary to detect HVI as free intraperitoneal air,
free intraperitoneal fluid in the absence of solid organ
injury, localized bowel wall thickening, and wound
tracts close to the hollow viscus suggest injury; opera-
tive repair is indicated (Figure 13.9).84,85

Diagnostic laparoscopy: This remains most useful
for patients with thoracoabdominal wounds, as it
allows inspection and repair of the diaphragm.75,86,87

In those patients with equivocal peritoneal penetra-
tion, it can identify violation of the peritoneum and
visceral injury. However DL has poor sensitivity for
detecting HVI and retroperitoneal injuries.74,88 Some
injuries to the diaphragm, solid viscera, stomach and
small bowel may be concurrently repaired, leading to
decreased length of stay, cost, and morbidity when DL

is employed.74,75 But most centers are not adept at its
routine use for PAT.73–75

Gunshot wounds

Is there peritoneal penetration? –– Abdominal GSWs
enter the peritoneal cavity in approximately 80% of
cases, and in more than 90% of those involving pene-
tration there is intraperitoneal damage.89 Given the
increased velocity and chance for ricochet, even those
whose missile path appears to have traveled extra-
abdominally warrant close inspection and suspicion
for peritoneal injury.

Plain radiographs: While two views of the abdo-
men in perpendicular planes showing presence of an
intra-abdominal missile are helpful, when there are
multiple GSWs or through-and-through wounds, this
modality is less useful. Additionally missiles may
travel outside the peritoneal cavity and make tracking
and anticipation of injury difficult.

Local wound exploration: If a wound is deemed to
be low velocity and suspected to be tangential, then
LWE may be carefully employed, otherwise this
approach is not recommended.90

Ultrasound: This modality is best utilized to iden-
tify hemoperitoneum and hemopericardium rather
than the path of wound tracts.91 A negative ultra-
sound cannot rule out intra-abdominal injury.

Direct laparoscopy: This approach to assess peri-
toneal penetration is more costly and invasive than
imaging. Also, if penetration is found, most surgeons
will proceed to open laparotomy.75,90

Computed tomography: CT scanning is becoming
the modality of choice for evaluation of peritoneal

Figure 13.9 Hollow viscus injury.
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penetration especially in those stable patients with
seemingly tangential GSWs. Several studies demonstrate
its ability to exclude transperitoneal and transpelvic
trajectories thus preventing negative laparotomies.82,92

One small study suggests injecting water-soluble
contrast into the wound tract to better delineate its path
on CT.93

Is there peritoneal injury requiring operative interven-
tion? –– Most patients sustaining an abdominal
GSW will be assumed to have intraperitoneal injury
requiring operative intervention. However, more
recent studies indicate that there may only be injury
requiring operative repair in 70–80% of the time.
Therefore, certain centers will continue their evalu-
ation utilizing DPL, CT, and DL to search for those
injuries requiring operative repair.85,90,94

Diagnostic peritoneal lavage: This is a rapid, reli-
able means of determining peritoneal injury with a
sensitivity of 96%.95,96 All positive criteria remain the
same, as in stab wounds, except that the presence of
RBCs is lowered to 5–10 000/hpf in order to increase the
sensitivity of the procedure due to the greater incidence
of hollow viscus and diaphragmatic injuries.71,77,95

Computed tomography: High resolution CT scan-
ners are sensitive for identifying hollow viscus and
diaphragmatic injuries, as well as delineating the extent
of solid viscus injury and the missile pathway. Several
studies now show that in penetrating injury CT with
IV contrast alone has a sensitivity approaching that of
CT with triple contrast (IV, PO, and rectal). 85,95 Thus,
triple contrast is reserved for those patients with sus-
pected colorectal injury. The use of CT also allows for
better selection of those patients with GSWs who may
be amenable to non-operative management.81,90,94,97–99

Diagnostic laparoscopy: As with patients sustain-
ing SWs,DL forGSWs is not routinely utilized due to its
invasive nature, need to convert to open laparotomy,
and difficulty visualizing some injuries. However, for
those with GSWs to the left thoracoabdominal area or
tangential GSWs, without the need for other operative
intervention, it is useful in inspecting the diaphragm
and may avoid laparotomy.75,88,90,100

Patients who sustain a high velocity (i.e., bullets at
> 2000 fps [feet per second] such as a .308, 30–06)
GSW are at risk for intraperitoneal injury despite the
path of the missile being near the abdominal cavity
but entirely extraperitoneal. This is attributed to the
shock wave created by the high forces caused by
the sudden opening and closing of the cavity created

by the missile. As such, these patients should be man-
aged as if the peritoneal space had been transgressed.11

Special cases

Thoracoabdominal –– Penetrating trauma to the thora-
coabdominal area potentially violates not only the peri-
toneal cavity, but also the mediastinum, thoracic, and
retroperitoneal cavities. Risk of occult diaphragmatic
injury is 7%,87 but patients with GSWs to this area
have intraperitoneal injury 45% of the time, and 17%
of those with SWs to the left thoracoabdominal area
will have concurrent diaphragmatic injury.73 The most
conservative approaches still recommend exploratory
laparotomy in all patients with left lower chest SWs
and all thoracoabdominal GSWs. While this ensures a
lower missed injury rate, it leads to increased negative
and non-therapeutic laparotomy rates.

For those patients not undergoing emergent lapar-
otomy, US is a useful modality to quickly rule in the
presence of hemopericardium or hemoperitoneum.91

Diagnostic peritoneal lavage, utilizing a lowered RBC
criterion to 5–10 000 RBC/hpf, may be helpful in
evaluating patients at risk for diaphragmatic and
intraperitoneal injury. A negative DPL markedly
lowers risk, although a positive one by lower end
RBC criterion simply rules in the possibility of having
this injury.77 As mentioned previously, DL can visu-
alize and repair the diaphragm and some other
organs, but is invasive, time consuming, and best
utilized in those centers adept at its use in trauma.86,87

Computed tomography is becoming the diagnostic
test of choice for stable patients. In some centers is has
test characteristics markedly improved from previous
with sensitivities of 94% and specificity approaching
96% for diaphragmatic injury.83 As this is not consist-
ent everywhere, those with negative CTs should be
closely monitored for potentially undetected hollow
viscus and diaphragmatic injury, and those with
equivocal scans require further diagnostic testing.

Flank and back: Evaluation of these wounds is
particularly difficult as retroperitoneal structures are
at greatest risk; however, isolated or concomitant
intraperitoneal injuries are seen in up to 40% of cases.9

Local wound exploration should be the first step for
SWs, however, it is often difficult due to paraspinous
musculature and should not be used for GSWs in this
area. Physical examination may be unreliable and DPL
less likely to detect retroperitoneal injuries.10 Com-
puted tomography is gaining favor in stable patients
as it allows evaluation of both the peritoneal and
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retroperitoneal structures. Multislice scanners have
the ability to detect most but not all bowel and dia-
phragmatic injury (Figure 13.10).59,75,92,97

Once again, conservative centers mandate opera-
tive evaluation for these wounds, however, others
advocate for initial non-operative management with
serial examinations and CT.85

Shotgun wounds –– Type I injuries are low velocity
and have greatest pellet spread, therefore injury is less
likely. Serial examination and operation on only those
with peritoneal signs or increasing pain is standard.
Type II wounds may injure intraperitoneal structures,
however often these are small hollow viscus puncture
wounds that have no intraperitoneal spillage and may
heal without surgical repair. Thus some centers utilize
non-operative management in these patients, but
most proceed to exploratory laparotomy. Significant
tissue destruction, multiorgan injury, and shock are
common with type III wounds leading to emergent
laparotomy for all cases (Table 13.5).96

Treatment
Selective non-operative management-stab wounds

Traditional treatment for PAT advocated mandatory
exploratory laparotomy; however, this led to a high
negative laparotomy rate. In the 1960s Shaftan pub-
lished a small study evaluating non-operative man-
agement of SWs.101 Stable patients were serially
examined and only proceeded to laparotomy if
peritonitis or instability developed.101 This influential
study changed the usual practice of mandatory
exploratory laparotomy operative management and
most trauma centers have adopted this approach
coupled with the diagnostic tests described previously
(see Figure 13.6).58,59,67,94,97

Therefore it should only be used at those centers
able to provide the intense monitoring needed.
Numerous studies demonstrate this.58,59,67,94,97

Box 13.5 Essentials of non-operative
management of stab wounds

� Most anterior stab wounds do not require
intervention.

� Non-operative management requires the ability
to serially examine the patient and expeditiously
move to operative intervention if peritoneal signs
or hemodynamic compromise develops; there-
fore, it requires significant resources.

� Non-operative management in appropriate
patients leads to decreased non-therapeutic and
negative laparotomy rates, reduction in overall
length of hospital stay, and costs.

Selective non-operative management GSWs

If there is no need for emergent laparotomy some
centers are pursuing non-operative management of
GSWs. Serial examination in awake, stable patients
coupled with judicious use of diagnostic testing such
as CT, DPL, and DL, allows for patient stratification
to operative or non-operative treatment.82,85 Again,
this requires a setting where frequent examination
and expeditious transition to operation when needed
is available.90,92

Documentation
Penetrating abdominal trauma
Careful documentation of the location and size of
each wound is optimal. Do not attempt to determine
entry vs. exit wounds.

Figure 13.10 Computed tomography (CT) shows diaphragmatic
injury with stomach herniation into the thoracic cavity.

Table 13.5 Evaluation of shotgun wounds

Type Injuries Diagnostic
modality

I Dermal wounds Serial examination

II Small HV perforations
No peritoneal fluid

Usually exploratory
laparotomy Some
utilize serial
examination

III Multiple organ injury
Severe tissue
destruction Shock

Emergent
exploratory
laparotomy

HV, hollow viscus.
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Blunt abdominal trauma
All patients selected for non-operative management
must have their repeat evaluations documented.
Changes in hemodynamic status, increasing abdominal
tenderness, and decreases in hematocrit are all indica-
tions that operative intervention may be required.

Disposition
Patients with serious abdominal trauma, especially
those requiring operative repair do better at regional
trauma centers.102,103 Consult and transfer early.
A small subset with hemodynamic instability and
known hemoperitomenum may do better with
damage control laparotomy and control of hemor-
rhage at the presenting hospital and then transfer to
a trauma center.104
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Chapter

14
The injured patient

Genitourinary trauma

James F. Holmes

Epidemiology
Following splenic and hepatic injuries, renal injuries
are the third most commonly injured abdominal
structure, affecting 10% of patients with major trau-
matic injuries.1,2 As with most injuries, genitourinary
(GU) trauma is most common in those 20–35 years of
age and in the male sex.1 Most GU injuries (90%)
result from blunt mechanisms of injury with pene-
trating accounting for the remainder. The most
frequent blunt mechanisms resulting in GU injury
include motor vehicle collisions, automobile vs. ped-
estrians or bicycles, and falls; less commonly occur-
ring after assaults and sports-related injuries. Genital
specific injuries have a high prevalence of self-
infliction.

Clinical anatomy and pathophysiology
The urinary system can be divided into an upper and
lower portion, which is not only anatomic but is also
appropriate as the evaluation varies by location. The
upper urinary tract consists of the kidney and ureter
(both evaluated with contrast-enhanced computed tom-
ography [CT] scan). The kidney is located in the upper
portion of the retroperitoneum. It consists of an outer
core of renal parenchyma that feeds into a central col-
lecting system at the renal hilum. The kidneys are

positioned from the 11th thoracic to the 3rd lumbar
vertebrae and are partially protected by the posterior
aspect of the lower costal margin. Further protection is
provided by the posteriormusculature. The left kidney is
adjacent to the spleen and the right kidney is adjacent to
the liver (and is displaced more inferiorly by the right
lobe of the liver). Due to the proximity of the kidneys to
the liver and spleen, injuries to these organs are often
associatedwith hematuria and renal injuries. The adrenal
glands are positioned immediately superior to the
kidneys. The renal artery and vein enter the kidney at
the hilum with the renal artery rapidly separating to
supply the five different segments of the kidney, although
significant anatomic variation in the renal vasculature
does occur. The ureter travels from the renal pelvis to the
bladder in the retroperitoneal space. Its location, mobil-
ity, and small size limit the chances of injury.

The lower urinary tract consists of the urinary
bladder and urethra (both structures evaluated with
focused radiographic testing). The bladder resides in
the anterior portion of the pelvis and is protected
from injury by the pubic bones (except during the
second and third trimester of pregnancy when
the gravid uterus displaces the bladder outside of the
pelvis). The dome of the bladder is covered with
peritoneum and injury to the dome results in intra-
peritoneal spillage of urine. The bladder neck is
secured to the pelvic floor by pelvic fascia.

The urethra is divided by the urogenital dia-
phragm into anterior and posterior portions. Male
and female urethral anatomies are significantly differ-
ent. The male urethra is significantly longer than
the female urethra (which is not firmly attached
to the pelvic floor), and thus more susceptible to
injury. The anterior portion of the male urethra (dis-
tal to the diaphragm and located external to the
pelvis) is additionally divided into penile and bulbous

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. © Cambridge University Press 2011.

Box 14.1 Essentials of GU trauma

� The kidneys are the third most injured abdominal
organ.

� Renal injuries are most common after blunt
mechanisms (especially deceleration injuries and
direct blows).

� Ureteral, bladder, urethral, and genital injuries are
significantly less common than renal injuries.
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segments. The posterior portion (proximal to the
diaphragm and located within the pelvis) is divided
into the prostatic and membranous segments.

The male external genitalia consists of the penis
and scrotum. The scrotum is composed of multiple
layers of protective tissue (Figure 14.1).

These layers (from external to internal) include the
scrotal skin, dartos fascia, spermatic fascia (including

the cremasteric muscle), tunical vaginalis (two layers –
parietal and visceral), and the tunica albuginea. The
tunica albuginea is a thick, white fibrous layer that
encapsulates the seminiferous tubules of the testes
and is important as injury through the tunica albugi-
nea results in testicular rupture. The penis consists of
the penile urethra which is surrounded by the corpus
spongiosum and Buck’s fascia (Figure 14.2).

Tunica vaginalis

Cremasteric muscle

Epididymis

Appendix of testis

Tunica albuginea
covering testicle

Scrotal ligament

Vas deferens

Figure 14.1 Anatomy of the scrotum.
(From Mahadevan S, Garmel G. An
Introduction to Clinical Emergency Medicine.
Cambridge: Cambridge University Press,
2005.)

Urinary bladder
Vas deferens

Prostate gland

Corpus callosum
Corpus spongiosum
Urethra

Glans

Testicle

Epididymis

Seminal
vesicle

Figure 14.2 Lateral view of digital rectal
examination with male genitalia anatomy.
(Adapted from National Institutes of
Digestive and Kidney Diseases, National
Institutes of Health.)
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The female urethra, due to its internal and
shortened anatomy compared to the male, is rarely
injured outside of significant pelvic trauma, usually
with an associated pelvic fracture.

Renal trauma results from a variety of mechan-
isms but is most common after direct blows or
sudden decelerations (especially motor vehicle
collisions). Renal injuries associated with penetrating
trauma (particularly gunshot wounds) often have
additional injuries present. Blunt renal injuries are
frequently isolated. Certain injury patterns occur
within the GU tract. Renal injuries are associated with
lumbar spine fractures, most commonly lumbar spine
transverse process fractures.3 Bladder and urethral
injuries occur in conjunction with pelvic fractures,
especially those with pubic symphysis and sacroiliac
joint diastasis. Urethral injuries most often occur
from straddle injuries as the urethra is compressed
against the symphysis pubis. Male genital injuries are
frequently from self-inflicted mechanisms.

Over half of all GU injuries involve the kidney.
Renal injuries are graded based on the American
Association for the Surgery of Trauma Grading Scale
(Table 14.1 and Figure 14.3).4

The majority of renal injuries are Grade 1. Ureter,
bladder, and urethra injuries also have established
grading scales (Table 14.2),5 as does the penis,
scrotum, and testicles (Table 14.3).6 All injury-grading
scales were developed to standardize treatment,
injury reporting, and to assist in research and compar-
ing outcomes between trauma centers. Although the
Renal Grading Scale is generally well accepted
and widely used, the grading scales for the ureter,
bladder, urethra, penis, scrotum, and testicles are less
applicable.

Prehospital care
Standard prehospital care of the trauma patient is
appropriate for those patients with GU injuries. No
specific intervention by prehospital providers is gen-
erally necessary. For the rare instances of penile
amputation, direct pressure (no tourniquet) is applied
to stop active bleeding. The amputated penis is trans-
ported with the patient to the treating facility. Place-
ment of the amputated penis in a sterile dressing,
then in a container with ice but not in direct contact
with the ice, enhances the chance of successful
reimplantation.

Table 14.1 Grading scales for renal injuries4

Grade Findings

I Contusion: Normal urologic imaging with hematuria (microscopic or gross)
Hematoma: Subcapsular hematoma without parenchymal laceration

II Hematoma: Perirenal hematoma, non-expanding and confined to retroperitoneum
Laceration: Renal cortex parenchymal laceration < 1 cm, without urinary extravasation

III Laceration: Renal cortex parenchymal laceration> 1 cm, without urinary extravasation or collecting system rupture

IV Laceration: Parenchymal laceration through renal cortex, medulla, and collecting system
Vascular: Renal artery or vein injury with contained hemorrhage

V Laceration: Completely shattered kidney
Vascular: Avulsion of renal hilum with devascularized kidney

Grade V:Grade IV:
Devascularized kidney Laceration into

collecting system

Grade III:
> 1 cm Laceration

Grade II: < 1 cm lacerationGrade I: hematoma

Figure 14.3 Renal injury scale. (Courtesy of C. H. Chang, MD.)
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Table 14.2 Grading scales for ureter, bladder, and urethral injuries5

Ureter Injury Scale

I Hematoma: Contusion or hematoma without devascularization

II Laceration: Transection < 50%

III Laceration: Transection > 50%

IV Laceration: Complete transaction with < 2 cm devascularization

V Laceration: Avulsion with > 2 cm devascularization

Bladder Injury Scale

I Hematoma: Contusion, intramural hematoma
Laceration: Partial thickness laceration

II Laceration: Extraperitoneal bladder wall, < 2 cm

III Laceration: Extraperitoneal bladder wall, > 2 cm; intraperitoneal bladder wall, < 2 cm

IV Laceration: Intraperitoneal bladder wall, > 2 cm

V Laceration: Laceration extending into the bladder neck or ureteral orifice

Urethral Injury Scale

I Contusion: Blood at urethral orifice, normal radiographs

II Stretch injury: Urethral elongation, no extravasation on urethrography

III Partial disruption: Contrast extravasation on urethrography with contrast in bladder

IV Complete disruption: Contrast extravasation on urethrography, no contrast in bladder;
separation < 2 cm

V Completed disruption: Complete transaction with > 2 cm of separation,
extension into prostate/vagina

Table 14.3 Grading Scales for penile and testicular injuries6

Penile Injury Scale

I Cutaneous laceration or contusion

II Laceration through Buck’s fascia without tissue loss

III Cutaneous avulsion, laceration through glans/meatus, cavernosal or urethral
defect < 2 cm

IV Partial penectomy, cavernosal or urethral defect > 2 cm

V Total penectomy

Testicular Injury Scale

I Contusion or hematoma

II Subclinical laceration of tunica albuguinea

III Laceration of tunica albuguinea with < 50% parenchymal loss

IV Laceration of tunica albuguinea with � 50% parenchymal loss

V Testicular avulsion or destruction
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Emergency department evaluation
and management
History and physical examination
The GU tract is unlikely to provide an immediate life-
threatening injury, although active bleeding from a
renal artery injury can produce hemodynamic
instability. Thus, the primary survey does not rou-
tinely involve specific evaluation of the GU tract.

Once the primary survey is completed, the GU
tract is assessed during the secondary survey; at this
time appropriate historical information is obtained.
As with all trauma patients, the history includes
specific information on the mechanism of injury
and the patient’s medical history. In regards to GU
trauma, the history should also focus on any prob-
lems with the patient’s renal function or patients
with higher risk for renal insufficiency, e.g., diabetes,
hypertension, heart failure; most trauma patients
now undergo one or more contrast-enhanced CT
scans. Although the instance is rare, it may be
imperative to identify those patients with a known
solitary kidney if going immediately to the operating
suite, as this may prevent removal of the kidney. If
the emergency department (ED) presentation is
delayed from the time of injury, the patient is quer-
ied for gross hematuria or difficulty voiding since the
time of injury.

The physical examinations of the flank provide
important clinical information regarding the risk of
direct trauma to the kidneys. Lower costal margin
injury predicts injury to the kidney, in addition to
the liver and spleen. The thoracolumbar spine is care-
fully palpated to identify patients with potential thor-
acic or lumbar spine fractures. Those diagnosed with
transverse process fractures are at increased risk of
renal injury. Although the bladder can not be pal-
pated on examination, determining pelvic stability
provides information as to the risk of bladder injury
as pelvic instability increases the risk of bladder
injury.

Increasing evidence suggests that the rectal exam-
ination is not useful in all trauma patients, but only
in those with pelvic fractures, penetrating injuries
to the lower abdomen and to confirm rectal tone
in suspected spinal cord injuries.7,8 When performed
in cases of actual or suspected pelvic fracture, the
rectal examination provides information on the
prostate. Although a rare finding a high riding or

boggy prostate suggests urethral injury. Examination
of the perineum for a perineal hematoma and
edema also suggests urethral injury. A detailed
examination of the external genitalia is standard to
evaluate for both penile and urethral injury, looking
for edema, laceration, deformity, or blood at the
urethral meatus, respectively. Palpation of both the
testicles is performed to evaluate for direct testicular
injury.

Following penetrating trauma, determining the
trajectory of the penetrating object guides appropriate
evaluation and management. If the trajectory is in
close proximity to the GU system, then definitive
evaluation is indicated regardless of the presence or
absence of hematuria. Penetrating flank injuries pos-
terior to the anterior axillary line of the abdomen and
lower chest place the kidneys at risk.

Foley catheter placement
Critically injured trauma patients generally require
Foley catheter placement. Placement of a Foley cath-
eter allows immediate urine testing for blood and
close monitoring of urine output in patients with
circulatory compromise. In addition, patients requir-
ing supine positioning for prolonged time periods
benefit from Foley catheter for ease of urination.
Stable patients less seriously injured but supine for
a prolonged time may use a Condom catheter. Care
must be taken with placement of a Foley catheter in
patients with potential urethral injuries. Initial place-
ment of a Foley catheter via the penile urethra is
contraindicated in patients with blood at the urethral
meatus, boggy or “high-riding” prostate, or a peri-
neal hematoma due to the risk of worsening a pos-
sible urethral injury. In such patients, a retrograde
urethrogram is indicated to rule out urethral injury
prior to Foley catheter placement. Urologic consult-
ation is also advised if practical. Difficulty in passing
a Foley catheter raises the suspicion of urethral
injury but also occurs in patients with urethral stric-
tures or prostatic hypertrophy or cancer. If signifi-
cant resistance is met on Foley catheter placement,
consideration is given to a retrograde urethrogram
to evaluate for possible urethral injury before
additional attempts are made. Traumatic Foley cath-
eter placement will result in hematuria; however,
hematuria > 4 red blood cells per high powered field
(RBC/hpf) should not be attributed to Foley catheter
placement.9
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Box 14.2 Secondary survey evaluation for GU
injuries

The secondary survey includes:
� Questioning the patient on renal function and

risk factors.
� Identifying specific trauma to the flank or GU

structures.
� Determining pelvic bone instability, increasing

suspicion of bladder injury.
� Foley catheter placement once determined safe

(assessment of blood at the urethral meatus, pro-
state integrity, and perineal hematoma).

Urinalysis and hematuria
The primary initial screening test for evaluating GU
trauma is assessing the patient’s urine for hematuria.
In addition, the female patient’s urine may be quickly
tested for beta human chorionic gonadotrophin
(hCG) to determine pregnancy status. Urine is ini-
tially inspected for gross blood and then assessed via
dipstick for potential microscopic hematuria, to be
confirmed in the laboratory. As both hemoglobin
and myoglobin result in a urine dipstick positive for
blood, all urine testing positive for blood by dipstick
is sent to the laboratory to determine the presence and
amount of microscopic red blood cells.

Nearly 50% of patients with gross hematuria are
identified with renal injuries and another 15% are
identified with other intra-abdominal injuries. Gross
hematuria should prompt the evaluation of both the
urinary tract (kidneys and bladder) and the remaining
organs of the abdominal cavity. Fortunately, abdom-
inal CT scanning with delayed images of the kidney
adequately evaluates most of these structures.
A cystogram is then indicated to evaluate bladder
injury. Despite the importance of hematuria, approxi-
mately 5% of renal injuries lack hematuria and
significant GU injury occurs without hematuria.
Renal artery injury and disruption of the ureteropel-
vic junction may occur without hematuria, however
these injuries are unlikely to be overlooked due to the
patient’s clinical status.10,11

Controversy exists over the importance of micro-
scopic hematuria in the blunt trauma patient. In the
pediatric trauma population, several studies identify
microscopic hematuria as an important screen for
intra-abdominal injury.12–14 Pediatric emergency
physicians routinely utilize the urinalysis to risk strat-
ify injured children for both GU tract injuries and

other intra-abdominal injuries. However, the degree
of microscopic hematuria warranting further abdom-
inal diagnostic testing (abdominal CT scan) in
children remains debatable. Studies suggest hematuria
levels as low as 5 RBC/hpf warrant abdominal
imaging. 13 Clinicians have advocated hematuria
cut-off levels for abdominal imaging from 5 to 50
RBC/hpf, but no consensus currently exists. With
regards solely to the urinary system in children, the
vast majority of significant urinary tract injuries have
more than 50 RBC/hpf.15–18 It is prudent for the clin-
ician to recognize that with increasing levels of hema-
turia the risk of intra-abdominal injury increases. The
level of hematuria must be considered with the mech-
anism of injury, the physical examination findings,
and the possibility of non-GU intra-abdominal injur-
ies to determine the appropriate ED evaluation.

The evaluation of microscopic hematuria in adults
is more controversial. It is a long-held belief that adult
blunt trauma patients require upper urinary tract
(kidney and ureter) imaging solely for gross hematuria
or microscopic hematuria in the presence of shock.
This practice is generated from older studies focusing
solely on identifying renal injuries requiring interven-
tion.19–25 These prior studies, however, accept missing
renal injuries (mainly Grade I andGrade II injuries) not
requiring therapeutic intervention, ignore the ability of
microscopic hematuria to predict non-GU intra-
abdominal injuries, and fail to consider the importance
of hematuria to predict lower urinary tract injuries
(bladder and urethra). Recent evidence indicates
that, like the pediatric population, microscopic hema-
turia predicts the presence of non-urinary tract intra-
abdominal injuries.26–28 Again, the degree of hematuria
warranting abdominal imaging is controversial as
investigators suggest patients are at increased risk
for renal and non-urinary tract intra-abdominal
injuries with urinalysis results of > 10 RBC/hpf27 or
> 25 RBC/hpf.26,28 Certainly, as the degree of hema-
turia increases, the risk of both urinary tract and intra-
abdominal injuries increases. In addition, the clinician
must realize that perhaps the most serious renal injury
(renal vascular injury) may present without any hema-
turia. Thus, like the pediatric population, the presence
of microscopic hematuria must alert the physician to
the possibility of non-urinary tract injuries, in addition
to urinary tract injuries. It is, however, one piece of
information among many that will help the clinician
decide further evaluation. For example, 10 RBC/hpf in
the healthy male who fell from standing and has no
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physical complaints or findings can probably be safely
followed up. The same amount in the patient who fell
from height and has flank pain should probably prompt
further imaging. The clinician must evaluate the degree
of hematuria, mechanism of injury and additional
physical findings to determine the need for further
diagnostic evaluation (e.g., abdominal CT scanning).

Additional laboratory testing
A complete blood count and type and screen are indi-
cated in all trauma patients with suspicion of injury
that may result in significant blood loss. Serum
creatinine is important to screen for pre-existing renal
disease. Delaying contrast CT scanning to screen
patients for renal insufficiency is a low-yield practice
in patients with no risk factors (elderly, chronic hyper-
tension, long-term diabetes, or known renal disease).
Contrast CT scanning is performed as soon as possible
in the critically injured. In the less critically injured,
those at high risk of renal disease should probably wait
for the results if it may change the plan of diagnosis.
Increasing BUN and creatinine in the hospitalized
trauma patient suggests renal insult or urea reabsorp-
tion, from unidentified bladder or ureteral injury.

Box 14.3 Essentials of laboratory testings

� Gross hematuria often indicates significant GU
trauma and mandates evaluation of the upper
and lower GU tract.

� Controversy exists as to the degree of micro-
scopic hematuria (or any) that warrants abdom-
inal imaging. More than 25 RBC/hpf increases the
risk of injury to the spleen, liver, and kidney, but
should be used in conjunction with history and
physical in planning the potential need for fur-
ther evaluation.

� Rising BUN and creatinine levels indicates loss of
renal function or spillage (and subsequent
reabsorption) of urine into the peritoneal cavity
from bladder injury.

Specific injuries of the GU tract
and treatment
Upper urinary tract
Renal injuries
Injury grade and type of renal trauma is the most
predictive of need for surgical therapy. A decision
guideline further predicts the need for surgical

therapy of renal injuries based on the following
factors: devitalized tissue, active hemorrhage, and sig-
nificant injury to the collecting system/ureteral dis-
ruption.29 Low grade renal injuries (Grades I, II, and
III) are almost always managed non-operatively in
both adults and children.30 Nearly half of Grade IV
injuries require surgery and Grade V injuries always
require surgery.29

Routine follow-up imaging is not necessary for the
majority of renal injuries, however, evidence of urine
extravasation on the initial radiographic study is an
indication for repeat imaging to document resolution
of the urinoma.31 Patients with Grade I or II renal
injuries heal without subsequent radiographic evi-
dence of prior injury; however, Grade III and higher
injuries leave evidence of renal scarring on subsequent
imaging studies.32 Acute complications of renal injury
include hemorrhage, urinoma, hydronephrosis, arter-
ial pseudoaneurysm, and infection. Long-term com-
plications in those with high-grade injuries include
loss of kidney function and hypertension.

Renovascular injuries are classified as either Grade
IV or Grade V depending on the extent of injury.
These are potentially the most debilitating of all
renal injuries, but fortunately they are rare, compos-
ing only 2% of renal injuries.33 The most common
renovascular injury is renal artery thrombosis from a
minor intimal tear of the renal artery. These injuries
occur in the most severely injured patients. Again,
hematuria is present in most cases but it may be
absent in up to 20% of renovascular injuries.33

However, these patients have apparent clinical find-
ings, e.g., significant pain, bruising, hemodynamic
instability. Abdominal CT scanning is the initial
screening test. Findings suggesting renovascular
injury include extravasation of contrast from the
renal pedicle, a non-enhancing kidney, focal non-
enhancement of the kidney, and hematoma at the
renal hilum (Figure 14.4).

Renal vein injuries are suggested by a hematoma
at the renal hilum with a normal enhancing kidney
(indicating contrast successfully delivered to the
kidney).

Treatment of renovascular injury is aimed at sal-
vaging renal function and has traditionally involved
surgical repair. Emergent intervention is often
attempted if complete devascularization of the kidney
has occurred. However, results are not promising as
most require nephrectomy.34 Angiographic emboliza-
tion is now an acceptable, alternative treatment for
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vascular injuries to abdominal solid organs. Angio-
graphic embolization is a viable treatment option for
active extravasation of contrast from a renal artery
injury or in cases of traumatic pseudoaneurysm
(Figure 14.5).35 Furthermore, endovascular stent
placement has been successfully employed in patients
with renal artery dissections.36 Hypertension develops
in nearly 50% of patients with renovascular injuries,
thus close follow up is indicated in these patients.

Ureteral injury
Traumatic ureteral injuries are exceedingly rare making
up only 1% of GU injuries. Most non-iatrogenic
ureteral injuries occur from gunshot wounds (94%),
followed by stab wounds (5%), and blunt mechanisms
(1%).37 Blunt injuries to the ureter usually result from
a sudden deceleration that disrupts the ureter, espe-
cially at the ureterovesical and ureteropelvic junc-
tions. No specific physical examination findings can
be expected with this injury. Hematuria is insensitive,
present in only 75% of patients with ureteral injur-
ies.37 Computed tomography scanning is the diagnos-
tic screening test of choice and delayed imaging is
critical to demonstrate urine extravasation in cases of
ureteral tears.38 However, retrograde pyelography is

the most sensitive diagnostic test and is indicated if
there is high suspicion on CT scanning. Due to the
difficulty in diagnosis, delayed diagnosis is common.
The grading scale for ureteral injuries has not been
well accepted. This is likely due to the rarity of the
injury and the difficulty in grading the injury by
radiographic techniques (ureteral injury is best
graded at laparotomy).

Ureteral injuries with active extravasation of
urine require stenting, primary closure, or uretero-
neocystostomy. Ureteroureterostomy (connecting the
injured ureter to the uninjured ureter) is now per-
formed with much less frequency due to risks of
damage to the uninjured ureter. Complications from
ureteral injury occur in 15–25% of cases and include
urinoma, abscess, stricture, hydronephroma, fistula,
and ileus.37 Small urinomas may be observed for
resolution but large urinomas are treated with percu-
taneous drainage until definitive repair can be safely
performed.

Box 14.4 Essentials of upper urinary tract injuries

� Most renal injuries are minor, simply observed,
and result in no long-term complications.

� Renovasclar injuries require prompt diagnosis
and urologic consultation.

� Ureteral injuries are rare and most often the
result of penetrating trauma.

Figure 14.4 Devascularized kidney. The right kidney demonstrates
contrast enhancement whereas the left kidney is devascularized and
demonstrates no evidence of contrast enhancement. Renal vein
injuries are suggested by a hematoma at the renal hilum with a
normal enhancing kidney (indicating contrast successfully delivered
to the kidney).

Figure 14.5 Angiographic embolization of a segmental renal
arterial injury coil is easily visualized with no flow distal to the coil.
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Lower urinary tract
Bladder injuries
Bladder injuries are much less common than renal
injuries. The classic triad is gross hematuria, supra-
pubic pain, and inability to void. Pelvic fractures
(especially pubic symphysis diastasis, sacroiliac dia-
stasis, and, to a lesser extent, pubic rami fractures)
increase risk of bladder injuries and 85% of bladder
injuries occur in conjunction with pelvic fractures. In
addition, pregnant women beyond their first trimes-
ter (due to uteral displacement of the bladder outside

of the protection of the pelvic bones) and intoxicated
patients (due to a distended bladder at their time of
injury) are at increased risk. Gross hematuria is pre-
sent in two thirds of patients with bladder injuries.
Bladder injury is rare if there is < 25 RBC/hpf.39

Standard abdominal CT scanning for trauma may
identify only 50–67% of patients with bladder injur-
ies.40 Dedicated bladder CT scanning or plain film
cystogram is required for definitive diagnosis.41,42

Although a scale with five grades of bladder injury
exists,5 these injuries are best divided into three types:
(1) contusion/hematoma (Figure 14.6); (2) intraper-
itoneal rupture (Figure 14.7); and (3) extraperitoneal
rupture (Figure 14.8).

This definition is not only anatomically appro-
priate, but it is also treatment appropriate. Extra-
peritoneal bladder ruptures account for 70% of
bladder injuries while 10% have both intraperitoneal
and extraperitoneal rupture (especially in cases of
penetrating trauma). Lacerations superior to the
peritoneal reflection (along the dome of the
bladder) cause intraperitoneal urine extravasation
whereas lacerations inferior to the peritoneal reflec-
tion result in extraperitoneal extravasation. In blunt
trauma, extraperitoneal injuries are directly related
to bony fragment tearing the bladder wall or from

Figure 14.7 Intraperitoneal bladder rupture and bladder
hematoma on plain radiograph The radiograph demonstrates a
large bladder clot (right side of bladder) and contrast filling the
intraperitoneal cavity from the dome of the bladder.

Figure 14.8 Extraperitoneal bladder rupture on computed
tomography (CT) scan. Contrast extravasation is identified anterior to
the bladder demonstrating the flame-like appearance characteristic
of extraperitoneal bladder rupture.

Figure 14.6 Bladder hematoma on computed tomography (CT)
scan. Contrast is present in the inferior aspect of the bladder with
urine layering in the superior aspect. The hematoma is present in the
mid-right portion of the bladder.
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the shearing force of the injury. Intraperitoneal
bladder ruptures occur at the dome of the bladder
because this is the weakest portion of the bladder
and the only portion covered by the peritoneum.
Injuries to this location occur with a sudden
increase in intra-bladder pressure (especially in a
bladder distended with urine). When diagnosis is
delayed, increased BUN and creatinine levels are
noted as urine (urinary ascites) is reabsorbed from
the peritoneal cavity.

Patients with gross hematuria or with high-risk
pelvic fractures and microscopic hematuria
> 25 RBC/hpf require evaluation for bladder injury.
Those patients with microscopic hematuria without
other evidence of lower abdominal and pelvic trauma
are unlikely to have a bladder injury.43

Bladder contusions and hematomas are simply
observed for resolution of the hematuria. Bladder
laceration management is dependent on the location
of rupture. Extraperitoneal rupture is managed con-
servatively with observation for approximately 7
days with urinary catheter drainage. After 7 days
and resolution of the hematuria, a repeat cystogram
is obtained to document healing of the bladder tear.
Intraperitoneal bladder rupture requires operative
repair with catheter drainage for 14 days. Two weeks
post-operatively, the patient undergoes a repeat
cystogram to document the presence or absence of
urine leakage. The Foley catheter is then removed if
the injury has healed. Broad spectrum antibiotics are
administered during this time to prevent infection.
Extended bladder drainage is necessary for cases
with continued extravasation on repeat cystograms.
Controversy exists over the need for a suprapubic
bladder catheterization in patients with bladder
rupture, but a large sample suggests simple urethral
catheterization is effective.44 Patients with bladder
injuries treated and discharged from the hospital
who subsequently present to the ED with urinary
retention after bladder catheter removal, a Foley cath-
eter is placed (consultation with the urologist is
advised) and urine is tested for infection. Complica-
tions of bladder injury include infections, urinomas,
inability or difficulty voiding, and development of
fistulous tracts.

Urethral injuries
Urethral injuries are rare but may contribute to sig-
nificant patient morbidity from complications includ-
ing urethral stricture, impotence, and incontinence.45

Patients with high-risk pelvic fractures, straddle
injuries, penetrating trauma in proximity to the
urethra, and penile fractures are at risk and warrant
evaluation. Due to anatomic length (males 4–5 times
that of females), males account for over 95% of
urethral injuries.45 Pediatric patients with pelvic
fractures are at higher risk for urethral injuries
than adult patients due to different pelvic fracture
patterns.46 Pubic symphysis diastasis, sacroiliac dia-
stasis, straddle fracture, and Malgaigne’s fracture all
increase risk of urethral injury.46 Certain physical
examination findings heighten the clinician’s suspi-
cion of a urethral injury. Blood at the urethral
meatus, perineal hematoma or edema, a “high-
riding” or boggy prostate on rectal examination all
warrant urethral evaluation for injury prior to Foley
catheter placement. All these physical examination
findings are rare, however, and the most common
finding is gross hematuria.47 Any difficulty placing a
Foley catheter in the patient with gross hematuria
alone should still prompt a urethral evaluation before
proceeding further. Anterior urethral injuries most
often occur after penetrating trauma or with direct
blunt trauma to the penis or perineum (straddle
injuries). Anterior urethral injuries with an intact
Buck’s fascia result in penile shaft edema and
ecchymosis as the bleeding and edema is contained
within the fascia. Disruption of Buck’s fascia allows
urine and blood to leak into the perineum, scrotum
and lower abdominal wall (ultimately limited by
Colles’ fascia). As with the ureter and bladder, the
grading system by Moore is not well accepted. Again,
this is partially due to the rarity of the injury but also
the existence of a competing scale.48 The key factors
in determining the severity of injury are the location
of the injury and whether the injury is a complete or
incomplete transection of the urethra.

Urethral injuries are evaluated with a retrograde
urethrogram prior to placement of a Foley catheter.
Placement of the Foley catheter potentially worsens a
pre-existing urethral injury causing extension of the
urethral laceration, increase bleeding, and contamin-
ation of the hematoma. Once urethral injury is iden-
tified, urologic consultation is mandatory and the
decision of Foley catheter placement via the urethral
approach or a suprapubic approach is determined in
consultation. Because there is limited evidence that
Foley catheterization via the penile urethra worsens
urethral injuries, some advocate catheterization via
the penile urethra.47
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Box 14.5 Essentials of lower GU tract injuries

� Suspect bladder injuries in patients with pelvic
fractures and > 25 RBC/hpf on urinalysis.

� Intraperitoneal bladder rupture is treated surgi-
cally whereas extraperitoneal bladder rupture
is treated conservatively with Foley catheter
drainage.

� Foley catheter placement is ideally performed by
a urologist in patients with urethral injuries as it
may worsen the degree of injury.

External genitalia injuries
The combination of both penile and scrotal injuries
occur in 20% of patients with external genitalia inju-
ries.49 Additional unique traumatic injuries occurring to
the penis include penile fracture and self-inflicted penile
injuries. Penile injuries occur following both blunt and
penetrating mechanisms. Self-inflicted penile injuries
are most often in patients with psychiatric disorders
and include penile amputation or placement of foreign
bodies into the urethral tract (Figure 14.9).

Simple superficial penile lacerations may be
repaired in the ED. Complex or extensive lacerations

require urologic consultation and operative repair
with debridement and possible skin grafting. Viola-
tion of Buck’s fascia requires urologic consultation.

Penile fractures occur in the erect penis (during
coitus or masturbation) and present with penile pain,
loss of erection, deformity, swelling, and difficulty
with voiding. The injuries are commonly limited to
the corpus cavernosum and Buck’s fascia,50 but may
involve the urethra (5–20%). A small fraction of
penile fractures are managed non-operatively (those
superficial to Buck’s or dartos fascia) but most benefit
from early surgical treatment.49,51

Penile amputation is best treated with reimplanta-
tion if warm ischemic time is < 6 hours. On arrival to
the ED, the amputated penis is kept cold (in dry gauze
on ice) and immediate urologic consultation is indi-
cated. Complications of penile injuries include ureth-
ral stricture, painful erection, and impotence.

Penile foreign bodies require urologic consult-
ation and emergent removal. Blunt foreign bodies in
the distal urethra are often removed blindly in the ED,
but sharp or those not easily visualized in the more
proximal urethra are taken to the operative suite for
removal by the urologist.

(a) (b)

Figure 14.9 Foreign body in the penis: (a) lateral; (b) anteroposterior (AP) demonstrating razor blade.
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Testicular injuries, like penile injuries, are uncom-
mon; they occur most commonly in men 15–30 years
of age. Blunt mechanisms are most common (80–
90%) and usually involve a single testicle, whereas
penetrating injuries often involve both testicles. Tes-
ticular rupture (laceration to the tunica albuginea
with extrusion of the inner contents of the testicle –
seminiferous tubules) is the most severe injury.
Hemorrhage into the tunica vaginalis is known as a
hematocele. Testicular dislocation (or luxation),
where the testicle is forced from the scrotum, is rare,
and occurs most often with motorcycle collisions, and
is frequently missed during ED evaluation.52 Manual
reduction of testicular dislocation in the ED is recom-
mended with surgery in cases unable to be reduced.
Ultrasound is the diagnostic test of choice for most
testicular injuries.53 Abdominal CT scan will also dem-
onstrates testicular dislocation in nearly all cases.52

Treatment of minor testicular injuries is support-
ive and includes scrotal elevation, ice, non-steroidal
anti-inflammatory drugs (NSAIDs), and limited
activity until resolution of symptoms. Operative ther-
apy is indicated for patients with testicular rupture,
expanding hematocele, inability to reduce testicular
dislocation, and scrotal degloving. Prompt diagnosis
is imperative although only testicular salvage may
occur in 40% of cases.54 Complications include bleed-
ing, abscess, skin necrosis, infertility, testicular atro-
phy, or necrosis.

Box 14.6 Essentials of penile and testicular
injuries

� Simple superficial penile and scrotal skin lacer-
ations may be repaired in the ED. More complex
injuries should prompt urologic consultation.

� Penile fractures require emergent urologic
consultation.

� Minor testicular injuries (contusions) are treated
conservatively with rest, ice, NSAIDS, and
elevation.

Radiographic imaging of GU injuries
Intravenous pyelography (IVP) was once the stand-
ard method for diagnostic evaluation of the upper
urinary system,55,56 although its sensitivity for identi-
fying significant injury is only 90%. With the intro-
duction and expansion of abdominal CT scanning,
IVP is essentially a historical test. However, a few
indications for IVP remain, including: (1) lack of

available CT scanner in a patient with concern for
upper urinary tract injury; (2) identification or follow
up of a ureteral injury; or (3) to confirm renal anat-
omy in an unstable patient taken directly to the
operating suite and not undergoing abdominal CT
scanning. This “one-shot” IVP provides the surgeon
with immediate knowledge of the patient’s renal anat-
omy (presence of two functioning kidneys) and evi-
dence of major renal vascular injury or urinary
extravasation. The actual utility in clinical practice
of the “one-shot” IVP is unclear. Given the rarity of
a unilateral kidney or bilateral injuries, the likehood
of finding pathology that changes practice is low. In
some centers, the “one-shot” IVP is often withheld,
especially in the ED setting. Some surgeons may opt
for one in the operating suite, whereas others will
manually explore the renal bed during laparotomy.
The delay in the hypotensive trauma patient to per-
form a “one-shot” IVP is not likely justified due to the
low likehood of finding a solitary kidney. One benefit
of this test, however, is allowing the surgeon to with-
hold exploring a perinephric hematoma if the kidney
is otherwise well perfused.57–59 Findings on IVP
predictive of renal injury include loss of the psoas
margin, displaced kidney, loss of renal cortical out-
line, failure of a kidney to enhance, and contrast
extravasation.

Ultrasonography: The role of abdominal ultrason-
ography in patients with GU trauma has not been
definitively clarified. The focused assessment with
sonography for trauma (FAST) examination identi-
fies intraperitoneal fluid in patients but does not
image organs well, and thus does not generally iden-
tify the organ injured. Injury on ultrasound scanning
is suggested by changes in echogenicity of the renal
parenchyma or decreased echogenicity surrounding
the kidney (indicating perinephric hematoma). The
largest renal ultrasound study (99 patients with renal
injuries) indicated ultrasonography identified only
67% of renal injuries; it failed to identify 20% of
patients undergoing surgical repair for their renal
injury.60 Areas of future research includes contrast-
enhanced ultrasound and Doppler ultrasonography of
the renal vasculature.

Testicular ultrasonography is the diagnostic test of
choice in patients with testicular trauma.53,61 Doppler
flow evaluates vascular flow to both testicles. Heteroge-
neous echogenicity to the testicular parenchyma (Figure
14.10a) and absence of Doppler flow (Figure 14.10b)
both indicate significant testicular injury.
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Abdominal CT is now the principle method for
imaging the kidneys and ureters after blunt trauma62

and is used with increasing frequency in patients with
penetrating injuries that may involve the kidneys
(Figure 14.11).

In addition to providing information regarding
the abdominal organs, the spine, and the pelvis,
abdominal CT provides detailed visualization of

the renal anatomy and ureter and appropriately
grades the renal injury. Administration of intra-
venous contrast is important to appropriately visu-
alize renal and ureteral injuries. Although not
included in some trauma abdominal CT protocols,
delayed renal CT images allow concentration of
the intravenous contrast in the kidney and
excretion into the ureter. These delayed images
identify subtle renal and ureteral injuries. Not
obtaining delayed renal images may result in fail-
ure to correctly diagnose the severity of injury
(Figure 14.12).

A viable alternative to delayed renal images is
reviewing the renal images in real time and obtaining
delayed renal images if abnormalities are identified
while the patient remains on the CT table. The CT
findings suggesting ureteral injury include extravasa-
tion of intravenous contrast, peri-ureteral stranding,
and failure of the distal ureter to opacify. Unfortu-
nately, CT scanning does not adequately grade the
severity of ureteral injury. Furthermore, a standard
trauma abdominal/pelvic CT scan does not identify
all bladder injuries, since the bladder is not intention-
ally distended during the CT.

Magnetic resonance imaging (MRI) does not offer
significant benefit over CT scanning.63,64 It may be a
viable option in those with severe contrast allergies
who are stable and can not undergo contrast-enhanced
CT scanning. In these instances, gadolinium-enhanced
MRI is indicated.

(a) (b)

Figure 14.10 Testicular ultrasound with Doppler: (a) hematocele in right testes with (b) no flow on Doppler ultrasound.

Figure 14.11 Penetrating flank trauma. The patient sustained a
stab wound to the left flank. The computed tomography (CT)
demonstrates extension of the stab wound through the flank
musculature through the renal parenchyma and to the
renal hilum.
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Cystogram: A cystogram is the primary diagnos-
tic test for bladder injury. Although routine trauma
abdominal/pelvic CT is the initial screening test, CT
only identifies up to 67% of bladder injuries.65 In
patients at very high risk for bladder injury, a cysto-
gram may be planned at the time of initial CT
scanning. In these instances, a Foley catheter is
inserted and the bladder distended with contrast
prior to the CT scan. Another technique that may
be used is to clamp the Foley catheter and allow the
bladder to fill with excreted contrast. Then, a CT
cystogram is obtained with the standard abdominal
CT images.

Significant hematuria (> 25 RBC/hpf) with pelvic
fractures is an indication for bladder imaging.43

Cystograms may be obtained either as plain radio-
graphs (see Figure 14.6) or using CT technology
(Figure 14.13).

Both radiographs generally involve the same tech-
nique whereby the bladder is fully distended with
contrast (from 300 to 400 cc instilled under gravity).66

Radiographic images are obtained with a contrast-
enhanced distended bladder. A CT cystogram pro-
vides better images and more fully evaluates the
injury, but results in more radiation exposure to the
pelvic region than plain radiographs. With plain film
cystograms, both bladder distention radiographs and
drainage radiographs (radiographs taken after the
bladder is drained) maximize sensitivity.66 Drainage
radiographs identify contrast extravasation into the

cul-de-sac which is otherwise missed on the distended
bladder film (Figure 14.15).

Complete distention of the bladder is necessary
for both CT and plain film studies because small tears
are not noted if the bladder detrusor muscle has
temporarily “sealed” the laceration.

Intraperitoneal bladder rupture is diagnosed
by identification of contrast within the abdomen.
Signs of this include contrast from dome of
bladder, surrounding the intestines and within the
paracolic gutters and the cul-de-sac (Figure 14.14).

(a) (b)

Figure 14.12 Urinoma on computed tomography (CT) scan. (a) CT image obtained at the time of intravenous contrast demonstrates a
traumatic abnormality posterior to the right kidney. (b) Delayed image demonstrates contrast extravasation of urine collection posterior to the
right kidney consistent with urinoma.

Figure 14.13 Computed tomography (CT) cystogram contrast
leaking into the extraperitoneal space.
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Extraperitoneal rupture is noted by flame-like con-
trast material lateral or superior to the bladder, as it
transverses along the fascia (see Figure 14.8). Either
plain radiography or CT, when technically adequate,

is acceptable for identifying important bladder
injuries.41,42

Retrograde urethrogram is a plain radiographic
test identifying injuries to the urethra. Technique is
as follows: After sterile preparation, a Foley catheter is
placed at the urethra tip with the balloon partially
inflated in the fossa navicularis. The penis is subse-
quently stretched and held at a 45� angle over the
proximal thigh. Approximately 30 ml of contrast
material is injected and an anteroposterior radiograph
is obtained. A normal urethrogram demonstrates con-
sistent flow of contrast into the bladder. At the time of
normal urethrogram, the Foley catheter is directly
placed through the urethra and into the bladder. An
abnormal retrograde urethrogram is identified by the
extravasation of contrast from the urethra during the
examination (Figure 14.16). Once contrast extravasa-
tion is identified, the Foley catheter is not advanced. In
those instances where a Foley catheter has been previ-
ously placed and urethral injury is subsequently sus-
pected, a peri-catheter urethrogram is performed.

Arteriography: With the increased use of abdom-
inal CT scanning and the speed of the new generation
CT scanners, the need for arteriography as a diagnos-
tic test has significantly decreased. Currently, arterio-
graphy is a therapeutic option (embolization) in
patients with active bleeding identified from the renal

Figure 14.14 Computed tomography (CT) cystogram contrast
leaking from the dome of the bladder. Intraperitoneal fluid (urine) is
additionally visualized.

Figure 14.15 Plain cystogram post-voiding image. Image confirms
the intraperitoneal leak as contrast remains in the rectal vesicular
fossa.

Figure 14.16 Urethral injury. Large amount of contrast
extravasation occurring at the proximal urethra (bladder opacified
from prior contrast computed tomography [CT ]).
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vasculature on CT scan or with renal pseudoaneur-
ysms (Figure 14.17).

Box 14.7 Essentials of imaging the GU tract

� The upper GU tract is initially imaged with
abdominal CT scanning.

� Obtaining delayed renal CT images (at the time of
contrast concentration within the kidney) maxi-
mizes sensitivity of CT for renal injury.

� Ultrasound only identifies two thirds of renal par-
enchymal injuries.

� Ultrasound is the standard for diagnosing testicu-
lar injuries.

� Dedicated bladder images (cystogram) are
required to definitively evaluate the bladder.

� Retrograde urethrogram is the diagnostic test for
urethral injury.

Documentation
Documenting a complete (as possible) trauma history
and physical examination covers most of the appropri-
ate issues for the GU tract. However, certain unique
issues to the GU tract also require documentation.
Examination of the penis and testicles, especially in
the high-risk patient (e.g., victims of motorcycle
collisions) should be documented. Urine is obtained
and identified for the presence and degree of hematuria.
Results of diagnostic testing and decisions based on
those tests are included in the medical record. As with
all consultations, the discussion with the urologist and
their comments are reflected in the medical record.

Disposition
The ED physician’s primary goal in patients with GU
injuries is to ensure prompt diagnosis through know-
ledge of the anatomy, injury patterns, and appropriate
diagnostic testing. TheEDphysician then initiates timely
treatment, including urologic consultation and appro-
priate antibiotics when indicated. It is not uncommon
for patients with GU injuries to return to the ED after
initial hospitalization and treatment. Delayed compli-
cations (especially infection and rebleeding) are aggres-
sively evaluated and urologic consultation is indicated.

Box 14.8 Admission criteria

Consider admission/
consultation

Admission/
consultation
mandatory

Grade I renal injury Renal injury
� Grade II

Gross hematuria without other
injury

Ureteral injury/
urinoma on CT
scan

Bladder hematoma/contusion Any bladder
laceration

Urethral contusion/stretch injury
(normal RUG)

Urethral
extravasation of
contrast

Significant
penile injury

Transfer criteria*
Gross hematuria and inability to
image kidneys and bladder

Significant
testicular injury

Suspected significant testicular
injury and unable to image
testicle with ultrasound Gross
hematuria and inability to image
kidneys and bladder

Meets admission criteria (as
above) and no urologic
consultation available

Suspected significant testicular
injury and unable to image
testicle with ultrasound

*Standard transfer protocols must be followed. Meets
admission criteria (as above) and no urologic consultation
available

Figure 14.17 Active contrast extravasation. Contrast extravasation
from the right renal artery into the large hematoma.
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Section 2

Chapter

15
The injured patient

Pelvic fracture

Jean Hammel

Introduction
Fractures of the pelvis are a major cause of morbidity
and mortality in trauma patients. Significant disrup-
tions of the pelvic ring generally result from high-
energy blunt trauma, such as motor vehicle collisions
(MVCs), and are frequently associated with injuries to
other major organs. Comparatively minor pelvic injur-
ies include pubic ramus fractures, acetabular fractures,
and pelvic avulsion fractures. These tend to be isolated
and due to simple falls or athletic activities.

Significant advances in the diagnosis and manage-
ment of pelvic fractures have been made over the past
decade. Innovations include more selective use of
plain radiography, earlier and more aggressive angi-
ography with embolization, and newer modalities for
mechanical stabilization of the pelvis. In addition, the
widespread use of bedside ultrasound has enabled
emergency physicians to more accurately rule out
significant hemoperitoneum and focus resuscitative
efforts on the pelvic injury. Thus, the rapid identifica-
tion, stabilization, and treatment of pelvic fractures in
the context of a multiply injured patient are critical
skills for the emergency physician.

Epidemiology
The most common mechanisms that lead to major
pelvic ring fractures are motor vehicle and motorcycle
collisions, falls from height, and pedestrians struck by
motor vehicles.1,2 Among MVCs, certain risk factors
have been associated with an increased incidence of
pelvic fractures, including side-impact collisions and
vehicle size discrepancy.3,4 Motor vehicle collisions
involving a sport utility vehicle vs. a car carry a
four-times greater mortality than a car vs. car in
head-on collisions, and 27-times greater mortality in
side-impact collisions.5 Furthermore, the use of seat

belts appears to be protective against pelvic fracture
only in front-end, but not in side-impact, MVCs.6

Open pelvic fractures, which account for roughly 5%
of all pelvic fractures, are most common after motor-
cycle and MVCs.7,8

In addition, pelvic fractures are frequently associ-
ated with injuries to other organs – most frequently
the bladder and urethra (5–20%), spleen and liver
(12%), and bowel (4%).1,9,10 Urethral injuries tend to
occur with disruptions of the anterior pelvic ring; they
are far more common in men due to the longer
course of the male urethra and its attachment to the
prostate.11 Intracranial and intrathoracic injuries are
also common.

Mortality in patients with major pelvic fractures
ranges from 10% to 30%.12–20 Deaths within the first
24 hours after injury tend to be due to exsanguination
from the pelvic vessels, whereas later deaths are
caused by associated injuries and sepsis.21 Open pelvic
fractures are particularly prone to infectious compli-
cations and higher mortality, up to 45% in some
series.22 Open pelvic fractures that communicate with
either the rectum or vagina are correlated with a
significantly increased incidence of sepsis.8

Long-term morbidity is a similarly significant
consequence of pelvic fractures, particularly those
associated with a high degree of ligamentous disrup-
tion.1 Overall, fewer than half of patients who recover
from a pelvic fracture will regain their prior level of
function.2,23 In women, pelvic fractures are associated
with impaired reproductive function and an increased
rate of subsequent cesarean deliveries.23

In addition to the major pelvic ring disruptions,
there are also several classes of comparatively minor
pelvic fractures which are seen far more commonly in
the emergency department (ED). These include isol-
ated pubic ramus fractures, pelvic avulsion fractures,
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and acetabular fractures. The epidemiology of these
fractures is quite varied. Pubic ramus fractures are the
most common type of pelvic fracture overall, the vast
majority of which occur in elderly women after a
minor fall.24,25 These fractures are usually unilateral,
and the incidence is approximately evenly divided
between inferior, superior, and both ipsilateral rami.24

Pelvic avulsion fractures are injuries that occur
primarily in adolescents and young adults, as a result
of their immature apophyseal ossification centers.
Most such fractures are sports-related and occur in
patients between 14 and 25 years of age.26 The most
common sites for pelvic avulsions are the anterior
superior iliac spine, followed by the ischial tuberosity,
the anterior inferior iliac spine, and the iliac crest.25

Lastly, acetabular fractures are caused by either
direct lateral trauma to the greater tuberosity of the
femur, or indirect longitudinal trauma to the distal
femur that is transmitted proximally to the acetabu-
lum via a flexed hip (i.e., the so-called “dashboard
injuries”). These fractures can be associated with a
significant degree of morbidity. Such fractures gener-
ally occur in the setting of MVC or falls. Associated
injuries are common, particularly hip dislocations
and ipsilateral knee injuries.

Box 15.1 Essential Information/highlights

� Pelvic ring fractures result from massive blunt
trauma and are commonly associated with other
organ injuries.

� Early mortality from pelvic fractures is due to
exsanguination from pelvic vessels.

� As computed tomography (CT) becomes more
commonly used for multisystem trauma, plain
radiography has taken on a limited role in the
diagnosis of pelvic fractures.

� The role of the emergency physician is to rapidly
identify the most immediately life-threatening
injuries, mechanically stabilize the pelvis, and
resuscitate the patient while determining the
need for definitive therapy.

� Persistent hemodynamic instability due to pelvic
fractures requires either immediate angiography
with embolization or laparotomy for other injur-
ies with packing of the retroperitoneum.

� Minor pelvic fractures, such as pubic ramus frac-
tures in the elderly after a fall or a pelvic avulsion
fracture in a young athlete, are generally treated
conservatively.

� Acetabular fractures are stable injuries that
require surgical repair in most cases.

Clinical anatomy and pathophysiology
Anatomy
The pelvis is an extremely strong structure which
contributes to the load-bearing ability of the body. It
consists not only of bony elements, but also an intri-
cate network of ligaments, soft tissues, and an abun-
dance of blood vessels.

The three main bones of the pelvis are the
ischium, the ilium, and the pubis (Figure 15.1). These
bones are fused via the triradiate cartilage at the
acetabulum; together they make up the innominate
bone (Figure 15.2). The sacrum is bound to the pelvis
via the posterior ligaments, and this ligamentous
complex contributes significantly to the overall stabil-
ity and weightbearing capacity of the pelvis.

The acetabulum is a concave bony structure lined
with articular cartilage to accommodate the femoral
head. The dome of the acetabulum, particularly the
superior portion, contributes significantly to weight-
bearing and mobility. Anatomically, the acetabulum
is divided into the anterior and posterior columns,
which provide its structural support; this can be con-
ceptualized as an inverted “Y” encasing the dome. The
anterior column is comprised of the iliac crest, sym-
physis pubis, and the anterior wall of the acetabular
dome. The posterior column includes the ischial
tuberosity, the inferior pubic ramus, and the posterior
wall of the acetabular dome.

Ligaments bind the bones of the pelvis together
into the pelvic ring (Figure 15.3). The posterior liga-
mentous complex confers the greatest strength and
stability to the pelvis.9 This complex is composed of
the sacro-iliac (SI) joints, as well as the sacrotuberous

Figure 15.1 The bony pelvis: (1) sacrum; (2) ilium; (3) ischium;
(4) pubis; (5) pubic symphysis; (6) acetabulum; (7) obturator foramen;
(8) coccyx; (red dotted line) linea terminalis.
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and sacrospinous ligaments. As the name implies, the
SI joints hold the posterior iliac wings to the sacrum
and are the strongest joints in the body. Within the SI
joints are both anterior and posterior elements, the
latter being particularly important to pelvic ring sta-
bility. The sacrotuberous ligament runs from the
inferomedial aspect of the sacrum to the ischial tuber-
osity, and the sacrospinous ligament binds the infer-
ior sacrum and coccyx to the ischial spine. Anteriorly,
the pubic symphysis holds the two pubic bones
together in the midline and is the weakest part of
the pelvic ring, conferring only 15% of its total
strength.9 The lumbosacral and iliolumbar ligaments
provide additional stability by affixing the lumbar
spine to the pelvis.

In addition, extremely strong tendons bind the
pelvic bones to associated musculature, which can lead
to avulsion fractures when forcefully contracted or
stretched (Figure 15.4). The sartorius muscle runs from
the anterior superior iliac spine to the medial aspect of
the proximal tibia; it causes hip flexion, hip external
rotation, and knee flexion. The hamstrings attach to the
ischial tuberosity and insert along the posterior femur,
and result in hip extension with contraction. The rectus
femoris muscle inserts at the anterior inferior iliac spine
and contributes to hip flexion.

The pelvis also houses a massive amount of vascu-
lature, providing blood supply to its own structures as
well as the lower extremities (Figures 15.5 and 15.6).

The pelvic bones are primary cancellous, with a
large network of veins within the bones themselves.
The iliac veins and arteries branch numerous times
within the pelvis to supply the genitourinary system,
anus, rectum, and lower extremities. Many smaller,
thin-walled veins form a venous plexus that directly
overlies the pelvic girdle. Exsanguination from these
many sources is one of the most acutely life-
threatening sequelae of pelvic fracture.

The soft tissues of the pelvis include the pelvic
diaphragm as well as several major organ systems.
The diaphragm composes the floor of the pelvis
via a complex network of muscles. The rectum,
bladder, urethra, uterus, and vagina in women, or
prostate in men are also within the pelvis. Injury to
these structures is important to diagnose, as viola-
tion of the rectum or vagina constitutes an open
pelvic fracture.

Lastly, many major nerves course through the
pelvis and sacrum. The cauda equina terminates in
the sacrum, with nerve roots exiting through their
respective foramina. In addition, the femoral and
obturator nerves pass through the pelvic ring itself
and are often damaged by displaced fractures. Simi-
larly, autonomic innervation to the bowel, bladder,
and reproductive organs is contained within the
pelvic girdle and can be affected by pelvic injuries.

Pathophysiology: pelvic fracture
classification
Fractures of the pelvis can be divided into significant
disruptions of the pelvic ring vs. more minor, isolated
pelvic bone fractures. The latter category includes
acetabular fractures, avulsion fractures, and isolated
pubic ramus fractures. These are both mechanically
and hemodynamically stable injuries and generally
result from athletic activities in young people or
minor falls in the elderly. No classification systems
exist for pubic ramus and avulsion fractures; simply
describing the fracture is sufficient.

Acetabular fractures can be the result of low- or
high-energy trauma, and are classified according to
the Letournel and Judet system. In simple terms, this
system divides acetabular fractures into simple and
“associated,” or more complex, types (Table 15.1).
The five simple fractures are seen in Figure 15.7.

Ischial ramus

© MELLONI

Ischial
tuberosity

Ischial body

Acetabulum

IliumAnterior inferior
iliac spine
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aspect

Public
b.

Obturator
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Figure 15.2 Innominate bone. (From Melloni J, Dox I, Melloni H,
Melloni B. Attorney’s Reference on Human Anatomy. Cambridge:
Cambridge University Press, 2008.)
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Figure 15.3 Ligaments of pelvis.
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A.

B.

C.

D.

E.

Figure 15.4 Avulsion fractures of pelvis. A: Fracture of iliac wing.
B: Avulsion of anterosuperior iliac spine. C: Avulsion of anteroinferior
iliac spine. D: Fracture of ischial ramus. E: Avulsion of ischial
tuberosity.
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Figure 15.5 The arteries of the pelvis. Right side (distal from
spectator).
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Figure 15.6 Venous supply to the pelvis.
(From Melloni J, Dox I, Melloni H,
Melloni B. Attorney’s Reference on Human
Anatomy. Cambridge: Cambridge
University Press, 2008.)
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The both column fracture is the most complex asso-
ciated fracture, resulting in the so-called “floating
acetabulum” (Figure 15.8).

The type of acetabular fracture correlates with
the mechanism of injury. Transverse fractures, for
instance, tend to result from force directed at
the greater trochanter of the femur; an abducted
femur leads to a low transverse acetabular fracture,
whereas an adducted femur leads to a high trans-
verse fracture. The degree of internal or external
rotation of the femur at the time of impact deter-
mines whether the fracture involves the posterior or
anterior columns, respectively. In the same vein,
“dashboard” injuries that transmit force from the
distal femur to the acetabulum via a flexed hip
cause fractures of the posterior wall. The posterior
wall can be disrupted either superiorly or inferiorly,
depending on the degree of hip flexion at the time
of impact.

Pelvic ring disruptions, in contrast to the afore-
mentioned isolated injuries, run the spectrum from
stable to life-threatening. Several classification
systems have been devised for these fractures in the

orthopedic and trauma literature. In general, pelvic
fracture subtype does not impact ED management
of these patients – the clinical picture is far more
important. However, for emergency physicians, under-
standing the general approach to pelvic fracture classi-
fication will facilitate collaboration with our surgical
colleagues and enable us to anticipate common injury
patterns.

First, the Tile classification system was developed
based on the concept of mechanical stability, regard-
less of vector of force. Tile type A fractures are
completely mechanically stable and involve no dis-
ruption of the pelvic ring. These include the minor
avulsion fractures and isolated pubic ramus frac-
tures. Tile type B fractures encompass a wide array
of pelvic fractures that are mechanically unstable to

A B C D E

Figure 15.7 Simple acetabular fractures classification. A: Posterior wall fracture. B: Posterior column fracture. C: Anterior wall fracture.
D: Anterior column fracture. E: Transverse fracture.

Table 15.1 Acetabular Fracture Classification – Letournel and
Judet System

Simple
fractures

Associated fractures

Posterior wall T-shaped

Posterior
column

Posterior column and posterior wall

Anterior wall Transverse and posterior wall

Anterior
column

Anterior column and posterior
hemitransverse

Transverse Both column

Figure 15.8 Both column complex acetabular fracture.
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rotational force, but stable to vertical force. Finally,
Tile type C includes those fractures which are both
rotationally and vertically unstable.

The Young and Burgess classification system was
devised based on mechanism of injury and secondarily
mechanical stability. This system is most relevant to
clinical practice and is now more widely used than
the Tile classification. The four main categories are:
anterior–posterior compression (APC), lateral com-
pression (LC), vertical shear (VS), and combined
mechanism (CM). Each mechanism of injury causes
a predictable spectrum of pelvic fracture patterns and
associated injuries. The APC and LC fractures are
further subdivided into Types I, II, and III by mechan-
ical stability; VS and CM are all unstable (Table 15.2).

APC injuries are the so-called “open-book” pelvic
fractures, generally caused by front-end collisions
resulting in some degree of external rotation of the
pelvic ring. Type I APC fractures involve diastasis
of the pubic symphysis of < 2.5 cm. Examples of
commonAPC I injuries are ipsilateral vertical superior
and inferior pubic ramus fractures with minimal dis-
placement and isolated pubic symphyseal diastasis. By
definition, there is no disruption of the posterior pelvic
ring, and therefore these are both mechanically and
hemodynamically stable. Type II APC fractures are
defined by diastasis of the pubic symphysis of
> 2.5 cm as well as disruption of the anterior SI joint.
These fractures are rotationally unstable to lateral force,
but vertically stable. Type III APC injuries involve total
disruption of the posterior ligamentous complex, and
are completely unstable (Figures 15.9–15.11).

The second category in the Young and Burgess
classification system is lateral compression (LC)
(Figure 15.12). These fractures are usually associated
with side-impact collisions and cause internal rotation
of the pelvic ring. Type I LC injuries are mechanically

Figure 15.9 Type II anterior–posterior compression (APC) pelvic
fracture plain radiograph. (Courtesy of Mark Bernstein, MD.)

Table 15.2 Young and Burgess classification of pelvic ring
fractures

Anterior–
posterior
compression

APC I Pubic
symphysis
diastasis
< 2.5 cm

Mechanically
stable

APC II Pubic
symphysis
diastasis
> 2.5 cm,
anterior SI
disruptio.

Rotationally
unstable
Vertically
stable

APC III Pubic
symphysis
diastasis
> 2.5 cm: SI
joints
completely
disrupted

Completely
unstable

Lateral
compression

LC I Transverse
pubic rami
fractures,
impaction of
the sacrum

Mechanically
stable

LC II LC I þ
posterior SI
disruption

Rotationally
unstable
Vertically stable

LC III LC II þ
external
rotation of
contralateral
hemipelvis

Completely
unstable

Vertical
shear

VS Vertical
disruption of
bony and
ligamentous
supports

Completely
unstable

Combined
mechanism

CM Massive
pelvic
fractures
which do
not fit any
other
category

Completely
unstable

APC, anterior–posterior compression; CM, combined mechanism; LC,
lateral compression; SI, sacro-iliac; VS, vertical shear.
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stable and involve transverse fractures of one or two
pubic rami with impaction of the sacrum on the side of
injury. Type II LC injuries result from forces directly
both medially and anteriorly. In LC II injuries, in
addition to the injuries found in LC I fractures, the
posterior aspect of the SI joint is disrupted and the iliac
wing is often fractured. These are rotationally unstable
to medial stress but are vertically stable. Finally, LC III
fractures result from such high-energy force that the
contralateral side of the pelvis suffers an external rota-
tion injury in addition to the ipsilateral LC II fractures.
These injuries tend to result from crush or rollover
mechanisms and are completely mechanically unstable.

Vertical shear (VS) fractures are caused by falls from
height or head-on MVCs with force directed onto
an extended lower extremity. Virtually all ligamentous
supports are disrupted with multiple associated
fractures. Therefore, these are both rotationally and
vertically unstable fracture patterns. Lastly, combined
mechanism injuries (CM) are not easily categorized
in any of the previously discussed Young and Burgess
classifications. These injuries are also completely

mechanically unstablewithmultiple fractures andwide-
spread ligamentous damage (Figure 15.13).

Considerable research has focused on whether frac-
ture pattern is predictive of hemorrhage, associated
injuries, or overall outcome. Initially, the Young and
Burgess classification scheme was embraced as a way to
predict such clinical variables. In the landmark 1990
study by Burgess et al, of the 210 patients studied, those
with APC fractures had greater transfusion require-
ments and associated mortality than patients with other
fracture patterns.15 Other small retrospective studies
followed, which attempted to correlate fracture pattern
with injury severity and had varying results.14,27,28

More recent literature, however, has shown that
fracture pattern does not accurately predict the presence
of arterial hemorrhage or mortality.29–34 While mech-
anically unstable fractures of all types more commonly
cause life-threatening bleeding,35 up to 10% of so-called
“stable” Young and Burgess APC and LC class
I fractures can cause significant arterial hemorrhage.30

Thus, the entire clinical picture rather than just the
pelvic radiograph must be taken into account when
determining the next step in the patient’s management.

Pelvic fracture type may, however, predict where
arterial hemorrhage is likely to occur. That is, APC
fractures generally cause posterior bleeding, particularly
from the superior gluteal and internal iliac arteries,
whereas LC fractures more commonly caused anterior
bleeding from the pudendal and obturator arteries.36

Prehospital
Patients with pelvic fractures have often suffered mul-
tisystem trauma. In all patients with high-energy pelvic
fractures, two large-bore intravenous lines should be
obtained and frequent vital sign monitoring per-
formed en route to the ED. All such patients should
be placed in full spinal immobilization with a rigid
back-board and cervical collar in place. Transport
should be as expeditious as possible.

In patients with obviously unstable pelvic frac-
tures, mechanical pelvic stabilization can be applied

Figure 15.10 Same fracture as Figure 15.9 with computed
tomography (CT) reconstructions. (Courtesy of Mark Bernstein, MD.)

I. II. III.

Figure 15.11 Young–Burgess anterior–
posterior compression (APC) pelvic
fracture classifications.
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by prehospital personnel. The two main modalities
available in the prehospital setting are the pneumatic
anti-shock garment (PASG) and the pelvic binder,
e.g., a simple sheet wrapped around the pelvis.

Much controversy has surrounded the use of the
PASG, sometimes called the military anti-shock trou-
ser (MAST) from its widespread use in the Vietnam
war. The PASG is a set of inflatable trousers that
compresses the lower extremities, pelvis, and most of
the abdomen. The goal of this intervention is to
tamponade hemorrhage, improve venous return,
and to stabilize pelvic and lower extremity fractures.
However, the risks of the PASG are significant, and
studies have repeatedly shown that this intervention
does not improve outcomes.37,38 Adverse effects of the
PASG include compartment syndromes, respiratory
compromise due to increased intra-abdominal pres-
sure, limited vascular and operative access, increased
bleeding from thoracic injuries, metabolic acidosis,
and profound hypotension after removal. There are
a few instances in the prehospital setting where a
PASG may be appropriate; these are limited to
patients with obvious pelvic fractures, hypotension,
poor intravenous access and prolonged transport
times. If it is used for pelvic fractures, only the
pelvic compartment should be inflated, leaving the

leg compartments deflated. In the vast majority of
cases, however, the PASG no longer plays a role;
this is reflected in the fact that most prehospital
systems do not carry the device.

Conversely, wrapping the pelvis with a sheet is
a reasonable and easily performed intervention for
prehospital providers. While the evidence support-
ing this technique will be discussed below, our

Figure 15.13 Combined mechanism (vertical shear [VS] and lateral
compression [LC]) fractures.

(a)

(b)

(c)

Figure 15.12 (a) Young–Burgess lateral compression (LC) pelvic fracture classifications; (b) computed tomography (CT) of LC I fracture
pattern; (c) X-ray of LC I fracture pattern.
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recommendation is in favor of pelvic binding in
patients with unstable pelvic fractures and hypoten-
sion in the prehospital setting. Performing this inter-
vention should in no way delay transport to the ED
for definitive care.

Box 15.2 Essential prehospital interventions

� Full spinal immobilization with a cervical collar
and rigid backboard for all multisystem trauma
patients.

� Large-bore intravenous access in all patients, and
aggressive fluid resuscitation for hypotension.

� Mechanical stabilization of the pelvis with a
wrapped sheet or commercial pelvic binder.

� In rare circumstances (e.g., prolonged transport
times), use of a PASG may be considered in the
prehospital setting.

Emergency department evaluation
and management
Common presentations
Severe and moderate
Disruptions to the pelvic ring are generally the result
of major blunt trauma and will usually present to the
ED by ambulance. Most awake patients will be able to
communicate that they have pain at the fracture site,
though this is dependent on mental status and the
degree of distracting injuries. Patients may perceive
the pain from a pelvic fracture as lower abdominal
pain, hip pain, or lumbosacral pain; such complaints
should alert the emergency physician to a potential
injury to the pelvic ring.

More severely injured patients, however, often
cannot communicate effectively or may not perceive
the pain of their pelvic injury. They are frequently
hypotensive and intubated early. Therefore, it is import-
ant to keep pelvic fracture high in the differential diag-
nosis when evaluating any multiply injured patient.

Minor
Low-energy pelvic fractures generally occur in the
young and active, or the elderly and osteoporotic. Avul-
sion injuries occur suddenly during athletic activity in
young adults and adolescents. The acute onset of hip
pain with forcefulmuscle contraction, such as taking off
for a sprint, jumping, or kicking is a common historical
finding. Patients also often report a “pop” at the time of
injury. Physical examination findings include localized

tenderness, decreased range of motion, and worsened
pain with stretching of the affected muscle.

Pubic ramus fractures are seen often in elderly
patients after a minor fall from standing. Patients
may complain of hip or pelvic pain, although they do
not have any shortening or rotation of the affected
lower extremity. In the absence of othermajor injuries,
patients are generally hemodynamically stable. Exam-
ination reveals localized tenderness over the anterior
pubic bone and occasionally limitation of hip motion
due to pain. Up to a quarter of patients will have a
second fracture, most commonly the distal radius,
lumbar spine, and proximal humerus24 – consistent
with the mechanism of a fall from standing.

Acetabular fractures may result from a variety of
mechanisms ranging from low energy such as a simple
fall to high energy such as a MVC. Patients generally
complain of hip, rather than pelvic, pain. In the setting
of an isolated acetabular fracture, the affected lower
extremity is generally not shortened or rotated. The
sciatic nerve can be injured in posterior acetabular
fractures. Concomitant injuries of the ipsilateral lower
extremity are common, especially when increased force
is involved. Posterior acetabular fractures are associ-
ated with patellar fractures, posterior knee ligamentous
injuries, and hip dislocations – which correlate with
the common “dashboard” mechanism of injury.

Occult
A common problem for the emergency physician is
the patient who presents with hip or pelvic pain after
minor trauma, negative radiographs, and persistent
difficulty ambulating. While avulsion injuries are
easily seen radiographically, both pubic ramus frac-
tures and acetabular fractures can be missed with
plain radiography. One series showed that up to
17% of isolated pubic ramus fractures were not seen
on the initial X-ray.24 Clinically, it may be difficult to
differentiate between occult femoral neck, acetabular,
and pubic ramus fractures. For patients with inability
to ambulate despite normal plain films, definitive
imaging studies such as CT or magnetic resonance
imaging (MRI) are warranted.

Initial evaluation
Physical examination
The examination of the traumatized pelvis is a
focused process. Detecting an injury to the pelvic
structures on physical examination entails more
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than simply “rocking the pelvis.” The fully-undressed
patient should be examined for ecchymoses, bony
deformities, leg-length discrepancies, and abdominal
distention. The perineum should be inspected for blood
at the urethral meatus, the vaginal introitus, or any
lacerations that could indicate an open pelvic fracture.
Vaginal and rectal examinations should be performed
when a major pelvic fracture is confirmed to look for
internal lacerations, gross blood or abnormal tone.

The pelvis should be evaluated for tenderness not
only at the iliac spines, but also over the pubic sym-
physis, the posterior and lateral iliac crests, and the
posterior SI joints. The spine should be palpated for
tenderness, extending inferiorly to include the sacrum
and coccyx. Gross mechanical stability of the pelvis is
assessed by applying a gentle external and internal
rotational force to the anterior superior iliac spines.
Any motion is abnormal and denotes an unstable
fracture. Of note, this part of the examination should
be performed once and without great force; repeat-
edly moving an unstable pelvic fracture risks further
exacerbating the injury, increasing blood loss as well
as causing severe pain for the conscious patient.
Motor strength, deep tendon reflexes, pulses, and
sensation in the lower extremities should be tested.
Perineal sensation as well as rectal tone should simi-
larly be noted.

Trauma room studies
Severe

Pelvic fractures can be a cause of hemodynamic
instability in trauma patients. While the pelvic radio-
graph directly assesses only bony injury, severe dis-
ruptions of the pelvic ring are an indirect indication
of hemorrhage into the pelvis and retroperitoneum.
A completely normal AP pelvic radiograph, though
not sufficiently sensitive for all pelvic fractures,
remains a reasonable first test to rule out unstable
pelvic ring fracture as a cause of hypotension.39

The focused abdominal sonography in trauma
(FAST) exam, similar to the pelvic X-ray, is not a
highly sensitive test for subtle injuries such as occult
hemoperitoneum or abdominal injuries not associ-
ated with intraperitoneal bleeding. However, the
FAST exam has been shown to be extremely accurate
at detecting clinically significant hemoperitoneum.40

Emergency physicians are now routinely trained in
this procedure and have been shown to be accurate in
performing and interpreting the results.38 In the set-
ting of pelvic ring fracture, FAST may be slightly less

specific due to bladder injuries and pelvic hematomas,
but it is still a highly accurate tool.41

In those few trauma centers that do not regu-
larly use the FAST exam or in patients with an
equivocal FAST and hypotension, diagnostic peri-
toneal lavage (DPL) can be performed to detect
hemoperitoneum. The supraumbilical approach is
recommended in order to avoid false positives due
to retroperitoneal hemorrhage tracking into the
fascia below the umbilicus. The FAST exam is pref-
erable to DPL because it is non-invasive, quicker,
and more accurate for hemodynamically significant
intra-abdominal bleeding.42

Moderate and minor

In contrast, hemodynamically stable patients do not
routinely require immediate trauma bay pelvic radi-
ography. While the chest X-ray (CXR) and FAST
examination should be performed on most victims
of significant blunt trauma even if stable, the pelvic
radiograph can often be deferred. Several studies
have shown that a normal physical exam is sufficient,
and perhaps better than an X-ray, to exclude pelvic
fracture in awake and alert trauma patients.3,39,43 In
a large prospective study of blunt trauma patients
with a Glascow Coma Score of 14 or 15, the physical
examination had a sensitivity of 93% for pelvic frac-
ture.39 None of the injuries missed by physical exam
required surgery or other change in management.
Another recent prospective study found a thorough
physical exam to have a sensitivity of 100% for pelvic
fractures.43

The reliability of the physical exam appears to be
maintained in mildly intoxicated patients, i.e., those
with a normal neurologic examination and mental
status. In several studies of patients who were deemed
“clinically sober” but with ethanol levels over 100 mg/
dl, the history and physical examination detected
91–95% of pelvic fractures.3,39 This was comparable
to control patients with lower ethanol levels. Pelvic
fractures missed on clinical grounds alone were either
clinically insignificant or in the context of painful
distracting injuries.

In contrast, data on the reliability of the physical
examination in children are mixed. Studies cite
the sensitivity for pelvic fracture between 69 and
92%.44,45 Thus, in this younger population, pelvic
X-ray is still recommended as part of the routine
workup of major blunt trauma patients, even if hemo-
dynamically stable.
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In addition to demonstrating the accuracy of the
physical examination, these studies have also demon-
strated the comparatively poor performance of the
plain radiograph in detecting more subtle pelvic ring
disruptions. Using CT as the gold standard, pelvic
X-ray is only 54–87% sensitive for pelvic fracture in
both adults and children.39,46–48 Therefore, in any
stable patient for which CT of the abdomen and pelvis
is planned, a pelvic radiograph is not necessary.

For those patients not undergoing pelvic CT scan
for other reasons, evidence supports obtaining a pelvic
radiograph in patients with any of the following: his-
tory or physical exam findings suggestive of pelvic
injury, altered mental status, distracting injury, or in
children. This radiograph may be performed in the
trauma room or the radiology suite. Stable patients
with no pelvic pain, a normal physical examination,
and normal mental status need no pelvic imaging.

Acute interventions
For the patient with a high-energy pelvic fracture, the
initial resuscitation should proceed as it would for any
other multiply injured patient. In cases of obvious
pelvic fracture or trauma to the lower extremities,
venous access should be obtained above the dia-
phragm. Unless signs of urethral transection such as
blood at the urethral meatus are found on physical
examination, a urethral catheter should be placed to
obtain urine and monitor urine output.

Early mechanical pelvic stabilization may
decrease the hemorrhage from torn pelvic veins and
the fractured cancellous pelvic bones, though some
debate surrounds this issue in the literature. Mech-
anical stabilization theoretically decreases venous
hemorrhage through two mechanisms: (1) by reap-
proximating the bones; and (2) by reducing the
pelvic volume to create tamponade. In a cadaveric
model, however, mechanical stabilization was shown
to only minimally increase the pressure within the
pelvis, potentially enough to control venous but
not arterial hemorrhage.49 In addition, in the case
of the conscious patient, early stabilization will also
decrease discomfort.

There are several means of achieving rapid mech-
anical stabilization of pelvic fractures in the ED. Most
common is the “pelvic binder,” or a sheet tied around
the pelvis circumferentially from the femoral greater
tuberosities to the anterior superior iliac spines
(Figure 15.14). Surgical hemostats can be used to

secure the sheet to prevent slippage that can occur
from a knot alone. In addition, several studies have
looked at various commercial pelvic stabilizers, includ-
ing a C-clamp or other devices such as the SAM®
sling (Figure 15.15a), the T-Pod® (Figure 15.15b), or a
neoprene belt. Proposed advantages to these are the
ability to stabilize the posterior pelvic ring and to allow
access to the groin and abdomen for angiography
and laparotomy. The PASG has no role in the ED care
of these patients. Lastly, a few trauma centers are
capable of rapid and sterile application of an external
fixator in the trauma room.

The evidence supporting one means of stabiliza-
tion over another is scarce. Few trauma centers have
access to specialized devices, thus no clinical trials
have compared different means of stabilization. In
theory, the posterior pelvic ring disruptions of LC
and VS fracture patterns might be further displaced
with a sheet alone, though there is no evidence to
support that contention. Some centers will withhold
this treatment in these types of disruptions. No clear
guidance based on the literature is available. In a
cadaveric model analyzing the effect of a C-clamp,
circumferential sheet, and external fixation on differ-
ent pelvic fracture patterns, all significantly increased
the mechanical stability of the pelvic ring, but external
fixation was by far the most effective.50 Interestingly,
no significant differences were found in the stabiliza-
tion achieved by the C-clamp vs. the wrapped sheet,
even in lateral compression injuries.

In summary, in cases of significant pelvic fractures
(i.e., all but Young and Burgess APC and LC Class 1),
we recommend early mechanical stabilization in the
ED. A wrapped sheet appears to be equally as effica-
cious as other compression devices. Early external
fixation may be optimal in those few centers capable
of rapidly applying the device in the ED, although this
has never been proven in vivo.

Box 15.3 Acute emergency department
interventions

� Fluid and blood resuscitation for signs of
hypovolemia.

� Intravenous access above the diaphragm.
� Mechanical stabilization of the pelvis via pelvic

binder.
� Chest radiograph, pelvis radiograph, and FAST

exam in the trauma room for all unstable patients
to rapidly determine the source of most life-
threatening hemorrhage.
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Secondary evaluation
Severe
Radiologic

In hemodynamically unstable patients with pelvic
fractures, initial pelvic imaging should be accom-
plished with portable AP radiograph. Likewise, port-
able chest radiography and FAST are complementary
studies in determining the extent of injuries and are
usually sufficient to plan ongoing treatment. Trans-
portation to the radiology suite and prolonged CT
scanning is contraindicated. In the unstable patient,

further imaging is rarely necessary before life-saving
interventions are performed, e.g., embolization or
laparotomy with pelvic packing.

Laboratory

For these unstable trauma patients, although rarely
impacting immediate management, common labora-
tory tests include those listed in Box 15.4.

The blood bank should be alerted to make several
units of packed red blood cells and fresh frozen
plasma available as soon as possible. Again, none of
these will affect the ED management of the patient.

(a) (b)

Figure 15.14 (a) Patient wrapped circumferentially around pelvis with sheet tightened clockwise, and (b) secured with multiple clamps.

(a) (b)

Figure 15.15 (a) SAM® sling; (b) T-Pod®.
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Moderate
Radiologic

In stable patients for whom intra-abdominal injury is
not a concern but pelvic fracture is suspected, a plain
pelvic X-ray is indicated. If positive, this may be
followed by CT to better define the fractures and
any associated injuries. In well-appearing, ambulatory
patients with a low initial suspicion for fracture, a
negative X-ray is sufficient to rule out clinically sig-
nificant fracture.

For stable blunt trauma patients with high clinical
suspicion of abdominal and pelvic injuries, CT of the
abdomen and pelvis should be done, which can obvi-
ate the need for a pelvic radiograph. Reconstructions
of the lumbar spine and pelvis can also be done from
this imaging study. These patients will usually have
undergone a chest radiograph and FAST exam in the
trauma room. The results of these studies and the
physical exam will determine which additional CTs
are indicated.

Patients with pelvic fractures have a high inci-
dence of concomitant genitourinary injuries.1,9,11 If
gross hematuria is present, the CT should be modified
to include thin cuts through the kidneys and CT
cystograms to assess the integrity of the upper and
lower urinary tracts.

Abdominal-pelvic CT provides a tremendous
amount of information. For the bony pelvis, CT will
detect many more fractures than plain radiography
alone.39,47 In addition, CT will show associated vis-
ceral and soft tissue injuries, pelvic and retroperitonal
hematomas, as well as contrast “blush” consistent
with active arterial hemorrhage. Even in the hemody-
namically stable patient, such hematomas and

extravasation of contrast correlate with significant
hemorrhage from the pelvic vessels.34,51–53 Thus, CT
can better define not only the bony injuries to the
pelvis but also help determine further management
strategies to control internal hemorrhage.

Laboratory

Laboratory tests should be the same as those for
severely injured patients, although type-and-cross
may be replaced by type-and-screen in some cases.
This depends on the patients underlying medical
problems, concomitant injuries, and whether ongoing
hemorrhage is suspected.

Minor
Radiologic

Plain radiographs are the initial study of choice to
detect pelvic avulsion fractures, pubic ramus frac-
tures, and acetabular fractures. For the latter two,
hip radiographs should also be performed, as it is
often difficult to distinguish clinically between occult
femoral neck fractures and minor pelvic injuries.

Standard pelvic X-ray views include the anterior-
posterior, inlet, outlet, and oblique or “Judet” views.
The inlet view is taken with the X-ray beam at a 45�

angle directed caudal to the patient, visualizing the
widest opening of the pelvic ring superiorly. Con-
versely, the outlet view aims 45� cephalad, providing
more detail of the obturator ring and SI joints. For
pelvic avulsion injuries and pubic ramus fractures,
the AP view is usually adequate, though inlet and
outlet views may slightly increase the sensitivity for
ramus and ischial tuberosity fractures. To detect acet-
abular fractures, AP and oblique views are generally
recommended. Oblique views image the pelvis at 45�

angles from each side, thus visualizing the acetabulum
straight-on. However, positioning for these views can
be very uncomfortable for injured patients.

In recent years, CT scan has largely replaced com-
plicated plain film views for all types of pelvic frac-
tures. In a patient for whom there remains a high
suspicion for acetabular fracture after negative plain
radiographs, a non-contrast pelvic CT with detailed
reconstructions should be performed.

For patients in whom pubic ramus fracture is sus-
pected despite negative plain films, the next step is
generally an MRI or bone scan looking for occult
femoral neck or pubic ramus fracture. Depending on
institutional capabilities, these patients are often admit-
ted to the hospital for these time-consuming studies.

Box 15.4 Recommended testing

� Definite tests
� Complete blood count
� Full electrolyte panel
� Coagulation panel
� Type and cross-match (4–8 units)
� Urinalysis
� Beta human chorionic gonadotrophin (beta-

hCG) for women of childbearing age
� Optional tests

� Urine toxicology screen
� Serum ethanol level
� Serum lactate
� Arterial blood gas
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Laboratory

In stable patients with clinical presentations concern-
ing for minor pelvic fracture, laboratory tests are of
little clinical utility in the ED. All women of child-
bearing age should have a bedside qualitative beta-
hCG performed prior to radiography. Only in
patients being admitted or surgically repaired should
basic preoperative blood tests be done.

Box 15.5 Key emergency department evaluation

Pelvic ring fractures

Pelvis X-ray indicated:
� Hemodynamic instability
� Altered mental status
� Distracting injuries
� Children
� CT not being done for another reason

Skip the pelvis X-ray:
� Pelvic CT being done for any other reason

No pelvic imaging:
� Normal exam
� Normal mental status AND ambulatory

Pubic ramus fractures
� Pelvis and hip radiographs
� MRI or bone scan for “occult” injuries (pain and

inability to bear weight)
� Clinically may be difficult to distinguish from

occult femoral neck fractures

Acetabular fractures
� Pelvic radiographs, AP, and oblique
� CT if radiographs negative and high clinical

suspicion

Pelvic avulsion fractures
� Pelvic radiograph only

Treatment
Essential emergency department treatment
Severe

The most important treatment for significant pelvic
fractures in the ED is rapid stabilization, both hemo-
dynamic and mechanical. Fluid and blood product
administration should be initiated promptly. Mech-
anical stabilization of the pelvis via a pelvic binder or
C-clamp should also be achieved.

Moderate

Patients with pelvic ring disruptions have a potential
for rapid hemodynamic deterioration. Therefore,
large-bore intravenous access and blood product prep-
aration (type and screen) should be routine. Mechan-
ical stabilization is unnecessary, unless obvious pelvic
instability is noted on physical examination. Adequate
analgesia is important in these patients.

Minor

No major ED interventions are necessary in patients
with minor pelvic fractures other than ensuring non-
weightbearing status until the fracture is defined and
providing pain control.

Post-emergency department treatment
Severe

After the initial ED resuscitation, optimal manage-
ment strategies for significant pelvic fractures have
been the subject of considerable debate. Accepted
practices vary widely both within the United States
and in Europe for the treatment of unstable pelvic
fractures.

The common goal in severely injured pelvic frac-
ture patients is to control hemorrhage from pelvic
vessels and to prioritize the definitive treatment of
their injuries. Severely injured, hemodynamically
unstable patients are not appropriate for extensive
CT scanning. If intrathoracic or intra-abdominal
injuries appear to be the most immediate life threat,
the patient is best treated by operating room
thoracotomy or laparotomy, respectively. However,
if pelvic or retroperitoneal hemorrhage is the most
pressing concern, then further management must
focus on the pelvic injuries. In practice, the choice
may not always be so clear, and this difficult decision
should be made collaboratively amongst the emer-
gency physicians, trauma surgeons, and orthopedic
surgeons.

There are three generally accepted strategies for
controlling pelvic bleeding: angiography with select-
ive arterial embolization, mechanical stabilization
via external fixation, and laparotomy with surgical
packing of the retroperitoneum. The latter two treat-
ment modalities are thought to control venous hem-
orrhage, whereas the former targets arterial bleeding.

Hemorrhage from pelvic vessels can be both
arterial and venous in origin. In all patients present-
ing with pelvic fractures, the majority of bleeding is
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from the pelvic veins, presacral plexus, and the large,
cancellous pelvic bones.21,33 However, hypotensive
pelvic fracture patients who do not respond to initial
resuscitation are more often suffering from an arter-
ial hemorrhage.33–35,54

Historically, external fixation has been the pri-
mary modality of stabilizing pelvic fractures. Unlike
the pelvic binder and C-clamp, external fixation must
be applied under sterile conditions using fluoroscopic
guidance. The external fixator reapproximates the
bony fragments and reduces the pelvic volume.50

Typically, this device is applied in the angiography
suite or in the operating room during thoracotomy or
laparotomy. Few trauma centers have the capability of
applying external pelvic fixation in the ED.

Direct packing of the retroperitoneum during
laparotomy is an alternative means to control venous
bleeding. This approach is very popular in Europe
and is gaining acceptance in the United States.55

Protocols in many European trauma centers incorp-
orate routine external fixation followed by surgical
packing for unstable pelvic fractures, using angi-
ography only after these two modalities have failed
to stabilize the patient.20,55 Obvious arterial hemor-
rhage can be controlled through direct visualization
and ligation during this same procedure. The abdomen
is left open, and the patient returns to the operating
room in 48 hours for either removal or replacement of
the packing. A disadvantage to this approach is that it
exposes patients to the physiological stress of a major
surgical procedure. Moreover, laparotomy runs the
risk of dislodging any clot that may have formed and
releasing tamponade within the pelvis. However, in
those patients requiring exploratory laparotomy for
intra-abdominal injuries, this procedure can be done
concomitantly.

Lastly, angiography with selective arterial emboli-
zation has become routine for hemodynamically
unstable patients with pelvic fractures in the United
States. The angiographer catheterizes the femoral
artery to gain access to the abdominal aorta. From
there, radio-opaque contrast is injected to detect
extravasation from the pelvic arteries. Depending on
how cephalad in the aorta the catheter is inserted, the
hepatic and renal arteries may be visualized as well.
Transcatheter arterial embolization can then be per-
formed for each site of extravasation.

Arterial embolization for pelvic fractures has been
shown to be very successful, though not without
complications. Most authors cite a 90–100% success

rate, and < 6–7% complication rate.51,56 Such compli-
cations include hepatic necrosis, femoral artery occlu-
sion, unilateral gluteal infarction, contrast-induced
nephropathy, and injury to smaller arteries during
embolization.56,57 The procedure can be quite time-
consuming, and mortality in these critically ill
patients while on the angiography table has been
reported up to 15%.57 Despite a high initial success
rate, several studies have also shown that some
patients require repeat angiography for recurrent or
new bleeding.58,59

Thus, physicians must decide between the operat-
ing room and the angiography suite for persistently
hypotensive patients with severe pelvic fractures. Even
though evidence is limited, venous hemorrhage
appears to be more common in pelvic fracture
patients overall, but arterial hemorrhage predomin-
ates in those who are persistently hypotensive.33,34

Therefore, in the absence of other life-threatening
injuries, angiography with embolization may be the
best initial intervention after ED resuscitation in
unstable patients. However, in the setting of intra-
abdominal injuries requiring immediate laparotomy,
retroperitoneal packing may be performed as a first-
line therapy. If the patient remains hypotensive after
these interventions, angiography should follow lapar-
otomy. In either case, the orthopedic team should be
consulted early for consideration of applying an exter-
nal fixation device.

Definitive care of pelvic fractures often requires
open reduction and internal fixation. This is rarely
indicated in the acute setting. “Damage-control”
orthopedics aims at rapid stabilization with lengthy
surgical procedures being deferred until after clinical
stabilization is achieved. This approach has been
shown to decrease pulmonary complications, late-
onset organ failure, and mortality.60

Moderate

A pelvic CT scan is useful in making management
decisions in hemodynamically stable patients with
pelvic ring disruptions. Computed tomography pro-
vides information about bony displacement, soft
tissue injuries, hematomas, and active bleeding. The
majority of these patients undergo urgent external
fixation; if no signs of bleeding or other injuries exist,
definitive open reduction and internal fixation may be
delayed at the discretion of the orthopedic surgeon.

However, controversy exists regarding the best
treatment of stable patients with large pelvic
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hematomas or active extravasation seen on CT. These
patients may benefit from early angiography with
embolization to prevent further blood loss and
clinical deterioration. Blackmore et al. developed a
receiver-operating-characteristic curve correlating
volume of pelvic hematoma with likelihood of posi-
tive angiography: 99% of patients with hematomas
> 600 ml had arterial bleeding on angiography,
whereas fewer than 5% of patients with hematomas
< 200 ml had arterial bleeding.12 Other studies have
shown that active arterial extravasation seen on CT is
highly specific for positive angiography.34,52,53,61 The
sooner the CT is done after the injury, the more
predictive these markers are.

Thus, based on this data, some trauma centers in
the United States have taken a more aggressive
approach to early angiography with promising pre-
liminary results. Kimbrell et al. describe their experi-
ence with early angiography for “soft” signs of
ongoing hemorrhage, including pelvic hematoma on
CT, decreasing serial hematocrits, tachycardia, or cer-
tain fracture patterns.51 Whereas their rate of success-
ful hemorrhage control was 95%, their rate of
negative angiography was over 35%.56 Opponents
argue that the natural course of pelvic hemorrhage
in most patients would be resolution with supportive
care alone; thus, angiography for “soft signs” exposed
patients to the risks of the procedures without real
benefits. To date, no trials have compared these two
approaches.

Minor

The treatment of pubic ramus fractures is supportive;
patients may ambulate with assistance as they can
tolerate. However, because many of these injuries
occur in the frail and elderly, most will not be able
to ambulate safely and may require inpatient
rehabilitation.

Similarly, avulsion fractures are almost always
treated non-operatively. Patients should be advised
to rest, apply ice, and gradually ambulate with
assistance. Surgical fixation is only considered in
serious athletes with significantly displaced ischial
tuberosity fractures. Even in those cases, no clear
benefit has been shown over conservative
management.26

Lastly, management of acetabular fractures is more
complex. They are repaired surgically unless very min-
imally displaced and not involving the weightbearing
acetabular dome. This surgery is non-emergent and

can be done within the following few days after the
injury. Those few acetabular fractures for which sur-
gery is not necessary require 4–8 weeks of skeletal
traction and non-weightbearing status.

Box 15.6 Common post-emergency department
interventions

� Expeditious external fixation for all significant
pelvic ring fractures.

� Unstable pelvic ring fractures ! angiography
vs. laparotomy with retroperitoneal packing
based on the results of the pelvic radiograph
and FAST.

� Hemodynamically stable pelvic ring fractures !
consider selective angiography for clinical or
radiographic signs of arterial hemorrhage.

� Pubic ramus and avulsion fractures ! supportive
care.

� Acetabular fractures ! non-weightbearing, non-
emergent surgical repair.

Special populations
Like many traumatic injuries, pelvic fractures in chil-
dren, pregnant women, and the elderly merit special
attention. Children tend to sustain pelvic fractures far
less often than adults with similar mechanisms of
injury.1,62 This is presumably due to their strong
cartilage, elastic joints, and somewhat flexible
bones.62,63 Pelvic fractures most commonly occur in
children as a result of pedestrian vs. MVCs; lateral
compression is the most common fracture type.44,4

The rate of severe hemorrhage and mortality from
pelvic fracture in children is very low.4,44,45,63,64 Asso-
ciated injuries are common, presumably because the
small flexible pelvis confers little protection to pelvic
and abdominal viscera.4,63 Surgical repair is rarely
needed in children, as the thick periosteum tends to
stabilize the fractures.4,64

Pregnant women are of particular concern in the
setting of pelvic fracture. Both direct uterine trauma
as well as maternal hemorrhage can compromise the
fetus; however, neither fracture type nor gestational
age appears to affect fetal outcome.65 Whereas mater-
nal mortality is comparable to non-pregnant controls,
overall fetal mortality is as high as 37% in the setting
of pelvic fracture.65

Elderly patients fare worse than their younger
counterparts with similar pelvic injuries. Pelvic ring
fractures can result from extremely minor mechan-
isms in this population, and mortality is much
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higher.66,67 Furthermore, elderly patients suffer a dis-
proportionate amount of late mortality due to comor-
bid diseases.67

For unclear reasons, elderly patients sustain more
lateral compression fractures than other patients.66,67

Moreover, advanced age is a risk factor for arterial
bleeding requiring angiography, perhaps due to
brittle and atherosclerotic vessels incapable of
adequate vasoconstriction.51,56 Thus, the emergency
physician must be especially vigilant for occult injur-
ies and pelvic bleeding in elderly patients.

Documentation
Thorough documentation is extremely important for
both patient care and medicolegal reasons in pelvic
trauma. First, the mechanism of injury should be
described, including the patient’s position in the
vehicle, protective equipment (e.g., helmet, airbags,
seat belt), speed of the collision, or height of the fall.
If brought in by ambulance, the patient’s condition in
the field and any interventions performed en route
should also be documented. Next, a full but concise
description of the primary and secondary surveys,
with particular attention to the pelvic injuries should
be noted. Neurovascular status of the lower extrem-
ities and groin is very important and should be
reassessed after any intervention such as pelvic bind-
ing. All ancillary studies and their interpretations
should be recorded in the ED chart.

The patient should be reassessed frequently, par-
ticularly if unstable or in the ED for a prolonged
period of time. The medical record should accurately
reflect the patient’s course in the ED. Reassessments
as well as the final condition of the patient upon
leaving the ED should be documented in the chart.

Last and perhaps most important, is documenta-
tion of the decision-making process. Management of
pelvic fractures is complex; thus, explaining the
rationale behind these often difficult management
decisions in the ED chart is critical. In addition, it is
important to note whether our trauma or orthopedic
colleagues were present during the ED resuscitation,
and what role they had in any collaborative decision-
making processes.

Disposition
All significant pelvic ring disruptions should be
admitted to a trauma service. This may require the
transfer of the patient to another facility for intensive

care unit care after initial stabilization. Orthopedic
and trauma surgery consultation should be obtained
early in the ED course of these patients.

Pelvic fractures which are both hemodynamically
and mechanically stable, with no signs of hemorrhage
on CT or clinically, may be admitted to the floor or
step-down unit based on the patient’s clinical picture.
These patients may be best served at a hospital with
extensive experience in pelvic injuries. Similarly,
orthopedic and trauma surgery should be consulted
from the ED for these patients.

Isolated pubic ramus fractures are extremely
common and do not require specialized trauma
center care. These patients may be allowed to bear
weight with assistance as they tolerate it. However,
patients with pubic ramus fractures who are elderly or
who have significant comorbidities are generally
admitted to the hospital for rehabilitation and phys-
ical therapy. Depending on institutional practices,
these patients can either be admitted to the ortho-
pedic surgery service or the internal medicine service
with orthopedic consultation. Patients with pubic
ramus fractures who are relatively young and other-
wise healthy, have safe home environments, ample
assistance, and close follow up may be discharged.

Pelvic avulsion fractures, similarly, require sup-
portive care only. As these patients tend to be young
and athletic, discharge with crutches and close follow
up is appropriate. However, patients who have diffi-
culty ambulating or need significant analgesia may be
admitted to the hospital for those reasons. Orthopedic
consultation is not always required, provided that
close follow up can be arranged.

Acetabular fractures generally require surgical fix-
ation and should be admitted. Unless other injuries
exist, patients with isolated acetabular or pubic ramus
fractures may be admitted to the floor on the ortho-
pedic surgery service.

Box 15.7 Disposition and transfer criteria

Admission criteria

Discharge with
follow up*

Consider
admission

Admission
necessary

Pelvic avulsion
fractures

Pubic ramus
fractures in the
elderly

Acetabular
fractures

Selected pubic
ramus fractures

Pelvic ring
fractures

Section 2: The injured patient

268



Transfer criteria
� All hemodynamically unstable pelvic fractures

should be transferred to a trauma center as early
as possible.

� Significant disruptions of the pelvic ring, even if
hemodynamically stable, should generally be
transferred to a trauma center or hospital with
extensive experience in such injuries.

*All patients being discharged must be ambulatory, have
adequate pain control with oral analgesics, and close follow
up arranged.

Summary
Pelvic fractures encompass a wide spectrum of injur-
ies from stable to life-threatening and are commonly
encountered in emergency medicine practice. In
major pelvic trauma, it is important to understand
common injury patterns, the techniques for stabiliza-
tion in the ED, and the options for definitive care
after the ED resuscitation. More minor pelvic injuries
such as pubic ramus, avulsion, and acetabular frac-
tures present to the ED far more commonly and often
much more subtly. Emergency physicians should be
readily familiar with the clinical presentations as well
as the appropriate diagnostic workup of these occa-
sionally occult injuries.
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The injured patient

Upper extremity orthopedic trauma

Moira Davenport and Tamara A. Scerpella

Introduction
Fractures and dislocations of the upper extremity are
commonly seen in the emergency department (ED).
Although the mechanisms vary, a fall on the out-
stretched hand (FOOSH) is responsible for many of
these injuries, as forces are transmitted proximally
from the point of impact along the entire length of
the extremity. Early diagnosis and proper manage-
ment may help prevent long-term adverse sequelae.
To achieve optimal outcomes, emergency physicians
should be familiar with current management concepts
for upper extremity bony trauma.

Prehospital
Prehospital care of the extremity injured patient
includes basic trauma resuscitation followed by sta-
bilization of the injury site. Although a variety of
splinting devices are available to Emergency Medical
Services (EMS) providers, improvisation is common.
Pillows and tape are often used to stabilize extremities
as an acceptable alternative to pre-made devices. In
general, prehospital providers should not attempt
reduction of the injury, other than to grossly align
the extremity, whenever possible. An open fracture
wound should be covered with gauze soaked in sterile
saline. Undiluted Povidone–Iodine should not be
placed in the wound. As these are painful injuries,
many prehospital systems have protocols in place to
allow for early analgesia.

Emergency department evaluation
Emergency department evaluation begins with the
standard primary survey (airway, breathing, circula-
tion, and disability) followed by a rapid neurovascular
examination of the injured extremity. A fractured or

dislocated extremity that has compromised circula-
tion requires rapid reduction in an attempt to
improve perfusion. In circumstances of cold, pulseless
extremities or significant tenting of skin, reduction
should be carried out without the delay of pre-
reduction imaging. Post-reduction reassessment of
perfusion status and expedited surgical consultation
is required if the vascular status does not normalize
following reduction.

Analgesics are administered as soon as practical to
maximize patient comfort and to allow for an adequate
physical examination. Field immobilization should be
temporarily taken down during the examination and
reapplied to prevent fracture movement during the
evaluation and resuscitation phase. Injuries which
have not been splinted by the prehospital providers
should optimally be splinted in the trauma resuscita-
tion room prior to transporting the patient; however,
the treatment of life-threatening injuries must take
priority. Physical examination of the injured extremity
should include the injury site as well as the joints above
and below that site, as forces are frequently transmitted
along the length of the extremity. It is imperative that
radiographs are obtained in at least two planes, in
order to avoid missing subtle injuries. Furthermore,
the joints proximal and distal to a fracture should be
considered for radiographic evaluation in order to rule
out associated injury. This practice is particularly
important when the mechanism of injury is suspicious
for significant transmission of forces and for patients
with multiple injuries and are unable to actively par-
ticipate in the examination. Wounds associated with
open fractures should be covered with gauze soaked
in sterile saline. Avoid placing undiluted iodine,
alcohol, or hydrogen peroxide-based solutions, into
open wounds as these solutions cause tissue toxicity
and may affect wound healing. Furthermore, such

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
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solutions may also increase the difficulty of surgical
intervention, particularly in large wounds that may
communicate with surrounding joint spaces. Intraven-
ous antibiotics should be administered to patients with
open fractures;1 a first-generation cephalosporin is
sufficient in most cases, and supplemented with an
aminoglycoside in the case of Grade II or III open
fractures (wound of comminution > 1 cm).1 Gross
contamination of the wound dictates the addition
of an anti-anerobic antibiotic such as penicillin to
prophylax against Clostridium.1 The patient’s tetanus
status should be ascertained and updated if deficient or
indeterminate.

Box 16.1 Essentials of upper extremity injury

� FOOSH is responsible for a great many of upper
extremity injuries, as forces are transmitted prox-
imally from the point of impact along the entire
length of the extremity.

� In general, prehospital providers should not attempt
reduction of the injury, other than to grossly align
the extremity when possible.

� An open fracture wound should initially be
covered with gauze soaked in sterile saline.

� A fractured or dislocated extremity that has com-
promised circulation requires rapid reduction in
an attempt to improve perfusion.

� In circumstances of cold, pulseless extremities
or significant tenting of skin, reduction should
be carried out without the delay of pre-reduction
imaging.

Specific injuries
Shoulder
The shoulder is a diarthrodial joint formed by the
articulation of the humeral head and the glenoid fossa
of the scapula. The glenoid fossa is relatively shallow;
its depth is increased by the circumferential labrum,
and shoulder stability is greatly dependent upon soft
tissue constraints. The supero-lateral aspect of the
scapula is the acromion; it articulates with the distal
clavicle via the acromioclavicular joint (ACJ) which
is stabilized by the acromioclavicular ligaments.
Together, the ACJ and acromion form the “roof” of
the shoulder joint. The coronoid process projects
anteriorly from the scapula and serves as the origin
of the coracoclavicular (CC) ligaments and the cor-
acoacromial (CA) ligament; the former provides ver-
tical stability to the distal clavicle. The shoulder has

greater range of motion than any joint in the body,
and is the most frequently dislocated (Figure 16.1).2

Shoulder dislocations may occur as the result of
direct trauma or due to indirect forces applied more
distally to the upper extremity. Injuries are most

Acromion

Supraglenoid tubercle

Coracoid
process

Spine

Glenoid cavity

Infraglenoid tubercle

For subscapularis

Axillary border

Inferior angle

Figure 16.1 Left scapula lateral view. (From Gray’s Anatomy of the
Human Body, 20th edn, in Public Domain.)
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common in young males who tend to participate in
more aggressive, high velocity activities than those in
other demographic groups.2 Younger patients are
more likely to sustain recurrent dislocations; recur-
rence rates approach 100% in patients who sustain
their first injury before age 18.3 With increasing age,
recurrence rates decrease, but the likelihood of asso-
ciated rotator cuff injury increases.4 Associated bony
injuries are common in young patients (Hill–Sachs
and glenoid rim fractures), but can occur in any age
group (Figure 16.2).

Dislocations are defined based on the position of
the humeral head relative to the glenoid. Anterior
dislocations account for 97% of all dislocations,5 and
can be further defined as subacromial, subcoracoid,
subglenoid, or subclavicular. They typically occur
when force is applied to the arm while it is abducted
and externally rotated. Posterior dislocations are rare;
they are more commonly associated with seizure acti-
vity, electrical injury or psychotic behavior, but may

also result from a fall or a motor vehicle collision.
Also uncommon (~1–2%) are inferior shoulder dis-
locations, also known as luxio erecta. These occur
with severe hyperabduction of the arm or axial
loading when the arm is fully abducted. Patients with
an anterior shoulder dislocation often present with
the affected extremity slightly abducted and externally
rotated. A posteriorly dislocated shoulder, though
typically adducted and internally rotated, often seems
to be normally positioned. However, both groups of
patients have significantly decreased ranges of motion
and usually resist attempts to move the extremity.
Physical exam findings may include an obvious
alteration in bony landmarks. Sensory deficits are
common; however, the axillary nerve, which provides
sensation over the lateral deltoid, is particularly at
risk. If they occur, these injuries are typically neuro-
praxic in nature and are an indication for immediate
reduction.6 If the neurovascular status is intact, pre-
reduction radiographs should be obtained in order to

(a) (b)

Figure 16.2 (a) Anterior shoulder dislocation with Hill–Sachs deformity. (b) Inferior shoulder dislocation (luxatio erecta). (Courtesy
of Mark Bernstein, MD.)
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identify the location of the humeral head and any
associated fractures. One reasonable exception to this
rule is the chronic dislocator who redislocates with
minimal trauma. However, no specific, validated
guidelines exist to assist the physician in deciding
which patients to radiograph.7 Radiographs should
be obtained in anteroposterior (AP) and lateral
planes. The axillary view is the preferred lateral view
and provides particularly important information
regarding the location of the humeral head in relation
to the glenoid. Failure to obtain an axillary view can
result in a missed posterior dislocation, as the AP view
presents only subtle abnormalities with this injury.
The technique required to obtain an axillary view is
often painful when the shoulder is dislocated. Thus,
Geusens et al. proposed a modified axillary view
which is performed with the patient standing but
forward flexed 45� at the hips.8 The radiograph beam
is directed in a 30–45� craniocaudal direction. Addi-
tional views, particularly the scapular Y view, may be
helpful if the AP and axillary are inadequate or unob-
tainable or fail to show expected pathology.

Several options exist for reduction of a shoulder
dislocation. Choice of a technique depends upon
patient safety, pain control, and sedation requirements,
as well as physician skill and current staffing needs.

The traction–countertraction method is per-
formed with the patient in a supine position.
A sheet is wrapped around the patient’s torso, with
the free ends directed away from the affected extrem-
ity. After procedural sedation is initiated, one pro-
vider applies countertraction on the sheet while the
physician distracts the affected arm in line with the
humerus, attempting to disengage the humeral head
from its position. Constant traction should be applied
to prevent muscle spasm, which further complicates
the reduction (Figure 16.3).

The Kocher method can often be completed with-
out sedation. The physician flexes the elbow of the
affected extremity and then gently adducts the arm.
Upon reaching full adduction, the extremity is exter-
nally rotated as far as the patient can tolerate, and
then elevated in the forward plane. This sequence of
movements usually achieves reduction in a quick, less
painful manner; however, care should be taken to
avoid undue force which can result in glenoid rim
fracture (Figure 16.4). Kocher’s original paper was
mistranslated; there was no mention of the downward
traction on the humerus typically described with this
technique (and associated with a high rate of humeral

head fractures). The modified Hennepin technique is
a variation of the correctly translated Kocher method.
The modified Hennepin technique is started like the
Kocher method. However, instead of performing for-
ward elevation, the modified Hennepin technique
relocates the humeral head by abducting the
extremity (Figure 16.5).

The Milch method is performed by abducting and
externally rotating the extremity; reduction is often
achieved by 90–105� of abduction. This technique is
often performed quickly and without sedation.
O’Connor et al. published a case series of 76 consecu-
tive patients with anterior shoulder dislocations that
were treated with the Milch method.9 Reduction was
successful on the first attempt in all cases and no
sedation was required. Scapular manipulation can
be attempted with the patient prone or sitting with
the hips flexed. The physician gently pushes the infer-
ior border of the scapula medially, thereby rotating
the glenoid and allowing the humeral head to relocate
(Figure 16.6).

The Stimson method uses gravity to achieve reduc-
tion. The patient is placed prone with the affected
extremity hanging off the stretcher. In some cases,
muscle relaxation in this position will allow reduction
to occur. Typically, weights are required; these are
attached to the dangling extremity tied via a loop of
cast stockinette about the wrist. This technique can be
quite time consuming and is not appropriate for many
trauma patients or for those with the potential for
respiratory compromise.

Orthopedic consultation should be sought when
reduction is not obtained after several attempts under

45°

Figure 16.3 Traction–countertraction method.
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appropriate conditions; all discharged patients should
have orthopedic follow-up care arranged in 7–10
days. Orthopedic surgeons should also be involved
in the care of patients with a fracture–dislocation of
the shoulder; reduction in this patient population
should be performed by these specialists. The excep-
tion to this standard is the Hill–Sachs fracture. The
emergency physician may appropriately attempt to

reduce dislocations associated with this injury. The
patient should be informed that the presence of the
defect increases the likelihood of the shoulder dis-
locating again.

Posterior dislocations are usually associated with
considerably more muscle spasm than anterior injur-
ies.10 Thus, these are rarely reduced without proced-
ural sedation. The patient is positioned in a fashion

External
rotation

Adduction

90°

Figure 16.4 Kocher method.

Extend
rotation

90°

Figure 16.5 Modified Hennepin
technique.
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similar to that described above for the traction–
countertraction method. An assistant applies counter-
traction while one physician applies longitudinal
traction (in the axis of the humerus) and a second
provider applies a constant, anteriorly directed force
on the humeral head in an attempt to dislodge it from
behind the glenoid.11

Post-reduction care of all shoulder dislocations
begins with a thorough neurovascular examination.
Axillary nerve injuries may occur with shoulder dis-
location and are typically detected post-reduction.
Repeat radiographs in both AP and lateral planes
(axillary view) should be completed to ensure reduc-
tion of the joint and to evaluate for associated frac-
tures (fractures may be associated with a dislocation,
or may be incurred during reduction). Several frac-
tures can occur in conjunction with a shoulder dis-
location; these are usually visible on both pre- and
post-reduction radiographs. A Hill–Sachs fracture
results from impaction of the posterolateral humeral

head against the rim of the glenoid during the course
of anterior dislocation (Figure 16.7). A reverse Hill–
Sachs fracture occurs when the anteromedial aspect of

Figure 16.7 Computed tomography (CT) shows Hill–Sachs
fracture after a reduction. (Courtesy of Mark Bernstein, MD.)
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Figure 16.6 Scapular manipulation.
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the humeral head impacts against the posterior rim of
the glenoid during a posterior dislocation (Figure 16.8).
A bony Bankart lesion, an avulsion of the glenoid rim,
may occur with either anterior or posterior disloca-
tions. Although usually visible on post-reduction
films, special views (e.g., West Point or Stryker notch)
may be necessary to delineate these sometimes subtle
fractures.12 Computed tomography (CT) scanning
may be a useful diagnostic adjunct, particularly when
concurrent injuries are present and necessitate such
studies. Magnetic resonance imaging (MRI) scanning
remains the definitive diagnostic study and is often
performed on an outpatient basis (Figure 16.9).

Post-reduction positioning for anterior disloca-
tions is controversial. Traditionally, the affected
extremity was placed in an adducted, internally
rotated position and the patient discharged with
either a shoulder immobilizer or a sling for comfort.
In contrast, Itoi proposed immobilization of the arm
in 45� of external rotation.13 This position maximizes

contact between the anterior glenoid and the avulsed
capsulolabral tissues, theoretically enhancing non-
operative healing of the pathologic Bankart lesion.
These authors demonstrated decreased recurrence
rates with this protocol, but their results have not
been duplicated. Until these findings have been repli-
cated, it is appropriate that patients should still be
discharged in internal rotation. All patients who have
sustained more than one dislocation (and first-time
dislocators with physically demanding lifestyles)
should be seen in follow up by an orthopedic surgeon.
There is a trend toward earlier surgical intervention to
restore stability through capsulolabral reconstruction,
thereby reducing the morbidity associated with repeat
dislocations.5

Acromioclavicular (AC) joint injuries are com-
mon athletic injuries. They typically result from direct
trauma, usually a fall on the adducted shoulder.
Patients present with tenderness over the AC joint,
with or without deformity, depending upon the extent
of the injury. Range ofmotion (particularly abduction)
may be limited by pain. Neurovascular deficits are rare
with this injury but a thorough examination should
be performed to rule out concomitant injuries. Both
AP and axillary shoulder radiographs are obtained to
assess the extent of ACJ injury. Additional views such
as clavicle or specific AC joint may be helpful as well;
however, stress views are not recommended as they do
not add useful information and can cause significant
pain. Comparison of the injured and uninjured AC
joints on the chest radiograph or bilateral films can be
helpful in determining the patient’s normal anatomy,
if necessary. Injuries were previously classified into a

Figure 16.9 Hill–Sachs and Bankhart lesions are seen on
this scan.

Figure 16.8 Reverse Hill–Sachs deformity is seen on anteromedial
aspect of humeral head. (Courtesy of Mark Bernstein, MD.)
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three part grading scale (Type I: minimal, Type II:
partial, and Type III: unstable). However, injuries are
now classified into six types (Table 16.1).

With the exception of the rare Type VI injury, all
patients with isolated AC separations may safely be
discharged from the ED with analgesics, a sling for
comfort, and orthopedic follow up. Type I and II injur-
ies are managed non-operatively and have an excellent
prognosis for full recovery. These patients do benefit
from follow up as physical therapy is often needed to
restore pre-injury range of motion and strength. The
treatment of Type III injuries is controversial, with
proponents of both operative and non-operative man-
agement.14 Subacute operative management typically
occurs within the first 7–10 days following injury;
chronic reconstruction may also be performed for
patients that fail non-operative care.15 Type IV–VI
injuries generally require operative repair.15

Clavicle fractures are common sequelae of falls and
motor vehicle crashes. Patients present with tender-
ness over the fracture site and crepitus and deformity if
the fracture is displaced. Shoulder range of motion is
decreased due to pain. In polytrauma cases, the diag-
nosis is often made on the routine chest radiograph
series; the posteroanterior (PA) view, in particular,
allows good visualization of both clavicles. Care should
be taken to rule out associated intrathoracic injuries

depending on the direction of dislocation. Chest CT
scan with intravenous contrast under a vascular proto-
col should be obtained if there is concern for damage
to the subclavian vasculature or lung.16 Patients with
isolated midshaft clavicle fractures may be safely dis-
charged in a sling with analgesics and instructions
for orthopedic follow up in 1–2 weeks. Physical ther-
apy is often needed to restore pre-injury range of
motion and strength. Use of the figure of eight harness
is no longer recommended, as multiple studies have
shown the device to cause increased pain while failing
to accelerate healing.17 Although bony union typically
occurs over 6–8 weeks with conservative therapy,
markedly displaced fractures (> 5 mm)15 may result
in non-union. Therefore, marked displacement is con-
sidered an indication for surgical repair;15 addition-
ally, surgical repair may be considered to minimize
cosmetic deformity in the case of moderately displaced
fractures.

Distal clavicle fractures may mimic AC separation
in both the mechanism of injury and in their presen-
tation. Radiographs in the AP and axillary plane are
diagnostic. Fractures are subdivided into three types
(Table 16.2).

Patients with these fractures may be discharged
from the ED with a sling and analgesics for comfort
and instructions for orthopedic followup. Type I and III
fractures are typically treated conservatively, while Type
II fractures require surgical repair to avoid non-union
and chronic pain due to significant displacement.18

Medial clavicle fractures are much less common,
representing < 5% of all clavicle fractures.19 They are
usually the result ofmotor vehicle trauma and are found
in patients with multisystem injury; they are typically
treated non-operatively.19

Table 16.1 AC joint injuries

Type i Partial tear of the AC ligaments, no disruption
of CC ligaments

Type ii Complete disruption of the AC ligaments,
partial or no disruption of CC ligaments

Type iii Complete disruption of AC and CC ligaments
resulting in superior displacement of the distal
clavicle

Type iv Complete disruption of the AC and CC
ligaments with posterior displacement of the
distal clavicle into or through the trapezius
fascia

Type v Marked superior displacement (subcutaneous)
of the distal clavicle due to complete
disruption of the AC and CC ligaments and
deltoid/trapezius muscle/fascial injury

Type vi Complete disruption of the AC and CC
ligaments with subcoracoid displacement of
the distal clavicle (exceedingly rare)

AC, acromioclavicular; CC, coracoclavicular.

Table 16.2 Distal clavicle fracture classifications

Classification Fracture pattern

Type i Fracture occurs between CC ligaments
and ACJ; because at least one of the
CC ligaments remains attached to the
clavicle, displacement is minimal

Type ii Fracture occurs medial to CC
ligaments resulting in superior
displacement of the clavicle

Type iii Intra-articular fracture

ACJ, acromioclavicular joint; CC, coracoclavicular.
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The “floating shoulder” describes a relatively rare
injury that includes ipsilateral glenoid neck and clav-
icle fractures. This definition has been expanded to
include ipsilateral glenoid neck fracture and either
sternoclavicular or acromioclavicular dissociation.20

The combination of these injuries can produce
instability of the entire shoulder suspensory complex,
leading to malunion, non-union, and other long-term
adverse sequelae.

Scapular fractures are incurred under considerable
amounts of trauma, and concurrent injuries to the
chest and abdomen are frequent. Both scapular and
clavicular fractures are usually detected initially on
the portable (AP) chest radiograph which should be
followed by either a complete shoulder series or CT
scan after potentially life-threatening injuries have
been stabilized. Floating shoulders with minimal dis-
placement may be treated non-operatively in a shoul-
der immobilizer.21 Pain control is essential in the
initial phase of recovery, allowing initiation of a grad-
ual stretching and strengthening program at 3 weeks
after injury. Unstable fractures with anteromedial
glenoid displacement should be treated surgically.21

The amount of glenoid displacement considered sig-
nificant is controversial in the orthopedic literature.
A recent summary of management protocols suggests
that patients with < 5 mm scapular neck displace-
ment are appropriate candidates for non-operative

management while patients with> 30mmmedial glen-
oid displacement should undergo operative fixation.21

No long-term studies have been published to document
the ultimate functional, cosmetic, or pain outcomes of
patients with a floating shoulder. The functional needs
of the patient should be considered concomitantly with
radiographic appearance when planning definitive
management (Figures 16.10 and 16.11).

Humerus fractures
Proximal humerus fractures have a bi-modal age dis-
tribution, occurring in adolescents and the elderly,
often the result of a fall.22 These injuries are the third
most common fracture in the elderly (after hip and
distal radius fractures).23 Fractures in the adolescent
population occur at the growth plate (Salter–Harris
fractures) prior to physeal closure. In addition, ado-
lescents taken into police custody appear to be at
increased risk for proximal humeral fractures during
handcuff placement.24

Patients with proximal humerus fractures present
with pain at the shoulder and demonstrate tenderness,
sometimes with crepitus (just distal to the shoulder).
Decreased range of motion in all planes is common.
Up to 50% of proximal humerus fractures are associ-
ated with neurologic injury; the highest incidence
occurs in anterior fracture–dislocation.25 As with
shoulder dislocations, the axillary nerve is the most
frequently affected nerve.26 Fractures are classified
based upon the integrity of the greater and lesser

Figure 16.10 Scapular glenoid fracture. (Courtesy of Mark
Bernstein, MD.)

Figure 16.11 Three-dimensional computed tomography (CT)
reconstruction of scapula fracture. (Courtesy of Mark Bernstein, MD.)
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tuberosities and the head-shaft relationship; degree of
displacement is also considered. The common Neer
classification system uses four parts, the greater tuber-
osity, lesser tuberosity, the surgical neck and the ana-
tomic neck. Fractures are classified based on
displacement of fracture part(s) from the rest, with
displacement charactized by > 1 cm of separation or
> 45� of angulation (Figure 16.12). Fracture displace-
ment is primarily due to the force exerted through
muscular and tendinous insertions on the bony frag-
ments. Because vascularity to the humeral head is
supplied through these muscular attachments, tuber-
osity displacement predicts risk of avascular necrosis.
Routine shoulder radiographs (the AP, axillary, and
scapular Y view) are adequate to diagnose most prox-
imal humerus fractures. The relationship between the
humeral head and glenoid should be carefully evalu-
ated; a CT scan may be necessary if an adequate
axillary or modified axillary view cannot be obtained
(Figure 16.13). Most patients with isolated proximal
humerus fractures can be safely discharged from the
ED with a sling and analgesics. Follow up should be
arranged with an orthopedic surgeon for final dispos-
ition. Physical therapy is often needed to restore
pre-injury range ofmotion and strength. Althoughmin-
imally displaced fractures are treated non-operatively,
displaced one-, two-, and three-part fractures are surgi-
cally repaired;27 bone quality should be considered in

surgical decision making for elderly patients. Four-
part fractures are typically treated with surgical repair
where bone quality is good or with hemi-arthroplasty
in the elderly or in patients with poor bone quality.28

Fracture dislocations require orthopedic consultation

Figure 16.13 Two-part humeral head fracture. (Courtesy of
Mark Bernstein, MD.)
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Figure 16.12 (a) Humeral parts in Neer classification. (b) Examples of displaced fractures using the Neer classification.
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in the ED and are usually treated with expeditious
surgical repair.27

Isolated greater tuberosity fractures are common.
The mechanism for this injury is abduction and exter-
nal rotation of the upper extremity, the same force
that often results in rotator cuff disruption and shoul-
der dislocation.29 These fractures are commonly seen
in conjunction with anterior shoulder dislocation.
Reduction of the glenohumeral joint usually improves
the position of a displaced tuberosity fragment. How-
ever, to avoid a mechanical block to range of motion
or subacromial impingement, only minimal displace-
ment is acceptable; thus surgical repair may be neces-
sary.30 Concomitant rotator cuff tears are also
common with this injury and should be considered
at follow up; MRI scan may be necessary for the
diagnosis.31 Emergency department management of
isolated greater tuberosity fractures is the same as for
proximal humerus fractures.

Diaphyseal humerus fractures account for 1–3%
of all fractures and only 20% of humerus fractures.32

Falls provide the most common mechanism for dia-
physeal humerus fractures and the incidence increases
with increasing age. Both AP and lateral radiographs
of the humerus are obtained as part of the secondary
survey. Patients typically present with pain at the
fracture site. Range of motion at both the shoulder
and elbow are usually limited by pain; movement
below the fracture may also be decreased by associ-
ated neurologic deficits. The neurovascular examin-
ation is of particular importance in this group as
damage to the radial nerve occurs in 2–18% of these
injuries.33 The course of the nerve and its lack of
anatomic protection predisposes it to injury in the
distal third of the humerus; in this region, it is
tethered by the intermuscular septum and closely
follows the contour of the bone. Regional variation
in fracture pattern further explains the incidence of
nerve injury. Midshaft fractures tend to be transverse,
thereby limiting the likelihood of contact with the
radial nerve. Fractures through the distal diaphysis
tend to be spiral or oblique fractures, increasing the
potential for contact between the fracture and the
nerve. Proximal and middle third radial nerve injuries
are likely to be neuropraxic in nature and carry a
significantly better prognosis for full recovery of
nerve function than do distal injuries where perman-
ent neurologic deficits are more common.34

Patients presenting to the ED with a diaphyseal
humerus fracture and a radial nerve deficit should be

evaluated expeditiously by an orthopedic surgeon as
these injuries require urgent operative exploration
and fracture fixation.35 Treatment of patients with a
normal neurovascular examination is somewhat con-
troversial. While these fractures have traditionally
been treated conservatively, operative fixation has
become more common in recent years, particularly
with specific fracture patterns (spiral and oblique
fractures) and in certain patient populations (cancer
patients with pathologic fractures).36 Patients with
no appreciable neurologic deficits and < 3 cm
of shortening, 20� anteroposterior angulation, and
30� varus/valgus angulation may be treated non-
operatively in a coaptation splint and discharged
with orthopedic follow up.37 During healing as swell-
ing decreases with increasing fracture stability, the
coaptation splint is replaced by a functional brace.
In some cases, adequate reduction cannot be main-
tained, and delayed operative fixation is necessary.
Jawa et al. performed a retrospective comparison of
functional bracing and plate fixation for treatment of
extra-articular distal third humeral diaphyseal frac-
tures.33 Patients who underwent operative fixation
had more predictable alignment and slightly quicker
return to function but had higher the risk of infec-
tion and iatrogenic nerve injury. Those who were
treated with functional bracing were more likely to
have skin breakdown and angular deformity; how-
ever, this angulation did not effect function or range
of motion. Neither group sustained significant loss
of motion at the shoulder or the elbow.

Non-diaphyseal distal humerus fractures are rela-
tively rare in adults. Unlike pediatric supracondylar
fractures, there is no consensus regarding a classifica-
tion scheme. The most current scheme classifies
injuries as extra-articular, metaphyseal extending to
the articular surface and primarily intra-articular.38

Injury is typically due to a fall; fractures may occur
with minimal trauma in those with osteopenia, while
a greater force is required to produce this injury in
healthy bone. Patients present with a flexed, adducted
elbow with painful, limited motion. Range of motion
in the shoulder is usually limited by pain; however,
this motion may be normal if the extremity is sup-
ported from the elbow to the hand. Tenderness
is expected at the elbow but it may be difficult to
localize. Antecubital ecchymosis may be indicative of
associated brachial artery injury and should prompt
consideration of angiographic evaluation of the
affected extremity, especially in the case of decreased
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pulses.39 Thorough neurovascular examination should
be performed at the time of presentation and at regular
intervals (30–45minutes), as neurologic injuries are not
uncommon with these fractures.35 If a neurovascular
deficit is detected on the initial exam, expeditious ortho-
pedic consultation should be obtained. A markedly
displaced fracture with a neurovascular deficit should
undergo an immediate attempt at reduction. Reduction
is achieved by flexing the elbow and digitally reducing
the distal fragment with the thumbs while distracting
the forearm inferiorly. The extremity is splinted with
the elbow in 90� of flexion. Patients without neurovas-
cular injury but suspicion of this fracture and significant
pain can be splinted while awaiting radiograph. (Fur-
ther attempts at reduction may be performed using
radiographic results to facilitate efforts.) Displaced frac-
tures typically require operative reduction and fixation;
those with intra-articular involvement frequently
require olecranon osteotomy.40 Total elbow arthro-
plasty is an alternative for patients with intra-articular
involvement and poor bone quality.

Elbow dislocation
The elbow joint is formed by the articulation of the
humerus with the radial head and the ulna. Flexion
and extension occur at the ulnohumeral articulation,
while pronation and supination occur at the radio-
ulnar and radiohumeral articulations (normal range
of pronation/supination is 75–85�/80–90�)41. The
interosseous membrane connects the shafts of the
radius and ulna, allowing forces to be transmitted
the length of the forearm. While this improves the
efficiency of motion, it also predisposes to distinct
injury patterns. The trochlea and capitellum increase
the articular surface of the humerus, while the coro-
noid and olecranon processes increase the ulnar
articular surface. The coronoid and the anterior cap-
sule serve as the main anterior stabilizers of the joint
while the olecranon plays a role in both varus and
valgus stability. The ulnar collateral ligament (UCL) is
the primary medial stabilizer of the joint. Injuries to
the UCL significantly increase the structural demands
placed on the radial head and apply a tensile stress to
the ulnar nerve which crosses the joint adjacent to the
UCL. The lateral collateral ligament complex is com-
posed of the annular ligament, the radial collateral
ligament and the lateral ulnar collateral ligament.
The annular ligament tethers the radial head to the
ulna, which is critical for maintaining joint stability

during pronation and supination. Injury to the radial
collateral ligament often accelerates annular ligament
degeneration, further destabilizing the joint; although
this is often a chronic process, it can be seen in
the acute phase as well. The numerous muscle groups
that cross the elbow serve as dynamic stabilizers
for the joint. Dislocation of the elbow is a very
common injury; it is the most common dislocation
in children and is second only to shoulder disloca-
tions in adults.42 The most common mechanism of
injury is FOOSH, followed closely by direct trauma,
which is usually related to sports participation. Injury
patterns are described based upon the location of the
forearm relative to the humerus: anterior, posterior,
medial, lateral, and divergent (includes separation of
the proximal radius and ulna). Posterior injuries are
much more common. Although further subdivided as
straight posterior, posterolateral, and posteromedial
injuries, this distinction can be difficult to make and
seldom influences treatment. Presentation to the ED
varies based upon the type of dislocation sustained.
An obvious deformity is usually noted but may be
obscured by soft tissue swelling. Associated rupture of
the joint capsule may lead to marked swelling in the
forearm; thus, the physician should be alert to the
possibility of compartment syndrome. Open injuries
are rare but should be considered if lacerations are
present, especially when displacement is large. The
presence of skin tenting suggests the possibility of
an impending open injury necessitating prompt
reduction to avoid an open dislocation. The neuro-
vascular examination is important, and should be
carefully assessed prior to manipulation and again
after manipulation; injury to the median or ulnar
nerve may occur by entrapment in the joint during
reduction. If nerve entrapment is suspected, rapid
orthopedic consultation should be obtained. The
ulnar nerve is particularly vulnerable in the case of
medial dislocation, whereas median nerve injuries are
more likely to occur in elbow dislocations that are
complicated by compartment syndrome.41 Careful
examination of the entire upper extremity is import-
ant, particularly in those who have sustained a
FOOSH mechanism, as other injuries may be present.
Initial radiographic evaluation includes AP and lateral
views of the elbow. Computed tomography scanning
should be performed in the ED if no fracture is
detected on plain radiograph and reduction cannot
be performed as small intra-articular fragments may
be blocking the joint. Outpatient CT scanning may be
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necessary to facilitate operative planning if large frac-
ture fragments are seen on plain radiographs. If frac-
tures are detected, CT scanning will help to delineate
the extent of injury and identify small intra-articular
fragments that may impede closed reduction.43

Box 16.2 Overview of CT requirements in elbow
dislocations

No CT
necessary

Outpatient CT CT in ED

� Easily
reduced

� Easily reduced � Difficult
reduction

� No
fragments

� Neuro-
logically
intact

� Neuro-
vascular
compromise

� Neuro-
logically
intact

� Fracture
fragments
identified

Simple (isolated) dislocations can be reduced by
the emergency physician, but complex dislocations,
with associated bone, open, or extensive soft tissue, or
neurovascular injury, may be best managed by ortho-
pedic consultation. This may not be practical at all
hospitals. Inability to reduce or post-reduction find-
ings above should be considered for transfer. Due to
the significant forces required to cause an anterior
dislocation, and the associated damage from con-
comitant injuries, orthopedic consultation and reduc-
tion in the operating room is recommended.44

Several methods are available to reduce the pos-
terior injury; all include distraction followed by anter-
ior translation of the proximal forearm. Muscle
relaxation and pain control are essential; procedural
sedation may be required. Intra-articular injection of
anesthetic agents may be attempted but the procedure
is not as well tolerated due to the smaller joint space
involved. Multidirectional dislocations should first be
reduced in the varus/valgus plane through application
of a force on the forearm in the direction opposite of
the dislocation, while stabilizing the distal humerus;
the posterior dislocation is then reduced using one
of the following methods. A simple, less painful
method of reduction includes exertion of an anterior
force on the dislocated fragment with one hand, while
the other hand is used to apply traction along the
longitudinal axis of the forearm by gripping the
patient’s supinated hand. Reduction is usually

achieved as the elbow is slowly flexed while maintain-
ing traction. If this method fails to achieve reduction,
traction/countertraction may be performed. An assist-
ant applies countertraction to the humerus while the
physician applies longitudinal traction to the forearm,
reducing the dislocation. Reduction may be facilitated
by flexing the elbow as traction is applied. In addition,
the assistant may exert an anteriorly directed force on
the olecranon while holding countertraction, further
assisting the reduction. As with shoulder dislocations,
patients with elbow dislocations may also be placed
prone with the affected extremity hanging off the
stretcher. Gravity alone may be enough to reduce the
dislocation or the process may be performed with
weights hanging from the wrist. Anterior pressure on
the olecranon and/or slight elbow flexion will typically
achieve reduction after 15–20 minutes.45 This proce-
dure may not be appropriate for patients with concur-
rent injuries or underlying respiratory difficulties.
Once reduction is achieved, the arm is placed in either
a sugar-tong or posterior splint with the elbow at
90� flexion. Documentation of an adequate reduction
should be confirmed via repeat radiographs. Range
of motion should be assessed in all planes to detect
an intra-articular block that may not be visible on
plain films. Orthopedic consultation is necessary in
the ED if a confirmed radiographic reduction is not
obtained or if a block in motion is present on physical
examination; these cases may require urgent surgical
exploration and reduction.41 Ligamentous stability
is assessed through the application of varus and valgus
forces to the elbow in full extension and in 15� of
flexion. Although most dislocations are relatively stable
following reduction, elbows with significant ligament-
ous disruption may be so unstable that a reduction
cannot be maintained.46 Such cases also require
orthopedic consultation; surgical treatment to restore
stability is usually carried out on an urgent basis.
Patients with stable, reductions may be discharged
from the ED in the splint and sling with instructions
for orthopedic follow up.

Because loss of motion is the most common
sequelae of this injury, it is important that discharge
instructions include splint removal for the perform-
ance of basic elbow range of motion exercises begin-
ning 2–3 days after injury. Repeat radiographs are
recommended at 3–5 days from the time of injury;
assuming maintenance of the reduction, a hinged
brace is typically applied and physical therapy is insti-
tuted. Chronic instability (leading to subluxation or
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recurrent dislocation) and heterotopic ossification
are less frequent long-term complications of this
injury. Either may necessitate operative management
(Figure 16.14).

Elbow and forearm fractures
Fractures about the elbow are quite common and
usually result from indirect trauma, typically the
FOOSH. Radial head fractures may occur as an iso-
lated injury, or in conjunction with elbow disloca-
tions. Patients present with a flexed elbow and pain
with range of motion, particularly pronation and
supination. Subtle elbow effusions are common. Ten-
derness, and sometimes crepitus, is elicited if the
examiner palpates the radial head while pronating
and supinating the forearm. In some cases, full range
of motion in these planes is blocked by a displaced
radial head fragment. Diagnosis is confirmed with AP
and lateral radiographs of the elbow. In order to be
sufficient, the lateral radiograph of the elbow opti-
mally will be in the true lateral plane with the elbow at
90� flexion. The presence of either a posterior fat pad
or an enlarged anterior fat pad (the sail sign) on the
lateral radiograph should produce strong suspicion

for a radial head fracture, even if a discrete fracture
line is not visible (Figure 16.15).

As opposed to adult, however, this finding in chil-
dren is more likely to be a supracondylar fracture. It is
important to perform a thorough examination to
identify associated injuries. If a moderate or large
effusion is present, therapeutic arthrocentesis and
intra-articular injection of lidocaine, bupivicaine, or
morphine sulfate should be considered to allow
adequate examination. Elbow stability should be
assessed, particularly to valgus stress, as ulnar collat-
eral ligament injury is frequently associated with radial
head fracture. The forearm and wrist should also be
examined; tenderness and swelling suggest injury to
the interosseous membrane and/or distal radioulnar
joint (Essex–Lopresti injury).

Patients with occult or non-displaced radial head
fractures may be placed in a sling and discharged
from the ED with orthopedic follow up. Patients with
exquisite pain are occasionally discharged from the
ED is sugar-tong splints for additional support; how-
ever there is no literature to support this practice.
Patients should be encouraged to perform gentle
range of motion exercises of the shoulder and elbow

Figure 16.15 Elbow injury with effusion caption posterior fat
pad (black arrow) and anterior sail sign (white arrow) suggest radial
head fracture. (Courtesy of Mark Bernstein, MD.)

Figure 16.14 Posterior elbow dislocation.
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to avoid stiffness. The can be started almost immedi-
ately. Minimally displaced radial head fractures may
be treated similarly, although persistent loss of pro-
nation/supination may require surgical treatment.
Fractures typically requiring operative fixation
include: (1) mechanical block to range of motion;
(2) greater than one-third involvement of the articular
surface; (3) significant (> 2–3 mm) displacement or
articular depression; (4) extension to the radial neck;
and (5) comminution.47 Although simple excision is
historically the surgical procedure of choice, many
surgeons are advocating various fixation techniques.48

The Essex–Lopresti injury is the combination of a
radial head fracture with disruption of the interosse-
ous membrane and dislocation of the distal radio-
ulnar joint (DRUJ).49 This constellation of injury is
frequently overlooked in the ED, and should be con-
sidered in any patient who sustains a radial head
fracture. A missed diagnosis, leading to delayed treat-
ment, produces inferior results, including decreased
range of motion and decreased strength, particularly
grip strength.49 Physical exam findings include wrist
tenderness, instability of the DRUJ, and ulnar promin-
ence. These findings should prompt the EP to obtain
radiographs at the wrist. Management is significantly
different than that of the isolated radial head fracture,
requiring operative fixation of the DRUJ and radial
head fracture fixation or replacement.49

Forearm fractures may be associated with ipsilat-
eral ligamentous injuries, resulting from transmission
of force along the interosseous membrane. The
Galeazzi eponym classically described the combin-
ation of DRUJ disruption and distal radial shaft frac-
ture, but has been expanded to include fractures
anywhere along the radial shaft or fractures of both
radial and ulnar shafts in combination with DRUJ
injury (Figure 16.16). Patients present with pain at
the fracture site and wrist, but DRUJ instability may
be difficult to distinguish on exam, particularly when
the fracture is distal. Thus, a high index of suspicion is
necessary when pain and tenderness are identified at
the wrist. Both AP and lateral radiographs of the
entire forearm, elbow, and wrist should be obtained.
Signs of injury to the DRUJ include ulnar styloid
fracture, widening of the DRUJ joint space on the
AP film, dislocation of the DRUJ on the lateral film,
and radial shortening of > 5 mm.50 Orthopedic con-
sultation should be obtained in the ED, as operative
fixation is the definitive treatment. When badly dis-
placed, attempted reduction of the radial fracture may

be performed for patient comfort while awaiting
consult. This is accomplished by applying traction
through the distal fragment to correct shortening, then
in the direction opposite of the displacement of the
distal fragment (radial or ulnar) to correct angulation,
while stabilizing the proximal forearm. A sugar-tong
splint is applied to maintain position while awaiting
definitive management.

The Monteggia fracture–dislocation similarly
occurs through transmission of forces along the inter-
osseous membrane, resulting in the combination of
radial head dislocation and a fracture of the proximal
ulna or ulnar diaphysis (or proximal diaphysis of both
bone radius and ulna) (Figure 16.17). This relatively
rare injury accounts for 1–2% of all forearm fractures
and typically results from the FOOSH mechanism.51

Figure 16.16 Galeazzi fracture. The definition has expanded to
include fractures anywhere along the radial shaft or fractures of both
radial and ulnar shafts in combination with distal radioulnar joint
(DRUJ) injury. (Courtesy of Mark Bernstein, MD.)
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Patients present with the elbow flexed and the fore-
arm pronated. Obvious deformity may be visible at
the ulnar fracture site. Although deformity may also
be present at the elbow, the more important physical
examination finding is pain and reduction in motion
associated with pronation and supination of the fore-
arm. These physical findings should prompt AP and
lateral radiographs of both forearm and elbow. Dis-
location of the radial head is confirmed radiographic-
ally if a line drawn through the center of the radial
shaft and head fails to align with the capitellum in all
projections. Posterior interosseous nerve injury is not
uncommon with this fracture–dislocation, and pre-
sents with loss or weakness of wrist extension. The
prognosis for nerve recovery is good. Because surgical
treatment is necessary in most cases, orthopedic con-
sultation is recommended at the time of presentation;
the arm may be splinted for comfort while awaiting
further management.

The floating elbow describes a combination of
humeral shaft fracture and both-bone forearm frac-
ture; elbow dislocation (usually posterior) may also be
involved. These injuries are the result of high-energy
direct trauma. Significant deformity is evident on
physical examination, and neurovascular deficits are
common (25–45%).52 Reduce deformities to relieve
neurovascular deficits. Arteriography is indicated to
evaluate for vascular injury if pulses are not restored
upon limb realignment. Orthopedic consultation
should be obtained as these injuries require urgent
operative exploration and repair.

Isolated radial neck fractures are relatively uncom-
mon in adults, most occur in conjunction with radial
head fractures, frequently as a result of elbow

dislocation. Isolated radial neck fractures displaced
< 4 mm have excellent outcome when treated non-
operatively.53 Larger displacement should be opera-
tively reduced, as should those with concomitant radial
head fractures.54

Fracture of the coronoid process of the ulna is
rarely an isolated injury. These fractures typically
occur as part of the “terrible triad,” which includes
posterior elbow dislocation and radial head fracture.55

The coronoid presents a bony block to posterior
translocation of the ulna, and provides the origin for
the anterior bundle of the medial collateral ligament,
and the middle portion of the anterior capsule, fur-
ther contributing to joint stability. Thus, fracture of
the coracoid process in association with elbow dis-
location can result in an unstable reduction. Coronoid
fractures have been described by two classification
schemes (Table 16.3).56

Fractures may be missed on plain AP and lateral
radiographs, as the radial head overlaps the coronoid
process on the lateral view; oblique views are useful. In
cases where coronoid process fractures are suspected
(such as unstable elbow dislocations), a CT scan with

Figure 16.17 Montaggia fracture. The
radiograph reveals radial head dislocation
and a fracture of the ulnar diaphysis.

Table 16.3 Different descriptions of coronoid fractures56

Type 1 being an avulsion
fracture of the tip

Type I fractures are
transverse at the tip type

Type II fractures involving
< 50% of the body

Type II fractures are
through the anteromedial
facet

Type III involving > 50%
of the coronoid process

Type III fractures involving
the base
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three-dimensional reconstruction is the preferred
diagnostic modality.57,58 Current recommendations
include operative fixation of any coronoid fracture
that is associated with an unstable elbow reduction,
regardless of the size of the fracture fragment.59 Thus,
unstable elbow reductions require orthopedic consult-
ation in the ED. All other patients with coronoid
fractures may be safely discharged in a sling with early
orthopedic follow up for operative consideration.

Olecranon fractures may occur from a direct blow,
FOOSH, or as high-energy injuries in combination
with other fractures or dislocations. Several classifica-
tion systems describe fracture patterns, and are useful
for consideration of the mechanical requirements of
internal fixation. Orthopedic consultation is required
for all displaced (> 2 mm) fractures, as surgical treat-
ment is indicated.60 Surgical repair may involve frac-
ture fixation or excision of the fracture fragment and
triceps reattachment. Displaced fractures in patients
with severe comorbid medical conditions, dementia,
or severe osteopenia may be treated non-operatively
with the expectation of marked loss of elbow extension
power. For such patients, treatment is focused on
protecting contused skin with padding and an Ace
wrap.61 Non-displaced fractures are rare; these can be
managed non-operatively with splinting in midflexion
(45–90�).62 Orthopedic follow up should be planned at
7–10 days for repeat radiographs to evaluate the possi-
bility of fracture displacement.

Both bone forearm fractures typically occur as a
result of high energy trauma, following a direct blow or
a fall from a height. Associated injuries are common.
Patients may have abrasions or lacerations overlying
the fracture. A careful evaluation of the soft tissues is
indicated in order to identify an open fracture, if
present. Neurovascular deficits are rare with closed
forearm fractures, but common in open injuries. The
forearm may be splinted for comfort in the ED, using
either posterior or sugar-tong splinting. Orthopedic
consultation should be obtained expeditiously, as
definitive management of these fractures is nearly
always surgical. Significant loss of forearm rotation
and grip strength has been reported in patients with
as little as 5� of malalignment.63

Wrist fractures
Distal radius fractures
Distal radius fractures account for more than 15% of
all adult fractures.64 The age distribution is bimodal,

peaking in early adolescence and again in the elderly;
these injuries typically occur from the FOOSH mech-
anism. In addition, high-energy injuries following a
fall or motor vehicle accident occur in older adoles-
cents and adults of all ages. Women sustain seven
times as many distal radius fractures as men
(7 : 1).65 Patients present with pain and, often deform-
ity at the wrist. Range of motion is typically limited.
A thorough neurovascular exam should be docu-
mented. Vascular injuries and injury to the radial
and ulnar nerves are rare, but acute injury to the
median nerve may be associated with significant frac-
ture displacement.66 Carpal tunnel syndrome has
been reported to occur in up to 20% of patients with
distal radial fractures, although it may be a delayed.67

The presence of an acute nerve injury is an indication
for orthopedic consultation in the ED as immediate
operative reduction, fixation, and nerve decompres-
sion has been advocated.67 Evaluation of distal tendon
function is important, as tendon laceration or entrap-
ment can occur with these injuries.

Several schemes exist for fracture classification of
the distal radius and ulna; these are based on mech-
anism of injury or anatomy of the fracture. However,
the historical use of eponyms to describe these frac-
tures remains a common practice: Colles fractures
result from a FOOSH and the distal fragment dis-
places dorsally; Smith fractures (“Reverse Colles”)
displace volarly and result from a fall on the supinated
hand (Figure 16.18).

True PA and lateral radiographs are important in
distinguishing fracture pattern and determining treat-
ment (Figure 16.19). It is important to distinguish
extra-articular from intra-articular fractures, as the
latter may require operative treatment if more than
minimally displaced. Metaphyseal comminution, par-
ticularly on the dorsal aspect, and increased ulnar
variance, have been found to predict fracture instabil-
ity when identified on initial films.68 Furthermore,
fracture stability decreases with increasing age, due
to poor bone quality. Unstable fractures are more
likely to require operative management.

The emergency physician may attempt reduction
of displaced fractures. A hematoma block provides
excellent pain control by the injection of lidocaine
directly into the fracture hematoma. The skin over
the fracture site is sterilely prepped and draped; injec-
tion is typically made from the dorsum of the forearm
in order to avoid neurovascular structures. A 22-
gauge needle attached to a syringe containing
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8–10 cc of 1% lidocaine is directed perpendicularly
into the center of the hematoma. Blood is aspirated
from the hematoma confirming needle placement;
lidocaine is then injected. While allowing the hema-
toma block to take effect (10–15 minutes), material
for a sugar-tong splint may be prepared based on
measurements of the uninjured extremity. Alterna-
tively, the Bier block, regional nerve block, and pro-
cedural sedation may also be used to achieve anesthesia
for the reduction. However, the hematoma block is the
easiest to perform and requires fewer additional phys-
icians/extenders to perform. Reduction is achieved by
distracting the distal fragment while applying a force in
the direction opposite fragment displacement. If this
method fails to achieve adequate reduction, traction
may be applied via the use of finger traps, suspending
the arm in a vertical fashion, and allowing the phys-
ician to focus on correction of angulation. When
reduction is complete, the splint is applied and molded
to maintain a slight palmar flexion, ulnar deviation,
and neutral rotation. Post-reduction radiographs
should be obtained to demonstrate the reduction and

to serve as a point of comparison for follow-up radio-
graphs. Patients may be discharged from the ED with
instructions for elevation of the extremity, finger move-
ment exercises, and orthopedic follow up in 3–5 days.
There is considerable debate in the orthopedic literature
regarding the long-term disability resulting from subtle
alteration in radial geometry.69,70 Thus, treatment deci-
sions for extra-articular fractures will vary based upon
patient age and bone quality, comorbidities that may
affect outcome (such as rheumatoid arthritis), recre-
ational and vocational activities of the patient, and hand
dominance.71

Carpal fractures: The bones of the wrist are
arranged in two carpal rows. The proximal row contains
the scaphoid, lunate, triquetrum, and the pisiform
(from radial to ulnar aspect) while the distal row con-
tains the trapezium, trapezoid, capitate, and hamate.

The interosseous membrane partially overlaps the
proximal row, contributing to wrist stability. A key
anatomic structure is the triangular-fibrocartilage
complex (TFCC) which originates at the ulnar aspect
of the radius and extends to the ulnar styloid. This
complex further anchors the DRUJ and ulnar aspect
of the carpus. The carpal ligaments are both extrinsic
(radius to carpus) and intrinsic (between carpal
bones); they maintain overall carpal alignment and
support the relationship between carpal bones, par-
ticularly, the position of the lunate. This is important
as a negative radiograph cannot fully exclude a sig-
nificant injury to the ligamentous structures.

A scaphoid fracture should be considered in any
patient who presents with dorsal-radial wrist pain
following a FOOSH. Significant deformity is rare, as
is any associated acute neurovascular injury. Range of
motion is often limited by pain. Tenderness in the
anatomic snuff box should heighten the physician’s
suspicion for scaphoid fracture, as should recreation
of symptoms with axial loading of the thumb. Initial
radiographs should include PA, lateral, and oblique
views of the wrist (Figure 16.20). In addition to obvi-
ous fracture lines and bony displacement, an abnor-
mal scaphoid fat pad may be seen. However, the
significance of this finding has been debated.
A dedicated scaphoid view can also be added to pro-
vide further detail. This view is obtained by directing
the beam perpendicular to the scaphoid while the
wrist is held in an ulnarly deviated position. Barring
significant displacement of fracture fragments, scaph-
oid fractures are notoriously difficult to diagnose
acutely.

Figure 16.18 “Smith fracture”: volarly displaced distal radius
fracture.
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In those patients with radiographs without acute
fracture, there are several options. One option is to
place the patient in a non-removable thumb spica
short arm splint with re-evaluation in 1–2 weeks. This
immobilization is critical in the maintenance of
adequate vascularity to the proximal scaphoid, as
blood supply enters distally (in a retrograde fashion)
and most fractures occur at the scaphoid waist. Failure
to adequately immobilize fractures on an acute basis is
associated with increased non-union rates and
increased need for surgical treatment. Thus, tempor-
ary immobilization of an injury that is not a fracture is
much preferred over failure to treat an actual fracture.
Orthopedic follow up should be arranged in about
2 weeks. At that point, if there is still pain or tender-
ness, repeat radiographs are obtained. Another accept-
able approach would be to obtain additional imaging
including an MRI or CT scan acutely or a bone scan in
several days. However, CT or bone scanning limit
evaluation of potential ligamentous injury.72

When a scaphoid fracture is evident in the ED, it
can be managed with application of a thumb spica

splint or short arm cast (based upon the amount of
swelling present). There is some debate in the litera-
ture regarding the benefits of long vs. short arm
thumb spica splints. Although long arm spicas tend
to reduce the time to healing and the rate of non-
union, the differences were not found to be signifi-
cant. Orthopedic follow up should be arranged within
3–5 days for definitive care. Displaced fractures, many
proximal pole fractures (which are predisposed to
avascular necrosis), and fractures in patients who
cannot afford a long period of immobilization are
treated surgically. Fractures that are treated non-
operatively require up to 3 months of immobilization.

Carpal dislocations are also common sequelae of a
FOOSH injury and should be considered in the dif-
ferential of wrist pain. The scapholunate dislocation
presents similarly to the scaphoid fracture, with
tenderness in the anatomic snuff box and decreased
wrist motion. Unlike scaphoid fractures, however, a
subtle deformity may be detected over the dorsum of
the proximal carpal row, and tenderness is typically
greatest in this location. Neurovascular deficits are

(a) (b)

Figure 16.19 (a) Posteroanterior (PA) and (b) lateral radiographs of distal radius fracture.

Section 2: The injured patient

290



rare. A standard wrist radiograph series should be
obtained, but the diagnosis is made primarily on the
PA view. Key findings include a short, dense scaphoid
and > 3 mm space between the scaphoid and the
lunate.73 This gap between bony structures is referred
to as the Terry Thomas sign (a.k.a. the David Letter-
man sign). Attempts at non-operative reduction are
rarely successful. Orthopedic consultation should be
obtained in the ED, but patients may be discharged in
a thumb spica splint while awaiting definitive
management.

The FOOSH mechanism may also result in injury
about the lunate. A sequence of injury follows forceful
hyperextension and ulnar deviation of the hand. First,
scapholunate dissociation occurs; continued force
produces damage to intrinsic and extrinsic ligaments,
culminating in perilunate dislocation or, ultimately,
lunate dislocation. Although these dislocations are
most commonly dorsal in nature (distal carpus dis-
placement relative to the radius), dislocations can
occur in the opposite direction. Perilunate and lunate
dislocations can include fractures to the radial styloid,

scaphoid, capitates, and/or triquetrum; scaphoid frac-
tures are most common of these fractures. These
injuries present with pain and tenderness at the
dorsum of the wrist, particularly at the proximal
carpal row. Deformity may be obvious; alternatively
clinical presentation may be innocuous. The latter
presentation is responsible for the delay in diagnosis
that has been reported to occur in up to 25% of
cases.74 Median nerve compromise is the most com-
monly associated neurovascular injury; delayed
reduction may result in permanent neurologic seque-
lae. Standard wrist radiographs, particularly the lat-
eral view, provide the key to diagnosis. A break in the
colinear alignment of the radius, lunate, capitate
and metacarpals on the lateral radiograph is diagnos-
tic. In the case of perilunate dislocation, the lunate
maintains its position atop the radius while the
capitate and remaining carpal bones are displaced
(Figure 16.21a and b). With lunate dislocation, the
lunate has the appearance of a “spilled teacup,” lying
volar to the radius while the remaining carpal bones
maintain normal alignment (Figure 16.21c).

In addition, on the PA radiograph, the normally
“square” appearance of the lunate becomes “triangu-
lar” in the case of lunate dislocation. Orthopedic
consultation should be obtained promptly, as both
lunate and perilunate dislocations require urgent
reduction. Attempts at reduction should be made by
the emergency physician in cases of neurovascular
compromise when orthopedic consultation will be
delayed. Reduction should be performed by maintain-
ing longitudinal traction on the flexed fingers while
gently reversing the direction (either volar or dorsal)
of the dislocation. However, given the rotational com-
ponent of the lunate displacement in anterior lunate
dislocations, closed reduction is usually not possible.
Surgical stabilization is typically required following
closed reduction; this may be performed acutely,
or may be delayed if the neurovascular status is
normal. Some dislocations are not reducible by closed
methods and should be taken urgently to the operat-
ing room.

Patients who have sustained FOOSH injuries may
present with pain along the ulnar aspect of the wrist.
Tenderness in this anatomic distribution with normal
wrist radiographs should prompt the physician to
consider TFCC injuries. Patients may note a clicking
with wrist motion, particularly ulnar deviation. Pain
may be produced with pronation and supination of
the forearm. Further diagnostic evidence is provided

Figure 16.20 Scaphoid wrist fracture. (Courtesy of Mark
Bernstein, MD.)
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(c)

Figure 16.21 Perilunate dislocations: (a) lateral; (b) posteroanterior (PA) radiographs; (c) lunate dislocation lateral view with spilled teacup sign.
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via the ulnar abutment test which is sensitive for
TFCC tears. This test is performed with the forearm
pronated. The examiner stabilizes the distal forearm
while placing the hand in maximal ulnar deviation.
Production of pain or the appreciation of a click is
diagnostic of a TFCC injury. A volar splint should be
applied to patients with persistent pain and edema
and a negative radiograph, particularly when the
physical examination is concerning for potential
TFCC injuries. This will comfort and protect while
awaiting orthopedic follow up, preferably within a
week of the injury.

Hand injuries
Hand fractures may result from axial load or direct
trauma. An adequate history should be performed to
elicit the mechanism of injury; open fractures via any
mechanism and fractures resulting from human bites
are at high risk. Neurovascular status should be care-
fully evaluated. In cases where inadequate perfusion is
a concern, capillary refill should be assessed and gen-
erally be expected to return in < 2 seconds in all
digits. Sensation via light touch and two-point dis-
crimination should be assessed; normal for the latter
is < 6 mm. Abnormal findings should be compared
to the uninjured hand, as a perceived abnormality
may be the patient’s baseline. This is particularly true
for manual laborers, who may exhibit decreased sen-
sation due to repetitive trauma. Rotational deformity
should be assessed by examination of the palmar
aspect of the patient’s hand during active flexion of
the MCP and PIP joints of all fingers. The distal
aspect of each finger should point toward the scaph-
oid; deviation is an indication of rotational displace-
ment of the fracture. It should be noted that
rotational deformities are usually not evident with
the fingers in extension. Flexor and extensor function
at the MCP, PIP, and DIP joints should be assessed
for all fingers of the affected hand, as displaced frac-
ture fragments may disrupt tendon mechanisms.
Deficits are defined based on the extensor and
flexor zones. Orthopedic consultation should be
obtained for all injuries involving the flexor tendons
as these usually require operative repair. Injuries to
the extensor mechanism without associated laceration
(i.e., central slip injuries) can usually be splinted with
the affected digit in extension, and orthopedic follow
up arranged in 3–5 days. The longer the delay from
time of injury to time of definitive repair, the more

likely the tendon fragments are to retract, complicat-
ing repair and lowering chances of a successful repair
and return to normal function. Local custom may
dicatate whether the lacerated extensor tendon is
repaired by the emergency physician or by a hand
surgeon. If the tendon is to be repaired in the ED,
non-absorbable, low-reactive material such as ethi-
bond or nylon or longer acting absorbable sutures
should be used. Figure of eight, modified Kessler or
horizontal mattress stitches may all be performed to
reapproximate the tendon ends. While evidence is
extrapolated from flexor tendon injuries, general
custom dictates that a laceration > 50% of the width
is repaired. Less can probably be splinted without
repair. At least PA and lateral radiographs of the
involved part should be obtained if there is any con-
cern for possibility of fracture or foreign body; 10�

pronated or supinated views may be helpful in visual-
izing the 2nd and 5th metacarpal fractures.

Patients with displaced metacarpal fractures usu-
ally present with pain at the fracture site, obvious
deformity, edema, and ecchymosis. Metacarpal frac-
tures may involve the neck, shaft, or base of the
metacarpal. The former typically occurs as a result
of an axial load against a clenched fist; these fractures
exhibit apex dorsal angulation. Up to 35� and 45� of
angulation can be accepted in the ring and little
fingers, respectively, but < 15� is acceptable for index
and long fingers, due to more rigid carpometacarpal
joints.75 There is evidence to support immediate
mobilization (i.e., discharge with buddy taping or
without any taping/splinting) of 5th metacarpal frac-
tures, without reduction, even with high degrees of
apex dorsal angulation.76,77 At this time, no definitive
treatment for 5th metacarpal fractures is proven
superior. Options include splinting or buddy taping.
Choice is often determined by local practice patterns.
Rotational and lateral deformity should be corrected,
when present. Metacarpal shaft fractures also typically
present with apex dorsal angulation; considerable
shortening may occur in the index and 5th metacar-
pals because they lack the suspensory effect of the
intermetacarpal ligaments. Guidelines for acceptable
dorsal angulation and shortening with shaft fractures
are as follows:75 Up to 0.5 cm of shortening is accept-
able, but rotational malalignment is not.75 Fractures
at the base of the metacarpal may be missed because
of inadequate radiographs. Tenderness in this loca-
tion should prompt additional oblique views if not
seen on initial films. Although these fractures are
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typically stable, rotational alignment must be cor-
rected. Reduction of displaced fractures is best carried
out after adequate analgesia is achieved. A hematoma
block (or other forms of anesthesia as described in the
section for distal radius fractures) usually provides
excellent analgesia; 3–5 cc of lidocaine 1% is required.
Reduction is performed by applying gentle traction
to the distal fragment while directing the same frag-
ment in the direction opposite to the displacement
(Table 16.4). Digital pressure over the dorsal apex is
helpful in reducing deformity in that plane. Gentle
rotation while performing the traction/manipulation
maneuver may correct rotational deformity. Once
fracture reduction is obtained the affected extremity
is immobilized. An ulnar gutter splint is used for 4th
and 5th metacarpal fractures. A custom splint is pre-
pared with volar and dorsal slabs for index and
middle metacarpal fractures. Both the volar and
dorsal components are needed for index and middle
metacarpal fractures given the relative difficulty asso-
ciated with limiting the range of motion of the cen-
trally located bones. In all cases, the MCP joints
should be immobilized in full flexion and the IP joints
in extension. Patients can be discharged with ortho-
pedic follow up arranged in 5–7 days. Displaced intra-
articular fractures, unstable fractures, and multiple
metacarpal fractures typically require surgical treat-
ment. However, this may be set up as an outpatient,
and patients may be safely discharged with a splint
orthopedic follow up in 3–5 days. Open fractures or
those with considerable associated soft tissue injury
require immediate consultation with a hand specialist
in the ED.

Non-displaced phalangeal fractures may present
with only swelling and tenderness over the fracture
site while comminuted, displaced fractures may fea-
ture swelling, ecchymosis, and significant deformity.
The latter may be associated with digital nerve or

tendon injuries or skin lacerations. If an isolated distal
injury is suspected, radiographs may be limited to a
finger series (AP, lateral, and oblique views). How-
ever, if multiple injuries are suspected, obtain a
complete hand series, Although complex intra-articu-
lar fractures should be reduced by hand specialists,
the emergency physician may safely reduce extra-
articular fractures or attempt reduction of simple
minor intra-articular ones using the same methods
as for metacarpal fractures. A digital block provides
excellent anesthesia in most cases. With multiple
finger fractures, regional anesthesia may be more
appropriate than multiple digital blocks. Angulation
> 10� is unacceptable in any plane.78 Fractures with
ulnar or radial deviation may be buddy taped, after
reduction, to the adjacent digit in the direction oppos-
ite the original displacement; this minimizes risk of
recurrence. Stable fractures can be immobilized in
malleable finger splints; buddy taping may also be
performed for additional comfort and improved
functionality. However buddy taping alone does not
provide substantial protection during everyday activ-
ity. Unstable fractures should be splinted similarly to
metacarpal fractures. Patients may be discharged
from the ED with hand specialty follow up in 3–5
days to assess for maintenance of reduction.

Dislocations of the MCP and IP joints are
extremely common. Dorsal PIP dislocations represent
the most frequent articular injury in the hand.79

These involve injury to the collateral ligaments and
volar plate, but are typically stable after reduction,
allowing immediate mobilization via buddy taping
to the adjacent digit. Volar dislocations are less
common, but more severe, and may include disrup-
tion of the central slip of the extensor tendon.80 Pre-
and post-reduction radiographs (AP, lateral, and
oblique views) should be obtained to evaluate for
associated fractures. It is particularly important to
identify intra-articular fractures as these may require
operative fixation regardless of the success of reduc-
tion attempts.79 Pre-reduction radiography is also
helpful to identify small intra-articular foreign bodies,
the presence of which may make adequate closed
reduction difficult. Reduction may be blocked due to
interposition of the central slip or the collateral liga-
ments. Reduction attempts should be made with the
MCP and PIP joints in a flexed position to allow
relaxation of the lateral bands. The extensor mechan-
ism should be assessed post-reduction; if full active
extension of the PIP joint is not possible, the joint

Table 16.4 Acceptable angulation for metacarpal shaft
fractures

Finger Acceptable angulation
of shaft

Little (small) < 30�

Ring < 20�

Long 0�

Index 0�
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should be immobilized in full extension to treat a
presumptive central slip injury. If closed reduction is
unsuccessful, open reduction is required. The PIP
dislocations may be associated with volar avulsion
fractures or dorsal avulsion fractures at the central
slip insertion; these injuries should be evaluated by
a hand specialist, as special splinting techniques or
surgical treatment may be required. All other patients
may be discharged from the ED following reduction
and splinting, with appropriate follow up arranged in
7–10 days.

Injuries to MCP and DIP joints are less common
than PIP injuries. The MCP dislocations are treated
with closed reduction. Care should be taken in
assessing these injuries radiographically, adding
oblique views to evaluate for intra-articular fractures
that require specialty consultation and likely surgical
treatment. DIP joint injuries frequently involve
disruption of the tendon bone unit. Mallet finger
injury occurs when the extensor tendon is avulsed
from the base of the distal phalanx when the DIP
joint is forcibly flexed against a taut tendon (e.g.,
catching a ball). Diagnosis is based upon the inability
to fully extend the DIP joint in an active manner.
Patients may be treated with a dorsal, volar, or stack
splint holding the DIP joint in full extension, and
appropriate follow up in 1–2 weeks. It is imperative
that the patient does not remove the splint for any
reason. If the splint is removed and the finger flexed,
any previous time spent in the splint is negated and the
treatment time starts over. When associated with a
fracture, specialty consultation is required, as open
treatment may be necessary. Jersey finger is the name
applied to avulsion of the flexor digitorum profundus
tendon from the volar base of the distal phalanx. It is
most commonly an athletic injury, occurring during
the course of a missed tackle, when a flexed finger is
forcibly extended.81 Patients usually present with the
DIP extended and are not able to actively flex the DIP.
Careful evaluation of active joint motion should be
carried out to avoid missing this injury. A potential
pitfall is ascribing loss of flexion to pain and swelling.
Early referral is necessary. If the tendon retracts, it
must be repaired early to obtain a good result and this
cannot often be diagnosed clinically.

The thumb is also vulnerable to injury via the
FOOSH mechanism, particularly when the thumb is
abducted. Patients with thumb trauma often present
with tenderness at the MCP joint, edema, and
ecchymosis. Fractures typically occur at the base of

the 1st metacarpal, and are often intra-articular. Shaft
fractures are uncommon due to the lack of rigid
fixation at the 1st CMC joint. A Bennett’s fracture is
an intra-articular metacarpal fracture with a small
volar metacarpal fragment. A Rolando fracture is a
comminuted metacarpal intra-articular fracture,
resulting from a greater force application. These frac-
tures are typically highly unstable and the majority
require operative fixation. Patients may be safely dis-
charged from the ED in a thumb spica splint while
awaiting definitive management; operative repair
usually takes place within a week of injury. The phys-
ician should also consider trapezium dislocation
when evaluating patients with acute thumb pain.
Although reduction may be achieved in the ED, this
rare injury often requires K wire fixation for defini-
tive treatment.82

Pure dislocations of the 1st MP joint are usually
dorsal, resulting from forcible hyperextension. A simple
dislocation is reducible by closed means, while a com-
plex dislocation requires open reduction. This distinc-
tion can be made by careful inspection: with a simple
dislocation the phalanx rests atop the metacarpal head
in ~90� of hyperextension; a complex dislocation is
associated with a skin dimple on the volar aspect of
the thenar eminence and the proximal phalanx lies in
only slight hyperextension83. Specialist consultation in
the ED is required for treatment of complex disloca-
tions. It is important to note that a simple dislocation can
be converted into a complex dislocation with an improper
reduction maneuver. The application of traction may
cause entrapment of the volar plate, rendering the dis-
location irreducible. Reduction is properly performed
by hyperextending the proximal phalanx on the meta-
carpal, flexing the IP joint and pushing the dorsal base
of the proximal phalanx back into place. Wrist flexion
during this maneuver relaxes the flexor tendons, facili-
tating reduction. Following successful reduction, the
collateral ligaments should be assessed for stability;
evidence of complete rupture should prompt consult-
ation for definitive treatment. If stable, thumb spica
immobilization is applied and the patient is discharged
with orthopedic follow up.

Ulnar collateral ligament injuries (gamekeeper’s
or skier’s thumb) should be suspected when patients
present with pain at the thumb MCP joint but nega-
tive radiographs. This ligament is injured when a
valgus-extension force is applied to the thumb
resulting in partial or complete rupture of the UCL.
Integrity of the ligament is assessed through the
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application of valgus stress (radial deviation) to the
MP joint at neutral and at 30� of flexion, using the
other thumb for comparison.84 There are several
options to evaluate. Local anesthesia may be required
to allow for full examination. Another possibility is
that because laxity may be difficult to detect, if injury
is suspected, forego ED stress of joint and immobil-
ization in a thumb spica splint is appropriate. Repeat
evaluation can be done as an outpatient. Patients may
be discharged with appropriate follow up for defini-
tive treatment, which may be surgical in cases of
complete rupture (Figure 16.22).

Finger amputations are commonly seen in the ED.
Patients often present accompanied by the amputated
part. It is imperative that prehospital providers
attempt to gently decontaminate the fragment and
then place it in a sealed plastic bag. The bag may then
be floated on ice; however, the amputated part should
not come into direct contact with ice. A thorough
neurovascular examination should be performed.
Radiographs of the hand and the amputated part
should be performed to evaluate the viability of the
fragment. Intravenous antibiotics, typically a first
generation cephalosporin,1 and analgesics should be
administered and tetanus updated as needed while
radiographic studies are obtained. The critical ques-
tion to be addressed early in the management of this
injury is whether or not reimplantation will be
attempted, thus early involvement of the hand spe-
cialists is neccesary. The decision to attempt reattach-
ment is multifactorial. Injuries to the thumb almost
always lead to reattachment attempts, as does involve-
ment of the index finger (from the PIP distally) of the
dominant hand. While more proximal injuries are

arguably more important to reimplant, distal injuries
have better outcomes. Multiple amputations also
increase the likelihood of operative attempts, as does
amputations in children. The patient’s career also
impacts the decision to reattach. This decision may
be swayed by patients who have professions that rely
upon fine motor skills. Reattachment is most success-
ful when the repair is performed < 6 hours from the
time of injury; however, there are isolated reports of
success up to 24 hours after the amputation.85 Simple,
clean-cut amputations are more likely to be success-
fully reimplanted than those associated with crush
injuries. It is imperative that the decision to attempt
reimplantation be made as quickly as possible to maxi-
mize tissue viability.85 As rapidity of reimplantation
correlates with success, transfer to a reimplation
center as soon as possible is the best option. Once
there is a judgment that the patient is a possible
candidate, efforts should be made to rapidly trans-
port. All non-essential treatment, such as radiographs
for simple amputations or tetanus can be performed
at the receiving center if they will delay transport.

Pediatric considerations
The evaluation and treatment of pediatric fractures
are influenced by the presence of open physes. This is
particularly true in the case of periarticular fractures
that can result in growth arrest or articular incongru-
ity. Fracture lines are easily obscured in epiphyseal
cartilage, and fracture diagnosis may rely upon indir-
ect evidence of altered anatomy. When evaluating an
injured pediatric extremity, comparison radiographs
of the unaffected extremity are extremely useful, par-
ticularly in the case of periarticular fractures. In add-
ition, a radiographic reference detailing the age of
epiphyseal ossification for major joints is helpful.
Although many periarticular pediatric fractures require
anatomic reduction, diaphyseal fractures may tolerate
greater angulation than would be tolerated in adults,
due to the ability of pediatric bone to remodel with
growth.86,87 This is particularly true for fractures that
are close to the physis.

The Salter–Harris classification describes physeal
fractures (Figure 16.23). It discriminates between
fracture patterns that require surgical treatment
and carry a high risk of poor outcome vs. those that
may be treated non-operatively with little risk of
adverse sequelae. Type I and II fractures can often
be managed non-operatively; splinting is typically

Torn ulnar
collateral
ligament

Figure 16.22
Ulnar collateral
injury (Courtesy of
National Institutes
of Health National
Institute of Arthritis
and Musculoskeletal
and Skin Diseases
[NIH-NIAMS]).
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sufficient for upper extremity fractures. These injuries
do not usually result in growth disturbance. Type III
injuries require operative fixation when displaced;
accurate determination of displacement may require
CT evaluation. Type IV fractures almost universally
require operative fixation; even so, limb length dis-
crepancies are common. Type V fractures are rela-
tively rare but carry a high likelihood of growth
disturbance. Treatment decisions regarding physeal
fractures are best made in consultation with ortho-
pedic surgeons and are based primarily on the size of
the fragment and the amount of displacement.

The pediatric population is particularly suscep-
tible to supracondylar humerus fractures. This injury
accounts for up to 80% of pediatric elbow fractures
and approximately 5% of all fractures in children.88

As with most upper extremity fractures, the common
mechanism of injury is the FOOSH, accounting for
98% of all supracondylar humeral fractures.89 Chil-
dren often present with the elbow flexed and the
extremity adducted. The injured child is unlikely to
use the affected extremity for any purpose, and resists
attempts to manipulate the elbow through a range of
motion. It is often difficult to locate a point of max-
imum tenderness. As with adults, antecubital ecchym-
osis is indicative of associated brachial artery injury
and should prompt the physician to consider angio-
graphic evaluation of the affected extremity even in
the presence of normal pulses. The neurovascular
examination is of paramount importance, as nerve
injuries are commonly associated with this fracture.
The radial nerve is most commonly injured, followed
closely by the anterior interosseous branch of the
median nerve.90 Patients with the former will present
with wrist drop and inability to abduct the thumb (the
“hitchhiker’s sign”). Patients with the latter injury are
unable to oppose the thumb and index finger (the “ok
sign”). Orthopedic consultation should be obtained
immediately for any child with a supracondylar
humerus fracture and a vascular deficit.

Children with significant pain or with a presumed
unstable injury should be splinted with the elbow in
45–90� flexion prior to obtaining radiographs. Fre-
quent (every 30–45 minutes) neurovascular checks
should be performed in order to identify an evolving
neurovascular injury due to progressive swelling;
compartment syndrome with permanent neurovascu-
lar deficit is a disastrous sequelae of this fracture.
Radiographic evaluation for this injury consists of
AP and lateral views of the elbow and forearm. Due
to the variable ossification of the elbow, contralateral
extremity films may be helpful for comparison in
unclear cases. The anterior humeral line is key in
diagnosing the supracondylar humeral fracture. On
the lateral radiograph, a line drawn down the anterior
cortex of the humerus should transsect the midpoint
of the capitellum. Any variation in this relationship
should heighten suspicion for a supracondylar frac-
ture (Figure 16.24).

Supracondylar fractures that occur with an exten-
sion mechanism are classified according to the Gart-
land scheme.91 Type I injuries are non-displaced
while Type III fractures are completely displaced.
Type II injuries feature either posterior angulation
with the posterior cortex intact or malrotation of the
distal fragment. Flexion injuries are relatively rare
(~2% of all supracondylar fractures) and are classified
with a modification of Gartland’s scheme92: Type
I are non-displaced; Type II are in contact but angu-
lated or rotated; Type III are completely displaced.
These fractures are notoriously unstable and require
surgical treatment when displaced.

Treatment of supracondylar humerus fractures is
based upon fracture type and the presence of neuro-
vascular deficits. Non-displaced (Type I) fractures
are treated in a posterior splint with the elbow
flexed to 90� and arrangements made for orthopedic
follow up in 5–7 days. All other fractures require
orthopedic consultation in the ED; those with neu-
rovascular compromise require urgent consultation.

I II III IV V

Figure 16.23 The Salter–Harris
classification of growth plate injury. See
text for more details. (Courtesy of
National Institutes of Health National
Institute of Arthritis and Musculoskeletal
and Skin Diseases [NIH-NIAMS])
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An attempt at closed reduction of a displaced frac-
ture with neurovascular compromise can be carried
out by the emergency physician if orthopedic con-
sultation is delayed > 1 hour.90 Reduction for exten-
sion fractures is as detailed in the adult section. Type
II fractures may be reduced in the ED under appro-
priate sedation; stabilization of the reduction
requires splinting in 120� of elbow flexion. Failure
to flex the elbow to 120� is associated with a high
likelihood of loss of reduction; however, this position
increases the risk of Volkmann’s ischemia.93 There-
fore, Type II fractures are typically treated under
general anesthesia with closed reduction and percu-
taneous pinning to stabilize the fracture and allow
splinting in less elbow flexion. Type III fractures are
treated in the operating room with closed reduction
and percutaneous pinning; rarely, open reduction is
required for an irreducible fracture. All patients with
displaced fractures should be admitted for 24 hour
observation of the neurovascular status, with fre-
quent neurovascular checks during the admission
(Figure 16.25).

Isolated fractures of the lateral humeral condyle
are the second most common fracture in the pediatric
elbow and typically occur between 5 and 10 years of
age.94 In comparison to the supracondylar fracture,
this injury typically results from a fall on a supinated,
extended elbow. Presentation is similar to that for
supracondylar fractures, although swelling and ten-
derness may be relatively concentrated at the lateral

Figure 16.24 Anterior humeral line does not transect the
midpoint of the capitellum, raising the suspicion for a Type I
supracondylar fracture.

Potential supracondylar
fracture

Radiograph

Gartland 1

Splint
potential discharge

Urgent consultation
?OR or angio.
or reassess

Splint
admit

OR within 24 hours

Urgent consultation
reduction

OR within 24 hours

Gartland 2
Gartland 3

Normal Abnormal
Abnormal Normal Abnormal Normal

Figure 16.25 Algorithm for treatment
of supracondylar fracture. angio.,
angiography; OR, operating room.
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aspect of the elbow. Initial evaluation is the same as
for supracondylar fractures, and includes imaging
with standard AP and lateral radiographs. Internal
and external oblique views may enhance evaluation
of fracture displacement. Addition of the internal
oblique view, in particular, has been shown to alter
management of these fractures, prompting operative
treatment in a larger percentage of patients.95 Frac-
tures are classified historically according to Milch
(Table 16.5).96 Type I fractures extend through the
ossification center of the lateral condyle and exit the
joint at the radiocapitellar groove. Type II fractures
track through the physis, exiting the joint at the
trochlear notch, making the joint unstable; these frac-
tures may be associated with an elbow dislocation
(primarily posterior). Because of the high incidence
of complications, all patients with lateral condylar
fractures require orthopedic consultation.

Medial condyle fractures are rare, accounting for
< 2% of all pediatric elbow fractures.97 These injuries
occur from a direct blow on the apex of the elbow, or
with valgus stress to the elbow. Children present with
swelling and tenderness localized to the medial aspect of
the elbow and decreased range of motion because of

pain.This fracture shouldbedistinguished fromamedial
epicondyle fracture, described below. Standard AP and
lateral radiographs of the elbow should be sufficient to
make the diagnosis: a Thurston–Holland metaphyseal
fragment (i.e. a small separated bone fragment from the
growth plate) suggests a medial condylar fracture rather
than a medial epicondylar fracture (Table 16.6).97

Medial epicondyle fractures typically occur during
early adolescence; they represent about 10% of pedi-
atric elbow fractures.98 This injury results when a
valgus force is applied to an extended elbow; the
medial epicondyle is avulsed from the distal humerus
by the wrist flexors. Alternatively, forced flexion of
the forearm against an extended elbow can result in
medial epicondylar fracture. This injury may occur
along with posterolateral elbow dislocation; the
medial epicondylar fragment can become entrapped
within the joint following reduction of the disloca-
tion, and should be extracted surgically.98 Incidence
of this injury has increased significantly due to
increasing participation in youth baseball; the forces
associated with pitching are sufficient to produce this
apophyseal avulsion fracture. Neurovascular examin-
ation is particularly important with this fracture due
to a relatively high incidence of associated ulnar nerve
injury. The fracture is usually clearly delineated on
the AP radiograph; the lateral radiograph is useful in

Table 16.6 Medial condyle fracture classification

Type Description Treatment

Type I Impacted Elbow splinted in 90�

of flexion with neutral
rotation and early
orthopedic follow up
(3–5 days)

Type II Non-displaced
with intra-
articular
extension

Elbow splinted in 90�

of flexion with neutral
rotation and early
orthopedic follow up
(3–5 days)

Type III Displaced and
rotated

Orthopedic
consultation in the ED
for definitive
management
involving closed vs.
open reduction
and percutaneous
pinning

Table 16.5 Milch Classification by displacement lateral
condyle fracture

Stage Displacement Treatment

Stage I < 2 mm
displacement and
an intact articular
surface

Splinted with the
elbow flexed to
90� and the
forearm supinated.
Close follow up by
an orthopedic
surgeon is
mandatory
because the
incidence of late
displacement is
high

Stage II Disruption of the
articular surface and
rotation of the
condylar fragment

Closed reduction
and percutaneous
pinning to avoid late
loss of reduction

Stage III Complete
displacement and
rotation, and
associated with
elbow instability

Closed reduction
and percutaneous
pinning to avoid
late loss of
reduction
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determining whether the dislocated fragment is intra-
articular, as occurs following reduction of a concomi-
tant elbow dislocation. Non-displaced fractures may
be treated by placement of the elbow in a posterior
splint with the joint flexed to 90�. Motion is initiated
early to avoid stiffness; therefore orthopedic follow up
should be arranged in 5–7 days. Intra-articular dis-
placed fractures or those displaced > 5 mm should be
operatively reduced.98

The nursemaid’s elbow is commonly seen in the
pediatric population between the ages of 1–4 years;
however, it has been reported in both infants and
early adolescents. This injury involves a subluxation
of the radial head over the annular ligament. It typic-
ally occurs with traction on an extended elbow, often
in an attempt to pull a child from a situation of
potential danger. The injured child often presents
with the forearm pronated and the extremity hanging
at the side. The child is reluctant to use the extremity
for any purpose. There may be tenderness around the
elbow but this is usually difficult to localize, particu-
larly in younger children. Neurovascular deficits are
not expected. Radiographs are not necessary (they
typically show no evidence of displacement) unless
immediate reduction can not be obtained or the his-
tory is unclear or suggestive of other injuries. Reduc-
tion is usually easily achieved by supinating and
flexing the affected elbow, which is cupped in the
physician’s hand with the physician’s thumb over
the patient’s radial head. An alternate method uses
hyperpronation and extension. In most cases a snap-
ping sensation is palpable and audible with reduction.
Pain is typically completely relieved over the ensuing
5–10 minutes and full motion and use of the extremity
return. Children may be discharged without immobil-
ization after instructing the parents regarding the
mechanism of injury and the possibility of home treat-
ment if the subluxation recurs. There should be no
long-term effects on the patients; however, they are
more likely to have a recurrent nursemaid’s elbow.

The radial head ossifies late in adolescence. For
this reason, radial head fractures are rare in children.
However, the radial neck is susceptible to fractures
from indirect trauma, particularly the FOOSH mech-
anism; these injuries can also occur concomitant with
elbow dislocations. Radial neck fractures occur at an
average age of 10 years and typically result from a fall
on an outstreteched, supinated hand.99 The majority
of these fractures are through the relatively weak
region of metaphyseal bone; Salter–Harris fractures

are less common. Angulation of < 30� with minimal
translocation can be treated in a posterior splint,
followed by early motion as pain decreases.99 Dis-
placed fractures are reduced under general anesthesia,
with open reduction usually required in fractures with
> 60� of angulation or significant translocation.100

Attempts at closed reduction are usually not
attempted due to the presence of open physes and
the high likelihood of fracture to these structures
during reduction attempts.

Forearm fractures account for approximately 5%
of all pediatric fractures,101 most in the distal third. As
in adults, the majority of forearm fractures result
from FOOSH. Patients often present with pain at
the fracture site; crepitus and obvious deformity are
variable findings. Range of motion should be assessed
in all joints of the affected extremity. The neurovas-
cular examination is important. Abrasions or lacer-
ations may be indicative of an open fracture,
necessitating further treatment. Standard AP and lat-
eral radiographs should include the surrounding
joints as dissipation of forces may result in injuries
in these areas as well. Reduction is performed based
upon the displacement visible on plain radiographs.
In general, the extremity is either pronated or supin-
ated to correlate with the direction of angulation (i.e.,
extremities with apex volar fragments should be
supinated for reduction and those with apex dorsal
fractures should be pronated for reduction).
Following adequate analgesia and sedation, gentle
longitudinal traction is applied to correct shortening
and a simultaneous force is applied to the distal frag-
ment in a direction opposite to the displacement.
Once reduction is achieved, the extremity is placed
in a long arm splint with the elbow flexed to 90�and in
neutral rotation. Post-reduction radiographs in the
AP and lateral projection should be obtained to
ensure adequate reduction in all planes. Surgical
reduction is typically reserved for open fractures,
those associated with compartment syndrome or
other significant soft tissue injuries and those with
multiple fractures.

Distal radius fractures are common in the pediat-
ric population; the distal radial metaphysis is the most
commonly fractured pediatric bone.102 Metaphyseal
fractures may be incomplete and non-displaced,
termed “buckle,” or “torus” fracture. The hallmark
of the buckle fracture is disruption of one cortex while
the opposite side remains intact. Treatment para-
digms for this injury have recently changed. Although
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these fractures have traditionally been immobilized for
3 weeks in a short arm cast, multiple prospective stud-
ies have shown quicker return to normal activity and
normal range ofmotion after treatment in a removable
short arm splint, with no difference in pain levels or
radiographic healing. Based on several studies, dis-
charge in a removable splint is appropriate. “Green-
stick” fractures occur when one cortex fails under
tension, as compared to compression with a torus
fracture. Any volar angulation and dorsal angulation
> 10� should be corrected.103 Reduction is typically
carried out under sedation as hematoma blocks are
difficult to perform due to the presence of an intact
dorsal cortex. Immobilization in a sugar-tong or long
arm splint to prevent rotation, with orthopedic follow
up in 3–5 days is appropriate. Completely displaced
fractures typically overlap in “bayonet apposition” due
to muscle pull. These fractures require a hematoma
block and sedation or general anesthesia 104 for muscle
relaxation to allow hyperextension at the fracture site,
allowing for apposition of fracture ends, followed by
correction of angulation, and application of a sugar-
tong or long arm cast or splint.

The distal radial physis is the most commonly
injured physis in the body.103 Most are Salter–Harris
II fractures, and most occur from a fall on a dorsi-
flexed wrist. These fractures are usually associated
with a fracture of the distal ulnar metaphysis or an
avulsion of the ulnar styloid. Median nerve injury
may occur with significantly displaced physeal frac-
tures.105 Non-displaced fractures are immobilized in a
short arm splint. Displaced fractures are reduced with
longitudinal traction and gentle reversal of the angu-
lation, under adequate sedation in order to minimize
injury to the physis. The fracture is immobilized in a
long-arm or sugar-tong splint; a cast is placed in 2–3
weeks. Recent evidence suggests that a sugar-tong
splint provides adequate immobilization in pediatric
distal radius fractures, with excellent maintenance of
reduction, obviating the need for long arm splinting
in these patients.106

In summary, any pediatric patient who sustains an
injury to the area of the physis and has persistent
tenderness and/or swelling but negative radiographs
should be presumed to have a Salter–Harris I fracture
and placed in a splint. Children with injuries to the
lower extremity should be made non-weightbearing
as practical. Orthopedic follow up is essential to
arrange the subsequent imaging required to make a
definitive diagnosis.

Emergency physicians can treat the vast majority
of upper extremity trauma in adults and children.
However, this should be carefully orchestrated with
the orthopedists for optimal results. It is important to
adequately and fully examine the extremity, be famil-
iar with common radiographic presentations, and
demand expeditious consultation in the ED for those
injuries that require operative management or imme-
diate orthopedic specialists.
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17
The injured patient

Lower extremity orthopedic trauma

Moira Davenport and Tamara A. Scerpella

Introduction
Due to the length of the lower extremity and the
significant forces to which the limb is subjected during
weight bearing, fractures and dislocations are relatively
common. Care of the lower extremity fracture in the
emergency department (ED) is directed at diagnosis,
hemorrhage, and pain control, splinting when appro-
priate, and decision making regarding inpatient treat-
ment (usually operative) or outpatient referral.

Prehospital care
Prehospital care of the extremity injured patient
requires basic trauma resuscitation followed by stabil-
ization of the injured extremity. A variety of splinting
devices are available to Emergency Medical Services
(EMS) providers. However, depending on the circum-
stances surrounding the injury, the use of formal
equipment is not always practical; improvisation is
common. Patients often arrive in the ED with extrem-
ity injuries stabilized with pillows and tape in addition
to prefabricated splints. It is not generally recom-
mended that prehospital providers attempt reduction.
Indications for prehospital reduction of fractures
include vascular compromise (i.e., cold pulseless
extremity distal to fracture site) or potential for or
actual hemodynamic compromise such as would be
seen with a mid-shaft femur fracture. If an open
fracture is identified in the field, the wound should
be covered with gauze soaked in sterile saline.

Initial evaluation in the emergency
department
Upon arrival in the ED a rapid neurovascular examin-
ation is performed. Analgesics are administered as
soon as practical in order to maximize patient comfort

and allow for an adequate physical examination. Field
immobilization may be temporarily taken down for
the examination and reapplied during the radiograph
process. Radiographs are best taken with the splint off;
however, this is not always practical. The presence
of a neurovascular deficit requires an expeditious
attempt at reduction even prior to radiographs. In
the case of an open fracture, the wound should be
covered with gauze soaked in sterile saline. While
dilute povidone iodine (0.1%–1.0%) is sometimes used
and has proponents, generally undiluted povidone
iodine (10%) should not be used because of its propen-
sity to cause tissue toxicity. Antibiotics should be
administered, preferably a first-generation cephalo-
sporin with an aminoglycoside added for wounds that
are > 1–2 cm in size. Penicillin should be added as
prophylaxis againstClostridium in the case of barnyard
injuries or gross contamination.1–3 The patient’s teta-
nus status should be updated as needed.

Box 17.1 Essentials of the initial evaluation

� Full evaluation of the patient is performed to
avoid missing important injuries.

� Analgesics are provided early to allow for patient
comfort and full evaluation.

� Radiographs should be performed with splinting
taken down (if practical and safe).

� Reductions of obvious dislocations may be per-
formed prior to radiographs with neurovascular
deficits or potential for conversion to open
fracture.

Hip fractures
Although the hip joint is the articulation formed by the
acetabulum and the femoral head, the term “hip frac-
ture” typically refers only to fractures involving the

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. # Cambridge University Press 2011.
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proximal femur. The proximal femur is comprised of
the femoral head, the femoral neck, the intertrochan-
teric region (including greater and lesser trochanters),
and the subtrochanteric region (Figure 17.1a).

Blood supply to the proximal femur is from the
deep femoral artery (profunda branch) that arises
from the femoral artery and subsequently divides to
form the medial and lateral circumflex arteries. These
circumflex branches wrap around the neck of the
femur and are the primary arterial supply for the
femoral head and neck. The integrity of these arteries
figures prominently in the treatment algorithm for
hip fractures. Smaller perforating arteries (arising
from the profunda branch) provide the vascular
supply to the subtrochanteric region of the femur
and the femoral shaft (Figure 17.1b).

Innervation to the femur is provided via branches
of the lumbar plexus.

Hip fractures are increasingly common in the
United States. Current estimates put the annual inci-
dence at 330 000 fractures per year with a marked
increase anticipated as the baby boomer generation
ages.4 Although women now sustain fractures at a rate
of 3 : 1 relative to men, this ratio is expected to equalize
by the year 2025.5 Several risk factors are associated

with hip fracture. Increasing age produces increased
risk, largely due to decreasing bone density. Cortico-
steroid use decreases bone density, thus increasing
fracture risk. Intermittent doses of > 30 mg of pred-
nisone, with a cumulative dose> 5 g, increases the risk
of hip fracture 3.13-fold. Married individuals are less
likely to sustain hip fractures than those who are
unmarried. Data regarding the financial status of the
patient and the neighborhood in which the patient
lives have not been conclusive.6

The vast majority of hip fractures occur in the
elderly; in the younger population these injuries are
the result of high-energy trauma such as a fall from a
height or a motor vehicle crash. Elderly patients pre-
sent to the ED noting hip pain after a fall; between 90
and 95% of hip fractures are due to this mechanism.4

The intermittent use of corticosteroids also increase a
patient’s risk of fracture following a relatively minor
fall.7 The emergency physician should attempt to
determine if the fall was strictly mechanical or if it
was the result of a cardiac or neurologic event. It is
particularly important to identify these potential
comorbidities, as hip fracture alone increases mortal-
ity by 20% in women and 40% in men in the 2 years
following fracture.6,8,9
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Figure 17.1 (a) Anterior view of the femur. (Courtesy of F. Gaillard, MD.) (b) Arterial supply to the proximal femur. (From Melloni J,
Dox I, Melloni H, Melloni B. Attorney’s Reference on Human Anatomy. Cambridge: Cambridge University Press, 2008.)
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Imaging of a suspected hip fracture includes an
anteroposterior (AP) pelvis radiograph, allowing
assessment of the general condition of the hip joints
and providing a standard against which to compare
the injured side. Improper technique for this film may
result in missed fractures. Ideal positioning requires
5–10� of internal rotation of the legs; prominence of
the lesser trochanter indicates slight external rotation.
Inadequate films must be repeated. A dedicated AP
view of the injured hip may provide additional detail,
and should be obtained. A cross-table lateral radio-
graph completes the evaluation, providing imaging in
a second plane. This image is preferred to a frog leg
lateral view, which requires difficult, painful position-
ing and risks fracture displacement. Patients with the
presumptive clinical diagnosis of hip fracture, but
negative radiographs, should undergo further diag-
nostic imaging. Magnetic resonance imaging (MRI)
is the preferred modality, particularly in those older
than 70 years.10 A computed tomography (CT) scan
with narrow cuts may be performed if MRI is not
available; however, the small amount of evidence to
date suggests that if negative, it is not fully possible to
exclude hip fracture.10–12 When concomitant frac-
tures are present, particularly those that require exter-
nal fixation in order to achieve hemodynamic
stability, a CT scan is the preferred modality if cir-
cumstances allow. Orthopedic surgery consultation
should be obtained when the fracture is confirmed
on radiograph, or earlier in the examination process if
neurovascular deficits are identified.

Patients with displaced femoral neck fractures
typically present with the extremity shortened and
externally rotated. Depending upon the age of the
injury, ecchymoses may be present at the anatomic
area that contacted the ground; this is more likely if
the patient is on warfarin or another blood-thinning
medication. If neurovascular deficits are detected on
initial examination, immediate reduction should be
performed through the application of gentle down-
ward traction in line with the long axis of the leg. The
leg must be internally rotated to recreate the normal
lie of the lower extremity, using the unaffected
extremity as a measure of reduction. A pillow is
placed between the legs and taped in place to function
as a splint and maintain reduction while awaiting
radiograph confirmation. If the neurologic exam is
unremarkable, the leg should be splinted where it lies
with pillows placed beside the leg to minimize further
movement. Avoid range of motion or manipulation of

the hip that may further injure the vascular supply to
the femoral head. Radiographs are obtained for con-
firmation of the injury.

Fractures of the femoral neck may be described
based on anatomic location of the injury. Subcapital
fractures occur adjacent to the femoral head, trans-
cervical fractures are through the midportion of the
femoral neck and basilar neck fractures are adjacent
to the intertrochanteric region (Figure 17.2).

Fractures may also be described according to the
Garden Classification (Table 17.1).

All femoral neck fractures require orthopedic con-
sultation; the vast majority undergo operative treat-
ment.13 Avascular necrosis (AVN) is a complication
of these intracapsular fractures; the incidence is
related to age, degree of displacement, level of the
fracture (subcapital > basilar neck), interval from
injury to surgery, and other factors.14 Non-displaced
fractures are typically treated with internal fixation, as
are displaced fractures in most patients < 70 years
of age; fixation is performed on an urgent basis to
lessen the likelihood of AVN.15 Displaced fractures,

Intracapsular

1. Femoral head (capital)

3. Intertrochanteric
4. Subtrochanteric

2. Femoral neck (subcapital)

Joint capsule

1.

2.

3.

4.

Extracapsular

Figure 17.2 Illustration of anatomic types of hip fractures. (From
Mandavia D, Newton E, Demetriades D. Colour Atlas of Emergency
Trauma. Cambridge: Cambridge University Press, 2003.)

Table 17.1 Garden Classification for hip fractures

Type Description

I Incomplete or impacted

II Complete but without displacement

II Partially displaced

IV Completely displaced
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particularly Garden IV fractures in the elderly or the
infirm, may be treated with hemi-arthroplasty (i.e.,
replacement of the femoral head with an artificial
prothesis). Patients with significant pre-existing
degenerative joint disease may, alternatively, be
treated with primary total hip arthroplasty (THA)
(replacement of the femoral head and the
acetabulum.). Basilar neck fractures are physiologic-
ally akin to intertrochanteric fractures, and are treated
as such (Figure 17.3).

Patients who sustain intertrochanteric fractures
are typically a decade older than those who sustain
femoral neck fractures; they are common in elderly
women, probably because of a higher incidence of
osteoporosis. The limb presents in a position of
extreme shortening and external rotation (greater
than that seen with femoral neck fractures). Fractures
are typically classified as listed in Table 17.2.

When the main fracture line is at or below the
level of the lesser trochanter, the fracture is classified
as subtrochanteric. Except in the case of non- or
minimally displaced one-part fractures, these frac-
tures require reduction and fixation (Figure 17.4).

Box 17.2 Essentials of hip fractures

� Risk factors associated with hip fracture include
elderly age, corticosteroid use, and unmarried
individuals.

� The vast majority of hip fractures in the elderly
are due to a fall.

� Basic imaging of a suspected hip fracture
includes an AP pelvis radiograph, a dedicated
AP view of the injured, and a cross-table lateral
radiograph of the hip.

� A negative radiograph series in a patient with
a high clinical suspicion (e.g., severe pain, inabil-
ity to ambulate) should prompt further imaging.

Figure 17.3 Avascular necrosis of femoral head.

Table 17.2 Intertrochanteric fracture description

Part Description

1 part Avulsion of the greater or lesser trochanter

2 part Fracture line through the intertrochanteric
region separating the head–neck fragment
from the shaft fragment

3 part Intertrochanteric fracture line and fracture of
either greater or lesser trochanter

4 part Intertrochanteric fracture line and fracture of
both greater and lesser trochanters

Figure 17.4 Left subtrochanteric hip fracture.
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� MRI is the preferred modality for occult fractures,
particularly in those > 70 years.

� Hip fractures may be femoral head fractures,
femoral neck fractures, the trochanteric fractures,
or subtrochanteric fractures, with multiple
subclassifications.

� The majority require an operative procedure.

Hip dislocation
Hip dislocations occur as the result of high-velocity
trauma (motor vehicle accidents or falls from a
height) or lower-velocity trauma associated with
sporting injuries. Dislocations are classified based on
the final position of the femoral head relative to the
acetabulum: anterior, posterior, or central. Each has a
characteristic presentation (Table 17.3). Native (non-
prosthetic) hip dislocations are true orthopedic emer-
gencies due to the tenuous nature of the blood supply
to the femoral head. Prosthetic hip dislocations are
common. They are typically the result of improper
positioning of the leg, and may involve little actual
force or trauma.

Patients with hip dislocations usually present with
severe pain. Range of motion is markedly limited by
anatomic distortion and pain; an alert patient resists
any attempts at leg movement. A thorough neurovas-
cular examination should be performed, and rapid
reduction attempted in the face of any deficit. Sciatic
nerve injury is most common, occurring in 10–15% of
posterior dislocations. Anterior dislocations place the
femoral artery or vein at risk. An AP pelvis and a cross-
table lateral radiograph of the hip should be obtained
as soon as possible. Comparison of the involved hip to
the normal hip allows detection of subtle dislocations.
In cases of multiple trauma, particularly when an ipsi-
lateral femur fracture is present, hip dislocation may
not be obvious on clinical examination. A high index
of suspicion, and examination of the joint above and
below the site of injury, will help identify a hip disloca-
tion in these cases. Reduction is performed as soon
as possible after the completion of radiographs. Pro-
longed dislocation increases the risk of avascular
necrosis that occurs from disruption of the blood
supply to the femoral head. In addition, prolonged
dislocation significantly increases the extent of muscle
spasm, further complicating reduction.

Closed reduction is usually possible in the ED
using procedural sedation. Once reduction is
achieved, the leg is splinted with the hip in neutral

Table 17.3 Types of hip dislocation

Dislocation Mechanism Presentation

Anterior Occur when the
hip is flexed and
externally rotated

The degree of
external rotation
dictates the
ultimate lie of the
femoral head:
antero-inferiorly
in the obturator
foramen or
antero-superiorly
over the pubic
ramus. An
antero-inferior
dislocation results
in a limb position
of flexion,
abduction, and
external rotation.
Patients with an
antero-superior
dislocation
present with
shortening and
severe external
rotation of the
limb, similar to
the presentation
of a femoral neck
fracture

Posterior A posteriorly
directed force
applied to a flexed
knee (“dashboard
injury”) associated
with vehicular
trauma. Lower
energy injury
commonly occurs
when forces are
transmitted across
an extended knee
along the femoral
shaft with the hip
in a position of
flexion, adduction,
and internal
rotation

Present with the
affected
extremity
shortened and
internally rotated

Central Occur in
conjunction with
acetabular fracture,
and result in

The significant
forces required to
produce this
injury may result
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position; this can be done with a formal splint or
with a pillow taped between the legs (with the hips
extended). A post-reduction neurovascular examin-
ation is performed, and radiographs are obtained to
confirm reduction. Anteroposterior pelvis, cross-
table lateral, and Judet views (45� internal/external
rotation) are obtained to confirm reduction and
evaluate for associated fracture. If fracture is sus-
pected, or a reduction cannot be obtained, a CT scan
provides further diagnostic assistance. Patients with
uncomplicated dislocations can be discharged with
instructions for non-weightbearing ambulation and
orthopedic follow up. Orthopedic consultation in the
ED is required for cases with neurovascular involve-
ment, where closed reduction is not successful, or in
the event of associated fracture. In such cases, open
reduction may be necessary to remove interposed
soft tissue or bony fragments and/or to perform
internal fixation.

Posterior dislocations account for 90% of all hip
dislocations. Closed reduction is facilitated by place-
ment of the stretcher mattress on the floor, maximiz-
ing physician positioning and safety. An assistant
stabilizes the patient’s pelvis while the physician per-
forming the reduction provides gentle traction in line
with the long axis of the femur. Steady traction may
be required to overcome muscle spasm. After the
femoral head has been disengaged from behind the
acetabulum, gentle flexion of the hip, with continued
traction, allows relocation of the femoral head. Slight
internal and external rotation may also assist with
femoral head relocation (Figure 17.5).

Anterior hip dislocations: An anterior dislocation
is reduced in a similar fashion to that described above
for posterior dislocation. Longitudinal traction to
overcome muscle spasm, accentuation of the deform-
ity to disengage the femoral head and repositioning of
the limb usually result in a successful reduction.

Central dislocations: Closed reduction of a central
dislocation is not recommended in the ED, as signifi-
cant vascular injury is usually present, necessitating
angiographic or operative intervention. Orthopedic
and general or trauma surgery consultation must be
obtained immediately to manage the dislocation and
any concomitant pelvic ring injuries.

Dislocation of a prosthetic hip may occur from a
low-energy fall or with simple position change, such as
flexion and adduction associated with crossing of the
legs in a seated position. Anterior dislocations are
much less common than posterior. Both types of dis-
location are usually reducible with procedural sed-
ation; although general anesthesia may be necessary
if the dislocation time is prolonged. Reduction man-
euvers are similar as for native dislocations. Irredu-
cible dislocations are typically due to displacement of
the plastic acetabular liner; these require open reduc-
tion. Most patients can be discharged from the ED
following reduction of the prosthetic hip, with instruc-
tions for positioning precautions and orthopaedic
follow up. A markedly unstable prosthetic hip requires
admission of the patient for surgical revision.

Subtrochanteric and midshaft femur fractures
typically result from significant blunt force injury,
and are most commonly the result of vehicular
trauma or a fall from a height. Femur fractures have
also been reported following prolonged athletic activ-
ity, particularly marathon running.16 Patients with
femur fractures present with significant pain at the
site of the fracture and variable amounts of edema,
ecchymosis, crepitance, spasm, and deformity. Dis-
placed or comminuted fractures can result in signifi-
cant blood loss into the thigh. Patients with a
neurovascular deficit or with signs of hypovolemic

Figure 17.5 Posterior hip dislocation.

Table 17.3 (cont.)

Dislocation Mechanism Presentation

intrapelvic
dislocation of the
femoral head

in concomitant
life-threatening
intra-abdominal
injuries. Leg is
shortened. Other
findings depend
on penetration
into pelvis
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shock are treated with immediate reduction of the
fracture, utilizing manual traction, a Hare® traction
splint, or external fixation. Initial radiographic evalu-
ation includes AP and lateral views of the femur.
Given the significant trauma required to produce a
femur fracture, both pelvic and knee series should be
obtained to rule out injury to these joints. Orthopedic
consultation is obtained in the ED, as definitive fix-
ation is performed on a semi-urgent basis for isolated
fractures in stable patients, and on an urgent basis in
the multiply injured or hemodynamically unstable
patient.

Knee injuries
The distal femur, proximal tibia, and patella comprise
the knee joint; it is subdivided into three compart-
ments: the medial (medial femoral condyle-medial
tibial plateau articulation); lateral (lateral femoral
condyle-lateral tibial plateau articulation), and patel-
lofemoral compartments. Four ligaments stabilize the
tibio-femoral articulation. The anterior and posterior
cruciate ligaments (ACL and PCL) prevent anterior
and posterior displacement of the tibia on the femur,

respectively, while the medial and lateral collateral
ligaments (MCL and LCL) prevent valgus and varus
angulation, respectively. The posterolateral corner of
the knee contributes to varus and rotatory stability of
the knee; it is commonly injured in conjunction with
ACL and/or PCL tears. This complex region is com-
prised of three distinct tissue layers; the important
deep layer includes the popliteus, the popliteofibular
ligament, the LCL, the arcuate ligament and the pos-
terolateral capsule. The patellofemoral joint is stabil-
ized by the medial and lateral retinaculum and by the
medial patellofemoral ligament. The medial and lat-
eral menisci are “C”-shaped cartilaginous structures
that lie within the tibio-femoral articulation and pro-
vide stability, and shock absorption. The popliteal
artery and tibial nerve are tethered to the distal femur
by the adductor magnus muscle, predisposing them
to injury (Figure 17.6).

Patients who have sustained trauma to the kneemay
present with joint pain, effusion or hemarthrosis, and
decreased range of motion. A careful history, elucidat-
ing the mechanism, may help predict type and extent of
injury. Key historical points include the position of the
knee at the time of injury and the direction of force(s)
applied (i.e., varus force or force to themedial side of the
knee or valgus force, or force to the lateral aspect of the
knee). Further considerations include the ability to bear
weight, the presence of locking or giving way, and the
history of prior knee injury.

Knee injuries are frequently associated with effu-
sions, which may limit range of motion; small effu-
sions limit flexion, while larger effusions limit both
flexion and extension. Arthrocentesis may be con-
sidered in cases of large effusions that produce sig-
nificant pain and limit the examination. Because
effusions may result from the accumulation of syno-
vial fluid, inflammatory cells, or blood (hemarthro-
sis), aspiration is both diagnostic and therapeutic.
Hemarthroses occur most commonly with ACL tears,
patellar dislocations, extensormechanism (quadriceps/
patellar tendon) ruptures, and intra-articular fractures.
Visible deformity in the absence of crepitance is typ-
ically due to dislocation of the patella or the knee
(tibiofemoral joint). Where crepitance is noted on
examination, fracture must be suspected, and further
physical examination avoided until radiographs are
obtained. Initial radiographs include AP and lateral
views (Figure 17.7). Specialized views of the patella
(sunrise or Merchant’s view) may be helpful in cases
of patellofemoral injury.
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Figure 17.6 Anterior view of knee.
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Knee stability is assessed in all four planes; the
uninjured knee is used as a baseline, as there is con-
siderable variability in joint laxity between patients.
The Lachman test assesses anterior displacement of
the tibia in relation to the femur at 15–20� of knee
flexion; it is the most sensitive test for diagnosing
ACL injury (Figure 17.8). An ACL injury will lack a
definite stopping point, and seem “soft” compared to
the opposite extremity. Injury to the PCL is most
effectively detected using the posterior drawer test,
whereby a posterior force is applied to the proximal
tibia with the knee flexed to 90�, assessing posterior
translation of the tibia in relation to the femur (Figure
17.9). The external recurvatum test is used to identify
potential injury to the posterolateral corner of the
knee (Figure 17.10). This test is performed by lifting
the supine patient’s leg at the foot or ankle, allowing
the knee to fully extend and maintaining neutral
rotation at the hip.17 A varus deformity (bowleg
appearance) is indicative of posterolateral injury.
Because these injuries are commonly associated with
cruciate ligament injury; AP stability must be care-
fully evaluated. When concomitant cruciate and pos-
terolateral injury are identified, suspicion for a
spontaneously reduced knee dislocation must be high.
A careful neurovascular exam, to detect subtle injury,
is paramount. Evaluation should proceed as described
for knee dislocations.

Figure 17.7 Radiograph shows a tibial plateau fracture with
associated layered lipohemarthrosis.

Figure 17.8 Lachman test.
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Figure 17.9 Posterior drawer test.
Posterior force is applied to the proximal
tibia with the knee flexed to 90� .

Varus deformity with knee
hyperextension

Figure 17.10 External recurvatum test.
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If meniscal injury is suspected, a McMurray test is
performed. With the patient supine, the examiner lifts
the affected extremity off the stretcher, flexing the knee
to 90�. The examiner supports the flexed knee with one
hand, placing his or her thumb on the medial or lateral
joint line and the fingers on the other joint line. The
examiner’s other hand grasps the patient’s foot or ankle
and applies a rotational force across the knee. Simul-
taneous application of a varus or valgus force com-
presses the medial or lateral joint line, respectively,
catching a torn meniscal fragment between the tibia
and femur. This test is positive if a palpable or audible
pop occurs when the meniscus disengages from the
joint space as the knee is extended from the flexed
position. In many cases, recreation of the patient’s
symptoms occurs without a pop; although this is not
considered a true positive, it is a noteworthy finding
that is frequently indicative of a meniscus tear. This
maneuver may be difficult to tolerate in the acute

setting and is not helpful in the presence of concomi-
tant patellofemoral or multiple ligament injuries.

Patellar dislocation occurs following a direct
blow to the medial aspect of the patella or as the result
of a valgus or external rotation force applied to a
semi-flexed knee while the foot is fixed. Patients with
patellar dislocations present with the knee flexed and
the patella dislocated laterally. Some experts recom-
mend pre-reduction radiographs (AP, lateral, and
sunrise views) for medicolegal reasons to document
the absence of fracture prior to the reduction
attempt. There is no clear evidence that this is med-
icolegally necessary. Reduction is obtained by slowly
extending the knee while exerting a medially directed
force on the lateral aspect of the patella. Analgesia and
sedation may be required. Injection for local anal-
gesia is reasonable, however, it may interfere with
the interpretation of an MRI which is performed in
the following 1–2 weeks due to difficulty discerning
between physiologic and non-physiologic effusion.
A knee immobilizer is applied following reduction,
and post-reduction AP and lateral films are obtained
to ensure anatomic reduction and rule out fractures
associated with the reduction. The extensor mechan-
ism must be examined to determine its integrity; the
quadriceps and patellar tendons should be palpably
intact and the patient should be capable of full active
knee extension. Orthopedic consultation must be
obtained in the rare case where reduction is unsuccess-
ful or in the case of fracture–dislocation. Patients with
uncomplicated dislocations may be discharged from
the ED with analgesics, instructions for full-time use
of the knee immobilizer, and orthopedic follow up
within 1–2 weeks.

Patellar fracture usually results from a fall onto a
flexed knee, or from vehicular trauma (dashboard
injury). Patients present with a knee effusion and
ecchymosis. A palpable defect may be appreciated
when fragments are displaced. The neurovascular
examination is usually unremarkable. The examiner
must be cautioned not to interpret inability to per-
form a straight leg raise as a neurovascular deficit as it
is due to loss of continuity of the extensor mecha-
nism. Anteroposterior, lateral, and patellar radiographs
identify the fracture (Figure 17.11). Orthopedic con-
sultation should be obtained for patients with displaced
fractures or for those who are unable to perform a
straight leg raise; operative fixation may be required,
and is typically performed within 24–48 hours. All
other patients can be discharged from the ED with a

Box 17.4 Common knee tests for stability

Test Use

Lachman test Assesses anterior displacement of
the tibia in relation to the femur at
15–20� of knee flexion; it is the
most sensitive test for diagnosing
ACL injury.

McMurray test A rotational force is placed across
the flexed knee with concomitant
varus or valgus force. Assesses for
meniscal tear.

Varus and
valgus stress
test

These maneuvers are performed
with the knee unflexed and at 30�

of flexion. They assess the medial
and lateral collateral ligaments.
Instability at extension also
suggests cruciate instability.

Posterior
Drawer Test

A posterior force is applied to the
proximal tibia with the knee flexed
to 90�, assessing posterior
translation of the tibia in relation
to the femur to evaluate PCL
injury.

External
recurvatum test

The extended leg is lifted observed
for varus or valgus deformity.
A varus deformity is used to identify
potential injury to the
posterolateral corner of the knee.
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knee immobilizer, crutches, and orthopedic follow up
within 7–10 days of the injury.

Supracondylar and intercondylar fractures of the
distal femur generally are seen with two common
mechanisms: direct trauma to a flexed knee, often seen
in young adults (high energy) and from axial loading
in combination with rotational or varus/valgus force,
more common in the elderly (low energy). Fractures
are classified as extra-articular, unicondylar or bicon-
dylar with further subdivisions based upon degree of
comminution and plane of the fracture. Evaluation of
the extremity includes neurovascular examination.
Due to tethering of the popliteal artery ~10 cm prox-
imal to the joint at Hunter’s canal, vascular injury
must be suspected in association with a supracondylar
fracture. Examination of the soft tissues follows, with
particular attention paid to differentiating abrasions
and puncture wounds from open fractures. Initial
radiographs include AP and lateral views of the distal
femur, as well as the hip and knee (Figure 17.12).
Orthopedic consultation is optimal in the ED for

evaluation and formulation of a treatment plan;
displaced fractures require surgical stabilization.
Non-displaced or impacted fractures, fractures in
severely osteopenic bone (precluding stable fixation)
and fractures in patients with significant underlying
comorbidities, may be treated non-operatively in a
knee immobilizer with conversion to a fracture brace
when swelling has decreased.

Tibial plateau fractures may occur when varus
(medial) or valgus (lateral) forces are applied to the
knee. Low-energy injuries result from a minor fall,
while high energy injuries are the result of a major fall
or vehicular trauma. Patients with these injuries typ-
ically present with hemarthrosis and tenderness to
palpation over the affected joint line, as well as
ecchymosis and crepitance. Lateral plateau fractures
occur most frequently, however medial plateau and
bicondylar fractures are not uncommon. If the initial
AP and lateral radiographs are non-diagnostic but
suspicion is high for a plateau fracture, additional
imaging should be obtained. Internal and external
oblique films may identify the fracture. A cross-table

Figure 17.11 Displaced patellar fracture of knee.

Figure 17.12 Displaced supracondylar fracture of the femur.
(Courtesy of Mark Bernstein, MD.)
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lateral view, performed with the knee fully extended
(as compared to the traditional lateral in which the
knee is flexed 15�), may demonstrate a lipohemar-
throsis, (distinct layering of fat, blood, and synovial
fluid) pathognomonic of a tibial plateau fracture. It is
not uncommon to perform arthrocentesis on a trau-
matic knee effusion to relieve pressure and pain.
Occasionally the aspirate will contain blood and fat
globules. This should be considered diagnostic of a
periarticular fracture, most likely a tibial plateau.
Where possible, CT scanning with 1–2 mm windows
is the imaging modality of choice. The CT scan is also
crucial in formation of a treatment plan, as tibial
plateau fractures with > 2–3 mm of displacement
require operative treatment (Figures 17.13 and
17.14). Tibial plateau fractures may be associated with
collateral ligament injury on the side opposite the
fracture. Plateau fractures may also occur in conjunc-
tion with combined ligament injuries to the knee or
with knee dislocation, and care must be taken to rule
out these more serious injury combinations by gentle

examination of the collateral ligaments. Orthopedic
consultation should be obtained in the ED for deter-
mination of the treatment plan. Grossly unstable, or
open fractures may be stabilized with a spanning
external fixator, or treated with immediate internal
fixation. Most fractures are treated semi-electively,
with internal fixation several days post-injury, when
soft tissue swelling has decreased. Thus, patients with
relatively stable fracture patterns are often discharged
from the ED with a knee immobilizer or hinged knee
brace, crutches for non-weightbearing ambulation,
and orthopedic follow up in 5–7 days.

Tibial spine fractures are avulsion fractures that
occur when an axial load is applied to a slightly flexed
knee, the same mechanism that usually produces an
ACL tear. Radiographic findings may be subtle; signs
of ACL laxity and large hemarthrosis on physical
examination should heighten physician suspicion for
this injury. Truly non-displaced fractures (Type I)
may be treated with a knee immobilizer and ortho-
pedic follow up in 3–5 days. Hinged (Type II) or
displaced (Type III) fractures require orthopedic con-
sultation in the ED. The former may be reducible by
closed methods; if this fails, surgical reduction and
fixation are required. All Type III fractures require
surgical treatment (Figure 17.15).

Knee dislocation involves disruption of at least
three of the four major ligaments of the knee (ACL,
PCL, LCL, andMCL) and subsequent joint dislocation,
thus constituting a true orthopedic emergency.18 These
injuries may occur following high velocity trauma
(vehicular trauma or fall from a height) or sporting
injury. Less commonly, knee dislocation occurs in

Figure 17.14 Computed tomography (CT) of tibial plateau
fracture. (Courtesy of Mark Bernstein, MD.)

Figure 17.13 Depressed tibial plateau fracture that will require
operative treatment. (Courtesy of Mark Bernstein, MD.)
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an obese individual following minor trauma, such as
stepping off a curb.19 Knee dislocations are described
by the position of the tibia relative to the femur: anter-
ior, posterior, medial, lateral, and rotary. Posterior
dislocation is most common (Figure 17.16). A newer
classification system is based upon the associated

ligament injuries and fractures. This method is now
preferred, as spontaneously reduced knees are difficult
to classify with the former system.

Presentation includes severe pain, deformity (in
cases where the joint is still dislocated), marked laxity
(post-reduction), swelling, and ecchymosis. Although
a hemarthrosis is common with this injury, disrup-
tion of the joint capsule may allow dissipation of fluid
into the leg, preventing formation of a detectable
effusion. Similarly, capsular disruption often allows
spontaneous reduction of the dislocated knee, initially
masking the severity and extent of the patient’s injury.
Thus, in cases of marked laxity, the ED physician
must have a high index of suspicion that a dislocation
has occurred. Ligamentous examination may confirm
this suspicion. Failure to diagnose a knee dislocation
may be devastating, as vascular injury is seen in
approximately 20% of these injuries and may lead to
a compartment syndrome. Orthopedic consultation
should be obtained expeditiously as operative fixation
may be emergently indicated. While there is not abso-
lute standard, prudence would strongly suggest that
even low-energy trauma injuries should be admitted
for at least overnight observation.

Initial evaluation must include neurovascular
examination; deficits require immediate reduction of
a dislocated knee. In the absence of neurovascular
injury, AP and lateral radiographs are rapidly
obtained to assess for associated fractures. If unable
to obtain radiograph in a reasonable time frame, e.g.,
under 15 minutes, attempted reduction is reasonable.
The Segond fracture is a capsular avulsion of the
lateral tibial plateau; it is pathognomonic for ACL
disruption, and is frequently present with a knee

Figure 17.16 Posterior knee dislocation.

Type I Type II Type III
Figure 17.15 Classification of tibial
spine avulsion. (Courtesy of Mark
Bernstein, MD.)
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dislocation. Due to the associated capsular disruption,
most dislocations are easily reduced without proced-
ural sedation; analgesia or local anesthesia, i.e., joint
injection, may be warranted. This procedure should
be performed as quickly as feasible; dislocation time
> 6 hours significantly increases the likelihood of
neurovascular compromise. Reduction is accom-
plished through the application of gentle longitudinal
traction to the lower leg. Force is then applied at the
proximal tibia in the direction opposite of the disloca-
tion, while an assistant stabilizes the femur. Angular,
translational, and rotational displacements must all be
corrected for proper reduction. The reduced knee is
immobilized in a hinged knee brace locked at 15–20�

of flexion. If no hinged brace is available, a posterior
leg splint should be applied with the knee in 20 degrees
of flexion. Care should be taken to adequately pad the
bony prominences (especially at the proximal fibula).
On occasion, a button-hole deformity occurs, with the
medial femoral condyle protruding through the cap-
sule, locking the dislocation and necessitating open
reduction. This deformity is most commonly seen
with posterolateral dislocations.

Appropriate post-reduction evaluation of the dis-
located knee is crucial. The detection of vascular
injury is of paramount importance in preventing
morbidity from this injury. Popliteal artery injury is
identified in 9–40% of knee dislocations, and requires
immediate consultation with a vascular surgeon.20

Although in prior years angiography was performed
routinely following knee dislocation, this test is now
reserved for patients with absent pulses or an abnor-
mal ankle–brachial index (ABI).21 Multiple studies
have shown that patients with a normal neurovascular
examination immediately pre- and post-reduction
and an ABI > 0.9 do not require emergent angiog-
raphy.22 In fact, a pre-reduction ABI < 0.9 has been
shown to have a positive predictive value of 100% for
vascular injuries requiring surgical exploration and
repair. While no absolute consensus exists, the authors
recommend that patients with normal vascular exam-
inations should be admitted for at least 24 hours of
observation with frequent (every 2–3 hours) neurovas-
cular checks. Any change in the vascular exam is an
indication for immediate angiography.

Peroneal nerve injury is also associated with
approximately 25% of knee dislocations.20 This injury
produces sensory deficits over the lateral aspect of the
leg, dorsum of the foot, or first web space. Motor
deficits may include weakness of the extensor hallucis

longus, anterior tibialis, and peroneal tendons, pro-
ducing loss of great toe extension, foot drop, and
weakness of ankle eversion, respectively. Patients with
a suspected peroneal nerve injury should have the
foot splinted in 90� flexion at the ankle to reduce
stretch to the nerve and avoid contracture. Compart-
ment syndrome must also be considered in the ED
and throughout the period of observation. It is more
likely to occur in cases where dislocation time is
prolonged, or where there is complete capsular rup-
ture, resulting in extravasation of blood and synovial
fluid into the lower leg. If undetected, elevation of
compartment pressure will result in nerve and muscle
death.

Most orthopedic surgeons recommend a staged
repair and reconstruction of the ligamentous and
capsular injuries. Posterolateral ligament injuries are
usually repaired within 10–14 days of the injury,
typically in conjunction with PCL reconstruction.
Any ACL reconstruction can be delayed until the
effusion resolves and range of motion approaches
normal. In cases requiring vascular repair or those
with marked instability of the knee, an external fixa-
tor may be applied to provide immediate, temporary
stabilization.

Box 17.5 Essentials of knee dislocations

� Knee dislocation involves disruption of at least
three of the four major ligaments of the knee
(ACL, PCL, LCL, and MCL) and subsequent joint
dislocation.

� Hemarthrosis is common but disruption of the
joint capsule may allow dissipation of fluid into
the leg, preventing a detectable effusion. Capsu-
lar disruption often allows spontaneous reduc-
tion of the dislocated knee, masking the severity
of the patient’s injury.

� In cases of marked laxity, the ED physician must
have a high index of suspicion that a dislocation
has occurred. Ligamentous examination may
confirm this suspicion. Failure to diagnose a knee
dislocation may be devastating, as vascular injury
is seen in approximately 9%–40% of these.

� Popliteal artery injury is identified in 9%–40% of
knee dislocations, and requires immediate vascu-
lar surgical consultation.

� Angiography had been performed routinely
following knee dislocation in prior years, this
test is now reserved for patients with absent/
abnormal pulses or an abnormal ankle–brachial
index (ABI).
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Isolated ligament injuries: The MCL is the most
commonly injured knee ligament. Disruption typically
occurs when a valgus force is applied to the knee, either
by direct blow, or by indirect force such as valgus stress
on a planted foot. Greater force produces greater
injury, ranging from Grade I (stretch), to Grade II
(partial rupture), to Grade III (complete rupture).
Although Grade III injury typically includes a small
effusion, Grade I and II injuries may present without
effusion. Ecchymosis may be present over the dis-
rupted ligament as well as over the location where the
force was applied (coup–contracoup injuries). Range
of motion is minimally affected. Tenderness is present
at the site of ligament disruption, which may be within
the ligament or at the femoral or tibial insertions.
Assuming a normal neurovascular examination and
normal radiographs, patients may be safely discharged
in a hinged knee brace or knee immobilizer with
instructions for orthopedic follow up in 7–10 days.

Isolated LCL injuries are uncommon. The most
common mechanism for such an injury involves
manual application of a varus force to the knee as
may occur in a wrestling match. Usually, an LCL tear
is found in association with either ACL or PCL tear,
representing a multi-ligament injury. Posterolateral
soft tissue injury may occur in association with an
LCL tear.23 Care should be taken to examine for the
presence of these other ligamentous injuries, as the
combination is more serious and requires orthopedic
evaluation for consideration of surgical reconstruc-
tion. The patient can be safely discharged in a knee
immobilizer or hinged knee brace with crutches for
non-weight bearing ambulation and orthopedic
follow up in 7–10 days.

Anterior cruciate ligament tears occur most com-
monly during athletic participation, but may also result
from a misstep or jump. Patients frequently report
hearing or feeling a “pop” at the time of injury. A mild
tomoderate effusion typically develops over the first few
hours post-injury; ecchymosis is rare. Weightbearing
is often possible immediately after the injury, but
becomes more difficult as the effusion accumulates.
Patients with ACL tears may be safely discharged in a
hinged knee brace or knee immobilizer. If full range of
motion (ROM) (particularly extension) is blocked, a
displaced meniscal tear may be present and weight-
bearing must be avoided. It is particularly important
that patients with ACL tears receive orthopedic follow
up; early referral to physical therapy is required to
maximize range of motion, particularly extension,

before reconstruction is carried out. These patients
should be discharged with instructions to perform heel
props (i.e., place heel on rolled towel, when thigh is
elevated off surface, allow leg to relax) and basic quadri-
ceps contraction exercises to initiate this process.

Isolated PCL injuries are relatively rare. These occur
with hyperextension of the knee or following a fall on
the flexed knee. Because the PCL is extracapsular, these
injuries typically present without a knee effusion.
A careful examination must be made in order to rule
out other ligamentous injury, particularly posterolateral
corner injuries.24 Patients with PCL tears are usually
discharged from the ED in a hinged knee brace or knee
immobolizer, with orthopedic follow up in 7–10 days.

Patients with suspected posterolateral corner dis-
ruptions merit early orthopedic consultation. Recent
studies have demonstrated significantly reduced mor-
bidity and higher functioning when repair and recon-
struction of the posterolateral corner is performed
within 10 days. Thus, a heightened suspicion for this
injury will allow the diagnosis to be made and ortho-
pedic consultation to be sought in the ED. The exter-
nal recurvatum test can easily detect posterolateral
corner injuries. The patient should be supine on the
stretcher with both knees extended. The examiner lifts
both legs off the stretcher, holding the patient’s
extremities by the toes. If the affected extremity has
a varus deformity while it is being lifted, the examiner
should suspect posterolateral corner injury.

Table 17.4 summarizes the indications for knee
immobilization and hinged knee braces. These are
optimal uses. If a knee brace is unavailable, immobil-
ization may be used temporarily for all.

Lower leg fractures
The lower leg is composed of two bones, the tibia and
the fibula. The tibia articulates proximally with the
femoral condyles and distally with the talus, at the
tibial plafond, to form the ankle joint. The fibula

Table 17.4 Immobilization vs. hinged knee brace

Immobilization Hinged knee
brace

Non-displaced patellar fracture ACL/PCL injury

Patellar dislocation LCL/MCL injury

Non-displaced tibial plateau
fracture

Meniscal tear
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articulates proximally with the tibia at the proximal
tibio-fibular joint. Distally, the fibula forms the lateral
portion of the ankle joint, and articulates with the
distal tibia via the syndesmosis. The tibia and fibula
are connected along the length of their shafts via the
interosseous membrane and distally via the syndesmo-
tic ligaments. The tibia is the larger of the two bones
and is responsible for the majority of weightbearing
(80%). The fibula lies posterolateral to the tibia and is
much narrower than the tibia (Figure 17.17). Muscle
and neurovascular structures in the lower leg travel in
four fascial compartments; these compartments and
their key components are listed in Table 17.5.

The presentation of patients with lower leg fractures
is predicated on the mechanism of injury. Low-energy
twisting injuries typically result in spiral fractures; such
fractures may have little associated displacement, but
result in edema and ecchymosis at the fracture site.
Direct trauma results in discrete fracture lines; higher
velocity injuriesmay present with skin tenting and open
fracture. The physical exammust include an assessment
of soft tissue damage concentrating on open vs. closed,
and a careful neurovascular examination. This assess-
ment should be performed early in the evaluation, as
significant neurovascular disruption or extensive crush
injury may alter the treatment algorithm, necessitating
amputation rather than limb salvage. If no neurovascu-
lar deficits are detected, the affected leg may be splinted
for comfort while awaiting radiographs (AP and lateral
views). The presence of any neurovascular insult or
tenting of the skin should prompt expeditious attempts
at reduction prior to radiographs. With an assistant
stabilizing the leg proximal to the fracture, either at
the tibia or the knee, the physician applies longitudinal
traction to the distal extremity, correcting angular and
rotational deformities.

Tibialis
anterior m.

Tibialis
posterior m.

Soleus m.

Fibula

Gastrocnemius m.
Triceps surae m.

Tibia

Figure 17.17 Musculature of lower extremity. (From Melloni J,
Dox I, Melloni H, Melloni B. Attorney’s Reference on Human Anatomy.
Cambridge: Cambridge University Press, 2008.)

Table 17.5 Compartments of the lower extremity

Compartment Components Function

Anterior Tibialis
anterior
muscle

Foot dorsiflexion

Extensor
hallicus longus

Toe dorsiflexion

Anterior tibial
artery

Sensation to the
first web space

Deep peroneal
nerve

Lateral Peroneus
longus

Foot eversion

Peroneus
brevis

Sensation to the
dorsum of the foot
(lateral aspect)

Superficial
peroneal
nerve

Superficial
posterior

Gastrocnemius Foot plantar flexion

Plantaris Sensation to the
lateral heel

Soleus

Sural nerve

Deep posterior Tibialis
posterior

Toe plantar flexion

Flexor hallicus
longus

Sensation to
plantar surface of
foot

Tibial nerve
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Orthopedic consultation should be obtained for all
tibial fracture patients; the consult should be prompt
when an open fracture or neurovascular injury is pre-
sent. Open fractures have high infection rates and
require operative debridement and washout before
definitive fixation is performed.25,26 These fractures
may be stabilized intra-operatively by internal or
external fixation, depending upon fracture pattern
and degree of contamination. Early stabilization is
paramount in themanagement of neurovascular injur-
ies; operative treatment may include exploration of the
neurovascular bundle. Vascular injuries producing
ischemia require revascularization within 6 hours,
necessitating rapid evaluation and progression
through the ED. Closed fractures with significant dis-
placement are also typically managed with operative
fixation. Non-displaced fractures are treated with cast
immobilization, while minimally displaced fractures
may be managed via open or closed means.

Increasing compartment pressures may occur in
association with tibia fracture, particularly those with
significant fracture displacement or associated crush
injury. This entity presents a true emergency. Fascial
compartments in the lower leg cannot accommodate
expanding volume due to bleeding or swelling.
Increased pressure within the fascial compartment
results; neurologic and muscular damage occurs rap-
idly. A high index of suspicion is key to the prevention
of this potentially devastating sequelae of tibia frac-
ture. Increasing pain, or pain greater than expected
for the injury, is the first sign of compartment syn-
drome in an alert patient. Pain with passive movement
of the toes should prompt further testing for elevated
compartment pressures. Other signs of compartment
syndrome include tense compartments, pallor, par-
esthesias, and pulselessness. By the time these findings
develop, pressures are significantly elevated, and, when
untreated, permanent neurologic and muscular
damage occur. An even higher index of suspicion must
be maintained when a trauma patient is not alert; tense
compartments must be measured, and pre-emptive
fasciotomies are often performed at the time of opera-
tive fracture fixation. Measurement of compartment
pressure is performed with a manometer, and, when
elevated, fasciotomy is performed rapidly. A two-
incision technique is typically employed in order to
adequately decompress all four compartments of the
leg. The anterior and lateral compartments are typic-
ally released through a longitudinally oriented incision
starting at the midpoint of the lower leg and located

2–3 cm anterior to the body of the fibula while the two
posterior compartments (deep and superficial) should
be decompressed using a longitudinal incision in the
midportion of the lower leg starting 2–3 cm postero-
medial to the medial aspect of the tibia. Fracture
stabilization, typically with an external fixator, is per-
formed simultaneous with compartment release.

Pilon fractures are intra-articular distal tibia frac-
tures that occur as a result of axial loading and high
velocity trauma. Fractures occur when the talus abuts
the tibia; The fracture pattern depends on foot position
at the time of axial loading. A plantar flexed foot results
in a posterior shear fragment while a dorsiflexed foot
results in an anterior shear fragment. An axial load to a
neutral foot typically results in multiple fragments, usu-
ally in a T or Y formation. Approximately 80% of pilon
fractures have associated fibular fracture.27 Systemic
injury occurs in 30% of cases.27 A neurovascular and
soft tissue examination should be performed and imme-
diate reduction carried out in the case of neurovascular
compromise or tenting of the skin. A splint should be
applied prior to radiographic evaluation. Radiographs
of the tibia/fibula and ankle should be obtained. CT
scanning with three-dimensional reconstruction is fre-
quently used to delineate fracture lines, displacement,
impaction, and to assist in operative planning. Multiple
classifications schemes are used by orthopedic surgeons
to define these fractures; the AO system is most widely
used. Orthopedic consultation should be obtained
expeditiously in cases of suspected pilon fracture.
Definitive operative management may be delayed based
upon the extent of soft tissue damage; external fixation
may be required for temporary stabilization.

The fibula is fractured more easily and frequently
than the tibia. Isolated proximal fibular fractures
may be treated with a simple elastic bandage or, with
a knee immobilizer if associated with significant pain
and swelling. These patients may weightbear as toler-
ated, and should follow up with an orthopedic sur-
geon 2–3 weeks later.

Midshaft fibular fractures occur less frequently
than those at extremes of the bone but are treated
similarly to the proximal injury. Distal fibular frac-
tures are discussed with ankle injuries.

Ankle injuries
The bony composition of the ankle joint includes the
talus and distal portions of both tibia and fibula. The
ankle joint moves only in plantar flexion and
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dorsiflexion; the subtalar joint (the articulation of the
talus with the calcaneus) is responsible for inversion
and eversion of the heel. The geometry of the talus
makes the ankle particularly unstable as plantar
flexion increases; the majority of injuries to the joint
occur in this position. Joint stability is enhanced by
soft tissue structures:

� Lateral ligamentous complex

� (anterior talofibular (ATFL)
� calcaneofibular (CFL)
� posterior talofibular (PTFL) ligaments)

� Medial ligamentous complex

� deltoid ligament (superficial and deep
portions),

� Syndesmotic complex

� anterior and posterior inferior tibiofibular
ligaments

� distal interosseous membrane.

Ankle sprains are among the most common injur-
ies seen in the ED. The degree of injury depends on the
position of the foot at the time of injury and both the
extent and direction of rotation applied. With normal
ambulation, the foot is slightly supinated or inverted
(lateral malleolus towards the ground, medial aspect
elevated) at heel strike, and progresses towards prona-
tion or eversion (medial malleolus towards the ground,
lateral malleolus elevated) as the foot approaches push
off. Forces applied to the supinated foot typically result
in injuries to the lateral ligamentous complex while
forces on the pronated foot result in disruption of the
deltoid ligament. Patients who have sustained an ankle
sprain present with varying degrees of edema and
ecchymosis. This is most common over the lateral
malleolus. Range of motion is usually limited by pain.
Neurovascular injuries are rare but a thorough exam-
ination should be performed. Tenderness is present
directly over the injured structure; therefore, tender-
ness in atypical locations should raise suspicion for
other injury. Fifth metatarsal fractures, talus fractures,
and fractures of the anterior process of the calcaneus
can all masquerade as ankle sprains.

Radiographs are obtained in many cases. How-
ever, the Ottawa Foot and Ankle Rules were designed
to decrease the number of radiographs taken in the
ED without missing any clinically significant frac-
tures. Radiographs of the acutely injured ankle and

foot are not needed if the patient could walk 4 steps at
the scene of injury and again in the ED and if the
distal 6 cm of both medial and lateral malleolus, the
base of the 5th metatarsal, and the navicular are non-
tender. If radiographs are indicated, a standard series
should include AP, lateral, and mortise views. Ultra-
sound (using a high-frequency transducer) can also
be used to detect periarticular fractures and to evalu-
ate the lateral ankle ligaments, particularly the ATFL
and the CFL.28 The ATFL stability is clinically
assessed via the anterior drawer: the examiner stabil-
izes the tibia with one hand while applying an anter-
iorly directed force to the calcaneus with the foot in a
neutral position. The CFL stability is assessed with the
talar tilt test: the examiner stabilizes the tibia with one
hand while attempting to supinate the neutrally pos-
itioned foot. The lack of a definitive end-point on
either maneuver, or increased excursion in compari-
son to the contralateral side, should heighten phys-
ician suspicion for ligamentous disruption and
prompt orthopedic follow up within a week in order
to expedite referral to physical therapy and limit long-
term instability. The routine use of stress X-rays is no
longer recommended as advanced imaging tech-
niques, MRI in particular, provides better detail of
soft tissue anatomy.29,30

Patients with ankle sprains should be discharged
from the ED with a commercially available splinting
device (if available) rather than with an elastic ban-
dage. The preformed splints provide better resolution
of edema while decreasing stress to the injured
ligaments through control of subtalar motion.31

A three-way plaster splint should be applied if there
is suspicion for complete ligamentous disruption. For
the preformed splints, crutches are not required but
may be dispensed as needed based on the patient’s
ability to ambulate. Range of motion exercises should
be started as soon as tolerated; alphabet and marble
exercises have been shown to accelerate the return of
normal proprioception. Alphabet exercises are per-
formed by placing the toes on the floor and then
tracing the letters of the alphabet without removing
the toes from the floor. Marble exercises are per-
formed by placing marbles on the floor and then
having the patient pick them up with his or her toes
and place the marbles in a container located medially
and then laterally to the foot.32 Orthopedic or pri-
mary care follow up should be arranged for all
patients, as formal physical therapy is often required
for rapid and full return to activity.33
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Subtalar dislocation The subtalar joint allows
inversion and eversion of the foot, and is most stable
in slight eversion. Subtalar dislocations typically
result from high-speed mechanisms, usually athletic
activity or motor vehicle collisions. Fractures of the
talus, calcaneus, or navicular may be associated with
subtalar dislocation. The direction of the dislocation
is described as the position of the calcaneus relative to
the talus; it may be medial, lateral, or anterior,
depending upon the injury-inducing force. Medial
dislocations are most common; they typically follow
an extreme inversion injury. Lateral dislocations are
most likely to be associated with significant
morbidity.

Patients present with significant pain and an obvi-
ous deformity of the foot. The presence of any neuro-
vascular deficit necessitates immediate reduction. If no
deficits are present, plain X-rays should be obtained to
evaluate for associated fractures (Figure 17.18). Reduc-
tion is performed under conscious sedation. The knee
is flexed and longitudinal traction is applied through
the hindfoot. Once the calcaneus is distracted, a gentle
force opposite to the direction of the dislocation is
applied to reduce the joint. Some dislocations are
irreducible due to soft tissue interposition, requiring

operative intervention for open reduction. Post-
reduction X-rays and CT scan should be performed
to confirm full reduction and to identify any fractures.
A short leg splint is applied (with conversion to short
leg cast once edema decreases) and the patient
is instructed to remain non-weightbearing for
3–4 weeks. Some orthopedic surgeons favor initiation
of range of motion therapy and protected weightbear-
ing at 4 weeks while others prefer a full 8 weeks of
immobilization. Current literature does not defini-
tively support either treatment protocol.

Peroneal tendon subluxation must be considered
in a patient who has sustained an inversion injury to
the foot. Patients with these injuries present with
tenderness along the course of the tendons and may
have weak eversion, depending on the extent of the
injury. To assess for subluxation, the physician places
a hand over the lateral malleolus and asks the patient
to evert the foot; the tendons can be appreciated
sliding anteriorly over the lateral malleolus if the
peroneal retinaculum is ruptured. Standard ankle
radiographs should be performed to evaluate for avul-
sion fractures. Ultrasound may also be used in the
diagnostic process. This modality allows dynamic
assessment of the soft tissue structures and may cap-
ture the actual tendon subluxation. Patients with
peroneal tendon subluxation should be placed in a
posterior splint or boot. Operative repair may be
necessary in some cases, based upon the size of the
retinacular defect; this determination is usually made
after failure of conservative treatment. Peroneal
tendon rupture may also occur with inversion injury.
Extreme pain with active eversion should arouse sus-
picion for this injury. However, this entity is often
diagnosed secondarily, via MRI scanning, when
recovery fails to progress as expected following inver-
sion injury.

Syndesmotic injuries occur with forced plantar
flexion of the foot; these injuries are also termed “high
ankle sprains.” Patients present with pain in the anter-
ior aspect of the ankle, tenderness over the syndes-
mosis, and pain at the anterior ankle with either the
squeeze test (compression of the tibia and fibula at
mid-calf ) or with external rotation of the foot. Radio-
graphs (AP, lateral, and mortise) are taken to rule out
fracture and to evaluate for widening of the syndes-
mosis or medial clear space. Widening of the medial
clear space or loss of the distal tib-fib overlap
indicates significant disruption of the syndesmosis
requiring operative fixation. Emergency care for

Figure 17.18 Talar dislocation.
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syndesmotic sprains without widening is similar to
that for traditional lateral ankle sprains, but “high
ankle sprains” typically require 6–8 weeks longer to
heal compared to the 4–6 week healing time usually
required for lateral ankle sprains.

When syndesmotic and deltoid ligament tender-
ness is combined, a Maisonneuve fracture must be
suspected. This constellation of injuries results when a
foot is subjected to excess pronation; forces are trans-
mitted along the intraosseous membrane from the
ankle to the proximal fibula. The presence of deltoid
and syndesmotic tenderness should prompt assessment
for proximal fibular tenderness and performance of
the squeeze test, providing presumptive evidence of a
Maisonneuve fracture. In the event of positive exam-
ination findings, standard tibia/fibula radiographs
should be obtained to visualize the length of the fibula.
The mortise view of the ankle radiograph series
may demonstrate widening of the medial clear space, a
classic sign of syndesmotic disruption. A stress view of
the ankle taken with the joint in dorsiflexion–external
rotation, or more commonly, an MRI, assesses deltoid
ligament integrity; a medial clear space of > 4 mm is

indicative of deltoid injury. All patients with syndes-
motic disruption, with or without associated fibular
fracture, should be seen by an orthopedist within 2–3
days, as operative fixation is necessary to restore normal
joint anatomy (Figure 17.19).

Ankle fractures result from the same basic mech-
anisms responsible for ligamentous injury. Fractures
have previously been termed “bimalleolar” and “tri-
malleolar.” Two other classification systems are con-
sidered more precise. The Danis–Weber system
describes all fractures about the ankle based on the
location of the fibular fracture (Table 17.6).34 The
Lauge–Hansen classification system describes injuries
based on mechanism (Table 17.7).34

Gradations of each pattern further describe the
associated injuries. Patients with ankle fractures
should undergo evaluation for associated neurovascu-
lar deficits and soft tissue injury. Immediate reduc-
tion should be performed in the face of neurovascular
injury or skin tenting. The latter signals impending
open injury or soft tissue compromise that can greatly
complicate post-operative management. After reduc-
tion is obtained, the extremity should be splinted while
awaiting post-reduction films. A posterior splint is
preferred in order to avoid translation of the talus in
the sagittal plane; combined use of a sugar-tong splint
will improve control in the coronal plane, especially in
a large patient. External fixation may be required
in some unstable injury patterns. Orthopedic

Figure 17.19 Syndesmotic and deltoid ligament injury with
associated fibula fracture.

Table 17.6 The Danis–Weber classification system

Type Location

A Distal to the syndesmosis

B At the level of the syndesmosis

C Proximal to the syndesmosis

Table 17.7 The Lauge–Hansen classification system. The
Lauge–Hansen classification describes fractures based upon the
mechanism of injury34

Mechanism Injury

Supination-
adduction (SAD)

Distal fibular fractures and medial
malleolar fractures

Supination-
eversion (SEM)

Fractures at the level of the
syndesmosis

Pronation-
eversion (PER)

Fractures proximal to the ankle
joint
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consultation must be obtained for all patients, as
operative fixation provides definitive management,
particularly where fracture displacement is pre-
sent.35,36 The one exception to this maxim is the min-
imally displaced Danis–Weber A injury, which can be
managed in the fashion of a lateral ankle sprain.

Foot injuries
The bony anatomy of the foot is complex, with over
20 bones contributing to its structure. The subtalar
joint, which provides heel inversion and eversion, is
formed by the articulation of the inferior surface of the
talus with the superior surface of the calcaneus. The
head of the talus articulates distally with the navicular
bone on the medial column of the foot, and the calca-
neus articulates distally with the cuboid bone within
the lateral column. The distal navicular bone articu-
lates with the medial, middle, and lateral cuneiforms;
the lateral cuneiform bone also articulates with the
cuboid bone. The tarso-metatarsal joints are formed
by the articulation of the proximal metatarsals with the
three cuneiforms and the cuboid bones. In order to
accommodate the range ofmotion the foot experiences
during the normal gait cycle, these joints are particu-
larly mobile. The most stable of these interfaces is the
Lisfranc joint, formed by the articulation of the middle
cuneiform bone with the second metatarsal bone and
reinforced by the plantar ligament.

Calcaneal fractures result from axial loading, usu-
ally after a fall from a height with the patient landing
on the feet. Edema, ecchymosis, and tenderness are
common; crepitance may be present depending on
the number of fracture fragments and the extent of
displacement. Routine foot radiographs (AP, lateral,
and oblique views) should be obtained after physical
examination. If a fracture is suspected by mechanism
and examination but radiographs reveal no obvious
fracture, calculation of Bohler’s angle may be product-
ive. This angle is assessed using the lateral radiograph;
it measures the height of the posterior facet of the
calcaneus. The angle formed by the intersection of a
line drawn from the highest point on the anterior
tuberosity to the highest point on the posterior facet,
with a line drawn from the latter to the highest point
on the posterior tuberosity should measure 20–40�.
Smaller angles are indicative of a compression fracture
and should prompt further imaging; comparison views
are useful in determining “normal” for each individual
(Figure 17.20). The Harris axial view is useful for

visualization of fractures in the sagittal plane. This
view is obtained by placing the plantar aspect of the
foot (and heel) on the radiograph cassette with the
ankle dorsiflexed approximately 10�; the radiograph
beam is angled ~45� to the cassette (Figure 17.21).
In cases of displaced fracture, CT scanning provides
further delineation of bony injury, assisting in decision
making for definitive management. The fractured cal-
caneus should be immobilized in a posterior AO splint
with extra padding and layers around the calcaneus.
Orthopedic consultation is warranted for all patients
with calcaneal fractures. The emergency physician
must perform a careful evaluation of the lumbosacral
spine, because concomitant lumbosacral spine frac-
tures are identified in 15% of patients with calcaneal
fractures.37 Evaluation should include AP, lateral, and
oblique films if lumbosacral pain or tenderness are
present or unable to be evaluated.

20–40°
normal

<20°
compressed

Bohler’s angle

Figure 17.20 Illustration of Bohler’s angle. This angle is seen on
the lateral view and is the angle between lines connecting the three
highest points of the calcaneus. (From Mandavia D, Newton E,
Demetriades D. Colour Atlas of Emergency Trauma. Cambridge:
Cambridge University Press, 2003.)
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Lisfranc injuries occur following application of an
axial load to a plantar flexed foot. Patients typically
present with pain across the entire forefoot, often
localized to the base of the second metatarsal. Ecchym-
osis and edema are common. After performance of
a neurovascular exam, standard foot radiographs
(AP, lateral, and oblique views) should be obtained
(Figure 17.22). Patients with an exam and history
concerning for Lisfranc disruption, but negative radio-
graphs, should undergo further imaging. A relatively
high index of suspicion must be present in order to
avoid missing this injury, as findings can be subtle and
poor results follow missed or delayed diagnosis. Stress
radiographs are obtained by anchoring the hindfoot
and applying pronation and supination forces to the
forefoot. This manipulation is particularly painful;
procedural sedation may be required. These views are
rarely performed as CT has obviated the need for these
studies. A CT scan with narrow cuts will delineate the
extent of injury, particularly when fracture–dislocation
is suspected. Lastly,MRI can be used to define partial vs.
complete ligamentous disruption. Patients with known
Lisfranc injuries should be immobilized in a posterior
AO splint while awaiting evaluation by an orthopedic
surgeon; it is recommended that the patient be evalu-
ated by an orthopedist at the time of injury based on the
instability associated with this injury pattern. Patients
must remain non-weightbearing because even partial
weightbearing can cause further displacement of frac-
ture fragments. Due to the significant instability associ-
ated with these injuries, the majority of cases require
operative fixation.

Fractures of the 5th metatarsal are particularly
common. The typical mechanism of injury is inver-
sion; three types of injury may result, each affecting
different portions of the metatarsal. All three injuries
present with pain at the base of the 5th metatarsal,
edema, and ecchymosis. Thus, radiograph examin-
ation (AP, lateral, and oblique views of the foot) is
necessary for definitive diagnosis (Figure 17.23).
Ottawa Ankle Rules, described above, apply to the
clinical examination of this region. A pseudo-Jones
fracture is a vertical fracture at the base of the
5th metatarsal (Figure 17.23b). Previously termed
“peroneal avulsion fracture,” controversy regarding
the true anatomic insertion of the peroneus brevis
tendon has caused this term to fall out of favor.
A Jones fracture is a horizontally oriented fracture at
the metaphyseal-diaphyseal junction (Figure 17.23a).
A diaphyseal stress fracture is a horizontally oriented

Figure 17.21 Harris axial radiograph.

Figure 17.22 Lisfranc injury. (Courtesy of Mark Bernstein, MD.)
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midshaft fracture that results from repetitive micro-
trauma. It is critical for the emergency physician to
identify the type of fracture as treatment varies.
Patients with pseudo-Jones fractures may be placed
in a hard-soled shoe and allowed to fully weight bear
in the protective device. In contrast, Jones fractures
have a high rate of non-union, often requiring internal
fixation. Many orthopedists advocate early surgical
treatment in active patients, as this decreases the com-
plication rate and speeds the return to normal activity.
Jones fractures can occur as acute injuries, or as com-
pletion of a stress fracture (pre-existing symptoms are
present in the latter cases). The presence of pre-
existing symptoms increases the indication for surgical
treatment, as closed treatment is less likely to be suc-
cessful. Patients with Jones fractures and diaphyseal
stress fractures may be placed in a posterior splint or
short leg cast and discharged from the ED. They
should be instructed to remain non-weightbearing
and orthopedic follow up should be arranged within
5–7 days for determination of definitive treatment.
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Chapter

18
The injured patient

Cutaneous injuries

E. Parker Hays, Jr. and D.Matthew Sullivan

Introduction
Lacerations, avulsions, bites, burns, and puncture
wounds are among the most common complaints in
US emergency departments (EDs). Approximately 12
million lacerations are treated in US EDs annually.1

Countless more wounds present in multiply injured
patients and are part of the overall management of
trauma. Practitioners can improve outcomes by
seeing each wound as an opportunity to alter the
course of wound healing toward the ideal and away
from complications. A wound’s end result is affected
by the mechanism of wounding, various host factors,
prehospital care and timing, management techniques,
and aftercare. The goal for the clinician is to create
optimal conditions in which the wound does its
healing.

Clinical anatomy and pathophysiology
The largest organ in the body, skin multitasks in
protection and structural integrity, heat exchange,
prevention of infection, and tactile interface with the
person’s environment.

While all layers of skin – epidermis, dermis, and
connective tissue – contribute to functional wound
healing, the relative contribution of any layer
changes over the course of healing. The dermis is
the thickest layer and provides structural integument,
carries vascular structures and the cutaneous nerves
(Figure 18.1). Its apposition in wound repair may
strongly influence the quality of the repair the most.

A predictable sequence of coagulation, hemo-
stasis, inflammation, tissue formation, and tissue
remodeling follows skin injury; the patient or clin-
ician may modify each of these steps.

The thickness, color, and height or degrees of
depression all influence the aesthetic outcome of a

scar. The thickness depends on the width of
the initial wound and the necessity of additional
granulation tissue to fill gaps (secondary intention).
Vascularity and pigmentation of the scar, compared
to surrounding tissue, determine color. The align-
ment and apposition of healing skin edges, the
tensile and shear forces across the wound, and the
amount of inflammation preceding the formation
of scar tissue may alter the scar’s height. Depressed
scars create shadowing that makes them appear
darker than the neighboring reflective surfaces, as
commonly demonstrated by normal age-associated
wrinkles (Figure 18.2).

Awareness of the factors in scar formation helps
in repair decisions and counseling patients in after-
care, particularly in patients prone to keloid forma-
tion. However, many steps of general wound
management remain the same.

Prehospital
Cutaneous injuries are subject to the environmental
conditions present at the time of the trauma, and thus
may be grossly contaminated, bleeding, or have
ongoing wounding in the case of some chemical
burns. Prehospital care should be directed toward
hemostasis, typically with direct pressure, and cover-
age with clean dressings to prevent further
contamination.

Emergency department evaluation
and management
Careful evaluation of the patient as a whole is critical
since a wound represents only the entry point of
injurious force. Certain questions should be
addressed: What is the mechanism of cutaneous
injury (shear, compression, abrasion, burn)? Can

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. # Cambridge University Press 2011.
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you document the functional status of the patient
before and after injury? What general characteristics
of the patient (host), or the wound, suggest higher or
lower risk of infection or poor healing? Concentration
on a wound to the exclusion of the full patient can be
a major misstep in managing a traumatized patient
with a cutaneous injury.

A consideration of host and wound factors helps
predict the overall risk of infection and the likelihood

of complications. An identically sized linear wound
on the scalp of a normal child carries much lower
risks for complications than on the shin of an elderly
person with diabetes and peripheral vascular disease.2

Host factors
Each patient is a unique environment for wound
healing due to age, various medical conditions, and
overall health. The skin changes with time, largely
related to thinning of the dermis. Hosts also have
varying degrees of vascular function, bony strength,
and immune disorders or medication effects.

Wound factors
Major wound factors are location including associ-
ation with other structures, contamination, and
timing to presentation. Further, patients have often
altered wound factors by attending to the injury
themselves. Placing a cut finger in the mouth, pres-
sure dressings, or hopeful neglect can theoretically
affect a wound’s prognosis (Table 18.1).

Foreign bodies
Any break in the skin’s barrier means a foreign body
could be introduced.

Epidermis

Hair follicle

Dermis

Adipose

Figure 18.1 Illustration of normal skin
layers. (From Mandavia D, Newton E,
Demetriades D. Colour Atlas of Emergency
Trauma. Cambridge: Cambridge University
Press, 2003.)

Figure 18.2 Skin tension lines or wound contraction make wounds
prone to depression of the edges. In this repair, meticulous suture
placement was needed to elevate the edges to better apposition.
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Common presentations include shattered glass in
a motor vehicle crash, organic material in wounds
during outdoor activities, and “puncture particles”
introduced through footwear. Foreign bodies increase
infection risk and may prevent healing.

Underlying structure injury
Skin can fail in its protective role if sufficiently
breached allowing underlying tendon, nerves, muscle,
bone, or other structures to be injured. Perform a
diligent assessment of the function of the structures
near a wound site.

Assess tendon function throughout a range of
motion. Ask the patient to estimate the position of a
body part at the time of injury, especially in hand
injuries. Range of motion may remain intact in
partial tendon injuries, potentially misleading the
practitioner. Pain or decreased range of motion
with movement of a tendon may be the best clues
to raise suspicion for a partial injury (Figure 18.3).
Nerves can be injured by the wounding mechanism
itself or by indiscriminate iatrogenic maneuvers.
Avoid clamping, blind probing, and unnecessary
debridement as all can worsen the trauma to adja-
cent nerves. Nerves run in close proximity to vas-
culature, especially in the hands and face, and
zealous attempts to control a bleeding vessel can
result in damage to the neighboring nerve. Injected
anesthetics also may injure nerves through pressure
necrosis in finite spaces, including a large nerve’s
own sheath. Injections into the olecranon groove or
foramina of the hard palate of the mouth are good
examples. Patients may report excessive pain with

intraneural needle placement. In general, good
measures to avoid nerve injury include following
aseptic technique to avoid infection, injecting near
nerves with some surrounding soft tissue rather
than a bony foramen, and using the lowest effective
anesthetic volume.

Muscles are highly vascular tissue and may be
involved in deep cutaneous wounds. A muscle is a
dynamic unit, and subsequent hematomas, scars, or
infection can result in dysfunction. Control bleeding
with direct pressure and avoid unnecessary debride-
ment. Muscle can usually be repaired by securing the
surrounding supportive structures (fascia, skin)
which place the cut surfaces of muscle in direct con-
tact. Muscle tissue should only be sutured directly
when this is insufficient.

Cutaneous injuries may be the only sign of an
underlying fracture, either because the skin was
injured and the force carried through to the bone,
or because the broken bone edges tore the skin from
within. Perform an evaluation of the bones in areas
with skin injury in the trauma patient.

Table 18.1 Factors affecting wound healing

Host factors Wound factors

Age Location

Diabetes Mechanism of injury

Peripheral vascular
disease

Age of wound

Other
immunocompromise

Degree and type of
contaminants

Tetanus status Involvement of underlying
structures

Latex allergy Foreign body risk

Figure 18.3 Although the visible laceration appears innocuous,
the underlying Achilles tendon proved transected by the Thompson
test and required operative repair. More subtle examples in the
hand, forearm, knee, and foot could be missed without an adequate
evaluation.
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Immunization status
With all cutaneous injuries where the potential exists
for contamination, ask about the patient’s immuniza-
tion status. Patients who have sustained dirty wounds
and who may have never received standard childhood
immunizations, should be given tetanus immuno-
globulin and tetanus vaccination. If the patient has
previously received a full series of immunizations
then tetanus toxoid booster is warranted based on
the time interval since last vaccination. For dirty
wounds (e.g., those that have a high suspicion for soil
contamination), use 5 years as the appropriate time
frame for updating their tetanus immunization. For
simple cutaneous injuries that are clean (e.g., bread
knife to the hand), then this to 10 years between each
tetanus toxoid boosters.

Treatment
Preparing the wound can be tantamount to or surpass
closure in importance in order to meet the goals of
reducing infection risk, minimizing underlying struc-
ture damage, and forming a functional and cosmetic-
ally acceptable scar. The properly prepared wound has
been anesthetized, decontaminated of large particles
or foreign bodies, minimized bacterial counts
through irrigation, and has edges amenable to opti-
mal repair if indicated.

Sterile gloves
Studies have shown that the use of sterile vs. non-
sterile boxed gloves in the routine wound may not
have a significant effect on infection rate.3 However,
infection is not the only factor to consider in choosing
gloves. For example, the quality of gloves packaged in
sterile format may be of a higher quality and sizable
fit compared to boxed non-sterile models. Avoid
powdered gloves due to their association with granu-
loma formation and be aware of possible latex allergy.
While fastidious attention to sterile technique may
still be indicated in managing some complex or
high-risk wounds, its universal use with routine
wounds may not be necessary.

Anesthesia
In general, anesthesia should precede significant
efforts at cleansing, irrigation, exploration, and
closure. In spite of long held dogma, lidocaine with
epinephrine can be safely used in most areas of the
body, includingmost hand wounds and digital blocks.4

Wound cleansing and irrigation
The goals of wound cleansing and irrigation are to:
(1) remove gross contaminants and particulate
matter; (2) reduce bacterial counts in the wound;
and (3) avoid impeding the host’s responses and nat-
ural defenses.

Ideal wound irrigation requires sufficient pressure
and volume while providing drainage and not expos-
ing the clinician to body fluids. If large particles are
present, perform gross decontamination prior to
pressure irrigation. Leaves, dirt, and other large con-
taminants may be removed with a water spray in the
sink or simply poking holes in the plastic top of a
saline bottle. Even in the context of the multiply
injured trauma patient, initial gross decontamination
and dressing application is indicated and may facili-
tate later management. Regardless of the method
used, at some point the pressure of the irrigating
stream should be sufficient to overcome the adhesive
forces of bacteria (around 5–12 psi) for most
wounds.5

This pressure can be produced with a 35 cc syr-
inge and a 19 g catheter or a commercial device with
an integrated splash cup. The volume of irrigant suf-
ficient to decontaminate wounds is unknown. How-
ever, since bacteria may be present in all sections of a
wound, expose all surfaces of a wound to the irrigat-
ing stream. In general, the composition of the fluid is
much less important than its mechanical action in
decontaminating a wound of bacteria.6

Wound edge preparation
Hair does not generally need removal and shaving has
been shown to increase infection rate. If directly and
substantially interfering with proper suture place-
ment, hair can be clipped near the wound edge with
scissors. A common scenario in trauma is a bleeding
scalp wound on a multiply injured patient who
requires further testing or intervention. These
wounds can be rapidly closed with a running suture,
achieving hemostasis.

In general, do not debride any more than is abso-
lutely necessary to remove clearly devitalized tissue.
The irregular, undulating wound may actually be
superior to the straight linear excised wound because
the wound’s natural skin marks, corners, and contours
demonstrate exactly how the wound should be
repaired. Further, longer surface area results in
better tensile strength across the healing wound. If
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debridement is necessary, use quality forceps and a
number 15 blade scalpel or a small iris scissors.

Aftercare
Compared to the emphasis placed on actively man-
aging the wound, aftercare sometimes receives little
attention and instruction. The aims of aftercare are to
optimize the chances of a wound healing without
infection and with a functional, aesthetically accept-
able scar. Generally established principles that pro-
mote wound healing include maintaining an
uncontaminated milieu, immobilization, and eleva-
tion to reduce edema.

Application of an antibiotic ointment is com-
monly recommended. At least one emergency medi-
cine study supports using an ointment, although it is
unclear whether the benefit is derived from the anti-
biotic itself or the petrolatum vehicle that promotes a
moist environment for epithelialization.7

Immobilize injured parts, at least until epitheliali-
zation occurs (usually about 24–36 hours), or longer
in wounds (i.e., until sutures are removed) subjected
to high tension (e.g., a laceration over the kneecap or
the wrist).

Patients often ask, “Will there be a scar?” Various
factors influence scar formation. Histologically,
reorganization of the reticular layers of the dermis
and epithelialization can result in different types of
scars. A “normal” scar is at first immature with some
itch, redness, and width, but matures to a light
colored, pliable, narrow scar. A hypertrophic scar
has raised, heaped-up cells, but remains within the
borders of the original wound. A keloid extends its
scar tissue beyond the margins of the initial wound,
and can become quite large. Any depression from the
surrounding plane of skin causes shadowing and
makes a scar more noticeable (Figure 18.4). Examine
the patient for prior scars, giving clues to how they
might heal their acute wound. Patients who have a
tendency to form hypertrophic or keloid scars should
be identified by the emergency practitioner and
informed of treatment options available to decrease
scarring. Pressure with paper taping and massage
over developing scars is simple and may be begun
soon after initial wound healing. Many other methods
have been studied, but the only treatments with
sufficient prospective data to support their use are
silicone gel sheets and intralesional corticosteroid
injections, although these are generally performed in

the outpatient setting.8 Other topical preparations
have been promoted to aesthetically improve scars.
Vitamin E cream is popular and is available over-the-
counter, yet no good study exists to show its effect-
iveness in acute lacerations and at least one study
showed a detrimental effect.9

Documentation
“If you saw it, did it, or said it – write it” guides
documentation. A description of the mechanism,
history, prehospital care, surrounding functions prior
to and after any medical maneuvers, steps taken to
reduce infection, evaluation for foreign bodies, and
closure of the wound are all important elements of
record keeping. Proper instructions given the patient
should include precautions for return, infection
signs, and explicit instructions for the short- and
long-term aftercare of the wound. Common signifi-
cant pitfalls in documentation are inadequately
addressing the search for a foreign body, omitting
irrigation or assessment of surrounding function, or
failure to describe the wound’s length and complexity
of repair.10

Since patients largely direct and conduct the after-
care of wounds themselves, they need a thorough list
of “if-thens.” The signs of infection (including
increased redness, pus from the wound, more swelling
than they think is appropriate, excessive pain), per-
sistent foreign body sensation, or any significant con-
cern about the wound should be reason to return to
the ED. While some EDs use a routine wound check
at 48 hours, for uncomplicated wounds in the

Figure 18.4 Eyebrow laceration.
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informed patient this is not necessary. Suture removal
times are also important as are avoiding direct sun-
light on the wound (usually by using sun block) for
about 6 months.

Preprinted sheets detailing expected occurrences
and instruction are useful, especially if they allow
custom information to be added about specific wounds.

Specific wound types
Lacerations
Lacerations are the sharp division of tissue with no or
minimal tissue loss. They may be linear, irregular,
jagged, stellate, oblique, or adjacent to an area of
abrasion. They may be so superficial as to only
involve some of the skin layers or deep enough to
have lacerated the underlying connective tissue,
fascia, muscle, or other structures.

In the setting of trauma, achieve hemostasis by
direct pressure. Ongoing blood loss must on occasion
be staunched by rapid closure, either with sutures or
staples. If possible, avoid staple closures adjacent to
areas that may require computed tomography (CT)
scanning (e.g., scalp wounds in the potentially brain-
injured patient) as they may cause scatter artifact and
make the scan difficult to interpret.

Some wounds may not warrant immediate
closure. A study of uncomplicated hand lacerations,
< 2 cm in length, showed that functional and cos-
metic outcomes were similar at 3 months whether the
wound was sutured on not.11 However, factors such
as returning to specific work tasks and functional
facility during the healing period were not measured.
Therefore, a cook with a lacerated hand might prefer
suture closure even if long-term outcome of the
wound is similar if not repaired.

Primary vs. delayed primary vs. secondary intention
Primary closure is the repair of wounds within the
initial day or two after injury. Most uncomplicated or
clean lacerations, including almost all on the head and
neck, can be closed primarily. Because of the myriad of
host and wound factors that portend risk, no definite
rules for parts of the body exist. A simple rationale
recommendation from one wound care text is that any
wound that, “. . . regardless of time from injury, can be
converted to a fresh-appearing, slightly bleeding, non-
devitalized wound, with no visible contamination or
debris after aggressive cleansing, irrigation, and
debridement, can be considered for primary closure.”12

Delayed primary closure may be appropriate for
contaminated wounds or compromised hosts when
repair is functionally or cosmetically desired (e.g., a
contaminated forearm wound on a person with
diabetes). After good wound preparation and irri-
gation, apply a sterile gauze packing dressing,
recheck as necessary in 1–2 days, and evaluate for
suture repair 4–5 days after injury There are no
definitive studies addressing whether antibiotics
are beneficial for delayed closure. However, many
of the same factors that prompt delayed closure
(bite wounds, immunocompromised host, gross
contamination, evidence of infection) may be indi-
cations for antibiotics at the initial evaluation and
should guide the clinical decision.

Secondary intention is the filling of gaps in skin
and tissue by coagulation, granulation, contraction,
and scar formation. The practitioner may rely on
secondary intention to heal wounds that do not have
sufficient skin remaining to repair or are deemed too
risky for primary or delayed primary repair.

Avulsions
Introduction
The loss of tissue in conjunction with the division of
skin is an avulsion. Avulsions present a variety of
challenges in their evaluation, preparation, and par-
ticularly their management to achieve adequate tissue
coverage or promotion of secondary intention
healing.

Box 18.1 Lacerations: essential points

� Different mechanisms on different hosts create
differing degrees of risk for complications.

� The goals of management are initial hemostasis
and decontamination, thorough assessment of
surrounding neurovascular and musculoskeletal
structures and their functioning, and repair of
tissue in a manner that minimizes complica-
tions and maximizes cosmetic and functional
outcome.

� Lacerations are the relatively sharp division of
skin tissue. They can be repaired using mechan-
ical closure methods (sutures, staples, adhesive)
by acute or delayed primary closure, or allowed
to heal by secondary intention depending on
underlying host and wound factors that modify
risks for infection.
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Clinical anatomy and pathophysiology
Avulsions often have greater degrees of devitalized
tissue, contamination, and underlying structural
injury than cutaneous lacerations. Relatively fastidi-
ous decontamination, evaluation of the surrounding
function, and wound repair techniques (if performed)
are indicated. Any area of the body may suffer avul-
sion injury, but common presentations involve facial
structures, including lip, ear, and nose, and fingertips,
toes, or extremity soft tissue.

Prehospital
If practical, avulsed tissue should be preserved and
brought to the hospital wrapped in saline-moistened
gauze in a plastic bag. Similar to amputations, the
tissue may be of use in the repair or coverage of the
wound even if it is not “reattached” per se.

Emergency department evaluation and management
Basic management must include achieving hemo-
stasis, removing contaminants and grossly devital-
ized tissue, and stabilization of viable but loosely
attached parts.

What can be saved? Should you debride? What struc-
tures must be covered up? –– The decision to under-
mine and close, rotate a flap, autologously graft, or let
heal by secondary intention is variable based on the
involved structures. In general, after the above basic
management, neurovascular structures, bone, and
cartilage need to be covered by soft tissue. If avulsed
tissue is not obviously devitalized or grossly

contaminated, and has been well preserved, it may
be used in the initial management. In some cases the
avulsed tissue, once replaced may remain viable, but
in others it serves as a “bandage” that maintains
anatomy and coverage until subsequent surgical man-
agement is performed. Most examples of this will be
when the avulsed tissue remains connected by a stalk
or thin section. If it can stay in place and allow some
wound granulation and contraction, it is reasonable
to leave attached in the repair.

Some areas simply cannot be closed adequately
with the available skin, even with undermining and
plastic advancement techniques, and are candidates
for subsequent skin grafting. Plastic surgery referral is
often warranted. Some body areas that are particu-
larly difficult to undermine and close include the shin,
scalp, knee, palm of the hand, and sole of the foot.

Common presentations
In the case of fingertip avulsions, using a rongeur instru-
ment to remove protuberant distal phalanx bone and
allow soft tissue coverage of the remaining bone is
necessary (Figure 18.5). Tendon insertion is on the
proximal surface of the distal phalanx and should be
avoided. Distal fingertip avulsionmay also be treated by
skin grafting or by rotational flaps. This is dependent on
both the injury and the patient’s desires and occupation.
A flap may preserve length, however, will prolong the
healing process. If this is desired, a hand surgeon is
generally consulted. Rongeuring the bone back with
primary coverage may be done by a hand surgeon or
by an emergency physician (Figure 18.6).

With ear avulsions, cartilage should not be removed
unless obviously devitalized. However, skin coverage of
cartilage is ideal. Subsequent reconstruction by plastic
surgery may utilize any saved cartilage (Figure 18.7).

Gaping extremity injuries, although daunting at
first, often merit an attempt at closure by undermin-
ing, tension-reducing suture techniques, and frequent
wound checks (Figure 18.8).

Documentation
Documentation of avulsions is similar to other
wounds with the exception that more of these patients
will require documentation of the need for frequent
rechecks or a referral plan with plastic surgery for
ongoing reconstruction. Digital photography is
increasingly being utilized to document before and
after repairs, however, if used in the ED, it should be
in conjunction with a departmental policy.

Figure 18.5 Exposed bone in the fingertip can be judiciously
trimmed to allow soft tissue coverage.
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Disposition and transfer
Avulsions that are stabilized and do not require emer-
gent consultation may be candidates for discharge if
appropriate in the context of the trauma patient.
Some avulsion wounds are managed as inpatients
surgically largely because other orthopedic or trau-
matic operative procedures are necessary and can be

done simultaneously. Wounds that have hemostasis,
have been appropriately decontaminated, and do not
have exposed bone or cartilage may be followed up in
24–36 hours.

Puncture wounds
Introduction
By their nature, puncture wounds are different than
lacerations in mechanism, risk, and prognosis.
Although extremely common, the available data on

Figure 18.6 Fingertip avulsion treated by roungeuring the bone
with primary coverage.

(a) (b)

Figure 18.7 (a) Ear avulsion laceration with loss of cartilage. (b) Ear avulsion after primary closure may require revision in the future
for improved cosmesis.

Box 18.2 Avulsions: essential points

� Avulsions result from the division of skin with a
loss of tissue and may pose higher risk of associ-
ated structure injury, dysfunction, infection, and
cosmetic deformity.

� Beyond the usual management goals, avulsion
repair involves achieving adequate tissue cover-
age, especially over underlying bone, tendon,
vasculature, and cartilage, and reducing the need
for subsequent grafting.

� They have a higher incidence of requiring spe-
cialized care.
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treatment and prognosis is retrospective and observa-
tional. One survey indicated that 44% of persons had
experienced a plantar puncture wound at some time
during their life but only half of these present for
care.13 The early condition of the injury may dictate
whether patients will present to the ED for evaluation:
some will present nearly 100% of the time (infected
puncture wounds) and others rarely present at all
(routine nail puncture of the foot). Unfortunately,
unlike other cutaneous injuries, there is a paucity of
literature to help guide emergency practitioners in
their evaluation, acute management, or risk stratifica-
tion of these wounds. Despite the lack of evidence-
based guidelines and the varying practice patterns that
exist for puncture wounds, almost every emergency

practitioner will encounter this entity and should be
well versed in the basics of management.

Clinical anatomy and pathophysiology
The pathophysiology relating to puncture wounds is
often substantially different than that of any other
types of cutaneous injury. In some cases, the disrup-
tion of the tissues and destruction of the underlying
structure is actually far less in puncture wounds than
it is in other wounds. Conversely, puncture wounds
seen in the hands and feet, where the bones, tendon
sheaths, and vessels are in close proximity to the skin,
may be more at risk by the mechanism of injury. In
addition, it has been assumed that puncture wounds
have a higher rate of infection than other wounds, but
the true incidence is not known. Mechanisms associ-
ated with puncture wounds often include the penetra-
tion of a sock and shoe by a nail or other object of
varying degree of contamination, and may include the
weight of the body coming down on the penetrating
object with significant force. All of these factors in
combination require a detailed examination and spe-
cialized approach to the puncture wound.

Prehospital
The prehospital management of puncture wounds is
similar to other cutaneous injury in that hemorrhage
control is of primary importance. The protection of
underlying neurovascular structures through the use
of splinting may be of benefit if a foreign body is in
place. If a foreign body is present, it should not be
extracted in the field.

Emergency department evaluation and management
Puncture wounds can be categorized as minor to
severe, but typically that categorization relates to the
amount of ongoing hemorrhage and blood loss sus-
tained at the time of injury. More commonly, non-
life-threatening puncture wounds should be categor-
ized as early presenters vs. late presenters.

As is the case with all wounds, early wound
cleansing should begin at the earliest possible time –
even as the encounter begins. Early dogma which
preached that high-pressure irrigation may “drive par-
ticles deeper” is unsubstantiated. As has been discussed
earlier, the evidence clearly points to better outcomes
with wound irrigation at the correct pressure and this
should not be ignored in the case of a puncture wound
even if the opening for irrigation is very small. Anesthe-
sia can be achieved locally, as in other types of cutaneous

Figure 18.8 Skin laceration of the shin. Even in this difficult area,
careful undermining and the use of tension-reducing suture
techniques allowed skin coverage without grafting.
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wounds, but may also be achieved with the use of
peripheral nerve blocks to ensure adequate analgesia
throughout the evaluation and wound irrigation.

Soaking the puncture wound has been a past treat-
ment in many EDs. Similar to irrigation in these
wounds, the benefits of soaking remain unproven. In
addition, if performed, there is controversy over
whether dilute povidone iodine should be used or if
saline is the best solution. There remains a trade off
between the anti-bacterial properties of povidone
iodine and the cytotoxic properties of the solution.
The one small ED study that compared soaking plantar
puncture wounds in 1% povidone iodine vs. no
soaking or saline soaking found that after 10 minutes,
saline-soaked wounds had a slight increase in bacterial
number, and the povidone-soaked wound had slightly
less bacteria than the untreated. The clinical signifi-
cance is unclear, but it is concerning that the saline
soaked wounds actually increased bacterial count. Fur-
thermore, many practitioners may not dilute the povi-
done appropriately. The beneficial effects proven with
irrigation suggest this may be a better method for the
decontamination of puncture wounds.

Assessing a puncture wound includes a detailed
understanding of the historical presentation. In add-
ition to significant host factors (Table 18.2), care
should be taken to fully understand the specific cir-
cumstances of the puncture: what location in the
body, was there overlying clothing, what protective
gear may have been in place, what implement caused
the puncture wound, the timing of the injury, and any
type of delay to presentation are all helpful compon-
ents of the history.

As with all wounds, evaluation of the underlying
structures and their function should be undertaken.
The vascular function should be evaluated and any
deficits in motor or sensory function should be docu-
mented. With damage to underlying arterial struc-
tures, bleeding may be fairly profuse and require
immediate intervention. In actuality, simple puncture
wounds bleed far less than other, larger cutaneous
injuries due to the limited opening of the injury itself.
The small aperture makes evaluation for foreign body
or underlying structure injury more difficult as well.
Ultimately, the practitioner must establish a pretest
probability for retained foreign body or “puncture
particles” that have been forced into the wound with
the injury. In an early presentation of a knife stab
wound to the bare arm, the pretest probability of a
retained foreign body may be extremely low, while
late presentation of an infected foot after a puncture
wound through a shoe should raise a very high suspi-
cion of a potentially retained foreign body.

Due to a higher than normal likelihood for foreign
material in these types of cutaneous injuries, dili-
gently search for foreign bodies at the onset of wound
evaluation. Any obvious foreign body should be
removed immediately unless a case can be made that
the puncture is near critical structures and the
offending foreign body might best be removed in
the operating room. If for any reason, there is concern
for an unrecognized retained foreign body then radio-
graphic exploration should be used. There is growing
literature to support the use of bedside ultrasonogra-
phy for the identification of embedded foreign bodies
and as this modality becomes more commonplace,
this entity will become an increasingly valuable tool.14

For those without bedside ultrasonography, plain
radiographs will reveal most foreign bodies including
wood, metal, plastics, glass, and some vegetative
matter. Radiographic testing should be guided by
the practitioner’s pretesting probability of a retained
foreign body as well as the location of the wound and
how much of the wound can be visually inspected at
the time of examination. For late presenters with
evidence of cellulitis or infection, radiographic
imaging should be undertaken in almost all cases. In
some cases, extension of the wound by incision to
allow for removal of the foreign body may be
required. However, removing large areas of tissue to
ensure that material is not embedded in the wound is
no longer common practice and may lead to further
destruction and disability; it should be discouraged.

Table 18.2 Concerns with early and late presentations with
puncture wounds

Early presenters Late presenters

Uncontrolled hemorrhage
or retained foreign body

Infectious symptoms

Concerns over tetanus
status or exposure to
blood-borne pathogens

Persistent foreign body
symptoms or concerns

Pain control Neurovascular
abnormality (e.g.,
persistent numbness)

Stab wounds or assault

Work mandated
evaluation
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Controversy remains regarding the value and
timing of antibiotic use with puncture wounds. There
have been no randomized trials using antibiotics for
puncture wounds.15 Trying to discern which wounds
are contaminated typically results in a high level of
intraobserver disagreement. Despite that it is only one
minor component of the spectrum of the disease, classic
teaching has been that puncture wounds occurring
through the sole of a tennis shoe carry a high risk of
Pseudomonas. This literature is unfortunately anecdotal
case-reporting paired with studies aimed at identifying
which bacteria grow in a tennis shoe. While these stud-
iesmaymake intuitive sense, their correlation to clinical
practice is unknown. Amore practical approach utilizes
the same categorization of wounds as described above.
Early presenters with puncture wounds should have
standard wound care, immobilization of the injured
structures, and a re-evaluation at 36–48 hours. Late
presenters, who already have an infection, should be
thoroughly re-examined for a nidus of infection and
treated with antibiotics. If antibiotics are required, it is
then appropriate to consider an antibiotic that covers
Pseudomonas in cases where the puncture wound
occurred through an athletic shoe.

Disposition and transfer
It is important to clearly explain the significant risks of
puncture wounds, provide accessible aftercare and
follow up, and make sure the patient understands fully
the importance. Nearly all routine puncture wounds are
typically discharged home with follow up. For those
patients where foreign body material is identified, and
despite best efforts, can’t be fully removed, prompt
surgical referral should be made within 24–48 hours.
Antibiotic use in these rare instances should be con-
sidered in consultation with your surgical referral. All
patients should be informed about the possibility for
infection and retained foreign body and that the wound
may heal with scar and some persistent discomfort.

Bites
Introduction
Almost half of all people will receive a mammalian bite
within their lifetime, although like puncture wounds,
the true incidence is unobtainable due to a substantial
number of pet owners managing their bite injuries at
home. Despite that, almost 5 million present for emer-
gency care each year; the spectrum of wounds seen
range from minor abrasions to fatal injuries. Children
are more commonly bitten than adults and the
younger the child, the more likely the injury will occur
in the head and neck region.16 Of wounds which pre-
sent for care, dog bites are most common and typically
result from a male dog who has been provoked.17

Clinical anatomy and pathophysiology
Bite wounds differ from more commonplace cuta-
neous injuries in that often these injuries are a
mixed presentation of laceration, puncture, and
avulsion type wounds. Regardless of the external
appearance, almost all of these wounds are crush
injuries. A large dog is able to exert a bite force of
about 450 pounds per square inch while animals
with smaller teeth injure with a pattern more con-
sistent with puncture wounds. Due to the flora of
the mammalian mouth, infection is a serious con-
sideration in all bite wounds.

Prehospital
Depending on the circumstances of the bite, the pre-
hospital care may require resuscitative efforts in the
manner ofmultisystem trauma. However, themajority
of bite wounds in patients over 5 years of age are
located on the extremities and should bemanaged with
prehospital analgesia, control of bleeding, immobility,
and, if circumstances permit, early wound cleansing.

Emergency department evaluation and management
Common presentations

Minor bite wounds are seen in every emergency set-
ting and are most often from domesticated animals,
frequently living in the same home as the patient, and

Box 18.3 Puncture wounds: essential points

� Only a fraction of puncture wounds present to
the emergency practitioner.

� The management of these injuries is limited and
variable secondary to the relatively small size of
the cutaneous opening and the paucity of litera-
ture to guide the management.

� Early presentations of simple punctures require
standard wound care and early follow up.

� There is no proven benefit for routine antibiotics.
� The late presentation of infected wounds should

raise suspicion for retained foreign body and may
require radiographic and wound exploration in
addition to antibiotic coverage.
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require similar management as any routine lacer-
ation. In addition to the standard historical wound
factors ask about the risk factors for infection and
rabies, type and breed of animal, who owns the
animal, what caused the bite (provoked vs. unpro-
voked), where the bite geographically occurred, the
vaccination and health record for both the patient and
the animal involved, and if law enforcement has
already been contacted. Some of these historical elem-
ents are required by state law to be reported by the
provider to animal control authorities, even in what
may be a common low-risk injury.

Initial evaluation

The initial evaluation of the bite injury is similar to
that of other wounds, but place emphasis on the
evaluation of the underlying structures and their
function due to the crush and tear mechanism
inherent in these wounds. Because of these forces,
bite wounds tend to be very painful and thus
prompt analgesia via local or peripheral nerve

blocks is in order. As with all other wounds,
prompt attention to irrigation is the best practice
(Figure 18.9).

Acute interventions

One major pitfall of focusing on the obvious external
wounds is not recognizing shock from ongoing hem-
orrhage or other life or limb threat. The principles of
trauma resuscitation should be followed and, if need
be, involve your surgical consultants earlier if the
need for operative intervention is likely. Control of
hemorrhage can be difficult if there are multiple,
deep, scattered wounds.

Secondary evaluation
Host factors and wound factors should continue to
guide the evaluation and risk stratification of each
bite wound as they do for the other types of cutaneous
wounds. Due to the crushing force that may have
been present, clinicians should have concerns that
underlying bones may have been injured.

(a) (b)

Figure 18.9 (a) Dog bite wound and (b) dog bite wound radiograph. Dogs can produce tremendous compressive force with their jaws.
This injury should be treated as an open fracture with thorough wound care, pressure irrigation, splinting, and antibiotic treatment.
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Additionally, smaller animals (gerbils, cats, etc.) may
have had teeth avulsed off into the wound. There
should be a clear reason when you do not perform
a radiograph. In general these wounds should be
X-rayed. Any suspicion for foreign body mandates
meticulous inspection of the wound. Crush injury
may manifest in neurovascular dysfunction and a
full neurovascular exam should be performed. Bites
that have occurred over joints may require intra-
operative inspection and irrigation if there is evi-
dence that the joint capsule has been violated with
a substantial contamination. Special consideration
should be given to anyone with a laceration just
proximal to the metacarpal phalangeal joint of the
hand as this is the characteristic “fight bite” injury of
the street pugilist and this wound carries a higher
than average likelihood of joint capsule inoculation,
extensor tendon injury, and often has a concomitant
underlying fracture.

Treatment
Rigorously apply the basic tenets of wound care to
bite wounds. Beyond this, bite wounds that present in
delayed fashion with evidence of cellulitis or under-
lying infection are typically infected with Staphyloc-
cous, Streptococcus, and Pasteurella and therefore
require antibiotic coverage for polymicrobial bacteria
(Table 18.3).18

However, there are additional considerations for
antibiotics for each presenting case. The literature
supports a clear delineation of those bites that pre-
sent to the ED between cat and dog bites, with a
much higher likelihood of cat bites resulting in infec-
tion compared to dog bites. Within the subset of dog
bites, multiple studies have not shown evidence that
antibiotic administration at the time of initial

presentation is beneficial in preventing the develop-
ment of infection. However, a meta-analysis of 8
prospective trials demonstrated a benefit (relative
risk [RR] 0.56) in the pooled data for dog bites in
antibiotics preventing infection.19 Additionally,
subset analysis in various trials have shown a trend
where bites to the hand ultimately developed less
infections if given antibiotics.20 The overall data sug-
gests that cat bites benefit from antibiotics and dog
bites may not as a whole, although some subsets
may. Bites from other animals are poorly studied.
This includes data relating to human bites where a
referral bias exists in that complicated human bites
more likely present for care (assaults) than the non-
complicated bite (child daycare).21 In the final rec-
ommendation, it is prudent to cover all but the most
superficial non-canine bites with antibiotics. Uncom-
plicated dog bites may be managed based on the
location of the wound. Hand bites are appropriate
to cover while other locations on the body likely do
not benefit from empiric antibiotic therapy.22 Early
treatment (within 3 hours from the time of the bite)
lowers the risk, and the ability to ensure close follow
up for serial re-examinations (24–36 hours) may
prompt a more conservative approach to giving anti-
biotics. For patients who present in delayed fashion
after a bite wound with signs of sepsis, Capnocyto-
phaga canimorsus is a cited cause of hemodynamic
collapse.23 Antibiotic administration should aim to
cover the various aerobic and anaerobic pathogens.
Most commonly, this can be achieved with amoxi-
cillin–clavulanate (Augmentin®). The combination of
cephalexin (Keflex®) and dicloxacillin is an effective,
low-cost alternative.

Closure of these wounds is often debated. If
appropriate wound care is instituted early, and the
risk–benefit related to infection and scar formation is
clearly outlined to the patient, then the primary
closure of non-puncture wounds is warranted –
particularly in cosmetically sensitive areas. Deep
wounds through multiple tissue planes or into deep
compartments may benefit from delayed primary
closure. Any additional steps that can be taken to
further risk for infection (reduce expedient irrigation,
avoiding unnecessary deep sutures) will help mitigate
the overall risk.

Finally, considering the high rate of extremity
bites, immobilization of the injury part assists in both
comfort and healing and should be considered in
every injury.

Table 18.3 Bite wound antimicrobials – options for therapy

Recommended therapy options

Amoxicillin–clavulanate

Second-generation cephalosporin

Penicillin plus first-generation cephalosporin

Penicillin plus dicloxacillin

Penicillin plus trimethoprim–sulfamethoxazole

Penicillin or cephalosporin-allergic patients

Clindamycin plus ciprofloxacin
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Documentation
The documentation of bite wounds often crosses into
the medicolegal realm and therefore, should be
descriptive and complete. Depending on state regula-
tions, documentation may be needed to be duplicated
for law enforcement (animal control), and sent to
enforcement agencies at the time of patient care.

Disposition and transfer
The majority of bite wounds encountered in the ED
are able to be managed as outpatients with close
follow up. Bite injuries should be re-evaluated in
24–36 hours to ensure that any infectious complica-
tions are noted and quickly managed. Bite injuries
that occur in patients with significant host factors
(e.g., immunocompromise, diabetes mellitus, asplenia)
and signs of local infection, those patients with signs
of systemic infection, and those patients who fail
outpatient antibiotic therapy should be admitted.
Patients who have life-threatening or cosmetic injur-
ies beyond the capabilities of the initial hospital of
presentation should be transferred to a tertiary facility
with the appropriate resources.

Superficial burns
Introduction
Burns represent a large spectrum of disease and
at times require specialized care and critical resu-
scitation. Superficial cutaneous thermal and chem-
ical burns account for almost half-a-million burns
seen in EDs annually.24 Although less common,

chemical burns may present for emergent care.
Understanding the presentation, treatment, and dis-
position of burns is part of trauma management and
emergency care.

Clinical anatomy and pathophysiology
Knowledge of the underlying structure of the skin is
the foundation for understanding the classifications
of burns (Figure 18.1). The most common superficial
burns are first-degree burns that are limited to the
most external portion of the skin – the epidermis.
Unless the injury is work related or associated with
another emergency presentation, these injuries rarely
present for emergency care and are self-limited and
can be managed at home (e.g., sunburn). However,
the second-degree burns that involve the dermal layer
are common presentations for emergency care. These
injuries are both work and home injuries and are
often subcategorized as superficial second-degree
burns (e.g., steam burns, scald burns) and deep
second-degree burns (e.g., grease burns, ember burns)
and involve the superficial layer and the deep layer of
the dermis, respectively. The characteristic blisters of
the second-degree burn help the clinician rapidly
recognize this entity (Figure 18.10). Deeper burns that
extend through both the epidermal and dermal layers
are categorized as third-degree burns and, if under-
lying structures of muscle, tendon, or bone are
involved, these most serious injuries are referred to
as fourth-degree burns. A further distinction can be
made based on the patient’s perception of the locally

Figure 18.10 Second-degree burn with blistering. In partial
thickness burns, the dermis is involved to varying degrees.
Superficial involvement of the dermis results in characteristic
blistering, often seen at the time of presentation to the emergency
department.

Box 18.4 Bite wounds: essential points

� Bite wounds have a wide spectrum of injury pat-
tern and a higher than normal risk for infection.

� Despite that, standard wound management prac-
tices still provide for the best outcomes and an
understanding of the risks relating to infection is
necessary to care for and counsel patients.

� Early wound irrigation, the judicious use of anti-
biotics in select cases, attention to rabies risk and
tetanus immunization, and close follow up will
result in the best patient outcomes.

� Bites outside the common spectrum of human,
dog, cat, and suburban or park denizens may
have unique microbial spectrum and standard
emergency or infectious disease references
should be checked for specific requirements.
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painful first- and second-degree burns and the insensate
third and fourth-degree burns. For thermal burns, the
hotter the offending agent and the longer the duration
of exposure dictate the depth and, therefore, the degree
of burn. Chemical burn severity is also related to the
potency of the offending agent and duration of expos-
ure. Categorizing the burn is helpful to address specific
aspects of management and help with communicating
the correct clinical picture for consultants.

Prehospital
For cutaneous burns of significance, burn manage-
ment begins by addressing the ABCs. Standard, non-
life-threatening burn care begins in the prehospital
setting with prompt removal of the offending agent.
In the case of chemical burns, an identification of the
offending agent and, if possible, obtaining the hazard-
ous Material Safety Data Sheet (MSDS) aids the
prompt care of the burn. Prompt irrigation of the
burned area may also begin in the prehospital setting
in all cases except chemical burns caused by elemental
material where the addition of water to the chemical
reaction might worsen the burn via exothermic
reaction (i.e., elemental sodium, potassium, lithium,
magnesium, aluminium, and calcium). Finally, the
patient’s pain should be addressed; prehospital proto-
cols should ensure that this step is not overlooked.

Emergency department evaluation and management
Common presentations

Most commonly, the emergency practitioner will
encounter a patient with a household burn that results
in a significant superficial second-degree burn. Pain
and blistering usually influences patients to seek care.
Third- and fourth-degree burns are handled primarily
at trauma and burn centers but will occasionally require
initial stabilization in the community ED. Chemical
burns from industrial work or household hobbies may
present at any time, often hours after occurring.

Initial evaluation
The recognition of airway involvement is of primary
importance. Due to the nature of the burn and a
paucity of symptoms immediately following the inci-
dent this may be overlooked. Smoke inhalation,
carbon monoxide poisoning, and even cyanide tox-
icity may be part of the larger clinical picture in the
patient with a third-degree burn. Once attention to
the ABCs and secondary injury is complete, then
address the burn itself.

Acute interventions
As with prehospital intervention, ensuring that the
offending agents are correctly identified and have
been removed is necessary to halt the burn process.
In the case of chemical burns, standard hospital
gowns and gloves may not provide a sufficient barrier
to many harsh chemicals. Refer to the MSDS when
practical for the offending agent before placing your-
self or emergency staff at risk for burns. After removal
and identification of the source of the burn, irrigation
of the affected area and pain management should
follow quickly. While irrigating the burn, debris
should be removed from the injured skin judiciously.
Once primary assessment has completed, the focus of
attention should be turned to fluid management to
maintain adequate urine output. Cooling the area of
the burn with cool water-soaked pads along with
elevation of the injured area will help to slow edema
formation and inflammation. Exercise caution to
avoid hypothermia. Ice may actually worsen the
injury if placed directly on the burn or left on for
too long even if wrapped. While once advocated, the
use of high-dose non-steroidal medications is now
not routinely promoted but their value in standard
doses for acute pain relief persists.25

Secondary evaluation
The secondary evaluation of cutaneous wounds is
primarily focused on the search for injured under-
lying structures and effects on the body relative to the
environment in which the burn was sustained (inhal-
ational injury, hypocalcemia, etc.). Typically, most
burn care does not require diagnostic testing beyond
the occasional need to manage electrolyte balance in
the face of fluid resuscitation.

Treatment
Do not underestimate the total body fluid loss with
larger areas of tissue destruction from a burn. For-
mulas and tables exist (Parkland, Galveston, Lund and
Browder) to help the clinician quickly assess how
much of the total body surface area (TBSA) has been
burned and help guide fluid resuscitation. The BSA
burned is based on the area of second- and third-
degree burns. Both formulas guide fluid replacement
for a 24 hour period, where half of the recommended
amount is given in the first 8 hours and the remainder
given over the later 16 hours to achieve a urine output
of 0.5 ml/kg per hour in adults and twice that urine
output for children.
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Chemical burns from certain offending agents
have specific treatments that merit brief discussion
as the toxicity that these chemical convey can be
mitigated in certain circumstances (Table 18.4).

After the initial stabilization and acute interven-
tions are underway, apply dressings, both for comfort
and to help prevent ongoing external fluid loss. For
simple first-degree burns, there is likely no significant
advantage to a topical dressing unless patients per-
ceive it as analgesic. Off-the-shelf topical lotions are
adequate. For second-degree burns the use of silver
sulfadiazine has been advocated, but the literature
suggests that it is no more effective than other topical
antimicrobials and silver sulfadiazine also carries a
risk of skin discoloration.26 As such, simple moist
dressings with topical antimicrobial ointment and a
gauze dressing change three to four times a day is
preferable and cost-effective.27 (Prepackaged com-
mercially available dressings are available and may
have some benefit for a subset of more serious burns;
however, data is limited and the cost of care should be
evaluated in select cases of superficially burned
patients.)28 Bedside teaching for blister debridement
at home should reinforce that moist gauze and gentle
traction is all that is required to remove sloughed
skin. Unless burn center referral is arranged, many
patients will mange superficial burns locally with their

primary physician. Thus, the burden of education
may fall on the emergency practitioner and emphasis
on pain control, frequent rechecks, signs of infection,
and early range of motion are essential. Patients with
hand burns may benefit by using nylon gloves as a
protective barrier and dressing to allow an early to
return to work.

Documentation
Documentation of these wounds is critical for
ongoing follow up and referral. With burn care, illus-
trations and pictures provide the best descriptors of
the initial findings.

Disposition and transfer
Burn transfer is highly recommended for centers
that are not equipped for the specialized care
required for the management of third- and fourth-
degree burns. The American Burn Association rec-
ommends that certain burns be referred to a burn
center (Table 18.5).29

These guidelines should be interpreted on an insti-
tution specific basis. For emergency practitioners who
have limited access to plastic surgery or burn surgery
consultants, particularly far from regional centers,
management of intermediate type burns can be a
challenge. Conservative management via burn center
transfer may be warranted unless local physicians are
comfortable in following these burns. As an example,
near circumferential hand burns in a young patient
without significant host factors may not require
emergent transfer to a burn center if there are systems
in place to ensure that adequate follow up and urgent
referral on an as-needed basis is available.

Table 18.4 Chemical burns and specific therapies

Formic acid Bicarbonate administration to
counteract acidosis

Consider hemodialysis

Hydrofluoric
acid

Calcium gluconate gel 2.5%
superficially

Calcium gluconate 10% intravenous
infiltration

Calcium gluconate 5% intra-arterial
infiltration

Nitrates Methylene blue for
methemoglobinemia

Nitrogen
mustards

Prolonged irrigation

Steroid and antibiotic dressings

Phosphorous Prolonged irrigation

5% Sodium bicarbonate and 3% copper
sulfate, in 1% hydroxyethyl cellulose

Box 18.5 Burns: essential points

� Cutaneous thermal burns should be managed
aggressively with specific attention to pain
management, irrigation and cooling, wound
dressings, referral to a burn center if the burn
is outside the scope of the stabilizing center,
and fluid management to ensure against
ongoing loss.

� Proper identification of the offending agent with
a focus on potentially reversible toxicity is
important in the management of chemical burns.

� Regardless of the type of burn, patient education
and serial followup is an important part of ensuring
a good outcome.
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Cutaneous injuries: summary
Restoring the major functions of the body’s largest
organ (protection and structural integrity, heat
exchange, prevention of infection, and tactile inter-
face with the environment) is the overarching tenet of
cutaneous injury management. Creating optimal con-
ditions for this to occur is the challenge posed by
traumatized patients and regularly met by emergency
caregivers.

� See the patient’s presentation in its entirety before
focusing specifically on wounds.

� Most mistakes are in the evaluation and
preparation, not the actual repair.

� Beware of underlying structural injury and
retained foreign body.

� Some wounds are better off not being repaired
immediately.

� Avulsions, punctures, bites, and burns have
mechanism-specific tenets of management.

� Create optimal conditions for wound healing to
progress.
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The injured patient

Soft tissue trauma

Kaushal Shah and Omar Bholat

Introduction
Soft tissue injuries are a very common presentation to
the emergency department (ED) and encompass a
wide array of traumatic injuries that need to be con-
sidered in the acute evaluation. They range from
minor contusions and ligamentous injuries to an ini-
tially subtle compartment syndrome or dramatic
open fractures and vascular injuries that immediately
threaten the viability of the limb. The diagnosis
can be particularly difficult when the trauma patient
presents altered.

Clinical anatomy and pathophysiology
Injury to soft tissue can occur at many levels from
superficial lacerations or hematomas to cellular ische-
mia from arterial injury or compartment syndrome.
It is important to understand the underlying patho-
physiology of the common injury patterns in order to
reverse or mitigate the process.

Compartment syndrome is a rare but serious com-
plication of trauma, surgery, or repetitive muscle
overuse that leads to muscle swelling and results in
increased pressure within a fascial compartment. As
compartment pressure increases, loss of viability of
nerve and muscle tissue results. With the death of
muscle cells, and the liberation of myoglobin, renal
failure can occur. The increased pressure can occur
from three mechanisms: increase in content of the
compartment, decrease in the volume of the compart-
ment, or external pressure on the compartment. It
should be considered in a situation where pain is
out of proportion to the exam or paresthesias are
present. Although it is more common in the setting
of fractures, compartment syndrome can occur with
isolated soft tissue trauma; in a study of 164 patients
in the United Kingdom, 69% involved a fracture

(half involving the tibial shaft) but 31% had soft tissue
injury without a fracture.1

Box 19.1 Essentials of compartment syndrome2

Causes of compartment syndrome
� Increased content
� Trauma – fracture, bleeding, soft tissue swelling
� Bleeding – vascular injury, coagulation disorder
� Intensive muscle use – exercise, seizures
� Burns
� Snake bites
� Decreased volume
� Excessive traction of fractured limbs
� Closure of facial defects
� External pressure
� Restrictive casts, splints, or braces
� Lying on limb

The most common scenario is traumatic injury
causing soft tissue to become more edematous and
swollen thereby increasing the content of the compart-
ment and decreasing blood flow. The normal physio-
logic response to rising intra-compartmental pressure
is elevation of the perfusion pressure. However,
autoregulatory mechanisms become overwhelmed.
Instead, blood flow becomes restricted through several
mechanisms: loss of vasomotor tone of arterioles, col-
lapse of thinner-walled veins, and the overall loss of the
pressure gradient between the arterial and venous
system. In addition, as the tissues become more ische-
mic, histamine-like substances are released locally that
dilate the capillary beds and improve blood flow. His-
tamine also increases capillary permeability thereby
resulting in leakage of fluid and proteins into the soft
tissue.2 The subsequent transudative process leads to
an increased concentration of erythrocytes within the
capillary bed, increased vascular viscosity, and serves

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
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to even further decrease microvascular blood flow.3

The swelling leads to even higher pressures within the
fascial compartment. Eventually, blood flow at the
level of the arteriole is compromised to the point of
ischemia and necrosis of the muscles and nerves in the
compartment.4

The normal compartment pressure is theoretically
zero but the range of normal measurements during the
relaxed state is 0–8 mmHg. Capillary perfusion pres-
sure (CPP) is a determinant of tissue perfusion and is
measured by subtracting compartment pressure from
mean arterial pressure (MAP). The metabolic require-
ments of myocytes necessitate an oxygen tension of
5–7 mmHg. This requisite is accomplished by main-
taining a CPP of 25 mmHg. When the compartment
pressure exceeds the diastolic blood pressure, perfu-
sion is certainly compromised and compartment
syndrome is inevitable. Although there is individual
variability, as a general rule of thumb, when pressures
exceed 30 mmHg or when within 30 mmHg of the
diastolic pressure, there is a high concern for compart-
ment syndrome. On the other hand, this must also be
evaluated in the overall clinical picture, as at least one
study has shown that patients clearly without compart-
ment syndrome did not develop it despite these abnor-
mal pressures.5 It is estimated that muscles and nerves
can tolerate ischemia for 4–6 hours without significant

sequelae; after 8 hours, necrosis of tissue is certain and
a non-functional limb is likely.6

In trauma, the anterior compartment of the leg is
the most common location of compartment syn-
drome; however, it is possible for it to occur in any
extremity compartment, including the buttocks.2

There are four compartments in the lower leg and
three compartments in the forearm as depicted by
Figure 19.1 and Figure 19.2.

The pathophysiology of crush injuries is similar to
compartment syndrome. While motor vehicle colli-
sions, pedestrians struck by motor vehicles, and
industrial accidents are the most common causes of
a crush injury, a large number of life-threatening
crush injuries occur as a result of natural disasters.
Crush injury occurs when a limb is compressed
resulting in direct tissue injury and disruption of
vascular supply that may lead to tissue necrosis. The
cause of the damage is from an external force but the
ischemic injury to the limb is due to disruption of
blood vessels nourishing the limb. The severity
of injury is directly related to the force applied to
an extremity and to the degree and duration of the
compression. When the external force is removed
from the extremity, a cascade of events called “crush
syndrome” occurs. The internal components of cells
(potassium, calcium, and myoglobin) are liberated

Figure 19.1 Compartments of the lower leg. ANT, anterior
compartment; DP, deep posterior compartment; F, fibula bone; LAT,
lateral compartment; SP, superficial posterior compartment; T, tibial
bone. (From Shah K, Mason C. Essential Emergency Procedures.
Philadelphia, PA: Lippincott, Williams and Wilkins, 2008: p. 200, with
permission.)

Figure 19.2 Compartments of the forearm. DOR, dorsal
compartment; MW, mobile wad; R, radial bone; U, ulna bone; VOL,
volar compartment. (From Shah K, Mason C. Essential Emergency
Procedures. Philadelphia, PA: Lippincott, Williams and Wilkins, 2008:
p. 200, with permission.)
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into the circulation, fluid is sequestered into the third
space, and acidosis occurs from release of lactate and
other organic acids.

At the cellular level, mechanical stresses result in
disruption of the Na/K pump and an influx of cal-
cium eventually leading to cellular edema and death.
The microtrauma results in a decrease in serum cal-
cium and an elevation in all of the following: myoglo-
bin, creatinine kinase, uric acid, potassium, lactic
acid, phosphorus, and blood urea nitrogen (BUN).
On the clinical level, the patient can develop hypovo-
lemia, shock, compartment syndrome, lactic acidosis,
or renal failure from traumatic rhabdomyolysis.
While creatine kinase (CK) is used as a marker for
the presence of rhabdomyolysis, renal failure occurs
when precipitation of the myoglobin molecules
occurs within the renal tubules and prevents glom-
erular filtration.6

Open fractures are complex injuries of not only
bone but the surrounding neurovascular structures.
These fractures require a great deal of force and
usually significantly disrupt the original anatomy.
The communication with the outside world results
in contamination and the gross deformity may result
in compromised vascular supply. This combination
places the wound at very high risk of infection and
wound healing complications. Open fractures almost
always occur with high-energy trauma, e.g., motor-
cycle and motor vehicle accidents or auto vs. pedes-
trian injuries. Associated injuries to the skull, chest,
abdomen, or pelvis are present in 50% of open frac-
ture cases and almost 10% are complicated by com-
partment syndrome when involving the lower
extremity.2,7,8 The main concerns due to the fracture
itself are arterial injury compromising the viability of
the extremity and deep tissue and joint space contam-
ination that can lead to long-term complications, such
as osteomyelitis. The risk of infection is stratified by
the severity of injury. Although the severity of injury
is a continuum, Gustilo et al. has established a helpful
classification system (Table 19.1).8,9

Degloving injuries of the extremities can occur
from a variety of traumatic mechanisms. Exposure of
the underlying tendons, nerves, and bones can lead to
infection, necrosis, and malfunction. The ultimate goal
of treatment is coverage of the exposed area with viable
skin; however, often initial management is important
for long-term return of function and cosmetics.

Ligamentous sprains are extremely common in
the emergency setting and can occur at various joints

with the ankle, wrist, and knee being the most
common. The degree of injury can vary greatly from
mild swelling and pain to severe ecchymosis, inability
to bear weight, and unstable joints.

Prehospital
Soft tissue injuries are common and occur from a
variety of different causes. After scene safety assess-
ment, prehospital providers should always follow the
ABC (airway, breathing, circulation) principles with-
out being distracted by significant soft tissue injuries.
As part of the circulatory assessment, however, life-
threatening exsanguinating external hemorrhage
must be managed before the head-to-toe secondary
survey. Treatment of active significant bleeding can
be achieved with a step-wise approach outlined by Lee
and Porter: direct pressure, elevation, wound packing,
windlass technique, indirect pressure, and finally a
tourniquet, if necessary (see Box 19.2).10

Direct pressure and elevation of the limb will
usually control most external bleeding. If the wound
is large, packing the wound with gauze and applying
pressure may be necessary. If blood continues to soak
through, a windlass technique can be utilized: tie a
large, broad bandage (e.g., crepe bandage) over the
packing and insert a pen under the knot; rotate the
pen and tighten the bandage until hemorrhage is

Table 19.1 Open fracture classification system

Injury Risk of
infection

I Puncture wound < 1 cm with
minimal contamination or
crushing

0–2%

II Laceration > 1 cm with moderate
soft tissue injury

2–10%

IIIA Extensive soft tissue damage, severe
crush component, massive
contamination. Bone coverage
adequate

10–50%

IIIB Extensive soft tissue damage with
periosteal stripping and exposure.
Severe contamination and bone
comminution. Flap coverage
required

10–50%

IIIC Arterial injury requiring repair 10–50%
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controlled. If the windlass diminishes distal pulses, it
can be loosened until pulses return but the risk is
rebleeding. Alternatively, the windlass can simply act
as a tourniquet in which case the time of placement
should be noted. There are no clear guidelines on how
long a tourniquet can be placed on an extremity; the
general recommendation is to take them off as soon
as possible and should generally not be left in place
> 1 hour.

In cases of gross deformity (including open frac-
tures) of an extremity, there are two critical issues for
the prehospital provider: hemorrhage control and
neurovascular status. The simplest method to reduce
hemorrhage from a long bone deformity is to apply
traction to gently reduce the deformity and splint the
extremity. If there is loss of perfusion to the distal
end, manipulation of the deformity can be limb
saving. In most instances, simple realignment to neu-
tral position is all that is necessary and can be
achieved with axial traction. Frequent neurovascular
checks should be performed en route to the hospital.

Degloving injuries or amputations should be
handled carefully. Wrapping the exposed extremities
in wet gauze (preferably cold saline soaked) and
immobilization as necessary (for protection or com-
fort) is ideal. An amputated finger should be wrapped
in wet gauze and placed in a dry plastic bag. The bag
should then be placed on ice because 1 hour of warm
ischemia is equivalent to 6 hours of cold ischemia.11

Analgesia for patient comfort should be con-
sidered in all cases. In one study of children with
extremity injuries, only 37% received pain medica-
tions prior to arrival in the ED; there was no differ-
ence in the group that had a fracture or soft tissue
injury only.12 Pain from minor soft tissue injuries
may only require oral acetaminophen or ibuprofen
to achieve comfort but more serious injuries should
receive intravenous (IV) narcotics assuming there are
no allergies and the patient is not hemodynamically
unstable.

There is controversy whether trauma patients
should receive aggressive fluid resuscitation or
whether permissive hypotension should be allowed;
however, crush soft tissue injuries lead to significant
muscle damage with the possibility of subsequent
rhabdomyolysis and hyperkalemia. These patients
benefit from aggressive fluid resuscitation. Without
penetrating trauma or concern for “popping the
clot,” prehospital providers should administer copi-
ous fluids.

Emergency department evaluation
and management
Initial presentation
Initial evaluation and management of soft tissue
injuries requires the same systematic approach
implemented for all trauma patients regardless of
whether the patient has a major crush injury or a
dramatic degloving injury. Evaluation of ABCs, fluid
resuscitation, hemorrhage control, and treatment of
life threats should take priority. Address the hypoten-
sion with appropriate IV fluids before focusing on the
crushed extremity. The leading cause of death after
crush injury is hypovolemic shock.13

If a trauma patient requires airway management,
rapid sequence intubation is the treatment of choice but
the commonly used paralytic, succinylcholine, should be
avoided in cases of major crush injury because of the
possibility of hyperkalemia. The crush injury can cause
an up-regulation of the acetylcholine receptor, with
increased number, sensitivity, and distribution of recep-
tors, leading to an increase in potassium with succinyl-
choline administration.While the exact timing is unclear,
it seems that it may happen quite early in the patient’s
course. Hyperkalemia is a contraindication for use of
succinycholine. A non-depolarizing neuromuscular
blocker should be used instead with a large crush injury.

Hemorrhage control should be via direct pressure.
If a bleeding vessel can be identified, it should be
isolated and a non-crushing vascular clamp should
be utilized to control the bleeding. Blind clamping
of bleeding vessels should never be attempted because
the likelihood of injuring associated nerves and
tendons is high. Angulated or dislocated fractures
should be reduced and splinted as soon as possible
to decrease hemorrhage and correct any pulse deficits.

In compartment syndrome, the initial presenta-
tion is also the hallmark presentation: pain in an
injured limb that is out of proportion to injury or

Box 19.2 Essential prehospital interventions

Prehospital approach to exsanguination
� Direct pressure
� Elevation
� Wound packing
� Windlass technique
� Indirect pressure
� Tourniquet
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findings. Patients often describe the pain as “deep,”
“burning,” and “unrelenting” with difficulty in local-
ization. Pain with passive stretching of the muscle
groups or tightness of the compartment is also
common; the compartment may feel “woody.” Frac-
ture blisters are very suggestive of increased compart-
ment pressure but are not consistently present.6

Paresthesia or decreased sensation in the distribution
of the nerves in the compartment is also highly sug-
gestive of increased pressures within the compart-
ment. Symptoms commonly arise within 2 hours of
injury but can also present up to 6 days later.14

The clinical presence of the five “Ps” (pain, pallor,
pulselessness, paresthesias, and paralysis) early in the
course should be attributed to arterial injury and not
compartment syndrome. Compartment syndrome
presents with pain first and foremost. The other find-
ings of pallor, paresthesias, paralysis, and pulseless-
ness are late findings.

In limb trauma, it is important to evaluate capillary
refill time, temperature and color of skin, and presence
or absence of distal pulses, as theymay indicate reduced
arterial flow and possible vascular trauma. An arterial
injury should be suspected when there are weak or no
palpable pulses in the traumatized extremity or signifi-
cant asymmetry with the contralateral side. If there is
any ambiguity, a Doppler pulse exam ismore reliable. If
there is gross deformity of the limb, manipulation to
reduce the limb to anatomic position should be per-
formed immediately. This may relieve the compression
on the artery with return of circulation.

Rarely, in cases of major crush injury, patients can
present with cardiac arrhythmias or even cardiac arrest
due to elevated potassium levels. Assessing the heart
rhythmwith an electrocardiogram (ECG) and obtaining
a stat potassium level with arterial blood should be
considered. Alternatively, administering calcium empir-
ically in treating the arrest is appropriate.

Secondary evaluation
A thorough evaluation of the neurovascular status of
the injured or crushed limb is important and serial
exams are often warranted. A delay in the diagnosis of
vessel and nerve injury or compartment syndrome
may lead to poor outcomes for the limb and the
patient. If the pulses are not immediately palpable,
use a Doppler and compare to the opposite limb.

Compartment syndrome is a complication of
trauma with serious consequences; a delay in diagnosis

correlates directlywithworse outcomes. For this reason,
compartment pressures should be measured in all
cases where history and physical exam are suggestive
of compartment syndrome. Pain out of proportion to
expectation and increasing use of analgesia out of
proportion to expectation for the injury should imme-
diately raise the suspicion of compartment syndrome.
It is important to note that compartment syndrome
can occur when the compartment is open, such as open
fractures and stab wounds.15 Table 19.2 describes the
physical findings consistent with the most common
site of compartment syndrome, the lower leg.

Commercially available devices exist (e.g., Stryker)
that accurately measure pressures. If the index of
suspicion is high but the number is less than expected,
consider serial measurements. Doppler ultrasound of
the extremity is not indicated because arterial blood
flow can appear normal in cases of clear compartment
syndrome. Orthopedic consultation is also recom-
mended in cases of elevated compartment pressures
or cases that are concerning.

There is no blood or radiologic test to diagnose
compartment syndrome. Necrotic muscle tissue will
produce lactic acid and creatinine phosphokinase but
these are not specific and they are late findings. The
physician must rely on clinical judgment.

The treatment goal of compartment syndrome is
the immediate relief of the pressure. This starts with
removing any constricting devices, bandages, or casts
followed by definitive treatment with fasciotomy of all

Table 19.2 Findings in lower leg compartment
syndrome

General findings

Pain out of proportion to injury

Analgesia use out of proportion to injury

Anterior compartment

Weakness of toe extension

Pain on passive toe flexion

Diminished sensation in the first web space

Deep posterior compartment

Weakness of ankle inversion and toe flexion

Pain on passive toe extension referred to the
posterior leg

Diminished sensation over medial sole of foot
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involved compartments if necessary. This is generally
done in the operating room (OR).

When there are clear clinical findings (i.e., neuro-
vascular compromise) in suspected compartment
syndrome, and the duration of compartment syn-
drome with deficit is> 6 hours and rapid subspecialty
consultation is not available or requires transfer, the
emergency physician should optimally perform the
limb-saving procedure in the ED. If the compartment
syndrome is < 6 hours, it is reasonable to consult the
orthopedic and trauma surgeons or perform a trans-
fer to facilitate a controlled fasciotomy in the OR.
When the diagnosis is unclear or the patient is uncon-
scious or unreliable, it is advisable to measure com-
partment pressures and consult the appropriate
surgeons. An algorithm for treatment of suspected
compartment syndrome is shown in Figure 19.3.

Although the initial instinct is to elevate the limb to
reduce swelling prior to surgery, it is not advisable.
Raising the limb above the heart decreases perfusion
without decreasing compartment pressures; one study
found that, for each centimeter of leg elevation, there is a
0.8 mmHg drop in arterial pressure.16 Neutral elevation,
i.e., at the level of the heart., is the preferred position.

In addition to a rapid diagnosis and facilitating
OR fasciotomy within 6 hours, ideally, or performing

emergent fasciotomy, the emergency physician
should administer timely prophylactic antibiotics
and analgesia. Prophylactic antibiotics have been
promoted as appropriate, however, the necessity of
antibiotics is based predominantly on expert opinion,
and has not been rigorously studied. Inpatient post-
fasciotomy management includes continued debride-
ment of necrotic tissue, monitoring renal function,
continuing antibiotics and analgesia, and considering
skin flaps or grafts. Delay in treatment can lead to
permanent nerve damage, myonecrosis, and muscle
contractures.

Box 19.3 Essential ED interventions for
compartment syndrome

� Rapid diagnosis of compartment syndrome
� Remove casts and occlusive dressings
� Place extremity in neutral position
� Prophylactic antibiotics
� Analgesia
� Emergent fasciotomy or facilitating OR fasciotomy
� Inpatient post-fasciotomy care
� Debridement
� Monitoring renal function
� Continued antibiotics and analgesia
� Considering skin flaps or grafts

Suspected compartment syndrome

Neurovascular compromise Diagnosis unclear
Patient unconscious/unreliable

Duration ≥ 6 hours Duration < 6 hours Measure compartment pressures
Consult surgeons

Consult surgeons > 30 mmHg < 30 mmHg

 Serial exams
Serial pressures

Fasciotomy

Figure 19.3 Algorithm for suspected compartment syndrome.
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Crush injuries can result in “crush syndrome”
or damage to bones, muscle, nerves, and vascular
structures. These should all be assessed carefully,
especially when the patient is unconscious or has
altered mental status.

The “crush syndrome” comprises all the problems
that arise as a result of a crush injury. These are
typically categorized into electrolyte abnormalities,
metabolic acidosis, and rhabdomyolysis. The serum
potassium, calcium, phosphate, and uric acid should
be tested for possible hyperkalemia, hypocalcemia,
hyperphosphatemia, and hyperuricemia that results
from massive cellular damage. Hypoperfusion and
cellular starvation result in a metabolic acidosis and
elevation in lactic acid. An initial and serial lactate
levels have been demonstrated to be diagnostic and
prognostic in traumatic injuries.17,18 Massive muscle
damage results in release of myoglobin into the
circulation; the surrogate marker tested to assess the
extent of muscle damage is the creatinine phosphoki-
nase (CPK). The biggest concern of the circulating
large myoglogin molecules is disruption of the renal
filtration system. Rhabdomyolysis can cause acute
renal failure in up to 40% of patients with crush
injuries.19 Although a CPK level is not routinely
obtained in victims of trauma, it is very helpful
to stratify injury severity in crush injuries.13 Serial
CPK measurements can be monitored to determine
improvement or worsening of rhabdomyolysis. The
primary reason for the use of CPK as a surrogate for
the presence of crush syndrome is that a serum myo-
globin cannot be obtained rapidly in the clinical
arena. Clinically, its presence can be determined
indirectly. Myoglobin in the urine will be detected as
“blood” on the urine dipstick but there will be no red
blood cells noted on the urine analysis; this should
also suggest the diagnosis of possible rhabdomyolysis
if not initially considered.

Box 19.4 Crush injury evaluation

� “Crush syndrome” evaluation
� Electrolyte abnormalities
� Metabolic acidosis
� Rhabdomyolysis and acute renal failure
� Orthopedic
� Plain radiographs
� Muscular
� Compartment syndrome evaluation
� Peripheral nerve injury
� Arterial injury

� Hard and soft signs
� Ankle–brachial index (ABI)
� Duplex ultrasound
� Computed tomography angiography (CTA)
� Arteriography

Crush injury treatment is multifaceted. It entails
addressing metabolic, orthopaedic, and neurovascular
issues while simultaneously trying to prevent the
sequelae of rhabdomyolysis and compartment syn-
drome. The majority of the metabolic derangements
can be addressed with IV fluid hydration; it will
address the hypoperfusion, reduce the lactic acidosis,
and flush out the myoglobin and CPK. Consider
placement of a Foley catheter to monitor urine output
carefully. Low urine output suggests ongoing hypo-
volemia or acute renal failure.

If rhabdomyolysis develops, early hydration is the
key to prevent or lessen the severity of acute renal
failure;20 the earlier the IV fluid resuscitation, the
better the outcome.21,22 In severe cases of rhabdo-
myolysis with crush injury it may be necessary to
administer both blood products and IV fluids to
affectively address a patient’s hypovolemia.23,24

Sodium bicarbonate is often used to alkalinize the
urine to prevent the breakdown of myoglobin into
its nephrotoxic metabolites (i.e., ferrihemate).20,25

Sodium bicarbonate can be administered by adding
one ampule to 1 L ½ NS or 2–3 ampules in 1 L D5W
and infuse at a rate of 100 ml/h. The urine pH should
be maintained at a level > 6.5 while the plasma pH
should be kept between 7.4 and 7.45 to help prevent
acute renal failure.25,26 Alkaline urine with a pH of 7.0
or higher also reduces the crystallization of uric acid,
decreasing damage to renal tubules.27 This therapy is
still controversial as there are those who argue against
the alkalinization of urine.28,29 Knochel argues that
the large volume of infused crystalloid alkalinizes the
urine sufficiently, and that the amount of added
sodium bicarbonate needed to reach the suggested
urine pH of 6.5 or greater is so large that it will
increase hypocalcemia, and can cause more harm
than benefit to the patient.30

There are no large, randomized trials to demonstrate
that alkalinization of urine is better than early, aggressive
hydration for the treatment of rhabdomyolysis.

The increase in serum potassium is most severe
in the first 12–36 hours after muscle injury. Life-
threatening hyperkalemia must be addressed quickly
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and effectively. Hyperkalemic cardiac arrest contrib-
utes to a large percentage of early deaths in crush
injury patients.31 The ECG should guide the clin-
ician’s decision to begin emergent administration of
serum potassium lowering agents. Classic signs of
hyperkalemia on ECG are peaked T waves, widened
QRS complexes and flattened p waves; with rising
potassium levels, these changes continue until the
ECG looks like a sinusoidal wave followed by cardiac
arrest. Calcium administration to stabilize the cardiac
membranes is first-line treatment for severe hyperka-
lemia with ECG changes. However, in the setting of
hyperphosphatemia that may be present in rhabdo-
myolysis, IV calcium may be less effective as it may
bind to extracellular phosphate leading to metastatic
calcification.32 Temporary reduction in the potassium
can be achieved with IV insulin with glucose,
IV sodium bicarbonate, and inhaled beta-2 agonists,
all of which act to drive extracellular potassium into
the intracellular compartment. Kayexalate given by
mouth or per rectum will remove the potassium from
circulation but will take many hours. If hyperkalemia
persists despite these treatments, emergent dialysis
will be necessary.

Plain radiographs are essential for diagnosis of
underlying fractures. The degree of damage to bone
will also provide a qualitative assessment of the mag-
nitude of the forces that caused the injury. Commin-
uted, displaced, and open fractures usually require a
significant mechanism of injury. Wounds in the
vicinity of a fracture should be considered an “open
fracture” until proven otherwise. In cases of a clear
open fracture (e.g., bone visibly protruding through
soft tissue), arterial flow to the distal extremity should
be checked and dislocations should be reduced as
soon as possible. Wound cultures prior to debride-
ment are not necessary as they have been found to
have low predictive value.33 Compartment syndrome
can occur with open fractures as well; in one series,
compartment syndrome was more common with
open than closed fractures.34 This reflects the fact that
a great amount of energy/force is necessary to cause
an open fracture leading to significant soft tissue
trauma in addition to a fracture.

A thorough sensory and motor exam is all that is
necessary to identify a peripheral nerve injury. Fur-
ther evaluation depends on the suspected cause.
Closed crushed nerve injuries without suspicion of
compartment syndrome do not require immediate
evaluation by the specialist. Serial exams should be

performed and documented. The majority of these
cases have recovery of nerve function within 3months.
If the nerve injury is complete and associated with a
laceration or open wound, surgical consultation in the
ED or within 12–24 hours for exploration is recom-
mended. If partial or a minor sensory issue, early
follow up within the week would be appropriate.

Management of the orthopedic issues is based on
the plain radiographs. If the fracture is dislocated or
significantly displaced, it should be reduced. Reduc-
tion of a dislocated joint or an angulated fracture will
likely reduce the bleeding and eliminate the second-
ary insult to the crushed limb. Open fractures
involve significant displacement of bone and injury
to the soft tissue that is very painful; IV analgesia
is often necessary and should be given early. In
hypotensive patients, fentanyl may be the most
appropriate choice. The fracture/dislocation should
be reduced and placed in a splint as soon as possible
to reduce the amount of bleeding and pain. If there is
any hypoperfusion of the extremity or concern for
arterial injury, the fracture/dislocation should be
reduced emergently. Open dislocations with gross
contamination and intact pulses should have thor-
ough irrigation and reduction of the joint in the OR.
If a significant delay to the OR is anticipated (e.g.,
transfer to specialty care is required), risk–benefit
analysis of early reduction of the joint should be
discussed with the orthopedic consultant. Broad
spectrum IV antibiotics should be started in the
ED; early administration (within 3 hours) of ceph-
alosporins has been demonstrated to reduce the
infection rate significantly.35 Betadine at full strength
should not be instilled into the wound. Gentle
cleansing with saline may be appropriate in the ED.
Tetanus toxoid is the standard treatment for patients
who have completed the primary tetanus immuniza-
tion series. Those who have not received the series
should receive the tetanus immune globulin in add-
ition to the toxoid.

Box 19.5 Essential treatment of open fractures
in the ED

� Analgesia
� Reduction of the fracture/dislocation
� Antibiotics intravenously
� Tetanus prophylaxis
� Orthopedic consultation
� Surgical open fracture treatment
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� Irrigation and debridement
� Wound closure
� Soft tissue reconstruction
� Fracture stabilization
� Secondary procedures: bone grafting to stimulate

healing

Open fractures do not require immediate atten-
tion unless there is an associated pulse deficit. In this
scenario the deformity is likely compressing arterial
flow. Immediate reduction to the anatomical position
in an attempt to improve perfusion to the limb is
necessary. If the pulse does not return to normal, an
arterial injury should be suspected.

If an arterial injury is suspected, the initial
goals of the emergency physician are to diagnose the
injury by considering the “hard” and “soft” signs (see
Box 19.6) and consult the appropriate surgeons to
perform the arterial repair. Given that pulses can be
maintained in 42% of arterial injuries and no arterial
injury is found in up to 27% of cases with no palpable
pulse, the consulting surgeon may prefer to have
an arteriogram to locate and define the injury
before operating.36 “Proximity wounds” defined as
wounds within 1 cm or 1 inch of a major vessel was
once thought to require further investigation; how-
ever, without soft or hard findings of arterial injury,
arteriography is likely negative when the sole indica-
tion is “proximity wound.”

Patients with hard findings almost always
require surgical exploration; if the ischemic time is
minimal, preoperative arteriography is reasonable.
There are many more options for evaluation of
limbs with soft findings: ABI, duplex ultrasound,
or CTA. The ABI index is determined by checking
the pulse pressure of the injured lower extremity
with that of the upper extremity. First, record the
highest Doppler sound of the brachial pulse present
in the arms or comparing it to the highest Doppler
sound of the posterior tibial or dorsalis pedis artery.
The ankle Doppler pressure is then divided by the
brachial Doppler pressure to calculate the index. An
ABI of < 0.9 or a difference between two sides is
considered abnormal.37 A normal ABI, on the other
hand, is good for ruling out a lesion. Duplex ultra-
sound detects both venous and arterial blood flow
and can be performed at the bedside. This has clear
advantages in significant trauma situations where
the patient may be unstable or is actively being

resuscitated. Transport outside of the emergency
room or intensive care unit is fraught with risk.
The overall use of multislice CTA has increased
tremendously over the last decade and is now show-
ing promise for detection of arterial injury. Bus-
quets et al. found no missed injuries in their study
of 97 CTAs,38 and Inaba et al. reported 100% sensi-
tivity and specificity in their retrospective review of
CTAs for penetrating arterial injury.39

Contrast arteriography is the gold standard
imaging evaluation of potential arterial injury. It can
detect the exact location and type of injury. However,
it is not without risk. The procedure is invasive,
requires contrast dye, and cannot be done at the
bedside. It is also more costly than the alternative
modalities.

Two special circumstances in potential arterial
injuries are shotgun wounds and knee dislocations.
Given the nature of shotgun wounds (multiple mis-
siles in various trajectories), there should be a low
threshold for arteriography to rule out arterial injury.
The same was once true for knee dislocations. Given
the likelihood of popliteal injury and the associated
morbidity (i.e., amputation) of a missed popliteal
injury in the setting of a knee dislocation, routine
arteriography was once advocated; however, a select-
ive approach is now considered reasonable. Physical
exam with ABI and Doppler ultrasound are sensitive
tests to determine which patients need immediate
angiography.40 Computed tomography angiography
is also being utilized more frequently in place of
contrast angiography.

Management of potential arterial injuries is
stratified into two pathways based on the physical
exam. If there are “hard signs” of arterial injury, an

Box 19.6 Findings in arterial injury

Hard findings of arterial injury
� Pulsatile or rapidly expanding hematoma
� Obvious pulsatile arterial bleeding
� Bruit or thrill with arterial palpation
� 5 “Ps” of arterial insufficiency: pulseless, pallor,

pain, paresthesia, paralysis

Soft findings of arterial injury
� Diminished pulse compared to opposite limb
� Delayed capillary refill
� Isolated peripheral nerve injury
� Non-pulsatile, stable hematoma
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emergent vascular surgery consultation is necessary
for exploration and repair. The surgeons may opt
for a preoperative arteriogram but surgical explor-
ation is virtually inevitable. If there are “soft signs”
of arterial injury, further imaging is usually neces-
sary to determine the need for arteriography or
surgical exploration. The four main options are:
determination of an ABI, color-flow Doppler ultra-
sound, or CTA or conventional angiography. The
choice is dependent on where the injury lies, the
availability of tests, stability of the patient, and sur-
geon preference

In one study of 100 consecutive injured limbs
in 93 trauma victims, ABI was calculated but only
contrast arteriography was used in clinical decision
making.41 An ABI < 0.90 had a sensitivity of 87% and
a specificity of 97% compared to arteriography; when
compared with clinical outcome, sensitivity and spe-
cificity rose to 95% and 97%.41

Based on these numbers, it is reasonable to rely on
ABI in the absence of obvious signs of arterial injury
when assessing a traumatized extremity. Duplex ultra-
sound, if available, can be used reliably to rule in and
rule out arterial injury when soft findings are present
(Figure 19.4).

Degloving injuries of the extremities require a
thorough evaluation of the underlying structures. If
possible, evaluate the degree of perfusion and distal
sensation. Plain films to assess for fractures and for-
eign bodies should be obtained as soon as possible.
Immediate consultation with an orthopedist or hand
surgeon is of utmost importance because mobiliza-
tion of the appropriate resources is critical for poten-
tial limb salvage.42 Degloving injuries should be
treated as a surgical emergency. After radiographs
are obtained, cover the limb with saline-soaked gauze
and splint for comfort. The patient should receive IV

antibiotics depending on the nature, severity, and
timing of the injury. If there is any likelihood of
bacterial contamination (i.e., dirty wound or delay
in presentation to the ED > 6 hours), antibiotics
should be given prophylactically. Administer tetanus
toxoid as appropriate.

In the setting of significant soft tissue injuries, the
diagnosis of ligamentous sprain or soft tissue strain is
one of exclusion. If there is edema and/or ecchymosis
without an underlying fracture or signs of compartment
syndrome or crush injury, a ligamentous injury should
be suspected and treated appropriately. The severity
of ligamentous injuries are graded by the degree
(e.g., mild, moderate, or severe) of edema/ecchymosis
and laxity of the joint on exam. Table 19.3 is provided as
an example of sprain severity classification with regard
specifically to the ankle joint.

Ligamentous sprains and muscle strains should be
treated with analgesia (oral ibuprofen, acetamino-
phen, or IV or IM ketorolac are appropriate in the
ED). Opioids may be necessary. It was shown in one
study that patients with non-fracture soft tissue injur-
ies are less likely to receive appropriate analgesia in
the ED, although the pain scores were similar to those
with fractures.43 The general management is often
remembered by the “RICE”mnemonic: rest and avoid
re-injury which may entail use of crutches or splints;
ice the injury for 20 minutes 3–4 times per day for the
first day to reduce swelling; compress with an elastic
ACE wrap or brace to reduce swelling and pain;
elevate the extremity as often as possible to reduce
swelling. As an example, Table 19.3 describes the
management of ankle sprains based on the grade of
the injury. If serious ligamentous injury is suspected,
resulting in joint laxity (i.e., Grade II and higher
sprains), more rigid splinting methods should be
considered.

Physical exam

Soft findings Hard findings

ABI < 0.9 or Duplex ultrasound abnormal flow
Or CT–angiography abnormal

Observation Arteriography or surgical exploration

Figure 19.4 Extremity arterial injury
algorithm. ABI, Ankle–Brachial Index;
CT, computed tomography.

Section 2: The injured patient

356



Documentation
Documentation is always important. Themost import-
ant piece of information to document in cases of
soft tissue injury is the neurovascular exam. Whether
the patient had perfusion, sensation, or function
when you evaluated the patient is an important piece
of data. Documentation of serial exams is likewise
important.

Even if you do everything a reasonable clinician
would do, there will be a certain small number of
patients that will develop cellulitis, compartment syn-
drome, increased pain, deep venous thrombosis, or
ischemia after you have discharged the patient or
transferred care to a primary care or specialist phys-
ician. Proper documentation is the best way to prove
that the standard of care was met.

Disposition
The disposition of most of the serious soft tissue
injuries (compartment syndrome, crush injury, open
fractures, arterial injury, and degloving injury) is
admission to the hospital for continued care or obser-
vation. In fact, many of these injuries often cross
multiple medical disciplines. It is advisable for the
emergency physician to enlist the help of the any
necessary consultants: orthopedic surgeons, trauma
surgeons, vascular surgeons, burn care specialists,
and intensivists.

Injuries resulting in a significantly swollen limb
without a fracture may be considered for discharge
home, but with several caveats: clear instructions should
be provided and understood and the patient must be
able to follow up appropriately. Acute compartment

syndrome as well as muscle necrosis can occur, and
there is usually a greater delay to definitive treatment
(i.e., fasciotomy).44 These patients should have close
follow up assured.

Patients with suspected crush injury and rhabdo-
myolysis should be admitted for continued IV hydra-
tion, management of complications, and any necessary
treatment of the underlying etiology. If there are
significant complications or metabolic derangements,
admission to an intensive care bed is advisable.
A nephrology consult is indicated if there are signs of
acute renal failure or a need for dialysis.

Patients with open fractures need admission to the
hospital for IV antibiotics and possible irrigation and
debridement in the OR.

Suspected arterial injury evaluation is not an out-
patient process. These patients should be evaluated in
the hospital. If the complete evaluation cannot be
done from the ED, the patient should be admitted to
the hospital. Patients found to have no injuries may
be discharged home safely but should be given
instructions for follow-up care and clear instructions
on when to return to the ED.

Patients with ligamentous sprains can be dis-
charged home but should have appropriate follow
up in about a week. Although pain, swelling, and the
ability to ambulate should improve with time, occult
fractures and high-grade sprains may require further
orthopedic, rehabilitation, or sports medicine care
including surgical treatment. Other indications for
orthopedic referral include: (1) a “pop” that is heard
or felt; (2) a history of several previous injuries;
(3) persistent focal tenderness; (4) a positive stress
test of the joint; and (5) Grade II and higher sprains

Table 19.3 Classification of ankle sprains

Severity Symptoms Signs Examination Treatment

Grade I Mild pain and swelling,
able to bear weight

Slight edema Negative anterior drawer and
talar tilt

RICE* and referral to
primary care physician
in 1 week

Grade II Moderate pain and
swelling, difficulty bearing
weight

Moderate
edema and
ecchymosis

Positive anterior drawer
(4–14 mm) and talar tilt test
(5–15�)

Rigid splint and referral
to orthopedist in a week

Grade III Severe pain and swelling,
inability to bear weight

Severe edema
and ecchymosis

Positive anterior (> 15 mm)
and tilt test (> 15�)

Rigid splint and referral
to orthopedist within a
week

*Rest, ice, compressive dressing, and elevation.
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in children with open growth plates.11 In children,
less force is required to sustain a Salter–Harris
I fracture than is required to tear a ligament. Thus,
any child who is suspected of having a significant
ankle sprain and no clear fracture on X-ray should
be splinted and referred to an orthopedic surgeon for
follow up.
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Vascular trauma

Phillip L. Rice, Jr. and Jonathan S. Gates

Introduction
Penetrating extremity vascular trauma comprise a
minority of traumatic injuries in the civilian popula-
tion; however, the morbidity can be serious. A higher
proportion of these injuries in an urban environment
are due to penetrating trauma than is seen in the rural
setting. In military trauma, 54% of penetrating injur-
ies are extremity wounds, mainly caused by explosive
devices. The higher percentage in extremities are pre-
sumably due to the protective effects of body armor
which leave exposed the face, neck, and extremities.1

Deaths due to extremity vascular trauma still do
occur, either directly from the injury or indirectly
(renal failure from rhabdomyolysis and sepsis).
Deaths due directly from the vascular injury are usu-
ally from exanguination and coagulopathy secondary
to blood loss. Morbidity due to vascular injuries can
result from delayed identification and diagnosis,
resulting in thrombosis and ischemia of the
extremity.

Death from vascular extremity trauma catches the
attention of many due to the conception that it should
always be preventable. Death from exanguination of
an extremity seems very treatable, either from refined
surgical technique or by cruder methods such as
tourniquets. Once the bleeding has been controlled,
resuscitation measures should keep the patient alive
with definitive management to follow. Although this
theoretically makes sense, there continue to be deaths
from either exsanguination when the bleeding is not
controlled rapidly enough or sepsis, often after multi-
system dysfunction from prolonged hypoperfusion
due to these injuries.

The evolution in the evaluation of vascular trauma
over the last 10 years has centered on imaging.
Initially angiography was the cornerstone of the

evaluation; however, this was time and resource
intensive and required coordination between the vas-
cular surgeon and interventionalist.2 Newer modal-
ities, which are non-invasive and faster, are replacing
angiography in certain cases.

Anatomy and pathophysiology
Peripheral vascular injuries refer to injuries in the
extremities where proximal control can be obtained
without an intra-abdominal or thoracic operation.
These injuries include: the axillary, brachial, radial,
ulnar, femoral, popliteal, posterior tibial, and anterior
tibial arteries and their branches. In particular there
are two transition points where proximal control of
the peripheral vascular injury becomes difficult: the
femoral artery just distal to the inguinal ligament and
the axillary artery just distal to the clavicle.

The type of vascular injury varies: complete tran-
section, partial transection, laceration (axially as well
as longitudinally), contusion with thrombosis, crush
injury, arteriovenous fistula, or pseudoaneurysm of
the artery (Figure 20.1).

The major implements causing penetrating injur-
ies include bullets (high and low velocity gunshots),
stabbings (knives, glass, machetes, ice picks), shotgun
pellets, explosion (secondary blast injuries), and
animal bites (snakes and cats). Blunt injury causes
include crush injuries from industrial machine acci-
dents, animal bites (dog and marine animals), motor-
cycle and car crashes, pedestrian vs. auto injuries, and
falls from heights as well as joint dislocations.

Prehospital treatment will vary depending on the
nature of the injury encountered. Most commonly a
compressive dressing is employed, but in some local-
ities tourniquets can be used to control severe hemor-
rhage. Use of tourniquets to control hemorrhage has

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. # Cambridge University Press 2011.
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also been validated in combat related injuries.3 Quick
and expeditious transport to an emergency depart-
ment (ED) from the field is the goal for prehospital
personnel. A thorough description of the scene envir-
onment should be told to the emergency physician
including the mechanism of injury and estimated
blood loss. Hemorrhage control is an early priority
in trauma treatment; it is preceded only by airway
control and management of breathing. Knowledge of
the mechanism may assist the physician attempting
hemorrhage control (e.g., glass vs. gunshot).

Box 20.1 Essentials of vascular trauma

� Peripheral vascular injuries refer to injuries in the
extremities where proximal control can be
obtained without an intra-abdominal or thoracic
operation.

� The types of vascular injury include: complete
transection, partial transection, laceration (axially
as well as longitudinally), contusion with throm-
bosis, crush injury, arteriovenous fistula, or pseu-
doaneurysm of the artery.

Emergency department management
The history taken from prehospital personnel, the
patient, and family should focus on the mechanism
and time of the incident. This can clue the clinician
into potential critical injuries. Hand dominance
should be ascertained along with time of last meal
and allergies. In shotgun blasts, knowledge of the
distance from the shooter to the patient may help in
determining likelihood of serious injury.4

While much of the evaluation in many patients
ultimately involves diagnostic imaging, the history in
conjunction with the physical examination still plays
a role. That is, a normal physical examination, includ-
ing that of the vascular system, can rule out a clinic-
ally significant injury in the low velocity penetrating
injury trauma patient.5

In the patient with persistent bleeding, there are
several variations of pressure application for hemor-
rhage control. These include: digital pressure, instru-
ment pressure, and tourniquet application. Blind
application of hemostats into a wound is discouraged
as the vascular and nerve bundles often lie next to
each other, and there is a high potential for injury of
these nerves.

Tourniquets applied by prehospital personnel can
vary from commercial tourniquets, to blood pressure
cuffs or improvised windlass dressings, e.g., circum-
ferential dressings with a stick used to tighten the
dressings. Tourniquet application is a very effective
management tool limited by time constraints before
ischemia of the limb sets in.3,6 The other limitation is
in very proximal injuries, where the application of
a tourniquet is not technically feasible (axilla or
proximal thigh) or effective. If a prehospital applied
tourniquet is present, query Emergency Medical Ser-
vices (EMS) on length of time applied. The decision
on whether to remove in the ED depends on the
amount and force of bleeding and difficulty with
control. There are no absolutes. If you are going to
take the tourniquet down preparations should be
made to control the bleeding.

The most common approach to hemorrhage con-
trol is digital pressure. Digital pressure should be
applied with caution due to the potential for sharp
objects to be in the wound. Digital pressure with use
of an interposed gauze is preferable to gloved fingers.
An advantage of direct digital pressure is the ability to
feel the pulsatile origin of the blood loss and thus
achieve effective pressure application.

If the decision is made in the ED to apply a
tourniquet, use a manual blood pressure cuff, and
place it proximal to the injury. Inflate the cuff above
the systolic pressure and use a hemostat to clamp the
air tubing to the cuff to minimize air leak. Another
option is to use a pneumatic cuff set to a certain
pressure (e.g., > 200 mmHg for the upper extremity).
Note the time of tourniquet application. Once the
tourniquet is applied, the neurological exam should
commence since the ischemia from the tourniquet

Figure 20.1 Blunt injury to brachial artery. Picture shows brachial
artery at operative exploration with contusion and thrombosis.
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will alter the exam findings. The tourniquet should
remain in place < 120 minutes (Figure 20.2).

A hemostat with a gauze-in-teeth applied to the
spurting wound with sufficient pressure should be able
to temporize the bleeding in most cases. Sometimes
several of these are needed in the wound to achieve
hemostasis. Once hemostasis is achieved, then one by
one each gauzed hemostat may be removed in a four
quadrant fashion. One mentally divides the wound
into four quadrants if it is not clear as to the exact
origin of the bleeder within the wound. Then after
releasing pressure in one quadrant of the wound, one
inspects for bleeding while keeping pressure on the
other three quadrant areas. If none is present, then
the same is done for each successive quadrant until
the bleeder is localized within the wound. This may be
a very painful procedure so local anesthetics should be
used as soon as is practical. Once the bleeding is con-
trolled a rapid evaluation of the limb should proceed.
If the extremity is deformed, fractured, or dislocated,
these should be reduced and splinted. Often this reduc-
tion will reduce ischemia to the distal limb if present.
In addition to local anesthesia, intravenous opioids,
moderate sedation, or endotracheal intubation may
often be required for further management.

Further assessment of the limb should include
the determination of distal pulses and perfusion.
The examiner should evaluate for a thrill or bruit,
expanding hematoma, or motor or sensory deficits
in the affected limb. Motor deficits not explained by
tendon injuries should be suspected of being of ische-
mic origin or due to direct nerve injury. The quality
of peripheral perfusion may help distinguish. The
presence of these examination findings or arterial

bleeding is generally an indication for operative man-
agement of the wound. These are often described as
“hard signs.”

Box 20.2 Hard signs of arterial injury

� Diminished or absent pulses
� Bruit or thrill
� Active or pulsatile hemorrhage
� Signs of limb ischemia/compartment syndrome

(paresthesias, paralysis, pain, pulselessness, pallor
[seen mainly in light-complexioned individuals],
and pain on passive extension)

� Pulsatile or expanding hematoma

The use of Doppler ultrasound is common when
pulses are palpably diminished or absent. Compari-
son with the contralateral limb will help in the assess-
ment to make sure that a congenitally anomalous
arterial formation is not present

If there are no hard signs, the examiner should
proceed to evaluate for the presence of external signs
of injury (bruises, lacerations, or abrasions) and “soft”
signs of vascular injury.7,8

Box 20.3 Soft signs of vascular injury

� Proximity of injury tract to the vascular bundle
� Major single nerve deficit (sciatic, femoral,

median, ulnar, and radial)
� Non-expanding hematoma
� Diminished pulses
� Posterior knee or anterior elbow dislocation
� Hypotension or history of moderate blood loss at

the scene

In general, proximity alone is not an indication
for vascular imaging. Vascular imaging for proximity
injuries (i.e., wound tract within a cm of a major
vessel) is warranted for a mechanism of blast force,
high velocity missile injury, or in a shotgun wound.9

Otherwise, there should be clinical signs of injury or
an ankle–brachial index (ABI) of < 0.9.

Frykberg et al. published a prospective study of
penetrating extremity injuries (N ¼ 366) over the
course of a year. All hard signs of vascular injury
(6%) were taken to the operating room, all proximity
injuries (78%) were observed clinically. The remaining
16% were extremity wounds without hard signs and
without proximity and were discharged. The proxim-
ity wound category (N ¼ 286) had 2 patients who
slowly went on to develop evidence for vascular injury

Figure 20.2 Pneumatic cuff used as a tourniquet.
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requiring repair for a missed injury rate of 0.7% (2/
286); the diagnostic accuracy of physical exam in this
subset of patients was 99.45% (364/366).5 This
experience has been corroborated with additional
studies and now serves as the basis for our continued
observation of penetrating wounds of the extremities
in the absence of clinically apparent vascular injuries.
Given the generous collateral circulation and the
presence of major vascular structures around the
groin and thoracic outlet, this approach is not
applicable to these areas. It is possible to have injury
to the profunda femoris or profunda brachii or other
major vascular structure in these proximal locations
with the preservation of adequate peripheral perfu-
sion. Hence, the wait and see approach without
radiologic evaluation for proximity wounds to the
extremity is best suited for injuries distal to the
mid-thigh or mid-brachium.

Neurological status should include a full evalu-
ation of all motor and sensory function distal to the
injury. A tourniquet that has been placed on the limb
will produce numbness and paresthesias distal to the
tourniquet after a period of 15 minutes. If the pre-
hospital personnel have applied a tourniquet, note the
time of application and interpret the neurological
examination in this light. The neurologic changes
due to ischemia from a tourniquet do not reverse
quickly after releasing the tourniquet, often taking
20–30 minutes or longer to fully resolve; longer times
of tourniquet application correlating with more
widespread and prolonged ischemic effects.

Presentation
The presentations of extremity injuries with vascular
trauma can be dramatic and varied. Industrial acci-
dents, railroad accidents, and blast injuries commonly
produce proximal amputations: exposed bone,
muscle, vessels, and nerves. Often bleeding is not
severe as the proximal vessel may have retracted and
closed off due to spasm. Bleeding may have also been
controlled prior to arrival by a tourniquet placed by
prehospital personnel. If bleeding has been controlled,
place saline gauzes over the exposed soft tissue. Large
injured/severed nerves are exposed and exquisitely
sensitive.

Near amputations can present with a large bone
fracture deformity accompanied by large soft tissue
injury. Partial transections of a large artery can occur
causing heavy bleeding. The inability of the artery to

retract and close off by spasm allows it to profusely
bleed. Direct pressure should be applied; if insuffi-
cient, a tourniquet may be necessary.

Penetrating injuries to the wrist may involve the
radial artery, ulnar artery, or palmar arch. These have
a propensity to bleed heavily since they bleed from
both directions.

Both gunshot and stab wounds may present with a
small external wound with an underlying hematoma.

Stab wound hematomas are often larger than gun-
shot wound hematomas as the stab wound can retract
around the exiting sharp (knife or glass) whereas the
gunshot wound may leave a tract that cannot close,
allowing for active external bleeding rather than con-
tained hematoma. Care must be taken with injuries
from glass, because of the risk of injury to the treating
staff.

Crush injuries may be deceptive. The crushed
segment may extend for significant length. The thin
and loose skin of an elderly patient is at particular risk
for degloving injuries. A force producing this injury
can easily cause a crushing vascular injury that
extends over a long segment of the extremity.

Animal bites can cause arterial injury from crush
injuries (e.g., dog bite) or puncture injuries (e.g., cat
bite or a snake).10 Certain snake bites can additionally
be complicated by thrombosis or coagulopathy
caused by venom in the bite.11

Several blunt trauma mechanisms are also associ-
ated with vascular extremity injury. Highly suspicious
are the extremity dislocations that involve “swelling”
of the joint or hematoma formation. Traumatic
shoulder, knee, and elbow dislocations can develop
vascular injuries during dislocation or reduction.12,13

Knee dislocations produce a potential for both poplit-
eal arterial and venous injury with thromboembolic
sequelae such as compartment syndrome and even-
tual need for amputation.14 The previously routine
practice of angiography for all knee dislocations
revealed that the incidence of popliteal artery injury
was between 16 and 30%. Treiman et al. examined 22
patients with knee dislocation and normal peripheral
vascular exams by angiography.15 They found that
3/22 (13.6%) of those patients had angiographic evi-
dence for minor arterial injury.15 Continued observa-
tion revealed that the natural history of these
clinically occult lesions was benign hence did not
warrant detection through angiography. Others veri-
fied similar results using duplex ultrasound. General
current practice is to observe those patients with
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knee dislocation and a normal peripheral vascular
exam, i.e., normal perfusion, pulses, and ABIs. There
is no standard for how long, but at maximum, 24
hours seems sufficient.

Secondary evaluation
Plain film radiography
The purpose of plain films is to identify fractures,
dislocations, and foreign bodies in the wound. The
plain films assist with the expeditious reduction of
fractured long bones and dislocations. The location of
the dislocation or fracture may prompt a greater
concern for certain neurovascular injuries. Isolated
injuries to the extremity may generally undergo radi-
ography in the radiology suite. Patients with multiple
trauma or concerning dislocations may require
bedside radiography.

Ankle–Brachial Index or Arterial Pressure Index
Patients with soft signs may be evaluated using the
ABI or the Arterial Pressure Index (API). The APIs
use has been validated by numerous studies as a
screening tool for vascular trauma that offers
improved sensitivity over the pulse exam alone. An
API < 0.9 indicates possible vascular injury warrant-
ing further evaluation such as an angiogram or com-
puted tomography angiogram (CTA).

The API probably will not detect all injuries, such
as those to the peroneal and profunda arteries, or

those that do not obstruct flow. Those patients with
significant peripheral vascular disease and those in
shock may also have abnormal APIs without an acute
injury.16

Some centers have incorporated the API into their
extremity injury protocol (Table 20.1).16–18 Lynch
and Johansen studied ABI use in penetrating and
blunt trauma in 100 patients and found, using an
ABI of 0.9 or lower for ruling in a lesion, a sensitivity
of 87% and specificity of 97%.19 An ABI of 0.9 or
higher had a negative predictive value of 96%. Mills
et al. evaluated 38 patients and found 100% sensitiv-
ity, specificity, and positive predictive value for arter-
ial injury in patients with knee dislocations.20

However, none of those with ABI above 0.9 had
arteriography (duplex ultrasound or clinical follow
up were the standards used in those patients) so the
study was limited by its methodology.20 Its compari-
son with duplex ultrasonography revealed that it is
less sensitive in one well-controlled trial.21

Conventional angiography
Historically, angiography was the preferred imaging
study in most centers for the evaluation of vascular
trauma. However, many of these studies do not dem-
onstrate pathology that requires intervention. In
1989, Frykberg studied 152 patients by angiography
whom had a normal vascular exam; he found 27
injuries (18%) to the vascular structures.5 These injur-
ies included spasm, minor intimal flaps (image), and

Table 20.1 How to perform ankle–brachial index (ABI)

� The patient is placed supine with the cuff placed on the injured arm (or lower extremity)

� The ipsilateral brachial artery is insonated with the Doppler device until the brachial artery is clearly heard

� The cuff is pumped up 20 mmHg past the point where the Doppler sound disappears. The cuff is slowly released until
the Doppler device picks up the arterial sound again (the systolic pressure)

� The pressure at which this sound occurs is recorded and the procedure is repeated for the opposite uninjured upper
extremity

� A similar procedure is then done with both lower extremities, comparing the systolic pressure at the ankle
(insonating the dorsalis pedis or posterior tibial artery with the Doppler device; the cuff is placed just above the ankle)
in the injured lower extremity with the systolic pressure in the uninjured lower extremity

� The ABI ¼ the systolic pressure of the injured extremity (ankle or forearm) divided by the brachial systolic pressure in
the uninjured extremity

� ABI > 0.9 is highly unlikely to have a vascular injury and may be observed

� ABI < 0.9 indicates possible vascular injury: requires further evaluation, preferably by computed tomography
angiogram (CTA)
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pseudoaneurysms (image) of named arteries. He
followed those patients with clinically unapparent
but angiographically demonstrated vascular injuries.
Subsequent angiography showed that all but one
lesion resolved completely. One small pseudoaneur-
ysm continued to enlarge and was electively repaired.
Therefore, 96% of the injuries in his series resolved
without operative intervention.5

The complication rate of angiography is 1–2%.22

The advantages of angiography are the ability to
intervene endovascularly to control hemorrhage by
embolization or stenting and the high sensitivity
achieved by dynamic imaging from multiple angles.
Consequently, conventional angiography has been the
gold standard by which other modalities are meas-
ured.23–25 However, angiography has a false negative
rate and a false positive rate as high as 2% with some
shotgun injuries becoming apparent years after the
event.26,27 In particular, arteriography, the gold stand-
ard, has been found to miss shotgun injuries that
show up years later.27

Magnetic resonance imaging
The investigation of vascular trauma with magnetic
resonance angiography (MRA) is currently being
evaluated.28 Compared with conventional or CTA,
MRA is non-invasive, does not use ionizing radiation,
and has less risk of renal injury due to contrast injec-
tion. An MRA typically involves the use of paramag-
netic contrast materials such as a gadolinium chelate.
Gadolinium has minimal nephrotoxicity and ana-
phylaxis risk compared to iodinated X-ray contrast.29

In patients with renal insufficiency, however, there is
a risk of developing nephrogenic systemic fibrosis
(NSF) after exposure to the extracellular, non-ionic,
low-osmolar, gadolinium-based contrast agent,
gadodiamide. The typical patient who develops NSF
is middle-aged with end-stage renal disease on
chronic dialysis. The highest glomerular filtration rate
(GFR) in which NSF has been reported was 20 ml/
min (normal ~100 ml/min).30 A study of high-dose
gadolinium in a population with a high prevalence of
baseline renal insufficiency showed no renal failure
associated with its administration.29 The most
common adverse reaction in a study of 9528 patients
was nausea and vomiting (40% of adverse reactions)
and rash (33%). One patient (0.01%) had an
anaphylactoid reaction.29 It is unclear whether pre-
medication has any role in attenuating an adverse
reaction. Patients pretreated with prednisone and

diphenhydramine still developed the same adverse
reaction with gadolinium.

The acquisition time for MRA images is greater
than that for CTA.

Duplex ultrasonography
Duplex ultrasonography is an imaging modality that
uses both Doppler and B mode. It is non-invasive and
it visualizes arterial as well as venous injuries. The
ultrasonographer is able to distinguish the vessel anat-
omy as well as flow velocities and direction. Duplex
ultrasonography provides information about pseu-
doaneurysms, flow velocities, intraluminal clot for-
mation, and arteriovenous malformations. Duplex
ultrasonography provides dynamic imaging; it com-
pares well with angiography. However, the accuracy
of duplex ultrasonography is operator-dependent and
the studies may be time consuming.31,32 Some injur-
ies may be missed if the entire arterial tree is not
imaged.33 Large wound defects, casted extremities,
external hardware, subcutaneous air, and injuries
near the clavicle or inguinal ligament can limit the
ability of the study to detect vascular injuries.34 Fur-
ther, detecting vascular injuries distal to an existing
high-grade lesion is difficult.35

Duplex ultrasonography is not as sensitive as angi-
ography in identifying intimal defects and small vessel
occlusions. In a prospective randomized blinded trial,
Bergstein et al. showed that duplex ultrasound was
99% specific and 50% sensitive, compared with digital
subtraction angiography; the positive predictive value
was 66% and the negative predictive value was 97%.33

Two pseudoaneurysms were missed in this study
because they were more proximal in the vessel than
the area studied. Bergstein’s recommendation was to
scan the entire arterial tree in the injured extremity;
however, this adds to the time required to perform the
study. Duplex ultrasonography is particularly time
consuming in evaluations of the legs below the level
of the trifurcation of the popliteal artery.33 It’s ability
to evaluate venous injury is excellent.14

CT angiography
Computed tomography angiography has multiple
advantages to all other modalities: rapidity, three
dimensionality, sensitivity, and specificity.36,37 The
major downside to CTA is that it is a diagnostic
modality alone that does not allow for treatment such
as stenting or embolizations. Compared with digital
subtraction angiography, CTA is faster, exposes the
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patient to only about 25% of the radiation, is less
costly, allows a greater ability to change the volumet-
ric raw data, and has fewer complications.38 In add-
ition, CTA can assess luminal plaques, thrombus,
inflammation, and perivascular disease.39 Multidetec-
tor row CT (MDCT) can capture arterial and venous
phases within a few minutes.40 The 64- and 128-row
detector CTA produce images that are of similar
quality to conventional angiography. Soto et al. com-
pared conventional angiography with CTA; the sensi-
tivity was 90–100% and the specificity was 100% with
an inter-observer agreement of 0.9 (Figure 20.3).36

Trauma from penetrating injuries with retained
foreign bodies can cause imaging artifacts. Similarly,
implanted medical devices and artificial joints can
also produce imaging artifacts. Such artifacts may
create difficulty in visualizing segments of the vascu-
lar structures.40 Other pitfalls to CTA include the
difficulty in differentiating spasm in a normal vessel
from occlusion and mistaken appearance of a throm-
bus if the venous phase is imaged too early.40

Compared with duplex ultrasound, CTA is less
operator-dependent, can evaluate the presence of col-
lateral vessels and evaluate the distal vascular bed.
Compared with magnetic resonance imaging (MRI),
CTA is faster and the image signal is less influenced
by vessel tortuousity and slow flow, and has higher
spatial resolution.39

Box 20.4 Summary of radiologic modalities

Modality Use and characteristics

Plain films Identify fractures, dislocations, and
foreign bodies in the wound

Insensitive for arterial injury, but
location of injury may prompt
further evaluation

Angiography Gold standard allowing
interventional procedures: stenting
and embolization

Allows for a dynamic evaluation of
the arterial tree

Ultrasound Duplex ultrasonographymaybeuseful
in detecting lower extremity venous
injuries and delayed aneurysms

If contrast allergy present, may be
used in place of CTA or angiography

Limited sensitivity in some small
injuries and intimal defects

Non-therapeutic

MRI Non-invasive, does not use ionizing
radiation, and has less risk of renal
injury due to contrast injection

High accuracy but expensive and not
practical for unstable patients

Not therapeutic

CT
angiography

64 slice and above are as comparable
to digital subtraction angiography
with lower complications, faster, and
less expensive

Major limitation is that it is
diagnostic only, not therapeutic

Treatment of vascular injuries
of the extremities
Initial therapy
Initial ED treatment for active bleeding consists of
direct pressure, hemostatic bandages or application of
a tourniquet. The first step in control of active arterial
or venous bleeding in the ED is with direct pressure.
Blind application of surgical clamps is contraindi-
cated if the operative field is obscured by blood.
Direct local pressure may allow temporary control
of the bleeding to allow time to transport the patient

Figure 20.3 Computed tomography angiography (CTA) of
popliteal vessel injury.
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to the operating room. At times, the bleeding may be
so brisk that the direct pressure cannot be removed;
in these cases the skin should be prepped with iodine
around the compressing hand until definitive control
can be done in a more sterile and controlled setting to
achieve proximal and distal control.

Recently, three variations of hemostatic bandages
have become available for both military and civilian
use. The most prevalent is the HemCon® bandage,
made from the complex carbohydrate chitin. This
bandage has been distributed to over 600 000 troops,
with uncontrolled retrospective data reporting 97%
effectiveness. ChitoFlex® is a softer, more compliant
variation of HemCon® designed to be stuffed into
smaller wounds, such as those from small caliber low
velocity injuries. QuickClot® is an inert porous zeolite
powder that absorbs water, concentrating clotting
factors through dehydration. The initial reports sug-
gested that due to an exothermic reaction when used,
a large amount of heat was generated, which limited
its effectiveness. Some of that heat generation has
now been tempered through the use of pre-hydration
of the crystals.

The tourniquet has not been positively received
throughout the years. During World War I, the use of
the tourniquet was discouraged because of misuse, the
potential for prolonged application, possible contri-
bution to limb loss and the possible relationship with
infection. In retrospect, this was probably more a
function of the minimal prehospital care, prolonged
evacuation, primitive understanding of resuscitation,
and lack of antibiotics rather than the device itself.
Today, support for its use is widespread, yet remains
mostly anecdotal and poorly studied. It is readily
available and easily applied by the injured victim. It
may be highly valuable in the event of mass casualties
to allow the delivery of care to multiple victims by a
limited number of caregivers.

Systemic therapy
The control and therapy for active arterial bleeding
is both local and systemic. Once local control is
achieved, systemic therapy may involve either volume
resuscitation or volume restriction, depending on the
specific circumstances. The commonly cited approach
is the administration of 2 L of crystalloid with the
expectation that normotension will be restored. In the
event of severe bleeding and moderate hypotension,
however, it may be more prudent to maintain

minimal volume expansion with crystalloid and move
the patient directly to the operating room for defini-
tive care. Continued aggressive crystalloid resuscita-
tion in the absence of control of bleeding will lead to
the dilution of coagulation factors, hypothermia, and
acidosis as well as restoration of circulatory volume
with fluid that is unable to transport oxygen. In the
event that the patient had been able to clot off the
injured vessel, aggressive fluid resuscitation may raise
the blood pressure, and increase the risk of “popping
off” the previously protective clot. In the injured
actively bleeding patient, it may be best to wait until
control of hemorrhage has occurred to provide
aggressive replacement with warmed packed red cells,
fresh frozen plasma, and platelets with minimal use of
crystalloid. There is ample animal laboratory evidence
and some clearly suggestive human data that this
modern day damage-control resuscitation is far more
physiologic and results in less hypothermia, coagulo-
pathy, and acidosis.41,42

Patients with hard signs require surgical consult-
ation and operative management. These patients do
not need vascular imaging unless the point of injury is
unclear. After an initial decision is made that opera-
tive treatment is not immediately necessary, further
evaluation and management can proceed. If the
patient has soft signs, a decision is required about
the need for vascular imaging. If the injury is distal,
the use of a normal exam and normal ABIs can rule
out the need for imaging. The patient with an ABI of
< 0.9 should be studied by conventional or CT angio-
gram to evaluate the injured extremity. Evidence of
arterial injury by imaging in conjunction with soft
signs usually result in operative management,
although some have been conservatively managed.33

The patient who is asymptomatic and has an ABI
> 0.9 can be safely observed or discharged depending
on the injuries (Figure 20.4).

Local wound exploration, cleansing the wounds,
identification of other injured structures (tendons),
and local hemorrhage control are the next steps. If a
partially transected or lacerated artery is encountered
during closure, pass thick silk suture under the vessel
proximally and distally and then gently tent up. This
will usually achieve enough hemostasis for either
repair or ligation. If there is good distal and proximal
flow in the injured radial or ulnar artery, it may be
ligated, although if practical a vascular or hand sur-
geon should be consulted. Wounds should be closed
early unless the patient is going to the operating
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room; they can be closed there. Deep stab wounds or
wounds into multiple muscle compartments, espe-
cially if dirty, should be closed by delayed primary
closure or secondary intention. The clean wound
should not be left open for hours (increasing the
likelihood of infection). The transition to the operat-
ing room should not be delayed to close minor
wounds.

Tetanus toxoid should be administered as well as
tetanus immune globulin if there is a lack of previous
immunization.

Although not well studied, antibiotics are usually
given with a typical agent being cefazolin 1 g intra-
venously. Those allergic to cephalosporins can be
given a macrolide and vancomycin.

Operative management
Operatively, the surgeon has several choices: Direct
repair, interposition graft, or ligation.43

Preoperative preparation includes the treatment
or prevention of hypothermia, adequate vascular
access and blood typing. The injury may be tampon-
aded by local clot and tissues. Disruption of this
protective environment should not occur until
adequate control of the vessels leading into and out
of the hematoma has been achieved. Proximal and
distal control of the artery prior to exposing the actual
injury avoids sudden uncontrolled blood loss. Prox-
imal control of the brachial vessels may include
supraclavicular subclavian artery exposure or infra-
clavicular axillary artery exposure. Proximal control
of the common femoral artery may require the extra-
peritoneal exposure of the external iliac artery.

Small, distal, and redundant injured arteries may be
ligated; however, the majority of larger arterial injuries
should be repaired. During the American Civil

War, extremity amputation was the most common
operation and the named vessels were routinely ligated.
Prior to the turn of the twentieth century, injured arter-
ies were routinely ligated necessitating amputations. It
was not until DeBakey began repairing arteries toward
the end ofWorldWar II that there was proof that it was
feasible and beneficial to do so. DeBakey et al. demon-
strated that with repair, the amputation rate dropped
from 50% to 35%.44,45

In patients with the hemodynamic instability
damage control surgery may be more appropriate
than a prolonged reconstruction. In these situations,
liberal uses of intravascular shunts allow immediate
restoration of prograde blood flow into the injured
extremity limiting the total duration of limb ische-
mia. A recent report from Iraq found that the use of
shunts in 23 patients with arterial injuries allowed
100% limb salvage at short-term follow up (2–30
days). In addition, the avoidance of aggressive resus-
citation to normotension prior to operative repair
may avoid disruption clot and dilution of clotting
factors.46,47

Repairs to arterial defects are performed with
sutures, patch angioplasty, interposition grafting, or
vein patches depending on the type, location, and size
of injury.

Documentation
Patients with extremity trauma should have the phys-
ical examination documented including the neurovas-
cular evaluation. This aspect should be repeated and
documented after splinting, reduction of dislocations,
and release of tourniquets. Tourniquet time should be
estimated and documented also. Hand dominance
should be documented as it may assist with rehabili-
tation planning.

Peripheral vascular injury

Proximal
injury

Distal
injury

No hard signs
CTA or convential angio.

Hard signs
operative repairNo hard signsHard signs

operative repair

Normal ABI/exam
observe or discharge

ABI < 0.9 or abnormal vascular exam
CTA or conventional angio.

Figure 20.4 Diagnostic approach to peripheral vascular trauma. ABI, Ankle–Brachial Index; angio., angiography; CTA, computed
tomography angiography.
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Box 20.5 Essentials of documentation

� Neurovascular examination including pulses,
sensation, perfusion, and motor (comparison to
contralateral side if applicable)

� Repeat evaluation after splinting, dislocation
reduction, tourniquet release, etc.

� Estimated tourniquet time (if used)
� Hand dominance (if upper extremity injury)

Disposition
Any patients with hard signs of injury need emergent
operative intervention; if this cannot be provided at the
initial hospital then the patient should be transferred
to a trauma center. If there are soft signs of arterial
injury, surgical consultation and ED evaluation are the
appropriate next steps. If the trauma evaluation yields
no injuries other than the extremity injury with soft
signs but the ABI/exam or imaging is negative the
patient may be discharged or observed. If there are
proximal soft signs requiring imaging or abnormal
ABIs and no imaging modality is available at the base
hospital, then the patient should be transferred to a
facility that can perform these studies. Patients with
amputations should be sent to a replantation center
with efforts to preserve the amputated limb.
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Section 3

Chapter

21
Special considerations

Trauma in pregnancy

Diana Felton and Carrie D. Tibbles

Introduction
Trauma complicates approximately 5% of pregnancies.1

Many factors, including physiologic changes in preg-
nancy, concerns over radiation and medication effects
on the fetus, the necessity of fetal monitoring, and the
need to recognize and treat specific pregnancy-related
complications, can make these cases very challenging to
manage. Motor vehicle collisions, followed by falls and
assaults, are the most common cause of maternal
trauma.2As expected,more severe injuries are associated
with poor outcomes for both themother and developing
fetus.3Whilemany pregnant women sufferminor injur-
ies, that do not require hospitalization, even apparently
minor injuries like extremity fractures, are linked to
poor perinatal outcomes.4–6 Therefore, all pregnant
trauma patients require careful evaluation.

A few general principles are helpful in the manage-
ment of the pregnant trauma patient. First, a develop-
ing fetus is very susceptible to maternal hypoxia and
hypovolemia, and the initial resuscitation should focus
on stabilizing the mother. The majority of the time,
the evaluation of the mother follows general trauma
protocols, similar to non-pregnant patients. The
physiologic changes in pregnancy can make the identi-
fication of shock more difficult and the clinician must
be aware of subtle signs of hemodynamic instability.
Finally, placental abruption is the most common cause
of fetal loss following trauma, and is best evaluated by
initiating cardiotocographic monitoring early in the
emergency department (ED) course.

Box 21.1 Essential principles in caring for the
pregnant patient with traumatic injury

� Adequate resuscitation of the mother is essential,
as fetal well-being is largely dependent on the
stability of the mother.

� In the second half of pregnancy, patients should
be placed in the left lateral decubitus position to
avoid supine hypotension from compression of
the inferior vena cava by the uterus.

� Placental abruption can occur even after minor
trauma. If the fetus is viable, continuous fetal
monitoring should be initiated as soon as pos-
sible, and continued for a minimum of 4–6 hours.

� In general, necessary radiologic studies should
not be withheld from the mother because of
concerns of radiation exposure to the fetus.

� All Rh-negative mothers should receive
RhoGAM following trauma to prevent maternal
isoimmunization.

Clinical anatomy and physiology
The enlarging uterus remains inside the confines of
the pelvis until week 12, reaching the umbilicus at
week 20, and the costal margins between weeks 34 and
36 (Figure 21.1). This expanding uterus pushes the
bowel into the upper abdomen, and also displaces
the bladder anteriorly, increasing its susceptibility to
injury. In the later stages of pregnancy, the uterus
may compress the vena cava when the patient is lying
on her back. This phenomena, known as supine
hypotension, has a significant impact on the blood
return to the heart, subsequently reducing cardiac
output.

The perfusion requirements of the uterus and
placenta result in a number of significant alterations
in maternal physiology beginning in the middle of the
first trimester and continuing throughout the preg-
nancy. Resting heart rate is typically elevated 10–15
beats/min. Because of decreased vascular resistance,
both systolic and diastolic blood pressure typically
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falls 5–15 mmHg in the second trimester. Cardiac
output is increased by 1.0–1.5 L/min, with the enlarg-
ing uterus receiving 20% of the total cardiac output.
Maternal blood volume increases in pregnancy, with-
out a proportional increase in red blood cell produc-
tion, resulting in a dilutional anemia. Because of this
increased volume, a pregnant trauma patient may lose
up to 1500 ml of blood before exhibiting signs of
hypovolemia such as tachycardia and hypotension.
However, this amount of hemorrhage is sufficient to
cause fetal distress.

Respiratory dynamics change significantly in
pregnancy starting as early as 6–8 weeks of gestation.
The pregnant woman effectively exchanges more gas
per breath. Her tidal volume will increase by 40% in
conjunction with a 25% drop in functional residual
volume beginning midway through the second tri-
mester. Consequently, baseline PCO2 will run lower

at 30 mmHg. Oxygen consumption is increased. All
this translates to lower pulmonary reserves in situ-
ations of respiratory distress.

Pregnancy increases progesterone levels which
relaxes smooth muscle throughout the body. In add-
ition to decreased vascular resistance, important
effects include relaxation of the lower esophageal
sphincter and decreased gastric motility, with subse-
quent increased aspiration risk.7 Progesterone also
increases ligament laxity, which may leave a pregnant
patient more prone to orthopedic injuries.

Recognition of these alterations in anatomy and
physiology are important for accurate assessment
of the pregnant trauma patient and are summarized
in Box 21.2.

Box 21.2 Important physiologic changes in
pregnancy

System Change Approx.
change

Onset
change

Cardiovascular Increased
cardiac
output

40% First to
second
trimester

Increased
blood
volume

40% First to
second
trimester

Elevated
resting
heart rate

15% First
trimester

Systemic
vascular
resistance
(SVR)

�20%

Decreased
blood
pressure

�30% Second
trimester

Pulmonary Increased
respiratory
rate

15% First to
second
trimester

Decreased
functional
residual
capacity

�20% Third
trimester

Increased
tidal
volume

40% First to
second
trimester

12 weeks

16 weeks

20 weeks

24 weeks

28 weeks

32 weeks

40 weeks

36 weeks

Figure 21.1 Relationship of fundal height and gestational age.
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Prehospital
Overall, standard protocols for prehospital care of
trauma patients apply to pregnant patients, with a
few specific considerations. In a patient > 20 weeks
pregnant requiring spine immobilization, the back-
board should be tilted 15� to the left to prevent
hypotension from the compression of the vena cava
by the uterus. Positioning towels or blankets under
the backboard is easy and effective.8 Supplemental
oxygen should be provided and intravenous access
placed. Any pregnant patient at risk for complica-
tions of traumatic or obstetrical complications
should be transferred to a trauma center with
obstetric capabilities whenever possible. Patients
with a viable pregnancy (> 24 weeks) plus abnormal
vital signs, chest pain, loss of consciousness, or a
significant mechanism, should be transported to a
trauma center if practical.9 Blunt abdominal
trauma, uterine tenderness, vaginal bleeding, or
leakage of amniotic fluid is predictive of obstetric
complications.10 Hemodynamically stable patients
with pre-viable pregnancies and no apparent serious
injury, can be safely managed at the nearest facility
based on local Emergency Medical Services (EMS)
protocols.

Box 21.3 Essential prehospital interventions

� If spine precautions are required, the backboard
should be tilted 15� to avoid supine hypotension

� Supplemental oxygen
� Intravenous fluids, especially if signs of hemo-

dynamic compromise or serious injury
� Transport (when practical) to a Level I trauma

center with obstetric capabilities if serious injur-
ies, major mechanism, or signs of obstetrical
complications including uterine contractions,
uterine tenderness, vaginal bleeding, leakage of
amniotic fluid.

� Greater than 20 weeks pregnancy should be
determined by history or by fundal height at or
above umbilicus.

Emergency department evaluation
and management
Common presentations
Pregnant patients present with a full range of poten-
tial injuries, and are generally evaluated in the same
manner as non-pregnant patients, with consider-
ation of a few specific pregnancy-related conditions,
the most common of which is abruption of the
placenta. Early in pregnancy, the uterus and fetus
are entirely within the pelvis, affording direct pro-
tection from all but the most severe blunt trauma.
As the pregnancy progresses, the fetus itself remains
fairly well protected from blunt trauma forces,
bathed in amniotic fluid. However, the placenta,
being a more fixed structure, can be negatively
affected by traumatic forces. Placental abruption
can be subtle and difficult to diagnose. Abdominal
pain is present in almost all cases. Vaginal bleeding
is uncommon. Ultrasound is insensitive for the
diagnosis of placental abruption as the bleeding is
often indistinguishable from the placenta itself.
Signs of fetal distress on fetal heart rate monitoring,
including late decelerations, loss of variability and
persistent tachycardia or bradycardia, are the best
indication of placental abruption, although they may
be somewhat non-specific. A normal monitor strip,
however, provides a considerably increased prob-
ability that there is no significant fetal distress
(Figure 21.2). If abruption is expected, and there
are signs of fetal distress, an emergency cesarean
may be indicated.

Preterm labor, defined as, uterine contractions
with progressive cervical dilation, is another potential
complication following trauma. Similar to placental
abruption, even minor injuries can precipitate

Increased
minute
ventilation

50% First to
second
trimester

Respiratory
alkalosis
(decreases
PCO2)

Paco2
average
of
32 mmHg

Throughout

Gastrointestinal Decreased
gastric
motility

First
trimester

Decreased
esophageal
sphincter
tone

Musculoskeletal Increased
ligament
laxity

First
trimester
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(a)

(b)

(c)

(d)

Figure 21.2 Fetal monitor tracings:
(a) early decelerations; (b) normal
decelerations; (c) normal with increased
variability; (d) late decelerations (X marks
area of contractions). (Courtesy of
George Musalli, MD.)
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preterm labor. Uterine rupture is a devastating com-
plication of severe trauma and is almost always uni-
formly fatal for the fetus. Uterine rupture presents in
a similar manner as placental abruption. Physical
exam is notable for uterine tenderness and may reveal
palpable fetal parts.

Penetrating injuries to the abdomen during preg-
nancy are associated with a high rate of complications
for both the mother and the developing fetus. As the
uterus enlarges, the bowel is displaced superiorly,
changing the pattern of injury following penetrating
trauma. The large, muscular uterus also offers some
protection to the mother. For example, a gunshot
wound to the abdomen has a 19% incidence of vis-
ceral injury in pregnant patients, compared to an 82%
incidence in non-pregnant patients.11 A large propor-
tion of fetal deaths from trauma are the result of
penetrating injuries, primarily gunshot wounds.12

Initial evaluation
The primary survey is performed according to
Advanced Life Support protocols, with careful
consideration of the cardiopulmonary alterations
described earlier. Pregnancy increases the risk of
aspiration because of decreased esophageal sphincter
tone and elevation of the diaphragm. Pregnant
patients also have decreased oxygen reserves, and
given the susceptibility of the fetus to hypoxia, early
intubation should be considered. Additionally, the
fluid retention typically associated with pregnancy
can cause swelling of the soft tissues of the airway.
Given all these factors, the emergency physician must
be prepared for a potential difficult airway when
intubating a pregnant patient in the third trimester.
Rapid sequence induction agents may be used in
pregnancy; however, if delivery is imminent, a flaccid,
apneic, infant may result, as paralytics do cross the
placenta.13 Careful attention to oxygenation and
subtle signs of respiratory compromise is essential.
If tube thoracostomy is required, the chest tube
should be placed two intercostal spaces higher to
avoid entering the abdominal cavity.8 When evaluat-
ing hemodynamics, the physiologic changes of preg-
nancy must be kept in mind. The changes in vital
signs that accompany the different phases of preg-
nancy should not mislead the physician into a false
sense of security. Because of increased maternal blood
volume, a pregnant patient may lose a large amount
of blood before demonstrating signs of hemodynamic

instability. The patient should be placed in the lateral
decubitus position or have the gravid uterus manually
displaced to avoid supine hypotension. Fluid resusci-
tation and transfusion of O-negative blood should be
initiated early.

After evaluation of potential immediate life
threats, a secondary survey is performed, and should
include a complete evaluation of any potential
maternal injuries and fetal monitoring should be ini-
tiated. The bedside focused abdominal sonography in
trauma (FAST) exam is highly sensitive for intraperi-
toneal blood, as in non-pregnant patients, and should
be performed early in the resuscitation.14,15 A FAST
exam in the pregnant patient is performed with the
same technique as the non-pregnant patient. It may
be useful to add additional views of the uterus to
assess fetal location, presence of amniotic fluid, and
fetal heart tones. A pelvic exam should be performed
on all patients with major blunt trauma to the abdo-
men, pelvic fracture, signs of fetal distress, uterine
contractions, vaginal bleeding, or leakage of clear
fluid. This should be done to evaluate for presenting
parts, intravaginal trauma, cervical dilation, or rupture
of membranes. In the second and third trimester, a
sterile speculum examination as the initial evaluation is
appropriate. If there is a known or suspected concomi-
tant placenta previa, do not perform the examination
until an obstetrician is present. A positive nitrazine
paper test or ferning of the vaginal fluid on a slide is
suggestive of amniotic fluid. Consider the possibility of
eclamptic seizures in the patient with altered mental
status, particularly if the mechanism of the trauma is
unclear.8

Acute interventions
In addition to the initial resuscitation of the mother,
fetal heart tones and uterine activity should be moni-
tored for a minimum of 4–6 hours, if the gestational
age is > 20 weeks.16,17 As mentioned above, signs of
fetal distress include persistent tachycardia or brady-
cardia, decelerations, and loss of beat-to-beat variabil-
ity (see Figures 21.2b and c above).

Secondary evaluation
Radiology studies
One of the most challenging aspects of managing a
pregnant trauma patient is balancing the need to
diagnose injuries in the mother, while avoiding
unnecessary radiation exposure to the fetus. The
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American College of Obstetrics and Gynecology has
issued a consensus bulletin summarizing guidelines
regarding diagnostic imaging during pregnancy that
are very applicable to the pregnant trauma patient. In
summary, the guidelines conclude that a pregnant
woman should be counseled that X-ray exposure
from a single diagnostic study does not result in
harmful effects to a fetus. Specifically, exposure to
< 5 rads has not been associated with an increase in fetal
anomalies or pregnancy loss.18 In a similar statement,
the American College of Radiology concluded that:

The risk of abnormality is considered to be negligible at
5 rads or less when compared to other risks of
pregnancy, and the risk of malformations is substantially
increased above control levels only at doses above
15 rads. Therefore, radiation exposure to the fetus
arising from diagnostic procedures would very rarely, by
itself, be a cause for terminating the pregnancy.19

Table 21.1 lists the approximate dose of fetal radi-
ation, without lead shielding, from standard imaging
studies obtained in trauma patients. A pregnant
trauma patient can receive multiple studies and still
be well below the 5 rads threshold. The American
College of Obstetrics and Gynecology guidelines also
recommend that alternative forms of imaging be con-
sidered when feasible, and that a radiologist (or radi-
ation safety officer) may be of assistance in calculating
the radiation dose of multiple studies.18

As discussed above, the FAST exam has the same
sensitivity as in non-pregnant patients, and should be
used routinely in the assessment of pregnant trauma
patients. Ultrasonography can also be used for a quick
assessment of the fetus, noting the fetal heart rate and
the presence of amniotic fluid.20 Ultrasound may
demonstrate a placental abruption, but has a reported

sensitivity of 50% and should not be used to routinely
rule out an abruption. Computed tomography should
be used in the pregnant trauma patient in the same
manner as the non-pregnant trauma patient. If spleen
or liver injury is the most likely diagnosis, a radiolo-
gist ultrasound looking for intraparenchymal injury
as well as free fluid may be substituted as a screening
examination; however, it is much less useful if hollow
viscus or retroperitoneal injury is in the differential.
While it is important to limit unnecessary computed
tomography (CT) scans, especially in early pregnancy,
the benefit of timely identification of maternal injur-
ies far outweighs the risks of radiation to the fetus. In
stable patients, magnetic resonance imaging (MRI)
may be considered for the evaluation of the abdom-
inal injuries, although this is not routinely performed
in most centers because of lack of availability and the
time required to obtain the images.

Laboratory tests
Hematocrit and coagulation studies including pro-
thrombin time (PT), partial thrombin time (PTT), and
fibrinogen, should be initially drawn, as disseminated
intravascular coagulation (DIC) can be a devastating
complication of placental abruption. Pregnancy alters
several laboratory values starting as early as week 6 of
gestation. White blood cell count is increased, as are
fibrinogen and D-dimer levels. Hematocrit, blood urea
nitrogen (BUN), and platelets are decreased. All preg-
nant trauma patients should have their blood type
determined. Even minor trauma can result in mixing
of maternal and fetal blood, therefore possibly exposing
the Rh-negative mother to Rh-positive blood.21

A Kleihauer–Betke (KB) test can be useful to estimate
the amount of transplacental hemorrhage and therefore
the amount of Rho (D) immunoglobulin needed to
protect the Rh-negative mother. Additionally, in a
recent study, significant amounts of transplacental
hemorrhage and a positive KB test have been accurately
used as a risk factor of preterm labor after trauma,
helping to identify patients that need prolonged moni-
toring.22 The KB test is performed by adding an acidic
solution to a maternal blood smear. The red cells con-
taining fetal hemoglobin are resistant to the acid and
remain pink, while red cells containing adult hemo-
globin are clear on the smear. A ratio of fetal : adult
red cells is then used to estimate the amount of trans-
placental hemorrhage. The test is somewhat operator
dependent, and its ability to predict complications from
trauma is debated in the literature.23

Table 21.1 Fetal dose of radiation with standard trauma
imaging studies

Diagnostic study Fetal dose of radiation

Chest radiograph 0.02–0.07 mrad

Pelvis radiograph 100 mrad

Head CT < 1 rad

Chest CT < 1 rad

Abdominal/lumbar spine CT 3.5 rads

Cervical spine CT < 1 rad

Pelvis CT 250 mrads

CT, computed tomography.
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Box 21.4 Important laboratory changes in
pregnancy

Increased Decreased

� White blood cell count
� Clotting factors
� D-dimer, fibrinogen

� Hematocrit
� BUN
� Platelets

Procedures
If intra-abdominal hemorrhage is strongly suspected
and the FAST exam is indeterminate or negative, diag-
nostic peritoneal lavage (DPL) can be performed in the
pregnant patient. During pregnancy, this should be
done utilizing an open, supra-umbilical technique.
This modification helps to avoid injury to the uterus.24

Treatment
In general, treatment of traumatic injuries during
pregnancy is similar to the standard trauma patient.
Box 21.5 outlines the ED management priorities.

Most medications routinely given to trauma
patients, including tetanus, are safe to give in pregnancy
and should be administered as indicated (Table 21.2).

Rh immunoglobulin should be given to all
Rh-negative pregnant women experiencing trauma,
even without clear evidence of fetal hemorrhage.
The standard dosage of Rho (D) immune globulin
(RhoGAM) is 300 mcg (1 vial) intramuscularly. This
covers roughly 15 ml of Rh-positive blood trans-
ferred from the fetus to maternal circulation. In
an Rh-negative mother with extensive injuries, a
Kleihauer–Betke test can help estimate the amount

of fetal hemorrhage, and the need for additional
doses of Rho (D) immunoglobulin.22

Emergent cesarean section may be performed with
evidence of fetal distress. This also depends on the par-
ticular constellation of injuries to the mother, and the
age of the fetus. Signs of fetal distress include late deceler-
ations, persistent tachycardia or bradycardia, and loss of
variability noted on fetal heart rate monitoring.

In the event of maternal cardiac arrest or a prear-
rest state, a perimortem cesarean section should be
considered. Although even in the best cases outcome
is generally poor, delivery of the fetus within 5minutes
of arrest is associated with better fetal outcomes and
improved chances of an intact neurological status.
Additionally, removing the fetus may actually improve
maternal circulation and hemodynamics because of
the improved blood return to the heart achieved when
the weight of the fetus is removed from the vena
cava.25,26 Because of the extreme time sensitivity,
emergency physicians should be familiar with the indi-
cations and technique of this procedure. To perform a
perimortem cesarean, a No. 10 scalpel is used to make a

Box 21.5 Emergency department essential
interventions

� Identify and treat any injuries in the mother, in
most cases, in the same manner as non-pregnant
patients.

� Initiate fetal monitoring as soon as possible.
� Adequate fluid resuscitation and stabilization of

the mother
� Consult obstetrics early if the patient is in the

second or third trimester, or if there is evidence
of fetal distress.

� Consider a perimortem cesarean section in cases
of maternal cardiac arrest and a potentially viable
fetus.

Table 21.2 Safety in pregnancy of common medications used
in trauma patients

Medications Considerations in pregnancy

Tetanus Safe to give in pregnancy

Antibiotics Fluoroquinolones and gentamycin
should not be given in pregnancy,
most others are safe

RSIs RSI medications may be used in
pregnancy

Analgesia Unless delivery is imminent, narcotic
medications may be used. NSAIDS
should be avoided because of potential
compromise of the uterine blood
supply

Sedation Propofol may be given in pregnancy,
benzodiazepines are contraindicated

Seizure
medications

Dilantin and benzodiazepines should
not be given in pregnancy. Remember
to consider eclampsia as a potential
etiology in the seizing patient

DVT
prophylaxis

Pregnant patients are at increased risk
for DVT. Lovenox and SQ heparin can
be used in pregnancy

DVT, deep vein thrombosis; NSAIDS, non-steroidal anti-inflammatory
drug; RSI, rapid sequence medication.
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midline, vertical incision from the symphysis pubis to
the umbilicus. This incision should proceed into the
peritoneal cavity, exposing the uterus. Exposure can be
improved using retractors, and with Foley catheter
decompression of the bladder if time allows. At this
point, a small vertical incision should be made in the
lower uterine segment, allowing fingers and scissors to
enter the uterine cavity and extend the incision to the
fundus. The fetus should then be delivered, nose and
mouth suctioned, and the umbilical cord clamped and
cut. It should be emphasized that this procedure is done
as a last resort, with variable survival rates and resultant
neurologic function of the newborn.27,28

Documentation
Themedical record should reflect the full evaluation of
maternal injuries and assessment of the fetus, includ-
ing cardiotocomonitoring. Consultations with obstet-
rics should also be included on all patients with viable
pregnancies. Trauma surgery consultation should be
performed based on injuries.

Disposition
As described above, cardiotocomonitoring should con-
tinue for 4–6 hours in any pregnant patient> 20 weeks
gestation (generally considered the lower limit of viabil-
ity although not standardized), following multisystem
or even minor abdominal trauma. Patients with evi-
dence of uterine contractions, vaginal bleeding, non-
reassuring fetal monitor strip, or uterine tenderness
should be admitted for further monitoring.1,16 Some
investigators have attempted to determine specific risk
factors for adverse fetal outcomes that warrant longer
periods of monitoring. However, at this time, no inde-
pendent predictive factors have emerged clinically
useful.29 As a general rule, clinicians should maintain
a low threshold for admitting pregnant trauma patients,
especially in the third trimester and following a signifi-
cant mechanism of injury. Patients with minor injuries
may be discharged after appropriate fetal monitoring,
in consultation with obstetrics and gynecology. Close
outpatient follow up should be arranged.

Finally, injury prevention and patient education are
an important element of discharge instructions. All
pregnant patients should be informed of the importance
of seat belt use. Proper seat belt use has been shown to
greatly impact outcomes for both the mother and
fetus.30–32 In pregnancy, the lap belt should be worn
low across the pelvic rim and the shoulder restraint

should be placed between the breasts, above the uterus
(Figure 21.3). The safety of airbags in pregnancy is less
clear. Known to improve outcomes in non-pregnant
adults, there is concern that airbags may cause blunt
abdominal trauma to the gravid uterus and fetus as they
are often within 10 inches of the origination of the
airbag. A recent study of 30 pregnant patients reported
no increase in placental abruption or fetal mortality
with airbag use.33 TheNationalHighway SafetyAdmin-
istration currently recommends the use of airbags in
pregnancy, stating that the origin of the airbag should
be> 10 cm from the abdomen.33

Box 21.6 Consultation/disposition/transfer criteria

� Obstetrics should be consulted for the large
majority of pregnant trauma patients, including
anyone at risk for traumatic or obstetrical compli-
cations. This is a must for any patient with a
viable pregnancy and blunt abdominal trauma.

� Most pregnant trauma patients with viable preg-
nancies should be admitted to the hospital for treat-
ment of their injuries andmonitoring of the fetus.

Figure 21.3 Proper seat belt use in pregnancy with lap belt
worn low across the pelvic rim and the shoulder restraint placed
between the breasts, above the uterus.
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� Patients with isolated minor injuries and viable
pregnancies may be discharged after appropriate
monitoring, usually 4–6 hours of cardiotocomo-
nitoring. Close follow up with an obstetrician as
an outpatient is important.

� A pregnant trauma patient should be transferred
to a trauma center if practical following a high
energy mechanism or with significant injuries,
especially if they have a viable pregnancy.

In conclusion, management of trauma in preg-
nancy is challenging. Care of these patients is opti-
mized by careful attention to the unique physiology
and potential injuries associated with pregnancy, and
careful monitoring of both the mother and develop-
ing baby.
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Geriatric trauma

Phillip D. Levy andMichael Stern

Introduction
Over the past half-century, there has been a steady
increase in the proportion of individuals living
beyond the age of 65 in the United States. This trend
is expected to continue such that, by 2040, nearly 1
out of every 5 Americans will be in the geriatric age
range (i.e., aged 65 or older).1–3 A considerable por-
tion of this demographic shift is due to growth among
the subset of elderly who are > 85 years of age.4 Such
improvements in longevity can be attributed to both
advances in health care and a burgeoning societal
focus on maintenance of wellness through exercise,
diet modification, and smoking cessation. As a result,
the elderly are not only living longer but are also
living better, increasing their exposure to potentially
injurious activity (e.g., jogging, skiing, and bicycling)
and high-energy mechanical forces (e.g., motor
vehicle collisions and pedestrian-related accidents).3,4

Trauma registry data reflect this population trend,
with a consistent increase in the number of emer-
gency department (ED) visits for traumatic events in
the elderly over the past 20 years.5,6 It is expected that
this will continue, with a projection for geriatric
patients to represent 40% of all trauma encounters
by 2050.7 From a societal perspective, this is import-
ant because elderly trauma victims are at greater risk
for adverse outcome, account for more healthcare
expenditures (nearly 30% overall), and are more likely
to suffer long-term functional decline than their
younger counterparts.7–14 Trauma is in fact, the fifth
leading cause of mortality among geriatric patients,
with an age-specific case-fatality rate that ranges from
15% to 30% (vs. from 4% to 8% for those < 65 years
of age).4,8,12,15 On the whole, elderly patients account
for almost one third of annual trauma related deaths
in the United States.1,16–18

Clinical anatomy and pathophysiology
Although age 65 is traditionally regarded as the age at
which one becomes “elderly,” there is evidence to
suggest that risk of poor outcome from trauma begins
to rise as early as age 40.6,19 Mortality in particular,
increases significantly after age 56, with a 6% rise in
the odds of death per year after age 65 and a doubling
in risk by age 75.2,20–22 Much of this is due to ana-
tomic changes associated with senescence, which
place the aging patient at greater risk for injury from
traumatic events, and physiologic alterations that
decrease their ability to respond to resulting systemic
insults. Each organ is affected in specific ways, tends
to age independently, and, in general, follows a func-
tional decline of roughly 1% per year after the age of
30. In an interrelated fashion, a combination of these
changes predisposes an elderly person to injury. Older
individuals may have decreased peripheral vision,
hearing, balance and coordination, and delayed reac-
tion times, thereby increasing their risk of trauma. As
well they may have decreased cognitive ability,
memory, and judgment. Often, postural instability
or changes, such as kyphosis, may make hazards or
warning signs difficult to see. For instance, the cross-
ing rate of traffic signals, which is equal to 4 ft/s,
may be too fast for weak, arthritic, or disabled
individuals.13

Comorbid disease states and pre-existing medical
conditions (PMC), which are present in approxi-
mately 35–45% of those who are 65 or older, 65% of
those � 75 years, and 90% of those � 85 years,
strongly contribute by increasing the possibility of a
traumatic event (especially vehicular collisions),
diminishing available physiological reserve, and
worsening the degree of injury.15,23–30 These inter-
actions may be a direct consequence of the underlying
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condition (i.e., related to auditory, visual, neuromus-
cular, cardiovascular, or pulmonary impairments) or
indirectly due to medication side effects. Certain
medications including psychotropics (i.e., antidepres-
sants, neuroleptics, and sedatives), antihypertensives
(i.e., beta-blockers, calcium channel blockers, angio-
tensin-converting enzyme [ACE] inhibitors, and
diuretics), hypoglycemic agents, and anticoagulants/
antiplatelet agents are especially problematic.1,31 These
drugs can affect the vestibular system, cause profound
sedation or disorientation, blunt the tachycardic
response, lower blood sugar, and produce postural
hypotension. Concurrent therapy with four or more
chronic medications has been shown to increase an
elderly person’s risk for falls.32,33

Neurological
Changes in brain anatomy can cause unique patterns
of intracranial injuries in the elderly patient (Table
22.1). The dura mater is firmly adherent to the cal-
veria, therefore epidural hematomas are extremely
uncommon. In contrast, normal age-related cerebral
atrophy causes tension and stretching of the bridging
veins; shear stresses can lead to tearing of the veins
and subsequent acute subdural hematomas, which are
more prevalent in geriatric head trauma patients.
Age-related cerebral atrophy allows for more intra-
cranial space and therefore greater accumulation of
blood or edema leading to delays in the onset of
neurologic dysfunction. This atrophy also causes
increased mobility of the brain within the skull which
can lead to cerebral contusions due to coup or con-
trecoup impact. An age-related decline in cerebrovas-
cular autoregulation may exacerbate the effect of such
injuries and be associated with the increased rate of
adverse outcomes seen in elderly patients with head
trauma.34

Hypersensitivity to central nervous system-
mediated medications, such as benzodiazepines,
antidepressants, and antihistamines is more common
with aging. As a result, side effects, such as delirium,
agitation, somnolence, depression, and even
worsening dementia are frequently seen in the elderly.
Such medication-related events can confuse the clin-
ical presentation and may incorrectly be interpreted
as injury-related decompensation. They ultimately
may be implicated in the cause of the traumatic event,
further obfuscating the clinical scenario.

Cardiovascular
Cardiac functional reserve is diminished with age.
Progressive stiffening of the myocardium can lead to
decreased pumping efficacy causing a lower maximal
cardiac output. By example, an 80 year old without
any significant coronary artery disease has, on aver-
age, 50% of the maximal cardiac output compared to
a 20 year old. Cardiac index ([stroke volume � heart
rate]/body surface area) is the physiologic variable
that differs most between elderly and younger
patients and carries the most clinical significance
during trauma resuscitation.35 The existence of under-
lying systolic cardiac dysfunction with a reduced ejec-
tion fraction is an important factor and may limit the
ability of the elderly to mount a compensatory
increase in stroke volume in the face of increased
metabolic needs associated with trauma. The elderly
also have a blunted inotropic and chronotropic
response to trauma-induced pain, anxiety, or hypo-
volemia, due in large part to diminished myocardial
sensitivity to endogenous and exogenous catechol-
amines and a progressive fibrosis of the cardiac
conduction system. Evidence of poor perfusion in
the elderly trauma patient, therefore, may not neces-
sarily reflect a hemorrhagic etiology and instead
may be caused by the profound cardiac changes
associated with aging. The presence of hypoperfu-
sion, even if transient, can be especially problematic
for elderly patients, especially those with coronary
artery disease, resulting in an increased risk of car-
diac ischemia and its associated consequences. This
may be difficult to recognize however, based on
blood pressure alone as there is an age-related
increase in peripheral vascular resistance. Reduced
vascular elasticity and compliance caused by athero-
sclerosis may also produce a relative increase in
blood pressure and coincidentally, enhance the risk

Table 22.1 Combination of variables predictive of death
in the elderly

Anatomic
variables

Severe thoracic or
abdominal injury
(AIS > 3)

Moderate to
severe head injury
(AIS � 3)

Physiologic
variables

Hypotension on
arrival (SBP
< 90 mmHg)

Evidence of
profound
shock (base deficit
� �12)

AIS, Abbreviated Injury Scale; SBP, systolic blood pressure.
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of arterial injury, particularly to the aorta. As a
result, a “normal” blood pressure may actually rep-
resent relative hypotension in an older patient.

Responses to certain medications are also altered
with aging, resulting in potentially significant conse-
quences. In particular, the elderly appear to have an
age-related decrease in response to cardiac medica-
tions, including calcium channel blockers and
parasympathetic agonists and antagonists. These
changes may contribute to the absent tachycardic
response often seen in elderly patients who develop
hypotension.36,37

Pulmonary
Pulmonary changes as a result of aging are numerous
and include a decline in lung elasticity and thus recoil,
leading to a decreased mechanical compliance and an
increase in work of breathing. In addition, there exists
an almost linear, age-dependent decline in PaO2 of
2–3 mmHg per decade after the age of 20 years old as
a result of alveolar surface area loss and decreased
diffusion capacity.38 As a result, an 80-year-old
patient can have a baseline PaO2 of between 78 and
92 mmHg. In addition, bronchial ciliary function
declines with age, affecting the ability to clear mucus
secretions. All of these changes result in an increased
residual volume and concomitant decreased vital cap-
acity, as well as an increased risk of aspiration and
infection. Elderly patients may also have an increased
anterior-posterior diameter of the thorax that can
lead to a severe loss of intrathoracic volume and bone
cage compliance.39 This, coupled with the high preva-
lence of osteoporosis leads to a higher incidence of rib
and sternal fractures with fewer pulmonary contusion
injuries.40

Renal
Changes in renal function due to aging include a
decrease in approximately one third of the renal
mass and, therefore, functioning nephrons and
renovascular bed, resulting in an age-related decline
in creatinine clearance. Because muscle mass is the
primary source of creatinine and declines commen-
surately in the elderly, a serum creatinine level is
often misinterpreted as “normal” when, in fact, it
may actually reflect a significant reduction in renal
function. In addition, aging causes a narrowing of
the renal arteries and a reduction in renal blood
flow, contributing to a decline in the glomerular

filtration rate (GFR). Diminished GFR and creatin-
ine clearance greatly affect drug elimination by the
kidneys. Drugs with narrow therapeutic windows,
such as digoxin and the aminoglycosides, need to be
administered with diminished renal function in
mind in order to avoid potential toxicity. Dosage
adjustment for many medications is required
using the Cockroft and Gault formula, and a
heightened awareness must be maintained regarding
medication choice (including intravenous contrast
dye) because of the potential for drug-related
complications.41,42

Box 22.1 Cockcroft and Gault formula

Estimating creatinine clearance (ml/min)

Cockcroft and Gault equation
CrCl ¼ (140 – age) � IBW/(Scr � 72) (� 0.85 for
females)
IBW, ideal body weight in (kg).

Hepatic
In addition, to renal elimination, hepatic metabol-
ism is an important factor in drug clearance. Aging
is associated with decreased hepatic blood flow,
which can alter the clearance of drugs that undergo
rapid first-pass hepatic metabolism, such as beta-
blockers, calcium channel blockers, and narcotics,
thereby increasing their potential toxicity. An age-
related decline in functional hepatocyte number
and enzyme activity affects the clearance of other
drugs, such as phenytoin. Also, aging affects the
non-synthetic hepatic biotransformation reactions
(oxidative and hydrolytic) more readily than
synthetic enzymatic reactions, such as conjugation.
Therefore, diazepam is more likely to cause
increased sedation because it undergoes oxidative
metabolism, unlike lorazepam, which is conjugated
by the liver.43

Musculoskeletal
The musculoskeletal changes of aging can have a
profound effect on the elderly trauma patient. The
decrease in bone mass and disruption in its micro-
architecture associated with age-related osteopenia
and osteoporosis increase the risk of fracture. Overall,
impaired strength, mobility, and bone density place
the elderly at an increased risk for falls. Their relative
inability to withstand the mechanical and kinetic
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forces of trauma can have devastating orthopedic
consequences.

In addition to their direct effects on skeletal injury,
a decline in muscle mass and lean body weight as well
as an increase in fat can impact drug absorption
and clearance. Drugs such as aminoglycosides,
procainamide, digoxin, and coumadin are distributed
primarily in lean tissues and consequently have
reduced distribution volumes and increased serum
concentrations. Therefore, dosages often need to be
adjusted downward to avoid toxicity. Other drugs,
such as phenytoin, benzodiazepines, and barbiturates,
have increased volumes of distribution in the elderly,
as a result of their higher proportion of adipose tissue.
This effectively prolongs their duration of action,
leading to potential side effects such as increased
sedation.43

Dermatological
The effects of aging on skin are numerous and
result in a decline of virtually all skin functions.
A decrease in melanocytes, cutaneous nerves, sub-
cutaneous fat, sweat glands, epidermal/dermal con-
tact, and collagen matrix composition can cause
impaired thermal regulation, a reduced sensitivity
to touch and pain, impaired defenses against micro-
organisms, and diminish tensile strength. This
increases the potential for traumatic injury, espe-
cially burns and skin avulsions/tears. Intrinsic
wound repair is also impaired with a delay of 20–
60% in the rate of healing and a decline in all four
phases of the healing continuum (i.e., hemostasis,
inflammation, proliferation, and resolution).44 As a
result, both the risk of dermal injury and the likeli-
hood of complications such as hypothermia and
infection are increased with age.

Sensory
The visual and auditory changes of aging increase the
risk of trauma in the elderly. Increased lens size and
permeability and decreased lens flexibility can cause
presbyopia and reduced visual acuity, as well as
increased glare, impaired darkness adaption, and cat-
aracts. With regard to hearing, decreased elasticity of
the tympanum, impaired articulation of ossicles, and
loss of auditory cortex neurons can cause high-
frequency hearing loss and impaired functional cap-
acity. Each of these changes confers an increased
trauma risk for the elderly person.

Box 22.2 Overview of anatomic and physiologic
factors that contribute to injuries and adverse
outcome among elderly trauma victims

Anatomic Physiologic

Airway
� Floppy epiglottis
� Temporomandibular

joint (TMJ) arthritis
� Cervical spine

arthritis

Pulmonary
� " Chest wall rigidity
� " Mechanical

compliance
� # Lung elasticity
� # Alveolar surface

area
� # Mucociliary

function
� " Thoracic

anteroposterior (AP)
diameter

� # Intrathoracic
volume

� # Thoracic cage
compliance

Pulmonary
� " Work of breathing
� # Diffusion capacity
� # Residual volume
� # Vital capacity

Cardiovascular
� Myocardial stiffening
� Conduction defects

Cardiovascular
� # Cardiac output
� # Sensitivity to

catecholamines
� # Inotropic/

chronotropic response
� " Peripheral vascular

resistance
� # Baroreceptor

response

Neurological
� Cerebral atrophy
� Stretching of

bridging veins

Neurological
� # Cerebrovascular

autoregulation
� # Central

thermoregulation

Hepato-renal
� # Hepatic and renal

blood flow
� # Nephron and

hepatocyte mass
� Renal artery stenosis

Hepato-renal
� # Creatinine clearance
� # GFR
� Alteration in RAAS axis
� Altered

pharmacokinetics and
pharmacodynamics
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Prehospital
In general, most prehospital trauma algorithms can
be applied to the elderly with little change. Caution,
however, should be exercised with regard to aggres-
sive fluid resuscitation and opioid analgesic adminis-
tration for those with known cardiovascular or renal
disease, as these interventions may precipitate hemo-
dynamic decompensation. Because some elderly
patients (particularly those who reside in nursing
homes) have diminished speech and cognitive func-
tion, a comprehensive history may not be readily
available. Prehospital personnel, therefore, should
make every effort to obtain information regarding
PMCs and current pharmaceutical therapy from
existing documents, pill bottles, caregivers, know-
ledgeable family members, or friends/neighbors who
may be familiar with the individual’s health status. If
the incident occurred at the patient’s home, prehos-
pital personnel should also appraise the safety of the
living situation and make note of factors that render
the location potentially hazardous for return.

Once the patient and their injuries have been
adequately assessed and stabilized, the prehospital

provider must decide what level of hospital-based care
is required. Appropriate triage of the injured elderly
can profoundly impact outcome with clear survival
advantages for those seriously injured who are treated
at designated trauma centers.45–47 There is evidence
to suggest that older trauma patients are less likely to
receive trauma center care, particularly when injury
severity is perceived to be low.48–51 This may be due
to over-reliance on physiologic criteria (i.e., hypoten-
sion and tachycardia), which are often absent in geri-
atric trauma victims leading to an under-recognition
of the true risk associated with seemingly minor
injuries.52–54 Some hospitals have begun to include
age as a stand-alone criterion for trauma team acti-
vation which has resulted in a substantial mortality
benefit.55 It may be best for prehospital providers too.

Box 22.3 Essentials in prehospital care of the
elderly

� In general, most prehospital trauma algorithms
can be applied to the elderly with little change.

� Caution should be exercised with regard to
aggressive fluid resuscitation and opioid anal-
gesic administration.

� Physiologic criteria (i.e., hypotension and tachy-
cardia) may not be present in seriously injured
elderly patients.

� Adopt a rule-out (i.e., consider level of injury to be
significant until proven otherwise) rather than a rule-
in philosophy for all geriatric trauma patients and
consider a low-threshold for triage to trauma centers.

Emergency department evaluation
and management
Presentation
While age itself is an independent contributor to the
disproportionate mortality which exists among eld-
erly trauma patients, injury severity appears to be a
critical factor.10,16,23,28,29,56–59 In general, the extent of
injury is reflective of the causal mechanism but for
similar events, severity tends to be more significant
among older patients. This is particularly evident for
trauma related to falls and pedestrian-struck incidents
where the elderly are 3–4 times more likely to die
from their injuries and account for nearly 50% of
the overall associated mortality.1,3,60–63

Falls are responsible for the majority (~60%) of
elderly traumatic events, most of which occur at a
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standing height.64 The overall risk for geriatric
patients is significant, with 30–40% of those living in
the community and 50% of those who reside in a
long-term care facility experiencing at least 1 fall after
age 65.31,65 Though high-level falls (i.e., > 15 ft) are
less common, they are more likely to result in injury,
especially pelvic and femur fractures and lead to a
dramatic increase in mortality (25% vs. 11%).1,60

Motor vehicle-related incidents (i.e., automobile
collisions and pedestrian-struck events) are the second
most common cause of trauma in the elderly and are
responsible for some of the most devastating injur-
ies.1,3,56 With the exception of a predisposition towards
sternal fractures, injury patterns do not differ dramat-
ically for elderly individuals involved in a collision.52

On the other hand, older pedestrians who have been
struck by amotor vehicle are at increased risk for severe
trauma to the head and chest, spinal injuries, and frac-
tures of the pelvis and tibia.61,63 Elderly patients struck
as pedestrians also have an in-hospital mortality which
exceeds 25% and are responsible for nearly 40% of all
fatalities which occur at cross-walks.3,61

Thermal injuries in the elderly account for 13% of
all burn unit admissions in the United States.1

Though less common than other causes of trauma
in the elderly, burns are associated with extensive
tissue damage and significant morbidity as many of
these individuals do not have the reflexes, muscle
strength, or motor coordination to move away from
the inflicting source until significant injury has
occurred. Additionally, the process of wound healing
is altered in the elderly increasing potential exposure
to nosocomial infection and prolonging the time to
recovery.44 Consequently, mortality for these individ-
uals is high, approaching 50% overall and 100% when
a body surface area of � 50% is involved.1

Though uncommon in many settings, penetrating
trauma is responsible for 5–10% of all traumatic
events that occur in the elderly (vs. 25–45% in
younger patients).66 While injuries are generally simi-
lar in location and severity to other age groups,
wounds are more likely to be self-inflicted with a
firearm among the elderly, particularly if the individ-
ual is a white male.67 Despite comparable severity,
penetrating trauma in the geriatric population is asso-
ciated with prolonged intensive care unit (ICU) and
hospital stays.66,68 This is thought to be related to the
disproportionate presence of comorbid conditions
and resulting complications, but other factors related
to the normal physiology of aging may be involved.

Though prior investigation has suggested an
increased risk of death for elderly penetrating trauma
victims,10,69 recent studies have found no difference
in severity-matched mortality for young vs. old
patients.66,68

Box 22.4 Essentials of geriatric trauma
presentations

� In general, the extent of injury is reflective of the
causal mechanism but for similar events, severity
tends to be more significant among older
patients vs. younger.

� This is particularly evident for trauma related to
falls and pedestrian-struck incidents.

� Falls are responsible for the majority of elderly
traumatic events, followed by motor vehicle-
related injuries.

� Pedestrian-struck injuries are particulary devas-
tating with very high mortality and morbidity.

� Burns are associated with extensive tissue
damage and significant morbidity (approaching
50% overall and 100% when a body surface area
of � 50% is involved).

Initial evaluation and management
Adherence to usual protocols during the initial evalu-
ation and resuscitation of a geriatric trauma patient is
appropriate. Signs and symptoms of respiratory diffi-
culty should take precedence over other, potentially
distracting injuries. Due to baseline physiological alter-
ations, older patients are prone to develop hypoxia and
supplemental oxygen should be administered upon
presentation. More extensive airway management
and breathing support, however, may be complicated
by edentulousness, nasopharyngeal fragility, or arth-
ritis, both cervical and temporomandibular. For
patients who require mechanical ventilation, care must
be taken to avoid overzealous manipulation of the
oropharynx and hyperextension of the neck. If present,
broken dentures should be removed as they increase
the risk of further injury and foreign body aspiration
but intact dentures will enhance facial seal during bag-
valve-mask (BVM) respirations and should be left
in place until definitive airway control is achieved.
If medication is required to facilitate intubation, a
20–40% dose reduction should be considered for seda-
tives (i.e., benzodiazepines, barbiturates, etomidate,
and propofol) to minimize the risk of cardiovascular
decompensation, but adjustment of neuromuscular
blocking agents is not necessary.70
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Blunting of the ventilatory response to hypoxia
and hypercarbia may be present and patients with
subtle insufficiency can rapidly progress to respira-
tory failure. Pneumothorax, hemothorax, and pul-
monary contusion should all be considered early in
the evaluation of an elderly patient with thoracic
trauma. Rib fractures may also cause dyspnea and
are especially common in elderly trauma patients
(estimated incidence: ~60%).71 When present, rib
fractures are a marker for more severe polytrauma
and portend a far worse prognosis, increasing the risk
of death and pneumonia by 19% and 27% (i.e., rela-
tive risk [RR] ¼ 1.19 and 1.27), respectively for each
additional rib involved.72–76 Intubation and mechan-
ical ventilation can assist the work of breathing and
improve lung aeration and should be considered early
on for those with significant hypoventilation due to
their injuries.

Once the airway and breathing have been stabil-
ized, circulatory assessment should be initiated. It is
critical to remember that in the elderly, the degree of
physiologic compromise cannot be accurately pre-
dicted by derangement from “normal” hemodynamic
parameters (i.e., heart rate < 100 beats/min and a
systolic blood pressure > 100 mmHg). This may be
due to age-related changes of the cardiovascular
system, which include a reduction in maximal heart
rate (estimated by subtracting age from 220), decrease
in cardiac index (~1% per year after age 30) and an
overall increase in vascular resistance, and increased
sensitivity to pharmacological therapy, especially
beta-blockers and calcium channel blockers.55,77 Sig-
nificant hypoperfusion, therefore, may be present in a
seemingly stable patient and investigation to identify
occult reduction in tissue oxygen delivery should be
considered. Initial assessment by blood gas (arterial or
venous) can provide important laboratory data to
estimate adequacy of perfusion (i.e., base deficit and
serum lactic acid level) and should be stongly con-
sidered in all moderate to severe geriatric trauma
patients. Impaired perfusion as indicated by a base
deficit � �6 mEq/L or a lactic acid concentration
� 2.4 mmol/L has been shown to correlate with
greater trauma severity and an elevated risk of
death.78–82 The sensitivity of these markers, however,
is more limited than the specificity and values
within the normal range should be interpreted with
caution. Repeat analysis within an hour of arrival
therefore may be useful to help identify subtle or
evolving hypoperfusion. Worsening of the base deficit

or failure to clear lactic acid,81,83 on serial measure-
ment are particularly ominous signs and should
be considered indicative of insufficient resuscitation
or developing complications (i.e., blood loss or
ischemia).84

Given the difficulty associated with cardiovascular
evaluation in the elderly, early initiation of advanced
hemodynamic monitoring is recommended for those
with evidence of moderate or severe injury. Such an
approach enables delineation of cardiac output and
systemic vascular resistance resulting in the ability to
optimize perfusion through targeted resuscitation
using crystalloid fluids, vasopressors, and inotropes.
Management in this manner has been shown to
reduce mortality and multiorgan system failure for
elderly trauma patients.18,53,85,86 While pulmonary
artery catheterization (PAC) is the time-honored
method, there is ample evidence to suggest equivalent
diagnostic and therapeutic yield from the use of non-
invasive, thoracic bioimpedance technology with the
benefit of lower associated cost and risk.87–90 Such
monitoring, however, is beyond the scope of usual ED
practice and requires equipment typically reserved for
an advanced critical-care setting. Limited bedside
echocardiography in the ED may be a useful adjunct
to hemodynamic monitoring (particularly for those
patients with low cardiac output and elevated pre-
load), providing rapid information with regard to
the presence or absence of a pericardial effusion and
a gross estimation of ejection fraction (i.e., normal vs.
mild, moderate, or severe dysfunction).

Box 22.5 Essentials of initial evaluation in the
geriatric patient

� Airway management and breathing support may
be complicated by edentulousness, nasopharyn-
geal fragility, or arthritis.

� A 20–40% dose reduction should be considered
for intubation sedatives (i.e., benzodiazepines,
barbiturates, etomidate, and propofol) to minim-
ize the risk of cardiovascular decompensation;
adjustment of neuromuscular-blocking agents is
not necessary.

� Rib fractures may also cause dyspnea and are
especially common in elderly trauma patients.

� Multiple rib fractures are a marker for more
severe polytrauma and portend a worse
prognosis.

� In the elderly, the degree of physiologic com-
promise cannot be accurately predicted by
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Box 22.5 (cont.)

derangement from “normal” hemodynamic
parameters.

� Blood gas (arterial or venous) may provide
laboratory data to estimate adequacy of perfu-
sion (i.e., base deficit and serum lactic acid level)
and should be considered in all moderate to
severe geriatric trauma patients.

Secondary survey
In elderly trauma patients, closed head injury is rela-
tively common and severe (i.e., Abbreviated Injury
Scale [AIS] > 3).53 Traumatic brain injury and intra-
cranial hemorrhage occur with greater frequency in
individuals older than 65 years who sustain closed
head trauma (incidence of 12.5% vs. 7.9% in the
National Emergency X-Radiography Utilization
Study [NEXUS] II) and are associated with poorer
outcome, particularly for those in whom the present-
ing Glasgow Coma Scale (GCS) score is � 8 (in-
hospital mortality 70–100%).2,91–93 The vast majority
(~75%) of these events are related to low-level
falls,94,95 which may result in only minor external
injury. This can be deceiving however, and studies
have shown limited applicability of typical “low-risk”
criteria for potential intracranial injury (i.e., absence
of loss of consciousness, lack of significant facial or
cranial injury, and a GCS of 15) in the elderly.94,96

Physiological factors such as dural adherence to the
skull, bridging vessel fragility, and cerebral atrophy
increase the likelihood of vascular disruption and
permit mass effect accommodation leading to a
greater risk of occult intracranial hemorrhage (espe-
cially subdural hematoma) from lower level trauma.
Pharmaceutical therapy with anticoagulant or anti-
platelet medications further enhances this risk and
may be associated with a precipitous clinical deterior-
ation.97–101 As such, liberal use of computed tomog-
raphy (CT) is recommended for elderly individuals
with closed head trauma. For those patients on anti-
coagulation, rapid reversal using vitamin K, fresh
frozen plasma, and possibly activated factor 7 should
also be strongly considered.

Cervical spine injuries are also more common in
the elderly occurring twice as frequently as in non-
elderly patients (4.59% vs. 2.19% – NEXUS data).102

In particular, there is a predilection towards injury at
C1–C2 in older individuals, with a specific increase in

the prevalence of odontoid fractures (RR [95% confi-
dence interval] ¼ 8.11 [5.37–12.3]).102,103 Most of
these injuries are caused by minor falls which may
lead to under appreciation of the potential for injury.
Incorporation of clinical decision rules for risk strati-
fication in the elderly however, is somewhat complex.
The Canadian Cervical Spine Rule includes age � 65
as an independent, “high-risk” criterion, thus man-
dating radiographic assessment for all older trauma
patients.104 Conversely, the NEXUS Low-risk Criteria
(which do not consider age) have been validated in a
geriatric cohort, with estimation by study investiga-
tors that routine application could lead to a 14%
reduction in cervical spine imaging for those aged
65 or older.102 While it is difficult to say which
approach is ideal, it is clear that radiographic study
of the cervical spine will be necessary for the majority
of geriatric trauma patients. Computed tomography
is rapidly emerging as the modality of choice for
initial evaluation of potential cervical spine injury in
those with high-risk mechanisms, suspicious clinical
findings, or anatomical variants likely to limit plain
film interpretation, regardless of age.105–107 Given the
near ubiquitous presence of cervical osteophytosis
and arthritis in the elderly and the elevated risk of
injury, primary evaluation with CT, if practical, is
recommended for all geriatric patients with cervical
spine trauma. Concurrent performance with CT scan-
ning of the brain for those with associated head
trauma will maximize efficiency and cost-
effectiveness.108 Although spinal cord injury itself
is rare, the elderly are at increased risk for develop-
ment of central cord compression due to a high
prevalence of underlying spondylosis and a common
occurrence of fall-related cervical hyperextension. Clas-
sic signs and symptoms include upper motor neuron
weakness (arms> legs, distal> proximal) with variable
sensory deficit. When present, prompt neurosurgical
consultation should be obtained and an emergent mag-
netic resonance imaging (MRI) should be considered.

Vertebral fractures of the thoracic and lumbar
regions are also relatively common in the elderly
and may be present in close to 40% of those with
identified injuries of the cervical spine.103 Osteopor-
osis, particularly among older females, increases the
risk, especially for development of anterior wedge
compression fractures. Though such fractures are
unlikely to result in significant neurological compli-
cations, they can be a source of debilitating pain.
While region-specific, plain film radiographs are
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sufficient for initial evaluation of those with point
tenderness, subsequent investigation with CT should
be performed for those with evidence of bony abnor-
malities or pain out of proportion to physical exam
findings. Computed tomography, however, lacks suffi-
cient sensitivity to definitively rule-out occult fractures
and MRI or bone scanning may ultimately be required.
Given the high prevalence of concurrent injury, with
trauma below the neck complete spine X-rays should
be obtained in all patients with cervical spine fractures,
even in the absence of physical exam findings.

Thoracic trauma is a source of significant morbid-
ity and mortality for the geriatric population.72 Rib
fractures, in particular, occur with increased fre-
quency and result in an increased incidence of pul-
monary complications.76 Initial evaluation with a
single view, AP chest radiograph is appropriate but
may not clearly delineate subtle rib injuries, under-
lying lung contusion or small pneumothoraces. Com-
puted tomography can enhance identification of such
conditions and should be considered in those with a
non-diagnostic CXR and significant discomfort or
respiratory difficulty. Adequate pain control is essen-
tial and can have a profound impact on ventilatory
status.73 Epidural analgesia may be the most effective
method,73,109 but is difficult to initiate in the immedi-
ate treatment period. Opioid medications, therefore,
should be administered with a low threshold for
intubation if respiratory distress develops. Intercostal
nerve blocks using bupivacaine are an effective alter-
native and can improve both pain and respiratory
mechanics. In the patient with an isolated rib fracture,
oral medication is probably appropriate; however,
with multiple fractures, titrated intravenous sedation
should be used.

Abdominal trauma in the elderly results in injury
patterns similar to younger patients and can be
approached in a manner generally analogous. Prompt
recognition of hemodynamic instability, is particu-
larly critical in older individuals, however, as they
do not have the physiological reserve to withstand
large volume blood loss. When identified as unstable,
immediate evaluation by ultrasound or diagnostic
peritoneal lavage (DPL) should be undertaken with a
plan for possible surgical exploration or transfer if
positive. Prior to operative intervention, early trans-
fusion of packed red blood cells (PRBC) should be
initiated and alternative causes of hypotension such as
myocardial ischemia, pneumothorax, or cardiac tam-
ponade should be ruled-out. Patients who remain

unstable despite initial resuscitation (i.e., transfusion
of 2 units of PRBC) should be targeted for surgical
exploration. For stable patients, initial screening with
ultrasound is reasonable, but negative results should
be interpreted with caution, particularly for those
with significant abdominal pain. A normal initial
ultrasound can be followed by serial sonography and
physical examination or CT scanning, based on
underlying concerns. Those with abnormalities iden-
tified on ultrasound or suspicious clinical findings
should be further evaluated using CT with inclusion
of comprehensive organ injury grading to help guide
treatment. While early reports suggested a higher
failure rate for non-operative management of solid
organ injuries in patients � 55, recent evidence has
shown outcome to be independent of age.110 Conse-
quently, non-operative management has emerged as
the standard approach to care for hemodynamically
stable, elderly patients with blunt hepatic or splenic
injuries, regardless of grade.73

Declining muscle mass and bone density render
the elderly highly susceptible to extremity fractures,
particularly those that involve the wrist, hip, proximal
femur, or humerus.111,112 Primary intervention in the
ED should be directed at injury identification with
immobilization and reduction of gross deformities.
Prompt diagnosis of hip fractures is especially
important as outcome depends in part on the timing
of operative fixation (goal in absence of comorbid
medical conditions � 24 hours).73,113–115 Of note,
occult hip fractures may be present in close to 5% of
elderly individuals with initial negative radio-
graphs.116 Patients with persistent significant hip pain
or inability to ambulate, therefore, should undergo
subsequent evaluation, either by CT with fine cuts or
MRI (preferred). Similar symptoms may be caused by
injuries to the bony pelvis. While pelvic fractures in
those � 65 tend to be less severe than younger
patients, the elderly are more likely to suffer from
complications such as hemorrhage, have higher rates
of angiography and ICU admission and are at
increased risk of death.117–119 Injury patterns differ
as well, with a greater frequency of lateral (vs. anter-
ior) compression fractures among older individ-
uals.117,119 Though in general geriatric patients are
not thought to be disproportionately vulnerable to
pelvic fractures, those with significant osteoporosis
are at risk for a specific injury known as a sacral
insufficiency fracture.120 Although infrequent, it
should be suspected in those with persistent low back
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pain or sacral tenderness after seemingly minor
trauma and is best diagnosed by CT or isotope bone
scan.120 Treatment of this condition, however, is gen-
erally conservative and a delay in diagnosis is unlikely
to have any untoward consequences.

Additional considerations
The potential for contribution of a PMC to the
patient’s traumatic event should be considered.
Because of the high rate of cardiac disease in the
elderly, an electrocardiogram should be obtained in
all elderly trauma patients with more than minimal
or isolated mechanism (i.e., humeral fracure) to
assess for potential ischemia or arrhythmias. Labora-
tory tests may reveal important findings such as
electrolyte abnormalities, anemia, thrombocytopenia,
or clotting disorders. Accurate depiction of renal
function should also be sought, and can be achieved
most effectively through calculation of creatinine
clearance. For those with identified renal dysfunction,
premedication (i.e., theophylline, bicarbonate, ascor-
bic acid or N-acetylcysteine) should be initiated (if
time permits) to potentially help prevent contrast-
induced nephropathy121 and routine use of non-
steroidal anti-inflammatory agents should be avoided,
due to their effect on prostaglandin-mediated renal
blood flow. A blood or breath alcohol level may be
useful, especially for patients with altered mental
status or apparent intentional injury.122

The goal of resuscitation for elderly trauma
patients is survival to hospital discharge with intact
neurological function. Because this may be achievable
in > 50% of those who are severely injured,123 initial
aggressive resuscitation is warranted regardless of age,
provided such an effort is not in contradiction with
existing advanced directives. Most of the time, how-
ever, advanced directives are not applicable or known
in the acute trauma situation. Although patient level
factors such as underlying pulmonary disease and
immunosuppression contribute, additional morbidity
can be minimized through adherence to strict sterile
technique when performing invasive procedures
(especially central venous access and chest tube place-
ment) and simple maneuvers such as elevation of
the head of the bed (~30�) for those who are intub-
ated. While expeditious management is essential to
improve outcomes, it should be noted that geriatric
trauma patients are more than twice as likely to
develop nosocomial infections and more than five

times as likely to die as a result of related compli-
cations.124–126

Based on a study of 76 304 elderly patients in the
National Trauma Databank®, certain injuries are
highly predictive (> 95% probability of death).82

While ongoing resuscitative efforts in such
patients may be futile, the decision to withdraw care
in the ED can be problematic. Such a pronouncement,
therefore, should be deferred to the attending trauma
surgeon with involvement of a palliative care or geri-
atric specialist and family members (if available).2 If
practicing at an institution where such services are
not available, it is reasonable to discuss prognosis
with family and assess their wishes prior to interven-
tion or transfer.

Documentation
Other than documentation of advanced directives
(i.e., present and reviewed or absent), there are few
issues specific to the geriatric population. As with
other patients, it is important to note a comprehen-
sive history including PMCs and medications and
indicate a consideration of how they may impact
management. The ED chart should also contain infor-
mation regarding procedures and who performed
them as well as preventative measures which have
been initiated. Inclusion of a listing of outstanding
and reviewed radiographic and laboratory studies
should also be done.

Disposition
The disposition of an elderly trauma patient should be
determined on a case by case basis, yet certain guide-
lines should prevail. Admission is required for virtu-
ally all elderly patients who sustain multiple injuries.
With less severe injuries, admission may still be war-
ranted to search for potential causes of the trauma
such as antecedent infection, metabolic derangement,
intoxication, seizure, or ischemic event. As a general
rule, when in doubt, err on the side of prudence and
consider admission at least for a period of observa-
tion. High morbidity and mortality are seen in the
elderly, particularly in the first 24 hours of admission
and so a low threshold for utilization of an ICU
setting should be incorporated.127 Overall, these
patients have longer hospital stays, incur higher over-
all hospital charges, require longer periods of rehabili-
tation, and have higher complication rates with
poorer subsequent outcomes.16,127–129
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Despite lack of data from a prospective random-
ized trial, evidence strongly favors the transfer to a
designated trauma center for severely injured elderly
trauma patients.130,131 Patients with injuries requiring
surgical or neurosurgical intensive care or burn care
necessitate transfer to the appropriate center once
best attempts at adequate stabilization have occurred.
As well, patients requiring repeated or special surgical
expertise should be considered for transfer. Attempts
at delineating all injuries at the transferring hospital
should be avoided if they will not change manage-
ment or will delay transfer time to a designated
trauma center for definitive care.1 Additionally, stud-
ies are often repeated at the receiving facility, increas-
ing risk of unnecessary radiation exposure and the
total cost of care.132

Lower extremity orthopedic injuries confer a par-
ticularly high risk for elderly patients, and admission
should therefore be strongly considered. The impact
of joint or extremity immobilization on the patient’s
overall functional status must be considered. Arm
slings, crutches, canes, and walkers can all contribute
to gait instability, have not been shown to reduce the
risk of falls, and may necessitate the need for admis-
sion.133 If warranted, appropriate training in the use
of any assist device is recommended.

The decision to discharge an elderly trauma patient
needs to be made with a number of caveats in mind. If
an isolated minor injury is sustained (usually from
a fall) that yields a negative workup/evaluation, the
patient can be considered a candidate for discharge.
However, any patient who has an abnormal mental
status, exhibits generalized weakness or profound
fatigue after the event, has any gait instability, or reports
recent recurrent falls is a poor candidate for discharge.
Observation should be considered for minor head
trauma patients on anticoagulant or antiplatelet medi-
cation. A referral for thorough falls assessment by a
geriatric specialist may be warranted but this can be
arranged through discussionwith the patient’s internist.

Once discharge has been decided, the emergency
physician must assure timely and appropriate follow
up. A multidisciplinary team approach may be indi-
cated, including family members, the primary care
physician, visiting nurse services, social work, and
surgical and rehabilitation specialists. When neces-
sary, adjustments in potentially dangerous chronic
medications should be made, as well as arrangement
of a home safety assessment to help prevent future
falls. It is important to be aware that morbidity

extends beyond the initial sustained injuries.
Restricted activity and mobility, deconditioning, fear,
social isolation, and loss of independence may be part
of the long-term sequelae of a traumatic injury for an
elderly patient.
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Introduction
Patient outcome subsequent to a traumatic event is
largely influenced by the location and degree of
injury, the timing of medical intervention, and the
quality of care delivered.1,2 Host factors such as age,
gender, and pre-injury health status also contribute
to the clinical course and are important determin-
ants of morbidity and mortality.1–10 The presence
of underlying chronic illness is particularly conse-
quential, dramatically increasing the incidence of
in-hospital complications and death, even when
other variables are taken into account. The effect
of pre-existing disease is strongest for those with
less severe injuries (Injury Severity Score [ISS]
� 20). This is probably due to the fact that in the
immediate setting death is usually due to the
trauma itself; however, during the hospital course,
the ability to recover may be dependent on the
comorbid conditions of the injured individual.4,6,8,10

Related medication use, particularly antihyperten-
sive, antiplatelet, and anticoagulant agents, may
enhance the risk of poor outcome associated with
pre-existing medical conditions (PMCs) through
both direct activity (i.e., intended pharmaceutical
effects) and indirect activity (e.g., drug–drug
interactions).

Box 23.1 Essentials of medical concerns in the
trauma patient

� The presence of underlying chronic illness in the
trauma patient is a consequential modifier of
outcome, dramatically increasing the incidence
of in-hospital complications and death, even
when other variables are taken into account.

� The effect of pre-existing disease is strongest for
those with less severe injuries.

� Related medication use, particularly antihyper-
tensive, antiplatelet, and anticoagulant agents,
may enhance the risk of poor outcome associ-
ated with PMCs.

Clinical anatomy and pathophysiology
The frequency of PMCs in those with traumatic
injury is not entirely certain, but appears to range
from 5% to 32%, depending on the data source (i.e.,
single institution vs. multicenter registry).6,7,9,10 This
is particularly important, however, as the risk of pro-
longed hospital stay and death increases three- to
sixfold when one or more PMCs are present.1,3,5–16

Specific conditions that constitute a PMC have been
inconsistent in prior studies; some present data on
specific disease states and others use broader illness
categories. It is clear, however, that involvement of
certain organ systems (cardiac, pulmonary, hepatic,
renal, and endocrine [especially diabetes mellitus])
and the presence of one general ailment (e.g., malig-
nancy) portend greater risk.1,3,5–8,10–13,16 Representa-
tive prevalence estimates for major illness categories
and their corresponding odds-ratios for mortality
from a study by Hollis et al. (n ¼ 65 743) are pre-
sented in Table 23.1.10

Reasons as to why PMCs are associated with
greater risk are complex but reflect the systemic
effects of these conditions as much as (if not more
than) the organ-specific contributions. It is import-
ant to recognize that, to differing degrees, all of
these conditions limit functional reserve, making
it difficult for the body to respond appropriately
to increased stress. For instance, an individual
with a history of coronary artery disease may experi-
ence decreased cardiac perfusion as a result of
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exsanguination from an extremity injury leading to
development of angina or myocardial infarction.
Another with the same condition may not be able
to mount an increase in cardiac output resulting in
hypotension. Similarly, a patient with renal failure
may develop pulmonary edema from a small fluid
bolus while one with asthma or emphysema may
develop a pneumothorax from use of seemingly
normal tidal volumes during mechanical ventilation.
While such examples are unlikely to fully explain the
variability in outcomes associated with PMCs, they
do highlight their potential clinical significance.
A summary of sequelae associated with selected med-
ical conditions can be found in Table 23.2.10

Obesity (defined as a body mass index [BMI]
� 30 kg/m2) is an important co-factor which dra-
matically increases the risk of trauma related mor-
bidity and mortality.17–21 This correlation appears
to involve more than an association between obesity
and other PMCs and may be due in part to an
interaction between body habitus and injury pat-
tern, with obese patients displaying a greater likeli-
hood of chest trauma and lower extremity fractures
and a diminished frequency of head and intra-
abdominal injuries (possibly due to protection from

a “cushion effect”).18,19,21–23 The impact of chest
trauma on pulmonary function and ventilation
may be especially prominent among those who are
obese due to the existence of a baseline reduction in
lung capacity. This may be further exacerbated by
anatomical issues related to obesity which predis-
pose to difficult airway management and increase
the risk of aspiration such as glottic obstruction
from submental adiposity, mobility limitations due
to posterior cervical fat accumulation, and obscur-
ation of anterior neck landmarks from the presence
of excess subcutaneous tissue. A higher incidence of
pulmonary complications has been suggested as one
cause of poor outcome in obese patients, with
several published reports showing a substantial
increase in the mean number of ventilator days for
those who are intubated and an overall prolonga-
tion of both intensive care unit (ICU) and total
hospital length of stay.18–21,23,24 Obese patients also
appear to be at risk for development of multiorgan
system failure with worse outcomes.17–19,21,25,26 It
has been suggested that the disparate progression to
overwhelming systemic infection witnessed in obese
trauma patients may be bimodal in origin, with
early (< 72 hours) development occurring second-
ary to a general proinflammatory state associated
with obesity itself 21 and late onset due to hospital-
acquired infections (e.g., ventilator-associated pneu-
monias and catheter-related septicemia),17,27,28 but
the exact etiology is unclear.

Box 23.2 Effect of obesity of trauma patients

� Obesity increases morbity and mortality in trauma
patients; this may be due in part to an interaction
between body habitus and injury pattern.

� Obese patients have a greater likelihood of chest
trauma and lower extremity fractures and a
diminished frequency of head and intra-
abdominal injuries (possibly due to protection
from a “cushion effect”).

� The impact of chest trauma on pulmonary func-
tion and ventilation may be especially prominent
among those who are obese.

� Obese patients also appear to be at risk for devel-
opment of multiorgan system failure with worse
outcomes.

� This multiorgan system failure may be bimodal in
origin, with early (< 72 hours) development
occurring secondary to a general proinflamma-
tory state associated with obesity itself21 and late
onset due to hospital-acquired infections.

Table 23.1 Pre-existing medical conditions with significant
effect on mortality from trauma*

Condition Prevalence (%) OR{ 95%CI

Cardiovascular
disease

29.8 7.0 5.1–9.6

Respiratory 19.0 5.6 4.9–8.1

Endocrine 9.0 4.5 3.1–6.5

Musculoskeletal 8.3 3.3 2.2–5.1

Neurological 4.7 5.0 2.8–9.1

Alcoholism 3.2 10.2 5.0–20.7

Dementia 2.3 5.9 3.6–9.7

Psychosis 2.3 4.9 2.0–12.0

Gastrointestinal 1.9 5.2 2.5–10.6

Malignancy 1.7 7.3 4.0–13.3

Renal 0.9 22.4 11.6–43.3

Hematological 0.6 5.3 1.8–15.6

*Data based on a study of 65 743 subjects in a UK Trauma Registry.10

{Adjusted for age, gender, and Injury Severity Score (ISS).
CI, confidence intervals; OR, odds ratio.
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Table 23.2 Organ specific and systemic sequelae of selected pre-existing medical conditions

Category Condition Organ-specific sequelae Systemic sequelae

Cardiovascular Coronary artery disease Angina
Myocardial infarction Dysrhythmia
Left ventricular dysfunction

Hypoperfusion
Syncope

Hypertension Cardiomyopathy
Nephropathy Encephalopathy
Retinopathy

Atherosclerosis
Aneurysms

Heart failure Dyspnea
Hepatic congestion
Peripheral edema/ascites

Hypoxia
Hypotension
Hypoperfusion Fatigue

Respiratory Asthma/COPD Dyspnea
Tachypnea
Alveolar distention

Hypoxia
Hypercarbia
Respiratory alkalosis

Endocrine Diabetes mellitus Hyperglycemia
Hypoglycemia

Altered mentation
Metabolic acidosis
Electrolyte imbalance
Poor wound healing

Hyper or hypothyroidism Palpable neck mass
Distorted airway

Tachy or bradycardia
Hyper or hypothermia
Altered mentation
Myxedema

Adrenal insufficiency Hypoglycemia
Refractory hypotension
Hyperkalemia with hyponatremia

Gastrointestinal Hepatitis Hepatomegaly
RUQ pain

Jaundice
Fever

Cirrhosis RUQ pain Coagulopathy
Ascites
Malnutrition
Prolonged drug half-life

Peptic ulcer disease/
gastritis

Pain
Hematemesis

Anemia
Hypotension

Diverticulosis or
inflammatory bowel
disease

Pain
Abscess
Hematochezia

Anemia
Fever/sepsis

Renal Chronic kidney disease Oliguria or anuria Anemia
Uremia
Hypervolemia Hyperkalemia and
other electrolyte abnormalities

Neurological CVA Regional motor/sensory deficits
Aphasia

Malnutrition
Ambulatory difficulties
Cognitive difficulties

Seizures Tonic/clonic movement
Absence-type behavior
Post-ictal state (� focal weakness
[i.e., Todd’s paralysis])

Tachycardia
Secondary injury
Airway obstruction
Metabolic acidosis
Rhabdomyolysis
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Prehospital
While prehospital trauma care is largely focused on
performance of the primary survey and initiation of
resuscitative efforts for those with critical injury,
some attention should be directed to the ascertain-
ment of information regarding medical history.
Reasons for this are twofold. The presence of cer-
tain PMCs (immunosuppression, cardiac disease,
respiratory disease, insulin-dependent diabetes, cir-
rhosis, morbid obesity, and coagulopathy) has been
used as secondary criterion for consideration of
transport to a trauma center.29,30 Given the high
risk for delayed adverse outcome, this may be espe-
cially important for those with PMCs who appear to
have less severe injury. Second, for certain patients
(i.e., those with closed head injury, deteriorating
mental status, or major distracting injury) this
information may only be available at the point of
initial contact, when the patient is still lucid or
when family, friends, or coworkers are present.
The absence of such information upon arrival to
the emergency department (ED) could result in
suboptimal initial care.

Emergency department evaluation
and management
Although the issue of associated medical concerns
may seem extraneous to the initial resuscitation of
the trauma patient, failure to recognize their potential

consequences can be disastrous. As such, it is import-
ant that the emergency physician attempts, given con-
straints, to access available resources (Emergency
Medical Services, medical records, family) to obtain
a comprehensive patient history. For patients in
whom a medical history cannot be obtained, the
potential for precipitation of the traumatic event by
an underlying PMC should be considered and investi-
gated upon completion of stabilization measures.
Episodes without a clear cause such as those involving
a single person motor vehicle collision or an un-
witnessed fall with facial injury are particularly con-
cerning and should prompt consideration of a
hypoglycemic, cardiac, or neurological event.

Integral to the management of a patient with
known or suspected PMCs is an appreciation of the
implications of pharmaceutical therapy. Patients with
hypertension or underlying heart disease are likely to
be on medications (e.g., alpha-blockers, beta-blockers,
or calcium channel blockers) which may affect their
ability to develop an appropriate cardiovascular
response to hypovolemia. This could mask early signs
of shock and may lead to precipitous deterioration
in the presence of subtle yet ongoing blood loss.
The regular use of anticoagulant medications (i.e.,
warfarin or low-molecular-weight heparins), signifi-
cantly enhances the probability of post-traumatic
bleeding. Antiplatelet agents also theoretically may
increase risk. The incidence of potentially fatal ICH
remains higher even for those with seemingly minor
injuries, up to 10% mortality with a Glasgow Coma

Table 23.2 (cont.)

Category Condition Organ-specific sequelae Systemic sequelae

Dementia or psychosis Altered mentation Agitation
Tachycardia

Malignancy Numerous Site dependent CNS or bone metastases
Thromboemboli Effusions
(pericardial or pleural)
Effects from radiation or
chemotherapy

Hematological Immunosuppression Local wound infections Sepsis

Coagulopathy
Thrombocytopenia

Excessive wound bleeding
Uncontrollable hematomas

Internal hemorrhage

Hypercoagulation Thromboemboli

COPD, chronic obstructive pulmonary disease; CNS, central nervous system; CVA, cerebrovascular accident; RUQ, right upper quadrant pain.
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Scale (GCS) score of 15, up to 20% mortality with
a GCS of 14, and up to 35% mortality with a GCS
of 13.33,35 This is particularly important for patients
with closed head trauma on warfarin, in whom a
higher frequency of intracranial hemorrhage (ICH)
and an increased risk for mortality (2–5 times greater)
exists.31–38 A list of these and other potentially impor-
tant medication-related complications for trauma
patients is provided in Table 23.3.

A proactive approach to the treatment of trauma
patients with PMCs in the ED can be life saving. The
strongest evidence exists for certain measures, includ-
ing: early reversal (i.e., < 4 hours) of anticoagulation
for patients with evidence of intracranial or other
significant hemorrhage using vitamin K (10 mg by
intravenous [IV] infusion) and fresh frozen plasma
(2 universal donor units initially, followed by 2 type-
specific units with subsequent administration of 1–2
type specific units until the INR is within hemostatic
range [< 1.6]);34,35,37 rapid platelet transfusion (5–10
units) for patients with major hemorrhage (especially
ICH) and a history of aspirin, clopidogrel, or
ticlodipine use; and initiation of IV insulin therapy
for those with diabetes and a serum glucose
� 200 mg/dl.39–43 More aggressive glycemic control
(target range: 80–110 mg/dl) using a continuous insu-
lin infusion has been shown in some non-trauma
studies to be efficacious for patients admitted to sur-
gical and medical intensive care units and may ultim-
ately be found useful in those with traumatic injuries
of a critical nature.44–46

Other important interventions to consider in-
clude the administration of anticonvulsant medi-
cations to individuals with a known seizure disorder
and subtherapeutic levels, use of IV vasodilators
for patients with uncontrolled hypertension (particu-
larly in the presence of traumatic ICH, depending
on coronary perfusion pressure), and initiation of
packed red blood cell transfusions, IV vasopressors,
inotropes or anti-arrhythmics for patients with car-
diovascular disease who develop circulatory com-
promise. While perioperative use of beta-blockers
in high-risk patients undergoing non-cardiac surgery
has been shown to reduce the incidence of car-
diovascular events (i.e., mortality, non-fatal myocar-
dial infarction, and non-fatal cardiac arrest) by
56% (relative risk [RR] ¼ 0.44, 95% confidence
interval [CI]: 0.20–0.97),47–49 there have been no
trials conducted in the setting of trauma. Given this,
and the demonstration in a large meta-analysis of

potential adverse outcomes associated with beta-
blocker use in surgical settings (RR for bradycardia
needing treatment ¼ 2.27, 95% CI: 1.53–3.36 and
RR for hypotension needing treatment ¼ 1.27, 95%
CI: 1.04–1.56),49 routine administration for cardio-
protective purposes in trauma patients is not
recommended.

Table 23.3 Potentially important medication-related
complications for trauma patients

Medications Potential complications

Antiplatelet and anticoagulant agents

Aspirin Local bleeding or
hematoma

Ticlodipine Internal or intracranial
hemorrhage

Clopidogrel Delayed hematoma
expansion

Coumadin

Low-molecular-weight
heparins

Catecholamine and calcium inhibitors

Beta- and alpha/beta-
blockers

Relative bradycardia

Calcium channel blockers Hypotension

Angiotensin-aldosterone antagonists

Angiotensin-converting
enzyme inhibitors

Hypotension

Angiotensin II receptor
blockers

Renal insufficiency/failure

Aldosterone receptor
blockers

Hyperkalemia

Oral diabetic agents

Sulfonylureas Hypoglycemia

Biguanides (i.e.,
metformin)

Lactic acidosis

Renal failure (with
intravenous contrast dye)

Anti-inflammatory agents

Steroids Adrenal insufficiency

Non-steroidals Infections

Renal failure
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Box 23.3 Specific treatments for trauma patients
with comorbid conditions

� Early reversal (i.e., < 4 hours) of anticoagulation
for patients with evidence of intracranial or other
significant hemorrhage using vitamin K and fresh
frozen plasma.

� Rapid platelet transfusion for patients with major
hemorrhage (especially ICH) and aspirin, clopido-
grel, or ticlodipine use.

� Intravenous insulin therapy for those with dia-
betes and a serum glucose � 200 mg/dl.

� Administration of anticonvulsant medications to
individuals with a known seizure disorder and
subtherapeutic levels.

� Initiation of packed red blood cell transfusions, IV
vasopressors, inotropes, or anti-arrhythmics for
patients with cardiovascular disease who develop
circulatory compromise.

Secondary considerations
Though typically not performed in the ED, guided
resuscitation of trauma patients using hemodynamic
monitoring (both invasive and non-invasive) has been
shown to confer a mortality benefit, especially for those
who have higher ISS (� 25) or severe shock on presen-
tation and those who are> 60 years of age.50–56 Degree
of injury severity therefore is a common indication for
hemodynamic monitoring, which is most often per-
formed invasively using a pulmonary artery catheter
(PAC). Study of the National Trauma Data Bank®,
however, has shown that PAC use is also more likely
when PMCs (particularly cardiac) are present.52 This
may be related to the increased risk of poor outcome
associated with PMCs and the inherent difficulty asso-
ciated with management of such patients. Several stud-
ies have demonstrated that care of these individuals can
be improved through PAC use, largely because they
permit earlier identification of hypoperfusion than con-
ventional measures (i.e., blood pressure and heart rate)
and enable targeted intervention using objective cardio-
vascular end-points.50,52,53,55,57 Placement of a PAC,
however, may not be possible in many EDs and has
potential for serious complications. Additionally, PAC
insertion invariably requires admission to an ICU set-
ting. Its use for strictly diagnostic purposes (e.g., detec-
tion of occult hypoperfusion) or in those who clearly
have less severe injuries is not recommended. Given the
challenges associated with PAC use, it is reasonable to
defer the decision to perform invasive hemodynamic
monitoring to the admitting surgical service.

Non-invasive methods of hemodynamic assessment
are a viable alternative and offer certain advantages over
PAC placement including ease of use, increased safety,
and lower cost.51,54–56,58 Of the technologies which are
available, bioelectrical thoracic impedance appears to be
the most promising, yielding measures of cardiac func-
tion (i.e., cardiac output and index) which correlate well
(r¼ 0.91) with those determined invasively by thermo-
dilution.55,56 When combined with measurement of
peripheral tissue oxygen delivery using transcutane-
ous sensors, a comprehensive, low-risk, non-invasive
approach can be employed, which enables prompt iden-
tification of and response to post-traumatic circulatory
deficits.55,56 Of importance to the emergency physician,
these devices are easy to use and provide readily inter-
pretable results. Although not inwidespread use inmost
EDs, acceptance will be dependent on large studies
showing their effectiveness on management.

Documentation
When PMCs are recognized, it is important that they be
documented along with an assessment of their potential
implications on trauma management. If there is a dis-
crepancy betweenwhat is recommended for response to
a known PMC and the treatment which is actually being
provided, reasons should be noted. When disagree-
ments arise between the physicians in management, it
is important to document why deviations may have
occurred through terms such as “deferral to the admit-
ting service,”while avoiding use of themedical record as
a means to air grievances. It should also be noted when
information regarding medical history is not available
and when new conditions have been discovered in the
course of routine laboratory or radiographic evaluation.
For the latter, it is important to acknowledge the poten-
tial need for further treatment or workup but that this
responsibilty will be carried by the admitting service.
Likewise, when studies are outstanding it should be
noted which service will assume responsibility for
following through with their results.

Disposition
It is reasonable to consider the presence of PMCs in a
patientwith less severe injuries as an indication to admit
to the hospital for observation, particularly for individ-
uals with closed head trauma and anticoagulation use
with a significantly elevated International Normalized
Ratio (INR) (no absolute standard cut-off exists). For
those with more severe injuries, the existence of PMCs
(especially cardiac) should be taken as an indication for
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admission to a monitored setting, with use of the ICU
for any patient in whom: (1) physical examination may
be unreliable due to prior neurological or vascular def-
icit; and (2) hemodynamic stability may be comprom-
ised by underlying cardiovascular pathophysiology or
pharmacology. The existence of PMCs should also
prompt consideration of transfer to a higher level of
care if the current facility does not have in-house
intensivists, trauma surgeons, neurosurgeons, and car-
diologists (depending on the underlying concern).
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Sexual assault

Kristin E. Harkin, Elizabeth Borock, and Andrew Amaranto

Introduction
Sexual assault is non-consensual sexual contact or
behavior. Different jurisdictions have different defin-
itions, but share a common theme of an unwilling or
incompetent participant. Sexual assault is often
underreported in the United States. The US Depart-
ment of Justice statistics indicate that on average
every 2.5 minutes a sexual assault occurs in the
United States.1

Most medical institutions follow protocols for the
evaluation and treatment of the sexual assault victim.
In order to be consistent, efficient, and legally sound it
is important to adhere to these protocols. This chapter
is not a substitute for, but an adjunct to understanding
these protocols in general and managing the patient
who presents with a history or concern for sexual
assault. Specifically rape, as defined by the American
College of Emergency Physicians, is forced, non-
consensual sexual intercourse (vaginal, anal, or oral).

A systematic approach to evaluating the patient
helps complete the exam in as gentle and expeditious
a manner as possible. Physical injuries may span the
spectrum of occult or absent to severe and life
threatening. Sexual assault may or may not cause
physical injuries. A negative examination does not
imply that a sexual assault did not occur.

The medical and emotional needs of a sexual
assault patient must be handled in tandem. The exam-
ination of a sexual assault patient is comprehensive
and includes a complete physical exam, forensic
exam, pregnancy assessment and prevention, sexually
transmitted disease prevention, and psychological
support. The evaluation of a sexual assault patient is
a challenge in a busy emergency department (ED);
confidentiality and privacy are essential. A solid
protocol must be established for handling of forensic

evidence to meet the requirements of the criminal
justice system.

Box 24.1 Components of the Examination of the
Sexual Assault Patient

� Complete physical exam – including complete
genitourinary (GU) exam

� Forensic exam – rape kit and drug-facilitated kit
(up to 96 hours)

� Pregnancy assessment and prevention
� Sexually transmitted disease prevention
� Psychological support

Clinical anatomy and pathophysiology
Anogenital injury
Although sexual assault may be violent, a significant
number of patients who present after assault do not
have detectable anogenital injury. Slaughter and
Brown, in a 1992 study using colposcopy, found ano-
genital trauma in 68% (213/311) of rape victims.2 The
frequency of injury by anatomic sites was posterior
fourchette (70%), labia minora (53%), hymen (29%),
and fossa navicularis (25%).3 Jones et al. in 2003
studied 766 adolescent and adult female victims of
sexual assault, and found that persons over the age
of 17 had no discernable pattern of anogenital injur-
ies.4 This study concluded that adolescent girls were
more likely to suffer injuries at the fossa navicularis,
hymen, posterior fourchette, and labia minora.4

These findings were further corroborated by a study
by Adams et al. in 2001 using colposcopic photog-
raphy to evaluate female rape victims ages 14–19
years of age.5 Sixty four percent of the subjects had
anogenital injury: 36% had tears of the posterior
fourchette, 32% had erythema of the labia minora,
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and 28% had erythema of the fossa navicularis.5 Col-
poscopy detects injuries not visible to the naked eye,
and has replaced toluidine dye for most exams.

Prehospital
Although the basics of trauma evaluation are para-
mount, other considerations must take place. The
main difference with the sexual assault patient is that
it is essential to preserve the forensic evidence and
maintain the chain of custody of that evidence, as
failure to do so may result in that evidence being
thrown out of court. Items, such as clothing that
the patient is not wearing, should be placed in paper
bags and not disturbed. Until the examination
patients should be encouraged to not engage in any
activity that may damage evidence such as urinating,
defecating, vomiting, douching, removing/inserting a
tampon, bathing, gargling, brushing teeth, smoking,
eating, drinking, chewing gum, changing clothes, or
taking medications.

Emergency department evaluation
and management
The triage nurse should be alerted upon arrival of the
patient so that he or she may be triaged quickly,
assessed for stability, and then led to a private area if
the patient is hemodynamically stable.

Certain hospitals in the United States have been
designated as specialty centers for rape victims. For
example, in New York state, the department of health
has designated certain hospitals as SAFE Centers, or
Sexual Assault Forensic Examination Centers. They
have to provide, in addition to the appropriate basic
medical management services, enhanced social ser-
vices, specially trained examiners, data collections,
collaboration and data sharing with the state, a
quality assurance (QA) program, improved physical
accommodations, and continuing education for the
staff. Several other states, including New Jersey and
Nebraska, have similar programs, yet as of 2008 there
does not exist a standard at the federal level. However,
the authors again stress that a properly prepared
emergency physician can manage all aspects of these
cases without the help of additional services. Upon
arrival of a sexual assault patient to the ED, the
attending should be alerted, and the appropriate staff
members involved. Best practices support the provi-
sion of a rape victim advocate. This advocate on-call

should optimally be available within 30 minutes of
notification. They should be trained to provide emo-
tional support during the rape exam, essential infor-
mation regarding follow-up care, and should remain
with the patient until safe discharge. At some sites, the
ED social worker acts as an advocate for the patient
during the exam. The sexual assault examination is
optimally performed early in the course; whether or
not it is done by the ED physician or a special sexual
assault examiner the emergency physician must per-
form an initial evaluation of the patient, treat any
acute injuries, and if medically feasible, preserve evi-
dence including clothing and debris. Ideally, for
example, a victim of sexual assault undresses over
roll-paper in order to capture debris and DNA evi-
dence on clothing, and items of clothing are placed in
paper bags for further forensic evaluation. If undress-
ing of the patient can be deferred until the sexual
assault examiner or similar arrives, then this should
be encouraged. The patient should not eat or drink
anything before evidentiary oral swabs are obtained.
The first urine should be saved for analysis in sus-
pected cases of drug facilitated sexual assault. Recent
sexual assault is usually defined as within 72 hours.
However, the collection of evidence may be per-
formed up to 96 hours with the advancement of
DNA analysis.

Initial evaluation
The evaluation should proceed in the usual step-wise
approach for any trauma patient. The patient’s condi-
tion and stability will guide the rapidity and focus of
the evaluation. In addition to assuring an adequate
airway the mouth and oropharynx should be exam-
ined for any evidence of injury. If suction is necessary,
all secretions should optimally be kept and labeled
for forensic analysis. Special attention should be made
for signs of strangulation. Observe the neck for any
disruption of anatomy or superficial abrasions and
palpate for evidence of airway injury, ensuring that
the trachea is midline and that there is no crepitus.
Note hoarseness or stridor which may be a clue to
laryngeal injury.

Assess the patient’s respiratory status. Sexual
assaults often involve the involuntary ingestion of a
sedative–hypnotic drugs which have the potential for
respiratory suppression and apnea. Fully inspect the
patient’s thorax and axilla for any evidence of pene-
trating trauma and treat appropriately.
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The initial assessment of the patient’s circulatory
status hinges on the presence and degree of shock.
Special considerations in the sexual assault victim are
occult abdominal hemorrhage and perineal hemor-
rhage. Toxic ingestion should be considered based on
the clinical picture. Interventions for hypotensive
patients should be directed at the underlying cause.

Ascertain if the patient has an abnormal mental
status or if there is a history of loss of consciousness.
This may indicate the use of a drug-facilitated assault,
the presence of an occult head injury, or cerebral
hypoxia.

Common presentations
Severe
Strangulation injuries can cause direct insult to the
airway, esophagus, or carotid arteries. Of note is
laryngotracheal and hyoid injuries. Hoarseness, stri-
dor, or significant anterior throat pain, swelling or
ecchymosis should prompt indirect laryngoscopy or
computed tomography (CT) scan. Otolaryngology
consultation should also be considered. Rarely it
may cause an injury to the cervical spine. Although
there is no evidence that routinely immobilizing the
cervical spine in strangulation cases is necessary, it is
reasonable to immobilize high risk or any neurologic-
ally impaired patients. The voluntary or involuntary
consumption of any drug including alcohol that
leads to impairment can facilitate a sexual assault.
A common life-threatening co-ingestion of alcohol
and sedative–hypnotics can induce respiratory failure
complicated by vomiting. A rapidly changing mental
status with severe depression cycling with agitation
can be consistent with gamma hydroxybutyrate
(GHB), another common drug used to facilitate
sexual assault.

Moderate
The most common types of non-life-threatening
injuries specific to sexual assault are oral, genital,
and anorectal. For the purposes of forensic collection
the victim should not eat or drink or rinse their
mouth until after an exam of the mouth and throat
has been completed. Forced oral penetration can pro-
duce a recognizable pattern of injury, and the exam
should focus on the frenulum, buccal mucosa, soft
and hard palate, as well as the posterior pharynx.
Forced penile entry can cause tears in both the lingual
and labial frenulum, abrasions to the buccal surfaces,

and petechia to the soft palate. If the history of the
assault includes oral ejaculation, specimens should be
collected with moist sterile swabbing along all buccal
mucosa.

All female patients should be evaluated in the
lithotomy position with an initial close inspection of
the legs, inner thighs, external genitalia, perineum,
and anus. A Wood’s light exam will help identify
dried secretions that can be collected with a damp
sterile swab. The most common site of laceration in
forced penetration is the posterior fourchette. Victims
of forced penetration tend not to tilt their hips anteri-
orly during intercourse and thus sustain abrasions or
lacerations along the posterior vagina and labia min-
ora. Speculum examination should be performed to
look for introital or cervical injury The majority of
victims of forced vaginal penetration will have a
normal pelvic exam without evidence of trauma. The
literature describes colposcopy as being valuable in
augmenting the genital exam. If the emergency physi-
cian or other examiner is untrained in this procedure
but it is available, gynecologic consultation should be
obtained.6

Anal and rectal injuries are common injuries that
victims are often reluctant to include in the history,
and an anal exam looking for evidence of trauma is
part of the complete examination. Gross visualization
will reveal evidence of most injuries. If there is any
concern for penetration, anoscopy lubricated with
warm water should perfomed. Similar attention to
swabbing the perianal region and collection of debris
should be maintained for the anorectal exam.

Minor
A recent study of nearly 1000 victims of sexual assault
found that general bodily injuries (commonly abra-
sions and bruises), were twice as common as genital–
anal injuries.7 Examination and documentation of
minor abrasions on the extremities, chest, and abdo-
men may be the only evidence of an assault.
A thorough exam of a fully undressed patient is
essential.

Occult injuries
A thorough and well-documented exam will benefit
the patient in the acute setting as well as in future legal
proceedings. One reason for this complete exam is to
identify injuries that may not be readily apparent.
There are several typical injury patterns that should
be evaluated for in all victims as shown in Table 24.1.
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Acute interventions
The unique acute intervention specific for the sexual
assault victim is the involvement of a patient advocate
as early as possible in your evaluation. Many hospitals
have a designated nurse or social worker on call
24 hours a day to respond to incidents of sexual
assault, and it is incumbent on the practitioner to
know how to access the workplace-specific protocols.
The advocate can be indispensable in helping with
acute crisis intervention.

Secondary evaluation
The major components of the secondary evaluation
are: (1) forensic examination; (2) evaluation and
treatment for sexually transmitted disease exposure;
and (3) evaluation and treatment for pregnancy risk.
Forensic examination functions include thorough
documentation of pertinent history and physical find-
ings and the proper collection and handling of
evidence.

Evidentiary examination
Special considerations
In a case in which the patient is unconscious, or
unable to consent as a result of mental impairment
or disability, a Health Care Proxy may consent to the
exam. If no Health Care Proxy has been named, this
decision must be left to the discretion of the physician
caring for the individual. If it appears a patient is
temporarily incapacitated, as a result of drugs or
alcohol, the exam and consent should be postponed
until the patient is alert enough to adequately com-
prehend the proposed procedure and its implications.

Critically injured patient
In the case of a critical trauma patient, the designated
examiner may collect evidence for the sexual assault

forensic examination (“rape kit”), and perform a
focused evaluation of sexual assault-related injuries
if this exam does not interfere with lifesaving proced-
ures. Otherwise, a comprehensive sexual assault
exam may be deferred until a more acceptable time,
understanding that some evidence may be lost. (i.e.,
povidone iodine preparation for a Foley catheter).
A thorough examination of the anogenital region
should be performed as part of the secondary survey;
any injuries should be documented on the patient
chart. Photographs of severe injuries during the initial
resuscitation period provide significant supportive
evidence, though they should be taken only if the
clinical scenario allows, and submitted to law enforce-
ment only after the patient is able to consent.

Intoxicated patient
In the case of an intoxicated patient with a concern
for a sexual assault, one should postpone the eviden-
tiary exam until the patient is able to consent. If
possible, maintain evidence such as clothing and
debris. The patient’s first urine specimen should be
saved in the case of a possible drug-facilitated sexual
assault (DFSA). A specialized DFSA kit is available in
most states and consists of two gray-topped serum
tubes and a urine container. If labs are drawn prior to
the evaluation for sexual assault, the two serum tubes
may be collected at this time but only if the kit is able
to remain in the custody of the examiner or appro-
priate lock box (thus maintaining the chain of
custody).

Stable ambulatory patient
Step 1: patient education and consent

Patients should hear a summary of the events which
constitute the forensic exam prior to initiation, and to
know that they have the right at any time to refuse
any steps in the exam. Patients in most states must
also be informed that they have a choice regarding
reporting the assault to law enforcement. There are
some states where healthcare providers are mandated
reporters. It is essential that providers are familiar
with state and local laws. Furthermore, there are
some forms of sexual assault which must be reported
under federal guidelines. A rape kit may be collected
whether the patient chooses to report the assault
or not, and stored for several months (facility-
dependent) in case a victim decides to prosecute later.
Specialized sexual assault charts found at many facil-
ities include a form for patient consent. For facilities

Table 24.1 Typical injury patterns

Scalp Bald spots where hair may
have been pulled

Eye Subconjuctival hemorrhages

Neck Evidence of minor
strangulation injuries

Extremities Presence of restraint injuries

Hands and feet Broken nails
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without such charts examiners may obtain informed
consent using the forms or guidelines specific to their
hospital.

Step 2: interview

Examiners should tailor the interview to patient level
of communication skill, provide a medical interpreter
as necessary, and conduct all interactions in a private
setting. Clinicians must adopt a non-judgmental, sup-
portive approach, and should have the rape advocate
present for emotional support (provided the patient
consents to his or her presence). If a designated rape
advocate is unavailable, a social worker or nurse may
be able to fill this role. It is generally accepted that the
interview of adult patients should be conducted with-
out the presence of family or friends. Open-ended,
non-leading questions with time for a patient to speak
freely is key.

Medical and forensic history
Pertinent medical history:

� past medical history/past surgical history
� medications
� use of contraceptives
� current pregnancy status
� allergies
� immunizations
� last consensual intercourse

(Note: Gravida/Para and history of sexually
transmitted infections is not considered pertinent
to the exam.)

Assault-related history:

� date and time of assault
� location where assault occurred (general – i.e.,

woods, park)
� loss of consciousness
� possible identity of suspect
� number and gender of perpetrators.
� use of force, threats of force, weapons, or coercion

(many states have mandatory reporting laws for
use of a deadly weapon)

� use of drugs and/or alcohol – voluntary or
suspected

� type or means of assault (oral, vaginal, anal –
include if forced to perform oral sex or if oral sex
was performed on patient)

� occurrence of penetration of any body part with a
penis, body part, or other object

� means of restraint (tied or pinned down against
a part of the patient’s body)

� other violent acts – attempted choking, punching,
slapping, spitting, etc

� was the patient bitten or did the patient bite the
perpetrator

� does the patient know if the perpetrator ejaculated –
if so, where

Intervening variables –– Inquire if patient has show-
ered, changed clothing or underwear, and taken
anything by mouth. Also document if the patient
has urinated, defecated, vomited, douched, removed
or inserted a tampon, brushed teeth or hair, or
smoked. This may corroborate forensic findings or
lack thereof.

Assess for mental health intervention –– Survivors may
express profound depression or suicidality as a result
of the assault, and may require urgent psychiatric
consultation and/or admission. If this is the case,
a 1 : 1 guard must be assigned to the patient for the
duration of his or her stay in the ED or until psychi-
atrically cleared.

Step 3: laboratory testing

Pregnancy test –– Baseline laboratory tests if human
immunodeficiency virus (HIV) post-exposure prophy-
laxis (PEP) initiated:

� complete blood count (CBC), basic metabolic
panel, hepatic panel, beta human chorionic
gonadotrophin (hCG)

Other labs (may be acquired in ED or within week if
reliable for follow up):

� hepatitis B virus (HBV) serology
� hepatitis C (HCV) serology
� HIV (if proper pre- and post-test counseling

available, and consent obtained)
(Note: many facilities now have rapid HIV testing
available [consider if patient able to accept
immediate results])

Labs in case of suspected drug-facilitated sexual
assault:

� two grey-topped serum tubes
� urine sample (not a clean catch i.e., no prep)

(Part of standardized DFSA kit; subject to chain of
custody requirements)
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Step 4: sexual assault evidence collection kit (rape kit)

General considerations and evidence integrity ––Although
minor variation may exist among different jurisdic-
tions, most contain similar articles and forms and
require similar steps. The examiner must prevent
cross-contamination of evidence by changing gloves
whenever cross-contamination could occur. Proper
collection, preservation, and maintenance of the chain
of custody of evidence is imperative. All samples or
clothing must be completely dry prior to packaging
and storage. A fan may aid in air drying both col-
lected swabbings as well as wet clothes. Mold and
mildew destroys DNA evidence. In the absence of an
included fan, wet clothes should be air dried, ideally
with the aid of a fan obtained separately. Each paper
bag with evidence should be labeled for contents, and
sealed with initials inscribed across tape. Storage dur-
ation is variable per jurisdiction (Figure 24.1).

Rape kit
Step 1: oral swab and smear
This step should precede oral administration of medi-
cations if possible to preserve DNA evidence. Discus-
sion of HIV PEP should be prioritized to ensure
timely administration. The HIV PEP would be best
administered just after Step 1 (Figure 24.2).

Step 2: trace evidence/undressing (consider over
roll-paper)
Enables capture of debris (i.e., grass, further evi-
dence). Place down paper over which patient

Figure 24.1 The New York state sexual assault kit: an example
of a rape kit.

Figure 24.2 The New York state sexual
assault kit: oral swabs from kit.
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undresses in a labeled paper bag. The patient may
then step into gown.

Step 3: packaging of clothing and underwear
Each item of clothing is placed in a labeled, sealed
paper bag. Some jurisdictions request a separate bag
for each item of clothing. Initials of the examiner are
inscribed over tape to indicate proper sealing. Under-
wear is placed in prelabeled envelope within the kit.

Note: clothing must be dried completely prior to
packaging in order to prevent mold and mildew,
which may compromise DNA collection.

Step 4: debris collection
Foreign material found on the patient’s body should
be acquired with forceps and placed in a paper towel
provided in the exam kit, or if indicated, additional
paper towels. Each paper towel should then be
labeled to reflect anatomic area where debris was
discovered, (i.e., “R shoulder” written on the outside
of the paper towel before being placed in the
envelope).

Step 5: focused examination for injuries
The focused examination discussed here assumes a
primary evaluation has been completed. Abrasions,
lacerations, orthopedic deformities, ecchymoses, bite
marks, patterned injuries (shape of belt, thumbprints
used to restrain during attack, outline of objects used
as weapon) must all be documented. The exam should

focus on breasts (often the site of bite injuries), lower
lumbar spine (patient dragged), periorbital petechiae
or subconjunctival hemorrhages (strangled), or neck
(overt signs of strangulation). The mouth, arms,
wrists, legs, and thighs may also show signs of injury.
All findings must be documented on body diagram
(Figure 24.3). Each injury should optimally be meas-
ured with measuring tape, and documented on chart,
(i.e., 3.5 � 1.5 cm ecchymosis).

Box 24.2 Common areas of non-genital injury
during sexual assault

� Breasts
� Lower lumbar spine
� Periorbitalpetechiaeor subconjunctivalhemorrhages
� Neck
� Mouth
� Extremities

Step 6: dried secretions and bite marks
Dried semen, saliva, or other fluids should be col-
lected with a slightly moistened cotton swab, air-dried
using the collection box, then labeled by anatomic
location and packaged. A Wood’s lamp may help
illuminate where semen is located. However, not all
semen illuminates in this manner, and what is illu-
minated with the Wood’s lamp may not necessarily be
semen. Nevertheless, these specimens are important
to collect. Each sample should be collected and pack-
aged separately.

Figure 24.3 The New York state sexual
assault kit: body diagram from kit.
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Step 7: fingernail scrapings
Skin, blood, and debris may be found under finger-
nails. Use the wooden fingernail scrapers to collect
possible evidence into paper envelopes in kit. Label
each envelope R or L, respectively. Nail clippings may
also be used in place of fingernail scrapings.

Step 8: pulled head hairs
Twenty five hairs from five different areas, including
the cuticle, must be collected for adequate DNA
analysis and comparisons. Patients may collect
strands of hair themselves, or if this step is too trau-
matic, patients may defer, and realize that if more
DNA is needed at a later time, that law enforcement
or the prosecution may collect samples in the future.
Although controversial, hair samples may be used to
detect the presence of drugs used by an assailant in a
case of drug-facilitated sexual assault. It can take up to
4 weeks for the presence of toxins to appear in hair
samples, and will not specify time of use or adminis-
tration. In addition, fine or lightly pigmented hair will
not retain exposed toxins as strongly as heavily pig-
mented hair. The advantage of hair samples is that
toxins remain in hair far longer than in urine or blood
and can be tested at a later date.

Step 9: pubic hair combings
At this time, the patient may be placed in lithotomy
position for the next few steps. Combing of pubic hair
is performed in order to collect possible stray hairs

from the assailant. Place the paper towel in the kit
under a patient’s buttocks for efficient collection
(Figure 24.4).

Step 10: pulled pubic hairs
Instructions in most kits suggest that 15 complete
pubic hairs should be collected for adequate DNA
typing. This step however, is controversial, and many
experts feel this is not necessary. As with pulled head
hairs, DNA from the patient may be collected later,
and in a less traumatic fashion.

Step 11: anal swabs and smears
Two cotton swabs are used simultaneously to collect
secretions from the perianal region, and then used to
make two slides. Both swabs are then air-dried before
being placed in the collection box.

Step 12: vaginal or penile swabs and smears
When the vaginal exam is performed, the speculum is
moistened with tap water only as lubricants may
affect test results. Four cotton swabs (not moistened)
are used to collect semen from the vaginal vault or
periurethral/penile area. Two swabs are used simul-
taneously to collect and prepare slides, then placed in
collection box to air-dry prior to packaging. This step
is then repeated with the other cotton swabs. Ano-
scopy may be performed in the same manner, if
indicated. Then, the examiner may perform a colpo-
scopic evaluation, if available (see below).

Figure 24.4 The New York state sexual
assault kit: hair-combing equipment
from kit.
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Step 13: oral brushing
Oral brushing collects the patients own DNA
(replacing prior use of blood sample). The brush is
used to scrape both sides of patient’s cheeks, and then
placed in a collection box for air-drying prior to
packaging.

Colposcopy
Colposcopy is a diagnostic test using a lighted magnify-
ing device to examine the cervix, vagina and vulva. If
trained in the use of colposcopy, the examiner may
now visualize the genital structures for injuries not
apparent to the naked eye. According to a frequently
cited study published by Slaughter and Brown, the
magnification of a colposcope (5–30%) may detect
up to 87% more injuries.2 A later study evaluated
311 sexual assault victims as compared to 75 persons
who had consensual intercourse, and found that the
victims of sexual assault had a higher incidence of
injury, and multiple injuries, than controls.3 The
authors did not, however, control for time since
event, use of lubrication, condom use, and other
important variables. Although colposcopy is an excel-
lent tool for detecting injury, controversy exists sur-
rounding its use as injury may also be detected after
consensual intercourse.8

Drug-facilitated sexual assault
The legal definition of DFSA is sexual assault facili-
tated by an offender’s use of an “anesthesia-type” drug
which, when administered to the victim, rendered the
victim “physically incapacitated or helpless” and thus
incapable of giving or not giving consent.9

Studies determining the prevalence of DFSA
include both cases in which patients were surrepti-
tiously drugged as well as cases in which intended use
of alcohol or drugs led to a condition of increased
susceptibility to assault. The Department of Justice
estimates that over 35% of sexual assaults are perpet-
rated by offenders under the influence of alcohol,
other drugs, or both.10 One multicenter study looking
at victims of sexual assault found that of DFSA
patients who presented for examination, approxi-
mately 4.3% of the DFSAs examined were surrepti-
tiously drugged and 35.4% of the DFSAs involved
voluntarily used illicit drugs. A common scenario
suggestive of DFSA is a patient who is amnestic to
events of the prior evening, though recalls having only
one or two drinks, and wakes up in a foreign place

without underwear or in some other unusual situ-
ation. Assume sexual assault in such patients, and a
consideration for both a rape kit as well as a DFSA kit
(see below) should be completed.

Common DFSA drugs
Common DFSA drugs (often referred to as “date-
rape drugs”) include gamma hydroxybutyrate (GHB),
gamma butyrolactone (GBL), benzodiazepines such as
flunitrazepam (Rohypnol®), ketamine hydochloride,
methylenedioxymethamphetamine (MDMA), lysergic
acid diethylamide (LSD), and alcohol.

The drug GHB was designated as a Federal Sched-
ule 1 drug as of March 2000. It is a colorless, odorless
liquid which acts as a central nervous system (CNS)
depressant and causes a dissociative mental state. Its
effects are enhanced by alcohol. It is often homemade
in clandestine labs, and costs $5–10 per dose.

The drug GBL is an industrial degreaser, which is
converted to GHB in vivo. It typically causes nausea
and vomiting, and a dissociative mental state. Over-
dose may lead to respiratory depression or arrest. Low
doses of GHB and GBL cause an increase in libido,
euphoria, passivity, amnesia, and have been associ-
ated with sexual assault. In higher doses, these drugs
have a sedative effect. Laboratory detection of both
GHB and GBL is via targeted analysis with gas chro-
matography and mass spectrometry. Because of its
rapid metabolism, plasma samples should optimally
be collected < 6–8 hours after ingestion and urine
samples collected within 10–12 hours. Urine and
plasma may exhibit endogenous levels of GHB
(< 1 mg/dl) in urine, (< 4 mg/L) in blood/plasma).11

Flunitrazepam is a benzodiazepine manufactured by
Hoffman-La Roche, available only outside of the
United States. It is marketed as a sleep aid, and
because of its reputation for use in DFSA, now comes
in a new formula which contains blue dye. Flunitaze-
pam binds to the CNS GABA receptor, is much more
potent than diazepam, and causes anterograde
amnesia.12 Because of its potency and use for DFSA,
it is being considered for designation as a Schedule 1
drug of abuse.

Ketamine is a dissociative anesthetic chemical
similar to phencyclidine (PCP). It can be smoked,
injected, or insuflated. Although it can be ingested
orally, a very large amount must be used to cause a
dissociative state. It has a short duration of action
dependent on dosage and method of administration.
Methylenedioxymethamphetamine (MDMA), often
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referred to as ecstasy, is a CNS stimulant which causes
adrenergic symptoms including an increase in heart
rate, blood pressure, and temperature. It often has a
strong positive emotional experience for the user such
as euphoria and increased feeling of intimacy, and
may cause short-term memory loss. Lysergic acid
diethylamide (LSD) is a hallucinogen, which has seen
resurgence after a long period of decline in the 1980s
and 1990s. Its time of onset is 30–60 minutes, and
duration of effects lasts up to 12 hours. It causes
impaired judgment.

Alcohol is the most commonly detected drug in
urine specimens of sexually assaulted patients. It acts
as a CNS depressant and enhances the effects of many
other drugs.

For a variety of reasons, sexually assaulted patients
may delay their presentation to the ED. This delay
inevitably leads to a lower likelihood of detection of
DFSA drugs in the serum or urine. Hair analysis is an
additional method of detecting drugs days to weeks
and months after sexual assault. Mechanisms by
which drugs are deposited in hair remain unknown,
and prosecution of sexual assault offenders based on
hair analysis remains controversial. Furthermore,
most hospital labs do not routinely analyze for
“date-rape” drugs, though more private labs nation-
wide are doing so. The decision whether to analyze
DFSA kits is that of the District Attorney. Patients
should be informed of this during the exam.

DFSA kit
In case of suspected DFSA, serum and urine may be
collected for toxicologic testing. Most DFSA kits con-
tain a urine specimen cup and 2 gray-topped serum
tubes which may be collected up to 96 hours after
sexual assault (variability between states). Toxins may
be detected in urine for up to 96 hours and in serum
for up to 24 hours depending on the nature of toxin
and amount ingested. Of note: DFSA kits are pro-
cessed through a forensic laboratory, not the hospital.

Box 24.3 Pearls for ED evaluation and
management of a sexually assaulted patient

� Early involvement of a patient advocate
� Keep and label first urine for forensic analysis
� Recognize patterns of injury
� Do not miss occult injuries
� A normal genital exam does not exclude forced

penetration
� Carefully preserve evidence and chain of custody

Treatment
Post-exposure prophylaxis
Sexually transmitted infections
Following sexual assault, patients with exposure
should be offered to be treated empirically for Chla-
mydia, Gonorrhea, Trichomonas, and Hepatitis B.

� Chlamydia: Azithromycin 1 g (2 g will also cover
gonorrhea), or doxycycline 100 mg BID � 7 days

� Gonorrhea: Ceftriaxone 125 mg IM (considerable
resistance to ciprofloxacin in some communities)

� Trichomonas: Flagyl 2 g PO � 1 dose
� HBV: Hepatitis B immune globulin (if no

previous immunization); hepatitis B vaccine with
follow-up vaccine. If previously vaccinated,
check titers.

It is reasonable for tetanus toxoid to be updated
for those whose immunizations are not current
(Figure 24.5).

HIV PEP
Although no prospective studies have been performed
to determine efficacy of non-occupational post-
exposure prophylaxis (nPEP), studies evaluating effi-
cacy of nPEP in newborns to reduce mother-to-child
transmission of HIV, and studies examining the
efficacy of occupational PEP, conceptually support
the use of nPEP in cases of sexual assault.13–16

A recent study by Roland et al. documented serocon-
version at 3 months in 7 of 702 individuals who initi-
ated PEP.17 The authors of this study propose that
some may have resulted from ongoing exposures and
others from failure of PEP to prevent HIV infection.17

Recommendations
The Centers for Disease Control and Prevention
(CDC) recommends a 28-day course of highly active
antiretroviral therapy (HAART) for patients who
have had high-risk non-occupational exposure to
blood, genital secretions, or other potentially infected
body fluids of HIV-infected persons (Figure 24.5) if
she or he presents within 72 hours of exposure.
Although the CDC makes no official recommenda-
tion for patients with similar exposure to persons of
unknown serostatus, it may be reasonable to assume a
perpetrator’s seropositivity in the case of sexual
assault based on local prevalence and risk. Most states
recommend a triple-drug regimen to be administered
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up to 72 hours after sexual assault. Animal studies
have shown that antiretrovirals are less effective when
used after 72 hours.18

Recommended triple drug regimen
Clinical trials have revealed the increased efficacy of dual
nucleoside reverse transcriptase inhibitors (NRTIs)
combined with a nucleotide analog reverse transcriptase
inhibitor (NNRTI) for a more potent regimen:19

� Zidovudine (AZT): 300 mg BID (NRTI)
� Lamivudine (3TC): 150 mg BID (NRTI)

(Note: Combivir (AZT þ 3TC) one tablet BID is
an efficient, though more expensive, alternative)

� Tenofovir: 300 mg each day (NNRTI)

Starter packs
A 3–5 day supply of nPEP should be optimally be
supplied to all sexual assault victim patients in order
to increase the likelihood of compliance.

Adverse effects
Initial concerns about the potential toxicity of antire-
troviral therapy have been tempered by data provided
over time by healthcare workers taking PEP. Of
492 healthcare workers reported to the occupational
PEP registry, 63% took at least 3 medications. Seventy
six percent reported adverse effects, including nausea
(57%) and fatigue or malaise (38%). Only 8% of these
workers had laboratory abnormalities, all of which
resolved by the end of treatment.20 Because of a sig-
nificant number of severe adverse reactions in patients
who had taken nevirapine-containing regimens for
occupational or non-occupational exposures, most
agree that it should not be used for nPEP.21

HIV testing
All at risk patients should be tested for HIV anti-
bodies at baseline, 4–6 weeks, 3 months, and 6 months
to determine if seroconversion occurred. If rapid

Substantial
exposure risk

≤72 hours
since exposure

Source patient
known to be
HIV positive

Source patient
of unknown
HIV status

nPEP not
recommended

Case-by-case
determination

nPEP
recommended

Negligible risk for HIV exposure

vagina, rectum, eye, mouth,
or other mucus membrane,
intact or non-intact skin, or
percutaneous contact

urine, nasal secretions, saliva, sweat,
or tears if not visibly contaminated
with blood

of the known or suspected HIV status
of the source

Exposure of

With

Regardless

Substantial risk for HIV exposure

vagina, rectum, eye, mouth,
or other mucus membrane,
non-intact skin, or percutaneous contact

blood, semen, vaginal secretions, rectal
secretions, breast milk, or any body fluid
that is visibly contaminated with blood

the source is known to be HIV-infected
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With

When
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Figure 24.5 Algorithm for evaluation
and treatment of possible
non-occupational human
immunodeficiency virus (HIV) exposures.
nPEP, non-occupational post-exposure
prophylaxis. (From Centers for Disease
Control and Prevention. Antiretroviral
post-exposure prophylaxis after sexual,
injection-drug use, or other
non-occupational exposure to HIV in the
United States: recommendations from the
US Department of Health and Human
Services. MMWR 2005;54.)
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testing is available in the ED, it is beneficial in order
to prevent treatment of the patient who may have pre-
existing unkown HIV positivity. The HIV test results
should be recorded separately from other findings
documented on the sexual assault chart in order to
ensure patient’s confidentiality in the event medical
records are released for legal proceedings. Follow-up
appointments must be arranged to monitor liver,
renal, and hematologic function. While some proto-
cols initiate this testing in the ED, medication can be
started and testing can be done in early follow up
unless there is a medical concern otherwise.

Emergency contraception
Plan B:

� Levonorgestrel 0.75 mg PO Q 12 � 2 doses
(May give both tablets at once if reliability
questionable; studies show comparable efficacy)

Alternative – Ovral:

� Ethinylestradiol 100mcgþ levonorgestrel 0.5 mg�
2 tablets PO Q 12� 2 doses

Studies have proven increased efficacy and superior
tolerability of Plan B when compared with Ovral.22

Side effects may be further ameliorated with adminis-
tration of an antiemetic such as metoclopramide
10 mg 30 minutes prior to administration of emer-
gency contraception.23 It is important to provide
emergency contraception as soon after sexual assault
as possible as efficacy wanes with time. A number of
studies support the use of emergency contraception
up to 120 hours after unprotected intercourse.24

Although the evidentiary exam (rape kit) is not per-
formed for patients presenting more than 96 hours
after sexual assault, it is important to consider pro-
viding emergency contraception.

Documentation
Documentation should only include a description of
the findings, not inferences or conclusions. Some
facilities have specialized sexual assault charts which
help ensure a thorough, focused assessment, and
which include consent forms for the exam and pho-
tography. The only medical issues documented in the
forensic evaluation aspect of the medical record
should be acute findings that potentially relate to the
assault or pre-existing medical factors that could
influence interpretation of findings.

It is best to document the history of present illness
in the patient’s own words. For example, use phrases
such as: “Patient states” and then use quotation marks
for direct quotes, or use language such as: “Patient
describes,” “Patient recalls,” “Patient reports,” or
“Patient states that.” When describing the patient’s
overall appearance, document specifics, such as,
patient is lying in the fetal position, crying, and
looking down at the floor. Every attempt should be
made to maintain objectivity when documenting the
physical exam. In any given circumstance the phys-
ician’s ultimate duty is to document truthfully what
he or she sees. Finally, do not use language that
implies judgment on the part of the examiner, such
as “patient alleges.”

Law enforcement
Where permitted by law, patients, rather than health-
care providers, should make the decision whether or
not to report a sexual assault to law enforcement.
Patients should be provided with information about
the possible benefits and consequences of reporting so
that they can make an informed decision. Different
jurisdictions have different policies regarding
reporting and, furthermore, different circumstances
are subject to specific reporting laws (see below).
Patients should be told about mandatory reporting
obligations and procedures that will be used.

Patients should be told that delays in reporting
may negatively affect the ability of the criminal justice
system to investigate and prosecute a case.

Sexual assault reporting laws
Many states have mandatory reporting laws for spe-
cific victims including children, the elderly, or a vul-
nerable adult who has been a victim of a crime. Few
states require mandatory reporting of sexual assault
in a competent adult, except in certain outstanding
cases, such as with the use of a deadly weapon.

At the time of this writing, California is the only
state that explicitly requires medical personnel to
report the treatment of a competent adult sexual
assault victim (California Penal Code 11160).
Kentucky mandates reporting of rape to the Kentucky
Cabinet for Family and Children if the crime
also constitutes domestic violence (KRS 209.030).
Massachusetts requires that medical personnel who
treat a rape victim report the case without identifying
information to the Criminal History Systems Board.25
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Many states have mandatory reporting laws in the
case of certain types of crimes and therefore may
affect the competent adult sexual assault victim. For
example, many states require that the following types
of injuries are reported: injuries caused by firearms,
stab wounds or non-accidental wounds inflicted by
a sharp-pointed object, injury caused by a deadly
weapon, and burns. Sexual assault examiners must
be familiar with the reporting laws in their state.
A helpful website is: http://www.ipba.net/pubs/
RapeandSexualAssaultReportingLaws.pdf.

Forensic photography
Consent must be obtained prior to any photo docu-
mentation. Each injury should be photographed sep-
arately, making sure there is a label in the photograph
frame. The label should show the date, the patient’s
initials and medical record number, and should have
a ruler edge to illustrate size when held adjacent to the
injury. (Note: the cotton-swab wrappers contained in
some rape kits have a ruler on the side; you may use
these for labels.) For the best image, it is recom-
mended that the label or ruler is positioned parallel
to the length of the injury, and that blue or green
surgical drapes are placed under the body part being
photographed. If possible, capture the patient’s face in
the photograph of injury, for identification purposes.

Disposition
Transfers
If a nearby hospital is a designated center for sexual
assault forensic examination and the patient is stable
and amenable, one may consider transferring the
patient if there is a minimal possibility that evalu-
ation, treatment, or evidence collection will be
compromised.

Consultations
Many hospitals have an on-call panel of rape advo-
cates and social service support. They should be util-
ized with the patient’s consent. If there is no one
trained in the ED to examine sexually assaulted
patients, there is no designated forensic examiner on
call, and a transfer is not possible, one may consider
consulting the gynecologist on call for assistance.
If there is a suspicion of a DFSA, one may contact
the local poison control center for guidance. Finally,
for patients where one is concerned about suicidal

ideation, a psychiatric assessment for risk should be
performed by the emergency physician or the psychi-
atric consult on call.

Discharges
Patients may be discharged if they are clinically stable,
sober, have a safe place to go to, and if there is no
concern of their ability to follow up. If there is a
concern that a patient will be lost to follow up, then
it is reasonable to consider hospitalization or keeping
the patient in the ED until safe discharge planning is
arranged. All follow-up counseling should be
arranged prior to discharge. This includes the follow
up of labs sent to the hospital laboratory (crime lab.
studies are generally not available to the patient), the
continuation of medical therapy, arrangements for
the repeat evaluation of indicated lab. studies, psycho-
social services and counseling, and law enforcement if
they were contacted. As with any patient, all discharge
instructions must be clearly documented for the
patient in a language that the patient comprehends.
Patients must be provided with suitable clothing if
their clothes were taken during the exam.

Forensic kits
All kits should be labeled and sealed accordingly. Each
institution should have protocols describing the stor-
age of forensic kits and photo-documents if the police
have not been notified. If the police do respond and
take a report, the kit and photographs may be released
to them, if the patient consents. It is of the utmost
importance, that the chain of evidence is maintained
and documented meticulously. For example: date,
time, your name, “I handed contents of sealed rape
kit to officer X, badge number Y.”

References
1. Rape, Abuse, and Incest National Network (RAINN)

calculation based on Maston, C., Klaus, P, National
Criminal Victimization Survey, 2005. Bureau of Justice
Statistics: US Department of Justice, 2006.

2. Slaughter L, Brown CRV. Colposcopy to establish
physical finding in rape victims. Am J Obstet Gynecol
1992;166:83–6.

3. Slaughter L, Brown CRV, Crowley S, Peck R. Patterns
of genital injury in female sexual assault victims. Am
J Obstet Gynecol 1997;175:609–16.

4. Jones J, Dunnuck C, Rossman L, Wynn B, Genco M.
Adolescent Foley catheter technique for visualizing

Section 3: Special considerations

416

http://www.ipba.net/pubs/RapeandSexualAssaultReportingLaws.pdf
http://www.ipba.net/pubs/RapeandSexualAssaultReportingLaws.pdf


hymenal injuries in adolescent sexual assault. Acad
Emerg Med 2003;10:1001–4.

5. Adams JA, Girardin B, Faugno D. Adolescent sexual
assault: Documentation of acute injuries using photo-
colposcopy. J Pediatr Adolesc Gynecol 2001;14:175–80.

6. Lenahan LC, Ernst A, Johnson B. Colposcopy in
evaluation of the adult sexual assault victim. Am
J Emerg Med 1998;16:183–4.

7. Sugar N, Fine D, Eckert L. Physical injury after sexual
assault: findings of a large case series. Am J Ob Gyn
2004;190:1.

8. Sommers MS. Using colposcopy in the rape exam:
health care, forensic, and criminal justice issues.
J Forensic Nurs 2005;1(1):28–34.

9. Negrusz A, Juhascik M, Gaensslen RE. Estimate of the
Incidence of Drug-facilitated Sexual assault in the US.
Washington, DC: US Department of Justice 2005.

10. Maston C, Klaus P. National Criminal Victimization
Survey, 2005. Washington, DC: US Department of
Justice, 2006.

11. Yeatman DT, Reid K. A study of urinary endogenous
gamma-hydroxybutyrate (GHB) levels. J Anal Toxicol
2003;27(1):40–2.

12. Waltzman ML. Flunitrazepam: a review of “roofies.”
Pediatr Emerg Care 1999;15(1):59–60.

13. Taha TE, Kumwenda NI, Gibbons A, et al. Short
postexposure prophylaxis in newborn babies to reduce
mother-to-child transmission of HIV-1: NVAZ
randomized clinical trial. Lancet 2003;362:1171–7.

14. Roland M. Postexposure prophylaxis after sexual
exposure to HIV. Curr Opin Infect Dis 2007;20:39–46.

15. Speight CG MC, Kuria E, Kilonzo N, Onchwari P,
Taegtmeyer M. Providing post-exposure prophylaxis
as part of comprehensive post-rape care – Thika
District Hospital, Kenya. In XV International AIDS
Conference. July 11–16, 2004. Bangkok, Thailand, 2004.

16. Roland, M. HIV Post-exposure Prophylaxis Following
Non-Occupational Exposures. Background Paper for
WHO Expert Consultation for the Development of
Policy and Guidelines on Occupational and Non-
Occupational HIV Post-Exposure Prophylaxis. Geneva,

Switzerland, September 3–5, 2005. Available from
http://hivinsite.ucsf.edu/pdf/p01-kb-new/kbr-07-02-
07-roland.pdf.

17. Roland ME, Neilands TB, Krone MR, et al.
Seroconversion following nonoccupational
postexposure prophylaxis against HIV. Clin Infect Dis
2005;41:1507–13.

18. Pullium JK, Adams DR, Jackson E, et al. Pig-tailed
macaques infected with human immunodeficiency
virus (HIV) type 2GB122 or simian/HIV89.6p express
virus in semen during primary infection: new model
for genital tract shedding and transmission. J Infect Dis
2001;183(7):1023–30.

19. Hammer S, Kubin C. Antiretroviral agents. In Cohen J,
Powderly WG (eds), Infectious Diseases, 2nd edn.
Barcelona, Spain: Elsevier Ltd, 2004: pp. 1871–93.

20. Centers for Disease Control and Prevention.
Antiretroviral postexposure prophylaxis after sexual,
injection drug use, or other non-occupational exposure
to HIV in the United States: recommendations from
the US Department of Health and Human Services.
MMWR Recomm Rep 2005;54:RR-2.

21. Centers for Disease Control and Prevention. Serious
adverse events attributed to nevirapine regimens for
postexposure prophylaxis after HIV exposures world
wide, 1997–2000. MMWR Recomm Rep 2001;
49:1153–6.

22. WHO Task Force on Postovulatory Methods of
Fertility Regulation. Randomized controlled trial of
levonorgestrel versus the Yuzpe regimen of combined
oral contraceptives for emergency contraception.
Lancet 1998;352:428–33.

23. Ragan RE, Rock RW, Buck HW. Metoclopramide
pretreatment attenuates emergency contraception-
associated nausea. Am J Obstetr Gynecol 2003;188
(2):330–3.

24. Ellertson C, Evans M, Ferden S, et al. Extending the
time limit for starting the Yuzpe regimen of emergency
contraception to 120 hours. Obstetr Gynecol
2003;101:1168–71.

25. Scalzo T. Rape and sexual assault reporting laws. APRI
2007;1(3):1–4.

Chapter 24: Sexual assault

417

http://hivinsite.ucsf.edu/pdf/p01-kb-new/kbr-07-02-07-roland.pdf
http://hivinsite.ucsf.edu/pdf/p01-kb-new/kbr-07-02-07-roland.pdf


Section 3

Chapter

25
Special considerations

Injury prevention

Salvatore Pardo

Introduction
Historically, accidents have not been perceived as
preventable events. In a 1949 paper entitled “The
epidemiology of accidents,” John E. Gordon, pioneer
of injury prevention, placed injury control within
the public health framework. Gordon identified that
the death rate from accidents in 1949 remained essen-
tially unchanged from the same rate 40 years earlier.1

While, over the early part of the century, great
advancements had been made in understanding and
controlling infectious, neoplastic, and congenital dis-
ease, little progress had been made in accident
prevention. Gordon hypothesized that the same
biologic laws that govern in the epidemiology of
medicine could also operate in respect to injury. He
compared two important events with mass casualties:
The epidemic of typhoid fever in 1934 and the
Coconut Grove nightclub fire of 1942. The former
was attributed to untreated drinking water and the
latter was attributed to inadequacies of fire codes. He
asserted that these examples could be each traced
back to a single preventable cause. This revelation
led to the introduction of the concept of injury pre-
vention. Gordon essentially asserted that, like the
medical epidemic of typhoid fever, accidental injuries
could be preventable.

Gordon proposed that, like the medical disease
processes, there is a host, an agent, and an environ-
ment involved in each accident.1 The host can be
described by their age, gender, race, or genetics. The
environment can be described in physical, biological,
or socioeconomic terms. An accident evolves as a
disturbance. This can occur either through the prin-
cipal action of the agent, because of the host, or as a
function of the environment. Most often, however, it
is through some combination of all three. These are

the fundamental factors in causation. Using this basic
theorem, the science of injury prevention has evolved
over the past half century.

Box 25.1 Essentials of injury prevention science

� Like the medical disease processes, there is a
host, an agent, and an environment involved in
each accident/injury.

� The host can be described by their age, gender,
race, or genetics. The environment can be
described in physical, biological, or socioeco-
nomic terms.

� An accident/injury can be due to a single factor;
however, it is most often through some combin-
ation of the host, agent, and environment.

� These are the fundamental factors in causation.

Theory of injury prevention
William Haddon, Jr. is best known for being the first
administrator of the National Highway Safety Bureau.
As a disciple of Gordon’s concepts, his goal was to
change the focus of highway safety and consequently
reduce the number of deaths that resulted from motor
vehicle accidents.2 He re-examined the view of acci-
dents as “chance” events. In fact, he influenced the
change in language from “motor vehicle accident” to
the more recently accepted phrase “motor vehicle
collision.”

He developed a conceptual model called the Had-
don matrix. This tool is used amongst epidemiologists
to understand the concepts of injury prevention and
to develop ideas to prevent injury. Within each
matrix, there is a pre-event phase, an event phase,
and post-event phase. These are represented by the
rows of the matrix. The factors, represented by
the columns of the matrix, refer to the interacting

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
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factors that contribute to the injury process. The four
factors are the host, the agent, the physical environ-
ment, and the social environment.

In the event of motor vehicle collision, the rows are
defined as the pre-collision, collision, and post-collision
phases. The columns are defined as the host (driver), the
agent (automobile), the physical environment (road),
and the social environment (attitude). The pre-collision
phase involves the prevention of the etiologic agent
from reaching the host. For the host, this may involve
the education or experience of the driver. The collision
phase involves the interaction of the etiologic agents
and the host. For the agent, this may involve the crash
worthiness of the vehicle itself or the integrity of the seat
belts and other restraint devices. The post-collision
phase involves themaximizing salvage once the damage
has been done.3 In reference to the physical environ-
ment, this includes the development of an emergent
trauma care system (Table 25.1).4

The Haddon matrix has been used frequently in
the development of safety measures. By filling in the
different cells of the matrix, a complete strategy to
combat any injury can be formulated. One needs to
clearly identify the problem to be addressed and care-
fully assign when the pre-event, event, and post-event
phases begin and end. Haddon also organized 10
countermeasure strategies to address injury control.5–7

As seen in Table 25.2, an example of his countermeas-
ures are shown as applied to child injury prevention.8

These models can be used in understanding public
heath issues from the perspective of risk factor

identification. Further, they allow the drafting of
preventive strategies. In doing so, they provide both
public health practitioners and researchers a frame-
work within which to examine problems systematic-
ally and take action.4,8

In an article in 1998, Carol Runyan expanded on
Haddon’s methodology.5 She realized that, when
making decisions about policy, there are certain values
that guide the process. She proposed that by using the
principals of policy analysis there could be a concrete
articulation of these values. As a result, she created an
additional dimension in Haddon’s matrix incorporat-
ing the use of value criteria. The suggested criteria
include, but are not limited to: effectiveness, cost,
freedom, equity, stigmatization, feasibility, and the
preferences of the affected community or individual.4

The decision maker must determine the relative
weights to be placed on each value to determine the
worth of any intervention. Overall, this third dimen-
sion creates an opportunity to brainstorm, organize,
evaluate, and explain the assessment process. The
application of the third dimension of Haddon’s matrix
should facilitate the decision-making process.

Behavioral theory
Historically, due to the unparalleled success of passive
or structural strategy, such as childhood immuniza-
tion and fluoridation of water in public health meas-
ures, the application of behavioral science to injury
prevention has been de-emphasized.9 That is, it is

Table 25.1 Haddon’s matrix of motor vehicle collisions4

Phase Host Vehicle Physical environment Social
environment

Pre-
event

Driver ability, driver
training

Maintenance of brakes,
vehicle inspection programs,
installation of child restraint,
child restraint checking
programs

Adequate roadway
markings, correct
installation of child restraint,
right child restraint for
child’s height and weight

Attitudes to
drink driving/
speed/use of
child restraints
for every car trip

Event Human tolerances to
crash forces, wearing of
seat belt, having child in a
correctly fitting child
restraint

Crash worthiness of the
vehicle (e.g., crush space),
crash worthiness of child
restraint (e.g., head extrusion)

Presence of fixed object
near roadway, presence of
unsecured object within the
vehicle

Enforcement of
mandatory
seatbelt and
child restraint
use

Post-
event

Crash victims general
health status

Petrol tanks designed to
minimize likelihood of post-
crash fire

Availability of effective and
timely emergency response

Public support
for trauma care
and
rehabilitation
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easier to change engineering than behavior. It is the
integration of active and passive strategies (behavior
and engineering), however, which are leading to
the greatest change in public health and injury
prevention.

There are several behavioral models applied to
injury prevention including, the health-belief model,
the theory of reasoned action, the stages of change
model, and applied behavioral analysis.9 In the health-

belief model, preventive behaviors are thought to be a
function of one’s beliefs of susceptibility to the problem.
Also involved in this model are one’s understanding of
the severity of the health problem, and the cost of
adopting the preventative behavior. Peterson et al. stud-
ied the beliefs and practices of 198 parents with children
between 8 and 17 years of age.10 They discovered that
the majority of parents were not initially worried about
accidental injuries to their children. The study then
educated parents on their child’s susceptibility to injury
while increasing their competency to intervene. After
the interventions, parents then believed that their
actions could be effective and they were more compe-
tent to implement these preventative measures.

In the theory of reasoned action, one’s intention
to perform a behavior predicts actual behavior.11

This intention is a function of community attitudes,
education, and social norms. This theory was used
to develop a survey of parents’ beliefs and practices
regarding the use of car safety seats. The survey revealed
that parents’ attitudes regarding the effectiveness of car
seats were the single best predictor of parents imple-
menting their use. As a result, marketing was then
directed at educating parents and caretakers in the value
of car seats as an important means of injury prevention.

A more recent model has been developed called
the stages of change. The theory is based on the
premise that change occurs in defined stages and
people differ in their willingness to advance among
these stages. The steps to change are: precontempla-
tive, contemplative, preparation, action, and mainten-
ance. The model incorporates the notion of relapsing
and describes the cyclical nature of relapse and pro-
gression during the maintenance phase. Depending
on which stage the individual is in, the individual or
group wishing to intervene and end a harmful behavior
selects the most appropriate strategy. Examples of
this model are found in strategies developed to stop
smoking as well as to avoid abusive relationships.

Applied behavioral analysis seeks to understand and
modify behavior by addressing the “ABCs” (Antece-
dents, Behavior, Consequences) of behavior. Under-
standing the ABCs can help shape the behavior and
the environment. Application of behavioral analysis
has helped to increase the use of safety belts, bicycle
helmets, and child restraints, reduce vehicular speeding
and impaired driving, improve pedestrian and occu-
pational safety, and modify many other risky behaviors.

Ultimately, many of these behavioral science the-
ories have been integrated to develop a consensus of

Table 25.2 Countermeasure strategies for childhood injury8

Countermeasure Example

1. Prevent the creation
of the hazard

Banning the sale of
unsafe nursery
products such as baby
walkers

2. Reduce the amount
of the hazard

Package medicines in
smaller, safer amounts

3. Prevent the release of
hazards that already exist

Medicine containers
that are child resistant

4. Modify the rate or spatial
distribution of the hazard
from its source

Use properly fitted
child restraints

5. Separate by time or space
the hazard from that
which can be protected

Do not install children’s
playgrounds near
unfenced/unprotected
bodies of water

6. Separate the hazard and
what is to be protected
by a material barrier

Install isolation fencing
on all four sides of a
swimming pool

7. Modify relevant basic
qualities of the hazard

Change the spaces
between the bars in a
cot to prevent child
strangulation

8. Make what is to be
protected more resistant
to damage from the
hazard

All children learn to
swim

9. Move rapidly to detect
and evaluate the damage
that has occurred and
counter its continuation
and extension

All parents and
caregivers learn
cardiopulmonary
resuscitation (CPR) and
provide efficient
emergency services

10. Stabilize, repair, and
rehabilitate the damage
or injured person

Develop rehabilitation
plans at an early stage
of treatment
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the factors that appear to account for most of the
variation in behaviors directly affecting injury pre-
vention: (1) intentions; (2) environmental barriers;
(3) skills; (4) outcomeexpectancies or attitude; (5) social
norms; (6) self-standards; (7) emotional reactions;
and (8) self-efficacy. From this model, Fishbein and
Ajzen then concluded that in order for a person to
perform a behavior, one or more of the following
must be present:11–13

1. The person forms a strong positive intention or
makes a commitment to perform the behavior.

2. There are no environmental barriers that make it
impossible to perform the behavior.

3. The person possesses the skills necessary to
perform the behavior.

4. The person believes that the advantages of
performing the behavior outweigh the
disadvantages.

5. The person perceives more normative pressure to
perform the behavior than to not perform it.

6. The person perceives that performance of the
behavior is consistent with his or her self-image or
values.

7. The person’s emotional reaction to performing
the behavior is more positive than negative.

8. The person perceives that he or she has the
capabilities to perform the behavior under
different circumstances.

The first three factors are viewed as necessary to
produce a given behavior, and the remaining five
are simply modifying variables. From a hypothetical
example, we can apply this to one specific injury
control behavior; the testing of the home smoke
alarm. If the homeowner is committed to test the
device, has access to it, and has the skills to test it,
there is a high probability that he or she will perform
the behavior. These chances will increase as more of
the eight factors are present.11–13

Injury prevention can also be effectively imple-
mented at the community level. Several efforts have
been developed which focus on the active participa-
tion of social communities to decrease traumatic
injuries. One example of a successful organization in
injury control is the Injury Free Coalition for Kids®.
It is one of the country’s fastest growing and most
effective injury-prevention programs. It is a national
program of the Robert Wood Johnson Foundation
comprised of hospital-based, community-oriented

programs, whose efforts are anchored in research,
education, and advocacy. Currently, the coalition
includes 40 sites located in 37 cities, each housed in
the trauma centers of their participating institutions.
The implementation of playground renovations, a
Safety City, which teaches children the proper way
to cross the street, window guard legislation, commu-
nity dance and sports programs, and free bicycle
helmets are some of the specific components of
the program. With the inception of this program in
central Harlem in 1988, major traumatic injuries
requiring hospital admission decreased by 55% in
the subsequent 10 years. In the same period, violent
injuries decreased by 46% in this neighborhood while
they doubled in the neighboring community.14 Util-
izing these statistics, the Northern Manhattan Injury
Surveillance System has validated these results were
for the appropriate and targeted groups.15

Box 25.2 Behavioral models applied to injury
prevention

Model Overview

Health-belief
model

Preventive behaviors are
thought to be a function of
one’s beliefs of susceptibility to
the problem. Includes one’s
understanding of the severity of
the health problem, and the cost
of adopting the preventative
behavior

Theory of
reasoned action

One’s intention to perform a
behavior predicts actual
behavior. This intention is a
function of community
attitudes, education, and social
norms.

Stages of change
model

The theory is based on the
premise that change occurs in
defined stages and people differ
in their willingness to advance
among these stages. Depending
on which stage the individual is
in, the individual or group
wishing to intervene and end a
harmful behavior selects the
most appropriate strategy.

Applied
behavioral
analysis

Seeks to understand and modify
behavior by addressing the
“ABCs” (Antecedents, Behavior,
Consequences) of behavior.

Chapter 25: Injury prevention

421



Motor vehicle safety
Motor vehicle collisions are among the leading con-
tributors to death and injury each year in the United
States.16–19 Over 40 000 lives are lost annually, and
countless others sustain significant injuries. Trauma
due to motor vehicle collisions puts a significant strain
on our healthcare system with costs estimated at ap-
proximately $230 billion in the year 2000.20 Injuries to
occupants of motor vehicles are generally attributable
to several key factors including the speed and size of
the vehicle, and the amount of protection that the occu-
pant had from the impact.21 A significant number of
these deaths could be reduced with proper adherence to
established legislation and appropriate safety measures.

Combating impaired driving has been a daunting
challenge for law enforcement agencies and legislators
in every state across the United States. On a national
level, it continues to be the leading cause of motor
vehicle crashes and related deaths.21 Driving under
the Influence (DUI) laws and zero-tolerance laws for
teenagers are critical in remedying this nationwide
problem. With implementation of legislation that
specifically targets those individuals who drink and
drive, there has been an estimated 30% decrease in
alcohol-related motor vehicle deaths.21 Currently, all
50 states and the District of Columbia have estab-
lished laws that make it illegal for persons aged 21
years or older to drive with a blood alcohol concen-
tration (BAC) of 0.08 g/dl or more.1 The National
Highway Traffic Safety Administration’s (NHTSA’s)
zero-tolerance laws make it illegal for drivers under
the legal drinking age to operate a motor vehicle with
any amount of alcohol in their blood. Zero-tolerance
laws were established in the late 1990s to tackle the
increased relative risk that these inexperienced drivers
face, particularly when operating motor vehicles
under the influence of alcohol or drugs. Approxi-
mately one-third of adolescent motor vehicle deaths
are associated with driving while intoxicated.22

The emergency department (ED) serves as an
excellent place for physicians to identify individuals
with alcohol-related problems. Patients with alcohol-
ism generally have repeated ED visits due to trauma
and are therefore ideal targets for injury prevention
counseling.19 Alcoholism screening coupled with
interventions by emergency physicians may act as
the support needed to help those with alcohol-related
problems receive additional social support and affect
behavioral change.23

Another important measure of protecting our-
selves from serious and debilitating injuries is wearing
seat belts. Despite the simplicity and proven effect-
iveness of this intervention, studies have shown that
adults and children alike do not fully comply with
seat belt laws.24 Motor vehicle safety reached an
important milestone with the requirement of stand-
ard seat belts in the 1960s. This developed from the
understanding that most serious injuries from motor
vehicle collisions occur from the body’s direct impact
with the automobile’s interior automotive parts, i.e.,
steering wheel, after the vehicle’s initial collision.17

A recent ED study demonstrated that in motor
vehicle crashes where seat belts were not worn, there
was a three times greater likelihood of fatalities. In
addition, alcohol use was closely associated with
patients who did not use seat belts.20 Further studies
investigated the effectiveness of seat belts with and
without airbag deployment. When driver and pas-
senger airbags are deployed in conjunction with seat
belt use, the risk of death is reduced by approxi-
mately 50%, whereas a risk reduction of only 13%
has been observed in cases where airbags were
deployed without seat belt use.16 More stringent
enforcement of seat belt regulations has proven to
be an effective measure for preventing fatal motor
vehicle crashes. With the inception of the “Click It or
Ticket” campaign, a significant increase in seat belt
use has been observed in recent years. Seat belt use
nationwide was 81% in 2006, up from 71% in 2000,
as measured by NHTSA’s National Occupant Protec-
tion Use Survey (NOPUS).25

Speed is another significant contributor to injur-
ies acquired from motor vehicle crashes. As speed
increases, kinetic energy increases exponentially
(KE ¼ 1/2 MV2). In 1974 the national speed limit
was set at 55 mph to conserve fuel; however, it had
the additional effect of decreased motor vehicle col-
lision fatalities.16,17 Upon repeal of the national max-
imum speed limit in 1995, 32 states raised their
speed limits to at least 70 mph.3 States that increased
their speed limits saw an increase in motor vehicle
mortalities compared to states that maintained the
55 mph speed limit.16,17

Additional technological advances in car safety
include collapsible steering columns, shatterproof
glass, and side airbags. Although these improve-
ments continually enhance overall motor vehicle
safety, it is still equally important to educate drivers
and passengers about precautionary techniques and
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defensive driving skills. With the combined efforts
of education, legislation, and new technology, it is
possible to prevent some of the potentially danger-
ous scenarios.

Box 25.3 Injury prevention strategies for motor
vehicle collisions

� DUI laws and zero-tolerance laws for teenagers
� Use of seatbelts and enforcement of laws
� Speed limits
� Technological advances in car safety including

collapsible steering columns, shatterproof glass,
and airbags

� Alcohol screening in EDs and referrals for
counseling

Head injury prevention
Traumatic brain injury is one of the most serious and
debilitating injuries. As a result preventive interven-
tions have focused on increasing the use of helmets,
particularly when motorcycles or bicycles are in-
volved.18 Motorcyclists face a tremendous risk on
the road; they generally experience a fatality rate 20
times greater than drivers and passengers of other
motor vehicles.16 The use of a helmet can reduce the
risk of serious head injuries by up to 85%.18 Add-
itional factors, such as decreasing the motorcyclist’s
speed at impact, may also influence this level of risk
reduction.26 The primary challenge to reducing this
risk has been the acceptance of helmet use by motor-
cyclists. As of June 2006, only 20 states and the Dis-
trict of Columbia had established laws mandating the
use of helmets by all motorcyclists. An additional 26
states have established laws that mandate helmet use
only by certain individuals, such as young, inexperi-
enced riders.4 The average rate of helmet use in states
without current legislation is between 30% and 50%.
This number rises to almost 100% in states where
helmet laws are in effect.16

Likewise bicyclists encounter a risk of head injury;
however, the majority of injuries result from falls,
not collisions.27 Despite 600 000 bicyclists sustaining
injuries annually, 30 states do not have mandatory
helmet laws.4,27 The leading cause of head trauma
among children is attributable to bicycle injuries.28,29

With bicycling remaining among the top outdoor
leisure activities in both adults and children, bicycle
helmet use, regardless of established law, is pru-
dent.27,28 Analogous to motorcyclists, the challenge

has been persuading cyclists to wear their safety
helmets on a consistent basis. By combining proper
education with legislation mandating helmet use, the
associated risk of mortality and morbidity of bicycle
injuries should be reduced.16,27 Additionally, phys-
icians assume integral roles in influencing the behav-
ior of their patients. By educating parents and
children on the use of helmets, physicians can con-
tribute to injury prevention.16 In response to the
bicycling deaths of two children, Howard County,
Maryland, became the first US jurisdiction to mandate
use of bicycle helmets for children. Pre-legislation and
post-legislation helmet use was observed in Howard
County and two control counties:Montgomery (which
sponsored a community education program) and Bal-
timore County (no helmet activities). Pre-legislation
crude helmet use rates for children were 4% (95% con-
fidence interval [CI] 0–10%) for Howard, 8% (95%
CI 3–13%) for Montgomery, and 19% (95%
CI 5–33%) for Baltimore. Post-legislation rates were
47% (95% CI 32–62%), 19% (95% CI 11–27%), and 4%
(95% CI 0–11%), respectively. The rate of bicycle
helmet use by Howard County children is now the
highest documented for US children.30

Residential injury prevention
Burns are the fourth leading cause of accidental
death in the United States.17,31 Residential fires are
responsible for three quarters of all fire-related
deaths, and most of these deaths are attributable
to asphyxiation as the primary cause of injury.17,33

By taking appropriate safety measures in the home,
public health measures have made great strides in
the prevention of potentially life-threatening burns
and asphyxiation from smoke inhalation.17,32 The
main areas of concentration in residential injury
prevention include residential fires, water scalding,
and clothing ignition.

Careless smoking is a significant contributor to
residential fires.32,33 Approximately 65% of residential
fires are started by cigarettes.33 Direct fire prevention
efforts through the establishment of “fire-safe” cigar-
ettes (cigarettes with a reduced propensity to burn
when left unattended) continue to be investigated,
but research has not been actively pursued by the
cigarette industry.17,31–33 Currently, the most effective
preventive measures are the proper installation and
maintenance of smoke detectors in the home. The
use of smoke detectors has been effectively increased
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through strict legislation, as well as educational
efforts.17 With smoke detectors, the risk of mortality
in residential fires is lowered by approximately
80%.17,32

Another potentially injurious situation involves
clothing ignition. Young children and the elderly are
the most vulnerable segment of the population to this
risk.17,32 Children are more prone to play with fire
and lighting devices. The elderly are generally less
mobile, and have more physical impairments, which
drastically reduce their ability to navigate dangerous
situations.33 Clothing ignition can result from various
external factors, including unintentional contact with
household appliances or lighting devices. Efforts were
made to prevent these injuries with the development
of fire retardant clothing. Legislation first was initi-
ated to increase use of these materials in children’s
clothing through the Children’s Sleepwear Standard
Law in the 1970s. However, the regulations were
eventually eased by the Consumer Product Safety
Commission, with a resultant decreased adherence
to these standards.17

Conclusion
The theory of injury prevention is relatively young.
Over the past 60 years, there have been great efforts to
create a safer environment. Through the work of
Haddon and other injury prevention experts, a tan-
gible, clear method can be used to develop and imple-
ment strategies to combat preventable injury.
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Special considerations

Rural trauma care

NeilWaldman and David Dreitlein

Introduction
Only 8% of rural American residents have access to
Level I or II trauma centers within 45 minutes, com-
pared to 73% of suburban residents and 89% of urban
residents. Of the 46.7 million Americans without
access within an hour of a Level I or II trauma center,
the majority reside in rural areas.1

Far from regional trauma centers where emer-
gency physicians, trauma surgeons and specialty
consultants both train and practice, rural emergency
physicians must use their skills to manage and sta-
bilize trauma patients, often without any assistance
from physician colleagues or consultants. Advanced
Trauma Life Support (ATLS®) -trained practitioners
at rural trauma centers improve outcomes for trauma
patients and are associated with risk-adjusted sur-
vival.2,3 According to one study, the majority of
non-standard care rendered in the rural emergency
department (ED) leading to preventable mortality is
related to airway and chest injury management.4

Although no definitive proof exists, it is not hard to
postulate that these injuries and their complications
could be prevented through the use of ATLS® training
at minimum or, even better, emergency medicine
boarded physicians in rural areas. Accomplishing
these goals of providing this level of care to rural
parts of the country remains problematic. Statistics
from the early 2000s revealed that nationwide only
42% of all practicing emergency physicians are resi-
dency trained and only 50% are board certified.5 Most
trained and board certified physicians practice in
urban areas. While there has been an increase in the
staffing of rural EDs with emergency trained phys-
icians, the need still remains. In a 2005 study of the
Upper Midwest, the number of American Board of
Emergency Medicine (ABEM) -certified emergency

physicians and residency trained emergency phys-
icians in the urban vs. rural setting was 65.2%
vs. 30.8% boarded and 48.3% vs. 12.3% emergency
medicine trained.6 This is compared to West Virginia
where only 12% are board certified and only 7.5% are
residency trained.7

Technology has also started to help minimize the
care gap between urban and rural areas. One of the
best examples of this is the widespread availability of
computed tomography (CT) scanning and digital
imaging combined with off-site radiologists. This
has also changed the ability of properly trained rural
practitioners to manage trauma at their facility. Tele-
medicine may also make it possible for patients in
rural areas to benefit from the expertise of specialists
“seeing” the patient from hundreds of miles away.

Determining your local environment
To practice in a rural environment one must be
knowledgeable regarding the abilities of the hospital
and community to provide care. Time spent learning
these variables prior to needing them will be rewarded
by easier and more efficient practice when they are
required. Specific areas of knowledge include the
following.

1. Local Emergency Medical Services (EMS): How
many ambulance crews are available in your
community and how many are advanced life
support (ALS) vs. basic life support (BLS)? Will a
transfer crew be made from these same crews?
Many rural areas have single paramedic coverage.
Often numbers of ambulances are limited and
transport times are long. Transport of a patient to
a tertiary care hospital could drain local resources
and may limit the ability to respond to other
emergencies in the community.
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2. Air ambulance/helicopter or fixed-wing services:
What is the availability of air ambulance services,
and how do they interface with the hospital and
the prehospital services? If a patient is to be
flown out of a hospital is it necessary to transport
the patient first by ground to the airport or can
helicopters land at the hospital? Consider air
transport services in nearby states as well as your
own. Learn how to dispatch these services; is a
phone call made to the receiving hospital, a
regional dispatch center, or to the transport
agency itself? If helicopter resources are limited,
it is also feasible to transport more than one
patient in a single helicopter? A recent study
showed no adverse outcomes from helicopter
crews transporting multiple patients.8 If the
helicopter is occupied on a non-emergent
mission, can they divert for a sicker patient at
your facility?

3. Transport efficiencies: How long does it take to
get to the nearest trauma center by ground
ambulance and how long is the flight time for
the air ambulance? Does your ground
transportation have unbroken communication
throughout the journey? Do you have a

helicopter landing pad near the ED or do
patients have to be transported to the airport? If
the helicopter is unavailable, is a fixed-wing
aircraft acceptable?

4. Hospital surgical capabilities: How many
operating rooms are staffed during and after
business hours and are they often busy? In what
time frame are the on call personnel (both
physician and other staff) available?

5. Backup and ancillary support: What ancillary
and specialty backup services are on call and
what is their availability? Is there a way to
get hold of backup physicians by more
than one means, i.e., pager and cell phone?
What types of injuries can your facility
treat?

6. Pre-existing protocols: What are the specific
protocols for your institution regarding the types
of trauma your facility can treat vs. those
requiring transfer to other facilities? This will
often relate to the trauma center designation of
your facility and the organized trauma system for
the state or region (e.g., see Table 26.1 for
Colorado state’s requirements for trauma
center transfer9).

Table 26.1 State of Colorado trauma center transfer criteria9

Mandatory transfer to tertiary trauma center
from rural trauma designated hospital

Possible care at rural trauma designated hospital in
conjunction with mandatory tertiary trauma center
consultation

Critically injured age 0–5 years High-risk mechanism as defined by local regional trauma
counsel protocol

Bilateral pulmonary contusions with non-traditional
ventilation

Critically injured age 6–12 years

Multisystem trauma with pre-existing coagulopathy Significant head/spinal cord injuries with deficit

Aortic tears Bilateral femur or posterior pelvic fracture plus chest or abdominal
injury

Liver injuries requiring emergency surgery and liver
packing or vena cava injury

Mechanical ventilation over 4 days

Coma for more than 6 hours or with focal neurologic
deficit

Life-threatening complications such as acute renal failure or
coagulopathy

Persistent in-hospital physiologic compromise

Hemodynamically stable children with documented visceral
injury requiring blood or fluids > 40 cc/kg

Penetrating injuries to head, neck, torso or proximal
extremities
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Who to keep and who to transfer
Prehospital decisions
The physician in the rural ED is often involved in
decisions with local EMS crews about whether a heli-
copter from a tertiary trauma center should be
launched immediately to the scene of a major trauma,
or should the EMS crew transport to the closest ED
for evaluation and initial stabilization. A study of 459
major trauma victims demonstrated that rural scene
times are slightly longer and transport times are sig-
nificantly longer than urban ones. Rural trauma
victims are also seven times more likely to die before
arrival of EMS.10 Patients transferred from a referral
non-trauma center hospital took almost six times as
long to reach definitive care as those transported
directly from the scene.11 Recent literature is con-
flicted regarding outcomes of “on-scene” helicopter
transport vs. ground ambulance bringing patients to a
trauma center.12–15 Presumably, an advantage of a
helicopter would be the ability to bypass a non-
trauma designated hospital and go directly to a
trauma center. It would seem that any benefit of
survival is only for a subset of severely injured
patients.15,16 In the end these decisions must be made
by the paramedics using pre-established protocols,
their clinical judgment, and consultation with their
base station physician. Multiple examples exist in
both the authors’ hospital and many other rural hos-
pitals of common concerns that arise in these settings.
Examples include a case where transport to the local
hospital is delayed in order to wait for the tertiary care
scene helicopter to provide transport to a referral
center; a critically ill patient with a head injury and
exsaguinating leg amputation waits with the local
EMS ambulance crew on scene for over 30 minutes
for the helicopter to arrive. The local hospital is only
15 minutes away and the patient expires while in
transport to the Level II trauma center which has a
neurosurgeon on call. In another example, the loud
and crowded helicopter environment prevents a ten-
sion pneumothorax from being diagnosed and the
patient expires. In another example, an unhelmeted
motorcyclist strikes a deer and is thrown. Paramedics
find a responsive but confused patient with abdom-
inal pain. The helicopter transport time is 30 minutes
while the nearest hospital is 10 minutes away. The
crew opts to transport the patient to the rural hospital
suspecting an intra-abdominal hemorrhage, easily

managed by the ED physician and general surgeon.
Upon arrival the patient becomes progressively
obtunded and the head CT shows epidural hema-
toma; CT of the chest and abdomen are negative.
The tertiary care hospital is contacted at that time
and begins the procedure for air transport, unfortu-
nately in the 60 minutes it takes to get to the referral
hospital the patient dies of uncal herniation.

These cases illustrate the rural reality where there
is no one single correct answer and they present a real
dilemma. Helicopter crews, under good conditions,
can place chest tubes or provide needle decompres-
sion of chests, rapid sequence intubate, and institute
blood transfusions. However, a local surgeon/
emergency physician may be able to stop uncon-
trolled exsanguinations, and local EDs may have more
personnel and may provide a more controlled envir-
onment to help with critical procedures.

The authors recommend that in cases of critically
injured and unstable patients (as determined by either
prehospital regional trauma protocol or consultation
with base station physician), that consideration be
given to both dispatching the tertiary care center
helicopter for a scene flight and to have the local
rescue crew begin rapid transport to the closest rural
ED. If the helicopter arrives before the rescue crew
arrives at the hospital, then a rendezvous could occur
somewhere in the middle. If the patient arrives at the
ED, stabilization begins and rapid assessment of life-
threatening injuries occurs. The patient can then be
put into the awaiting helicopter for transfer to tertiary
trauma center. A 3.5 year study comparing trauma
patients directly admitted to a Level I trauma center
with those first stabilized at an outlying hospital,
found no adverse effect to mortality.17 In the authors’
experience, a frequent pitfall in transporting patients,
is once the helicopter is dispatched for a scene flight,
the ambulance crew waits for the helicopter to arrive
on the scene and loses the ability of the local hospital
to provide life-saving stabilization (Table 26.218,19).

Which patients need referral to a
higher level of care?
There are ATLS® guidelines about when a patient
needs to be transferred to a tertiary care hospital.20

These guidelines are, however, very conservative and
assume that the rural trauma designated hospital or
outlying clinic has very limited to no capabilities nor
trained emergency staff. With increasing CT scan
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availability at rural hospitals and as trained emer-
gency physicians begin to become more common
in the rural setting, many trauma patients can be
cared for in consultation with a general surgeon in
the rural trauma designated hospital without need for
transfer. Some select critically injured and high-risk
patients can be managed at a Level III rural trauma
facility, with consultation to a higher level trauma
center.9 The combination of performing a CT scan
in a rural hospital with remote CT interpretation, and
management by a local surgeon is a formula that is
currently evolving and needs to be better delineated.
Although the benefits of establishing a system have
been generally accepted, until recently they were not
well proven.21–30

A recent study compared of 4087 adult patients
discharged alive and 1104 adult patients who died in
the hospital and were treated at either a Level I trauma
center or treated at a non-trauma center, showed a risk
of death that was 25% lower in the group treated at the
level one trauma center after adjustment for differences
in the case mix. The relative differences in risk were
primarily among more severely injured patients.25

The organized trauma system will specify which
subset of trauma patient it mandates to be transferred
to a tertiary trauma center by their criteria (see Table 26.1
above).

Recent literature also supports that head injuries
not requiring immediate neurosurgical intervention
could be managed outside a tertiary trauma center.
Head injured patients with normal initial head CT
scan could be kept at the rural hospital or referred for
outpatient follow up. However, which physician will
admit and observe these patients may be problematic.
Recent literature suggests that the admitting physician
need not be a neurosurgeon or even the trauma

surgeon. A national trauma data bank chart review
of 213 357 patients with reported head injury showed
that 95% were managed non-operatively. The authors
of this study state that the “trauma surgeon or other
healthcare provider can appropriately monitor
patients for neurologic decline and effect early trans-
fer.”27,28 At the other extreme, patients with severe
head injuries will need transfer to a hospital with
appropriate neurosurgical capability. Patients with
subdural hematomas, epidural hematomas, or neuro-
logical deterioration also can present a dilemma to a
rural ED physician. Often these patients are quite
unstable, yet they may require neurosurgical interven-
tion to be stabilized. Transfer in these patients should
not be delayed for unstable vital signs. Emergent
craniotomy is generally beyond the scope of the emer-
gency physician unless specifically trained.29

The rural trauma system
A rural trauma designated hospital receiving a trauma
patient should be pre-notified. Each organized trauma
system will have its own rules as to trauma activation
procedures. If a trauma patient does not meet criteria
for emergent surgical intervention in the ED upon
arrival, the emergency physician will generally initiate
the evaluation for possible life-threatening traumatic
injuries. Most rural trauma hospitals will have a CT
scanner available and electronic radiology, allowing
extensive trauma workups to be done at that rural
location. However, a high degree of clinical suspicion
and vigilance must be maintained for those patients
thought to be at risk for deterioration as extensive
imaging may delay transport to a tertiary care center
if critical injuries are discovered.

The scope of practice for an emergency physician
in a rural setting may be somewhat different than an

Table 26.2 Considerations in hospital vs. ground transport18,19

Consider helicopter scene flight Consider transport to closest rural emergency
department

Remote location of more then 10 miles from the nearest
appropriate trauma center and/or difficult access by road*

Hospital with ability to provide care is less then 10 miles
away with easy access by road

Prolonged extrication time Patient’s condition is felt to be amenable to initial
stabilization at closest hospital (tension pneumothorax,
loss of airway, uncontrolled hemorrhage, Class IIII shock)
even if definitive care will require eventual transport and
associated delay

Severe isolated head trauma
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urban environment. For example, fracture reduction
and tendon repair by the emergency physician,
rather than the orthopedist, is often common prac-
tice. Plastic surgeons may not be immediately avail-
able, and therefore rural emergency physicians may
often practice complex wound closure techniques.
This is also true of other complex procedures. The
rural trauma hospital should have policies in place
to address the responsibilities and obligations of
the admitting physician. Complex trauma patients
admitted for observation may be best managed by a
surgeon rather than a family practitioner or internist.
The rural trauma hospital must have plans in place to
handle unexpected deterioration of patients admitted
for observation.

Transfer of patients to closest facility
In many cases rural ambulances, because of limited
resources, must transport all trauma patients to the
closest healthcare facility. This may even be a rural
clinic without any inpatient resources. Many patients
will subsequently require transport to a secondary
facility. Federal law (Emergency Medicine Treatment
and Labor Act [EMTALA]) has specified conditions
under which this transfer must occur. Typically, once
the ambulance has brought the patient to the ED or
rural clinic, the physician or other healthcare provider
needs to perform a medical screening exam, and
stabilize the patient within the capabilities of the
facility. At a rural trauma-designated hospital this
may include imaging or invasive studies looking for
intra-abdominal injuries that could be corrected
there. Waiting for responses from on-call physicians
or for records/X-rays to be copied are not acceptable
reasons to unduly delay transfer in the unstable
patient. The transport itself can be problematic with
the limited resources of rural ambulance services.
Rural ambulance services will often only transport
patients for medically indicated reasons.

How stable do they need to be to
transfer?
The overriding question is whether the patients’
injuries require treatment at a facility with a higher
level of care than can currently be provided. The
rural hospital has an obligation to provide as much
care as necessary and possible without delaying
transfer. Perhaps the most challenging cases are
those with multiple life-threatening injuries, some

of which can be treated at the rural trauma desig-
nated facility and some requiring transfer. Prioritiz-
ing the treatment of these injuries and the decision
of when to transfer must be made in conjunction
with the local general surgeon and the receiving
specialty surgeon.

Choosing the mode of transfer
While intuitively helicopter or fixed transport is
faster than ground ambulance, adding in warm-up
time, shut-down time, landing, and patient loading,
ground ambulance may be faster in selected cases.
Facilities should review their emergent transfer times
by different modes to understand the quickest modes
of transport. Those times may also change due to
local conditions such as weather and traffic. Other
considerations could include the degree of availabi-
lity of the local ambulance vs. helicopter and the
medical crew configuration and training. The cost
may also play a role. While the transferring vehicle
(helicopter or ambulance) is en route, the rural facil-
ity should attempt to perform as many important
tests and stabilizing procedures as possible. In some
settings information, including radiologic images
and laboratory studies, may be transmitted electron-
ically to the receiving hospital prior to the arrival of
the patients. An example of utilizing this strategy
would be a case where your facility receives a mul-
tiple traumatized unconscious intubated head injury
patient without a neurosurgeon at your facility.
A tertiary care helicopter is put en route and the
rural facility immediately performs standard trauma
stabilization followed by a CT scan of the head and
neck, and possibly additional exams, while the heli-
copter is en route to the facility. This is then trans-
mitted to the waiting neurosurgeon or general
surgeon at the receiving hospital enabling the patient
to have rapid operative intervention upon arrival. See
Figure 26.1 for a summary algorithm.

Who will accept the patient?
The transferring physician must contact a receiving
physician and document the acceptance of the care of
the patient. This includes documentation that a phys-
ician will accept responsibility for the care of the
patient upon their arrival and that the receiving facil-
ity has the capacity to care for the patient. Federal
EMTALA rules require documentation that the
patient is willing or requests to be transferred,
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or requires transfer and is unable to consent.The
necessity of the transfer should be documented.

Who will arrange the transfer?
It is the responsibility of the transferring physician,
in consultation with the receiving hospital, to
arrange the mode of transportation for the transfer
and to find an accepting physician. Some large
tertiary care centers have administrative staff that
will arrange transport and accepting physicians for
referring physicians. It is also the responsibility of
the transferring physician to arrange for the on-
going care of the patient until they arrive at the
receiving facility; EMS physician advisors should
have transfer order protocols developed. It is the
responsibility of the transferring physician to ensure
that copies of charts, laboratory results, imaging
studies, and procedure documentation are sent to
the receiving facility.

Things to do awaiting transfer
One study reviewing ATLS® protocols prior to
transfer found the most frequent deviations
included: inadequate cervical spine immobilization
(32%); failure to document neurological status
(47%); and failure to place nasogastric tube (72%)
(Table 26.3).30

Challenges for the future
While the level of trauma care provided to people
living in rural areas has improved over the years,
there still continues to be a substantial gap between
the trauma services in an urban area vs. rural area.
Fortunately, as the number of specialty trained emer-
gency physicians increases, rural areas are beginning
to see a greater number of hospitals able to provide
improved trauma services. Additionally telemedicine
has the potential to allow rural hospitals to provide

         

TRANSFER TO TERTIARY CARE TRAUMA CENTER REQUIRED DUE TO

• Presenting exam findings show obvious need of specialty capability beyond resources of rural trauma hospital
• CT scan/imaging findings discovered on medical screening exam/trauma work-up that are beyond capability of rural

trauma hospital 

IS THE PATIENT CRITICAL OR UNSTABLE?

YES

• Is rotary-wing aircraft faster than emergent-
ground ambulance?

• Is the weather good? Is the helicopter available? 
• Can additional tests be performed at rural trauma

hospital to facilitate/expedite care at tertiary
trauma center?

YES
• Launch helicopter!
• ATLS stabilization must be completed

before the transfer!
• Accomplish as many tasks/image and

lab. studies as possible without delaying

NO

• Call for ground transfer and ALS crew. 

If long distance, consider fixed-wing

•

•

If critical, otherwise basic transfer-crew
to keep local resources available during
transfer!

NO

• Call for emergent ground transfer with ALS
crew!

• Consider fixed-wing if time available!
• ATLS stabilize before transfer and prepare for

ongoing care during transfer (blood/chest
tubes/intubation/drips and drugs)

Figure 26.1 Choosing the mode of transfer: summary algorithm. ALS, advanced life support; ATLS, advanced trauma life support;
CT, computed tomography.
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increased access to specialty consultants who in the
past have been limited to major urban centers.

However, even with these advances, many chal-
lenges remain. Even to the well-trained physician,
providing trauma care in a rural setting can be quite
difficult with the inherent limitations of less person-
nel and backup services. The rural emergency phys-
ician continues to be faced with difficult decisions as
to which patients to transfer, at what time transfer is
appropriate, and what should be done for the patient

prior to transfer. These are questions for which there
is often gray areas. The rural emergency physician
may be called upon to provide a wide array of pro-
cedures. Many residency programs are beginning to
appreciate these unique challenges as well as the large
unmet need and are starting to focus a portion of
their training on this setting.

Inevitably there will continue to be a gap between
the ability of the rural hospital and tertiary facilities to
manage specialty trauma care. However, that gap can
be minimized through recognition of the problem,
improved training in trauma care, and the techno-
logical developments. We can be hopeful that mor-
bidity from this devastating disease will continue to
decrease for all citizens, regardless of the geographic
area in which they live.
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Pain management
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Introduction
Pain is the most frequent reason for seeking emer-
gency treatment. As a presenting complaint, pain
accounts for over 70% of visits to US emergency
departments (ED).1–3 Although it is commonly
believed that injury and trauma are responsible for
the majority of ED visits associated with pain, this
impression is misleading. In a recent multicenter
study of adults presenting to EDs in the USA and
Canada with moderate to severe pain, two thirds of
presentations resulted from medical, rather than trau-
matic, conditions.4 Nonetheless, trauma is a major
cause of pain among ED patients, accounting for
approximately 25 million patient visits annually in
the United States.

Suboptimal treatment of pain due to trauma
remains a persistent concern in ED and prehospital
settings. Notwithstanding the clinician’s duty to
provide compassionate care, pain that is not man-
aged appropriately causes an increase in oxygen
requirements and a potential for venous throm-
bosis due to decreased movement.5,6 Failure to
recognize and treat pain may also result in dissatis-
faction with medical care, hostility toward the
physician, unscheduled returns to the ED, delayed
complete return to full function, and, potentially,
an increased risk of litigation.7–12 A variety of
factors are felt to give provenance to pain under-
treatment (Table 27.1).

Beyond the acute setting, undertreatment of
pain may contribute to the development of chronic
pain syndromes. Rivara et al., in a recent multi-
center study, reported that almost two thirds of
trauma patients report continued pain related to
their initial injury 12 months after the inciting
event.13 The authors suggest that aggressive

interventions to control pain during the acute
phase are needed to prevent chronic pain. Studies
of pain and disability after acute hip fracture sup-
port this argument.14

Pathophysiology
Nociception refers to the sensory detection of tissue
damage or potential damage, while pain is a much
more complex experience, involving sensory, psycho-
logical, and cognitive components. The physiologic
mechanisms underlying pain can broadly be classified
as nociceptive or neuropathic. Nociceptive pain
results from the activation of primary peripheral noci-
ceptors (A-delta and C fibers) in response to noxious
stimuli, such as tissue trauma and inflammation. Som-
atic nociceptive painmay involve superficial structures
(e.g., skin and subcutaneous tissue) and is perceived as
sharp and well localized; when deeper structures (e.g.,
joints, tendons, and bones) are involved, pain may be
more diffuse or radiating, with an aching or cramping
quality. Visceral nociceptive pain arises from the internal
organs in response to organ distention, ischemia, or
inflammation and is characterized by poor localization
and a deep aching quality. Neuropathic pain results from
aberrant signal processing in the peripheral or central
nervous system.Although neuropathic painmaypossess
a variety of sensory qualities, it ismore often described as
burning, tingling, or shooting.

Tissue damage causes the release of many inflam-
matory chemicals, including bradykinin, serotonin,
histamine, acetylcholine, and prostaglandins among
others. Prolonged noxious stimulation can lead to
peripheral and central sensitization, and alterations
in pain processing. Hyperalgesia, a lower threshold
to painful stimuli, occurs as a result of these mechan-
isms, and can be primary (at the site of the injury) or

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. # Cambridge University Press 2011.
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secondary (at sites surrounding the injury). Allody-
nia, in which normally innocuous stimuli are per-
ceived as painful, can result from neuroplastic
changes in both primary nociceptors and the central
nervous system. Left untreated, these changes in pain
processing can result in chronic pain states.

Pain assessment
Pain is inherently subjective and inevitably complex.
Patients experience pain and suffering as individuals;
clinicians assess it only indirectly. The emergency
provider’s task is to use a commonly understood
vocabulary and classification system in assessing pain
so that our findings can be communicated consist-
ently. Only by quantifying the pain experience in
meaningful ways can we move beyond practices that
are influenced by myth and opinion toward a scien-
tific approach to our many questions regarding the
pain experience. This challenge is at the root of our
difficulties in treating pain, and not only in the ED
setting. Issues surrounding pain assessment should
have primacy in our attempts to understand our
patients’ pain experiences.

EDs employ a number of pain assessment tools.
Viewing pain as the “fifth vital sign,” as encouraged

by The Joint Commission, has fostered the wide-
spread use of such tools. For those without cognitive
impairment, pain intensity is routinely assessed with
either an 11-point numerical rating scale (NRS) or a
graphical rating scale (GRS). The NRS is sensitive to
the short-term changes in pain intensity associated
with emergency care and is the most commonly
employed pain assessment instrument.15,16 The GRS
or picture scales are particularly useful for popula-
tions with limited literacy, including children.17,18

The visual analog scale (VAS) is used by some EDs;
however, this instrument is more commonly
employed in research settings. There is no demon-
strated advantage in using a VAS over an NRS in the
ED settings; both are reliable and valid measures of
pain intensity.19 In fact, certain patient populations
find the NRS easier to complete, therefore it is
preferred over the VAS for routine use.15,20 Among
non-verbal patients, including infants or those with
cognitive impairment or dementia, a number of
observational pain scales are available for use. They
use graded indicators such as breathing, movements,
crying and other verbalizations as well as consolability
and facial expressions to derive numerical indications
of pain intensity. Both the FLACC (Face, Legs, Activ-
ity, Cry, Consolability) observational scale for use in
very young children, and the PAINAD (Pain Assess-
ment in Advanced Dementia) scale for use in the
setting of advanced dementia are used in some EDs;
however, adequate observational pain assessments are
more the exception than the rule.21,22

No matter the specific pain scale used, assessments
should be repeated after therapeutic interventions and
at the time of ED discharge. Despite efforts to pro-
mote pain intensity as an outcome measure with
which to judge the quality of ED pain practice, the
finding that pain intensity is measured only once in
most EDs may mirror medicine’s traditional view of
pain as a diagnostic indicator rather than an outcome
deserving of attention in its own right.

A number of studies support the importance of
education and standardized pain assessment in
improving the quality of pain practice. After finding
that only 38% of trauma patients in 1 center received
ED analgesics, Silka et al. instituted verbal pain scores
and pain management education with resultant
increases in documented pain assessments and anal-
gesic administration.23,24 More recently, Decosterd
et al. implemented pain management guidelines in a
Swiss ED, tying pain scores to explicit treatment

Table 27.1 Barriers to emergency department analgesia

Patient factors

Fears of side effects

Fears of addiction

Hemodynamic instability

Altered mental status

Physician factors

Concerns about side effects

Fear of addiction

Fear of obscuring diagnosis

Lack of knowledge about pain management

System factors

Lack of educational emphasis on pain management

Inadequate pain assessment

Sociocultural barriers, including ethnic bias

Inadequate quality improvement mechanisms

Lack of emergency department pain research, particularly
among geriatric and pediatric populations
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recommendations and found improvements in pain
assessment, analgesic administration, pain relief, and
patient satisfaction.25

Pain treatment
The assessment and treatment of acute traumatic pain
should optimally begin in the prehospital setting.
Although many studies have documented oligoanal-
gesia in the prehospital setting, it is encouraging that
more prehospital research is addressing pain treat-
ment in this setting.26–29 Importantly, the National
Association of EMS Physicians (NAEMSP) has
developed a position paper to guide Emergency Med-
ical Services (EMS) directors in developing and
implementing prehospital analgesic protocols.30

A brief overview is listed in Box 27.1.

In the ED, non-pharmacologic therapies should
be used for all patients with traumatic pain when
possible. Cold therapy (ice packs), immobilization,
and elevation of injured extremities are low-cost
interventions that are immediately available. Per-
haps most importantly, ED personnel should
reassure the patient that pain treatment is important
and that effective analgesic interventions are avail-
able. Such reassurance helps to alleviate the anxiety
that invariably accompanies and complicates trau-
matic pain. In fact, in one study of patient satisfac-
tion with pain treatment, having staff stress the
importance of pain treatment was a stronger pre-
dictor of satisfaction than analgesic administration
itself.31

Nurse-initiated analgesic protocols are currently
underutilized in the ED and hold the promise of
decreasing the time interval between patient presen-
tation and analgesic administration as well as increas-
ing patient satisfaction. Analgesic protocols have been
implemented at triage and include both opioid and
non-opioid therapies.32

Analgesics for traumatic pain
A wide variety of analgesics are available to the emer-
gency physician, including acetaminophen, non-
steroidal anti-inflammatory drugs (NSAIDs), and
opioids. In general, the anxiety associated with
traumatic pain should be managed by controlling
pain primarily. The coadministration of anxiolytics
should be avoided. Anxiolytics, such as the benzodi-
azepines, may cause excessive sedation while leaving
the underlying cause of anxiety untreated. If anxioly-
tics are used, they should be reserved for patients in
whom anxiety is felt to be a primary cause of their
symptoms. One of the most important features of
pain and its treatment is the tremendous interindivi-
dual variability in pain experience and the response to
analgesics. For a given amount of tissue injury,
patients may complain of mild, moderate, or severe
pain and this variability in pain experience is the
norm. It is important to tailor a pharmacologic regi-
men to each individual patient. For mild pain,
simple analgesics will often be all that is required. In
contrast, moderate or severe pain may demand a
more multifaceted approach to analgesia. We now
know that pain is an extremely complex process
involving many different classes of mediators and
receptors. For this reason, the concept of multimodal

Box 27.1 The NAEMSP position statement

� The National Association of EMS Physicians
(NAEMSP) believes that the relief of pain and
suffering of patients must be a priority for every
Emergency Medical Services (EMS) system.
Adequate analgesia is an important step in
achieving this goal.

� NAEMSP believes that every EMS system should
have a clinical care protocol to address prehospi-
tal pain management. Adequate training and
education of prehospital personnel and EMS
physicians should support this pain management
protocol.

� NAEMSP recommends that prehospital pain man-
agement protocols should include the following
components:
a. Mandatory assessment of both the presence

and severity of pain.
b. Use of reliable tools for the assessment of

pain.
c. Indications and contraindications for prehos-

pital pain management.
d. Non-pharmacologic interventions for pain

management.
e. Pharmacologic interventions for pain

management.
f. Mandatory patientmonitoring and documenta-

tion before and after analgesic administration.
g. Transferral of relevant patient care informa-

tion to receiving medical personnel.
h. Quality improvement and close medical over-

sight to ensure appropriate use of prehospital
pain management.
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analgesia is a crucial one in pain medicine. Multi-
modal analgesia is the combining of different classes
of drugs to improve pain relief while minimizing the
potential for side effects due to reduced reliance on
one agent.33

Specific analgesics
Acetaminophen
Acetaminophen is indicated for mild to moderate
pain and has an excellent side effect profile. Its
mechanism of action is not well defined; however,
it likely involves prostaglandin synthesis in the cen-
tral nervous system. It has both analgesic and anti-
pyretic properties, with minimal anti-inflammatory
effects. It is commonly coadministered with opioids
and can be administered by the oral or rectal route.
An intravenous form of acetaminophen is used in
Europe and may be available in the future for US
physicians.

Acetaminophen is the most frequently used anal-
gesic in the United States and, unless contraindica-
tions exist, it should be included in most multimodal
analgesic regimens. Although acetaminophen has a
high toxic to therapeutic ratio, hepatotoxicity can
result from overdose or chronic high dosing. Chronic
alcoholics and others with liver disease are at the most
risk for hepatotoxicity. However, this must be bal-
anced with the potential for adverse side effects with
non-steriodals and opioids in the alcohol abusing
population. Short-term administration of acetomino-
phen may be preferable.

Non-steroidal anti-inflammatory drugs
Non-steroidal anti-inflammatory drugs have anal-
gesic, antipyretic and anti-inflammatory properties.
They inhibit cyclooxygenase (COX), the enzyme
responsible for prostaglandin synthesis. Prostaglandin
inhibition largely explains their side effect profile,
including nephrotoxicity caused by decreases in pros-
taglandin-maintained renal perfusion, as well as gas-
troduodenal ulcer formation, due to decreases in
prostaglandin-mediated gastrointestinal mucosal per-
fusion and mucus production. Both side effects are
more common in the elderly and those with renal
insufficiency or a history of peptic ulcer disease.
Non-steroidal anti-inflammatory drugs also cause
platelet dysfunction, limiting their use in the setting
of acute hemorrhage.

Ketorolac is the only available parenteral NSAID
in the United States and it is widely used by emer-
gency physicians. Reports of renal failure and gastro-
intestinal bleeding with prolonged administration
have limited its use. Its onset of action is similar to
less expensive oral NSAIDs; therefore, in the patient
able to take oral medications, it may be hard to justify
its utility as a first-line agent.

Cyclooxygenase exists in two forms. The COX-1
isoenzyme is widely distributed and is responsible
for many homeostatic functions, including main-
taining renal perfusion and mucosal integrity of
the gastrointestinal tract. The COX-2 isoenzyme
is induced by tissue injury and serves to enhance
inflammation and pain. Selective COX-2 inhibitors
have been developed with the goal of reducing
NSAID gastrointestinal side effects; however, there
is little evidence that they reduce gastrointestinal
symptoms or bleeding and they have been associ-
ated with thrombotic cardiovascular complications.
There is little to support their use in the ED. Two
COX-2 drugs, valdecoxib (Bextra®) and rofecoxib
(Vioxx®) were withdrawn from the market in
the last several years due mainly to cardiovascular
concerns.

All NSAIDs have a therapeutic ceiling whereby,
unlike opioids, higher doses do not lead to increased
analgesia. Non-steroidal anti-inflammatory drugs are
appropriate for mild to moderate pain and are often
prescribed in combination with opioids.

Opioids
Opioids are the mainstay for treating moderate to
severe traumatic pain.34 Importantly, opioids exhibit
no therapeutic ceiling and can be titrated to effect or
dose-limiting sedation. Morphine, hydromorphone,
and fentanyl are the most commonly used parenteral
opioids; while oxycodone and hydrocodone, usually
combined with acetaminophen or ibuprofen, are the
most frequently prescribed oral opioids. Common
opioid side effects include nausea, constipation, prur-
itis, urinary retention, and dose-dependent respira-
tory depression.

Morphine is the standard comparison analgesic
for opioids. Nausea and pruritis are common side
effects of morphine and other opioids. Morphine
causes histamine release from mast cells and the
resulting rash and pruritis are often attributed to an
allergic response; however, most often this is a non-
allergic phenomenon.
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Hydromorphone is derived from morphine, has
fewer active metabolites, and may cause less hista-
mine release and gastrointestinal side effects. It is
preferred to morphine for patients with hepatic and
renal disease because of its lack of active metabolites
that can accumulate with reduced hepatic or renal
clearance.

Fentanyl is a synthetic opioid with a rapid onset
and short duration of action.35 It causes less hista-
mine release and hypotension than morphine and is
the opioid of choice for patients with potential hemo-
dynamic instability or for those requiring procedural
analgesia. Alfentanil, sufentanil, and remifentanil are
synthetic opioids that, given their even shorter dur-
ations of action, might be preferred for procedural
analgesia; however, currently their use in the ED is
uncommon.

Meperidine was a commonly used synthetic
opioid. Its metabolite, normeperidine, has a long
half-life and may cause neurotoxicity and seizures,
particularly in the setting of renal insufficiency, thus
its use in the ED is decreasing.

Codeine, hydrocodone, and oxycodone, in com-
bination with acetaminophen or ibuprofen, are the
most commonly prescribed oral opioids. Codeine
requires demethylation to morphine for analgesic
activity and a significant proportion of the population
lacks the ability to metabolize it to the active agent.
These codeine non-responders cannot be predicted in
advance, thus hydrocodone and oxycodone are more
rational choices for treatment. In addition, clinical
experience suggests that nausea and constipation are
more frequent with codeine than with equianalgesic
doses of other opioids.36

Tramadol is a weak opioid agonist that also
inhibits the reuptake of serotonin and norepinephine.
It is an unscheduled analgesic with low potential for
abuse or respiratory depression and is available as
monotherapy or in combination with acetaminophen
(Table 27.2).37

The role of local and regional
anesthetics
Local and regional anesthetics block the conduc-
tion of pain impulses in peripheral nerves, prevent-
ing nociceptive input from reaching the central
nervous system. For patients with localized trau-
matic injuries, these techniques allow analgesia
without sedation.

Topical
Local anesthetics can be applied directly to mucosal
surfaces and to the skin.38,39 Many small lacerations
can be anesthesized by this technique, avoiding the use
of needles. For the oralmucosa, 1–4% lidocaine jelly can
be applied directly; however, care must be taken to limit
the total dose of anesthetic as mucosal absorption may
occur rapidly. For intact skin, a variety of local anes-
thetic preparations are available, including EMLA
cream, the acronym standing for eutectic mixture of
local anesthesics (prilocaine/lidocaine); ELA-Max (4%
lidocaine in a liposomal matrix); or lidocaine adminis-
tered by iontophoresis or jet injectors.40–43 Local
anesthetics can be used in combination with vasocon-
strictors for non-intact skin anesthesia. Such prepar-
ations include TAC (tetracaine, adrenaline, and
cocaine), LET (lidocaine, epinephrine, and tetracaine)
and MAC (Marcaine, adrenaline, and cocaine).44,45

Local infiltration
Injections of subcutaneous lidocaine or bupivacaine,
with or without vasoconstrictors, allow for the pain-
less suturing of wounds. In order to lessen the pain of
anesthetic injection, small needles (27–30 gauge)
should be used, the anesthetic should be injected
slowly, buffering agents may be added to the anes-
thetic, and injections should be made from within the
laceration rather than through intact skin.46–48

Table 27.2 Opioid equianalgesic dosing: dose (mg)
equianalgesic to 10 mg SC/IV morphine

Drug (Trade name) SC/IV PO/
PR

PO : SC/
IV ratio

Morphine 10 30 3 : 1

Hydromorphone
(Dilaudid)

1.5 7.5 5 : 1

Meperidine (Demerol) 100 300 3 : 1

Fentanyl 100 mcg NA NA

Hydrocodone (in Lortab,
Vicodin, others)

NA 30 NA

Oxycodone
(Roxicodone, also in
Percocet, Percodan,
others)

NA 30 NA

IV, intravenously; NA, not applicable; PO, by oral; PR, by rectal;
SC, subcutaneously.
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Peripheral nerve blocks
A variety of peripheral nerve blocks are commonly
performed in the ED. Advantages of nerve blocks over
local infiltration include less pain, less tissue distor-
tion, and, in some cases, less total anesthetic dose.49

Most peripheral nerve blocks are performed using only
anatomic landmarks; however, nerve stimulators may
be useful for some blocks and ultrasound localization
for needle placement is becoming more common.

Digital blocks for finger and toe injuries are pre-
ferred to local infiltration. The blocks are best per-
formed by inserting a small needle (27 gauge) into the
proximal dorsal web space of the digit and, after
raising a subcutaneous wheal, injecting 1.0–1.5 ml of
local anesthetic. The procedure is then repeated on
the other side of the digit. While common practice
has been to avoid vasoconstrictors in the digits, the
preponderance of recent evidence suggests that in the
patient with normal vasculature, it is safe.

The ulnar, median, and/or radial nerves can be
blocked at the level of the wrist, allowing laceration
repair, fracture reduction, or foreign body removal.
These blocks are relatively simple and safe, but require
familiarity with wrist anatomy.50 Similarly, ankle
blocks provide analgesia and allow for procedures on
the foot. Selective blocks of individual nerves can be
performed and blocking all five nerves (posterior
tibial, sural, saphenous, superficial, and deep peroneal)
provides complete anesthesia below the ankle.

Femoral nerve blocks provide partial pain
relief for hip fractures, femoral shaft fractures,
superficial anterior thigh injuries, and patellar injur-
ies. The block is relatively simple to perform using
local landmarks; nerve stimulator and ultrasound-
guided blocks are being performed with increasing
frequency.51

Intercostal nerve blocks may be indicated for mul-
tiple rib fractures, and have also been shown to
improve peak expiratory flow rates and oxygen-
ation.52 They also decrease pain with chest tube
thoracostomy. Pneumothorax is a complication in
approximately 1.4% of intercostals blocks; the inci-
dence increases in patients with obstructive lung dis-
ease.53 A chest radiograph is not routinely indicated
after the procedure; however, an expiratory chest
radiograph may be obtained an hour after the pro-
cedure at the clinician’s discretion or if the patient
develops clinical symptoms consistent with a
pneumothorax.

A variety of additional nerve blocks may be used
that require additional training and it may be appro-
priate to consult an anesthesiologist to perform
these. The blocks and their indications are listed in
Table 27.3.

Intravenous regional anesthesia (Bier block)
Bier blocks are indicated for injuries of the forearm or
leg and the most common use is for upper extremity
fracture reductions in children. The procedure has an
excellent safety record and is relatively easy to per-
form.54 Briefly, the procedure involves exsanguinat-
ing a limb using a compressive device, inflating a
double tourniquet on the proximal extremity, and
then injecting lidocaine intravenously into the now
isolated limb. Rare complications are related to
inappropriate management of the double cuff, leading
to systemic toxicity from the local anesthetic.

Epidural anesthesia
Epidural anesthesia is rarely performed in the ED,
but may be contemplated for multiple rib fractures
(thoracic epidural) and anorectal or lower-limb
crush injuries (lumbar epidural).55,56 Epidural anes-
thesia should only be used for conditions that are
extremely painful and are expected to remain painful
for at least 48–96 hours. Over this period, other
methods of analgesia may be instituted allowing the
epidural to be discontinued. Coagulopathy and
hemodynamic instability are contraindications to
the procedure.

Table 27.3 Additional nerve blocks

Nerve block Indication

Interscalene
brachial plexus
block

Shoulder or elbow injuries

Axillary brachial
plexus block

Forearm and hand injuries

Lumbar plexus
block

Femur fractures, thigh injuries

Sciatic nerve block Tibia/fibula fracture, ankle/foot
fracture, injuries of the posterior
thigh or lower leg

Popliteal nerve
block

Tibia/fibula fracture, ankle/foot
fracture, injuries below the knee
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Conclusion
Relieving pain and reducing suffering are primary
responsibilities of emergency medicine and much can
be done to improve the care of trauma patients in pain.
Emergency physicians and nurses have refined their
approach to the problem of pain over time and anal-
gesic practices continue to improve. Our specialty
should continue to define high standards for emer-
gency medicine pain practice and engage in ongoing
quality improvement initiatives to achieve this goal.
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Chapter

28
Imaging in trauma

Plain radiographs

David T. Schwartz, Nancy Kwon, and Alexander Baxter

Accidental and intentional injuries are among the top
15 leading causes of death in the United States, with
trauma being the leading cause of death among
children and young adults.1 For the trauma patient,
initial diagnosis and management often relies on the
results of plain radiographs. Conventional radiog-
raphy (“plain radiography”) can be performed quickly
and easily, is inexpensive, and may provide an imme-
diate diagnosis.

General principles
Plain radiographs are ordered based on mechanism
of injury, suspicion of injury, patient complaint,
physical examination, and patient condition. In
the multitrauma victim, the routine trauma series
historically consisted of an anteroposterior (AP)
portable chest, cross-table lateral cervical spine,
and AP pelvis radiographs. However, a number
of experts have questioned this dogma, and man-
agement based on mechanism and patient com-
plaints have led to protocols calling for additional
or fewer radiographs depending on the individual
circumstances.

X-rays
X-rays are high-energy photons produced by the
interaction of charged particles with matter. X rays
and gamma rays have similar properties, but different
origins.2 X-rays are emitted from processes outside
the nucleus, while gamma rays originate inside the
nucleus. X-rays are generally lower in energy and
therefore less penetrating than gamma rays. X-ray
machines are used daily in the trauma setting. X-rays
are the single largest source of man-made radiation
exposure because of their widespread use. A few milli-
meters of lead can stop medical X-rays.3

The main risk to patients receiving X-ray evalu-
ation is cancer induced by radiation exposure, such as
leukemia, thyroid cancer, breast cancer, lung cancer,
and gastrointestinal cancer.3 However, for a single
radiographic study, this is not truly a clinically sig-
nificant risk.

Radiation dosage
Units used for measuring radiation exposure
X-ray and gamma-ray exposure are measured in units of
roentgen (R). The roentgen (R) refers to the amount of
ionization present in the air. One roentgen of gamma- or
X-ray exposure produces approximately 1 rad (0.01 gray)
tissue dose. Another unit ofmeasuring gamma ray inten-
sity in the air is “air dose or absorbed dose rate in the air”
in grays per hour (Gy/h) units. This unit is used to
express gamma ray intensity in the air from radioactive
materials in the earth and in the atmosphere.4

Units used for measuring radiation dose
When ionizing radiation interacts with the human
body, it transmits its energy to the tissues. The amount
of energy absorbed per unit weight of the organ or
tissue is called absorbed dose and is expressed in units
of gray (Gy). One gray dose is equivalent to one joule
radiation energy absorbed per kilogram of organ or
tissue. Rad is the old and still used unit of absorbed
dose. One gray is equivalent to 100 rads:4

1 Gy ¼ 100 rads.

Different types of ionizing radiation are not equally
harmful in the same doses. Alpha particles are more
harmful than beta particles, gamma rays and X-rays
for a given absorbed dose. To account for this
difference, radiation dose is expressed as equivalent
dose in units of sievert (Sv). The dose in Sv is equal
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to “absorbed dose” multiplied by a “radiation
weighting factor” – WR (Table 28.1).4

Equivalent dose is often referred to simply as
“dose” in everyday use of radiation terminology. The
old unit of “equivalent dose” or “dose” was “rem”:

Dose in Sv ¼ absorbed dose in Gy � radiation
weighting factor (WR)

Dose in rem ¼ dose in rad � WR

1 Sv ¼ 100 rem
1 rem¼ 10 mSv (millisievert ¼ one thousandth of a
sievert)

1 Gy air dose is equivalent to 0.7 Sv tissue dose
1 R (roentgen) exposure is approximately
equivalent to 10 mSv tissue dose.4

What effects do different doses of radiation
have on people?
The recommended threshold limit values (TLV) is an
average annual dose of 0.05 Sv (50 mSv).

The effects of acute exposures of large doses of
radiation vary with the dose:

10 Sv – Risk of death within days or weeks
1 Sv – Risk of cancer later in life (5/100)
100 mSv – Risk of cancer later in life (5/1000)
50 mSv – TLV for annual dose for radiation
workers in any 1 year

20 mSv – TLV for annual average dose, averaged
over 5 years.4

What are the limits of exposure to radiation?
The TLVs published by the American Conference of
Governmental Industrial Hygienists (ACGIH) are
guidelines for occupational exposure limits:

20 mSv – TLV for average annual dose for radiation
workers, averaged over 5 years

1 mSv – Recommended annual dose limit for
general public (International Commission on
Radiological Protection [ICRP]).4

What are the effects of radiation exposure
to the pregnant patient?
Sensitivity to radiation is greatest during intrauterine
development. However, the risk to the fetus of 1 rad
(1000 mrad) exposure, approximately 0.003%, is
less than the spontaneous risk of malformations, abor-
tions, or genetic disease.5–8 Research reveals that higher
doses of radiation (10 rad) are associated with a small
increase in the number of childhood cancers.8–11When
intrauterine radiation doses increase to 15 rad, there
is approximately a 6% chance that the fetus could
experience severe mental retardation, a 3% chance of
developing childhood cancer, and a 15% chance of
having a small head.12 Table 28.2 lists the quantity
of radiation exposure to the female gonads.8

Providing information on radiation exposure
from diagnostic radiographs is difficult. The individ-
ual amount of fetal dosage may vary by a factor of 50
or more, depending on the equipment used, tech-
nique, number of radiographs done in a complete
study, maternal size, and fetal–uterine size.

Table 28.1 Recommended radiation weighting factors4

Type and energy range Radiation weighting
factor (WF)

Gamma rays and X-rays 1

Beta particles 1

Neutrons, energy < 10 keV 5

> 10–100 keV 10

> 100 keV to 2 MeV 20

> 2–20 MeV 10

> 20 MeV 5

Table 28.2 Estimated radiation dose to the ovaries/pelvic
uterus8

Type of radiographic examination Dose (mrad)

Low-dose group

Head < 1

Cervical spine < 1

Thoracic spine < 1

Chest < 1

Extremities < 1

High-dose group

Lumbar spine 204–1260

Pelvis 190–357

Hip 124–450

Intravenous pyelogram 503–880

Urethrocystogram 1500

KUB (kidney, ureter, bladder) 200–503
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Diagnostic radiographic studies should be per-
formed with regard for fetal protection, but neces-
sary diagnostic studies should not be withheld.
When possible, fetal irradiation should be minim-
ized by limiting the scope of the examination, using
technical means such as shielding, and using alter-
native imaging if available (e.g., ultrasound). The
National Council on Radiation Protection states
that the risk is negligible at 5 rad or less, and the
risk of malformation is significantly increased at
doses above 15 rad.13

Use of radiographic imaging
in trauma patients
Trauma in emergency department (ED) patients
spans a broad spectrum of injuries from life-
threatening major trauma to minor injuries of limited
morbidity. In some instances, the injury initially
appears minor even though more significant injuries
are present but occult. For this reason, a low threshold
should be maintained in ordering imaging studies in
trauma patients. At the same time, clinical judgment
must be exercised to avoid excessive use of imaging
studies when the likelihood of injury is low; excessive
use contributes to unnecessary cost, treatment time,
and radiation exposure.

Common areas of potentially missed injury
include the extremities in proximity to joints, as well
as injuries to the head, neck, abdomen, and chest.
Certain patient populations are at higher risk for
clinically inapparent serious injuries. These include
the elderly, young children, patients with altered men-
tation due to head injury, intoxication, or underlying
cognitive disorders, and patients with pre-existing
medical conditions that increase the risk of injury,
such as coagulopathies and osseous disorders.
Another common cause for diagnostic error is dis-
traction from consideration of a second injury due to
the presence of a more obvious injury.

For a number of specific injuries, clinical decision
rules have been developed to aid clinical management.
Examples include the Ottawa Ankle and Knee Rules,
the National Emergency X-Radiography Utilization
Study (NEXUS) and Canadian Cervical Spine Rule,
and head injury rules developed in Canada and in
New Orleans.14–19 Many other rules have been pro-
posed or are in development. Before being used clin-
ically, however, a rule must be prospectively validated.
In addition, the rule’s impact on clinical practice

should be assessed by an implementation study that
demonstrates that the rule confers advantages over
routine clinical practice.20–22 Above all, decision rules
must be applied in light of the patient’s clinical pre-
sentation and using sound clinical judgment. For
most clinical circumstances, decision rules do not
exist and management must be based on a careful
and complete clinical evaluation focusing first on
potentially life- or limb-threatening injuries as well
as on serious injuries that can potentially be missed.

In a major trauma victim who is hemodynamically
stable, computed tomography (CT) – particularly
multidetector CT (MDCT), when readily available
from the ED – has assumed a major role in trauma
management. This is particularly true for major
abdominal, thoracic, spine, and head injuries. How-
ever, conventional radiography still plays an important
role in major trauma victims as an initial screening
tool during resuscitation, in patients who are too
unstable to be transported to CT, and when CT is not
readily available.

The basic radiographic series in a major blunt
trauma victim includes portable AP radiographs of
the chest and pelvis, and a cross-table lateral view of
the cervical spine – the three view “trauma series.”
The goal of the trauma series is to quickly identify
major life-threatening injuries that need immediate
treatment while the patient is in the resuscitation area.
It is performed after initial assessment and stabiliza-
tion of the airway, breathing, and circulation. Once
these vital functions are stabilized, the trauma series
radiographs are performed in conjunction with the
secondary survey.

When MDCT is readily available, radiographs of
the cervical spine and pelvis may be omitted. Chest
radiography should still be performed prior to CT
because it can rapidly identify major thoracic injuries
and also plays a role in the decision to obtain a chest
CT. If a major blunt trauma victim is not immediately
undergoing CT due to hemodynamic instability or
the unavailability of CT, pelvis and cervical spine
radiographs should be obtained to identify injuries
that may benefit from stabilization in the resuscita-
tion area, e.g., mechanically unstable pelvic or cervical
spine injuries.

In a non-major trauma victim or a patient with
localized trauma, the three-view trauma series should
be used selectively based on the clinical suspicion of
injury. For example, in a patient with isolated blunt
head trauma, pelvic radiography can be omitted.
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A patient with relatively minor trauma can be cleared
based on the clinical examination and radiography
can be safely omitted. Nonetheless, as noted earlier,
a low threshold should be maintained for ordering
radiographs to avoid missing an injury. This is par-
ticularly true for the cervical spine.

Initial imaging evaluation of the major trauma
victim should optimally include bedside sonographic
evaluation of the abdomen (focused abdominal sono-
graphy in trauma [FAST]) looking for hemoperito-
neum or pericardium effusion that could contribute
to hemodynamic compromise. Sonography of the
chest may be used to detect a pneumothorax that
may not be evident on a supine portable chest
radiograph.23,24

Radiograph interpretation
Accurate radiograph interpretation entails both a
targeted review in which common injury patterns are
sought and a systematic review in which each tissue
density is examined in all regions of the image.3 After
an overall review looking for obvious findings, the
technical adequacy of the radiographic series is assessed,
i.e., whether positioning and exposure are correct.

Next, a targeted review is performed. Sites of
common injury and injuries suspected based on the
clinical examination are sought. The radiographs are
then examined for injuries that have subtle radio-
graphicmanifestations which can easily bemissed. This
is particularly important when there are serious conse-
quences if the diagnosis and treatment are delayed.

Finally, a systematic review of the radiographs
is performed to assure that all pertinent findings
are identified. For chest radiography, a systematic
approach entails examining first the bones, then
soft tissues (heart, mediastinum, and diaphragm),
the lungs, and finally any inserted tubes or lines. For
skeletal radiographs, an “ABCS” approach is useful.
First, evaluate the osseous alignment. Then, the bones
are examined for signs of a fracture. Next, the cartil-
age (spaces between the bones) is examined for
widening, which is indicative of ligamentous injury.
Finally, soft tissue clues to an injury, such as swelling
or a joint effusion are sought, which can serve as an
indirect indicator of a fracture.

Chest radiography
The chest radiograph plays an essential role in
patients with blunt and penetrating chest trauma. It

can reliably identify life-threatening injuries and is
therefore obtained soon after the initial assessment
and stabilization of major trauma victims. Chest radi-
ography can detect a pneumothorax, hemothorax,
pulmonary contusions, rib fractures, hemomediasti-
num (potential aortic injury), and diaphragm rupture
(Box 28.1). Chest radiography assists in patient
care by determining the need for tube thoracostomy
(a pneumothorax or large hemothorax) or chest CT,
particularly CT aortography, when there are findings
suggestive of an aortic injury. In some circum-
stances, treatment should proceed before radiog-
raphy, such as when a tension pneumothorax or
massive hemothorax causes respiratory compromise
and hemodynamic instability. On the other hand,
chest radiography can miss significant pathology
such as a large pneumothorax, and chest CT is often
warranted in major trauma victims to detect such
occult thoracic pathology.

Many thoracic injuries are evident on clinical
examination; for example, rib fractures, a flail chest,
pneumothorax, or hemothorax – radiography serves
to confirm the clinical diagnosis. Other injuries, how-
ever, produce no characteristic clinical findings, such
as an aortic tear or diaphragmatic rupture, and chest
radiography may provide essential information about
the presence of these injuries.25

The technique of chest radiography in major
trauma patients is often suboptimal and major injuries
can thereby be missed. Initial chest radiography is per-
formed using portable equipment and AP technique.
AP chest radiographs are prone to various distortions
and shortcomings in comparison to the standard pos-
teroanterior (PA) technique. The AP radiographs are
often technically suboptimal with rotated positioning,
an incomplete level of inspiration, and over- or under-
penetration. OnAP chest radiographs, particularly with

Box 28.1 Thoracic injuries detected on chest
radiography

� Pneumothorax, hemothorax, pulmonary contusion
� Pneumomediastinum, subcutaneous air
� Hemomediastinum (indicative of aortic injury)
� Rib fractures, flail chest, clavicle, scapular or prox-

imal humeral fractures
� Vertebral fractures
� Diaphragmatic injury
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supine positioning and poor inspiration, the heart often
appears enlarged and the mediastinum widened and
indistinct (Figure 28.1a). These distortions can usually
be corrected by obtaining an upright radiograph with
the patient taking a full inspiration, when this is feasible
(Figure 28.1b).26–28

Box 28.2 Shortcoming of AP chest radiography

� Suboptimal technique: poor inspiration, rotation,
under or over-penetration

� Heart and mediastinum widened and indistinct
� Pneumothorax (anterior) and hemothorax (pos-

terior) difficult to detect
� Superimposed monitor leads, backboards
� Upright rather than supine radiograph should be

obtained whenever possible
� Portable chest radiography – suboptimal and

correct technique – is shown in Figure 21.1.

Hemothorax, pneumothorax,
and pulmonary contusion
Using the supine AP radiographic technique, a
hemothorax or pneumothorax, even when large,

may be difficult or impossible to detect. This is
because extrapleural air collects anteriorly and extra-
pleural blood collects posteriorly and do not form
margins parallel to the X-ray beam (Figure 28.2a).
On a supine chest radiograph, signs of a pneumo-
thorax include inferior and medial displacement of
the diaphragm (deep sulcus sign) and subcutaneous
emphysema (Figure 28.2b).29 An upright AP radio-
graph, if it can be obtained, will more readily detect a
pneumothorax or hemothorax. A CT scan is the most
accurate, and often used as the gold standard.30–34

Tension pneumothorax (extrapleural area under
pressure in the thoracic cavity) is a clinical diagnosis –
hypotension associated with unilateral absent breath
sound and contralateral tracheal deviation. There are,
however, certain radiographic findings that suggest
this diagnosis. These include a pneumothorax along
with a shift of the trachea or mediastinum to the
opposite side and depression of the diaphragm.

Both a hemothorax and pulmonary contusion
cause increased opacity of the thorax. A massive
hemothorax will result in a homogeneous increased
opacity of the hemithorax, which often obscures the
margin of the hemi-diaphragm – a “silhouette sign”

(a) (b)

Figure 28.1 Portable chest radiography: suboptimal and correct technique. (a) Suboptimal anteroposterior (AP) supine chest radiograph. The
mediastinum is markedly widened (11 cm) and indistinct. However, the radiographic technique is suboptimal – incomplete inspiration and
rotated positioning – which accounts for these findings. A normal right paratracheal stripe can be seen despite the suboptimal radiographic
technique (arrowheads). The trachea is displaced to the right. Although this finding is associated with aortic injury, the patient was
positioned with rightward rotation, which accounts for the tracheal deviation (asterisks – defects in X-ray film). There were no other clinical or
radiographic signs of thoracic trauma such as rib fractures, pulmonary contusion, or hemothorax, which makes an aortic injury less likely.
Repeat radiograph with upright positioning and full inspiration. The mediastinum now appears normal, although not as well delineated as on a
PA radiograph. Normal features that can be identified include the aorticopulmonary window (white arrow) and the right paratracheal stripe
(black arrowhead). The mediastinal width is < 6 cm. Measurement of mediastinal width should not include the superior vena cava (white
arrowhead). (From Schwartz DT. Emergency Radiology: Case Studies. New York: McGraw-Hill, 2008, with permission.)
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(Figure 28.3a). A massive pulmonary contusion also
causes increased opacity of the lung, but typically
causes inhomogeneous opacification due to remaining
aerated portions of the lung (an air-bronchogram or
air alveologram) (Figure 28.2a). Pulmonary contusions
often progress over several hours and may not be
evident on the initial chest radiograph. Chest CT is
more accurate at detecting these injuries (Figure 28.2b
and 28.3c).

Aortic injury
Detection of signs of an aortic injury is one of the
most critical roles of chest radiography because this is
a potentially fatal disorder that often does not pro-
duce characteristic clinical findings (Box 28.3).25

However, owing to the frequently suboptimal radio-
graphic technique, chest CT is often needed to detect
signs of aortic injury.

On chest radiography, widening of the medias-
tinum and indistinct mediastinal contours are the
key findings (Figure 28.3b). These findings are due
to blood in the mediastinum that originates from torn
smaller branch vessels and not from the aortic injury
itself. Therefore, while a sensitive finding, it is non-
specific because it may occur without an aortic injury.

The specificity is only about 10–30%; however, due to
the critical nature of aortic injury, further investiga-
tion must be performed. Other radiographic signs
of mediastinal blood (hemomediastinum) include:
widening of the right paratracheal stripe, rightward
deviation of the trachea or a naso-gastric tube, dis-
placement of the left paraspinal line, superior exten-
sion of the left paraspinal line towards the apex of the
lung forming a left apical pleural cap, and obliteration
(opacification) of the aorticopulmonary window
located between the inferior margin of the aortic knob
and superior margin of the left main pulmonary
artery.35,36

(a) (b)

Figure 28.2 Bilateral flail chest, pulmonary contusions and occult pneumothorax. A 40-year-old man sustained bilateral rib fractures.
The examination revealed crepitus and paradoxical chest wall motion on the right consistent with a flail chest. (a) The chest radiograph
revealed multiple bilateral rib fractures and patchy pulmonary opacities due to pulmonary contusions. A pneumothorax was not visible.
However, there was subcutaneous emphysema on the right suggestive of a pneumothorax (white arrow). In addition, the right costophrenic
sulcus was widened (black arrow) – known as the “deep sulcus sign.” (b) Chest computed tomography (CT) confirmed the bilateral flail
chest (arrowheads) and pulmonary contusions. A pneumothorax (asterisk) was not visible on the chest radiograph because of its anterior
location. Subcutaneous emphysema (arrow) and small bilateral hemothoraces were also present. (From Schwartz DT. Emergency
Radiology: Case Studies. New York: McGraw-Hill, 2008, with permission.)

Box 28.3 Chest radiographic signs suggestive of
an aortic injury (hemomediastinum)

� Wide mediastinum
� Indistinct mediastinal contour
� Widened right paratracheal stripe
� Left paraspinal line displaced to the left and

visible superior to the aortic knob
� Left apical pleural cap
� Leftward deviation of the trachea or a nasogastric

tube, depression of the left mainstem bronchus
� Obliteration of the aorticopulmonary window
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(a) (b)

(c) (d)

(e)

Figure 28.3 Acute traumatic aortic injury and hemothorax. A 30-year-old woman was in a motor vehicle collision. On arrival to the emergency
department, she was intubated due to respiratory distress. A thoracostomy tube was inserted because the breath sounds were diminished on the left.
(a) The chest radiograph revealed homogeneous opacification of the left hemithorax and obliteration of the left hemidiaphragm consistent with a
large hemothorax. The mediastinum is markedly widened. This is partly obscured by the left hemothorax, which is better seen on the computed
tomography (CT) scout radiograph (b). Other signs of hemomediastinum include rightward deviation of the trachea andwidening of the right paratracheal
stripe. (c–e) Chest CT angiography confirmed the hemomediastinum (asterisks) (c) responsible for the mediastinal widening, and the left hemothorax (H)
(c, d). A left pulmonary contusion is also present. An aortic intimal flap (arrows) (d, e) andpseudoaneurysm (containedhematoma) (arrowhead) (e) is seenon
the axial and coronal images. (From Schwartz DT. Emergency Radiology: Case Studies. New York: McGraw-Hill, 2008, with permission.)
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When there are signs of hemomediastinum, the
patient should proceed as quickly as possible to a defini-
tive diagnostic test – MDCT aortography, catheter
aortography, or transesophageal echocardiography
(TEE).37–45 The chest radiograph, when correctly per-
formed and accurately interpreted, is a highly sensitive
test with a high negative predictive value. However,
because the chest radiograph is often suboptimal, or
may appear “normal” in up to 7% of cases of such
injury, when the clinical suspicion of aortic injury is
high (e.g., there are other signs of major thoracic
trauma or a high-energy deceleration mechanism of
injury), CT aortography is indicated.46–51

Diaphragmatic rupture
Diaphragmatic rupture is a second injury that does
not produce characteristic clinical findings and may
not be detected on chest radiography. In blunt trauma
victims, it occurs in association with a major impact
to the abdomen, and usually is seen on the left side.
On radiography, there may be herniation of the stom-
ach or bowel into the left hemithorax or simply
an indistinct contour of the left hemidiaphragm.
However, you may have a completely normal radio-
graph in up to 30%.52 An MDCT scan or laparoscopy/

thoracoscopy may be used to detect small diaphrag-
matic tears, especially those due to penetrating
trauma, which are not initially associated with hernia-
tion of abdominal contents into the chest.

Pelvic radiography
Because pelvic fractures can cause significant morbid-
ity and mortality in victims of major blunt trauma, an
AP pelvic radiograph is included in the radiographic
“trauma series.” Rapid detection of a pelvic fracture
alters trauma management in several ways.53

First, major pelvic fractures can be a source of
significant blood loss. In a hemodynamically unstable
patient with a pelvic fracture, the site of blood loss
may either be the abdomen or pelvis. Treatment
differs substantially. Intra-abdominal exsanguination
requires laparotomy, whereas pelvic exsanguinations
may be treated with angiography and embolization
or, if laparotomy is being performed, with intra-
abdominal packing (Figure 28.4).

An unstable pelvic fracture can generally be detected
on physical examination. The examiner gently com-
presses the iliac crests to detect abnormal mobility. How-
ever, even without obvious clinical instability, pelvic
imaging is advisable in the major blunt trauma victim.

Pelvic ring disruption

CT abdomen
and pelvis

FAST

Equivocal
(only pelvic blood)

No hemoperitoneum Hemoperitoneum

LaparotomyAngiography

Gross bloodNo gross blood

Angiography Laparotomy

DPL
(supraumbilical)

Hemodynamically stable Unstable*

Figure 28.4 Management of a
hemodynamically unstable patient with
a pelvic fracture. The goal is to
distinguish intra-abdominal from pelvic
exsanguination. Bedside abdominal
sonography is performed first. If the
results are equivocal, supraumbilical
DPL is needed looking for gross
intraperitoneal blood on aspiration. An
external fixator can be applied to stabilize
the pelvis during or after laparotomy,
angiography, or computed tomography.
*Fluid resuscitation, bind pelvis in sheet
and consider thoracic causes of shock
(massive hemothorax, tension
pneumothorax, cardiac tamponade). If
the patient becomes stable, CT can be
performed. CT, computed tomography;
DPL, diagnostic peritoneal lavage
(aspiration); FAST, focused acute
sonography in trauma. (From Schwartz
DT. Emergency Radiology: Case Studies.
New York: McGraw-Hill, 2008, with
permission.)
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If the patient is hemodynamically stable and will be
undergoing MDCT of the abdomen and pelvis, a pelvic
radiograph may be omitted because pelvic fractures can
be better detected onCT.54However, a standardAPpelvic
radiographmay be useful in providing an overview of the
anatomy of a pelvic fracture (Figure 28.5).

In addition, the technique of CT may be altered in
the presence of a major pelvic fracture due to a
possible associated bladder injury. For instance,
lateral compression anterior pelvic injuries are associ-
ated with extraperitoneal bladder rupture. In such
cases, the CT technique is altered to include a CT

(a) (b)

(c) (d)

Figure 28.5 Mixed pelvic injury – “pelvic smash” in a hemodynamically unstable patient. A complex pelvic fracture occurred in a youngwoman
who fell two storeys (a). She was hemodynamically unstable on arrival in the emergency department – blood pressure 80/50 mmHg and
pulse 130 beats/min. Rapid fluid resuscitation was initiated without improvement in her vital signs. A focused acute sonography in trauma (FAST)
found no blood in the hepatorenal fossa (Morison’s pouch). The splenorenal fossa was poorly visualized, and free-fluid appeared to be present in
the pelvis (retrovesicle recess). Due to the equivocal FAST, a supraumbilical diagnostic peritoneal lavage (DPL) was performed which did not
detect gross intraperitoneal blood on aspiration. The pelvis was stabilized by external compression using a bed sheet. The patient was taken
immediately to angiography, which revealed bilateral active arterial extravasation (white arrows in b and c). This was treated with coil
embolization of both hypogastric (internal iliac) arteries (black arrowheads in d). (The external iliac arteries and femoral arteries are indicated
by the black arrows in b). The patient survived. (From Schwartz DT. Emergency Radiology: Case Studies. New York: McGraw-Hill, 2008, with
permission.)
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(a) (b)

(c) (d)

(e)

Figure 28.6 Lateral compression injury and bladder rupture. An 18-year-old woman was the front-seat passenger of a car that was struck by
another motor vehicle to the passenger side. She complained of lower back pain. She was hemodynamically stable and had no overt signs of
trauma on examination. (a and b) Lateral compression injury in this patient causes both anterior and posterior injuries: bilateral pubic rami
fractures (arrowheads) and a right sacral wing fracture (arrow). (c) Extraperitoneal bladder rupture – retrograde cystogram. Retrograde
cystogram showing extravasation of contrast into the perivesical tissues. The bladder is otherwise intact. Postvoid radiograph shows contrast in
the pelvic soft tissues. (d and e) Abdominopelvic computed tomography (CT). (d) The impacted fracture of the right sacral wing (arrow) was
confirmed by CT. (e) A CT of extraperitoneal bladder rupture. Extravasated contrast surrounds the bladder. (The tip of the Foley catheter is seen
within the bladder.) No contrast was seen within the peritoneal cavity, which excluded an intraperitoneal bladder rupture. (From Schwartz
DT. Emergency Radiology: Case Studies. New York: McGraw-Hill, 2008, with permission.)452



cystogram (delayed pelvic slices obtained with the
bladder distended with water-soluble contrast) to
detect a bladder rupture (Figure 28.6c).55,56

In a non-major trauma victim, pelvic radiography
can be ordered selectively.57 Pelvic radiography is
indicated in patients with significant pelvic pain, ten-
derness, or instability. The elderly and patients with
underlying bone disorders such as Paget disease are at
higher risk of a pelvic fracture following minor
trauma, such as a fall from standing, and the phys-
ician should have a lower threshold for ordering
pelvic radiographs.

The standard radiograph of the pelvis is an AP
view. This is a good screening test for pelvic fractures,
although non-displaced or minimally displaced frac-
tures may be missed by this single view. In addition,
the anatomy of a complex pelvic fracture generally
requires additional views. In the past, angled AP views
were used to assess displacement of pelvic ring dis-
ruption. These included an inlet view (caudal angula-
tion of the X-ray beam) and outlet view (cranial
angulation of the X-ray beam). Oblique views of the
pelvis (Judet views) were used to assess acetabulum
fractures. However CT, particularly with two- and
three-dimensional reformatted images, has largely
replaced these supplementary radiographic views. In
the ED, CT or supplementary radiographic views are
used to detect a fracture not visible on the standard
AP view and could be useful in a patient with exces-
sive pain despite negative radiographs.

Cervical spine radiography
The cervical spine has a high priority in trauma care
because the consequences of spinal cord injury can be
devastating. The relative lack of mechanical support
in comparison to the other spinal segments accounts
for this vulnerability. A low threshold should there-
fore be maintained for imaging the cervical spine. The
overall incidence of cervical spine injury among ED
patients having cervical spine radiographs is < 3%.58

Among patients admitted to a trauma service, the
incidence of cervical spine injury is in the range of
5% to 10%.59

Prior to the ready availability of MDCT for acute
trauma patients, a cross-table lateral cervical spine
radiograph was one of the three views of the “trauma
series” obtained during the initial trauma evaluation.
Currently, in trauma centers with ready access to
MDCT, CT rather than cervical spine radiographs

are commonly obtained in major trauma victims
(Figure 28.7). The ability to generate high-quality
sagittal and coronal reformatted images is essential
to this imaging strategy because axial images alone
can miss certain injuries.

A MDCT scan is also used in non-high-risk
patients who are undergoing another CT, particularly
head CT, and in elderly patients. In patients who are
undergoing head CT, the addition of a cervical spine
CT takes considerably less time than plain radiog-
raphy and the costs to the hospital are similar. These
benefits of CT must be balanced against the increased
charges to the patient (charges for CT are up to 10
times greater than radiography), and the increased
radiation exposure (14 times greater for CT), an espe-
cially significant issue for younger patients.60 Com-
puted tomography is useful in the elderly because they
often have degenerative changes which put them at
greater risk of injury following minor trauma such as
a fall from standing. In addition, cervical spine radio-
graphs can be difficult to interpret due to degenera-
tive changes.

In centers with ready access to MDCT, a single
cross-table lateral view may still be obtained in
the major trauma victim who is hemodynamically
unstable. The role of such a single lateral view is not
to “clear” the cervical spine, but is instead used to
identify major unstable injuries that may need more
rigorous stabilization or notification of a spine sur-
geon while other aspects of trauma care are ongoing.

Trauma

High-risk

MDCT Clear

CSR

Clear

NEXUS
CCR

NormalInjury

Injury

Except:

NormalInadequate
Equivocal

CT

Non-high risk

(?)
Obtunded →

MRI (? Flex./ext.)

Figure 28.7 Cervical spine trauma imaging strategy. CCR,
Canadian Cervical Spine Rule; CSR, cervical spine radiographs; CT,
computed tomography; Flex./ext., flexion/extension; MDCT,
multidetector CT; MRI, magnetic resonance imaging; NEXUS,
National Emergency X-Radiography Utilization Study.
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The three-view (lateral, AP, and odontoid views)
or five-view (addition of right and left oblique views)
cervical spine series was formerly the principal cer-
vical spine imaging study and is currently still used in
non-high-risk trauma victims – i.e., those without
other major injuries or a high energy mechanism of
injury. Nonetheless, because non-high-risk patients
are considerably more common in ED practice than
high-risk patients, cervical spine radiography is still
the most commonly ordered imaging study. In one
large prospective series of over 4000 patients, 11% had
CT as the initial imaging study based on the severity
of injury, of which 9% had a cervical spine injury.
The remaining nearly 90% of patients underwent
radiography.59

Among non-high-risk patients, the frequency
of injury is exceedingly low – as low as 0.2%
(7/3685 patients).59 More selective use of radiog-
raphy in such patients is therefore warranted. Select-
ive use of radiography is based on a careful clinical
examination and an appreciation of the fact that,
despite the very low incidence of injury among non-
high-risk patients, unstable injuries do rarely occur.
Common reasons that cervical spine injuries are
missed should also be kept in mind. These include an
inadequate clinical examination, inadequate radio-
graphs, missed subtle radiographic findings, altered
mental status or intoxication, advanced age, and a high
energy mechanism of injury despite a lack of clinically
apparent injury.61

Cervical spine trauma imaging strategy
High-risk patients include those who have had a
severe mechanism of injury or other significant injur-
ies or neurological deficits referable to the spinal cord
or a spinal nerve root.

In high-risk patients who are hemodynamically
unstable and cannot undergo CT, an initial cross-
table lateral view of the cervical spine should be
obtained, if possible, to detect grossly displaced and
mechanically unstable injuries.

Non-high-risk patients who may also undergo CT
as the initial imaging test include patients undergoing
another CT, most often of the head, and the elderly
with degenerative spondylosis.

Magnetic resonance imaging (MRI) is indicated in
patients who have neurological deficits referable to
the spinal cord or a nerve root. It can detect spinal
cord injury, and intervertebral disk herniation,

epidural hematoma, and vascular injury. An MRI
may also be used to detect ligamentous injuries.

Clinical decision making for cervical spine
radiography
The NEXUS Low-risk Criteria (LRC) and the Can-
adian Cervical Spine Rule (CCR) are two validated
clinical decision rules used to determine whether to
obtain cervical spine radiographs in trauma victims,
i.e., when the patient can be clinically cleared without
radiography.18,19 The rules share certain similarities,
but differ considerably in others. The NEXUS LRC is
simpler – a patient can be clinically cleared without
radiography if none of five criteria are present (Box
28.4). It is based on the principle that radiography can
be omitted if the patient has no midline cervical
tenderness so long as there are no other features that
could interfere with pain perception – intoxication,
altered mental status (e.g., due to head trauma), or
another painful distracting injury. In the presence of a
focal neurological deficit, radiography is also indi-
cated, although CT and MRI are the definitive
imaging studies in such cases.

Box 28.4 NEXUS Low-risk Criteria

Radiography is not recommended if a patient meets
all of the following criteria
� No tenderness at the posterior midline of the

cervical spine
� No focal neurologic deficit
� Normal level of alertness
� No evidence of intoxication
� Absence of clinically apparent pain that might

distract the patient from the pain of a cervical
spine injury

The CCR is more complicated and consists of nine
criteria that are arranged in three steps (Figure 28.8).
First, three high-risk features are assessed: dangerous
mechanism of injury, extremity paresthesias, and age
> 65 years. If any are present, radiography is indi-
cated. Second, the patient is assessed for the presence
of five low-risk features. If no low-risk feature is
present, radiography is indicated. If any of the five
low-risk features is present, the third step is to assess
the ability of the patient to rotate his or her neck 45�

to the left and right. If the patient is able to rotate his
or her neck, the cervical spine can be cleared without
radiography.
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The criteria used in NEXUS are not precisely
defined, and the use of each criterion is left to the
judgment of the examining clinician. This is both its
strength and its weakness. It avoids creating a long,
cumbersome, and potentially incomplete list defining
each criterion. On the other hand, clinicians may vary
in their assessment of each criterion. In addition,
the NEXUS rule is based largely on a single clinical
finding – midline neck tenderness; other potentially
important factors such as the severity of the injury
forces and age of the patient are not included.

The CCR uses more clinical factors in deciding to
obtain or omit cervical spine radiography. This adds
to its complexity but makes it a potentially more
precise instrument. For example, a low-suspicion
patient with midline neck tenderness may not need
radiography if one of the five low-risk features are
present and the patient is able to rotate his or her
neck. On the other hand, the CCR mandates radiog-
raphy for all patients over age 65 years, whereas the
NEXUS Criteria are valid in elderly patients.

One potential approach would be to use the one
that fits the situation best. For instance, in a low-risk
patient who exhibits midline neck tenderness, the
CCR can be used to avoid radiography when other

low-risk features are present and the patient is able to
perform neck rotation. For the elderly, in which the
CCR mandates radiography, a NEXUS evaluation
could be used, so long as the examiner recognizes that
the elderly have a higher incidence of cervical spine
injury (twice that of younger patients) and can sustain
injury from relatively minor mechanisms of injury,
such as a fall from standing. This approach has not
been validated, however.

In summary, the use of clinical decision rules can
obviate the need for radiography. The NEXUS and
CCR are the two main validated rules. Conventional
radiography is still appropriate for the low-risk
patient. In high-risk patients, e.g., other major injuries,
high energy mechanism of injury, or advanced age,
MDCT is generally the initial study. Because the sensi-
tivity of radiography is as low as 90%, i.e., radiography
is normal or has non-specific findings on 10% of
injuries, conventional radiography is inadequate to
exclude an injury in high-risk patients.62 Flexion–
extension views, sometimes advocated as a way to
improve sensitivity and rule out ligamentous injury,
are unproven and provide minimal or no benefit in the
acute setting. They cannot be recommended.63,64 In
addition, inadequate cervical spine radiographs are
common in major trauma victims, and routine use of
CT in this population eliminates this problem.

Interpretation of cervical spine radiographs
Although the frequency of cervical spine injury in
patients imaged with radiography is exceedingly low,
interpretation of the radiographs must be careful and
complete to avoid missing an injury. Common injury
patterns as well as injuries with subtle radiographic
findings should be sought.65 In addition, radiographic
findings that can mimic injuries should be correctly
identified such as congenital variants, degenerative
changes, and developmental findings in children.

The lateral view: The “ABCS” mnemonic device
works well for the lateral radiograph (Figures 28.9a
and b; and Table 28.3). First, the technical adequacy
of the radiograph is assessed. All seven vertebrae
should be visible, including the C7 vertebra and the
C7–T1 interface. If not seen, the radiographs can be
repeated with greater traction on the arms to lower
the shoulders, a swimmer’s view or CT should be
obtained (Figure 28.10).

The alignment of the vertebra is then assessed.
There should be four smooth lordotic curves – the

Any low-risk factor?

Simple rear-end MVC
Sitting position in ED

Ambulatory at any time
Delayed onset neck pain

Absence of midline tenderness

Dangerous mechanism
Age = 65 years

Paresthesias in extremities 

Able to rotate neck actively?

45° left and right 

No radiography

Radiography

Unable

No

No
Yes

Yes

Yes

Any high-risk factor?

Figure 28.8 Canadian Cervical Spine Rule. ED, emergency
department; MVC, motor vehicle collision.
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anterior and posterior aspects of the vertebral bodies,
the spinolaminar junctions, and the tips of the
spinous processes (see Figure 28.9a).

Next, each bone is examined for a fracture or
deformity. The cartilage is then assessed – the spaces
between the vertebral bodies, laminae, and spinous
processes should be uniform. Finally, the prevertebral
soft tissues are examined. Swelling can be an import-
ant clue to an injury, particularly for the cervicocra-
nium. In the lower cervical spine, the esophagus is
interposed within the prevertebral soft tissues and
swelling is rarely seen.

After an “ABCS” review of the lateral view, each
vertebral segment should be re-examined to avoid
missing an isolated injury at one level (Figure 28.11).

Open mouth view: The second most important
view is the open mouth view – an AP view of the
cervicocranium. Cervicocranial injuries may only be
visible on this view. Key injuries to identify are frac-
tures through the base of the dens and widening of
the lateral masses of C1 relative to the superior articu-
lar surfaces of C2 – the key sign of a Jefferson burst
fracture of C1 (Figures 28.12 and 28.13).

The AP view: It is less likely to identify an injury
on the AP view that is not visible on the lateral view.
The vertebral bodies and uncinate processes are seen.
The lateral masses form a continuous skeletal struc-
ture having an undulating lateral contour. The facet
joints should not be visible because they lie in an
oblique plane relative to the X-ray beam.

(a) (b)

Figure 28.9 The lateral cervical spine radiograph. (a) Lateral cervical radiograph with lines of alignment and prevertebral soft tissues.
(b) Normal lateral cervical radiograph. (From Schwartz DT. Emergency Radiology: Case Studies. New York: McGraw-Hill, 2008, with permission.)
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Extremity radiography
Radiography plays a major role in patients with
extremity trauma, particularly fractures and disloca-
tions. However, the initial diagnosis must be based on
a thorough clinical examination. Radiography serves
to confirm the clinical diagnosis and to define its
anatomy. In some cases, a clinically suspected fracture
may not be visible radiographically – an “occult”
fracture. In these cases, the patient must be treated
as though a fracture were present with adequate
immobilization and follow up. This is most important
when a delay in fracture diagnosis can result in per-
manent disability.

Two key examples of fractures that have consider-
able morbidity if inadequately treated are scaphoid
fractures and femoral neck fractures. A scaphoid frac-
ture is characteristically associated with tenderness in
the anatomical snuff-box and may be complicated by
avascular necrosis. A proximal femoral fracture, par-
ticularly in an older individual with osteoporosis, may
also be radiographically occult. The patient may
present with hip pain after relatively minor trauma
such as a fall from standing. If misdiagnosed on the
initial visit, a non-displaced fracture may become
displaced necessitating more extensive surgery

Table 28.3 How to read a lateral cervical spine radiograph

Systematic approach

Two steps: (1) overall review (“ABCS”); then (2) examine
each individual vertebra

Targeted approach

Look for specific injury patterns and easily missed injuries

Overall review – “ABCS”

Adequacy

All seven vertebrae seen

No rotation (lateral masses superimposed)

Alignment

Four smooth lordotic curves

Bones

Fractures of vertebral bodies, lateral masses,
laminae, spinous processes

Cartilage

Intervertebral disk spaces, interspinous process
distances

Soft tissues

Prevertebral soft tissues (especially C1–C3)

(a) (b)

Figure 28.10 All seven cervical vertebrae must be seen in the lateral cervical spine radiograph. (a) With inadequate visualization, a C6–C7
“hyperextension fracture/dislocation” is missed in a patient who presented with quadriparesis after a fall. (b) In addition to the marked anterior
vertebral body displacement, there are multiple posterior element fractures of C5–C7 due to compressive forces. (From Schwartz DT.
Emergency Radiology: Case Studies. New York: McGraw-Hill, 2008, with permission.)
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(hemi-arthroplasty) rather than simple screw fixation.
Although the physical examination and radiograph
are useful, no clear constellation of physical or radio-
graphic findings allows the clinician to rule out a
fracture when there is persistent severe pain or inabil-
ity to ambulate. In one study of ED patients with
negative radiographs but clinical suspicion, 4.4% had
fractures diagnosed by MRI. At this point, CT does
not seem to be sensitive enough to exclude an occult
fracture of the hip.66

A number of fractures and dislocations often have
subtle radiographic findings that can easily be missed
(Table 28.4).3 In some cases, the diagnosis is made by
ordering additional (supplementary) radiographic
views or other imaging (CT or MRI). Additional
imaging is ordered when the clinical examination
suggests a fracture or dislocation and the radiographs
are equivocal or normal.

In some patients with extremity trauma, soft
tissue injuries – neurovascular, ligamentous, and
musculotendonous – can be of greater significance
than the skeletal injury. Diagnosis rests on clinical
examination and knowledge of the soft tissue injuries
commonly associated with particular fractures and
dislocations. Soft tissue injuries may truly be limb
threatening such as a popliteal artery injury associated
with a knee dislocation.67 In some cases, specific
imaging studies are needed. Finally, neurovascular
status must always be assessed before any manipula-
tion is performed and pre- and post-manipulation
findings should be documented.

Radiographic views: At least two views in perpen-
dicular planes should be obtained to adequately assess
an injury. This typically includes a frontal view (AP or
PA) and a lateral view. In some cases, a lateral view
cannot be obtained, such as the shoulder, hip, and

(a) (b)

Figure 28.11 After an ABCS review of the entire cervical spine, each vertebra should be examined individually to avoid missing a
subtle injury. Without such a step-wise examination, the facet fracture of C7, not easily seen, could have been missed (arrow). (From Schwartz
DT. Emergency Radiology: Case Studies. New York: McGraw-Hill, 2008, with permission.)
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pelvis, and an oblique view or a view in an orthogonal
(right angle) plane such as an axial view (e.g., the
shoulder) is obtained (Figure 28.14).

In regions of complex anatomy, a third or some-
times a fourth view is routinely obtained. Examples
include a pronation oblique view of the wrist or hand,
a mortise view of the ankle, and an internal oblique
view of the foot. The views included in a standard
radiographic series may vary between hospitals and
clinicians and should be familiar with the views con-
sidered standard at their institution.

In some cases, additional or supplementary views
may be needed to detect a fracture. Supplementary
views are ordered when an injury is suspected on
clinical examination, but the standard radiographs
are normal or equivocal. Examples include the scaph-
oid view of the wrist (PA view with the wrist in ulnar
deviation), axillary view of the shoulder looking for a
posterior dislocation, oblique (Judet) views of the
pelvis looking for an acetabular fracture, oblique

views of the knee looking for a tibial plateau fracture,
an axial (“sunrise”) view of the patella looking for a
vertical fracture of the patella, and an axial view of the
calcaneus (Figures 28.15 and 28.16).68,69 Increasingly,
CT or MRI has replaced supplementary views in
many cases (Figure 28.17).70

Radiograph interpretation: The first step is to
identify the views obtained and determine whether
they have been properly performed. Technically inad-
equate radiographs can mask injuries and should be
repeated with correct positioning if a suspected injury
is potentially obscured (Figure 28.18).

A systematic “ABCS” approach works well for
extremity radiographs, particularly in regions of
complex anatomy, such as the wrist. It directs atten-
tion to the radiographic signs of skeletal injury –
abnormalities in alignment, bones, cartilage (joint
spaces), and soft tissues (see Table 28.4).

The most obvious radiographic sign of a fracture
is interruption or deformity of the osseous cortex or

(a) (b)

Figure 28.12 Type 2 odontoid fracture. A 26-year-old woman pedestrian was struck on her leg by a motor vehicle and knocked to the
ground. She had a displaced tibial fracture, but denied having neck pain. Her neurological examination was normal. On the lateral view (a),
the posterior cortex of the C2 vertebral body (white arrowheads) is not continuous with the posterior cortex of the dens (black arrowheads). The
prevertebral soft tissues are nearly normal, although there is loss of the normal concavity superior to C1 and anterior to the base of the dens
(arrows). The open mouth view (b) clearly shows the fracture through the base of the dens (arrowheads). (From Schwartz DT. Emergency
Radiology: Case Studies. New York: McGraw-Hill, 2008, with permission.)
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trabeculae. Alteration in the alignment between
bones also serves as a clue to a fracture or disloca-
tion. The joint spaces (cartilage) should be examined
for widening or malalignment which is indicative of
a fracture, dislocation, or ligmentous injury. Soft
tissue clues of a fracture include swelling or a joint
effusion, which can sometimes be more radiograph-
ically conspicuous than the fracture itself. For
example, the elbow fat pad sign, indicative of a
hemarthrosis, is often associated with a radial head
fracture in an adult and a supracondylar fracture
of the distal humerus in a child (Figure 28.18c).
A lipohemarthrosis of the knee seen in the

suprapatellar bursa on a cross-table lateral view is a
clue to an intra-articular fracture, e.g., tibial plateau
fracture. This fracture can be confirmed on a sup-
plementary oblique view or CT.

A complimentary targeted approach should also
be used for skeletal radiograph interpretation. It is
both efficient and effective and is based on know-
ledge of the radiographic manifestations of various
injuries. First, common sites of injury are examined,
particularly injuries suspected based on the clinical
examination. Next, injuries that can have subtle
radiographic findings that can be easily missed are
sought.

(a) (b)

(c)

Figure 28.13 Jefferson burst fracture of C1. (a) Detail of lateral view showing a widened predental space (double-headed arrow) and soft
tissue swelling (arrowheads). (b) Open mouth view. The lateral masses of C1 are displaced laterally with respect to the superior articular
facets of C2 (arrowheads). (c) CT myelogram. There are anterior and posterior fractures of C1 (arrows). The predental space is widened
(double-headed arrow). The spinal cord (asterisk) is seen within the spinal canal. (From Schwartz DT. Emergency Radiology: Case Studies.
New York: McGraw-Hill, 2008, with permission.)
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Indications for radiography in extremity
trauma
Radiographs are needed whenever a fracture or dis-
location is suspected based on the clinical examin-
ation (Table 28.5). Radiographs are not needed in
patients with relatively minor sprains, strains or

contusions or when the findings would not change
management. Nonetheless, it can be difficult to def-
initely distinguish minor from more significant
injuries solely based on the clinical examination.
This is particularly true for injuries in proximity to
the joints – fractures of the shafts (diaphyses) of the
long bones are usually more clinically obvious. In a

Table 28.4 Easily missed fractures and dislocations. Common injuries that present with subtle clinical and radiographic findings.
Fractures are usually non-displaced or minimally displaced. Additional radiographic views are sometimes needed to visualize these injuries.
Some of these fractures can have particularly serious consequences if missed (*)3

Shoulder Posterior dislocation*

Concomitant proximal humeral fracture and posterior dislocation*

Distal clavicle fracture or A–C separation

Elbow Adult – radial head fracture

Child – supracondylar, lateral condylar, and medial epicondylar fractures*

Forearm Monteggia and Galeazzi fracture–dislocations*

Wrist Distal radius fracture

Carpal fractures: scaphoid*, triquetrum, etc.

Dislocations/instability: perilunate, lunate, scapholunate dissociation*

Metacarpal base fractures

Hand Tendon and ligament injuries*; phalangeal avulsion fractures

Pelvis Isolated pubic ramus fracture, iliac wing fracture, avulsions (ischial tuberosity, iliac spine)

Acetabular fractures*

Posterior pelvic ring fractures (sacral wing fractures)

Hip Femoral neck fracture (elderly, osteoporosis)*

Intertrochanteric fracture*

Pubic ramus fracture or other pelvic fracture

Knee Tibial plateau fracture (lateral plateau)*

Patella fractures (vertical or oblique)

Osteochondral fractures and ligament or meniscal injuries*

Ankle Lateral malleolus fracture

Ligament tears and instability, tibio-fibular syndesmosis tear*

Fifth metatarsal base, navicular and other midfoot fractures

Foot Calcaneus and talus (hindfoot) fractures*

Tarso-metatarsal fracture–dislocation (Lisfranc)*

Fractures in children

Growth plate fractures (Salter–Harris)*

Torus (buckle) fractures, and acute plastic bowing

Missed fractures in the multiple trauma victim (requires complete secondary survey)*
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few instances, clinical decision rules have been
developed and validated to assist in deciding to
obtain or omit radiography, e.g., the Ottawa Ankle
(Table 28.6) and Mid-foot Rules and a number of
knee rules.14–17

Although application of these rules does result in
a limited but significant reduction in radiograph
ordering, the majority of radiographs will still be
negative for an injury. For example, traditionally only
about 15% of ankle radiographs will show an injury.
Using the Ottawa Ankle Rules, only 20% of radio-
graphs will show an injury.22 This demonstrates that
in order to avoid missing an injury particularly in
proximity to a joint, a large proportion of radiographs
will be negative.

Radiopaque foreign
bodies – penetrating trauma
Radiography can be used to detect, localize, and esti-
mate the trajectory of metallic objects that have

caused penetrating injuries – both impalement (e.g.,
by a knife blade) and projectile injuries (e.g., gunshot
wounds). To assess impalement by a metallic object at
least two views in perpendicular planes are needed to
localize the object (Figure 28.19). Radiographs can
also assist in estimating local tissue damage and
in planning surgical removal of the object. More
precise determination of associated soft tissue injury
can be made using CT, which can directly visualize
nearby soft tissue structures. However, streak artifacts
emanating from the metallic object may obscure the
CT images.

For projectile injuries, most often bullets, radiog-
raphy can localize the resting place of the projectile.
Two views in perpendicular planes are necessary.
However, for bullet wounds, it is difficult to deter-
mine the trajectory of the bullet and the injured vital
organs. Placing a radiopaque marker on the entry
wound and drawing a line from the entry site to the
resting place of the bullet does not always reflect the
trajectory of the bullet. A bullet often follows a non-

(a) (b)

Figure 28.14 At least two views are needed to define an injury. (a) On the lateral view, the distal humeral shaft fracture is barely visible.
(b) The fracture is obvious on the anteroposterior (AP) view.
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(a) (b)

Figure 28.16 Apatient who had jumped from a fence and complained of heel pain. (a) A fracture is not evident on the lateral view. Anteroposterior
(AP) and oblique views of the foot and ankle also did not disclose an injury. (b) An axial calcaneus view revealed a longitudinal fracture of the posterior
tuberosity of the calcaneus. (From Schwartz DT. Emergency Radiology: Case Studies. New York: McGraw-Hill, 2008, with permission.)

(a) (b)

Figure 28.15 Supplementary views are sometimes needed to detect a fracture. (a) The scaphoid view (PA view with the wrist in ulnar
deviation) reveals fractures through the mid portion of the scaphoid. (b) The posteroanterior (PA) view of the wrist is normal in this patient who
had fallen on his outstretched hand and had tenderness in the “anatomical snuff box.” (From Schwartz DT. Emergency Radiology: Case Studies.
New York: McGraw-Hill, 2008, with permission.)
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linear path, changing direction as it moves through
the body. The bullet may even enter the circulation
and be transported far from the site of injury.

For gunshot wounds to the torso (chest or abdo-
men), radiography determines the resting location
of the bullet. Management of gunshot wounds to
the abdomen generally entails exploratory surgery.

Advanced imaging such as CT is usually not indicated
preoperatively. On the other hand, MDCT has an
increasing role in stable patients with gunshot wounds
to the chest, particularly those with transmediastinal
injuries.71 For gunshot wounds to the extremities,
radiography is used to localize the bullet as well as
assess skeletal injuries. Angiography is indicated if

(a) (b)

(c)

Figure 28.17 An 82-year-old woman fell from standing on to her left hip. She was unable to bear weight and had pain on range of motion
of the hip. The initial radiographs did not clearly show a fracture although there was a questionable cortical irregularity on the
anteroposterior (AP) view of the pelvis (a, arrow). The frog-leg view was normal (b). Multidetector computed tomography (MDCT) clearly
demonstrated the subcapital femoral neck fracture (c, arrow).
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(a) (b)

(c) (d)

(e) (f)
For caption, see p. 466.
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vascular injury is suspected. For gunshot wounds to
the head or spine, radiography can localize the pro-
jectile and assess skeletal injury whereas CT is used to
more precisely assess neurological (brain and spinal
cord) as well as skeletal injury.72–75

Summary
Plain radiography plays an important role in the evalu-
ation of the majority of trauma patients. However, the
use of radiography must be judicious in order to attain
maximal efficiency, optimal information retrieval,
minimal cost, and minimal risk. Although additional
imaging modalities, such as CT, MRI, and ultrasound,
have modified the application of plain radiographs in
many instances, clinicians must have a firm under-
standing of the use of plain radiography.

Table 28.5 Standard and supplementary views of the
extremities

Standard views Supplementary views

Shoulder AP views:
External rotation
Internal rotation

Y view (usually
standard for trauma)
Axillary view

Clavicle AP
Angled AP (15º)

Elbow AP
Lateral

Oblique views (2),
Capitellum view
Olecranon view (axial)

Wrist PA
Lateral
Pronation oblique

Scaphoid view
(ulnar deviation PA)
Supination oblique
Carpal tunnel view
(axial)

Hand PA
Lateral
Pronation oblique

Supination oblique
(ball catcher view)

Finger PA
Lateral
Pronation oblique

Pelvis AP CT
Judet views (oblique of
acetabulum)
Inlet and outlet views

Hip AP (pelvis)
“Frog-leg” or
external oblique

Cross-table (groin)
lateral

Knee AP
Lateral

Oblique views (2)
Axial “sunrise”
patellar view
Intercondylar notch
view

Ankle AP
Lateral
Mortise (15º
internal oblique)

Oblique views (2)

Foot AP
Lateral
Internal oblique

Calcaneus axial view
External oblique

Views that are standard vary from institution to institution.
Supplementary views are oblique views, axial views (third
perpendicular plane), altered positioning (scaphoid view).
Obtain supplementary views when: (1) a fracture is suspected on
physical examination but not seen on the standard views; or (2) to
better define a questionable abnormality seen on the standard views.
CT, computed tomography; AP, anteroposterior; PA, posteroanterior.

Caption for Figure 28.18 Poor positioning of the patient
can obscure an injury. (a and b) The initial anteroposterior
(AP) and lateral views are normal, although the lateral view is
inadequate because the elbow is not flexed to 90� . (c) On the
repeat lateral, the elbow is in 90� of flexion and the anterior and
posterior fat pads are visible, an indirect sign of a fracture. However,
the fracture is not visible because the view is again not correctly
positioned – it is oblique rather than a true lateral view (the distal
humeral article surfaces [capitellum and trochlea] are not
superimposed). (d) The lateral view was again repeated, this time
correctly positioned and a radial head fracture is visible. (e and f )
Genesis of the elbow fat pad signs. Normally on a lateral view, the
posterior fat pad is not visible and the anterior fat pad is only slightly
visible. With a joint effusion (hemarthrosis in the setting of trauma
with an intra-articular fracture), the fat pads are displaced outwards
and are now visible on the radiograph. This is a soft tissue clue to
the presence of a fracture and is sometimes more evident than
the fracture itself. (Copyright D. T. Schwartz, MD.)

Table 28.6 Ottawa Ankle Rules

Radiographs of the ankle are only required if there is
bony pain in the malleolar zone and any one of the
following:

Bone tenderness along the distal 6 cm of the
posterior edge of the tibia or tip of the medial
malleolus

Bone tenderness along the distal 6 cm of the
posterior edge of the fibula or tip of the lateral
malleolus

An inability to bear weight for four steps both
immediately after the injury and in the emergency
department
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Imaging in trauma

Ultrasound

John L. Kendall and Brandon H. Backlund

Introduction
Trauma ultrasound is used to detect fluid or abnor-
malities within anatomic spaces that would otherwise
require invasive testing such as diagnostic peritoneal
lavage (DPL), expensive imaging such as computed
tomography (CT), or potentially delayed methods
such as clinical observation. This becomes particu-
larly useful in the evaluation of patients with blunt
or penetrating trauma to the chest or abdomen.

This chapter will discuss the clinical applications,
techniques, and use of the standard focused abdom-
inal sonography in trauma (FAST) exam, as well as
expanded applications for those with more advanced
skills.

Principles of ultrasound
Basic familiarity with the sonographic appearance of
different tissues will allow the sonographer to charac-
terize tissue as either solid organ, fluid-filled, bowel,
or bone.

Ultrasound works by emitting high-frequency
sound waves, which are transmitted through tissues.
At the interface between tissues of differing densities,
some of the sound waves are reflected, and these
reflected signals are captured by the transducer to
generate an image. Sound waves interact in character-
istic ways with different tissue types. Tissues having
molecules that are organized and relatively close
together transmit sound waves better than those that
are disorganized or farther apart. For example, solid
parenchymal organs provide good ultrasound images
since they are compact and have some fluid density.
The liver and spleen are typical of organs with excel-
lent transmission properties. When visualized by
ultrasound they have a uniform, mid-level echogenic
pattern with defined borders.

Gases have unique properties thatmake ultrasound
imaging through them difficult. Molecules in gases
are randomly placed, so sound waves are reflected in
different directions. When encountering gas during
scanning, images are typically poorly defined, since
the transducer sees a random array of signals. Conse-
quently, ultrasound protocols avoid gas-filled areas
such as bowel and lung.

Fluid densities form ideal sonographic imaging
environments, because the molecules have uniformity
and they allow for easy transmission of sound waves
to and from deeper tissue. A fluid-filled structure is
thought of as an acoustic window since it can be used
to visualize deeper structures. For instance, the blad-
der is often used in scanning, because the urine pro-
vides a uniform fluid density that allows most of the
signal to penetrate to deeper structures (e.g., uterus);
additionally, the full bladder displaces bowel allowing
for clearer visualization.

Another commonly encountered tissue is bone.
Most of the sound striking bone is reflected and
cannot penetrate deeper. Therefore, scanning over a
bony structure, such as a rib, produces a shadow, or
anechoic area, on the ultrasound image deep to the
bone. Moving the transducer away from the bone
allows the signal to reach deeper structures. However,
just because bone is dense does not mean it is
excluded from all clinical applications for ultrasound.
In musculoskeletal ultrasound, the near field cortex
can be visualized in order to identify fractures or
other abnormalities of the bone.

Equipment
Most trauma ultrasound exams are performed
with compact or cart-based systems using a 3.5 MHz
transducer. While most aspects of the exam can be
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done with a curvilinear abdominal transducer,
the tighter the radius of the probe and the smaller
the footprint, or size of the transducer head, the easier
it is to perform the upper quadrant, cardiac, and
thoracic views of trauma ultrasound. A smaller foot-
print can facilitate imaging between and around the
ribs. This can be in the form of a tight-curved abdom-
inal transducer or alternatively, a phased-array trans-
ducer commonly used for echocardiographic exams
(Figure 29.1).

Most current machines have multifrequency
transducers with frequency and depth controls
allowing adjustment for a variety of applications and
for differences in body habitus. Higher-frequency
sound waves provide better resolution of small struc-
tures or structures that are very close together, but are
attenuated (weakened) more rapidly as they pass
through tissues. By contrast, lower-frequency sound
penetrates more deeply into tissues, but image reso-
lution is poorer. Therefore, lower frequencies are used
to visualize deeper or larger structures, such as the
heart or aorta, whereas higher frequencies are used
for small, superficial structures, such as blood vessels
and nerves. For this reason, in larger adults, a lower
frequency (2 MHz) may be preferable, whereas in
children and smaller statured adults, a higher fre-
quency (5 MHz) may provide better imaging. If avail-
able, some physicians prefer a phased array
transducer for the cardiac and abdominal imaging
and a linear probe (with better near field resolution)
for the detection of pneumothorax and for sono-
graphic procedural guidance (Table 29.1; Figures
29.2 and 29.3).

Clinician training for traumaultrasound
Training in emergency bedside ultrasound, including
the FAST exam, has become a required part of the
emergency medicine residency core curriculum.1

However, the addition of this component to standard
residency training is relatively new; many practicing
emergency physicians may have received little or no
training in the FAST exam during residency. Conse-
quently, there is considerable interest in determining
the best method of learning the technique, attaining
proficiency, and measuring proficiency. This process
can be divided into three phases: the training phase,
the experiential phase, and the independent phase.2

Figure 29.1 Sector probe.

Table 29.1 Ultrasound probes

Probe type Frequency Common uses

Curvilinear Low
(2–5 MHz)

General abdominal

Obstetrics

Sector/
phased array

Low
(2–5 MHz)

Echocardiography

Intercostal, subxiphoid
views of FAST

Linear High
(5–14 MHz)

Vascular access

Nerve blocks

Pleural ultrasound

Foreign body localization

FAST, focused abdominal sonography in trauma.

Figure 29.2 Curvilinear probe.
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The training phase should consist of both a didac-
tic component and a practical, “hands-on” compon-
ent, in order for the clinician to understand the theory
behind the exam, as well as afford the opportunity to
practice the required psychomotor skills on human
models. Recruitment of patients receiving chronic
ambulatory peritoneal dialysis as models for the prac-
tical sessions can be helpful in illustrating the findings
of a positive FAST exam (dialysate fluid has a similar
appearance to hemoperitoneum). A single training
session of no more than 8 hours devoted to the FAST
exam is generally considered sufficient to learn the
theory and technique.3–5

During the experiential phase, the clinician per-
forms the FAST exam on patients in the clinical
setting, with a quality control mechanism in place
evaluating image quality and correct interpretation
of the study. This may be achieved by a variety of
methods, including supervision/proctoring by an
appropriately qualified second clinician, use of prede-
termined “gold standard” confirmatory testing (e.g.,
CT scan, DPL, laparotomy, observation, etc.), and
review of static or video images. This phase may
correlate to a “provisional privileges” status for the
purposes of credentialing within a hospital or
institution.

There is some debate as to the number of FAST
exams that a clinician needs to perform before suffi-
cient competency can be attained to perform the
exam independently. Some have suggested that profi-
ciency can be attained after performing as few as 10
exams,3 but there is evidence that an examiner’s
accuracy improves significantly after performing
somewhere in the range of 20–30 exams.6–10 The

American College of Emergency Physicians (ACEP)
endorses a minimum of 25 exams performed as a
threshold for competence and credentialing, recom-
mending that 25–50 exams be documented and evalu-
ated before the clinician should be considered
independently qualified to perform the FAST exam,
with the further stipulation that some discretionary
percentage of positive studies must be included in that
number.4

Once the requisite number of FAST exams has
been performed, the clinician may be qualified and
granted departmental privileges to perform the exam
independently, subject to standard quality assurance
review processes. As the level of experience progresses,
an examiner’s confidence in the exam increases, often
decreasing the need for confirmatory alternative
imaging modalities.2,7 The examiner will also fre-
quently be able to make more sophisticated interpret-
ations of the FAST exam, such as increased sensitivity
at detecting smaller amounts of fluid, improved skill at
distinguishing normal variants from pathologic find-
ings, greater accuracy in estimating free fluid volume,
and possibly detecting solid organ injury in the
absence of hemoperitoneum. Even at this stage, it is
recommended that clinicians continue to engage in
ultrasound-specific continuing medical education
activities throughout their practice, to maintain their
skills and keep abreast of advancements in the field.

Ultrasound compared to other
diagnostic and imaging modalities
The diagnostic approach to the traumatically injured
patient typically involves a variety of diagnostic tests,
including plain radiographs, DPL, ultrasound, CT,
and clinical observation with serial examination. Each
test has advantages and disadvantages and the inte-
gration of each in the management of trauma is influ-
enced by many factors, including the nature of the
trauma and the stability of the patient.

Patients with blunt abdominal trauma present a
distinct challenge to physicians. The workup for blunt
abdominal trauma primarily focuses on the detection
of free intraperitoneal fluid, usually correlated with an
injury to a solid viscus. The physical exam for signifi-
cant injuries is notoriously unreliable with error rates
reported to be as high as 45%,11 and accuracy rates
approaching 65%.12 Diagnostic peritoneal lavage has a
long history in the evaluation of patients with blunt
abdominal trauma, but it is invasive, time-consuming,

Figure 29.3 Linear probe.
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not specific for organ injury, and sometimes overly
sensitive, resulting in non-therapeutic laparotomies.
Computed tomography scan comprises the majority
of diagnostic imaging in blunt abdominal trauma;
however, it is expensive, requires contrast, is time-
consuming, and requires that the patient be stable.
Ultrasound offers many advantages for rapid infor-
mation accrual compared with DPL and CT. It is
sensitive for hemoperitoneum, non-invasive, can be
performed quickly and simultaneously with other
resuscitative measures, and provides immediate infor-
mation at the patient’s bedside. Ultrasound has not
replaced CT or DPL, but has assumed a primary role
in the early bedside assessment of blunt trauma.

While detecting intraperitoneal fluid is of some
importance, the more critical issue is whether a lapar-
otomy is indicated. In the past, this question was
often answered by the results of a DPL. A positive
DPL by either initial aspiration or subsequent cell
counts was an indication for an exploratory laparot-
omy. While looking for a non-invasive, less time-
consuming alternative to DPL, a number of studies
have assessed the ability of ultrasound as an adjunct
in making this decision.13–18 All of these studies
report favorable results when comparing sensitivity
and specificity of ultrasound to DPL. Many trauma
centers, therefore, have abandoned the use of DPL in
the blunt trauma patient in favor of ultrasonography
or more commonly, ultrasonography in conjunction
with CT scan.

There are a few exceptions to the generalization
that ultrasound can entirely replace DPL. These
include the unstable hypotensive patient with blunt
trauma and a negative ultrasound, and patients with
penetrating abdominal trauma. While it has been
suggested that a negative ultrasound for peritoneal
fluid in the hemodynamically unstable patient is reli-
able enough to prompt a search for an extraperitoneal
source of instability,19 in some emergency depart-
ments (EDs), DPL will still be the study of last resort
after a thorough consideration for other sources of
shock. As well, the negative results of an ultrasound
exam in a patient with an abdominal stab wound
cannot exclude small bowel or diaphragmatic injuries,
so it is useful solely in the case of a positive study.

Detecting hemoperitoneum or predicting the need
for laparotomy are significant diagnostic end-points
for the emergency physician, but it is also important to
determine the extent of specific organ injury. This has
become even more relevant as surgeons manage the

majority of splenic and liver injuries non-operatively.
In most centers indications for laparotomy are cur-
rently based on clinical status along with CT grading of
organ injury. Enthusiasm for a similar role for ultra-
sound has been present for some time.20 Despite the
early interest, investigators have failed to establish a
definitive role for ultrasound in specific organ injury
detection. Not only is ultrasound not accurate for
evaluating retroperitoneal hemorrhage or bowel injur-
ies, but it also cannot be relied upon to grade the
severity of organ injury, detect active bleeding, or
isolate injury to a single organ. These limitations of
ultrasound are in competition with the fact that access,
speed, and accuracy of CT scanning has increased
significantly in recent years. Therefore, in trauma
centers, where timely access to high-speed CT scanners
is available, there is little evidence for ultrasound
replacing CT scan in the diagnostic evaluation of the
stable blunt abdominal trauma patients.

Unfortunately, unlimited access to abdominal CT
scanning is not always available. Trauma centers may
be presented with multiple stable patients requiring
CT scanning; ultrasound may assist prioritization of
scanning order. Furthermore, patients may present
with blunt abdominal trauma to hospitals where there
is limited or no access to a CT scanner. A positive
ultrasound exam in this setting can be used to mobil-
ize a CT technologist from home, alert a trauma
surgeon on call, or initiate immediate transport to a
trauma center.

Bedside vs. consultative
ultrasound exam
The FAST is a bedside examination, and should be
performed in the ED, concurrent with or in close
proximity to the initial assessment of the trauma
patient. Therefore, inmost institutions, it is performed
by a physician on the trauma team. The FAST exam
was developed, taught, and propagated by surgeons
and emergency physicians. Consequently, the views,
sequence of transducer positions, and findings are not
taught nor described by historical imaging specialties.
In fact, to date no ICD code exists that describes the
FAST exam, since it comprises both abdominal and
cardiac views. As such, in some institutions, in order to
obtain a complete FAST exam, sonographers from the
Departments of Radiology and Cardiology would need
to be consulted. Lastly, and probably most import-
antly, time is of the essence in the evaluation of the
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trauma patient, and a consultative study typically
cannot be supplied in a clinically useful time-frame
by the majority of best staffed radiology departments
or echocardiography laboratories.

Technique
The basic FAST exam includes four views:21

1. Perihepatic (right upper quadrant)
2. Perisplenic (left upper quadrant)
3. Pelvic (pouch of Douglas or retrovesicular)
4. Pericardial (cardiac).

Perihepatic
The right upper quadrant view, also known as the
Morison’s pouch or perihepatic view, is considered
the classic image of trauma ultrasound. It allows for
visualization of free fluid in the potential space (Mor-
ison’s pouch) between the liver and right kidney. In
addition, fluid above and below the diaphragm in the
costophrenic angle or subdiaphragmatic space can be
seen. The transducer is initially placed in a coronal
orientation in the mid-axillary line directly over an
intercostal space of one of the lower ribs (Figure
29.4). Once Morison’s pouch is visualized, the trans-
ducer should be angled in all directions to fully visu-
alize the potential spaces of the right upper quadrant.

Perisplenic
The left upper quadrant view is also known as the
perisplenic or, less accurately, the splenorenal view. It
can be challenging to obtain because the spleen does

not provide as large a sonographic window as the liver
and the examiner frequently needs to reach across the
patient in order to access the left upper quadrant.
Ideal placement of the transducer in the left upper
quadrant differs from the perihepatic view in that it is
generally oriented more cephalad and posterior
(Figure 29.5). The transducer should be angled to
see the anterior, posterior, superior, and inferior por-
tions of the perisplenic space.

Pelvic
The pelvic view is an important, and potentially under-
appreciated, window for detecting free peritoneal
fluid. Since it is one of the most dependent and easily
visualized portions of the peritoneal cavity, fluid col-
lections may be seen here before being detected in
other areas.22 As well, it is away from the chest and
upper abdomen, so images can be obtained simultan-
eously with the evaluation and resuscitation of the
trauma patient. The key to the pelvic view is scanning
through a moderately full bladder to facilitate visual-
ization of the underlying and adjacent structures, so
imaging should be done before placement of a Foley
catheter or spontaneous voiding. The transducer can
then be angled side-to-side, superiorly, and inferiorly
to gain a full appreciation of the retrovesicular space
(Figure 29.6).

Pericardial
The subxiphoid approach is the most commonly used
and convenient way to visualize cardiac structures and
the pericardial space. The four-chamber subxiphoid

Figure 29.4 Right upper quadrant transducer position for the
focused acute sonography in trauma (FAST) exam.

Figure 29.5 Left upper quadrant transducer position for the
focused acute sonography in trauma (FAST) exam.

Chapter 29: Ultrasound

475



view is performed with the transducer oriented trans-
versely in the subcostal region and almost parallel to the
skin of the anterior torso as it is pointed to a location
just to the left of the sternum towards the patient’s head
(Figure 29.7). The subxiphoid view may not be obtain-
able in all patients, so other cardiac views such as the
left parasternal may need to be obtained to rule out
traumatic pericardial effusion, especially in those with
large anterior pericardial fat pads.23

Extended views
Paracolic gutters
The paracolic gutters are additional sonographic views
that can help roughly quantify the amount of peritoneal
fluid present. These views are obtained by placing the
transducer in either upper quadrant in a coronal plane
and then sliding it caudally from the inferior pole of the
kidney. In general, peritoneal fluid will accumulate
earliest in the perihepatic, perisplenic, or pelvic areas,
the three areas that comprise the “core” abdominal
views of the FAST. As the amount of fluid increases, it
will eventually be visible in the paracolic gutters; as such,
the presence of fluid in these areas suggests a larger
intra-abdominal fluid volume (Figure 29.8).

Costrophrenic angle or pleural base
The sonographic evaluation of the pleural space for
fluid is an adaptation of the right and left upper
quadrant views described in the standard FAST exam.
The transducer is initially placed in position to obtain
a right or left upper quadrant view. It is then angled
or moved superiorly to visualize the diaphragm and
pleural space. The region immediately above the dia-
phragm should be imaged to detect fluid. When
pleural fluid is present, an anechoic space appears
above the diaphragm (Figure 29.9).

Anterior thorax (pneumothorax)
Evaluation of the anterior pleura for the presence of
pneumothorax or normal lung can be done with a
number of transducers, although a high-frequency,

Figure 29.6 Suprapubic transducer position for the focused acute
sonography in trauma (FAST) exam.

Figure 29.7 Subxiphoid transducer position for the focused
acute sonography in trauma (FAST) exam.

Figure 29.8 Paracolic gutter positioning.
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linear model set to a shallow depth of penetration
(4–6 cm) is preferable. The transducer is placed lon-
gitudinally in the midclavicular line over the third or
fourth intercostal space (Figure 29.10).

Order
While there is no current standard for the order in
which the views of the FAST exam are obtained,
arguments have been made for starting with certain
windows. For instance, the right upper quadrant view
is a common starting point since it is one of the most
sensitive and specific locations for detecting hemo-
peritoneum and many physicians routinely scan from
the patient’s right side.24–26 Alternatively, the pelvic
view may be the first view obtained, as it is one of the
most dependent portions of the peritoneal cavity so
smaller fluid collections may be detected here before
other locations.24 As well, placement of a urinary
catheter to decompress the bladder essentially elimin-
ates the sonographic window to the pelvis, so there is
a priority on obtaining this window before the Foley
is placed. Another approach is to scan the left upper
quadrant first, but this is usually advocated by insti-
tutions that have a protocol of scanning from the
patient’s left side. Finally, the subxiphoid approach
is often proposed as a starting point for the FAST
exam so that potentially life-threatening cardiac injur-
ies can be quickly identified. In addition, intracardiac
blood can be used as a reference point of an anechoic
fluid collection to facilitate adjustment of the overall
gain and time gain compensation (TGC). Conse-
quently, there is no standard order for performing
the FAST exam and in many instances the order will

be dictated by the patient’s clinical presentation and
institutional preferences.

Free peritoneal fluid
Fluid (blood) in the trauma patient is usually detected
in the dependent areas of the peritoneal cavity includ-
ing the hepatorenal space (Morison’s pouch), the
perisplenic space, the pelvis, and the paracolic gutters
(Figure 29.11). In general, free fluid appears anechoic
(black) and is defined by the borders of the potential
spaces it occupies. As an example, free fluid in Mor-
ison’s pouch will be bounded by Glisson’s capsule of
the liver anterolaterally and Gerota’s fascia of the
kidney posteromedially (Figure 29.11). There are a
number of variables that affect the appearance and
location of fluid within the peritoneal cavity. These
include the site of origin of the bleeding, the rate of
accumulation, time since the injury, and movement of
fluid within the peritoneal cavity.

Minimum amount of fluid
The ability to detect free intraperitoneal fluid by
ultrasound was first illustrated in a cadaver study in
1970 that demonstrated that as little as 100 cc of
instilled peritoneal fluid was detectable by ultrasound
when the body was placed in a hand–knee position
and scanned from the abdomen.27 Additional studies
have been done since, including one finding that as
little as 10 ml of fluid could be consistently visualized
in the pouch of Douglas.22 The minimal amount of
fluid detected by ultrasound depends on a number of
factors, most notably, the location of the fluid and

Figure 29.9 Ultrasound image demonstrating fluid in the
costophrenic angle. Figure 29.10 Anterior thorax transducer position for the

evaluation of pneumothorax.
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positioning of the patient. Most studies that have
assessed the ability of ultrasound to detect minimal
volumes of peritoneal fluid have focused on Mori-
son’s pouch using a saline infusion model.22,28 In
one study using DPL as a model for intraperitoneal
fluid, the mean volume detected in Morison’s pouch
was 619 ml (standard deviation, 173 ml). Only 10% of
the sonographers could detect fluid volumes of 400 ml
or less.28 Using a similar DPL model, another study
assessed the minimum volume detected using the
pelvic view.29 They determined that the average min-
imum detectable volume was 157 ml by one partici-
pant and 129 ml by an independent reviewer, thus
suggesting that the pelvic view may be more sensitive

than Morison’s pouch for small volumes of peritoneal
fluid.

Patient positioning has also been studied as a
factor in detecting peritoneal fluid. For instance, one
study found that the optimal position for detecting
minimal volumes of fluid in a cadaver model was
right lateral decubitus or facing downward while
being supported on both hands and knees.27 Since
neither of these positions is practical for scanning
the trauma patient, other positioning has been inves-
tigated. For example, a small amount (5�) of Trende-
lenburg positioning has been shown to statistically
increase the sensitivity for detecting peritoneal fluid
in the right upper quadrant.30

(a) (b)

(d)(c)

Figure 29.11 (a) Ultrasound image of blood in Morison’s pouch. (b) Fluid visualized in the left subdiaphragmatic space. (c) Fluid seen
at the inferior aspect of the spleen. (d) Sagittal orientation of male pelvis demonstrating fluid at the superior aspect of the bladder.
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Lastly, attempts have been made to correlate the
width of the fluid stripe in Morison’s pouch with
intraperitoneal fluid volumes. In a DPLmodel, a mean
stripe width of 1.1 cm was found after 1 L of saline had
been instilled.28 Other studies have proposed that fluid
can be seen at similar or even smaller volumes,31 but
how the authors of these studies derived their results is
largely unknown and, therefore, unsubstantiated.

Fluid flow patterns
Fluid in the peritoneal cavity collects and spreads in a
predictable manner. One study found that in the supine
position, the pelvis is themost dependent portion of the
peritoneal cavity and that the right paracolic gutter is
the main communication between the upper and lower
abdominal compartments.32 Measured flow patterns
have shown that fluid tracking up the right paracolic
gutter preferentially collects in Morison’s pouch before
progressing to the right subphrenic space. Interestingly,
the phrenicocolic ligament restricts similar flow
between the left paracolic gutter to the left upper quad-
rant, so fluid in the supramesocolic space actually
spreads across the midline into the right upper

quadrant. Clinical studies support these findings as the
majority of peritoneal fluid collections are detected in
the perihepatic region (Figure 29.12).24,33

Echogenic hemorrhage and clot
Most fresh peritoneal hemorrhage will appear
anechoic, however, as clot forms and organizes, it
becomes more echogenic. Clotted blood has a mid-
level echo pattern that has some sonographic similar-
ities to tissue, such as the spleen or liver parenchyma
(Figure 29.13).

Collections of clotted blood can be found in
patients scanned after a prolonged delay or large
volumes of peritoneal bleeding. The ability to differ-
entiate clotted peritoneal blood from normal paren-
chyma can at times be difficult, but in most cases,
thorough inspection of the area in question will dem-
onstrate that an anechoic stripe, representing free
peritoneal fluid, borders the clotted blood.

Management based on ultrasound
and clinical picture
Peritoneal free fluid in the unstable patient
The finding of free peritoneal fluid in the unstable trau-
matized patient suggests the findings of intraperitoneal
injury necessitating immediate operative intervention.
The decision to operate will depend on the patient’s other
injuries, the amount and location of free peritoneal fluid,
and whether the vital signs stabilize after resuscitation.
Large peritoneal fluid collections associatedwith unstable
vital signs usually mandate laparotomy.34,35

Figure 29.12 Fluid flow patterns.

Figure 29.13 Echogenic clot seen in conjunction with free fluid
in Morison’s pouch.
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Peritoneal free fluid in the stable patient
A patient with stable vital signs, but an ultrasound
that demonstrates peritoneal fluid is a candidate for
non-operative management. Therefore, regardless of
whether any other ultrasound findings such as spe-
cific organ injury are present, a CT of the abdomen
and pelvis should be performed. This form of man-
agement utilizes the strength of the CT scan for deter-
mining the source of hemoperitoneum; thus, it can
usually differentiate between lesions that are operable
vs. those that can be managed non-operatively.

No free fluid in the unstable patient
Ultrasound is extremely sensitive for hemoperito-
neum in the hypotensive patient.36 However, the
patient with unstable vital signs and a negative ultra-
sound remains problematic, since hemoperitoneum
remains a lethal, albeit remote, possibility. A few
options exist for this diagnostic dilemma. Some have
suggested a repeat ultrasound, potentially by a more
experienced operator.37 Others opt for an immediate
DPL, which is generally more sensitive than ultra-
sound. However, a negative ultrasound suggests that
the source of hypotension is outside the peritoneum.
Diagnostic efforts to identify alternative injuries
should focus on other common causes, including
retroperitoneal injuries and neurogenic shock. In
one study of 47 hypotensive trauma patients with a
negative ultrasound, none required a laparotomy for
acute control of hemorrhage.19 The primary cause of
hypotension in these patients was extraperitoneal,
such as retroperitoneal hemorrhage caused by pelvic
fractures or neurogenic shock. If you have a hypoten-
sive patient with a negative ultrasound, a laparotomy,
while still a possible need, will be much less likely to
be therapeutic. The editors suggest another rapid
repeat ultrasound within 5–20 minutes, although the
absolute timing is not literature based and dependent
on the clinical situation. If clearly negative and all
views well visualized, a search for another cause is
warranted. If all areas are not completely visualized or
inconclusive, a DPL is recommended (unless another
obvious source for the hypotension is present).

No free fluid in the stable patient
The finding of no free fluid in a hemodynamically
stable patient does not “clear” that patient of injury.
Patients may still have encapsulated solid organ

injury, mesenteric or bowel injury, retroperitoneal
hemorrhage, or delayed intraperitoneal injury.
Patients who are at higher risk include those with
lower rib, lumbar spine, or pelvic fractures. Prior to
discharge, every patient should have a repeat clinical
exam and any new findings of abdominal pain, ten-
derness, distracting injury, or laboratory abnormal-
ities should prompt further diagnostic evaluation,
most commonly a CT scan. In this case, management
of the patient will be influenced largely by the mech-
anism of trauma, suspicion of occult injury, and the
presence of other injuries.

Indeterminate findings
Certain patients will have indeterminate ultrasound
exams. Anatomic defects (pectus excavatum),
acquired pathology (open wounds, subcutaneous
air), difficult habitus (obesity), and poor acoustic
windows (evacuated bladder) are situations that may
result in an indeterminate ultrasound exam.38 These
patients should receive further clinical, radiographic,
or alternative diagnostic evaluation based on mechan-
ism and clinical findings.

Solid organ injury
The sonographic appearance of specific organ injury
varies. The ultrasound appearance of parenchymal
damage in the liver or spleen can appear as anechoic or
echogenic distortion of the normal architecture and
manifestations of injury can include subcapsular fluid
collections and intraperitoneal fluid (Figure 29.14).

Figure 29.14 Splenic injury visualized sonographically as a
discrete area of increased echogenicity.
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The most common pattern of parenchymal injury
identified by ultrasonography in patients with blunt
abdominal trauma is a discrete region of increased
echoes followed by a diffuse hyperechoic pattern
(Figure 29.15).

The clinical utility of positive and negative sono-
graphic examinations for specific organ injuries is
limited. Some studies have inferred that a negative
exam, in certain patients, is sufficient to change med-
ical decision making.39,40 Each of these studies rec-
ommended that ultrasound be the initial diagnostic
modality for evaluating patients with renal trauma. If
a stable, normotensive patient has a normal renal
ultrasound, no hematuria, and no other significant
injuries, then their evaluation was complete. There
have been no similar recommendations for the ultra-
sound evaluation of other organs.

A positive result, on the other hand, may direct
certain aspects of the diagnostic evaluation. For
instance, in most series, a positive ultrasound exam in
a hemodynamically stable patient is an indication for
additional diagnostic testing. Commonly this is a CT
scan of the abdomen and pelvis, which provides specific
information regarding the extent and severity of the
organ injuries. Another benefit is that CT scanning
can determine whether there are injuries to other
organs.

The identification of solid organ injury in the
hemodynamically unstable patient provides very little
useful information. If a specific etiology for the hypo-
tension is not identified, yet the patient has free intra-
peritoneal fluid, invariably the patient will undergo

laparotomy or occasionally an urgent angiogram.
Knowing that a specific organ injury exists does not
change the approach, technique, or decision making in
hemodynamically unstable patients. Another important
issue is that ultrasound is poor at identifying injuries to
multiple organs, so there is no assurance that an injury
identified sonographically is the primary or only eti-
ology of the instability. As a result, there are no widely
recognized algorithms that include the presence or
absence of specific organ injury identified by ultra-
sound into clinical decision making.

Pericardial effusion
Hemorrhage can accumulate quickly in the potential
space between the visceral and parietal pericardium
and create hypotension due to a cascade of increasing
intrapericardial pressure leading to a lack of right heart
filling followed by decreased left ventricular stroke
volume. Fluid in the pericardial space appears as an
anechoic stripe that conforms to the outline of the
cardiac structures (Figure 29.16). In most cases, the fluid
should have the same anechoic character as blood
within the cardiac chambers. From the subxiphoid
orientation, fluid will initially be seen between the right
side of the heart and the liver, which is the most
dependent area visualized (Figure 29.17). In the para-
sternal orientation, fluid may also be seen anteriorly and
superior to the right ventricle or posteriorly as it outlines
the free wall of the left atria and ventricle (Figure 29.18).

Cardiac tamponade
After determining that a pericardial effusion is pre-
sent, the next step is to determine whether there is

Figure 29.15 Splenic injury manifested as hypoechoic
sonographic pattern.

Figure 29.16 Pericardial fluid outlining the cardiac structures.
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sonographic evidence of cardiac tamponade. The
pathophysiology of tamponade is characterized by
increasing pericardial pressure that eventually exceeds
atrial and ventricular pressures, thus inhibiting car-
diac filling. As pericardial pressure increases, there is
sequential collapse of the right atrium and subse-
quently the right ventricle Although the right atrial
collapse occurs sooner than right ventricular collapse,
this finding is less specific for diagnosing tampon-
ade.41 Another potentially helpful sonographic find-
ing is bowing of the interventricular septum into
the left ventricle. This late finding is very specific
for tamponade.42

An additional means of assessing for elevated cen-
tral venous pressure is to image the inferior vena cava.
One method is the “sniff test,” in which the patient is
instructed to inhale quickly through his or her nose
while the examiner simultaneously visualizes the
inferior vena cava. Two studies have shown that
incomplete collapse (< 40%) of the inferior vena cava
correlates well with elevated central venous pressure
measurements.43,44

Pleural fluid
The detection of hemothorax in a supine trauma
patient can be problematic as the supine portable
chest radiograph is insensitive for small fluid collec-
tions. Ultrasound, on the other hand, has been esti-
mated to detect as little as 20 ml of pleural fluid.45

Ultrasound may be useful for the detection of
hemothorax in both blunt and penetrating thoracic
trauma; however, this is an evolving standard that has

not yet been widely accepted.46–48 Pleural fluid
detected during trauma ultrasound should be inter-
preted in the clinical context of the effusion. Patients
with decreased breath sounds, evidence of chest
trauma, hypoxemia, hypotension, or other findings
suggestive of tension hemothorax, may be aided by
the sonographic findings of fluid in the pleural space.
Decompression and evacuation procedures should
then proceed. However, an ultrasound exam that does
not demonstrate pleural fluid should not be inter-
preted as eliminating traumatic pleural effusion from
the differential, especially in the patient with blunt
chest trauma.48

Pneumothorax
The use of ultrasound to evaluate for pneumothorax
in trauma decision making is evolving. At this time, it
is an adjunctive technique that may identify pneumo-
thorax earlier than chest radiography, especially in the
supine patient or those with small pneumothoraces.
Several studies provide support for the use of ultra-
sound to detect or exclude pneumothorax in the
trauma patient.49,50 In one study, a single ultrasound
exam of the anterior thorax was 95% sensitive and
100% specific for pneumothoraces that were detected
by chest radiography.49 A second study found similar
results,50 adding weight to this conclusion. Standard
radiographs for the detection of pneumothorax may
be limited by patient position. Air that collects anteri-
orly or inferiorly, rather than in the apices, may be
difficult to appreciate on a supine chest radiograph.
Several studies suggest, in fact, that ultrasound

Figure 29.17 Ultrasound image taken from the subxiphoid
transducer position demonstrating fluid in the pericardial space.

Figure 29.18 Parasternal long axis view of the heart showing
fluid in the pericardial space.
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exceeds plain X-ray in its ability to detect pneumo-
thorax, and nearly matches that of chest CT. Using
chest CT as a gold standard, or air rush from chest
tube in patients suspected of having tension pneumo-
thorax where obtaining a chest CT would not be
feasible, the sensitivity and specificity of ultrasound
for pneumothorax as compared to CT approaches
100%.51–54 Ultrasound findings that suggest pneumo-
thorax include the absence of a sliding sign or comet
tail artifact (Figure 29.19). These findings should be
followed by clinical correlation of breath sounds and
chest radiography. Ultrasound is probably most
useful in its negative predictive value. In other words,
if the ultrasound exam performed by an experienced
sonographer is interpreted as negative for pneumo-
thorax, the diagnosis can be excluded or considered
less likely.

Testicular
Testicular fracture and testicular infarction are the
principal concerns in patients presenting with either
blunt or penetrating testicular trauma. A testicular
fracture occurs when the integrity of the tunica albu-
ginea is disrupted. The pathophysiology of testicular
rupture is similar to that of a ruptured optic globe. If
struck with sufficient force the internal pressure
within the testicle exceeds that of the structural resist-
ance integrity of the tunica albuginea, with leakage of
its internal contents. Sonographically the perimeter of
the testicle is often non-contiguous and irregular,

with a hemorrhagic region at the area of the fracture.
A hematocele may be present and can be difficult to
distinguish from testicular tissue. A hematocele in the
patient with acute scrotal trauma may be an indirect
indicator of a testicular fracture, much like free fluid
in the trauma exam may represent a solid organ
injury. Testicular fracture and its associated findings
represent a surgical emergency, as testicular function
and fertility may be lost if the testicle is not repaired.
The suspicion of a testicular fracture should prompt
expeditious urologic and potentially further radio-
logical evaluation.

Obstetric patients
The use of ultrasound for the diagnostic evaluation of
the pregnant blunt trauma patient has the benefits of
not exposing the mother and fetus to ionizing radi-
ation and invasive procedures while also being able to
assess for peritoneal fluid and fetal viability.55–57 The
primary application of trauma ultrasound in the preg-
nant patient is no different than that in the non-
pregnant patient, which is the non-invasive evaluation
of the peritoneal and thoracic cavities for blood.
While the peritoneal anatomy will change in preg-
nancy, especially in the late second and third trimes-
ters, the FAST exam technique is the same and fluid is
still readily identifiable in the standard potential
spaces.

Another useful application of ultrasound in the
pregnant trauma patient is the assessment of fetal
gestational age and fetal cardiac activity. In later preg-
nancy, the easiest estimation of gestational age is
obtained by measuring the biparietal diameter. This
has increased utility as the pregnancy is in the second
trimester. Although there is some institutional vari-
ation, fetuses > 24 weeks gestational age are con-
sidered “viable.” Fetal cardiac activity should be
assessed for presence and rate as bradycardia is a
marker of fetal distress caused by poor perfusion or
hypoxia. Blood may be shunted away from the fetus
before the mother exhibits obvious signs of
hypotension.

Pediatric patients
One of the primary roles of emergency sonography of
pediatric patients is blunt abdominal trauma. While
the finding of peritoneal fluid is a similar primary
goal for adult and pediatric patients, results have been
somewhat discouraging for the latter.58–63 This is

Figure 29.19 Pleural ultrasound.
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surprising, since one of the limitations of sonography,
obesity, is encountered much less commonly in pedi-
atric patients. Although the sensitivity is reported to
be lower in pediatric patients, the specificity is still
excellent (95% [93–97%]).64

Even more discouraging have been the pediatric
studies citing the accuracy of ultrasound in the evalu-
ation of solid organ injury. Little useful information
can be gleaned from an ultrasound to evaluate the
solid organs; CT is far superior in this regard.

The role of ultrasound in pediatric blunt abdom-
inal trauma is limited by the non-operative manage-
ment of solid organ injuries in children. While
ultrasound may detect free peritoneal fluid, this infor-
mation has little impact on management since CT
and clinical observation will determine the course of
action in pediatric patients with splenic and liver
injuries. An exception to this is the hypotensive
patient with blunt abdominal trauma; in this popula-
tion the sensitivity and specificity of FAST have been
shown to be as high as 100%.65

Ultrasound-guided procedures
Vascular access
Ultrasound may be useful to facilitate vascular access
in the trauma patient. It can be used to guide both
peripheral and central venous access. For patients in
whom peripheral access cannot be obtained, ultra-
sound can be used to localize venous structures for
cannulation, such as the deep brachial, basilic, or ceph-
alic veins. This problem is most commonly encoun-
tered secondary to obesity, edema, intravenous drug
use, peripheral vasoconstriction, or hypovolemia.

It has been clearly demonstrated that the use of
ultrasound to guide the insertion of central venous
catheters increases the likelihood of first-pass success,
decreases the total number of attempts before success-
ful placement, and decreases the frequency of compli-
cations, including arterial puncture, pneumothorax,
and catheter malposition.66 This technique is valuable
when surface landmarks are obscured (e.g., obesity or
edema), or in the setting of hypovolemia, where trad-
itional, landmark-based approaches are more likely to
fail or require multiple attempts.

Localization of foreign bodies
Ultrasound may be used to detect soft tissue foreign
bodies, and if a foreign body is known to exist in a

wound, ultrasound may aid in its localization and
removal. A linear probe should be used, with the
depth range adjusted to the suspected depth of the
foreign body. For irregular surfaces, small body
parts, very painful areas, or superficial wounds,
a water bath may be used to improve the ultrasound
image;67 the body part may be immersed in water,
and the ultrasound probe placed in the water
directed at the area of interest (all modern ultra-
sound transducers are watertight). Using this tech-
nique, it is not necessary to directly make contact
with the skin over the area of interest, as the inter-
posed water itself acts as a conducting medium. This
may be particularly useful for evaluation of wounds
on the hands and feet, common locations for foreign
bodies.

Generally, plain X-ray is superior to ultrasound
for identification of radiopaque soft tissue foreign
bodies.68 However, ultrasound has been demon-
strated to have some utility at detecting radiolucent
soft tissue foreign bodies, particularly those made of
wood. Estimates of the sensitivity and specificity of
ultrasound for the detection of soft tissue foreign
bodies are highly variable. In general, ultrasound
can be used as an additional tool, but may not be

Figure 29.20 Solid line in middle of field represents the
anterior humeral cortex.
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sufficiently reliable to be used as the only modality, to
screen for soft tissue foreign bodies.67–71

Fracture identification
It has been shown that ultrasound can be used to
identify bony fractures, particularly of the long

bones.72,73 However, given the usual ready availability
of plain X-ray in most EDs, the only real advantage
would be to rapidly identify long bone fractures as the
cause of hypotension when the clinical exam may be
unclear, or to rapidly triage multiple patients in mass
casualty situations when they have displaced fractures
not clinically evident. Ultrasound is most likely to
offer advantages for this application in remote areas
where plain radiographs cannot be easily obtained or
potentially in field triage of disasters or military
conflicts (Figure 29.20).

Triage of multiple patients
or disaster situations
Ultrasound has qualities, such as being quick, non-
invasive, portable, and sensitive, that make it an ideal
imaging modality for the evaluation of large numbers
of traumatically injured patients. In trauma centers it
is not unusual to experience the simultaneous presen-
tation of multiple, potentially critically injured
patients. The impact of decisions regarding patient
priority for the operating room, CT scan, or proced-
ural intervention is magnified when resources are
stretched to their limits. One study demonstrated that
the results of a FAST exam could be used to deter-
mine patient priority for operative intervention.74

Others have incorporated an ultrasound exam into
the evaluation of patients sustaining injuries on the
battlefield and during a natural disaster.75,76 See Table
29.2 for a glossary of commonly used terms.
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Introduction
Computed tomography (CT) has become the primary
imaging tool in the evaluation of the hemodynami-
cally stable trauma patient. Since its inception in the
1970s, CT has challenged nearly all previously held
gold standards in the assessment of the acutely
injured patient. Computed tomography began as a
non-invasive tool to look for intracranial hemorrhage;
a role previously performed by angiography which
looked at cerebrovacular displacement as a marker
of mass effect. Non-invasive intracranial imaging
was now possible to diagnose and exclude hemor-
rhage and herniation.

By the early 1980s, emergency CT had revolution-
ized the assessment of traumatic brain injury.
Advancement in CT technology allowed greater data
acquisition at greater speed and by the mid 1980s
leading trauma centers began scanning patients to
evaluate for blunt abdominal injuries. Early experi-
ence found CT to be highly sensitive, specific, and
accurate for diagnosing traumatic injury. Computed
tomography dramatically reduced the need for
exploratory laparotomy and eliminated the use of
radionuclide imaging and abdominal aortography
for diagnosis.1 While CT’s role in trauma looked
promising, further progress was necessary before
comprehensive imaging of the polytrauma patient
could be performed in a single visit to the CT suite.

A technological leap for CT came in the late 1980s
with the introduction of helical, or spiral, CT. Helical
CT was made possible with the advent of the slip-ring
gantry design. This technology permitted non-stop
X-ray tube and detector rotation while the patient
traveled through the CT gantry in one continuous
motion generating a helical “volume” of image data.
Volumetric acquisition permitted the off-axial evalu-

ation of image information with multiplanar refor-
mations and three-dimensional (3D) reconstructions.
Unmatched speed of acquisition and advances in
computer technology markedly dropped scan times
and provided greater coverage in a single breath hold.
Faster microprocessors enabled prompt image recon-
struction, so the acutely injured patient could be
imaged in a relatively brief period of time. Helical
CT quickly became the preferred method to evaluate
the thorax and abdomen, as well as vascular struc-
tures, particularly the aorta.

By 1998, the multidetector era arrived with the
creation of the four-detector CT scanners, collecting
four slices of data in a single revolution. One of the
hallmarks of the multidetector CT (MDCT) is its
rapid acquisition of image data. Total body scanning
times have been reduced to < 30 seconds. The advan-
tage of rapid scanning allows one to scan multiple
body parts in the polytrauma patient, making larger
patient coverage possible in a single breath hold with
improved spatial and temporal resolution.

Greater spatial resolution with submillimeter slice
thickness allows exquisite multiplanar reconstructions
and 3D reconstructions. Three-dimensional images
from volume-acquired datasets provide additional
information with enhanced diagnostic accuracy, and
allow one to better visualize complex injuries such
as facial and pelvic fractures. The improved temporal
resolution allows reduction in intravenous (IV) con-
trast material because scan time is reduced. Moreover,
power injectors for IV contrast material and faster
scanning techniques can optimize the delivery of con-
trast and more precisely separate arterial and venous
phase imaging. The result is dynamic imaging which
has stimulated the evolution of CT angiography in
trauma.

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. # Cambridge University Press 2011.
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The subsequent advance of MDCT technology has
brought forth the newest “extreme” MDCT scanners
with 32-, 40-, 64-, and 128-detectors; 256- and 320-
detectors are in development. While the increased
number of detectors is correlated with increased dose
efficiency, the actual radiation dose required to stimu-
late the multiple detectors, however, is increased by
about 27% within the plane of the image as compared
with single slice CT.2 Newer scanners contain several
features that work in real time to adjust the dose
depending on the thickness and tissue type presented
to the scanner. Thus, scanning through the air-filled
lungs would require less radiation than scanning
through the same patient’s much denser shoulders.

The era of extreme MDCT scanning has changed
the way we image patients. Technology that had
strictly been one of depicting anatomy has become
one now able to display function. Extreme MDCT
scanners boast greater anatomical coverage with
unparalleled temporal resolution allowing assessment
of organ perfusion and even gated cardiac motion
with quantitative measurements. Cerebral perfusion
studies on brain-injured patients may be able to pre-
dict prognosis. “Cardiac contusion,” a potentially sig-
nificant injury that has long escaped an imaging
diagnosis, may one day be identified and quantified
by MDCT. The future of MDCT technology in evalu-
ating the multitrauma patient is only beginning to be
realized (Table 30.1).

Role of CT
Widespread availability of MDCT has revolutionized
the screening of blunt and penetrating trauma victims.
Computed tomography evaluation provides import-
ant information for the evaluation and management
of the multitrauma patient. Precise localization and
extent of organ injury and presence of hemorrhage
can be determined with increasing confidence.
Contrast-enhanced MDCT can indicate the presence
of vascular injury including active arterial extravasa-
tion or traumatic pseudoaneurysm formation. Injuries
such as high-grade hepatic or splenic lacerations that
previously would have mandated surgical exploration
may now be managed by observation with close moni-
toring utilizing repeat CT evaluation or angiographic
assessment for potential intervention. Multidetector
CT also plays a major role in the follow up of
the trauma patient, determining injury resolution or
progression and identifying potential complications.

While history and clinical examination are crucial
to evaluate hemodynamic status, determine life- and
limb-threatening trauma, and assess mechanisms and
patterns of injury, internal injuries may escape detec-
tion. A decreased level of consciousness or distracting
injury may limit clinical assessment in the multi-
trauma patient. Contrast-enhanced MDCT is there-
fore extremely beneficial for injury screening in the
hemodynamically stable blunt or penetrating trauma
patient with concern for underlying injury.

Table 30.1 Basic computed tomography (CT) terminology

Terminology Definition

Source/
detectors

Source is the production unit of the
scanner that produces the radiation that
passes through the subject. After passing
through the patient this radiation is then
picked up by the detector. The variation
in the radiation returning to the detector
then allows for the reconstruction of a
three-dimensional image. In helical CT
the X-ray sources are attached to a freely
rotating gantry. Multislice CT scanners
contain multiple detector rings (4, 8, 16,
32, 40, and 64 detector rings) with
increasing rotation speeds

Dose
efficiency

The fraction of primary X-rays reaching
the patient that contribute to the image.
This is made of two components:
geometric efficiency (amount of X-rays
leaving the patient and interacting with
active detector areas) and absorption
efficiency (fraction of actually-captured
X-rays interacting with active detector
areas)

Volumetric
acquisition

Acquiring data about three-dimensional
space. This is in contrast to planar
acquisition which describes data acquired
about two-dimensional space

Collimation Slice thickness

Hounsfield
units

The scale used to describe the
radiodensity (attenuation) of an object.
The Hounsfield unit (HU) scale defines the
radiodensity of distilled water at standard
pressure and temperature (STP) as 0 HU,
while the radiodensity of air at STP is
defined as�1000 HU and ranges to high-
density bone at þ1000 HU
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Craniocerebral trauma
In the United States there are almost 8 million inci-
dents per year of head trauma, with 500 000 con-
sidered severe. The majority of deaths from motor
vehicle collisions and falls occur secondary to head
trauma. Alcohol further increases the risk of trau-
matic brain injury. Fortunately, however, the routine
use of seat belts, airbags, and helmets has brought
about a decline in the incidence of these injuries.3

The primary goal in managing severe head injury
patients is to preserve life and neurologic function. The
secondary goal is to identify and treat intracranial lesions
that will negatively affect outcome. Consequently,
patients presenting to the emergency department (ED)
with acute neurological deficits or a significant history of
head trauma require imaging. Three imaging modalities
exist: skull radiographs, CT, and magnetic resonance
imaging (MRI). Computed tomography, the most prac-
tical and cost-effective imaging, is the method of choice
for rapid, accurate evaluation of intracranial trauma.

Non-contrast CT is excellent for detection of
traumatic intracranial pathology, including epid-
ural hematoma (Figure 30.1), subdural hematoma
(Figure 30.2), subarachnoid hemorrhage (Figure 30.3),

cerebral contusion (Figure 30.4), diffuse axonal injury
(Figure 30.5), cerebral edema (Figure 30.6), herniation
(Figure 30.7), and infarction.

Scalp
The scalp and galea are separated from the skull by loose
connective tissue. This potential subgaleal space pro-
vides an area for hemorrhage and pus accumulation.
Subgaleal hematomas and scalp contusions are useful in
localizing the point of contact with the calvarium, defin-
ing coup vs. contrecoup injuries, and delineating the
vector forces that may help identify subtle skull injuries
(see Figures 30.1a and 30.2b). Subgaleal hematomas in
particular may be a sign of both skull fracture and
epidural hematoma since blood from the epidural space
may decompress out through the skull.

Skull and skull base fractures
Bone windows with application of a dedicated sharp
bone algorithm aid in the detection of subtle skull
fractures. Even with ideal technique, small, linear
non-displaced fractures may be missed because of
volume averaging (Figure 30.8).

(a) (b)

Figure 30.1 Epidural hematoma. Pediatric trauma after falling from window sill shows large left biconvex mixed density epidural hematoma
(EDH): (a) The mixed density represents both clotted and unclotted blood, implying ongoing bleeding. Overlying skull fracture shown in
(b) (arrow). Note the EDH occurs at the impact site as shown by the subgaleal hematoma (*).
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Skull fracture patterns can be described as linear/
curvilinear, stellate, or eggshell. If the skin is interrupted
and the dura is lacerated, the fracture is described as
“open” since there is communication between the brain
and the outside world. Stellate fractures consist of a

central defect with curved and linear fractures radiating
from the center. This is seen when a small diameter
object, such as a bullet, impacts the skull. Longer curvi-
linear fractures occur when a cylindrical object with a
large diameter, such as a baseball bat, impacts the skull.
A simple linear fracture may be seen when the skull
impacts a flat object. Eggshell fracture describes multiple
calvarial fractures held together only by the overlying
scalp. Basilar skull fractures are of particular significance
because of potential cranial nerve damage and vascular
injury. Following routine CT head depicting a skull base
fracture where the fracture extends across the carotid
canal, or where there is blood in the sphenoid sinus, a
dedicated high-resolution submillimeter skull base CT
angiogram (CTA), will help to demonstrate bony
impingement and assess vascular integrity (Figure 30.9).

Brain
Technological advances have made CT a cost-effective
and convenient mode for intracranial imaging. As such,
many intracranial injuries are now diagnosed that may
have beenmissed in previous years. The decision to image
a patient should be based on both the patient risk factors
for intracranial injury and the mechanism of injury.
Patient risk factors that may make one prone to intracra-
nial injury involve both structural and hematologic
factors. Structurally, patients will be at greater risk if there
is cerebral volume loss. Characteristics that may alert the
clinician that a patient may be at such risk include the
elderly, history of stroke, craniotomy or dementia, or
chronic alcohol abuse. Additionally, an intracerebral

(a) (b) (c)

Figure 30.2 Subdural hematoma: (a) Thin right frontoparietal subdural hematoma (SDH) (white arrows) with foci of subarachnoid hemorrhage
anteriorly (black arrow). Impact site subgaleal hematoma is contre-coup (*); (b) Follow-up CT 3 hours later shows marked interval expansion
of right SDH now causing subfalcine herniation, seen as midline shift (dotted black line); (c) Different patient shows a subacute SDH with
hemorrhage now isodense to underlying brain (dotted white line) evident by loss of sulci on the ipsilateral side and contralateral midline shift.

Figure 30.3 Traumatic subarachnoid hemorrhage. CT image of the
brain shows high density blood in the basal cisterns (black arrows),
interpeduncular fossa (arrowhead), and within the Sylvian fissures
(white arrows), representing subarachnoid blood.
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mass, whether oncologic, infectious, or vascular, may
make a patient more prone to hemorrhage. Other hema-
tologic risk factors involve bleeding diatheses including
use of anticoagulants. Obvious signs of serious injury
should alert the clinician to pursue imaging, although
significant brain injury sometimes is associated with
seemingly minor external injuries. Likewise, acute intra-
cerebral bleedsmayhave little or no acute clinical sequelae
acutely. In 2000, Haydel et al. performed a two-phase

study to identify patients with minor head trauma that
would require a CT scan of the brain.4 In the first phase
they identified risk factors in patients with positive CT
scans. These included headache, vomiting, age over 60,
intoxication, memory deficits seizure, or signs of trauma
above the clavicles. In the second phase they performed
a CT scan on 909 patients with minor head injury. They
found that of the 6.9% with positive CT scans, 100%
had at least one of these findings.4 Later, in 2001,

(a) (b)

Figure 30.4 Cerebral contusions. 81
year old man after falling down stairs:
(a) Initial CT head shows subarachnoid
hemorrhage (black arrow) in the right
Sylvian fissure, and small foci of
hyperdense hemorrhage, representing
cerebral contusions (*) within the inferior
frontal lobes. A small subdural hematoma
(white arrows) layers on the tentorium;
(b) Follow-up CT head 12 hours later
shows marked blossoming of cerebral
contusions in the inferior frontal lobes
and right temporal lobe (*).

(a) (b)

Figure 30.5 Diffuse axonal injury. 36 year old male after motor vehicle crash with petechial hemorrhages within the brainstem
(white arrow in A), and left thalamus (black arrow in B).
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Steill et al. published the Canadian CT Head Rule for
patients withminor head injury.5 They evaluated over
3000 patients with minor head injuries, defined as
Glasgow Coma Scale (GCS) score of 13–15, and
derived medium- and high-risk criteria to determine
those patients who benefited from CT imaging. Five
high-risk factors were identified: (1) failure to reach
GCS 15 within 2 hours; (2) suspected open skull
fracture; (3) any sign of basal skull fracture; (4) more
than 2 episodes of vomiting; and (5) age > 65 years.
Two medium-risk factors were identified: (1) more
than 30 minutes of retrograde amnesia; and (2) dan-
gerous mechanism of injury. The presence of high-
risk factors were 100% sensitive for determining
neurological intervention; this required only 32% of
their total patient population presenting with head
trauma as necessitating head CT. The presence of
medium risk factors were 98% sensitive and 50%
specific for detecting clinically important brain
injury. These factors required 54% of study patients
to undergo head CTs. One major criticism of these
rules is that they require patients with a GCS of < 15
initially to wait 2 hours to see if they reach 15.

Epidural hematoma
Epidural hematomas (EDHs) occur in 1–5%of significant
head injuries.More than 90%of adult patients with EDHs

have associated skull fractures. This is not necessarily true
in the pediatric population, probably because of the elas-
ticity of the developing skull. The epidural space is a
potential space that expands when the dura is stripped
from the calvarium usually secondary to hemorrhage
from a skull fracture that may also tear an underlying
artery or vein; hence EDHs may be arterial or venous.
Most commonly, the skull fracture is of the temporal
bone and the lacerated dura contains the branches of the
middlemeningeal artery. The EDH then forms as a result
of the vessel bleeding into this potential space. This
expanding hemorrhagic mass will extend to the margins
of the cranial sutures where the dura is tightly adherent.
As such, EDHs are typically biconvex, forming a lenticu-
lar mass toward the brain. On CT this appears as a high
attenuation lens-shaped extra-axial collection bound by
the cranial sutures (see Figure 30.1a). Epidural hema-
tomas may cross the midline, unlike subdural collections.

Subdural hematoma
The subdural space is a potential space between the
inner layer of the dura and the arachnoid membrane.

Figure 30.7 Transtentorial herniation and Duret hemorrhage.
Pedestrian struck with cerebral edema as seen by sulcal effacement
and loss of gray-white interface. Inferior frontal lobe contusions
(*) present with compression and elongation of the brainstem
(dotted white oval). Note the Duret hemorrhage within the
brainstem (black arrow). Patient did not survive.

Figure 30.6 Cerebral edema. CT head following motor vehicle crash
with complete effacement of sulci and cisterns with loss of gray-white
matter differentiation. Findings represent diffuse cerebral edema.
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Usually a subdural hematoma (SDH) results from
tearing of the bridging cortical veins following a
sudden deceleration as the brain continues inertial
momentum within the skull. Prognosis of SDH may

be related more to the concurrent cerebral injury
than to the SDH itself, and relates directly to the
promptness of diagnosis and intervention with mor-
tality ranging from 30% to 90%.6 On CT, the SDH

(a) (b)

(c)

Figure 30.8 Skull fracture missed on CT. 8 month old girl with linear
skull fracture (arrows in a and b) after fall from crib; (c) Subsequently
performed CT head failed to identify this fracture, as the fracture lies in
the plane of scan acquisition. Subgaleal hematoma (*) marks the
impact site.
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appears as a high attenuation crescent, concave
toward the brain, along the inner table of the skull
(see Figure 30.2a). Unlike EDHs, SDHs usually have
no associated skull fracture, are often “contrecoup” in
location, and are limited in spread by the dural folds
of the falx and tentorium. Thus, subdural collections

will not cross the midline. The CT findings will change
over time as the hyperdense acute SDH progresses to
an isodense/hypodense subacute SDH after about 3 days
and finally to a hypodense chronic SDH between
3–20 days later, as the hemoglobin is reabsorbed (see
Figure 30.2c).

(a) (b)

(c)

Figure 30.9 Skull base fractures. 58 year old man after fall from ladder
striking metal object and sustaining multiple facial fractures and intracranial
injuries: (a) CT head in bone windows shows fractures of the sphenoid sinus
walls (white arrows), with complete opacification within the sinus raising
suspicion for carotid vascular injury. Depressed left temporal calvarial fracture
(black arrow); (b) Thick slab maximum intensity projection (MIP) CT angiogram
through the head shows extravasation of contrast material from the left
internal carotid through the sphenoid fractures into the sinus (*); (c) 3D CTA
reconstruction shows large pool of extravasating contrast material from
vascular injury (*). Note there are no branching vessels in the left hemisphere
consistent with massive traumatic cerebral ischemia. Patient did not survive
his injuries.
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Subarachnoid hemorrhage
Subarachnoid hemorrhage (SAH) is the most common
type of traumatic intracerebral bleed. Computed tom-
ography findings of traumatic SAH are typically linear
hyperdensities in the subarachnoid space seen between
sulci and layering in cisterns (see Figure 30.3). Post-
traumatic SAH may result from a SDH with a tear in
the arachnoid membrane, an intraparenchymal hema-
toma with leakage into the ventricular system, or most
commonly be secondary to direct injury to the cortical
vessels in the subarachnoid space.

Cerebral contusion
Contusions are intracerebral hematomas with progres-
sive surrounding edema secondary to traumatic injury.
The mechanical forces of the injury are transmitted to
the brain, damaging capillaries and venules. These
injuries occur most commonly at the crests or crowns
of gyri, especially along the inferior frontal lobes and
anterior temporal poles where the brain strikes the
rough adjacent bone of the anterior and middle cranial
fossae (see Figure 30.4). Forces transmitted through the
calvarium to the cortical surface are termed “coup.”
Impact of the cerebrum against the point opposite the
site of contact is termed a “contrecoup” contusion. The
CT appearance is a localized mixture of tissue densities,
including the spectrum from dense blood clots to lower
density cerebral edema.

Diffuse axonal (shear) injury
Diffuse axonal injury (DAI) is a common and devastat-
ing intracerebral injury resulting from acceleration–
deceleration forces. There is often no impact injury,
rather the consequence of sudden rotational forces
with differing behaviors of gray and white matter.
These forces are transmitted through the brain caus-
ing widespread axonal shearing and disruption along
white matter tracts, the major cause of unconscious-
ness and persistent vegetative state. These result in
the triad of microscopic diffuse axonal damage at
gray/white matter interface and deep gray matter,
focal lesions within the corpus callosum, and focal
lesions within the brainstem. Computed tomography
cannot directly demonstrate the presence of DAI, as
such; the latter two findings along with punctate
hemorrhages from vessels in close proximity to
the axon bundles provide the major CT markers for
these injuries (see Figure 30.5a and b).

Cerebral edema and herniation
Mechanisms leading to cerebral edema are hyperemic
swelling and true cerebral edema. Hyperemia is sec-
ondary to the brain’s loss of autoregulation leading to
vasodilatation and engorgement of the brain with
blood. True brain edema from blunt trauma results
from disruption of the blood/brain barrier leading to
interstitial water accumulation. Both types may be
recognized on CT by obliteration of the cerebrospinal
fluid (CSF) spaces of the sulci, loss of the basal cisterns,
and effacement of the lateral ventricles (see Figure
30.6). Hyperemic edema can be distinguished from
true edema by increased CT attenuation, correspond-
ing to the increased blood contained in the brain.

Mass effect from intracranial hemorrhage or edema
may be associated with elevated intracranial pressure
and subsequent displacement of brain parenchyma
leading to herniation. The brain does not respond well
to sudden changes in intracranial volume and pressure
and is often unable to compensate. This leads to devas-
tating neurological compromise including infarction
and death. Subfalcine herniation represents shift of
midline structures under the falx cerebri. On CT, sub-
falcine herniation is seen as midline shift, often with
ventricular effacement on the ipsilateral side of an intra-
cranial hematoma with subsequent entrapment of the
contralateral lateral ventricle (see Figure 30.2b). Trans-
tentorial and tonsillar herniation occur when the cere-
brum pushes down through the tentorium cerebelli and
foramen magnum, respectively. The resulting pressure
on the brainstem causes respiratory and cardiac arrest.
Computed tomography demonstrates obliteration of
basal cisterns and lateral compression of the brainstem.
Duret hemorrhage, small areas of midbrain bleeding,
with blood in the mesencephalon and upper pons may
be seen (see Figure 30.7). The result is usually fatal.

Craniofacial trauma
Facial fractures can be divided into solitary injuries,
complex injuries, or transfacial injuries.

Solitary injuries
Solitary injuries are simple fractures that involve
a single bony wall.

Orbital blow-out fractures
Orbital blowout fractures are among the most common
facial injuries. These fractures result from blunt impact
to the orbit causing an acute rise in intraorbital pressure.
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This rise in pressure is then transmitted to the bony
walls, where the orbital floor and/or medial orbital wall
are fractured. Computed tomography diagnosis of an
orbital floor fracture requires coronal imaging (recon-
structions, not direct coronal acquisition) to properly
characterize the fracture and distinguish causes of dip-
lopia, if present. These causes could include muscle
entrapment by bone, injury to the oculomotor nerve
or direct inferior rectus muscle injury. Indirect signs of
orbital floor fractures include air fluid levels in the
sinuses, free bone fragment within the maxillary sinus,
and orbital emphysema (Figure 30.10).

Zygomatic arch fractures
Zygomatic arch fractures usually result from a
focused blow and may displace inward (Figure 30.11)

or outward. The degree of displacement as seen onCT is
important when determining operative repair. When
inwardly displaced, these fractures are repaired because
of possible impingement of the mandibular coronoid
process, leading to limitation of mandibular range of
motion and to repair cosmetic deformity.

Frontal sinus fractures
Frontal sinus fractures usually result from a direct
high-energy blow to the supraorbital region, and
involve the anterior table with or without posterior
table fracture (Figure 30.12). Displaced posterior
table fractures are important to identify since these
may lacerate the dura with connection between the
frontal sinus and the intracranial compartment.
Complications include meningitis, encephalitis,
brain abscess, and cavernous sinus thrombosis.
Computed tomography is often important to dem-
onstrate posterior table fracture along with potential
underlying brain injury.

Nasal bones
Nasal fractures are among the most common
facial injuries, comprising 50% of facial fractures.
Isolated trauma to the nose may be non-displaced,
displaced or depressed (Figure 30.13). Imaging is
usually to search for associated fracture, but may aid
the surgeon if planning operative fixation. However,
if clinical diagnosis of isolated nasal fracture is made,
CT scan in the ED is not an indicated test.

(a) (b)

Figure 30.10 Orbital floor blow-out fracture: (a) Transverse CT image through the maxillary sinuses in patient status post altercation
shows a free fragment of bone (white arrow) and hemorrhage in the left maxillary sinus; (b) Coronal CT reformation shows a large orbital
floor defect with herniation of orbital fat, bone, and inferior rectus muscle (*) into the left maxillary sinus below.

Figure 30.11 Zygomatic arch fracture. 29 year old following
altercation shows a comminuted and mildly depressed zygomatic
arch fracture (white arrows).
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Complex fractures
Naso-orbital-ethmoid
Anatomically, the naso-orbtial ethmoid (NOE) region
refers to the inter-orbital space, where the nasal bones
meet the medial orbital wall and inferomedial extension

of the frontal bones. Deep to this region lie the cribriform
plate and crista galli. The NOE fractures are always com-
minuted involving two of the four struts. The essence of
these fractures is involvement of the nasal bone and
frontal process of the maxilla anchoring the medial
canthal ligament. The classic clinical finding is freemove-
ment of the frontal process of themaxilla with telecanthus
(abnormally widened distance between the medial canthi
of the eyes). Because the cribriform plate is located just
posteriorly, there is a high incidence of dural tears, intra-
cranial hemorrhage, pneumocephalus and intracranial
infection. Cerebrospinal fluid rhinorrhea may develop
in 40%of these patients. Because of the complex anatomic
relationships in this region, these injuries require open
reduction and internal fixation. A CT scan is used both to
diagnose, define the full extent of the injury, and help plan
operative repair (Figure 30.14).

Zygomaticomaxillary
Zygomaticomaxillary complex (ZMC) fractures were
previously referred to as “tripod fractures.” These injuries

(a)

(b)

Figure 30.12 Frontal sinus fractures:
(a) Fracture isolated to the anterior table
of the frontal sinus. Posterior wall remains
intact; (b) Greater force is required to
fracture both anterior and posterior tables
of the frontal sinus (white arrows). Note
the extensive pneumocephalus as a result
of sinus air reaching the intracranial
contents (*).

Figure 30.13 Nasal bone fractures. Following assault,
comminuted nasal bones are seen displaced to the right, consistent
with impact from right-handed assailant.
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represent a disjunction of the zygoma from its four, not
three, osseous connections making it a free moving piece
of bone. These injuries involve a fracture though the
lateral orbital wall and rim (zygomaticofrontal suture), a
fracture through the anterolateral maxilla (zygomatico-
maxillary suture), a fracture through the orbital floor
(sphenoid suture), and a fracture through the zygomatic
arch (zygomaticotemporal suture). Computed tomog-
raphy clearly details the depression, rotation, and com-
minution of ZMCs fractures (Figure 30.15).

Transfacial
Le Fort
The Le Fort fracture classification system was described
in the pre-CT era to aid limited plain film evaluation
for surgical planning. Three progressive levels of frac-
tures were described (Figure 30.16). The advent of CT,
and particularly MDCT, has demonstrated that such
severe facial trauma usually result in a constellation of
facial fractures that do not neatly fit into the Le Fort
classification system; as such the Le Fort system may be
an oversimplification. The Le Fort classification is best
applied to each half of the facial skeleton separately and
allows for improved communication between phys-
icians describing these complex facial injuries. The
characteristic feature of all Le Fort fractures is the
involvement of the pterygoid plates.

Le Fort I fractures involves a horizontally oriented
fracture line through the inferior portion of the mid-
face extending across the inferior portions of the

maxillary antra, involving all the walls of the maxillae,
as well as the inferior nasal cavity. The fracture con-
tinues posteriorly through the pterygoid plates leading
to a floating palate on clinical examination. As such, Le
Fort I releases the palate and maxillary ridge from
its attachments. Current high resolutionMDCT is able
to give a thorough evaluation of this injury, despite its
in-line nature, through reformatting techniques for
the generation of high-quality coronal, sagittal, and
3D images (Figures 30.17 and 30.18).

Le Fort II is the most commonly encountered
pattern of the Le Fort fractures. This pattern leads to
a pyramidal shape of disconnected facial structures by
including disruption of the orbits and upper nasal
cavity structures. Thus the fracture lines are super-
iorly centered at the nasal bridge and frontonasal
complex and descend into a triangle involving the
medial orbital walls, and orbital floors and continue
inferolaterally to involve the maxillary antra and
pterygoid plates posteriorly. Here the hard palate does
not float but serves as the base of the detached pyr-
amidal midface unit (Figure 30.19).

Le Fort III, also called craniofacial disjunction, is
the most severe of the Le Fort midface fractures. It
involves a complete disruption between the facial
skeleton from the skull base. It differs from the
Le Fort II in its involvement of the lateral orbital walls
and zygomatic arches. Thus, the entire facial skeleton
is separated from the anterior skull base and the
zygomas are separated from the temporal bones on
each side (see Figures 30.18 and 30.19).

(a) (b)

Figure 30.14 Naso-orbital-ethmoid (NOE) fractures: (a) Transverse CT image in a 39-year-old male status post motor vehicle crash shows
fractures of the nasal bones with telescoping and comminution of the blood filled ethmoid air cells (arrows); (b) 3D CT reconstruction of
same patient shows comminuted NOE fractures between the orbits (white arrows) with hallmark fractures through the inferior orbital rims
bilaterally (vertical black arrows). Additional fractures include the right lateral orbital wall (white arrowhead), the frontal sinus (*), and a right
hemi-Le Fort I (dashed line).
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Mandible
Mandibular fractures involve more than one site in the
majority of cases. Fractures are described by anatomic
region: symphyseal, body, angle, ramus, coronoid
process, and condylar or subcondylar. The most fre-
quent fracture site is in the condylar or subcondylar
region. Computed tomography imaging is the modality
of choice for mandibular injury evaluation. High-
resolution transaxial images are used for multiplanar
reformatting and panoramic and 3D reconstructions to
identify and display the extent of injury (Figure 30.20).

Spine trauma
Cervical spine
Introduction
The patient’s mental status and severity of injuries,
and potentially mechanism of injury, may be used to
stratify the patient’s likelihood of having sustained
cervical spine injury. Special consideration maybe
given to trauma patients with extremes of age, a
significant mechanism of injury, signs and symptoms
of spinal injury, a distracting injury with unreliable

(a) (b)

(c)

Figure 30.15 Zygomaticomaxillary complex (ZMC) fractures: (a)
Transverse CT image shows comminuted, depressed, zygomatic arch
fracture (white arrows) nearly impinging upon the coronoid process of
themandible (arrowhead). Fractures of the anterior and lateralwalls of the
maxillary sinus (black arrows) are also part of the fracture pattern; (b)
Coronal reformation shows right orbital floor fractures (short white
arrows) and right lateral orbital wall fracture (black arrow). Lateralmaxillary
wall fracture again identified (black arrowhead); (c) 3D CT Water’s view
reconstruction shows depressed right ZMC fracture (arrowheads) and
proximity to the mandibular coronoid process.
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information regarding the mechanism of their injury,
and unreliable mental status after trauma. These vari-
ables have been studied in depth and published as the
National Emergency X-Radiography Utilization Study
(NEXUS), Canadian, and British (a combination of the
two) rules. Cervical spine rules that stratify patients into
possible or no risk of unstable cervical spine injury.7,8

Until recently anteroposterior (AP), open-mouth
odontoid, and lateral X-ray images of the spine were
the initial imaging modality for trauma patients with
suspected cervical spine injuries. Downsides of this
approach were fair accuracy for some patients, extensive
time to complete radiographs, and the need to reimage
many patients. Plain film sensitivity for cervical spine
fracture has been reported as low as 65%,9 with

specificity in high-risk patients< 75%.10 These numbers
are variable depending on the gold standard and
whether or not minor stable fractures are included.
Computed tomography is rapid and provides excellent
bony detail without the superimposition of overlapping
structures that plagues plain film interpretation. Nunez
et al. first compared screening the entire cervical spine
with helical CT to plain radiographs and found 98%
sensitivity for CT fracture detection using all imaging
studies andmedical records as the gold standard.11 In an
evaluation of over 600 blunt trauma patients with single-
slice helical CT, Hanson et al. reported a 95% sensitivity,
93% specificity, and an overall accuracy of 93%.12 Ptak
et al. screened 676 polytrauma patients for cervical spine
injury and found 98% sensitivity, 100% specificity,
accuracy of 99.9%, and positive and negative predictive
values of 100% and 99.8%, respectively.13

Early studies with single-slice helical CT encoun-
tered difficulty with the diagnosis of undisplaced
transversely oriented fractures, such as the type II
odontoid, as well as purely ligamentous injuries. These
limitations highlight the importance of reviewing the
sagittal and coronal reformations of the cervical spine
in every case before excluding injury. With the add-
ition of high-resolution multiplanar reformations, the
radiologic features indicative of instability or ligament
disruption also apply to CT and include wide inter-
spinous distance, wide facet joints, wide interpedicular
distance, subluxation, and dislocation.14

Consequently, as the technology of CT has evolved to
become a faster andmore accurate tool, it has become the

Figure 30.17 Bilateral Le Fort I fractures. 3D CT reconstruction of
24-year-old after motorcycle crash with bilateral transverse fractures
of the maxillae (arrowheads). Fractures extend through the
pterygoid plates bilaterally (not shown).

Figure 30.16 Le Fort fracture patterns.
3D CT with overlays. Le Fort I fracture
pattern (solid black lines crosses the
maxillae horizontally, extending through
the pterygoid plates posteriorly (white
oval). Le Fort II fracture pattern (dashed
black lines) crosses the nasal bridge and
descends obliquely across the maxillae,
reaching the pterygoid plates posteriorly.
Le Fort III fracture pattern (solid dark red
lines) is horizontal across the nasal bridge
and orbits, also fracturing the zygomatic
arches and pterygoid plates.
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initial imaging modality of choice for the trauma patient
at greater risk of injury.10,15 Since 2006, the American
College of Radiology has advocated screening for cervical
spine injury with high resolution CT imaging with sagit-
tal and coronal reformations rather than with plain
radiographs.16 This must be balanced by the excess cost
and radiation, andwhile there is general agreement about
high-risk patients the recommendation for CT as initial
screening for low risk remains controversial. Improved
fracture pattern classification and differentiation between
stable and unstable fractures is possible with CT.

Fractures
The greatest benefit of CT lies in diagnosing injuries that
are difficult to visualize with plain radiographs: atlanto-
occipital subluxation, occipital condyle fracture, odont-
oid fractures, atlantoaxial rotary subluxation, unilateral
facet dislocation, and pedicolaminar fracture (also
referred to as traumatic isolation of the articular pillar).

The craniocervical junction is anatomically unique
with respect to the remainder of the spine and thus has

fracture patterns that do not follow the classic patterns
seen elsewhere, and the vast majority are unstable.
Atlanto-occipital subluxations appear as prevertebral
soft tissue swelling, increased distance (> 12 mm)
from the skull base inferior tip of the clivus (known
as the basion) to the tip of the odontoid with separ-
ation between occipital condyles and the condylar
fossae of the atlas (Figure 30.21).

Occipital condyle fractures are seen almost exclu-
sively on CT. These fractures are classified into three
types. Type 1 represents an undisplaced fracture iso-
lated to the condyle (Figure 30.22). Type 2 spans from
the occipital bone into the condyle. Type 3 is an
unstable fracture involving avulsion and displacement
of the condyle fracture fragment secondary to the
forces applied by the alar ligaments.

Atlantoaxial rotary subluxation results in asym-
metry of the lateral masses of C1 relative to the articular
pillar of C2, protrusion of the articular mass of C1 into
the spinal canal, exaggeration of the tilt of C1, and
ability to visualize the disarticulated inferior surface of
the lateral mass of C1 on 3DCT imaging (Figure 30.23).

Figure 30.19 Left hemi-Le Fort II and right hemi-Le Fort III fractures.
3D CT reconstruction of construction worker status post fall. Oblique
fracture across the left maxilla and crossing the nasal bridge is
characteristic of a Le Fort II fracture pattern (dashed white line). The
transverse fracture from nasal bridge across the right orbit and
through the right lateral orbital wall is consistent with a Le Fort III
pattern (solid black line). The necessary fractures through the right
zygomatic arch and both pterygoid plates are present, but not shown.

Figure 30.18 Bilateral Le Fort I, II, and III fractures. 3D CT
reconstruction of a 26 year old female pedestrian following a motor
vehicle strike. Transverse fractures across the maxillae (white
arrowheads) represent the bilateral Le Fort I pattern. Pyramidal fracture
across the maxillary walls, inferior orbital rims, and crossing the nasal
bridge (white dotted line) represents the bilateral Le Fort II pattern.
Fractures across both zygomaticofrontal sutures and lateral orbital walls
extendingmedially across the nasal bridge (solid black line), along with
bilateral zygomatic arch fractures (white arrows) represent bilateral Le
Fort III pattern. Bilateral pterygoid plate fractures are not shown.
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(a) (b)

(c) (d)

Figure 30.20 Flail mandible: (a) Transverse CT image at the level of the maxillary sinuses shows fractures of both mandibular condyles
(white arrows), displaced on the right, and undisplaced on the left; (b) Coronal reformation through the anterior face shows a symphyseal
mandibular fracture (white arrows), undisplaced; (c) 3D CT reconstruction of the mandible shows symphyseal fracture and bilateral
condylar fractures (white arrows) representing a flail mandible fracture pattern; (d) Panoramic reconstruction of a different patient with
a flail mandible (black arrows).
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Other fractures at the C1–C2 level include the
Jefferson burst fracture (Figure 30.24), odontoid
fracture (Figure 30.25), hangman fracture (Figure
30.26), and extension teardrop fracture (Figure 30.27).

Fractures fromC3 through C7 are classically strati-
fied by mechanism. Hyperflexion injuries include
the unstable hyperflexion teardrop (Figure 30.28),
bilateral interfacetal dislocation (BID) (Figure 30.29),
anterior subluxation (also referred to as hyperflexion
sprain) (Figure 30.30), and stable simple wedge
compression fracture. Hyperextension mechanisms
are responsible for the unstable hyperextension dis-
location (Figure 30.31) and fused spine fractures
(Figure 30.32). Rotational mechanisms produce the
unilateral interfacetal dislocation (UID) (Figure 30.33)
and pedicolaminar fracture (Figure 30.34).

Computed tomography has limited sensitivity
for soft tissue injury without bony malalignment.
This is particularly a problem in unconscious or
altered patients who are unable to complain about
pain or limited range of motion of the neck. In
such scenarios, MRI of the cervical spine can be
used to exclude such injuries,17 and is recom-
mended by the American College of Radiology if
the patient has not become awake and alert by 48
hours.16

There is evidence, however, to suggest that even in
such cases MDCT may be accurate enough to negate
the need for MRI. Tomycz et al. identified 180 post-
traumatic comatose patients in whom concomitant CT
and MRI were performed.18 Cervical spine MRI

(a) (b)

Figure 30.21 Atlanto-occipital
subluxation: (a) Sagittal CT reformation
of the cervical spine shows increased
distance (> 12 mm) between the basion
and the tip of the dens (black double
arrow); (b) Coronal CT reformation shows
increased distance between the lateral
masses of C1 and C2 (white arrows),
confirming a two level (skull base/C1
and C1/C2) distraction injury.

Figure 30.22 Bilateral occipital condyle fractures. Transverse CT
image at the craniocervical junction shows undisplaced fractures
(arrows) of both occipital condyles (OC). Note the intimate
relationship between the occipital condyles and the C1 ring, and
between the odontoid (O) and C1 anterior arch.
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identified 38 patients with acute traumatic findings not
identified on CT. However, none of these patients had
an unstable injury and no patient required surgery or
developed evidence of delayed instability. They con-
cluded that MRI is unlikely to uncover unstable cer-
vical spine injuries in patients who are obtunded or
comatose when cervical spine CT is normal.

Thoracic and lumbar spine
Plain radiography vs. CT
Anteroposterior and lateral radiographs are still the
initial method of investigating the thoracic and
lumbar spine. However, CT has become an indispens-
able adjunct to plain radiography. Indication for CT

(a) (b)

Figure 30.23 Atlantoaxial rotatory subluxation: (a) Scout view from CT shows AP view of the cervical spine while head is turned to the
left. The right side of the C1/C2 articulation is bare (arrowheads), revealing that this is not simply physiologic rotation; (b) Transverse CT
image at the C1/C2 level shows patient’s head turned to the left. There is marked subluxation at the right C1/C2 articulation, where both
articular surfaces are visible (C1, C2) and translated.

(a) (b)

Figure 30.24 Jefferson fracture: (a) Transverse CT image of C1 ring shows three fractures with displacement; (b) Coronal CT reformation
shows lateral displacement of the C1 articular masses (arrows). The lateral corners of C1 should line up exactly with the lateral margins of C2.
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includes the presence or suspicion of vertebral frac-
ture on X-ray or a discrepancy between neurological
physical findings and radiographic findings.

Neurologic deficits occur in over 40% of thoracolum-
bar injuries.19 One approach with patients demon-
strating physical exam or neurological findings

(a) (b)

(c) (d)

Figure 30.25 Odontoid fractures: (a, b) Sagittal and coronal CT reformations show Type II fractures through the base of odontoid (arrows);
(c, d) Sagittal and coronal reformations show Type III fractures which extend into the C2 vertebral body (arrowheads).
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Figure 30.26 Hangman fracture. Transaxial CT image through C2
shows bilateral fractures through the pars interarticularis.

Figure 30.27 Extension teardrop fracture. Sagittal CT shows vertical
fracture through the C2 body involving only the anterior column, hence a
stable injury. Note the vertical height of the fracture is greater than its
transverse dimension, typical of the extension teardrop.

(a) (b)

Figure 30.28 Hyperflexion teardrop fracture: (a) Mid-sagittal plane CT reformation of the cervical spine shows the small anterior inferior corner
fracture of C5 (arrow), representing the teardrop fragment. The larger C5 fragment is retropulsed into the spinal canal, typically causing ananterior cord
syndrome; (b) Transverse CT image through C5 vertebral body shows hallmarkmid-sagittal fracture (arrowhead). Associated fractures through the left
lamina and both vertebral artery foramina are present. The latter place the vertebral arteries at risk of injury and could be screened with CTA.
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suggesting thoracolumbar injury, is to undergo CT
imaging directly without initial plain film evaluation.

Advantages of CT are the ability to rapidly obtain
optimal transaxial assessment of vertebral injuries
which are then reconstructed to provide high quality
sagittal and coronal views. This gives more accurate
assessment of bony and soft tissue injury as well as
relaying information regarding the stability of injury
without requiring the movement of the patient. In
patients with exam findings indicating neurological
injury or potential ligamentous laxity, MRI may be
indicated. Magnetic resonance imaging can evaluate
spinal cord injury, ligamentous disruption, EDH, and
traumatic intervertebral disk herniation.

Fracture patterns
Fractures of the thoracolumbar spine have been clas-
sified as either major of minor. Minor injuries include
isolated fractures of the transverse process or spinous
process. These are fractures that do not violate the
bony ring that surrounds the spinal cord. Major
injuries have been classified into the anterior com-
pression fracture, the burst fracture, the flexion–dis-
traction injury, and fracture–dislocations.

(a) (b)

Figure 30.29 Bilateral interfacetal dislocation (BID): (a) Mid-sagittal CT reformation shows anterior translation of C6 on C7 of approximately
50% and interspinous widening (double arrow); (b) Parasagittal reformation illustrates the jumped facets.

Figure 30.30 Anterior subluxation. Sagittal CT reformation shows
widening of C5/6 interspinous distance (double headed arrow) and
anterior translation of C5 on C6 (arrowhead). These features are
consistent with a hyperflexion mechanism of injury.
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(a) (b)

Figure 30.32 Fused spine
hyperextension fracture. Mid-sagittal:
(a) and parasagittal; (b) CT reformations
show a fused cervical spine with bony
bridging. Hyperextension has caused
fracture at C7 (arrowheads).

(a) (b) (c)

Figure 30.31 Hyperextension dislocation: (a) Crosstable lateral cervical spine radiograph reveals slight anterior disc space widening at
C3/4 (arrowhead). This is the only clue to this highly unstable injury; (b) Mid-sagittal CT reformation is just as subtle as the radiograph with
slight C3/4 widening anteriorly (arrowhead). Due to neurological deficit (central cord syndrome), MRI was performed; (c) Sagittal MRI T2
weighted sequence reveals an unstable injury with disruption of the anterior longitudinal ligament (arrowhead), posterior disc herniation
(short arrow), buckling of the ligamentum flavum (long arrow) and high signal edema in the pinched spinal cord.
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Anterior compression (stable): The most common
type of thoracolumbar fracture is the simple compres-
sion fracture. This results from hyperflexion, frequently
from a motor vehicle collision, and accounts for 48% of
thoracolumbar fractures. Eighty percent of these frac-
tures heal without intervention.20 The decision to do a
CT of the lumbar spine should bemadewhen symptoms
alert the clinician to the potential for serious or unstable
injury that has not been visualized on plain X-ray. Such
symptoms include acute onset of thoracic back pain
accompanied by weakness, autonomic dysfunction, sig-
nificant reflex abnormality, bladder/bowel symptoms,
ataxia, spasticity, or sensory loss. Computed tomog-
raphy images reveal impaction of the anterior superior
aspect of the vertebral body, typically with a rim of
surrounding hematoma (Figure 30.35). It is imperative
to closely review the CT scan for signs of a posterior
vertebral body fracture that would reclassify a stable
compression injury as an unstable burst fracture.

Burst fractures (generally considered unstable)
account for 14% of spinal injuries.21 They most com-
monly involve the thoracolumbar junction and

typically result from an axial-loading mechanism, such
as a fall from height. Fragments of the posterior aspect
of the vertebral body may cause posterior buck-
ling or may show retropulsion into the spinal canal
(Figure 30.36). Neurological deficits are seen in half of
the cases.22 Computed tomography is particularly
helpful in the evaluation of the fragments that may
lie in the spinal canal. However, because the spinal
canal is widest at the lumbar spine, CT findings may
appear worse than the neurologic deficits.

Flexion–distraction injuries (unstable): Best known is
the Chance Type Burst fracture shown in Figure 30.37.23

Fracture dislocations (unstable) represent 16% of
all spinal fractures.24 Combinations of compression,
tension, rotation, and shear forces lead to this type of
devastating injury. Often there is displacement or sub-
luxation of one vertebral body with respect to another
(Figure 30.38a). Most of these injuries are secondary to
direct force to the dorsal aspect of the spine. Computed
tomography is optimal in evaluation of vertebral body
displacement, spinal canal involvement, and facet
injury. Sagittal reformations allow assessment of the

(a) (b)

Figure 30.33 Unilateral interfacetal dislocation (UID): (a) Transverse CT image shows vertebral body translation (arrow) and reversal of
left sided facets (the “reverse hamburger bun” sign; arrowhead); (b) Mid-sagittal CT image shows anterior translation of C4 on C5 by
approximately 25% (less than the 50% expected for BID), and focal kyphosis.
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degree of vertebral body displacement and canal com-
promise (Figure 30.38b and c).

Chest and major vessels
Introduction: blunt vs. penetrating
Multidetector CT is the test of choice for screening high-
risk patients with thoracic trauma.While the chest radio-
graph is often the initial study performed, it suffers from
limitations including portable technique, magnification
artifact, and overlapping lines and backboard. Computed
tomography overcomes these limitations with improved
sensitivity, specificity, and accuracy.

About 4–7% of admissions to major trauma centers
are due to penetrating thoracic injuries.25 Multidetec-
tor CT is playing an increasingly important role in the
early assessment of penetrating trauma. Visualization
of the bullet or stab trajectory may be useful to direct
further angiographic or surgical evaluation and

treatment. The bullet course is more easily identified
because of a greater cavity often lined with bone and
metal fragments or air (Figure 30.39). However, even
low-energy knife tracks can be identified as a hemor-
rhagic cavitation especially if the wound entry site is
known so optimal MDCT windows can be used.

Transmediastinal gunshot wounds have a prehos-
pital mortality of up to 86–92%.25 Up to 60% of those
who arrive alive to the ED are stable for imaging.
Multidetector CT is optimal for visualization of
wounds that penetrate the great vessels, pericardium,
thoracic esophagus, trachea, or spine. This is because
of the ability of theMDCT to give 3D information about
areas in question (volumetric data) at peak contrast
enhancement while minimizing motion artifact. It is
optimal for screening before traditional angiography,
bronchoscopy, or barium swallow is initiated. Such
traditional workups may be unnecessary if the MDCT
demonstrates that the wound track does not traverse the

(a) (b)

Figure 30.34 Pedicolaminar fracture: (a) Transverse CT image shows fractures through the left pedicle and lamina (arrows); (b) Parasagittal
CT reformation shows fracture (arrow) and slight facet joint widening (arrowhead).
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mediastinum. However, any question of mediastinal
violation must be pursued since occult injuries to medi-
astinal structures are associated with high mortality.26

As such, patients with transmediastinal gunshot
wounds who are hemodynamically stable may benefit
from MDCT to exclude a mediastinal injury. If the CT
cannot rule out the course of bullet though the medias-
tinum, further evaluation is necessary.

Patients suffering from blunt thoracic trauma
with a high-energy mechanism may benefit from
direct evaluation of mediastinal, pulmonary, and
pleural injuries using a contrast-enhanced CT scan.
In general, patients with obvious injuries or multiple
trauma benefit the most. Computed tomography for
mechanism alone is less useful and should be bal-
anced with suspicion of injury and other findings.

Aorta
Chest radiography remains the initial screening study
for assessment of traumatic aortic injury (TAI).

Abnormal mediastinal contour is a sensitive marker,
but not specific and may be normal in around 7% of
patients with significant injury. This may happen when
a traumatic pseudoaneurysm is not accompanied by
mediastinal hemorrhage, and the pseudoaneurysm is
either small or is situated in such a way that it does
not alter the mediastinal contour.27 Technological
advancements in CT scanning and the development of
MDCT have enabled rapid high quality images of the
aorta, allowing it to replace aortography as the initial
test of choice, Use of single-slice CT to detect blunt
aortic trauma has been reported to have a sensitivity
of 96% and specificity of 98%.28 Data from multidetec-
tor scanners improves diagnostic confidence by redu-
cing artifact from cardiac motion and aortic pulsations.

Twenty percent of patients that survive to the ED
with deceleration injuries to the aorta suffer from partial
tears to the intima or media.29 If the adventitia remains
intact, arterial blood pressure and/or pressure from the
vasovasorum may force blood between the layers and

(a) (b)

Figure 30.35 Compression fracture: (a) Transverse CT image shows subtle fractures across the anterior L2 vertebral body (arrowheads);
(b) Mid-sagittal CT image of the lumbar spine demonstrates the L2 compression fracture (arrow). Note that the posterior cortex is intact,
unlike the L1 burst fracture (black arrowheads).
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form a pseudoaneurysm. Computed tomography find-
ings include a saccular outpouching demarcated from
the aortic lumen, typically in the anterior aspect of the
proximal descending aorta (Figure 30.40). Complica-
tions of these aortic pseudoaneurysms serve as secondary
signs of TAI on CT. These include luminal compression
by the dissected intimal or medial layers. This may
decrease downstream blood flow, resulting in aortic
pseudocoarctation (Figure 30.41). Another sign of TAI
on CT is the presence of an intimal flap projecting into
the aortic lumen (Figure 30.40). Visualization of this flap
is possible in low-contrast windows, since high-density
vascular contrast can obscure the low-attenuation inti-
mal flaps.30 There may be visible thrombus formation at
the site of the pseudoaneurysm. The suspicion for TAI
may also be heightened by findings on CT of a periaortic
hemorrhage, usually presenting as a mediastinal hema-
toma adjacent to the aortic arch. This hemorrhage most
likely arises from small veins around the aorta, since
direct hemorrhage from the aorta often leads to exsan-
guination of the patient. When large enough, this

hematoma, may lead to rightward displacement of the
trachea and esophagus. This hematoma, however, is not
diagnostic of an aortic rupture, but is often found in
conjunction with one. Rarely, the hematoma may arise
from the injured aorta itself and present with active
extravasation, a sign that is diagnostic of rupture and
carries a very high mortality (Figure 30.42). Multidetec-
tor CT can also impact TAI management. It is able to
provide the multiplanar reformats, volume rendering,
and information about the surface contour of the aorta.
This detailed information about the anatomy of the
injury will help to determine whether the patient will
benefit most from a thoracotomy, stent-graft placement,
or observation with blood pressure control.31

Complete aortic rupture is a rare finding as most
of these patients die in the prehospital setting. Com-
puted tomography findings associated with aortic
rupture include a sleeve of subadventitial contrast
medium with a ruptured isthmus. Indirect signs
include hemomediastinum with hemorrhage sur-
rounding the aorta and hemothorax.32

(a) (b)

Figure 30.36 Burst fracture: Transverse (a) and mid-sagittal; (b) CT images of L3 demonstrate comminution of the vertebral body with
retropulsion of the posterior cortex into the canal (arrowhead). The dashed line in (a) represents the normal arc of the posterior cortex. The
burst fracture involves both the anterior and middle columns and may disrupt the facet joints or the lamina of the posterior column.
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Traumatic aortic dissection is an uncommon find-
ing in the setting of blunt thoracic trauma. Only 11%
of traumatic aortic tears are reported to result in
aortic dissection.33 The hallmark CT sign of traumatic
aortic rupture involves the identification of the inti-
mal flap, separating the true lumen and false lumen
(Figure 30.43). Accuracy of CT in identifying aortic
dissection approaches 100%.34

With penetrating trauma, the role of CT is more
to determine whether the mediastinum is involved.
Following the course of the projectile helps to deter-
mine if this is true. The most consistent, though
indirect, sign of aortic involvement is perivascular
hemorrhage. However, there may be direct signs of
injury, such as, irregular vascular contours, luminal
narrowing or irregularity, pseudoaneurysms, dissec-
tion, and active bleeding.31

Pericardium and heart
Pneumopericardium
Pneumopericardium may result from prolonged
positive pressure ventilation, traumatic disruption of
the trachea, or tension pneumothorax. Computed
tomography can demonstrate pneumopericardium,
distinguish it from pneumomediastinum, and show
evidence suggestive of tamponade or “tension” pneu-
mopericardium (Figure 30.44). Elevated intrapericar-
dial pressure leads to cardiac tamponade manifest by
flattened right heart, and distension of the inferior
vena cava (IVC), hepatic, and renal veins.

Hemopericardium
Hemopericardium typically results from blunt crush
injuries or penetrating injuries to the heart. Sonographic

(a) (b)

Figure 30.37 Chance-type fracture: (a) Transverse CT image depicts the “dissolving pedicle” sign (arrowheads). The lucency through the
pedicles represents the loss of bone in the horizontal fracture plane. (b) Mid-sagittal CT demonstrates the horizontal fracture through
the pedicle (arrow). Compression deformity of the vertebral body supports the flexion mechanism. This fracture involves the posterior
and middle columns, and may propagate into the anterior column; hence it is unstable.
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(a) (b) (c)

Figure 30.38 Fracture dislocation: (a) Transverse CT image shows vertebral bodies from T9 and T10 (arrowheads) at the same level;
(b, c) Mid-sagittal and para-sagittal CT reformations, respectively, reveal jumped facets (arrow) indicating dislocation. There is anterior
translation of T11 on T12 with multiple fracture fragments characteristic of this highly unstable injury.

Figure 30.39 Transthoracic gunshot wound (GSW). Transverse
CT image at the level of the aortic root shows the path a bullet
(between arrowheads) made of hemorrhage and air just anterior to
the heart and origin of the great vessels.

Figure 30.40 Traumatic aortic injury – pseudoaneurysm.
Transverse contrast enhanced CT image shows classic aortic
pseudoaneurysm (arrowhead) at the proximal descending aorta.
This is the location of the ligamentum arteriosum, on CT found just
beyond the carina, at the level of the left main pulmonary artery.
Note the presence of intimal flaps (arrows).
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bedside evaluation of the heart permits rapid detection
of pericardial fluid. The presence of hemopericardium
should generally necessitate operative intervention
bypassing CT altogether. Computed tomography is also
very sensitive for diagnosing intrapericardial fluid.
Hemorrhage is indicated when the fluid is of high
attenuation around 40 Hounsfield units (HU) in the
acute setting (Figure 30.45). Cardiac tamponade is indi-
cated on CT as with tension pneumopericardium by
distension of the IVC, hepatic, and renal veins.

Pneumomediastinum
Pneumomediastinum may represent disruption of the
tracheobronchial tree or esophagus. The most common
source of pneumomediastinum is air from ruptured
alveoli entering the pulmonary interstitium and dissec-
ting centrally around the airway into the mediastinum.
Computed tomography is more sensitive than radiog-
raphy for the presence of mediastinal air. Pneumome-
diastinum may appear as retrosternal lucency with
streaks of mediastinal fat (Figure 30.46).

Esophageal rupture
Esophageal rupture occurs in< 1%of patients with blunt
trauma. Though not well studied, CT is probably a

sensitive mode of imaging because of the ability to detect
small quantities of air adjacent to the torn esophagus as
well as peri-esophageal hematomas. The gold standard
remains an esophagram with water-soluble contrast
material.

Tracheobronchial rupture
Tracheaobronchial rupture is an uncommon injury
with a 78% early mortality. Sixty to eighty percent
occur within 2.5 cm of the carina,35 with a right-
sided predominance.36 Computed tomography
is more sensitive than chest radiograph in provi-
ding precise early diagnosis. Diagnostic CT signs
include visualization of discontinuity of the airway
(Figure 30.47), deformity of the tracheal rings, con-
tinuity of intraluminar and extraluminar air, and
abnormal positioning or abnormal shape of the
endotracheal tube balloon.

Chest wall
Rib fractures and flail chest
Injuries to the ribs, clavicle, and scapula should alert
the physician of potentially more significant injuries.
In children the more compliant chest wall may allow

(a) (b)

Figure 30.41 Traumatic aortic injury – pseudocoarctation: (a) Proximal and (b) distal transverse contrast enhanced CT images of the
mediastinum show a relative larger diameter proximal descending thoracic aorta (a) compared to a much smaller diameter (b) distally (double
headed dotted arrows). Note the extensive mediastinal hematoma (*) and bilateral hemothoraces.
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transmission of force and injury without imparting
fractures. Rib fractures are the most common skeletal
injuries in blunt trauma, occurring in up to 50% of
patients.37 Upper-rib fractures (first through third)
are associated with high-velocity traumas and may
be associated with injury to the brachial plexus and
subclavian vessels. Lower rib fractures (8th through
11th) may be clues to potential intra-abdominal injur-
ies, most often of the liver and spleen. Holmes et al.
found that in 301 patients with isolated left lower rib
injury, 3% had splenic injuries.38 Two fractures in

three or more adjacent ribs may lead to a focal area
of chest wall instability referred to as a flail chest
(Figure 30.48). This is seen in 5–13% of patients with
chest wall trauma.39

Sternum
Fractures of the sternum occur in 3–8% of significant
blunt chest trauma patients.40 Sternal fractures typically
occur in the manubrium or body. Routine portable AP
chest radiographs miss the majority of sternal fractures,
though more are picked up on true lateral. Although

(a) (b)

(c)

Figure 30.42 Traumatic aortic injury – multiple signs: (a)
Transverse contrast enhanced CT image shows an abnormal contour
to the proximal descending thoracic aorta (dotted circle) with focus
of active arterial extravasation (white arrowhead) into the
mediastinum; (b, c) CT image distal to A and oblique sagittal
reformation, respectively, show intraluminal thrombus (black
arrowhead) at the distal margin of an aortic pseudoaneurysm
(arrows).
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(a) (b)

Figure 30.43 Traumatic aortic dissection: (a) Transverse contrast enhanced CT image shows an aortic intimal flap (arrow) in a patient
following a gunshot wound. Note the liver laceration (between white arrowheads); (b) Angiographic image shows dual aortic lumen separated
by intimal flap (black arrowheads) consistent with dissection.

Figure 30.44 Tension pneumopericardium. Transverse contrast
enhanced CT image shows bilateral pneumothoraces with lung
contusions and consolidation. Air within the pericardial space (*)
flattens the underlying right ventricle, suggestive of “tension”
pneumopericardium.

Figure 30.45 Hemopericardium. Transverse contrast enhanced
CT image in a patient stabbed into the left ventricle shows high
density pericardial fluid, consistent with blood (*).
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usually performed for other indications, routine CT can
detect most sternal fractures, with the exception of non-
displaced axial fractures. Axial fractures are best detected
using multiplanar reconstructed images in the sagittal

and coronal planes (Figure 30.49). Computed tomog-
raphy can also detect secondary signs of sternal fracture
such as retrosternal hematomas (Figure 30.50), and coex-
isting mediastinal injury or thoracic spine fracture.

Sternoclavicular dislocation
Sternoclavicular dislocations are most often anterior,
i.e., the clavicle is displaced anterior to the sternum.
These dislocations are often benign but may indicate

Figure 30.46 Pneumomediastinum. Transverse CT image shows
abnormal air within the superior mediastinum surrounding the great
vessels (white arrowheads). Subcutaneous air is present deep to the
left pectoralis muscle (black arrow).

Figure 30.47 Tracheal injury. Transverse CT image in lung
windows shows endotracheal tube (E) and its surrounding inflated
balloon bridging a right posterolateral tracheal defect (arrowhead)
caused by a gunshot wound. Note right hemopneumothorax (*).

Figure 30.48 Flail chest. 3D reconstruction demonstrates two
fractures in each of the right 2nd through 5th ribs (arrows)
consistent with a flail chest.

Figure 30.49 Sternal fracture. Sagittal contrast enhanced CT chest
reformation shows a displaced sternal fracture (white arrow). Note
the concomitant aortic injury seen as focal thrombus on an
underlying intimal tear (black arrowhead).
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a significant mechanism of injury. Up to two thirds
have other chest injuries such as pneumothorax,
hemothorax, pulmonary contusions, and rib frac-
tures.41 When the proximal clavicle is posteriorly
dislocated relative to the manubrium, there is a higher
incidence of injury to the great vessels, trachea, super-
ior mediastinal nerves, and esophagus. These injuries
are most efficiently diagnosed using contrast-
enhanced MDCT of the chest.

Lung
Pulmonary laceration
Pulmonary laceration may result from shearing of
the lung secondary to compression of the chest wall
or direct puncture by fractured ribs. Computed tom-
ography is superior to plain radiography in detection
of pulmonary lacerations.42 Initial plain radiographic
assessment of pulmonary laceration may be obscured
by surrounding contusion and may not become evi-
dent for days.43 On CT, lacerations appear ovoid or
round secondary to the elastic recoil of the lung tissue.
They may be lucent (air filled), opacified (blood filled),
or, most commonly, present with an air–blood level
(Figure 30.51). Likewise, complications of pulmonary
lacerations are best evaluated by CT. These include
abscess formation, enlargement of the laceration, and
formation of bronchopulmonary fistulae.

Pneumothorax
Pneumothorax is an air collection in the pleural space
either from a leak in the proximal or distal airway or
from penetrating trauma. Computed tomography is
much more sensitive in detecting pneumothorax than
chest radiograph; up to 50% of pneumothoraces seen
on CT are not evident on chest X-ray.42,44 Air in the
pleural space will vary in appearance depending on
patient position and size of the pneumothorax. In the
supine patient large amounts of air may collect in the
ventral pleural space making it undetectable on plain
chest radiograph (Figure 30.52).

Hemothorax and effusion
Pleural fluid after trauma is usually due to hemor-
rhage and appears in up to 50% of patients following
thoracic trauma.45 Hemothorax may remain unde-
tectable on an upright chest radiograph until at least
200 cc have collected in the pleural space. Computed
tomography is highly sensitive in detecting even a
small hemothorax. In addition, the use of the Houns-
field unit for measurement of fluid density may help
to identify the origin of the fluid (Table 30.2). In the
multitrauma patient other sources of fluid should be
considered including chylothorax, bilothorax, and
urothorax. Likewise, once determined that the effu-
sion is blood, CT may identify secondary signs to
identify the source of bleeding. Blood from venous
origin is low pressure and self-limited while blood
from arterial trauma may exert a mass effect. Add-
itionally, CT may identify active bleeding usually as a

Figure 30.50 Sternal fracture. Transverse contrast enhanced CT
image shows oblique sternal fracture (arrow) and retrosternal
hematoma (*).

Figure 30.51 Pulmonary laceration. Transverse CT image shows
large air and blood filled cavity at the left lung base consistent with a
pulmonary laceration (*) with surrounding lung contusion. Small
right hemopneumothorax is also present.
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focus of high density (within 10 HU of the nearest
artery) (Figure 30.53).43

Pulmonary contusion
Pulmonary contusion is the most common non-
penetrating lung injury in blunt trauma,46 and carries
a mortality of 10–25%.47 Injury to the alveoli allows
leakage of blood resulting in radiologic “ground glass”
opacification and areas of consolidation indicating
pulmonary contusion (Figure 30.54). These radio-
graphic findings may be delayed for up to 6 hours.
Unlike other airspace diseases, pulmonary contusions
have non-segmental distributions that cross pulmon-
ary fissures. They tend to occur adjacent to solid
structures such as ribs, sternum, or vertebral bodies
and reflect the site of blunt trauma. However, fracture
of these adjacent structures is often absent, especially

in children. Clearing of contusions begins 48–72
hours after injury but complete resolution may take
as long as 2 weeks. Failure to resolve reflects possible
superimposition of another process such as pneumonia,
aspiration, atelectasis, or acute respiratory distress
syndrome (ARDS). Computed tomography is much
more sensitive than chest radiographs in detecting
and quantifying pulmonary contusions. A study using
anesthetized canines with autopsy as the gold stand-
ard showed that chest radiographs detected 38% of
pulmonary contusions, while CT demonstrated
100%.48 Beyond detection, CT is a powerful tool in
quantifying pulmonary contusions, which may be a
prognostic aid. Miller et al. performed volume recon-
structions of chest CTs in 49 patients with isolated
chest contusions.49 They found that contusion
volume was an independent predictor of morbidity
and mortality. Patients with > 20% contusion volume
developed ARDS 82% of the time, compared with
22% in those with < 20% contusion.49

Diaphragm injury
Diaphragm injury may result from blunt or penetrating
trauma. Blunt diaphragm rupture (BDR) occurs in only
0.16–5.0% of blunt trauma, of these over 90% are due to
motor vehicle collisions.50 Left hemidiaphragm is report-
edly injured 40% more often than the right. This is not
true in pediatrics where left- and right-sided injuries
manifest at equal rates.51 On the left, diaphragmatic

(a) (b)

Figure 30.52 Pneumothorax: (a) Supine portable AP chest in the trauma bay shows left sided rib fractures (arrows). No discernable
pneumothorax is evident; (b) Transverse CT image reveals moderate left pneumothorax (*).

Table 30.2 Hounsfield units (HU)

Tissue/substances HU

Air �1000

Fat �120

Water 0

Blood 35–55

Muscle þ40

Contrast þ130
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(a) (b)

Figure 30.54 Pulmonary contusion: (a) transverse CT image and (b) parasagittal reformation show ill-defined ground glass densities and
areas of consolidation representing alveolar hemorrhage.

(a) (b)

Figure 30.53 Actively bleeding hemothorax: (a) initial and (b) delayed phase CT images of the right lower thorax/upper abdomen show a
hyperdense pleural collection. Contrast blush in (a) (arrow) increases on delayed imaging, (b) consistent with active arterial extravasation
from an injured intercostal artery.
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rupture leads to herniation of abdominal viscera into the
pleural space while on the right, this is typically blocked
by the liver. Diagnosis by imaging of the diaphragm is
challenging, initial chest radiographs may be normal in
up to 50% of cases. Up to 7.2% of diaphragmatic injuries
that aremissed initially result in delayed complications.52

Studies of helical CT reveal sensitivities for detection of
BDR ranging from 71% to 100%.53 The advent ofMDCT
has improved this by improving multiplanar reformat-
ting. To further increase sensitivity of CT for diaphrag-
matic injury, high-resolution thin-slice acquisition with
sagittal and coronal reformations are recommended.
Computed tomography signs of diaphragm injury,
explained below, include direct visualization of the
injury, segmental diaphragm non-visualization,
intrathoracic herniation of viscera, the collar sign, the
dependent viscera sign, diaphragm thickening, and peri-
diaphragmatic active contrast extravasation.54 With
direct visualization of diaphragmatic injury, images
demonstrate the free edge of the defect, which may
appear thickened due to muscle retraction or hemor-
rhage (Figure 30.55). This is in contrast to segmental
non-visualization whereby a portion of the diaphragm is
absent. Segmental non-visualization must be used with
caution if other signs are not present as itmay appear as a
normal variant in some individuals. Visualization of
herniated abdominal contents within the chest has a
sensitivity of up to 90% when limited to the left,55 where
typically the stomach and colon herniated (Figure 30.56).
Injuries that decrease intrathoracic pressure (such as a
large hemothorax or positive pressure ventilation) may

prevent intrathoracic herniation. The collar sign, or the
image created by the free edges of the ruptured dia-
phragm as it constricts the organ herniating through it,
carries a sensitivity of up to 85% and a specificity of up
to 100% (Figure 30.57).55 The dependent viscera sign is

(a) (b)

Figure 30.55 Blunt diaphragm injury: (a) Coronal contrast enhanced CT image shows left hemidiaphragm rupture with intrathoracic stomach
(S) and adjacent omental fat. The free edge of the diaphragm is seen (arrowhead); (b) Coronal CT reformation shows a right hemidiaphragm rupture
with herniation of liver and hepatic flexure into the chest. The diaphragm defect and retraction of the free edge is seen (arrow).

Figure 30.56 Blunt diaphragm injury. Coronal CT reformation
shows left hemidiaphragm rupture with herniation of stomach (S)
into the left chest.
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seen in the supine patient whose upper abdominal con-
tents are in abnormal contact with the posterior chest
wall secondary to a torn diaphragm (Figures 30.57 and
30.58). Of note, this sign may be hindered by the

presence of a large pleural effusion or hemothorax.
An abnormally thickened diaphragm may signify the
presence of an intramuscular hematoma, edema, or
muscle retraction. A major limitation of this sign
is that hemorrhage of structures adjacent to the
diaphragm may mimic intradiaphragmatic hemor-
rhage. Likewise, the final sign of diaphragmatic
injury, active contrast extravasation should not be
used as a sole indicator of diaphragmatic injury as
active hemorrhage from adjacent sites may mimic
diaphragmatic injury.

The accuracy of CT in diagnosis of penetrating
diaphragm injury (PDI) is not well defined. Though
CT signs of BDR may be applied to PDI, they are less
helpful because of the relatively smaller size of the
defect. In addition to the CT signs for BDR, visualiza-
tion of the wound tract may help in diagnosing
PDI. A wound tract that extends along both sides of
the diaphragm has a sensitivity of 36% and specificity
of 100% without demonstrating the actual defect
(Figure 30.59).

(a) (b)

Figure 30.58 Blunt diaphragm injury: (a) Coronal and (b) sagittal CT reformations show large right hemidiaphragm rupture with herniation of
liver into the right chest cavity. Sagittal images best demonstrate the dependent viscera sign with upper liver lying upon the posterior ribs
(arrow), no longer subtended by the diaphragm.

Figure 30.57 Blunt diaphragm injury. Contrast enhanced
transverse CT image shows constriction of the stomach, or collar
sign, (between arrows) as it crosses the left hemidiaphragm defect.
Note that the fundus of the stomach lies dependently on the
posterior lower ribs (the dependent viscera sign; arrowheads).
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Abdomen
Introduction
In the trauma patient with multisystem injury or
altered mental status, physical examination is not a
sensitive diagnostic modality to evaluate for or
exclude serious intra-abdominal injury. Clinical find-
ings are unreliable in up to 50% of patients with
traumatic intra-abdominal injury and unreliable up
to 85% of the time if the patient has sustained head
trauma or has an altered mental status.56

Patients that have sustained penetrating abdominal
injury and remain hemodynamically stablemay undergo
CT to evaluate both the intraperitoneal and retroperito-
neal cavities as well as to evaluate the wound tract.57

Imaging options
Focused abdominal sonography for trauma
Of the imaging modalities available, ultrasound and
CT are the modalities most commonly used to evalu-
ate intra-abdominal injuries sustained by the trauma
patient. Focused abdominal sonography in trauma
(FAST) gives immediate information regarding free
intraperitoneal fluid. It is mostly useful for the
unstable patient. The stable patient, with or without
free fluid, can be further imaged by CT.

Computed tomography
Computed tomography offers a thorough evaluation
of the entire abdomen including information about
the retroperitoneum, injury to the solid and hollow
viscera, and detection of active bleeding via extrava-
sation of IV contrast.58,59

The retroperitoneum may be the site of occult
blood loss. Retroperitoneal hematomas most often
result from blunt trauma; most commonly caused
by renal and pelvic injury. Because of the ability and
high accuracy of MDCT to rapidly evaluate the intra-
peritoneal and retroperitoneal spaces, as well as the
skeletal system, it is the ideal screening tool for the
hemodynamically stable patient.

Vascular injury
Abdominal aorta and branches
Penetrating trauma to the abdominal aorta is rare and
often lethal secondary to exsanguination of the patient.60

These patients are rarely stable for CT unless the bleeding
is contained. Prognosis of the patient that has sustained
penetrating trauma to the abdominal aorta is better if the
injury is below the renal arteries (Figure 30.60).

Vena cava and branches
In the setting of blunt abdominal trauma, IVC injury
is relatively uncommon. Signs of caval injury include
retroperitoneal hematoma surrounding the IVC,

Figure 30.60 Abdominal aortic active bleeding. Transverse
contrast enhanced CT image through the midabdomen in a patient
stabbed through the aorta shows a small caliber aorta (arrow) with
active contrast extravasation anteriorly surrounded by massive
retroperitoneal hematoma. Note the flattened IVC (arrowhead).

Figure 30.59 Penetrating diaphragm injury. Transverse contrast
enhanced CT image in patient following gunshot wound shows gas and
hemorrhage above (*) and below (arrowheads) the injured left
hemidiaphragm.
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irregular vessel contour, and contrast extravasation
(Figure 30.61).61 Retrohepatic IVC injury is associ-
ated with a 50% mortality.62 Signs of retrohepatic IVC
injury on CT include liver laceration extending into

the porta hepatis and retrohepatic IVC and irregular
contour of the retrohepatic IVC.

Solid organ injury
Liver
The role of CT in evaluation of blunt hepatic injury is
threefold: establish diagnosis, guide management, and
monitor injury progression.

Traumatic liver injury presents as capsular disrup-
tion, intraparenchymal laceration (Figure 30.62), frac-
ture, or subcapsular or intraparenchymal hematoma.

In the past, CT was used to dictate the need for early
surgical intervention in hemodynamically stable patients.
Likewise, hepatic injury grading systems have beenmade
on CT findings to guide surgical vs. non-operative man-
agement of the injury. There is now a general consensus
that the majority of hemodynamically stable patients
with blunt liver trauma can be successfully managed
without surgery regardless of the grade (severity) of the
injury.63 Even the presence of significant hemoperito-
neum (considered an indicator of severe liver injury)
has not been shown to correlate to the success or failure
of non-surgical management. Computed tomography
does play a more active role in the evaluation of
the hemodynamically stable patient when there is
pooling,64 or active extravasation of contrast (Figure
30.62). In this case, the decision to take the patient to

(a) (b)

Figure 30.62 Hepatic lacerations with active bleeding: (a) Transverse and (b) coronal contrast enhanced CT images shows multiple irregular
low density hepatic lacerations with focus of active contrast extravasation (arrows). Note widening of the right sacroiliac joint (arrowhead).

Figure 30.61 Inferior vena cava injury. Transverse contrast enhanced
CT through the upper abdomen shows contrast extravasation from
the IVC (arrows) and adjacent right hepatic injury (*).
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angiography is common, even in the stable patient.
In these cases, despite the patient being stable, there
is a high likelihood that conservative management
will fail.

Figure 30.63 Gallbladder rupture. Transverse CT image shows
collapsed gallbladder (arrowheads) with surrounding
bile. Hemorrhage present in Morrison’s pouch (*).

Figure 30.64 Splenic fracture. Contrast enhanced transverse CT image
shows fracture through the spleen (arrowheads) and smaller laceration
(arrow). Perisplenic and perihepatic hemoperitoneum are present.

Figure 30.65 Splenic subcapsular hematoma. Contrast enhanced
transverse CT image shows subcapsular hemorrhage applying mass
effect and compressing the underlying splenic parenchyma (arrows).

Figure 30.66 Splenic lacerations and active bleeding. Coronal
contrast enhanced CT image shows extensive laceration through
the mid-portion of the spleen with multiple foci of active contrast
extravasation, also referred to as “splenic blush”, both within the
spleen (arrowheads) and into the peritoneum (arrows).
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The major role of CT with respect to blunt hepatic
trauma in the hemodynamically stable patient is to
monitor progression.65 Delayed complications include
abscess that occur secondary to devascularization or
large hematomas.

Biliary tract
Blunt abdominal trauma may rarely result in injury
to the biliary tract, including the gallbladder, the

(a) (b)

Figure 30.67 Splenic pseudoaneurysms: Transverse contrast enhanced CT images in portal venous phase (a) show abnormal collections
of contrast in the lower pole of the spleen (arrows). Imaging in the excretory phase (b) shows the disappearance of these collections
consistent with splenic pseudoaneurysms. No hemoperitoneum was present in this patient.

Figure 30.68 Pancreatic contusion. Contrast enhanced
transverse CT image shows diffuse pancreatic swelling (P) with
retroperitoneal hemorrhage.

Figure 30.69 Subcapsular hematoma. Transverse contrast
enhanced CT image of the left kidney shows hemorrhage within the
renal capsule (*) compressing the underlying renal parenchyma
representing a subcapsular hematoma.
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intrahepatic bile ducts, and the extrahepatic bile ducts.
The most common location of biliary injury is the
gallbladder. Biliary tract injuries are highly associated
with additional injuries, most notably the liver, spleen,
and duodenum.66 Computed tomography imaging of
this system is often overshadowed by injuries to adja-
cent organs. Findings that are helpful include collapsed
gallbladder, which may indicate gallbladder perforation
or avulsion (Figure 30.63). Likewise, thickened gallblad-
der wall and/or pericholecystic fluid may indicate gall-
bladder wall injury. Dense layering of fluid within the
gallbladder lumen may indicate intraluminal
hemorrhage.

Spleen
The spleen is the most frequently injured abdo-
minal organ in blunt trauma. Contrast-enhanced
CT is up to 98% accurate for detecting splenic
injuries.67,68 Typical findings include capsular
disruption, laceration or fracture (Figure 30.64), peri-
splenic/intrasplenic and subcapsular hematoma
(Figure 30.65), active extravasation (Figure 30.66),
and intrasplenic pseudoaneurysm (Figure 30.67).
While CT may aid in determination of which
patients may benefit from early surgical interven-
tion, the initial management is similar to liver
trauma, with hemodynamic stability taking prece-
dence. In those who are managed non-operatively,
CT becomes essential in follow-up monitoring.
Computed tomography signs that may indicate fail-
ure of non-operative management include intrasple-
nic or perisplenic contrast collections, or
pseudoaneurysm, referred to as the splenic blush
(Figure 30.66).69 Presence of splenic blush is being
used as an indication for embolization or surgery.70

Splenic pseudoaneurysms may not be present at
admission and appear 1–3 days later, highlighting
the importance of CT monitoring as part of non-
operative management (Figure 30.67).

Pancreas
Pancreatic and biliary injuries are often subtle
and, thus, may be overlooked in the multisystem
trauma patient. Pancreatic injuries are relatively
uncommon, occurring in < 2% of blunt abdominal

Figure 30.70 Minor renal lacerations. Contrast enhanced transverse
CT image shows small renal cortical lacerations bilaterally (arrows).

(a) (b)

Figure 30.71 Major renal lacerations: (a) Transverse contrast enhanced CT image in portal venous phase shows left renal lacerations
extending from cortex through medulla (arrows). Note perinephric fluid; (b) Transverse contrast enhanced CT image in delayed excretory
phase shows extensive contrast extravasation and accumulation (arrowheads) from the renal collecting system representing a urine leak.
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trauma.71 But early diagnosis is crucial, since delayed
complications such as hematoma, fistula, and
abscess may occur in up to 20% of cases and lead
to significant mortality.

Since concomitant injuries to the liver, stomach,
spleen, and duodenum occur in over 90% of
patients with pancreatic injuries, laboratory and
clinical findings are consequently non-specific and
unreliable.72

Direct CT signs of pancreatic injury include
pancreatic laceration, transaction, and comminution.
Other signs of pancreatic injury include focal

Figure 30.72 Renal infarct. Contrast enhanced transverse CT
image of the kidneys in a blunt trauma patient shows segmental
nonperfusion (*) in the right kidney representing a traumatic infarct.

(a) (b)

(c) (d)

Figure 30.73 Renal vascular injuries: (a) Transverse contrast enhanced CT image in portal venous phase shows right renal laceration (arrow)
and contrast blush (arrowhead). Abnormal lobulated contrast collection lies just medial of the left kidney (*). Shock bowel is present; (b)
Transverse contrast enhanced delayed excretory phase CT image shows accumulation of contrast on the right (arrowheads) representing
active hemorrhage. On the left, the lobulated contrast collection (*) has washed out, representing a pseudoaneurysm; (c) Right renal
angiogram confirms active arterial extravasation from the main right renal artery (black arrow); (d) Left renal angiogram confirms the presence
of a large renal artery pseudoaneurysm (black arrowheads).
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enlargement of the pancreas and peripancreatic fluid
(Figure 30.68). Peripancreatic fat stranding, hemor-
rhage, and fluid between the splenic vein and
pancreas are secondary signs indicative of injury.

Because CT will not always illustrate direct signs of
pancreatic trauma, endoscopic retrograde cholangio-
pancreatography (ERCP) remains an important tool
to establish diagnosis and direct appropriate surgical

Table 30.3 Renal injury based on computed tomography (CT) findings

Category of
renal injury

Description Comment

Category 1 Minor cortical contusion, subcapsular hematoma
(see Figure 30.69), minor lacerations (see Figure
30.70) with limited perinephric hematoma and
small cortical infarct

Constitute 75–85% of all renal injuries and are
generally managed conservatively

Category 2 All major renal lacerations extending to the
medulla (see Figure 30.71a and b) and segmental
renal infarcts (see Figure 30.72)

Comprise about 10% of renal injuries

Category 3 Multiple renal lacerations and vascular injury
(see Figure 30.73a–d) including the renal
pedicle

Comprise about 5% of all injuries. Catastrophic
Require surgical exploration and nephrectomy

Category 4 Injuries involving ureteropelvic region Caused by sudden deceleration, creating tension
at the renal pedicle. One third do not have
hematuria. Clinical assessment is important in
making the decision to image

Figure 30.74 Intraperitoneal bladder rupture. Coronal reformatted
CT cystogram shows defect through the dome of the bladder
(arrow) with intrtaperitoneal leak of contrast material outlining
bowel loops and surrounding the liver.

Figure 30.75 Extraperitoneal bladder rupture. Transverse CT
cystogram image shows right lateral bladder wall defect (arrow)
with contrast spilling into the extraperitoneal spaces.
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repair when the CT suggests injury to the pancreas.
Likewise, in situations with mild duct injury, stent
placement may obviate the need for surgical repair.73

Kidney
About 8–10% of traumatic abdominal injuries
involve the kidneys.74 Hematuria is present in over

95% of patients with traumatic renal injury. How-
ever, over 30% of patients with ureteropelvic junc-
tion injury have no hematuria.75 As such,
recommendations have been made to do diagnostic
imaging of patients with penetrating abdominal or
flank trauma and any hematuria, blunt abdominal
or flank trauma and gross hematuria, or with possi-
bility of direct renal injury (lower rib fractures,
flank hematoma, thoracolumbar spine, or transverse
process injury).76 Computed tomography can pro-
vide diagnostic information necessary to differenti-
ate patients that have injuries that need immediate
intervention from those than can be observed
(Figures 30.69–30.73). There are four categories of
classifications for traumatic renal injuries based on
CT findings (Table 30.3).76,77

Anterior penetrating injuries affecting the kidneys
are usually associated with other intra-abdominal
injuries and thus warrant surgical exploration. Stab
wounds to the flank or back may undergo contrast-
enhanced CT to assess the extent of injury and pos-
sibly obviate the need for surgery.78

Bladder
Seventy percent of patients with traumatic bladder
injury also sustain pelvic fractures. Likewise, 5–10%
of patients with pelvic fractures suffer from urinary
bladder rupture. As such, patients with pelvic
fractures and gross hematuria should undergo cysto-
graphy or CT cystography after urethral injury has
been excluded. Computed tomography cystogram is

Figure 30.76 Penetrating colon injury. Transverse CT image from a
triple contrast (IV, oral and rectal) study performed following
abdominal gunshot wound. Image shows disruption of right colon
(black arrow) with leak of rectal contrast (arrowheads). Major right
renal injury with active hemorrhage and active arterial extravasation
between the vertebral body and abdominal aorta.

Figure 30.77 Blunt bowel injury. Transverse contrast enhanced CT
image shows foci of free air (arrows) and bowel wall thickening.
Patient sustained a Chance fracture (not shown) and surgery
confirmed focal bowel perforation.

Figure 30.78 Shock bowel. Transverse contrast enhanced CT
image shows bowel wall hyperenhancement (arrowheads) in the
setting of a flat IVC (arrow) and small aorta. Signs are compatible
with shock bowel and hypoperfusion complex. Bowel changes are
reversible with fluid management. Pancreatic injury with
peripancreatic hemorrhage is also present.
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(a) (b)

(c) (d)

(e) (f)

Figure 30.79 Pelvic fractures with active hemorrhage: (a-d) Transverse contrast enhanced CT images through the pelvis in soft tissue
windows show widening of the right sacroiliac joint (arrow in a), sagittally oriented fractures of the right superior and inferior pubic rami
(arrows in b and d, respectively), and slight widening of the pubic symphysis (arrow in c). 3D Judet CT reconstructions in traditional (e)
and virtual radiograph, or transparent bone (f), filters aid in surgical planning. Arrows highlight fractures. Fracture pattern represents an
anterior-posterior compression (APC) pelvic injury. Note multiple foci of active bleeding (arrowheads).

Section 4: Imaging in trauma

534



accomplished by instilling at least 350 cc of 1 : 20
dilution of contrast material to water into the bladder
through a Foley catheter. This is the minimum
needed to distend the detrussor muscle and initiate
contraction, decreasing the likelihood of false
negatives.

Bladder rupture can be classified into either
intraperitoneal rupture, where the dome is injured,
usually from blunt trauma to a full bladder, or
extraperitoneal rupture. These can be distinguished
by CT. Intraperitoneal rupture results in free con-
trast spillage into the peritoneum (Figure 30.74).
Dense urinary contrast may obscure other intraper-
itoneal injuries. In comparison, extraperitoneal
bladder rupture creates streaky intrafascial patterns
(Figure 30.75). Contrast can extend to the perineum
and scrotum.

Bowel and mesentery
Computed tomography has become the primary
modality for imaging of patients suspected to have
injury to hollow organs or mesentery.79 Signs of
bowel and mesenteric injury include bowel discon-
tinuity, oral contrast leak (Figure 30.76), free air
(Figure 30.77), intramural air, and bowel wall
thickening.

Oral contrast material within the peritoneum is
100% specific for bowel perforation. Extraluminal
free air is not diagnostic of bowel perforation,
since barotraumas and mechanical ventilation can
result in air below the diaphragm. In the setting of
penetrating trauma, extraluminal air alternatively
may be introduced from abdominal wall violation.
Retroperitoneal free air is, however, sensitive for
duodenal perforation. Circumferential bowel wall
thickening has a greater sensitivity for transmural
injuries than extravastion of oral contrast material or
pneumoperitoneum.80,81

Bowel wall hyperenhancement may represent
hypoperfusion complex/shock bowel (Figure 30.78),82

or perforation in children.83 Retroperitoneal hema-
tomas occur with duodenal trauma and are often
accompanied by bowel wall thickening. In distinc-
tion, hemoperitoneum often indicates blood
from solid organs. In the absence of solid organ
injury, isolated hemoperitoneum may be a sign
of mesenteric or bowel laceration.84 However,
intra-abdominal fluid may not be blood, but rather
leakage of bowel contents, pancreatic juice, urine, or
ascites. This maymask the presence of intraperitoneal
blood. The use of Hounsfield units may help
distinguish.

(a) (b)

Figure 30.80 Tibial plateau fracture: Coronal (a) and sagittal (b) CT reformations show depressed fracture of the lateral tibial plateau
(arrowheads). Note lipohemarthrosis seen as fat/blood interface in the suprapatellar joint space (arrow).
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Mesenteric infiltration or stranding may be asso-
ciated with mesenteric injury and, when associated
with bowel wall thickening, is indicative of bowel wall
injury.85 Isolated bowel wall injury is more common
when the bowel injury is along the mesenteric border.
Isolated hematoma within the mesentery usually indi-
cates a laceration.

Lower extremity
Pelvis and acetabulum
Pelvic fractures are common sequelae of high-energy
injuries. Classification systems exist that take into
account the direction of force and severity of injury.
Since most clinically pertinent injuries can be diag-
nosed using AP radiographs of the pelvis, classifica-
tion systems base their fracture pattern on these films.
Computed tomography delineates the pelvic and acet-
abular injuries with greater precision and provides
details, including active hemorrhage, helpful in the
management of the patient with multiple traumatic
injuries (Figure 30.79).

Tibial plateau
Tibial plateau fractures often result from a valgus
stress mechanism. The tibial cartilage is 3 mm
thick, as such any tibial depression > 3 mm is
significant. Since these fractures are sometimes
subtle, CT is a great diagnostic tool following plain
radiography, to diagnose the injury when still sus-
pected by clinical examination or subtle radiographic
signs, as well as define the extent of the fracture
(Figure 30.80).
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Imaging in trauma

Angiography and interventional radiology

Stephen J. Wolf, Giustino Albanese, and Charles Ray, Jr.

Introduction
The role of interventional radiology (IR) in the evalu-
ation and management of traumatic injuries has dra-
matically changed over the past 20 years. Diagnostic
studies used to account for a majority of procedures,
with aortic angiography being the most frequently
performed study. Since the mid 1990s, computed
tomography (CT) technology has greatly advanced
allowing for greater vascular resolution and resulting
in a decrease in the need for some diagnostic proced-
ures (e.g., aortic angiogram).1 However, there has
been an expansion in the therapeutic interventions
capable within the angiograhic suite (e.g., transcath-
eter embolization, endovascular stenting). The signifi-
cant advantages of performing certain procedures in
IR vs. the operating room (e.g., general anesthesia not
required, less risk of morbidity and mortality, quicker
recovery time) can be substantial in a critically ill
multisystem trauma patient. Interventional radiology
has evolved considerably becoming a more integral
part of the multidisciplinary approach to trauma.

General principles
The most important consideration regarding the need
for treatment of trauma patients with vascular injur-
ies is that of hemodynamic stability. If the patient is
stable, there is time for a comprehensive laboratory
and non-invasive imaging analysis, which allows for a
step-wise and planned approach to treatment. Hemo-
dynamic instability often makes angiography the first
imaging modality performed, due to the emergent
conditions and the ability to render vascular treat-
ment simultaneous with diagnosis.

Interventional procedures are used in the imme-
diate trauma setting to stop active bleeding and
reverse hemodynamic instability in patients whose
vasculature has been compromised. The major risk

of embolization is ischemia, which may result in loss
of function of the end-organ supplied by the artery
undergoing embolization. If the distal organ has a
unique and vital function, such as the brain or heart,
therapies other than embolization (e.g., stenting) are
performed. A stent or graft allows for cessation of
bleeding while maintaining distal perfusion. In tissues
with abundant physiologic reserve, such as the liver
and spleen, partial embolization allows minimal tissue
infarction without long-term detrimental effects.

Contraindications to angiography are considered
relative, especially in emergent circumstances where
there may be no other techniques available. They
include renal insufficiency, coagulopathy, and con-
trast allergies. Patients with renal insufficiency may
be at higher risk for contrast-induced nephropathy
(CIN), which is defined by a 25–50% increase of
creatinine or an absolute increase of creatinine of
0.5–1.0 mg/dl. Contrast-induced nephropathy usually
occurs 48–72 hours after contrast administration.
Although CIN is transient in most patients with
normal renal function, risk of renal failure makes
management of reversible risk factors important in
overall outcomes. Among risk factors, renal vasocon-
striction secondary to decreased intravascular volume
is the most important. Aggressive saline bolus hydra-
tion or volume repletion in patients whose hemody-
namic status and cardiac function allows, should be
performed prior to and after the procedure. Sodium
bicarbonate with or without N-acetyl-cysteine may
also be used, although research remains unclear as
to any additional benefit over the administration of
intravenous (IV) saline alone. Ongoing research into
partial dopamine agonists such as fenoldopam may
also provide additional CIN protection in the future,
although again current evidence is lacking. Finally,
the use of non-ionic contrast agents should be

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
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considered when serum creatinine levels are above 1.5
or glomerular filtration rate (GFR) is < 60, and the
use of low osmolarity contrast agents should be con-
sidered when serum creatinine levels are above
2.0 mg/dl.

Coagulopathy, whether intrinsic to a patient’s
disease process or acquired (e.g., dilutional or
hypothermic), should be addressed prior to invasive
procedures whenever possible. Elevated prothrombin
time (PT), international normalized ratio (INR), and
thrombocytopenia should be corrected as soon as
possible but may be corrected even after the proced-
ure has begun. Additionally, if the serum creatinine is
significantly elevated or the patient has renal failure,
consideration should be given to obtaining a bleeding
time. Theoretically, empiric DDAVP (0.3 mcg/kg
IVPB over 30 minutes) improves platelet function in
the setting of acquired trauma-related coagulopathy,
and could be considered. Keeping the patient in a
supine position with the sheath left in place after the
procedure for several hours or longer may provide
enough time for improvement of the patient’s clotting
parameters, and significantly decrease the risk of
access site bleeding. Coagulopathy may also cause a
change in the plan for therapeutic embolization; the
anatomic approach and agent used (e.g., some agents
such as coils require superimposed thrombosis to
function appropriately) should be considered with
this concern in mind.

Premedication should be considered for any patient
with a history of an allergic reaction to contrast. This
may include oral or IV steroids and diphenhydramine
for mild skin reactions, to adequate preparation
for anaphylactic reactions, including a nearby, well-
stocked, crash cart. In the case of a previously docu-
mented anaphylactoid reaction, consideration should
be given to use of other non-iodinated contrast agents
such as carbon dioxide or gadolinium, although these
also have their own technical limitations.

Priniciples of radiation safety
Once the decision has been made to proceed with
radiologic examination of the trauma patient, the
foremost goal is to obtain the necessary information
to treat and keep the patient alive while keeping
the radiation dose As Low As Reasonably Achievable
(ALARA). This is based on both short-term and long-
term retrospective evaluation of radiation effects in
people directly exposed. This includes radiologists
and patients in clinical settings to those exposed at
Hiroshima and Chernobyl who developed acute radi-
ation syndrome (ARS). Although the life-threatening
changes of ARS affecting rapidly reproducing tissues
such as skin, blood, and the immune system are usually
reserved for history books and movies, prolonged
fluoroscopy necessitated by challenging cases has led
to skin and deep soft tissue non-healing ulceration and
necrosis not amenable to treatment. Additionally,
long-term radiation associated carcinogenic risk is
not thought to have a triggering threshold (e.g., there
may be no completely “safe” radiation dose), thus
making ALARA the best long-term policy.

There are standard rules used in the angiographic
suite to minimize exposure to radiation:

� Positioning to the area of interest should be done
visually, not with fluoroscopy.

� The radiation source is kept distant from
the patient’s skin by raising the table while
the image intensifier is brought next to the
patient.

Box 31.1 Essentials of angiography and
IR in trauma

� Advances and widespread use of CT has led to a
decrease in angiography for diagnostic proced-
ures in trauma; however, there has been a signifi-
cant expansion in the use for therapeutic
interventions such as transcatheter embolization
and endovascular stenting.

� Interventional procedures are used in the imme-
diate trauma setting to stop active bleeding and
reverse hemodynamic instability in patients
whose vasculature has been compromised.

� The major risk of embolization is ischemia,
which may result in loss of function of the
end-organ supplied by the artery undergoing
embolization.

� If the distal organ has a unique and vital function,
such as the brain or heart, therapies other than
embolization (e.g., stenting) are performed to
allow bleeding cessation while maintaining distal
perfusion.

� Contraindications to angiography are considered
relative, especially in emergent circumstances
where there may be no other techniques avail-
able. They include renal insufficiency, coagulopa-
thy, and contrast allergies.

Chapter 31: Angiography and interventional radiology

541



� The image is “coned down” to the areas of interest
only, improving image clarity, while minimizing
radiation scatter and exposure to areas that are not
of clinical interest.

� The position of the patient or fluoroscope should
be adjusted during the procedure so that no one
area of skin bears the brunt of the radiation dose.

� Each fluoroscopic image functions as a frame in a
film, causing radiation doses to rapidly rise with
“beam-on” time. Reduction in the number of
frames per second, also known as pulsed
fluoroscopy, and intermittent use of fluoroscopy
limited to when a dynamic change is expected,
help reduce overall actual “beam-on” time and
significantly decrease the dose of radiation to
which these patients are exposed.

Pregnant patients are of particular interest when con-
sidering radiation doses. Lead shielding to the abdo-
men and pelvis should be used to reduce fetal
exposure whenever possible; however, a radiation
dose to the fetus will be delivered even with this
protection. It is important to remember that in most
angiography suites, the radiation dose comes from
BELOW the patient. In such a setting, placement of
a lead shield on top of a pregnant patient rather than
underneath actually INCREASES radiation dose to
the fetus. Uncontrolled trials of in utero exposure
suggests that first-trimester exposure, particularly
during organogenesis, may increase risk of birth
defects, with childhood leukemia being the only
proven increased risk after 20 weeks gestation. How-
ever, if regulatory radiation limits are observed, fatal
childhood cancer risk is limited to 1 in 3300.2,3

The key is that ALARA is a relative standard to
primum non nocere. Skin necrosis, cancer, and fetal
exposure are treatment-associated morbidities to be
minimized while addressing the patient’s primary
peril, the traumatic injury.

General principles of equipment
Arterial access is achieved using vascular catheters
and guidewires not unlike those used in the ED. The
main difference is the size; catheters used for emboli-
zations are usually submillimeter in diameter, and
wires may be as small as 0.010 inches in diameter.
These smaller devices allow access to very small
arteries, expanding the number of possible treatment
approaches.

Embolic technique is used in the trauma setting to
produce hemodynamic stability by occluding vessels
that are actively bleeding, allowing temporary, or
sometimes permanent, occlusion at the site of hemor-
rhage. This technique is reserved for instances where
some tissue loss can be tolerated without significant
long-term sequelae, since some distal ischemia and
infarction may occur.

The original embolic material used was autolo-
gous clot. Historically, a clot was formed by drawing
blood from the patient and allowing it to clot in a
bowl on the angiography sterile table. The clot was
then loaded into a syringe and injected into the bleed-
ing vessel, with occlusion lasting hours to days. Lack
of control and reliability, along with variable clinical
results, led to development of additional synthetic
embolic media which have since replaced autologous
clots.

Gelfoam® (Upjohn, Kalamazoo, MI, USA) is a key
embolic agent for trauma patients, in large part due to
its adaptability and ease of use. It is a compressible
material that can be injected through the catheter,
which causes a temporary mechanical occlusion of
the vessel into which it is injected for a period of
3–12 weeks. The most commonly used form is a
sponge, which can either be cut into small cubes and
injected directly into the catheter, or pushed to and
fro through a three-way stopcock to form a slurry.
Although drawbacks to Gelfoam® exist – difficulty
in directing the embolization, clumping of the agent,
non-radioopacity, the risk of unrecognized non-target
embolization – it remains the workhorse embolic agent
used for trauma embolization.

Coils consist of a metal scaffold onto which small
fibrils are attached. They are available in a variety of
sizes, and are most commonly used for precise occlu-
sion of arterial aneurysms and arteriovenous malfor-
mations. When the anatomy of the target is well
known, they offer the most precise embolic agent
placement. However, since occlusion is permanent,
their use is limited in the trauma population. In
addition, coils by themselves do not cause vascular
occlusion; rather, the fibrils elicit a thrombogenic
response, which in turn causes mechanical occlusion
by clot formation.

Stents and stent grafts are used when maintaining
circulation distal to the vessel is of the highest import-
ance, such as in the brain or heart. There is as of yet
no investigational proof of how long stents and stent
grafts actually remain patent. A stent is a scaffold that,
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when placed endoluminally, provides support to keep
a vessel open. Although widely used in the vascular
system, the use of many stents is considered off-label
since the US Food and Drug Administration (FDA)
approval for many stents is for biliary tract and pul-
monary airways use. There are two broad categories
of stent: those placed and expanded by a balloon
(usually used in short arteries where precise place-
ment is mandatory), and self-expanding stents (often
used for longer arteries and veins with varying diam-
eters over their course, and in superficial vessels
where external compression may lead to stent occlu-
sion). Drawbacks to the use of stents include expense
($500.00 or more per stent), interference with subse-
quent surgical interventions, and the need for anti-
coagulation and/or antiplatelet therapy, which may be
contraindicated in trauma patients who are at high
risk for bleeding.

A stent graft is a metal stent with a synthetic
membrane (e.g., Gore-Tex®, Dacron®) on the outside
and/or inside of the metal stent. Unlike bare metal
stents, a stent graft allows isolation of a mural defect
from the main vessel lumen by forming a seal,
allowing the blood to bypass the defect without hem-
orrhage or clot formation. A stent graft must be fully
apposed to the vessel wall to completely occlude the
vessel injury. They remain quite expensive, but
indications such as aortic aneurysm, transjugular
intrahepatic portosystemic shunt (TIPS), and trauma
may overcome the price differential. Stent grafts are
particularly useful in the setting of a proximal injury
to an artery that cannot be safely sacrificed without
the risk of infarction of the distal outflow organ. Once
again, long-term outcomes are not available.

Major roles of IR
Aortic and great vessels trauma
Blunt trauma is the leading cause of thoracic aortic
and great vessel injuries. Thoracic aortic injuries are
associated with other traumatic injuries, vascular
and non-vascular, which bode poorly for patient
survival.

The two most likely outcomes from injury to the
thoracic aorta are a complete vessel wall tear resulting
in death via either exanguination or cardiac tampon-
ade, or an incomplete tear resulting in pseudoaneur-
ysm formation, typically occurring at the level of the
ligamentum arteriosum (just distal to the origin of the
left subclavian artery). Pseudoaneurysms are unstable,

with a > 90% rupture rate within the first month
post-injury.4 Helical CT scanning has largely
supplanted angiography as the diagnostic modality
of choice, with diagnostic angiography usually
reserved for cases in which there is any doubt on
radiographs or CT imaging.5,6 In general, treatment
for aortic injury has been surgical, with significant
risk (~10%) of cord ischemia due to exclusion of
collateral vessel supply to the anterior spinal artery.
Endovascular repair with stent grafts is still being
developed, but is becoming more commonplace now
that thoracic devices are commercially available.5,7,8

The role of angiography in the treatment of acute
injury to cervico-cerebral vessels is based on the zone
of injury and the type of injury. Endovascular inter-
ventions, typically diagnostic angiography and/or
embolization or stent placement, may include pri-
mary endovascular treatment, adjunct treatment to
medical or surgical treatment, or diagnosis only.
Location of the injury, described by Zones 1–3 defines
ease of surgical access. Injuries to Zones 1 (below the
clavicle) and 3 (above the angle of the mandible) are
surgically challenging and are associated with undesired
operative comorbidities. Endovascular options include
embolization of bleeding or severely injured vessels, and
stent or stent/graft placement.9 The latter therapy is
limited to instances in which large vessels that supply
vital end-organs are injured; long-term results of endo-
vascular stents or stent/grafts in the great vessels of the
mediastinum are lacking.

One commonly used injury scale defines injury to
the cervical carotid and vertebral arteries, from minor
intimal injury (Grade 1) with a high likelihood of
healing with conservative treatment (anticoagulation/
antiplatelet therapy only), to dissection (Grade II),
pseudoaneurysm formation (Grade III), vessel
occlusion (Grade IV), transaction (Grade V), and
arteriovenous (AV) fistula formation (Grade VI).10

Effectiveness of endovascular treatments for cervical
arterial injuries has been demonstrated in numerous
small series, although long-term vessel patency has
not yet been evaluated.9,11–16 The choice of endovas-
cular treatment is based on the size of the injured
vessel, the need for permanent vs. temporary occlu-
sion, and whether sacrifice of arterial flow to distal
tissue is acceptable. Lower grade injuries (I and II) are
typically treated with conservative treatment, as serial
evaluation of this patient population demonstrates
initially high Glasgow Coma Scale (GCS) scores, min-
imal complications from conservative treatment, and
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often spontaneous healing.17 Injuries typically amen-
able to endovascular therapy include transections with
active contrast extravasation (embolization therapy),
flow-limiting dissections (stent placement), or pseudoa-
neurysm/AV fistula formation (stent or stent/graft
placement). Although excellent immediate responses
are noted with stent placement, long-term results sug-
gest significant vessel restenosis and occlusion rates
(up to 45%).16 Due to this, treatment algorithms cur-
rently trend towardsmuchmore conservative therapies,
even with high-grade injuries.

Hepatic trauma
The excellent diagnostic accuracy of CT of the abdo-
men for the presence and extent of solid organ injur-
ies leaves little role for angiography in the diagnostic
workup of either blunt or penetrating hepatic injur-
ies.18 However, selected angiography followed by
transcatheter embolization of injured vessels can be
extremely effective in the management of ongoing
hemorrhage.19,20

The role of IR as a therapeutic option in hepatic
trauma depends on the hemodynamic status of the
patient. Unstable patients classically undergo imme-
diate laparotomy in attempts to achieve hemorrhage
control by means of direct surgical repair or partial
resection.19,21 When bleeding cannot be controlled or
the patient’s hemodynamic status will not allow for a
more extensive surgical repair, the perihepatic bed
may be packed to temporarily control hemorrhage
with the intent to reoperate following continued
resuscitation, i.e., damage control surgery. In this
situation, interim angiography and embolization
may be of assistance in trying to achieve definitive
hemorrhage control.19,22 Findings of active extravasa-
tion, pseudoaneurysm, or fistula on angiography are
often amenable to transcatheter embolization.

Hemodynamically stable patients with hepatic
injuries are managed non-operatively, even with
high-grade injuries; recent data suggests that up to
80% of these injuries are managed in this way.20,23

The presence of significant active extravasation of CT
contrast material or other clinical or radiographic
signs suggesting ongoing hemorrhage are indications
for immediate angiography.19,24,25 Targeted transcath-
eter embolization in this setting results in successful
hemorrhage control in up to 100% of patients under-
going angiography.19,20,23,26 Hemodynamically stable
patients without obvious ongoing hemorrhage are

observed for complications such as a worsening hemo-
dynamic status.21 Delayed or persistent hemorrhage of
the hepatic injuries, as suggested by a drop in a
patient’s hematocrit and usually confirmed by repeat
CT of the abdomen, would also prompt the use of
angiography and transcatheter embolization.19,20,23

Complications of angiography and transcatheter
embolization include rare instances of hepatic ische-
mia, which is minimized by the liver’s duplicate circu-
lation. Unlike the remainder of the liver, the biliary tree
is supplied solely by the hepatic artery. There is, there-
fore, a risk of biliary duct ischemia following hepatic
arterial embolization that may lead to biliary duct
strictures or the formation of intrahepatic bilomas.

Splenic trauma
Angiographic evaluation and management of splenic
trauma is similar to that of hepatic trauma. When
suspected, hemodynamic instability dictates immedi-
ate operative intervention, while stability affords the
time for evaluation with CT of the abdomen to iden-
tify and grade potential splenic injuries. Given
the recognized benefits of splenic salvage, including
minimizing morbidity from non-therapeutic lapar-
otomies, reducing transfusion requirements, and pre-
serving immunologic splenic function, all but the
highest grade injuries in hemodynamically unstable
patients are considered for non-operative manage-
ment.27–29 Recent studies suggest that up to 89% of
blunt splenic injuries are managed non-operatively,
with up to 25% of those undergoing angiographic
evaluation with embolization rather than splenectomy
for persistent or latent bleeding, or radiologic evi-
dence of pseudoaneurysm formation at some point
in their hospital stay.27,29,30 This management
approach reduces the operative intervention rate by
13–16% without a change in mortality.27,30 Distinct
indications for splenic angiography and potential
transcatheter embolization in hemodynamically
stable patients include evidence of bleeding, as indi-
cated by either extravasation of contrast on CT scan
or a persistently dropping hematocrit on serial
testing, or evidence of pseudoaneurysm formation
on imaging studies.

Although non-operative management utilizing
angiographic embolization yields similar mortality
rates to splenectomy, some studies suggest a two to
fourfold increase in complication rates in manage-
ment strategies designed to maximize splenic preser-
vation.27,31–33 These complications include splenic
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ischemia, splenic artery pseudoaneurysm formation
or recurrence, splenic abscess, and rebleeding.
Many of these complications can be treated with a
repeat IR procedure, and still prevent the patient from
undergoing splenectomy. The failure rate for splenic
embolization is reported to be as high as 33% in
unselected populations, and failures are particularly
noted in patients with high-grade injuries (Grades
IV and V).27,28,32–34 These limitations underscore

the importance of appropriate patient selection for
the procedure and close patient observation. Figure
31.1 illustrates the management of a splenic laceration
with angiography and transcatheter embolization.

Renal trauma
The majority of renal trauma is managed non-
operatively, with only 5–10% of patients undergoing

(a) (b)

(c)

Figure 31.1 A 45-year-old male, unrestrained driver in a T-bone motor vehicle accident. The patient had free fluid on an ultrasound
examination, but was hemodynamically stable. (a) Contrast-enhanced computed tomography (CT) scan demonstrates a splenic laceration
(black arrow) with contrast extravasation into a subcapsular hematoma (white arrow). (b) Digital subtraction angiogram of the distal splenic
artery demonstrates active contrast extravasation from the upper pole branch (arrow). The upper pole branch was embolized via a 3 Fr
catheter, using Gelfoam® slurry and microcoils. (c) Digital subtraction angiogram following selective embolization, demonstrating segmental
occlusion of multiple intraparenchymal branches and cessation of contrast extravasation. Note the normal filling of the lower pole branch,
demonstrating the benefit of performing selective embolization procedures.
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surgical intervention.35–37 Renal injuries are best diag-
nosed and graded with a CT scan of the abdomen with
arterial and delayed contrast phase imaging. Manage-
ment algorithms are typically based on the grade or
severity of the injury.37–39 Grade I and II injuries seldom
require more than simple observation, while Grade
V injuries involving the renal pedicle or avulsion of
the hilum require operative repair or nephrectomy.39,40

However, Grade III and IV injuries, depending on the
presentation and findings, may be best managed by
endovascular means. The role of IR in these patients
can involve endovascular stenting ofmajor renal vessels,
super-selective embolization of distal vasculature to
gain hemorrhage control, or in the delayed setting,
percutaneous drainage of urinomas.35,37,38,40

Although rare, major renal vascular injuries often
require nephrectomy due to significant hemorrhage,
large retroperitoneal hematoma formation, or com-
plete thrombosis resulting in severe organ ischemia.39

Organ ischemia may result in impaired renal function
in as little as an hour.35,37 Intimal flaps, vessel dissec-
tions, pseudoaneurysms, and varying degrees of
thrombosis are indications for consideration of endo-
vascular stenting. Early studies suggest this approach
has a higher rate of renal tissue salvage and a lower
incidence of post-injury renovascular hypertension
than open surgical repair or non-operative manage-
ment alone.38,40

In the presence of significant renal parenchymal
hemorrhage, continuous hematuria, pseudoaneurysm,
or AV fistula formation, microcatheter angiography
and super-selective embolization is often a therapeutic
option for Grade III and IV renal injuries.35,37 Super-
selective distal embolization is performed since the
kidney is an end-organ with poor collateral circulation,
making distal ischemia a significant concern. By per-
forming the embolization as distally as possible, more
normal renal tissue is preserved. Success rates for endo-
vascular treatment in this setting have ranged from 61%
to 100%.40 Complications include rare renal artery dis-
section, pseudoaneurysm formation, or abscess. An
average of 10–15% of the distal renal parenchyma
undergoes infarction with super-selective embolization,
however this seldom effects overall renal function.36

Figure 31.2 illustrates an iatrogenic renal injury man-
aged by microcatheter angiography and super-selective
embolization.

Pelvic trauma
Pelvic trauma is associated with high mortality rates.
Studies indicate up to 85% of victims with major pelvic
trauma die before even making it to the hospital if there
is associated abdominal aortic trauma, and even once in
hospital, mortality rates are as high as 43% without
aortic trauma.41–43 Although some patients die due to

(a) (b)

Figure 31.2 A 23-year-old woman presenting with acute renal failure. She underwent a percutaneous renal biopsy, after which
her hematocrit level immediately dropped by 10 points. The patient was hemodynamically stable. (a) Non-contrast computed tomography
(CT) scan demonstrates a very large pararenal retroperitoneal hematoma (white arrow), as well as free intraperitoneal fluid in Morison’s
pouch (black arrow). (b) Digital subtraction angiography of the left renal artery demonstrates severe active contrast extravasation from
a segmental lower pole renal arterial branch (arrow). The bleeding vessel was successfully embolized to stasis.
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severe concomitant injuries, many patients die from
exsanguination associated with their pelvic fractures.
Hemorrhage may arise from hemorrhagic cancellous
bone, venous structures, and arterial injury. Improved
survival rates are thought associated with effective tam-
ponade by an intact retroperitoneum, prompt stabiliza-
tion of pelvic fractures, and interventional treatment of
vascular injuries.41,42 Factors exacerbating hemorrhage
include hypothermia and dilutional coagulopathy sec-
ondary to massive transfusion.44 Pelvic arterial injuries
are generally very difficult to treat surgically, and there-
fore endovascular techniques have evolved into a front-
line therapy.

Most commonly, injury to the pelvis is secondary
to blunt trauma following motor vehicle collisions.
Three injury patterns may be responsible for the injur-
ies leading to vascular injury; the pelvic girdle may be
compressed laterally, anteroposteriorly, or there may
be vertical shear. Each of these mechanisms in isolation
or in combination may shear vessels, avulse bone frag-
ments and their associated vessels, or create loose bone
fragments injuring vessels. Of these patterns, vertical
shear is most often associated with the need for embo-
lization therapy (reported in up to 20–28% of
cases).41,42 This may relate to the large potential
volume that is created by the injury and the likelihood
of a large internal iliac branch vessel, such as the
superior gluteal or internal pudendal artery, being
injured. Once concomitant injuries that may be caus-
ing hemodynamic instability are excluded, persistent
hemodynamic instability requires emergent angio-
graphic evaluation of the pelvic vasculature.

Evaluation begins with a pelvic arteriogram to
evaluate for free extravasation of contrast, pseudo-
aneurysm, or large AV fistula. Selective catheterization
of branches of the internal iliac artery is then performed
to localize the injured vessel. The embolic agent of
choice in this region is Gelfoam®, allowing temporary
occlusion for 3–12 weeks. This temporary occlusion
allows time for the artery to heal itself, and decreases
the risk of long-term sequelae from pelvic embolization
(e.g., buttock ischemia, impotence). Due to the exten-
sive nature of collateral vessels in the pelvis, there is
minimal risk of distal tissue necrosis. Endograftsmay be
considered if a large vessel is injured, particularly if
there is injury to the infrarenal aorta, but for the most
part pelvic trauma resulting in hemodynamic instability
usually results in an embolization procedure.

Resolution of bleeding is evidenced by near imme-
diate hemodynamic stabilization and documented with

a completion angiogram to exclude bleeding from col-
lateral vascular pathways. Accidental distal lower
extremity embolization may be clinically silent or may
require emergent revascularization. This slight risk
(~1%) is accepted given the highmorbidity and mortal-
ity of prolonged hemodynamic instability associated
with pelvic vascular injuries. Figure 31.3 illustrate endo-
vascular management of an unstable pelvic fracture.

Peripheral vessel trauma
Angiography in the IR suite for the diagnosis and
management of extremity vascular trauma represents
the largest portion of diagnostic angiograms per-
formed in trauma patients. While most angiograms
performed in other organ systems result in an endo-
vascular intervention, only 15% of angiograms per-
formed for peripheral trauma result in therapy.1

Computed tomographic angiography (CTA) has
improved markedly over the past several years. The
resolution of CTA approaches that of catheter angiog-
raphy, and the ability to reconstruct images in multiple
planes is a distinct advantage to using CTA in the trauma
population. Although 64-slice scanners afford the
greatest sensitivity and specificity, 16-slice scanners have
been used successfully to this end. By using CTA, the
optimal treatment for many patients may be planned
without further vascular imaging. This fact, coupled with
the limited utility of catheter-directed endovascular treat-
ments, makes CTA the initial vascular imaging modality
of choice. Catheter angiography is usually reserved for
cases in which an intervention can be performed.

Angiographic evaluation can identify complete
transaction, lacerations, thrombosis, intimal injuries,
or pseudoaneurysms of arterial vessels. Although
complete transections are usually managed by open
repair, the remainder of these injuries can often be
repaired endovascularly. Thrombectomy or catheter
directed lytic therapy can be employed when signifi-
cant thrombus is identified. Endovascular angioplasty
or stenting is a therapeutic option for some lacer-
ations and intimal injuries. Long-term patency rates
of stents and stent-grafts in the distal circulation are
unknown. Finally, selected embolization may be used
for uncontrolled vascular hemorrhage, pseudoaneur-
ysms, or fistula formation. Due to the great collateral
circulation in the extremities, distal tissues can toler-
ate a longer ischemic times than other end-organs; in
general, there are fewer distal complications from
endovascular intervention.
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Conclusion
With significant advancements in technology, CTA
has supplanted many, but not all, of the diagnostic
indications for IR. However, a substantial broadening

of the therapeutic indications of angiography and
endovascular procedures in trauma patients over the
past 20 years has established IR’s continued critical
role in the management of these patients.

(a) (b)

(c)

Figure 31.3 A 15-year-old female following a rollover motor vehicle collision. She was pinned under a truck for “hours,” and became
hemodynamically unstable as soon as the truck was moved. She was transported by air and arrived in the emergency department with a
systolic blood pressure of < 60 mmHg and a core body temperature of 27�C. She was transferred directly to the interventional radiology (IR)
suite for embolization. (a) Digital subtraction pelvic angiogram demonstrates gross contrast extravasation from the left internal iliac artery
distribution (arrow). Notice how attenuated the pelvic vessels are, secondary to the severe hypotension. (b) Selective digital subtraction
angiography of the left internal iliac artery demonstrating contrast extravasation from the proximal internal iliac artery (arrow). The entire
internal iliac artery on the left was embolized with Gelfoam® and coils. (c) Post-embolization angiography demonstrating complete occlusion
of the left internal iliac artery. Notice the artifact from the endovascular coils (arrowheads).
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Chapter

32
Procedures and skills

Anesthesia

Maria E. Moreira

Introduction
Alleviation of pain is a priority for patients presenting
with traumatic injuries. However, pain management
is not only important for the patient’s satisfaction;
pain causes negative physiologic effects such as
impeding pulmonary function, altering hemody-
namic values and cardiovascular function, and modi-
fying stress response to injury.1 Patients experiencing
pain are more likely to be immobile thereby increas-
ing the risk for thromboembolism.1 Adequate pain
management reduces morbidity of trauma patients
and improves short- and long-term outcomes.2–6

Also, removing the distraction of pain may allow
patients to give a more accurate and detailed history.
This may also help patients make better medical deci-
sions and allow the physician to obtain a more accur-
ate assessment and diagnosis.7

There are various methods of pain control avail-
able to the physician. The use of each method will be
dependent on the presenting injury. The main
objective is to allow for the tolerance of unpleasant
procedures while maintaining cardiorespiratory
function and limiting adverse effects. In turn,
treating pain and anxiety will lead to the following:
decreased patient suffering; facilitating medical
interventions; increased patient and family satisfac-
tion; improved patient care; and improved patient
outcome.8–11

General principles
Local anesthetics block the conduction of neural
impulses between the peripheral and central nervous
systems. These agents bind to closed sodium channels
on the nerve preventing activation and cellular
depolarization thereby inhibiting the propagation of
a nerve impulse.12

Topical and local anesthesia is the practice of
providing the anesthetic agent directly at the wound
site. Various topical agents are available for use on
mucous membranes, intact skin, or lacerations.
Table 32.1 lists the different topical anesthetics, indi-
cated use (mucous membrane vs. intact skin vs. lacer-
ation), and adverse effects.13,14 One of the major
drawbacks to the use of topical anesthetics in the emer-
gency department (ED) is the slow onset of action of
some of these agents. A way of ameliorating this prob-
lem is the prompt administration of the anesthetic very
early in the course, such as at triage.15 See Table 32.1 for
an overview of topical and local anesthesia.13,14

Local anesthetics are often used for simple
uncomplicated wounds. Local infiltration is quick
and has the added benefit of providing local hemo-
stasis when an epinephrine combination is used.
Techniques to decrease pain of injection include:
injecting subcutaneously through open wounds rather
than through intact skin, using small needles (e.g.,
27–30-gauge needle, using warm solutions, slow rates
of infiltration, pretreating with a topical anesthetic,
and buffering lidocaine solution with sodium bicar-
bonate in a 1 to 10 solution (1 ml of bicarbonate
added to 10 mg of lidocaine).16–20 Table 32.2 lists
various choices for local infiltrative anesthesia.

There are two main contraindications to local
anesthesia. One is when the wound is of a size that
the amount of local agent required to achieve anes-
thesia would put the patient at risk for systemic tox-
icity. The second, a relative contraindication, would
be where distortion of tissues may hinder precise
anatomic alignment of such tissues (e.g., vermillion
border).

Complications of local anesthetic administration
are mostly related to effects on the central nervous
system and cardiovascular system. Multiple central

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. # Cambridge University Press 2011.
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nervous system (CNS) effects have been described
including: lightheadedness, tongue numbness, metal-
lic taste, restlessness, peri-oral paresthesias, slurred

speech, excitability, drowsiness, and seizures. Seizures
can be treated with benzodiazepines. Cardiac effects
have included palpitations, cardiac dysrhythmias,

Table 32.1 Overview of topical and local anesthesia13,14

Anesthetic
product

Type of
wound

Methods Onset/
duration

Effectiveness Complications

TAC* (0.5%
tetracaine,
1 : 2000
epinephrine,
and 11.8%
cocaine)

Laceration 2–5 ml (1 ml per
cm of laceration)
applied to wound
with cotton
or gauze for
10–30 min

Onset: effective
10–30 min
after
application

May be as
effective as
lidocaine for
lacerations on
face and scalp

Rare severe toxicity,
including seizures,
respiratory arrest, and
sudden cardiac death

Duration: not
established

LET (4%
lidocaine,
1 : 2000
epinephrine,
and 0.5%
tetracaine)

Laceration 1–3 ml directly
applied to wound
for 15–30 min

Onset:
20–30 min

Similar to TAC
for face and
scalp
lacerations; less
effective on
extremities

No severe adverse
effects reported

Duration: not
established

EMLA (2.5%
lidocaine
and 2.5%
prilocaine)

Intact skin Thick layer (1–2 g
per 10 cm2)
applied to intact
skin with covering
patch of Tegaderm

Onset: must
be left on for
1–2 hours

Variable,
depending on
duration of
application

Contact dermatitis,
methemoglobinemia
(very rare)

Tetracaine
(0.25–1.00%)

Mucus
membranes

Topical placement
on mucosa

Duration:
0.5–2.0 hours
Onset: 3–8 min

Effective and
potent topical
agent

Severe cardiovascular
toxicity in overdose,
methemoglobinemia
(very rare)

Duration:
30–60 min

Lidocaine
(2–10%)

Mucus
membranes

Topical placement
on mucosa

Onset: 2–5 min Effective topical
agent

Serious toxicity (CNS,
CV) with misuse

Duration:
15–45 min

Cocaine*
(4%)

Mucus
membranes

Topical placement
on mucosa

Onset: 2–5 min Effective, but
potentially toxic

Susceptibility to abuse,
CNS excitement,
seizures, hyperthermia,
HTN, MI, tachycardia,
ventricular arrhythmias

Duration:
30–45 min

*Must be treated as a controlled substance.
CNS, central nervous system; CV; cardiovascular; HTN, hypertension; MI, myocardial infarction.

Section 5: Procedures and skills

552



hypertension, hypotension, and cardiovascular col-
lapse.21 Hypoxia, hypercarbia, and acidosis worsen
toxicity of local anesthetics.21

Patients can have allergic reactions to anesthetics,
presenting with a rash or upper airway involvement.
The reactions are usually due to the para-aminobenzoic
acid in ester anesthetics and to the preservative
methylparaben in amide anesthetics.21 Esters are
responsible for most of the true allergic reactions. If a
patient is allergic to an anesthetic, a preservative free
agent from another class should be used. Another
option, although less effective, is to use benzyl alcohol
or diphenhydramine. Use of diphenhydramine, how-
ever, can cause severe pain on injection, prolonged
analgesia, and prolonged rebound hyperesthesia.22

Diphenhydramine can also cause local irritation and
necrosis of the skin when used in areas supplied by
end arteries.23

Basic and advanced anesthesia
techniques
Regional anesthesia is based on the principal of
blocking the nerve supply to the injured area. The
anesthetic is injected in proximity to the nerve rather
than locally at the site of injury. Therefore, knowledge
of anatomy and nerve innervation is essential for the
proper performance of these blocks. This is the pre-
ferred method of achieving anesthesia in the
following situations: when wanting to avoid local
tissue distortion; when toxic doses of local anesthetic
would be required; or in areas where local infiltration
would be very painful (e.g., plantar surface of the

foot). Regional blocks tend to be less painful than
local subcutaneous injection. Blocks are specifically
useful in trauma patients with multiple injuries as it
avoids the hemodynamic and sedating effects of sys-
temic analgesics.

Regional blocks should not be performed on
uncooperative patients or on those who cannot com-
municate pain. It is important that the patient be able
to detect the presence of severe pain or radiculopathy
on injection, as these are indicators of intraneural
infiltration. Intraneural injection can lead to an ische-
mic nerve due to the high pressures created within the
nerve. Other contraindications to performance of a
regional block include infection over the site of needle
insertion, distortion of anatomic landmarks, or pres-
ence of allergy to the anesthetic.

Facial trauma is present in approximately 80% of
trauma patients with 20% having multiple facial frac-
tures.24 Table 32.3 outlines the different facial blocks
available for pain management along with the por-
tions of the face innervated by these blocks.

In the setting of chest trauma, analgesia helps to
improve respiratory function.25,26 Adequate analgesia
allows for deep breathing by decreasing inspiratory
pain. Patients will be able to cough preventing atelec-
tasis, hypoxemia, and the associated morbidity and
mortality. The patient with good pain control will also
be more likely to sit up and move around thereby
decreasing the above mentioned complications. Intra-
pleural anesthesia and intercostal nerve blocks are
options for pain control in the setting of chest trauma
(Table 32.4).

Hematoma block, peripheral nerve blocks,
and Bier blocks are options available for pain man-
agement during fracture reduction, relocations, and
wound management. Other common and highly
useful blocks described below include digital and
regional blocks of the hand and wrist or foot and
ankle, brachial plexus blocks, and intra-articular
blocks. The choice of anesthesia will depend on
type of injury, time required for repair, and phys-
ician experience and preference (Tables 32.5–
32.10).27,28

Ultrasound-guided hematoma block has been
described.29 A 5.0–10 MHz transducer is used and
provides the best images when the transducer is
placed sagitally over the long axis of the bone. The
fracture site is placed in the middle of the image and
the needle is placed into the hematoma by entering
the skin along the middle of the transducer.

Table 32.2 Types of local anesthesia

Anesthetic Onset
of action

Duration
of action

Maximum
dose

Lidocaine 4–7 min 0.5–1.5
hours

5 mg/kg

Lidocaine with
epinephrine

4–7 min 3.5 hours 7 mg/kg

Bupivacaine 10–15 min 2–4 hours 2.5 mg/kg

Bupivacaine
with
epinephrine

10–15 min 3–7 hours 3.5 mg/kg

Procaine 2–5 min 15–45 min 7 mg/kg
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Table 32.3 Types of facial blocks

Nerve Innervation Procedure

Supraperiosteal
block

Anesthesia to a single tooth

Insert needle into mucobuccal fold with bevel facing the
bone. Deposit 1–2 ml of anesthetic at the apex of the tooth,
close to the periosteum

Infraorbital
nerve block

Anesthesia to skin of lower eyelid,
nose, and upper lip

Infraorbital foramen located in line with pupil on inferior
border of the infraorbital ridge. Hold one finger over inferior
border of infraorbital rim inserting needle in the labial
mucosa opposite the apex of the 1st premolar tooth.
Advance needle superiorly until palpated near the foramen;
2–3 ml of anesthetic is deposited at this site

Inferior alveolar
nerve block

Sensation to ipsilateral mandibular
teeth and the lower lip and chin

Palpate retro-molar fossa with index finger or thumb
identifying the coronoid notch. Hold syringe parallel to
occlusal surface of teeth with barrel of syringe between
1st and 2nd premolars on the opposite side of the mandible.
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Table 32.3 (cont.)

Nerve Innervation Procedure

Can facilitate this angle by bending 25-gauge needle about
30� . Puncture is made in the pterygomandibular triangle
1 cm above the occlusal surface of the molars. Advance
needle until feel bone. Withdraw needle slightly and inject
1–2 ml of solution

Mental nerve
block

Innervates skin and mucosa of the
ipsilateral lip, with mild midline
crossover

Mental foramen is 1 cm inferior and anterior to the 2nd
premolar. For midline lip anesthesia need to anesthetize
both mental nerves

Supraorbital
nerve

Innervates the forehead and the scalp

With the patient looking straight ahead, the supraorbital
notch is in line with the pupil and palpated along the
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Femoral nerve block is an anesthesia choice in the
setting of femur fractures and hip fractures. When per-
forming the block, clinicians need to be careful to avoid
infiltration of the femoral artery or vein. Ultrasound can
be used to assist. Performing aspiration prior to injec-
tion of anesthetic is useful in preventing this compli-
cation. The femoral nerve block has been reported to
provide quicker relief of pain than systemic intravenous
(IV) morphine (5–10 mg/hour) (Table 32.11).30

Bier block is a type of regional anesthesia used for
extremity trauma providing anesthesia, muscle relax-
ation, and a bloodless field. When local anesthetic is
injected into the venous system, the anesthetic dif-
fuses through distal vessels into the nerve endings
producing subsequent anesthesia. In order for this
diffusion of anesthetic to occur, a high concentration
of anesthetic needs to be present in the venous
system.31 In order for this to not cause toxicity, a

Table 32.3 (cont.)

Nerve Innervation Procedure

superior orbital rim. The nerve is found 0.5–1.0 cm medial to
the notch. Place 1–3 ml of anesthetic in the area of the
supraorbital block. A line of anesthetic solution can also be
placed along the orbital rim from medial to lateral

Field block of
the ear

Type of regional anesthesia
Small nerves blocked en masse with
local anesthetic placed in the
subcutaneous tissue forming a barrier
proximal to the field of interest

Provides anesthesia to the entire ear, except the concha and
external auditory canal which are possible complications

Figures 32.1–32.4 from Burton J, Miner J. Emergency Sedation and Pain Management. Cambridge: Cambridge University Press, 2008.
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Table 32.4 Anesthesia for pulmonary/rib injury

Intrapleural anesthesia

Procedure

� If chest tube in place inject anesthetic through chest
tube

� Then clamp tube for 10–15 min to allow anesthetic
to diffuse in patients not requiring a chest tube

� Position patient in the lateral position with affected
side up

� Place 16-gauge Tuohy needle or spinal needle
8–10 cm from the posterior midline in the 8th
intercostal space

� Angle the needle at 30–40� to the skin and aim
medially, bevel up directed above the rib

� Once penetrating the posterior intercostal
membrane, remove stylet, attaching a well-wetted
air-filled glass syringe to the needle

� Advance needle until entering the pleural space
(plunger will be drawn down the syringe due to the
negative pressure created during inspiration)

� Remove syringe and introduce an epidural catheter
5–6 cm into the pleural space

� Remove needle and obtain chest X-ray for catheter
placement

� Secure the catheter

� Most common anesthetic used ¼ 20 ml of 0.5%
bupivacaine

� Level of anesthesia can extend from T2 to T12

Contraindication

� Patients who will need multiple abdominal exams to
rule out an injury

Relative contraindication

� Would need to rule-out intra-abdominal injury
before performing the block. The reason is that
intrapleural anesthesia can create a level of
anesthesia below the umbilicus

Intercostal nerve block

Procedure

� Position patient sitting upright leaning over a Mayo
stand

� Palpate rib and follow it posteriorly to the posterior
midaxillary line

� With the index finger retract skin superiorly at the
inferior border of the rib

� Insert the needle at the tip of the finger directed
cephalad at an 80� angle

� Advance the needle until it contacts the rib

� Once traction is removed, the needle will move
perpendicular to the chest wall

� Walk the needle off the inferior edge of the rib

� Advance the needle about 3 mm

� Perform aspiration and inject 2–5 ml of anesthetic

� Move needle in and out while injecting to ensure
penetration of the compartment between the
internal and external intercostal muscles

� Repeat the above technique with two ribs above and
two below to ensure blockage of overlapping nerves

a

b

Figure 32.6 Intercostal block. On the left: Retraction of the
skin cephalad from the lower edge of the rib exposes the site
of entry. The needle is inserted at an 80� angle, tip cephalad,
until contact is made with the lower rib edge. When the skin
is released, the needle is allowed to slide caudad to the
lower-most rib border. The needle is advanced 3 mm, aspiration
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proximal tourniquet must kept inflated for at least
20–30 minutes after injection. The preferred anes-
thetic is lidocaine 3 mg/kg injected as a 0.5% solution.
This solution can be made by combining 1% lidocaine
with equal parts of sterile saline in a 50 ml syringe.
Mohr reported this type of anesthesia to be useful
for procedures involving the extremities lasting
< 60 minutes.32

Absolute contraindications to the Bier block
include allergy to the anesthetic and uncontrolled
hypertension. This block also cannot be performed
when a procedure requires the continuous monitor-
ing of a pulse such as is required with supracondylar
fractures. Table 32.12 gives an overall description of
the block.

A recent review of 1816 Bier blocks reported 9
complications: 1 medication error, 3 improper cuff
inflation errors, and 5 errors of inadequate anesthe-
sia.32 Other possible complications include: systemic
toxicity of the local anesthetic secondary to inad-
equate tourniquet application; hematoma at the punc-
ture site; engorgement of the extremity; ecchymoses
and subcutaneous hemorrhage, and thrombophlebitis
at the IV site. Engorgement is more common in
patients with arteriosclerosis. The calcified vessels in
these patients prevent the proper function of the
tourniquet. The outcome is that arterial blood con-
tinues to enter the distal extremity while venous blood
is unable to escape resulting in engorgment.

Emergency physicians should be familiar with
penile blocks; clinical scenarios requiring penile anes-
thesia can present to the ED. Trauma-related injuries

such as lacerations require appropriate anesthesia for
proper management. Table 32.13 describes one
option for penile anesthesia.33

There are occasions in which, often secondary to
the patient’s anxiety, a form of regional anesthesia
may not be adequate. In these situations, procedural
sedation and analgesia (PSA) provides for anxiolysis,
sedation, amnesia, and analgesia. The ideal agent has
a rapid onset of action with a short duration of action
and minimal adverse effects. The purpose of proced-
ural sedation is to provide for the tolerance of
unpleasant procedures while maintaining cardiopul-
monary function and the ability to respond to verbal
commands and tactile stimuli.34

Controversy exists over the need for fasting prior
to procedural sedation. The American Society of
Anesthesiologists (ASA) recommends a 2-hour
fasting period for clear liquids and 6 hours for solids
and other fluids. However, this is based on consensus
opinion alone.35 Several studies have shown no
increase in gastric volume or acidity when clear

Caption for Figure 32.6 (cont.)
is attempted, and 2–5 ml of anesthetic is injected as the needle
is inserted and withdrawn 1 mm in each direction. On the right:
a cross-section of the chest shows the relevant branching
of a typical intercostal nerve. Blocks are commonly performed
at (a) the mid-axillary line and (b) the posterior axillary line.

Contraindications

� Infection over the injection site

� Flail chest

Complications

� Pneumothorax

Pearl

� Dosage of drug is one-tenth of the maximum for
peripheral blocks secondary to the high vascularity
in the area of intercostal blocks

Table 32.5 Hematoma block

Procedure

� Prep. the skin

� Insert needle into the area of the fracture

� Aspirate blood to confirm placement

� Inject anesthetic (about 10 ml into the hematoma
and another 5 ml around the site)

� Anesthesia occurs in 5 mins, lasting for several hours

Figure 32.7 Hematoma block. After careful palpation for
the fracture edge, the needle is inserted with care taken to avoid
vessels. (From Burton J, Miner J. Emergency Sedation and Pain
Management. Cambridge: Cambridge University Press, 2008.)

Contraindications

� Dirty skin

� Open fracture

� Small children
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liquids were administered up to 2 hours before elect-
ive surgery. There was no excess risk for the develop-
ment of aspiration.36,37 One prospective observational
study of 1014 children noted no difference with
airway complications, emesis, or other adverse events
between patients classified by their preprocedural

fasting status. Among the 509 patients that did not
meet preprocedural fasting guidelines for elective pro-
cedures, there were no episodes of aspiration docu-
mented.38 Also there are no reported cases of
aspiration during ED PSA in the medical literature
to date.

Table 32.6 Digital nerve blocks of the hand

Various procedures for digital block

Dorsal approach Insert a 27-gauge needle at the
web space distal to the knuckle
and lateral to the bone. Inject
1 ml of anesthetic subcutaneously
and then advance needle to the
point see tenting of skin on
palmar aspect of hand. Then
withdraw the needle 1 mm and
inject 1.5 ml of anesthetic. Repeat
on other side. This approach
blocks all four nerves. This is the
preferred approach. Since dorsal
skin is thinner, the dorsal
approach is less painful than the
volar approach

Volar approach Insert needle over the center of
the metacarpal head on the volar
side of the digit injecting
anesthetic as needle is advanced
to the bone. When at bone,
needle withdrawn 3–4 mm and
angled to each side of digit. Total
anesthetic used is about 5 ml

Thecal approach Uses tendon sheath to distribute
anesthesia. At level of distal
palmar crease puncture skin at
45� angle until “pop” occurs as
the needle enters the sheath.
Inject 2–3 ml of anesthesia. If
the needle hits bone, withdraw
3–5 mm before injecting
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Table 32.7 Regional nerve blocks of the hand

Nerve Innervation Procedure

Radial
nerve
block

� Lateral dorsum of the hand

(a)

(b)

� Place 3 ml of anesthetic lateral to the radial artery at the level of the
radial styloid

� Lateral aspect of the forearm � Also inject anesthetic dorsally along the wrist up to the dorsal midline

Ulnar
nerve
block

� Small finger and ulnar half of
the ring finger
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A clinical policy developed by the American Col-
lege of Emergency Physicians provided a Level C
recommendation for fasting prior to procedural
sedation stating “Recent food intake is not a

contraindication for administering procedural sed-
ation and analgesia, but should be considered in
choosing the timing and target level of sedation.”39

Green et al. have also suggested a consensus-based

Table 32.7 (cont.)

Nerve Innervation Procedure

� Inject at the level of the proximal palmar crease on the ulnar side of
the wrist

� Ulnar aspect of the hand � Advance the needle 1.0–1.5 cm under the flexor carpi ulnaris

� Administer anesthetic subcutaneously from the lateral border of the
flexor carpi ulnaris tendon to the dorsal midline to anesthetize
cutaneous nerves branching off the ulnar nerve

Median
nerve
block

� Index, middle, and radial
portion of the ring fingers

(a)

(b)

� Inject 1 cm ulnar to the flexor carpi radialis tendon

� Palmar aspect of the thumb
and lateral palm

� In patients with a palmaris longus inject between this tendon and
the flexor carpi radialis tendon

� Inject anesthetic after penetrating the deep fascia of the flexor
retinaculum
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clinical practice advisory.40 The advisory takes into
account the limitations of published evidence and
expert consensus. This advisory consists of four steps.
The first step is to assess patient risk for aspiration:
factors placing patients at risk are listed in Table
32.14. The second step is to assess the timing and
nature of recent oral intake in the 3 hours before
sedation and analgesia. The third step is to assess
the urgency of the procedure, and the fourth step is
to determine the prudent limit of targeted depth and
length of procedural sedation.40

Presedation evaluation for possible complica-
tions and monitoring during the procedure are
important components of procedural sedation. Pre-
sedation evaluation includes the evaluation for pos-
sibility of a difficult intubation or difficulty with
ventilation, current medications taken which may
interact with the analgesics, and medical problems
that may have an effect on the pharmacology of the
drugs used. Patients are assigned an ASA Class
(Table 32.15) based on medical history. Their risk

increases from minimal to low with Classes I and II,
to high or very high with Classes IV or V. Significant
relationship between aspiration during general anesthe-
sia and the ASA physical status has been noted. Patients
in Classes III and IV are at increased risk of aspiration as
compared to Classes I and II.41 This has not been well
studied in procedural sedation, however.

During procedural sedation, the patient should be
monitored for hypoxia and other potential side effects
of the analgesics used. Ideally one person should be
responsible for the procedure, and one person should
be available to have the sole responsibility of monitor-
ing the patient and instituting bag–mask ventilation
and cardiopulmonary resuscitation if necessary.42

Physicians need to have the skills to rescue a patient
from any airway or hemodynamic compromise due to
the sedation.

The Bispectral Index (BIS) can be used to measure
the electrophysical state of the brain during anesthe-
sia. This is an analog electroencephalogram (EEG)
monitor describing the level of sedation on a 100-point
scale with a score of 1 being no EEG activity and a score
of 100 being an alert state. This scale, however, has
been found to be imprecise and is not commonly used
in the ED.43

Pulse oximetry is often used during procedural
sedation to monitor for respiratory depression and
associated hypoxia. However, end-tidal carbon diox-
ide (ETCO2) monitoring might be a better monitor-
ing tool because it is not affected by the use of
supplemental oxygen. However, the clinical signifi-
cance of changes in ETCO2 during procedural sed-
ation are not clear.43 In one prospective, observational
study on children undergoing sedation with propofol,
capnography detected apnea before clinical examin-
ation or oximetry in all occurrences and first detected
airway obstruction in 6 of the 10 occurrences.44

Table 32.8 Brachial plexus nerve block27

Indications

� Upper extremity

disclocations

fractures

abscesses

� Requirement for anesthesia proximal to forearm (not
obtained with median, ulnar, and radial nerve
blocks)

Procedure

� Use ultrasound to localize the brachial plexus by
orienting the linear transducer transversely in the
supraclavicular fossa

� Brachial plexus looks like a group of hypoechoic
nodules lying lateral to the subclavian artery

� Inject 30 ml of anesthetic under direct visualization
adjacent to the brachial plexus using a 27-gauge or
22-gauge non-cutting spinal needle

Complications

� Pneumothorax

� Arterial puncture

� Recurrent laryngeal or phrenic nerve paralysis

� Permanent neurologic dysfunction (rare)

Table 32.9 Intra-articular anesthesia28

Indications

� Shoulder dislocations

Procedure

� Aspirate blood from joint

� Inject 10–20 cc of anesthetic into the joint through
the lateral sulcus, aiming slightly caudad (Anterior
approach also acceptable)

� Takes 15–20 min for anesthetic to take effect
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Table 32.10 Lower extremity anesthesia

Nerve Innervation Procedure

Posterior tibial
nerve block

Sensation to most of the volar
aspect of the foot and toes

� Nerve located between medial malleolus and Achilles tendon

� Palpate posterior tibial artery and provide anesthetic 0.5–
1.0 cm superior to that point

Sural nerve
block

Sensation to lateral border of foot,
both volar and dorsal aspects

The above figure was taken from Burton J, Miner J. Emergency Sedation and PainManagement. Cambridge: Cambridge University Press, 2008.
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Table 32.10 (cont.)

Nerve Innervation Procedure

� Nerve located on lateral aspect of ankle between the Achilles
tendon and the lateral malleolus

� Superficial nerve

� Blocked at level 1 cm above the lateral malleolus

� Inject 3–5 ml of anesthesia subcutaneously between the
Achilles tendon and the lateral malleolus

Superficial
peroneal nerve
block

Sensation to large portion of
dorsal aspect of the foot

� Anesthetic administered superficially between extensor
hallucis longus tendon and the lateral malleolus

� Blocked using 4–10 ml of anesthetic in a band between the
landmarks

Deep peroneal
nerve block

Sensation to web space between
big and second toes
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Table 32.10 (cont.)

Nerve Innervation Procedure

� Blocked between the anterior tibial tendon and the extensor
hallucis longus, 1 cm above the base of the medial malleolus

� Can palpate tendons by:

having patient dorsiflex the big toe and foot

needle directed 30� laterally and under the extensor hallucis
tendon until striking the tibia

� Needle then withdrawn 1 mm and 1 ml of anesthetic
administered

Saphenous
nerve block

Sensation to medial aspect of the
foot near the arch

� Blocked between the medial malleolus and the anterior tibial
tendon

� Blocked with 3–5 ml of anesthetic injected subcutaneously
between landmarks

The above figure was taken from Burton J, Miner J. Emergency Sedation and Pain Management. Cambridge: Cambridge University Press, 2008.
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The importance of monitoring after the com-
pletion of the procedure has been evaluated by New-
man et al.45 A prospectively collected database
of 1367 pediatric patients demonstrated that the

highest risk of serious adverse events occurred within
25 minutes of receiving the last dose of IV medica-
tions.45 During the procedure and while monitoring
after the procedure, reversal agents should be readily

Table 32.11 Femoral nerve block anesthesia

Procedure

� Palpate femoral artery 1–2 cm distal to inguinal ligament

� Keep non-dominant hand on artery at all times to maintain landmarks

� Insert needle at a 90� angle 1–2 cm lateral to the location of the artery raising a subcutaneous wheal of anesthetic

� Advance needle until a paresthesia is elicited or the needle pulsates laterally

� Paresthesia elicited:

inject 10–20 ml of anesthetic

� Paresthesia not elicited

inject 10–20 ml of anesthetic in a fan-like distribution lateral to artery attempting to anesthetize the nerve

� onset of anesthesia 15–30 min, duration 3–8 hours

Complications

� Nerve injury

� Hematoma from perforating the femoral artery

Pearl

� Always aspirate before injection to reduce risk of intravascular injection

Anatomical landmarks

Patient position: supine, leg extended

Femoral
crease

Femoral
Nerve

(a)

Femoral
artery

(b)

Fascia iliaca

Figure 32.18 (a and b) Anatomy and landmarks for femoral nerve anesthesia. (Courtesy of New York School of Regional Anesthesia,
with permission.)
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available. When using opioids, the opioid antagonist
naloxone should be available; when using benzodi-
azepines, flumazenil should be available. These drugs,
however, should only be used to prevent major com-
plications. If used, they need to be followed by an
observation period as the duration of effects of the
sedatives will frequently exceed the duration of the
effects of the reversal agent.

There are many drugs available for procedural
sedation and often a combination of drugs is used
(Table 32.16).46–66 The clinician should be familiar
with the properties of each drug as well as its poten-
tial side effects. Some drugs when combined,
such as benzodiazepines and opioids, can pose a

Table 32.12 Bier block procedure

Single cuff system

� 20 g catheter or butterfly needle placed in superficial
vein as close to injury site as possible:

needs to be at least 10 cm distal to tourniquet used
on extremity to avoid injection of anesthetic
proximal to tourniquet

� Pneumatic tourniquet placed proximal to the
injured site

� Exsanguinations of extremity (two techniques):

elevate the extremity for at least 3 min

wrap the extremity in a distal to proximal direction
with an elastic bandage

� Inflate pneumatic tourniquet to 250 mmHg
(50 mmHg above systolic pressure in a child):

if wrap used for exsanguinations it should be
removed after pneumatic tourniquet is inflated

� Slowly inject anesthetic (anesthesia should be
obtained in 10–20 min)

� Perform the procedure

� Once procedure completed, deflate tourniquet and
cycle to prevent bolus effect of lidocaine that may
still be in the intravascular space:

tourniquet time should not exceed 90 min

do not deflate cuff until it has been inflated for at
least 30 min (this allows for adequate tissue fixation
of lidocaine)

� If mini-dose of 1.5 mg/kg of lidocaine has been used
can deflate after a 20 min cut-off

� Mini-dose is as effective as 3 mg/kg and is the
recommended dose in the emergency department:

alternate between deflating cuff for 5 s and re-
inflation for 1–2 min

repeat above cycle 3 or 4 times

anesthesia should resolve 5–10 min after cuff is
removed

Double cuff system

� Used with longer-lasting procedures
secondary to presence of pain at the cuff site after
20–30 min

� Proximal cuff is inflated at the beginning of the
procedure and anesthesia is obtained under the
distal cuff

� When patient complains of pain at the proximal cuff,
the distal cuff is inflated and then the proximal cuff is
deflated

� Do not deflate the proximal cuff until the distal cuff
has been inflated:

this is important to prevent diffusion of anesthetic
into the general circulation

Table 32.13 Dorsal penile nerve block33

Indications

� Reduction of phimosis or paraphimosis

� Laceration repair

Procedure

� At base of penis raise skin wheals at 2 o’clock and
10 o’clock positions using a 27-gauge needle

� Then insert needle through center of each
wheal towards center of shaft to depth of
about 0.5 cm

� Aspirate to make sure needle not in blood vessel
and inject about 2 cc of anesthetic (without
epinephrine) on each side

Contraindications

� Infection at site of injection

� Suspected testicular torsion

Complications

� Infection

� Bleeding and hematoma

� Failure to achieve adequate anesthesia
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greater risk of respiratory depression. When these
drugs are used together, the opioid should be given
first. The benzodiazepine dose can then be titrated
to effect.46

New drugs becoming available for procedural sed-
ation include dexmedetomidine, alfentanil, and remi-
fentanil. Dexmedetomidine is an alpha-2 agonist with
dose-dependent sedation. The benefit of this drug is that
it does not cause respiratory depression. Remifentanil
and alfentanil are ultra-short-acting opioids, providing
a period of analgesia of about 5–10 minutes. These
drugs may be useful for very brief painful procedures.43

Though airway complications are a known side
effect of the use of sedating medications, the rate of
these complications remain as low as 1.4% for keta-
mine43,67 and 5.0–9.4% for propofol.68–71 In all these
studies, serious complications such as aspiration,
anoxia with neurologic impairment, and death were
extremely rare.

Other reported adverse effects associated with
procedural sedation include apnea, hypoxia, stridor,
laryngospasm, bronchospasm, cardiovascular
instability, paradoxic reactions, emergence reactions,
emesis, and aspiration.72,73 Children have been
reported to demonstrate motor imbalance, agitation,
and restlessness at home after undergoing procedural
sedation.74 However, most studies report the rate of
major adverse events (i.e., respiratory compromise,
hypotension, laryngospasm, dysrhythmias) after pro-
cedural sedation to be < 1%.72

Special populations
Infants, the elderly, and pregnant patients are sub-
groups of patients requiring special consideration.
Infants and the elderly have increased sensitivity to
most drugs requiring that doses be adjusted

accordingly.75 The elderly often have other medical
problems that can pose further risks from anesthetic
medications. Benzodiazepines and barbiturates in
patients with chronic obstructive pulmonary disease
(COPD) can lead to excessive respiratory depres-
sion.76 Patients with cirrhosis will have a prolonged
duration of action of barbiturates and hepatically
metabolized benzodiazepines. A history of coronary
artery disease (CAD) or congestive heart failure
(CHF) in a patient should warrant consideration of
the hemodynamic effects of many of the procedural
sedation drugs. Other anesthetic options, such as local
or regional anesthesia, should be considered to avoid
these hemodynamic effects.

When providing procedural sedation for the preg-
nant patient, consideration should be given to the
effects of drugs on both the mother and the fetus.
Consideration has to be given to the possible terato-
genesis from medications used for sedation. Using the
smallest effective dose of a drug may help to avoid
teratogenic effects. Other options such as regional
nerve blocks may be better options for pain manage-
ment in these patients if the condition lends itself to
that type of pain control.

Less invasive methods of pain management have
been described in the pediatric population. Oral
sucrose has been shown to reduce signs of distress
due to minor, painful procedures in neonates.72 In a
Cochrane Collaboration systematic review of pain
management in neonates, sucrose was found to be
safe and effective for reducing pain caused by a single,
painful event such as a heel lance or venipuncture.77

Psychological approaches and techniques have
been used in children and have been shown to reduce
anxiety and alter pain perception.43 Examples of these

Table 32.14 Risk factors for aspiration in moderate sedation

� Potential for difficult or prolonged assisted
ventilation should an airway complication occur

� Conditions predisposing to esophageal reflux

� Extremes of age (> 70 or < 6 months)

� Severe systemic disease with definite functional
limitation

� Other physical findings the clinician judges to put the
patient at high risk for aspiration (i.e., altered mental
status)

Table 32.15 American Society of Anesthesiologists (ASA)
classification

Class Description

I Normal, healthy

II Mild systemic disease without functional
limitations

III Severe systemic disease with functional
limitations

IV Severe systemic disease which is a constant
threat to life

V Moribund patient who may not survive without
the procedure
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Table 32.16 Procedural sedation medications46–66

Drug Properties Pharmacokinetics Dosing Side effects Benefits

Ketamine Sedation IV: onset 2 min;
duration
10–15 min

IV: 1–2 mg/kg Laryngospasm Low incidence of
respiratory or
hemodynamic
depression

Analgesia IM: onset 5 min;
duration
20–30 min

IM: 4 mg/kg Increased salivary and
bronchial secretions; increase
in BP and HR; increased ICP

Amnesia Pregnancy: Category B

Propofol Sedation Onset: 30–60 s 1.0–1.5 mg/kg
IV; repeat
0.5 mg doses
every 3–5 min

Respiratory depression,
hypotension (more prevalent
with rapid infusion and
adjunct use of opioids)

Antiemetic;
anticonvulsant
properties

Amnesia Duration: 2–5 min Dysrhythmias, heart block,
and cardiac arrest have
occurred in presence of
metabolic acidosis

Pregnancy: Category B

Ketofol Sedation
Analgesia
Amnesia

Duration: 5–45 min 0.75 ml/kg
of ketamine þ
0.75 ml/kg of
propofol

Sympathomimetic
properties of ketamine
can mitigate
propofol-induced
hypotension
Propofol might
counteract nausea
and psychic recovery
effects of ketamine

Etomidate Sedation Onset: < 1 min 0.1–0.2 mg/kg
IV; slowly over
30–60 s

Myoclonus, vomiting, adrenal
insufficiency, emergence
delirium

Favorable
hemodynamic profile;
no histamine release

Duration: 3–5 min Pregnancy: Category C

Chloral
hydrate

Sedation Onset: 40 min 25–100 mg/kg
per dose
PO/PR

Resedation; paradoxical
hyperactivity

No cardiac or
respiratory adverse
effects

Duration: 4–8 h Caution used in patients with
neurodevelopmental
disorders: increased incidence
of side effects and decreased
efficiency

Safety not established in
pregnancy

Pentobarbital Sedation Onset: 6 min 2–5 mg/kg IV;
3–5 mg/kg IM,
PR

Paradoxical excitation can
occur; hypotension; respiratory
depression
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techniques include breathing exercises as a form of
distraction, imagery, filmed modeling, and reinforce-
ment and incentives.78 These methods can serve to
ameliorate the patient’s anxiety.

Conclusion
Pain management is an important aspect of emergency
care. In order to appropriately treat patients, clinicians
must be aware of the different options available for
pain control, including the risks and benefits of each
option. In trauma patients, particular attention needs
to be given to hemodynamic alterations produced by
medications used for sedation and analgesia. In such
patients, local or regional anesthesia may present a
better option. As clinicians, we should attempt to

provide the best analgesia possible both because of its
medical and psychological benefits to the patient.
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Fluid and blood component therapy
administration
Ugo A. Ezenkwele and Spiros G. Frangos

Introduction
Most emergency physicians and trauma surgeons
resuscitate injured patients according to a standard-
ized approach, which includes a primary survey, a
resuscitation phase, and a secondary survey. During
the primary survey, airway protection, ventilatory sup-
port, and hemodynamic stabilization are addressed.
Volume resuscitation remains an integral part of ther-
apy in patients with hemorrhagic shock, serving to
improve oxygen delivery and preserve normal cellular
metabolism.

The optimal fluid choice and strategy for resusci-
tation remain controversial. Crystalloid, blood prod-
ucts, and a variety of adjunct colloid plasma expanders
serve as options. The ideal resuscitation fluid should
have certain characteristics:

� rapidly restore plasma volume
� enhance microcirculation
� optimize oxygen delivery
� lack significant undesirable side effects, e.g.,

immune response suppression
� be readily stored and transportable
� be inexpensive.

Box 33.1 Essentials of blood, fluid, and
component therapy

� The mainstay of therapy in fluid resuscitation is
expansion of plasma volume and increasing
oxygen delivery to vital organs so as to maintain
viability without increasing bleeding prior to sur-
gical hemostasis.

� Indications for transfusion in the trauma setting
include acute blood loss, i.e., any patient with
uncontrolled bleeding or a predicted volume loss
of 1500 ml or an inability to respond to crystalloid
resuscitation.

� Before transfusion, the blood should be typed
and cross-matched. If the clinical situation is
urgent, the blood can be typed and screened
(takes 15 minutes). If the situation is critical, type
O-negative blood can be given.

� If type O-negative blood is unavailable, then
O-positive blood can be given.

� Alternatives to blood transfusion include the use
of hemoglobin substitutes and perfluorocarbons,
stimulation of endogenous production of red
blood cells (RBCs) with the use of erythropoietin,
reduction of blood loss through use of antifibri-
nolytics, hemostatic agents, and cell salvage.

General principles of fluid
resuscitation
During the second half of the twentieth century,
aggressive fluid administration was encouraged in
order to replace the lost circulating volume in patients
with hemorrhagic shock.

The timing, amount, and end-points as well as the
type of fluid continue to be debated. The main ques-
tions revolve around whether fluid administration
should be given early, or delayed until definitive con-
trol of the hemorrhage is gained, and whether or not
the fluid should be given in large or smaller amounts.
While the most common strategies employ large
volume isotonic fluid, underlying research strongly
supporting this in humans does not exist. The major-
ity of animal studies support that for large blood loss,
some fluid is better than minimal or none, but for
non-major hemorrhage, less fluid or delayed resusci-
tation is associated with lower mortality. Large
volume fluid resuscitation also comes with downsides.
Crystalloid appears to improve hemodynamic indices in
the short term, but clotting factor dilution contributes

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
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to blood loss exacerbation.1 Similarly, aggressive
volume prior to control of surgical bleeding may
increase intravascular pressure and disrupt estab-
lished clot amplifying bleeding.

There have been few human studies evaluating
permissive hypotension in trauma. While the first
study clearly showed a trend toward improvement
with delayed resuscitation, the other was unable to
find a difference.2–5 While there are criticisms of
both studies, some methodological, some due to
insufficient number of patients, ultimately there will
remain questions until a large randomized study is
performed with significant power to provide a defini-
tive answer. In the meantime, many emergency phys-
icians and trauma surgeons tend to lean toward
moderate resuscitation with a goal toward keeping
the systolic blood pressure around 90–100 mmHg.
The one caveat is the patient with a significant brain
injury where it is imperative to maintain a blood
pressure above 90 systolic to avoid increased morbid-
ity and mortality.

Controversy over the use of crystalloid vs. colloid
solutions persists despite a large number of clinical
trials that have examined the issue.6–9 Although not
fully settled, the most common current therapy is
isotonic crystalloid solutions as the initial fluid of
choice. The classical axiom dictates that three times
the volume of lost blood in isotonic crystalloid is
required to replace the volume of lost blood. Only a
portion of the volume of crystalloid will remain intra-
vascular; however, complete equilibration requires
multiple hours. This ratio has since been questioned
as being too conservative and may actually be as high
as 7 : 1 or even 10 : 1 as a result of the decreased
colloid osmotic pressure and serum protein losses
from hemorrhage and ensuing capillary leaks.10,11

Crystalloids also cause endothelial and RBC swelling,
impair microcirculation, and decrease the surface
area for tissue oxygen exchange.6 Of the two com-
monly used isotonic crystalloid solutions (lactated
Ringer’s [LR] and normal saline [NS]), the Advanced
Trauma Life Support® (ATLS®) course recommends
the use of LR as the resuscitation solution of choice
secondary to its reduced chloride load; hyperchlor-
emic metabolic acidosis is a common consequence of
NS infusion. Although the chloride load may not
seem impressively different (Table 33.1), the hyper-
chloremia and acidosis become more obvious and
problematic with increasing resuscitation volumes.
Unfortunately, LR also has its own drawbacks,

including neutrophil activation.12,13 As the detrimen-
tal immunologic effects of currently available resusci-
tative fluids continue to be identified,14–16 a search for
newer solutions and recommendations for the initial
fluid resuscitation may be warranted.

Hypertonic crystalloid solutions have a greater
ability to expand blood volume and to more rapidly
elevate blood pressure with a smaller infusion volume
and shorter time period. Recent systematic reviews,
however, have not demonstrated a significant benefit
over isotonic solutions.17,18

Crystalloids primarily fill the interstitial space,
and consequently tissue edema is expected and
remains an important consideration, especially in
the brain-injured. Unfortunately, it is not clear that
other volume expanders, while theoretically better,
provide improved outcomes.19,20

Artificial and natural colloid solutions are cur-
rently used as a complementary mode of therapy.
They are more efficient than crystalloids in expanding
plasma volume and achieve similar resuscitation end-
points faster and with much smaller volumes. There
are four basic types of colloids: natural human albu-
min and three synthetic alternatives – dextrans,
gelatins, and starches.21

Albumin, the prototypical colloid, is synthesized in
the liver and is responsible for 80% of the plasma
oncotic pressure. Its osmotic pressure is similar to the
oncotic pressure of the plasma.22 Although crystalloid
and blood products are used initially in trauma resusci-
tation, there may be a role for albumin in the long-term
intensive care of the trauma patient.23 A recent meta-
analysis which includes trials with trauma patients sug-
gests that albumin may reduce morbidity in the critically
ill.24 Disadvantages of albumin include its short supply,
high cost, and the small risk of transmission of infec-
tious particles (e.g., prions) or viruses.

Table 33.1 Constituents of commonly used isotonic solutions

Lactated
Ringer’s (mEq)

Normal
saline (mEq)

NA 130 154

K 4

Ca 3

Cl 109 154

HCO3 28

mEq, milliequivalents.
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Of the synthetic colloids, dextran and gelatins are
less common in the resuscitation of trauma patients.
Although dextran has plasma-expanding properties,
it also has powerful anticoagulant effects that
limits it’s role in trauma resuscitation. Gelatins, e.g.,
Haemaccel®, Gelofuscine®, are mostly unavailable in
North America, and their modest and short-lived
effectiveness in expanding plasma volume has limited
their use.25

On the other hand, hydroxyethyl starch (HES) –
specifically the high-molecular-weight hetastarch and
pentastarch – is an attractive option. The colloid
osmotic pressure of 10% pentastarch is 2 times that
of the oncotic pressure of plasma and expands plasma
volume 1.5 times the infused volume.26 Besides its
effectiveness in volume expansion, HES is readily
available, has a large supply, carries negligible risk of
transmitting infectious disease, has a long shelf life,
and is less expensive than albumin. Although prom-
ising at moderate doses,27 its use in injured patients
has not caught on because of its dose-dependent effect
on coagulopathy.28

Basic and advanced treatment
principles
Red cell antigens and antibodies
Blood type is inherited and is determined by specific
antigens and antibodies found in the blood. Over 300
antigens on RBC membranes have been identified,
including the ABO and Rh systems (Table 33.2).

Once the decision to transfuse has been made, the
patient’s blood should be typed and screened. A Type
and Screen is a laboratory testing technique used to
identify ABO blood group antigens (type) and to
detect atypical serum antibodies that may have formed
(screen). This testing precedes the cross-matching
(also known as compatibility testing), where donor
red cells are mixed with recipient plasma in a tube to
rule out agglutination, or the clumping of cells. Were
red cell agglutination (hemagglutination) to occur in
vivo, the resulting hemolysis would lead to a severe
transfusion reaction. The direct hemagglutination
technique is simple and inexpensive, does not require
sophisticated equipment, and is sensitive and specific.
The indirect agglutination test is used to cross-match
blood and seeks immunogenic antigens that are not
present on screening tests. The process takes longer
(about an hour) and may delay blood transfusion.

Packed red blood cells
Packed red blood cells (PRBCs) are excellent volume
expanders as they are maintained in the intravascular
space for prolonged periods. Red blood cells are the
main transport mechanism for oxygen.29 Packed
RBCs are processed from whole blood through
centrifugation (removing 80% of the plasma) and
the addition of preservatives (citrate–phosphate–
dextrose, adenosine, glucose, or mannitol).29 The
resultant product may then be leukocyte-reduced,
irradiated, washed, or frozen depending on hospital
and patient needs.29 Common teaching is that after 1
unit (approximately 300 ml) of PRBCs, a patient’s
hematocrit will increase by about 3 percentage
points.30 This has not been well studied, although a
single retrospective study has found that it will
increase by 1.9% � 1.2%, which shows that it has
clear variability.30

Packed red blood cell transfusion in the trauma
setting is performed on patients with significant acute
blood loss suggested by hemodynamic instability. In a
life-threatening situation, type O-negative blood
should be given, and trauma centers should have at
least two units readily available. Although a case can
be made for using O-positive blood (more readily
available) for women beyond childbearing age and
men, many trauma centers choose to avoid potential
errors by relying solely on type O-negative blood in
these circumstances. The blood of all patients who
sustain severe trauma should be typed and screened
for ABO classification; cross-matching can then be
performed if blood transfusion becomes necessary.
Time to transfusion should be minimized if the clin-
ical situation dictates. However, if time is available,

Table 33.2 ABO blood types*

Blood
type

RBC membrane
antigens

Serum
antibodies

A A Anti-B

B B Anti-A

AB A and B Neither

O Neither A nor B Anti- A and
Anti-B

*Of note, universal donor for red blood cells (RBC) is type O;
Universal recipient for RBC is type AB; however, the opposite is true
for plasma. The universal plasma donor is type AB; the universal
plasma recipient is type O.
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then properly treated blood (i.e., leukocyte-reduced,
irradiated, washed or frozen, etc.) may need to be
administered as it may reduce allergic reactions,
post-transfusion fever, and alloimmunization in select
patients (Table 33.3).

Ideally, most stored PRBCs should be used within
21 days; by 42 days, they should be discarded since
longer storage times result in a diminished capacity of
the cells to release their oxygen molecules.31 Although
RBCs are an essential requirement for oxygen trans-
port, the potential adverse reactions of allogeneic
transfusions, including infections and immunologic
risks, should be considered.

Platelets
The level of platelet decline following hemorrhage is
difficult to predict. Certain patients are able to main-
tain normal or near-normal counts despite ongoing
blood loss by mobilizing platelets from the spleen and
marrow. Most patients, however, approach the critical
platelet count of 50 000/mL (microliter) after losing
2 blood volumes. A declining platelet count usually
requires intervention much later than the deficit
of plasma factors, i.e., fresh frozen plasma (FFP) is
usually required prior to platelets.32

Although the absolute platelet count can be read-
ily determined, there are no practical methods to
rapidly assess the function of native platelets or to
assure the viability and activity of transfused platelets.
Platelet function assays do exist but are too cumber-
some to use in the setting of acute hemorrhage. Ease
of platelet transfusion depends on storage and avail-
ability. Platelets must be kept in the blood bank where
stringent storage requirements (20–24�C on a shaker
or rotator) must be adhered to. Coordination between
the trauma service and the blood bank is required to
make these concentrates readily available.

Hemorrhaging patients with platelet counts
under 40 000–50 000 mL should be transfused.
A patient with a platelet count of < 10 000mL despite
hemorrhage control also warrant a transfusion.
Patients who were on antiplatelet medications (e.g.,
aspirin or clopidogrel) prior to injury may also bene-
fit from platelet transfusion despite normal or near-
normal counts. It would be reasonable to assume
patients with uremia, alcoholism, and chronic mal-
nutrition have reduced platelet function. In the set-
ting of severe hemorrhage, early transfusion is
reasonable.

Fresh frozen plasma
Fresh frozen plasma is generated by removing plate-
lets and cells from whole blood then freezing and
storing the remaining plasma. A single unit of FFP
(about 250 ml) contains 400–500 mg of fibrinogen
and 1 unit of each clotting factor.32 Clotting factors
are lost during massive hemorrhage while remaining
levels dip further as a result of dilution from large
volumes of crystalloid and colloid resuscitation fluid.
A transfusion of 15 ml/kg of FFP should increase
clotting factors by 20%;32 clinically, this translates
into a transfusion of 4 units of FFP in a 70 kg adult.

Table 33.3 Special blood preparations

Special blood
preparations

Indication

Leukocyte
reduction

� To decrease the frequency of
recurrent febrile non-hemolytic
transfusion reactions

� To reduce the incidence of HLA
alloimmunization

� To reduce the risk of transfusion-
transmissible CMV

� Does not prevent GVHD

� May cause hypotension particularly
in patients on ACE inhibitors

Irradiation � Patient are at risk for GVHD

� Fetuses receiving intrauterine
transfusions

� Selected immunocompromised
patients

� Donated blood from a blood
relative

� Recipients who have undergone
marrow or peripheral blood
progenitor cell transplantation

� Recipients of cellular
components whose donor is
selected for HLA compatibility

Washed cells � IgA-deficient patients

� Anaphylactoid reactions to
plasma components

ACE, angiotensin-converting enzyme; CMV, cytomegalovirus; GVHD,
graft-vs.-host disease; HLA, human leukocyte antigen; IgA,
immunoglobulin A.
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Severely injured trauma patients require and
benefit from FFP well before losing one blood
volume.32 Hemodynamic instability necessitating
significant PRBC transfusion should prompt phys-
icians to order and transfuse FFP in these patients.
While different protocols exist, the greater the hem-
orrhage and the likehood of ongoing bleeding should
prompt earlier use of FFP. If the clinical situation
permits, the use of FFP may be guided by abnormal
coagulation tests, notably prothrombin time (PT)
and activated partial thromboplastin time (PTT)
followed by the international normalized ratio
(INR). Abnormally elevated tests – generally 1.5
times greater than control – indicate a need for FFP
to control hemorrhage.

Bleeding trauma patients who on warfarin therapy
should be transfused factors empirically. While in
certain situations it may be lifesaving, it must also
be tempered with a knowledge of why the person is
anticoagulated and the potential downsides of full
reversal. For example, a patient with a mechanical
heart valve and a minor injury with no ongoing
hemorrhage would not benefit from reversal. Trauma
patients with liver failure, disseminated intravascular
coagulation (DIC), and specific coagulation factor
deficiencies may also benefit from early FFP.

Units of FFP take 20–30 minutes to thaw (each
one is a 250 g frozen block of plasma in a plastic bag
at �30 to �80�C). Therefore transfusion services
supporting trauma centers often maintain thawed
plasma (which can be kept for up to 5 days). Since
FFP is blood-type specific, there may be a delay as the
blood bank performs the blood typing, processes the
order, and transports the plasma.

Cryoprecipitate
Cryoprecipitate is the insoluble protein fraction of
FFP that is separated out during centrifugation. Rich
in fibrinogen, factor VIII, factor XIII, fibronectin, and
von Willebrand factor (vWF), it has a limited role in
the acute trauma setting. In trauma patients who are
known hemophiliacs, who have von Willebrand dis-
ease, or who have low fibrinogen levels (< 100 mg/dl),
cryoprecipitate may be indicated.32

Given the complexities of these cases and the
immediate resources available, a consultation with
the blood bank to decide on whether cryoprecipitate
or other specific factors should be given can be
extremely useful.

A unit of cryoprecipitate contains 0.25 g of
fibrinogen (much greater concentration than FFP).
However, provided the replacement volume is suffi-
cient, FFP should be able to ensure hemostatic con-
centrations of all coagulation factors including
fibrinogen; cryoprecipitate supplementation is there-
fore not routinely necessary.

Process of transfusion
Informed consent is preferred prior to any transfu-
sion; however, in a hemodynamically unstable trauma
patient who is unable to provide consent, blood prod-
ucts should not be withheld. Once products arrive
from the blood bank and are ready to be adminis-
tered, correct patient identification procedures must
be stringent. Often these practices are dictated by
institutional policy and clinical situation. Typically,
hospital policy mandates that blood be checked by
two licensed professionals, at least one of whom is a
registered nurse.33 The verification includes patient
name, hospital number, transfusion number, ABO
group and Rh type, donor number, expiration date,
and volume of blood. The information on the blood
tag is compared with that on the blood bag itself and
to the patient’s name band and blood bank identifica-
tion band. Because of the risk of contamination,
the blood should be hung within 15 minutes of
arrival to the patient unit.31 If it cannot be hung
within that time period, it should be returned to the
blood bank.

Two large-bore peripheral intravenous cannulas
(16 gauge or larger) are generally adequate for the
purposes of trauma resuscitation. If peripheral veins
are difficult to access, an introducer catheter should be
placed in the femoral or subclavian vein using the
Seldinger technique. Rapid infusing systems can infuse
fluids at rates reaching 1000 ml over 5 minutes and can
be used if blood loss is expected to be high and aggres-
sive resuscitation is being practiced. In-line fluid
warming allows for resuscitation fluids to be warmed
to at least body temperature prior to infusion.

With the exception of NS, no medications or
intravenous fluids should be added to or mixed with
blood products. The calcium in LR will interact
with the anticoagulant, citrate, and cause the blood
to clot. All blood products must be administered
using a filter specified for that product. The in-line
filter should be primed with either saline or the
blood product.33,34
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Vital signs should be taken immediately prior to
transfusion. Any temperature elevation should be
noted. A pre-existing low-grade fever is not a contra-
indication to transfusion. The trauma team must
remain vigilant, however, because escalation of the
fever during the transfusion would require careful
evaluation and may make treatment decisions more
difficult.

Monitoring resuscitation
In the early hours after injury, basic non-invasive
hemodynamic parameters, such as heart rate, blood
pressure, capillary refill, and urine output, are
often adequate to guide the progress of resuscitation.
Invasive monitoring may be useful to guide the resus-
citation in the elderly and in those patients
with underlying cardiopulmonary or renal disease.
A central line (e.g., triple lumen catheter, introducer)
helps to monitor central venous pressure.
A pulmonary artery catheter may provide additional
benefit in select patients, however it is rarely per-
formed in the emergency department (ED) and is
mainly used in the intensive care unit (ICU) or oper-
ating room (OR) setting. Various additional monitor-
ing techniques, such as esophageal Doppler
monitoring, thoracic electrical impedance, transpul-
monary cardiac output, pulse contour analysis, and
lithium dilution cardiac output continue to be
explored. Each has certain advantages and disadvan-
tages, but experience is limited, especially in the ED,
and the instrumentation and techniques are not yet
widely available.

Massive transfusion protocols
Massive blood loss is defined as the loss of 1 blood
volume (80 ml/kg or about 5 L in a 70 kg male) within
a 24 hour period. Acute massive hemorrhage is
accompanied by the need for rapid, large volume
transfusion and is associated with mortality as high
as 70%. The consequences of uncontrolled hemor-
rhage include the triad of death – acidosis, hypother-
mia, and coagulopathy.35

Relatively few institutions have a massive transfu-
sion protocol, and it is not an institutional require-
ment in the United States.36 Nonetheless, such
protocols offer a systematic means for the adminis-
tration of blood products in an emergency setting.
These are often comprised of three main components:
early transfusion requirements (while surgical control

of bleeding is attained), anticipation of further trans-
fusion needs, and the role of laboratory support.

In the early stages, blood is typically ordered in
amounts of 4–8 units of PRBCs, 4–6 units of FFP, and
an apheresis platelet pack equivalent to 6–11 units.
Once a blood type is established, the delay between
order and issue of type-specific PRBCs and thawed
plasma, the latter of which is maintained in the blood
bank, should be minimal.

Although massive resuscitation may be life-saving,
it may contribute to multiple adverse sequelae,
including hypothermia, dilutional thrombocytopenia,
coagulopathy, decreased blood viscosity, and the dis-
lodgement of hemostatic plugs its blood pressure
is raised to normal or supranormal levels,36 all of
which may further contribute to bleeding leading to
a vicious cycle. Intra-abdominal hypertension and
abdominal compartment syndrome also have been
associated with massive resuscitation and may occur
in the presence or absence of an intra-abdominal
injury.

Other methods for trauma resuscitation are prac-
ticed. The concept of delayed resuscitation suggests
that fluid be withheld until surgical bleeding is con-
trolled, while permissive hypotension allows for a
“less aggressive” fluid resuscitation with the goal of a
blood pressure below normotension.2–5 Advocates of
these methods believe that in penetrating trauma,
blood pressure must be kept low (systolic blood pres-
sure 80–90 mmHg) until surgical control of bleeding
is obtained. By diluting clotting factors and “popping”
formed clot, the hemorrhage is merely made worse.
More research is needed before such modalities may
be fully recommended for routine practice.

Special situations
There are a number of alternatives to blood transfu-
sion that are directly applicable to the trauma patient
in the acute setting, including the use of hemoglobin
substitutes, perfluorocarbons, and cell salvage tech-
niques. Reducing the amount of acute blood loss
through the use of antifibrinolytics and hemostatic
agents can be a vital adjunct.

Hemoglobin substitutes and perfluorocarbons
may offer an alternative to the oxygen-carrying cap-
acity of PRBCs.37,38 Hemoglobin-based oxygen car-
riers have been under investigation for some time,
especially from sources such as human blood, bovine
blood, and recombinant technology. Unfortunately,
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the data is limited. Human hemoglobin oxygen
carriers are prepared from outdated RBCs which can
be difficult to obtain, limiting its availability. Bovine
blood, although widely available from slaughter-
houses, has issues with antigencity and hypersensi-
tivity. Recombinant technology has the advantage of
genetic code modification that can produce a hemo-
globin with the most desirable properties and fewest
adverse effects: Polyheme®, Hemopure®, HemAs-
sist®, Hemolink® are several examples. Although ini-
tially promising, a meta-analysis of the effectiveness
of hemoglobin-based oxygen carriers, published in
2008, found excess mortality and myocardial infarc-
tion significantly associated with their use and signifi-
cantly dampened enthusiasm for their use.39

Perfluorocarbons are created by replacing the
hydrogen atoms of hydrocarbons with fluorine
atoms,38 and they have a high affinity for oxygen.
They have a stable shelf life and a long intravascular
half-life and should be easy and inexpensive to pro-
duce. Although promising, recent studies have dem-
onstrated their toxicity to the reticuloendothelial
system.40 Consequently, much further investigation
is warranted.

Cell salvage is a cost effective strategy to reduce
transfusion requirements in the trauma patient.41

A recent trial found that cell salvage reduced exposure
to allogeneic transfusions in the perioperative and
post-operative setting for orthopedic and cardiac
patients, respectively.42 However, no randomized
controlled trials of cell salvage in the multitrauma
patient have been conducted. If useful, it more likely
is helpful in the OR than the ED.

Antifibrinolytic and hemostatic agents may also
have a place in reducing blood loss in the acutely
bleeding trauma patient. Aprotinin, a selective antifi-
brinolytic agent has been studied in patients with
trauma and traumatic brain injury.43 However, due
to methodological issues and small trial sizes, there is
insufficient evidence to support or refute a role for
aprotinin in trauma.

Recombinant activated coagulation factor VII
(rFVIIa) is a hemostatic agent originally approved
for use in hemophilia patients with inhibitors to
other factors. There has been substantial recent
interest in its use to treat bleeding in the injured
and it is undergoing extensive evaluation in this
population.44–46 A recent randomized controlled
trial of activated factor VIIa47 showed a significant
reduction in RBC transfusion following blunt

trauma and a similar trend following penetrating
trauma. Concerns for thromboembolic events,
including pulmonary embolism, myocardial infarc-
tion, and stroke following drug administration per-
sist; these safety concerns need to be addressed in
further studies before the drug can be recommended
for general use.

The stimulation of endogenous RBC production
with erythropoietin analogs in the ICU has been
shown to reduce transfusion requirements,48 an
important goal that contributes to reduced infection
rates and potentially improved mortality.49

Complications and adverse reactions
Infectious risks from RBC transfusion include the
transmission of human immunodeficiency virus
(HIV) (1 in 1.8 million), hepatitis B (1 in 220 000),
hepatitis C (1 in 1.6 million) virus, human T-cell
lymphocyte virus (HTLV), West Nile virus and,
at least theoretically, variant Creutzfeldt–Jacob
disease.50,51

Immunologic complications include febrile reac-
tions (1 in 200 units transfused), simple allergic reac-
tions (1 in 333 units transfused), transfusion-related
acute lung injury (1 in 5000 units transfused) and
acute hemolytic reactions (non-fatal, 1 in 6000–
33 000 units transfused; fatal, 1 in 250 000–600 000
units transfused).34 Other potential adverse reactions
include the immune suppression induced by trans-
fused RBCs, which increases the risk of nosocomial
infections (Table 33.4) .52

Special populations
Geriatric patients
As the proportion of the elderly population continues
to increase, trauma centers will see more patients who
are in their seventies, eighties, and even nineties.
Many of these patients will have sustained serious
injuries requiring aggressive critical care. Basic prin-
ciples of fluid resuscitation in the injured elderly are
similar to younger patients. However, there are
important pitfalls that must be considered. The phy-
siologic changes associated with aging, as well as the
presence of comorbid conditions, make their assess-
ment and monitoring more challenging. These
patients have less physiologic reserve, and early inva-
sive monitoring in these patients may be warranted to
optimize resuscitation.
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Table 33.4 Transfusion reactions52

Transfusion reaction Features Management

Febrile non-hemolytic
transfusion reaction

� Most common adverse reaction (about 1% of
transfusions)

� Stop transfusion

� Frequently in patients previously alloimmunized by
transfusion or pregnancy

� Manage as acute hemolytic
reaction (because they are
initially indistinguishable)

� Fever and dyspnea 1–6 hours after transfusion � Acetaminophen for fever

� No lasting sequelae � Patients with previous severe
reactions may benefit from
leukocyte-reduced transfusions

Bacterial infection � Bacterial growth during storage � Infectious workup, including
cultures

� Highest with platelet transfusion (stored near room
temperature)

� Antibiotics

� Risk of severe bacterial infection and sepsis: 1 in 50 000
platelet transfusions; 1 in 500 000 RBC transfusions

Other infectious agents � Transmission of infectious disease: HIV, HTLV, hepatitis,
and syphilis, CMV, Babesia, Bartonella, Borrelia, Brucella,
Colorado tick fever, Leishmania, Parvovirus, plasmodia,
rickettsia, Toxoplasma, and certain trypanosomes

� Treat as appropriate for the
individual infection

� Greatly reduced by careful donor selection criteria and
blood screening

Acute hemolytic
reaction

� True medical emergency � Immediately stop transfusion

� Can occur within minutes � Hydrate; diuretics

� Rapid hemolysis of donor cells by host antibodies � Cardiorespiratory support

� Usually related to ABO blood group incompatibility

� Most severe: group A red cells being given to a patient
with group O type blood

� Symptoms: fever and chills, sometimes with back pain
and hemoglobinuria

� Acute hemoglobinuric renal failure

Anaphylactic reaction � True medical emergency � Stop transfusion

� 1 per 30 000–50 000 transfusions � Antihistamines

� Corticosteroids

� Most common in selective IgA deficiency � Epinephrine

� Cardiopulmonary support

Transfusion-associated
acute lung injury
(TRALI)

� Acute respiratory distress; often with fever, non-
cardiogenic pulmonary edema, and hypotension

� Oxygen

� Cardiopulmonary support

� 1 in 2000 transfusions

� Mortality rate < 10%

� Most recover fully within 96 hours 581



Table 33.4 (cont.)

Transfusion reaction Features Management

Volume overload � Edema, dyspnea, and orthopnea � Slow rate of transfusion

� Often in patients with pre-existing impaired cardiac
function

� Diuretics

� Sometimes called TACO (transfusion associated
circulatory overload)

� Cardiopulmonary support

Iron overload � Each unit of RBCs contains ~250 mg of elemental iron � Chelation

� Liver, heart, kidneys, and pancreas damage

� Significant if more than 12–20 units of RBCs transfused

Delayed hemolytic
reaction

� 3–21 days after transfusion � Specific treatment is usually not
required

� Subclinical to life-threatening reactions

� Fever, low hemoglobin, jaundice, and urobilinogenuria

Transfusion-associated
graft-vs.-host disease
(GVHD)

� Immune attack by transfused cells against the recipient � Supportive treatment

� Exceedingly rare complication of blood transfusion

� Only in severely immunosuppressed patients
(congenital immune deficiencies or hematologic
malignancies on chemotherapy)

� Almost uniformly fatal

� Prevented by transfusing irradiating blood products

Post-transfusion
purpura (PTP)

� Rare syndrome � High dose immune globulin
(IVIG) may promptly correct the
thrombocytopenia

� Sudden and self-limited thrombocytopenia, 7–10 days
after transfusion

� History of sensitization by either pregnancy or
transfusion

Hypothermia � Most common in large volume transfusion given
rapidly

� Blood warming

� Active external and core
rewarming techniques

Hypocalcemia � Citrate “toxicity” � Ionized calcium measurement
or ECG monitoring

� Seen in severe liver disease or liver hypoperfusion � Intravenous calcium gluconate
or calcium chloride

� Rapid, large-volume transfusion, especially via central
intravenous access

� Ventricular arrhythmias

CMV, cytomegalovirus; ECG, electrocardiogram; HIV, human immunodeficiency virus; HTLV, human T-lymphotropic virus; IgA,
immunoglobulin A; RBC, red blood cell.
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Pediatric patients
In regards to hemorrhage and resuscitation, children
present a unique population for a number of reasons.
They have an increased physiologic reserve and so
manifestations of shock may be delayed despite blood
loss. Their vital signs vary with age, while their height
and weight determine their fluid resuscitation
volumes and medication dosages.

When hemorrhagic shock is suspected in a child, a
fluid bolus of 20 cc/kg is indicated. If there is little or
no response, a second bolus is given. Packed RBCs
(10 cc/kg) should be considered if the hemodynamic
instability persists. All fluid and blood products
should ideally be warmed prior to administration.

Pregnancy
Pregnancy induces a number of hemodynamic and
hematologic changes that are amplified with its pro-
gression. The RBC mass increases while the plasma
volume rises preferentially, leading to a decreased
hematocrit. Heart rate also increases, as does cardiac
output, while peripheral vascular resistance drops. As
a result of the increased blood volume, an injured
pregnant patient may lose a significant amount of
blood before signs of maternal hypovolemia and
shock develop. If blood products are required and
the Rh-type of the mother is unknown, it is important
to use Rh-negative components to avoid sensitization.
These women should also be treated with Rh immune
globulin to minimize the risk of Rh sensitization
attributable to fetomaternal transfusion. Patients with
minimal trauma or very early in pregnancy can prob-
ably be treated with a 50 mcg dose, although those
with significant trauma should generally receive
300 mcg, the more common dose. Unless a spinal
injury is suspected, an injured pregnant woman should
be maintained on her left side at 10–15� to relieve
pressure on the inferior vena cava by the gravid uterus;
i.e., the supine hypotension syndrome, which may
compromise venous return. Adequate resuscitation
for the mother should result in restoration of an appro-
priate placental blood flow in the fetus.

Obese patients
Obesity is increasingly a public health problem. The
blood volume of obese individuals must be estimated
based on ideal body weight rather than on actual
body weight to prevent overestimating resuscitation

needs. These patients may also harbor weight-related
comorbidities such as diabetes mellitus, coronary
artery disease, congestive heart failure, and sleep
apnea which may further challenge the clinician.

Burns
Patients who sustain 20% or more second- and third-
degree body surface area (BSA) burns require aggres-
sive fluid resuscitation using isotonic crystalloid
solutions. There are several burn resuscitation proto-
cols. A common one is the Parkland formula where
initial resuscitation uses 4 ml of LR/kg/%BSA burn as
a guide for fluid requirements in the first 24 hours
post-burn. One-half of the calculated 24-hour fluid
requirement is given during the first 8 hours, while
the rest over the next 16. The actual total volume of
fluid infused is guided by the response to resuscita-
tion as evidenced by vital signs, urine output, mental
status, and resolution of metabolic acidosis.

Head injuries
Traumatic brain injury is a leading cause of death and
disability. After the initial injury, a rim of brain tissue
surrounding the injured region becomes very suscep-
tible to additional cellular neuronal injury as a result
of local edema and inflammation. This secondary
brain injury is often attributable to hypotension and
hypoxia, which are associated independently with sig-
nificant increases in morbidity and mortality.53 It is
therefore important to maintain high cerebral perfu-
sion pressures (CPP) by supporting an adequate mean
arterial blood pressure. Further, avoidance of hypox-
emia is extremely important. The primary objective of
fluid resuscitation in these patients is to minimize
secondary brain injury related to hypotension; phar-
macologic support in the form of vasopressors may
additionally be indicated. The goal is to maintain a
CPP in the 50–70 mmHg range while avoiding hypo-
tonic solutions that may worsen brain edema.54

In brain-injured patients, where dilutional hypo-
osmolarity contributes to cerebral edema and may
impact mortality,53 there is evidence that hypertonic
saline reduces intracranial pressure and may play an
important management role.55 Although hypertonic
saline resuscitation of brain-injured patients may
increase survival, neurological outcomes may not be
improved,19 and therefore more studies are needed to
elicit clear and consistent indications for its use or
lack thereof.
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Appropriate volumes of crystalloid and ratios of
blood products remain controversial for the severely
injured. Earlier use of platelets and FFP in ratios more
even to packed cells during massive transfusions may
be more appropriate,56 although most resuscitations
currently use PRBCs and crystalloid preferentially in
the early period and add plasma and platelets only in a
second phase. Recent military experience suggests
survival may be optimized with a 1 : 1 : 1 ratio of
PRBCs, FFP, and platelets, a strategy which reduces
crystalloid volumes and replaces what was lost.
Having a massive transfusion protocol in place
appears to reduce the odds of mortality and overall
product consumption.57

The search for the best approach continues.
Hemodynamically unstable blunt trauma victims with
little response to an immediate crystalloid bolus
deserve early and aggressive use of products. Unstable
penetrating trauma patients requiring surgery should
not receive large volumes of crystalloid in attempts at
normotension; once surgical bleeding is controlled, a
more aggressive resuscitation strategy may be insti-
tuted. Continued studies in humans will hopefully
explore the heterogeneous nature of the trauma
patient and allow the physician to know which patient
responds best to the various types of resuscitation
protocols and parameters.
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Trauma procedure I

Mari Siegel and Elizabeth L. Mitchell

Introduction
Emergency physicians must be familiar with the tech-
niques for performing and interpreting diagnostic
procedures in trauma. Further, they must take the
responsibility for understanding the indications and
contraindications. Deferring a procedure to a trauma
surgeon or subspecialist is often not feasible, given the
critical and dynamic nature of major trauma. Fre-
quently these procedures are extremely time-critical
and may have both diagnostic and therapeutic
benefits.

Pericardiocentesis
Indications and contraindications
The primary role of pericardiocentesis in the emer-
gency department (ED) is as a therapeutic tool to
treat pericardial tamponade in a hemodynamically
unstable patient or a patient in PEA (pulseless elec-
trical activity). Pericardiocentesis has a limited role in
trauma as a diagnostic tool. Echocardiography, where
available, is the diagnostic procedure of choice for
pericardial tamponade. However, in a hemodynami-
cally unstable patient in whom pericardial effusion is
suspected and emergency echocardiography is not
immediately available, emergent pericardiocentesis
can be both diagnostic and life saving.

Pericardiocentesis is insensitive in trauma, with a
false negative rate in diagnosing cardiac tamponade of
between 20 and 40%. A positive test relies on aspirat-
ing blood, and in trauma, the blood may clot leading
to a negative aspirate.1,2

Pericardiocentesis is performed electively and
most safely with fluoroscopic or ultrasound (US)
guidance. In the trauma setting, however, when the
role of pericardiocentesis is to diagnose and relieve

cardiac tamponade, the procedure is emergent and is
performed blindly or with bedside US or electrocar-
diographic (ECG) assistance.

Pericardiocentesis is generally used for the hypo-
tensive patient in whom the need for emergent thor-
acotomy is unclear or when a small aspiration of blood
may temporize the hemodynamic status and allow for
transfer to the operating room (OR). Pericardiocent-
esis is contraindicated when a patient requires an
emergency thoracotomy. Complications of pericardio-
centesis include injury of nearby structures, including
pneumothorax, laceration of the coronary vessels,
myocardial laceration, and hemothorax. Dysrhyth-
mias may complicate the procedure when the needle
contacts the epicardium. Several studies have shown
the complication rate from blind and ECG-guided
pericardiocentesis is higher than with US guidance.3–5

Box 34.1 Pericardiocentesis equipment

Necessary Optional

� 3–5 inch (7–13 cm)
18-gauge needle with
an obturator

� Guidewire and
catheter for
Seldinger placement

� 10–30 cc syringe
(depending on
amount of fluid
expected)

� ECG machine
with “alligator clip
lead”

� Bedside US (highly
recommended)

� Nasogastric tube (if
distended abdomen)

The equipment needed for pericardiocentesis
includes a 3–5 inch (7–13 cm) 18-gauge needle with
an obturator, and a large syringe. Optional equipment
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includes guidewire and catheter for Seldinger place-
ment as well as an ECG machine with “alligator clip
lead” or a bedside US. Some would recommend pre-
medicating the patient with atropine to prevent vaso-
vagal reactions, although this is unproven. The patient
should be positioned at a 45� head up angle rather than
supine to bring the heart closer to the anterior chest
wall. A nasogastric tube should be inserted if the
patient has a distended abdomen and time permits.

Procedure
As mentioned there are three main methods for per-
forming pericardiocentesis commonly used in the ED:
(1) ECG guidance; (2) US guidance; or (3) blindly
based on surface landmarks. If time allows, ECG
guidance may be combined with US guidance,
although the benefit of the combined procedures are
not well documented.

Electrocardiographic guidance of pericardiocent-
esis is performed by attaching an alligator clip to any
precordial ECG lead (V1–V6), usually V1 or V5. This
allows continuous monitoring for disturbances in the
QRS morphology and a “current of injury” during the
procedure. When using US, the area of the pericar-
dium with the largest fluid collection can be marked
ahead of time. This area may then be aspirated with
direct observation of the needle entering the pericar-
idium. On US the needle appears as a hyperechoic
long thin structure with reverberation artifact. Since it
may be difficult to perform this in real time, another
option is to insert the needle at the area of maximal
fluid after it is found on US but without following the
needle’s progress on US.

There are two approaches to needle insertion in
pericardiocentesis. The classic approach is in the sub-
xyphoid area, but this has been challenged recently by
studies of US-guided pericardiocentesis that show
that the pericardial fluid collections are best
approached in the intercostal space near the apex of
the heart.6,7 Needle entry in the parasternal area in the
5th intercostal space is safer than the subxyphoid
approach, causing fewer complications and is success-
ful more often. Without echocardiography using the
subxyphoid approach, the needle is inserted at a
30–45� angle between the xyphoid process and left
costal border, aiming at the left shoulder (Figure 34.1).
In the parasternal approach, the needle is inserted at a
90� angle in the 5th intercostal space at the sternal
border. The obturator is only removed after the skin

has been punctured, preventing the needle lumen from
becoming obstructed. A syringe is attached after the
obturator is removed. The needle is advanced until
fluid is returned. Aspiration of fluid usually occurs
6–8 cm below the skin in adults and 5 cm in children.

An additional technique used after fluid is aspir-
ated, involves inserting a guidewire through the
needle, placing a catheter over the guidewire, and
leaving the capped catheter in place for repeated
aspirations as necessary.

If ECG monitoring is used, the needle is con-
nected to one of the V leads of the ECG machine
via alligator clips prior to advancement into the
pericardium. The ECG machine should be continu-
ously recording the V lead that is attached to the
pericardial needle as the needle is advanced. If the
needle touches the epicardium, the ECG machine
will record a wide complex PVC with ST elevation,
a “current of injury” pattern; i.e., ST elevation, or
ventricular dysrhythmias. Contact of the needle with
the atrium can cause atrial arrhythmias, PR pro-
longation, or AV dissociation. If these findings are
noted on ECG, the needle should be withdrawn until
the abnormality resolves.

Complications
Complications rates are significantly improved by using
US guidance. Complications of pericardiocentesis

Figure 34.1 Traditional technique of pericardiocentesis.
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include myocardial laceration, coronary artery lacer-
ation, pneumothorax, air embolism, arrhythmias, PR
prolongation, or AV dissociation, and infection.

The physiologic changes that occur with the rever-
sal of tamponade and restoration of right ventricular
stroke volume can lead to right ventricular overload,
circulatory collapse, and flash pulmonary edema.
Although these consequences of pericardiocentesis
are rare, some authors recommend a drainage rate
of no more than 50ml/min.8

Diagnostic peritoneal lavage
Indications and contraindications
Diagnostic peritoneal lavage (DPL) emerged as a diag-
nostic tool in abdominal trauma in 1965 and remained
a mainstay in trauma management until recently. In
recent years, emergency US and high-definition com-
puted tomography (CT) scanning have largely
replaced DPL in the initial evaluation of the abdomen
in trauma. Ultrasound provides sensitive and specific
evaluation of peritoneal and cardiac injury by diagnos-
ing free fluid in the abdomen and pericardial effusion
or tamponade.9 Computed tomography technology
continues to advance, and its ability to diagnose
intra-abdominal pathology continues to improve. It
can reliably diagnose injury to the spleen and liver
and hemoperitoneum after abdominal trauma.10

However, CT still remains suboptimal in diagnosing
hollow viscus injury, specifically injuries of the
bowel, pancreas, and diaphragm. In situations where
US is not available, or where the presence of intra-
abdominal injury remains a possibility after CT, there
is a role for DPL. All three modalities offer high sensi-
tivity and specificity for diagnosis of intra-abdominal
injury, although the specificity for an operative lesion
is lower in DPL and US.11

The utility of DPL in trauma is to identify intra-
abdominal hemorrhage in the grossly unstable patient
where US is unavailable or technically inadequate,
and the patient is too unstable for CT scanning. Less
commonly, it is used in the identification of hollow
viscus or diaphragmatic injury in the hemodynami-
cally stable patient with penetrating or blunt abdom-
inal trauma.

Diagnostic peritoneal lavage has drawbacks,
mainly its invasiveness compared to CT and US.
Limitations of DPL include its inability to diagnose
retroperitoneal injuries and its lack of sensitivity

when diagnosing diaphragmatic, and intestinal injury.
Diagnostic peritoneal lavage has a high false positive
rate, ranging from 13% to 54%, resulting in non-
therapeutic laparotomies.4,10,12–16

The only absolute contraindication to DPL is a
patient who has a clear indication for immediate
laparotomy. Patients with obvious peritoneal signs
or unstable vitals after abdominal trauma should
proceed directly to laparotomy.17 Relative contra-
indications include prior abdominal surgery,
obesity, coagulopathy, and second or third trimester
pregnancy.

Box 34.2 Equipment for DPL

Equipment Additional
Information

Technique

Foley catheter Not necessary
if US shows
empty bladder

Open, semi-
open, closed

1% lidocaine for
local anesthesia

Epinephrine
preferred

Open, semi-
open, closed

Nasogastric tube Closed
supraumbilical,
possible open
supraumbilical

Skin preparation
materials (e.g.,
drapes, betadine)

Open, semi-
open, closed

DPL catheter with a
right angle
adaptor, extension
tubing set without
a one-way valve
and a non-Leur-
lock syringe

Open, semi-
open, closed

Warm saline 1 L in adult
15ml/kg in
children

Open, semi-
open, closed

No. 11 scalpel Closed and
open

Trocar Semi-open and
closed

No. 10 blade Open or semi-
open

Flexible guidewire Closed
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Procedure
Diagnostic peritoneal lavage can be performed by the
open, semi-open, or closed techniques. It may also be
performed in the supra- or infraumbilical position
(Table 34.1).

A Foley catheter should be placed prior to any of
these techniques. Optimally, a nasogastric tube should
be placed for decompression of the stomach before a
DPL with a supraumbilical approach is performed.
The patient should be supine with the abdomen
prepped and draped in standard sterile fashion. Local
anesthesia with 1% lidocaine with epinephrine should
be used. After an initial wheal is place in the supra- or
infraumbilical area, the needle should be directed
downward and perpendicular to the skin to provide
deeper anesthesia to the peritoneum.

For the semi-open method, a 4–6 cm skin incision
is made with a No. 10 scalpel in the infraumbilical ring
in the midline. Blunt dissection with Army–Navy
retractors and hemostats should proceed down to
the fascial fibers of the linea alba. Next, a 2–3mm
incision is made in the linea alba with a No. 15 or 11
scalpel. Towel clips are placed in this small opening to
grasp both sides of the rectus fascia and are lifted
upwards. It is now safe to pass a catheter through
the opening into the peritoneal cavity. The trocar and
catheter are inserted at a 45–60� angle caudad. The
trocar is advanced 0.5–1.0 cm, puncturing the peri-
toneum into the peritoneal cavity, and then is held as

the catheter is advanced another several centimeters.
The trocar is then withdrawn.

The fully open technique is similar to the semi-
open technique, except that the incision in the linea
alba is extended to several centimeters to allow direct
visualization of the peritoneal cavity. The peritoneum
is grasped with a hemostat above and below, a nick is
made in the peritoneum with a No. 11 or 15 blade and
the catheter is passed through the opening. A purse
string suture is made around the catheter through the
peritoneum with an absorbable suture such as 3.0
Vicryl®, to prevent the fluid from leaking out. The full
open technique may be safer, but takes longer and is
more technically demanding (Figures 34.2 and 34.3).

The closed technique is performed in a percutan-
eous fashion with a catheter advanced over a wire
(Seldinger technique). A small gauge (No. 18) needle
at least 2.5 inches is inserted into the peritoneal cavity
in the infraumbilical midline just below the umbil-
icus. The needle should be aimed slightly towards the
patient’s feet. A flexible J guidewire is then passed
through the needle into the peritoneal cavity, aimed
toward the right or left pelvic gutter. The needle is
removed. A soft catheter is then passed over the
guidewire into the peritoneal cavity using a twisting
motion as the catheter is advanced. A small incision
with a No. 11 scalpel at the site of entry through the
skin may be necessary to pass the catheter. There are a
variety of proprietary and hospital-designed kits to
perform lavage. Some may have minor variation on
the equipment above, such as an addition catheter to
pass the wire through or a dilator (Figure 34.4).

Both techniques are comparably accurate and
safe.18,19 The closed technique takes less time but
more often results in procedure failure. The time
involved varies by study, with mean times ranging
from 2 to 17.8 minutes for closed, and from 11 to
26.8 minutes for open.19,20 Once the catheter has been
passed into the peritoneal cavity, a right angle
adapter, extension tubing, and a non-Leur-lock
syringe are attached. Aspiration of 10 cc of gross
blood or any bile or fecal material is considered a
positive test and no lavage is necessary. If < 10 cc of
gross blood is aspirated it is returned to the periton-
eum, then the peritoneum is lavaged. No aspirated
material should also result in proceeding to lavage.
Lavage is accomplished by instilling 1000 cc in adults,
or 15mg/kg in children, of warm normal saline or
lactated Ringer’s solution. Just prior to complete
emptying of the bag of fluid, the intravenous (IV)

Table 34.1 Technique options for diagnostic peritoneal
lavage (DPL)

Technique Circumstance

Supraumbilical Pregnancy; pelvic fracture with
hematoma; or previous infraumbilical
scar

Infraumbilical Majority unless relative
contraindications as described above

Open Previous surgery with concern for
adhesions; obesity; pregnancy

Semi-open Similar in complications to closed, still
preferred in some centers for
increased visualization of peritoneum

Closed
(Seldinger)

Generally similar to semi-open in
complications, may be faster and
performed without assistance
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bag is then placed below the patient and fluid is
allowed to siphon back to the bag. While the absolute
volume that needs to be returned is unclear, the
smaller the volume returned, the less sensitive the test
will be. The test characteristic probably plateau at
about 600–750 cc returned with 1 L instilled.

The criteria for considering a DPL positive are free
aspiration of 10 cc of gross blood, or analysis of DPL
aspirate with > 100 000 red blood cells (RBC)/mm3,
> 500 white blood cells (WBC)/mm3, or amylase
> 175 IU/100ml. Patients with > 100 000 RBC/mm3

should proceed to laparotomy. Patients with RBC
counts between 10 000 and 100 000 should be admitted
for observation and/or further testing, such as CT

(a) (b)

Figure 34.2 (a) Illustration of open diagnostic peritoneal lavage (DPL) technique. (b) Photograph of the introduction of the DPL
catheter under direct vision, using the open technique. (From Mandavia D, Newton E, Demetriades D. Colour Atlas of Emergency Trauma.
Cambridge: Cambridge University Press, 2003.)

(a) (b)

Figure 34.3 Infraumbilical cadaveric model using open technique. In (a) the peritoneum is visualized, in (b) the catheter has
been inserted. (Courtesy of Taku Taira, MD and the New York University School of Medicine.)

Figure 34.4 Cadaveric model with diagnostic peritoneal lavage
(DPL) catheter inserted by closed technique.
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scanning. In patients with gunshot wounds, or lower
chest stab wounds, a RBC/mm3 count of > 5000 is
considered suspicious for injury and further study,
exploration by laparoscopy or laparotomy, or observa-
tion is warranted (Table 34.2).

In patients with pelvic fracture, DPL should be
performed though a supraumbilical incision to avoid
passing the catheter through an anterior retroperito-
neal hematoma.11

Complications
Complication rates are similar for all techniques.11,19,21,22

Arthrocentesis and arthrogram
Indications and contraindications
Arthrocentesis, the puncture and aspiration of a joint,
and arthrogram, the injection of fluid into the joint,
have many diagnostic roles in trauma. Indications for
arthrocentesis in the setting of trauma includes: (1)
diagnosis of injury to bony or ligamentous structures
by confirming the presence of blood in the joint, i.e.,
hemarthrosis; (2) detection of an intra-articular frac-
ture by aspiration of blood and fat globules from the
joint space; and (3) determining if a laceration
extends into a joint space by observing fluid instilled
into a joint by arthrocentesis extravasate from the
space into the laceration. Diagnostic reasons to per-
form arthrocentesis are rare but may be used to
determine whether there is an occult fracture or

ligamentous/meniscal tear. This would be seen in
the patient with severe pain and a negative radiograph
or inability to ambulate with an effusion after trauma.
A therapeutic role of arthrocentesis includes injection
of lidocaine, bupivicaine, or morphine into the joint
space, all of which provide pain relief. This may be
done in patients with significant pain and large effu-
sions after trauma. Often this can be done in conjunc-
tion with a diagnostic tap.

Contraindications to arthrocentesis in trauma
include cellulitus overlying the area to be tapped,
or in the trajectory of the needle. Relative contrain-
dications include bleeding diathesis and prosthetic
joints.

Equipment

Box 34.3 Equipment arthrocentesis

� 18-gauge needle for fluid aspiration
� 25–27-gauge needle for local anesthetic
� 10–20 cc syringe
� Local anesthetic (lidocaine or bupivicaine)
� Povidone–iodine solution for sterilizing the

procedure site
� Alcohol 10% isopropryl wipe to cleanse the

iodine solution
� Sterile gloves and drapes.

The equipment needed for arthrocentesis includes
an 18-gauge needle for fluid aspiration, a 25–27-gauge
needle for local anesthetic, a large 10–20 cc syringe,
local anesthetic (lidocaine or bupivicaine), povidone–
iodine solution for sterilizing the procedure site,
alcohol 10% isopropryl wipe to cleanse the iodine
solution, and sterile gloves and drapes. The procedure
for traumatic arthrocentesis is similar to that for non-
traumatic, although a lavender top for cell count
analysis, a green top for crystal analysis, and a culture
medium may also be sent.

Procedure
Sterile technique should be used. Landmarks should
be clearly identified before attempting arthrocentesis.
Alternatively, US may help identify the area of
greatest effusion and maximize the likelihood of a
successful tap. Once the area to be aspirated is identi-
fied, the area is widely cleansed with a povidone–
iodine solution that is allowed to dry for several
minutes to produce the desired antimicrobial effect.

Table 34.2 Diagnostic peritoneal lavage (DPL) fluid analysis

Positive Observation or
further testing

Blood 10 cc gross blood or
> 100 000 RBC/
mm3

10 000–100 000 RBC/
mm3 > 5000 RBC/
mm3 in GSWs or low
chest SWs (concern
for diaphragmatic
injury)

WBC > 500WBC/mm3

Amylase > 175 IU

Other Any bile, fecal
material, or bowel
contents

GSWs, gunshot wounds; IU, international unit;
RBC, red blood cells; SWs, stab wounds; WBC, white blood cells.
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The area is then cleansed with alcohol to avoid intro-
ducing iodine into the joint space, causing local
inflammation. Next, the area is draped in a sterile
fashion and local anesthesia can be performed with
1% or 2% lidocaine given through a 25–27-gauge
small bore needle. Skin, subcutaneous tissue, and the
joint capsule itself should be anesthestized. Insertion
of the arthrocentesis needle should be relatively pain-
less if anesthetic has been given properly. When
inserting the 18-gauge arthrocentesis needle, make
sure not to “bounce” the needle off of the bone or
cartilage, as this can damage these structures. Once
synovial fluid begins to flow into the syringe, hold
the needle steady and withdraw as much fluid as
possible. Once fluid stops flowing, the joint is either
dry or a clot has lodged in the needle. Try to with-
draw or advance the needle slightly, reinject a small
amount of aspirate and withdraw again to attempt to
aspirate more fluid. If unable, withdraw the needle

completely and apply a dressing. In the setting of
acute trauma, laboratory analysis of the synovial fluid
adds little to the gross inspection for blood and fat
globules (Figure 34.5).

Saline arthrogram
The approach to performing an arthrogram is the
same as arthrocentesis. However, sterile saline is
injected into the joint. The volume injected depends
on the joint; it must be sufficient to distend the joint
capsule and allow the fluid to extravasate through any
communicating wound. In the knee, low volumes of
fluid under low pressure may not be accurate. The
sensitivity of the test is dependent on the size of the
laceration, the rate of injection, and the amount of
fluid. Recent data suggest that around 90–190ml are
required for a 95% sensitivity with 1.0–2.6 cm lacer-
ations.22,23 When the pressure in the joint capsule

(a)

(c)

(b)

Figure 34.5 Arthrocentesis using a cadaveric model of the (a) elbow, (b) knee, and (c) shoulder. (Courtesy of Taku Taira, MD and the
New York University School of Medicine.)
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makes it difficult to instill further fluid, remove the
needle. Once the needle is removed, the joint can be
manipulated either by flexion and extension of the
joint or by milking the fluid externally; however,
manipulation may be contraindicated by the present-
ing trauma. If there is a communicating laceration,
fluid should be seen draining from the laceration. If
you do not get fluid, the joint should be re-tapped to
remove the fluid. Consider installation of anesthesia
into the joint at the end of the procedure.

Historically, methylene blue has been used and is
described in several procedure manuals; it has never
been shown to be better than saline alone and may be
absorbed systemically.

Analysis of fluid
The full analysis of the fluid is described below
(Table 34.3). However, when looking for a fracture
or ligamentous injury the laboratory evaluation is of
minimal assistance. The main question is, is there
blood, blood and fat, or neither. Normal fluid is clear.
Straw colored or red fluid is indicative of a traumatic
injury. However, fluid from a traumatic injury can
also appear yellow. Normal synovial fluid has < 200
WBC/ml and < 25% polymorphonuclear leukocytes
(PMN). The differential for synovial fluid with
< 2000WBC/ml and < 25% PMN includes trauma,
osteoarthritis, and other non-inflammatory condi-
tions. The differential for synovial fluid with 200–
50 000WBC/ml and > 50% PMN includes the inflam-
matory arthropathies, such as gout, pseudogout,
Lyme, lupus, and the spondyloarthropathies. Synovial

fluid with > 50 000WBC/ml and > 50% PMN indi-
cates septic joint. The Gram stain of fluid from a
septic joint will reveal organisms in > 50% of cases,
whereas the Gram stain will be negative in all other
cases.

Complications
Complications are uncommon but include infection,
bleeding, and allergic reaction to local anesthetic.
Infection, caused by skin bacteria being introduced
into the joint space, occurs at a rate of 1 per 10 000
aspirations.24 Bleeding into a joint space after arthro-
centesis with resultant hemarthrosis generally occurs
only when a patient is on anticoagulants or has a
bleeding diathesis. Complications from arthrogram
are the same with the addition of discomfort due to
the expansion of the joint with extra fluid. This dis-
comfort may last several days until the fluid reabsorbs
but may be ameliorated by removing the fluid after
the initial procedure.

Slit-lamp exam
Indications and contraindications
The slit-lamp exam, in conjunction with tonometry
and the fluorescein exam, is used to diagnose corneal
abrasions, foreign bodies, burns, and iritis after
trauma to the eye. The slit lamp allows detailed evalu-
ation of the external eye and the anterior chamber
and is the instrument of choice in the ED for the
diagnosis of anterior chamber hemorrhage and
inflammation.

Table 34.3 Synovial fluid analysis

Color WBC/μg % PMN Culture Crystals

Normal Clear < 200 < 25 Negative None

Non-
inflammatory/
traumatic

Yellow or red < 200–2000 < 25 Negative None

Inflammatory Yellow 200–50 000 > 50 Negative Uric acid or calcium
pyrophosphate

Septic Yellow > 50 000 > 50 > 50%
positive

none

Fracture Clear/ red May find
fat globules

NA NA NA none

NA, not applicable; PMN, polymorphonuclear leukocytes; WBC, white blood cells.
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The slit-lamp exam is contraindicated in the
unstable patient or those who are unable to sit up.
Portable slit lamps, although uncommon in EDs, can
be used in supine patients.

Equipment

Box 34.4 Slit-lamp examination equipment

� Functional slit lamp
� Fluorescein strips
� Anesthetic drops (proparicaine 0.5%)

The slit-lamp exam requires a functional slit lamp,
fluorescein strips, and anesthetic drops, usually pro-
paricaine 0.5% ophthalmic drops.

Sodium fluorescein is a water-soluble chemical
that absorbs blue light and emits green light when
exposed to an alkaline environment. The tear film
over intact corneal epithelium is neutral, but the
Bowman membrane, just under the corneal epithe-
lium, is alkaline. When a corneal abrasion exposes the
Bowman membrane and fluorescein is applied, the
fluorescein will fluoresce, absorbing blue light and
emitting green light.

Anesthetic ophthalmic drops are controversial
because of the theoretical risk of punctuate keratitis
that they can cause. However, they are usually required
to perform an adequate examination of the eye.

Procedure
The slit-lamp exam can be divided into three parts:
the general screening exam of the anterior segment
of the eye; inspection with fluorescein for corneal
abrasions; and examination of the anterior chamber
looking for iritis or hemorrhage.

The first step looks at the anterior segment of the
eye. Abnormalities discovered in this step include
corneal perforation and foreign bodies (Table 34.4).
For this step, the microscope should be directly in
front of the patient’s eye with the light source at a 45�

angle. The slit beam is set to white light at minimum
width and the power source is set at half power. One
focuses the light beam on the cornea by moving the
base of the slit lamp back and forth until the cornea
comes into focus. Once the cornea is in focus, move
the slit lamp back and forth to scan from side to side,
searching the cornea and conjunctiva for foreign
bodies or abrasions. Then, one pushes the slit lamp

in slightly to focus on the iris. If the depth of the
anterior chamber seems reduced, one must consider a
corneal perforation. This set up can also be used to
examine the inverted eyelids for retained foreign
bodies.

The second step will identify cells and flare in the
anterior chamber, suggestive of iritis. The beam width
is narrowed as much as possible and the height is
decreased to 3–4mm. The light source is turned to
high power. Looking through the eyepiece, the light
source is focused on the middle of the cornea and
then is advanced slightly to a focal point on the
anterior surface of the lens. The light is then pulled
back to the halfway point between the lens and the
cornea and is now focused in the anterior chamber.
Normal aqueous fluid in the anterior chamber is
clear. Small particles floating in the aqueous fluid
are cells; an aqueous that lights up indicates the pro-
tein “flare” of iritis. Traumatic iritis usually has an
onset 1–4 days after an injury. This step is usually
performed before fluorescein has been applied to the
eye, because fluorescein can penetrate a damaged
cornea, producing a false flare.

The third step of the slit-lamp exam inspects for
corneal abrasions and is performed in a similar fash-
ion to the first step, after fluorescein has been applied
to the eye and the slit lamp is switched to the blue
light. The slit-lamp beam should be widened to 3–
4mm and may be decreased to half power. A patient
can tolerate a wider beam of blue light compared to
white light. One applies fluorescein to the eye by
holding the strip by the non-orange end, placing a
single drop of sterile saline on the orange tip of the
applicator, and touching the wet end gently inside
the patient’s lower lid. The strip is withdrawn and
the patient is instructed to blink. Blinking spreads the
fluorescein over the eye. One should be careful not to
apply an excess of fluorescein as this will obscure the

Table 34.4 Foreign body patterns

Foreign bodies in the
eyelids

Vertical and linear, and
multiple

Embedded foreign
body

Circular margin

Embedded metallic
foreign bodies

Circular margin with
surrounding rust circle

Burn injury Diffuse punctate fluorescence
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examination. A thin layer of fluorescein is preferred.
Corneal defects are detected by scanning across
the cornea looking for areas of fluorescein uptake
(green). Corneal abrasions usually have sharp and
linear margins.

The Seidel test may be performed to detect per-
foration of the globe. To perform the Seidel test, one
applies a large amount of fluorescein by wetting the
fluorescein strip with several drops of saline while
holding the strip against the inner lower eyelid.
Flooding the eye will result in a stream of fluorescein
leaking from the ruptured globe that looks green
under cobalt blue light or a Wood’s lamp.

Tonometry may be performed to assess intraocu-
lar pressure. It is indicated in iritis, retrobulbar hem-
morhage or suspicion of increased ocular pressure
(e.g., acute angle-closure glaucoma in the post-trau-
matic setting). Most EDs will have a Tono-Pen® or
Schiotz tonometer or applanation tonometer. If none
of these are available, the physician can assess gross
intraocular pressure by pressing gently on the closed
eye with the index finger and comparing it to one’s
own eye firmness or the patient’s other eye. High
intraocular pressure causes a decrease in compressibil-
ity of the globe. Tonometry should not be performed
when globe rupture is suspected as increasing the
intraocular pressure by pressing on the eye can cause
loss of vitreous humor to a ruptured globe.

Complications
Fluorescein will permanently stain contact lenses and
should not be used when a patient is wearing them.
The patient should not replace their lenses for several
hours. Fluorescein solutions, but not drops, are asso-
ciated with bacterial infection. The solution is rarely
associated with vagal reactions and generalized con-
vulsions, but the reactions are thought to be related to
a compound in the solution other than fluores-
cein.25,26 Paper strips impregnated with fluorescein
are not associated with the same complication, are
safe, and are widely used.

Conclusion
There are many diagnostic tests that emergency phys-
icians are skilled at performing or interpreting that
do not have a role in trauma. For example, lumbar
puncture is utilized in the evaluation of atraumatic
subarachnoid hemorrhage (SAH), but does not have a
role in the evaluation of traumatic SAH. Similarly,

paracentesis is useful in the evaluation of the cirrhotic
patient to diagnose intraperitoneal infection, but does
not have a role in the trauma room. In addition,
advances in radiology have made some of the diag-
nostic procedures discussed in this chapter, such as
DPL and blind pericardiocentesis, relatively uncom-
mon in institutions where emergency US and high-
definition CT scanning are readily available.
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Trauma procedures II
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Cricothyrotomy
Indications
Cricothyrotomy is indicated in establishing an emer-
gent airway when orotracheal or nasotracheal intub-
ation fails or is contraindicated, as in suspected
cervical spine injury with airway compromise, upper
airway hemorrhage, difficult patient anatomy due to
congenital or traumatic distortions, massive emesis,
or airway obstruction due to foreign body, trauma, or
angioedema. It is estimated that between 1 and 3% of
airways in the emergency department (ED) are man-
aged by cricothyrotomy.1,2 One study found that the
rates of cricothyrotomies at one institution declined
from 1.8% to 0.2% after the establishment of an
emergency medicine residency.3 The authors attrib-
uted this decline to increased faculty supervision, less
cricothyrotomies being performed on patients with
suspected cervical spine injury, and increased compe-
tency in endotracheal intubation.

Contraindications
Cricothyrotomy should not be performed in patients
who can safely be intubated via nasotracheal or oro-
tracheal intubation. It is contraindicated in patients
with fracture or serious injury to the cricoid cartilage
or larynx, who should instead be managed with
tracheostomy. Needle cricothyrotomy is preferred in
patients under the age of 12.

The following equipment is required to perform
the cricothyrotomy: No. 11 blade scalpel, curved
hemostat, Trousseau dilator, tracheal hook, and a
tracheostomy tube (preferably 6mm diameter, max-
imum 8mm). A 6mm endotracheal tube can be used
temporarily; however, it is less desirable as its longer
length makes it difficult to secure, increasing the risk

of dislodgment or mainstem bronchus intubation.
Preparation for the procedure requires gloves, pro-
tective gown, face shield, chlorhexidine or povidone
iodine, gauze pads, lidocaine, 10ml syringe, tape, and
suture or tying material. A bag-valve device and
oxygen source should be available to ventilate the
patient once an airway is established.

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. © Cambridge University Press 2011.

Box 35.1 Cricothyroidotomy equipment

Technique Equipment

Standard No. 11 blade scalpel

Curved hemostat

Trousseau dilator

Tracheal hook

Tracheostomy tube (preferably
6–8mm diameter, maximum
8mm)

Gloves, protective gown, face
shield, chlorhexidine or povidone
iodine, gauze pads, lidocaine, 10ml
syringe, tape, and suture or tying
material

Rapid four step No. 20 blade scalpel, tracheal hook,
cuffed tracheostomy tube, gloves,
protective gown, face shield,
chlorhexidine or povidone iodine,
gauze pads, lidocaine, 10ml
syringe, tape, and suture or tying
material

Seldinger Commercial kit:

Gloves, protective gown, face shield,
chlorhexidine or povidone iodine,
gauze pads, lidocaine, 10ml syringe,
tape, and suture or tying material
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Procedure
There are three cricothryotomy techniques com-
monly utilized: standard, rapid four-step, and the
Seldinger technique.

Standard technique
Cricothyrotomy is performed with the patient supine.
If time permits, the area can be sterilized with chlor-
hexidine or iodine and infiltrated with lidocaine for
the conscious patient.

The cricothyroid membrane can be identified by
standing on the patient’s side, stabilizing the larynx
with the thumb and middle finger of the non-domin-
ant hand, palpating the thyroid cartilage with the
index finger and walking the finger inferiorly to pal-
pate the cricothyroid membrane, which is the depres-
sion between the thyroid and cricoid cartilage. It can
be estimated as one finger-breath below the laryngeal
prominence (“Adam’s apple”). It’s important to keep
the larynx immobilized with the non-dominant hand
for the entire procedure.

A 2–3 cm vertical midline incision is made
through the skin alone with the No. 11 blade scalpel.
A vertical incision has two advantages over horizontal
incision: it avoids injuring the recurrent laryngeal
nerves and allows for extension of the incision if the
membrane is missed. After initial skin incision, the
curved hemostat is used to bluntly dissect the sub-
cutaneous tissue down to the trachea. The cricothyr-
oid membrane should be reidentified before
proceeding. Next, a 1 cm horizontal incision through
the cricothryoid membrane into the trachea is made.
To prevent esophageal perforation, the scalpel should
not go deeper than 1cm. To avoid injuring the cra-
nially located vocal cords, the blade should be aimed
in the caudad direction while cutting.

An audible pop or rush of air may be heard when
the trachea is entered. After removing the blade from
the incision, the index finger of the non-dominant
hand is inserted to dilate and maintain the opening.
A tracheal hook is then inserted under the thyroid
cartilage and retracted upward (cephalad). Next, the
curved hemostat or Trousseau dilator is inserted to
open the membrane horizontally in the inferior por-
tion of the cricothyroid membrane incision. The two
legs of the dilator and the tracheal hook form a
triangle, allowing room for the tracheostomy tube.
The tracheostomy tube with the obturator in place is
inserted into the trachea and the tracheal hook and

dilator are removed. The obturator is removed from
the inside of the tubing while the inner cannula is held
in place and the adapter attached. The cuff of the tube
is inflated with air from the 10ml syringe. The trache-
ostomy tube can now be connected to a bag-valve
device or mechanical ventilator and proper placement
can be tested by observing symmetrical chest rise and
by auscultating for breath sounds. Once proper place-
ment is confirmed, the tube can be secured with a
cloth tie around the neck or sutured in place.

A chest X-ray should be obtained to confirm
proper placement of the tube. The cricothyrotomy
can be used for 72 hours to manage the airway. If
more time is needed, a surgical consult should be
obtained to place a tracheostomy for long-term
airway management.

Rapid four-step technique
Brofeldt et al. introduced their rapid four-step tech-
nique (RFST) as an alternative to the standard crico-
thryotomy.4 The only equipment required is a No. 20
blade scalpel, tracheal hook, and cuffed tracheostomy
tube. The physician stands at the patient’s head as if
performing endotracheal intubation. The cricothyr-
oid membrane is palpated (step 1) and a horizontal
stab incision is made through both skin and mem-
brane (step 2). The larynx is stabilized by placing the
tracheal hook under the cricoid cartilage in the infer-
ior portion of the incision and retracted in a caudad
direction (step 3). Of note, this differs from the stand-
ard technique where the hook is placed under the
thyroid cartilage in the superior portion of the inci-
sion. The fourth and final step is placement of the
tracheostomy tube into the trachea.

The RFST is reported to be three times faster than
the standard technique.5 Studies comparing the com-
plication rates of RFST with the standard technique
are conflicting, with some authors finding similar
rates.2,5 but more severe complications associated
with RFST.5 Others report significantly higher com-
plication rates in RFST when performed on cadavers.6

The provider must weigh the benefits of quick and
simple airway access against a potentially higher com-
plication rate when deciding between these two
techniques.

The Seldinger technique
Commerical cricothyrotomy kits are available to per-
form the procedure using the Seldinger technique.
Included in the kits are scalpel, syringe, needle with
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overlying catheter, guidewire, tissue dilator that fits
inside the modified airway catheter, and tracheos-
tomy tape or tie (Figure 35.1).

The cricothyroid membrane is palpated while the
larynx is immobilized as described above. A small

amount of water or saline is drawn into the syringe
using the needle with overlying catheter. Negative
pressure is applied to the syringe as the needle with
catheter is inserted caudally into the cricothryroid
membrane at a 45� angle. When bubbles appear, the
syringe and then needle are removed, leaving the
catheter in place. The guidewire is threaded through
the catheter into the trachea. The catheter can now be
removed by sliding it over the guidewire. Using the
scalpel, a small incision is made at the entrance point
of the guidewire. The tissue dilator–airway catheter
unit is advanced over the guidewire through the
skin incision, subcutaneous tissue, and into the
trachea until the cuff and catheter abut the neck.
Leaving the catheter in the trachea, the tissue
dilator and guidewire unit are removed. The airway
catheter is secured to the neck with tape or ties after
proper placement is checked with auscultation
(Figure 35.2).

(a) (b)

(c)

Figure 35.2 Cricothyroidotomy using Seldinger technique (cadaveric model). (a) A needle and wire is placed through the cricothyroid
membrane. (b) After the hole is slightly widened with an introducer, the airway is placed. (c) The wire is removed from the tube and
the balloon is inflated.

Figure 35.1 Photograph of commerical cricothyroidotomy kit.
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Complications
The overall complication rate of cricothyrotomies
performed in the ED is estimated at 14–23%.2,7 The
major complications of cricothyrotomy are hypoxia
due to prolonged time in securing the airway, mal-
position of the tracheostomy tube, esophageal perfor-
ation, subcutaneous emphysema, and hemorrhage.
Adequate training and experience decreases crico-
thryotomy procedure time,8 and subsequent risk of
hypoxia. Malposition of the tracheostomy tube can be
avoided by confirming placement by observing chest
rise, auscultating the lungs for breath sounds, and a
chest X-ray. To prevent esophageal perforation, pre-
cautions such as covering all but 1 cm of the blade can
be taken when entering the trachea. Subcutaneous
emphysema can be prevented by limiting the lateral
incision to avoid gaps around the tracheostomy tube
that can lead to subcutaneous air trapping. Excessive
bleeding can be controlled with gauze and pressure. If
a major artery or vein is cut, exploration and ligation
may be necessary.

Tube thoracostomy
Indications
Chest tube insertion is indicated in trauma to drain
blood or air from the pleural space (e.g., pneumo-
thorax, hemothorax, or hemopneumothorax). It can
be utilized emergently or non-emergently. Emergent
tube thoracostomy is performed to relieve a pneumo-
thorax that is large, recurrent or persistent, iatrogenic,
under tension, in a patient on mechanical ventilation,
or in a clinically unstable patient. Non-emergent indi-
cations include processes that are generally delayed
complications from trauma such as empyemas or
pleural effusions.

Contraindications
The only absolute contraindication to tube thoracost-
omy is if the lung is completely adherent to the chest
wall. Relative contraindications include patients on
anticoagulation therapy, patients with a bleeding
diathesis, or patients with an expectation of receiving
resuscitative thoracotomy. If time permits, the coagu-
lopathy should be corrected before performing the
thoracostomy.

The following equipment is used to perform a
tube thoracostomy and is often included in a preas-
sembled tray: scalpel with No. 11 blade, curved Kelly

clamps, one small gauge (25) and one larger gauge
(18) needle along with a 10ml and 20ml syringe for
superficial and deep local anesthesia, 1% lidocaine,
needle driver, silk or nylon size 1.0 or larger sutures,
scissors, and appropriate chest tube. Sterile drapes,
gown, gloves, chlorhexidine or povidone iodine, and
a pleural draining system should be at hand.

Chest tube size should be chosen based on the
indication. In general, a larger chest tube allows rapid
evacuation of large pneumothoraces and fluid collec-
tions. A large pneumothorax in a stable patient can be
evacuated with a 16–22-French (Fr) chest tube. If the
patient is unstable or is receiving mechanical ventila-
tion, a larger 24–28-Fr tube should be used. Pleural
effusions can be drained with smaller bore 8- or 16-Fr
catheters under ultrasound or computed tomography
(CT) guidance using the Seldinger technique. Para-
pneumonic effusions and empyemas require 20-Fr or
larger bore tubes. Hemothorax requires a large bore
32- or 40-Fr catheter to rapidly drain and tamponade
the bleeding site.

These chest tubes sizes are guidelines. Patient
body habitus may alter the size of the tube used. For
example, a 60kg teenager with a large hemothorax
may not have adequate intercostal space to accommo-
date a 40-Fr tube.

Box 35.2 Thoracostomy equipment

� Scalpel with No. 11 blade
� Curved Kelly clamps
� One small gauge (25) and one larger gauge (18)

needle along with a 10ml and 20ml syringe for
superficial and deep local anesthesia

� 1% lidocaine (or bupivicaine)
� Needle driver
� Silk or nylon size 1.0 or larger sutures
� Scissors, and appropriate chest tube
� Sterile drapes, gown, gloves, chlorhexidine or

povidone iodine, and a pleural draining system
should be at hand

Box 35.3 General guidelines for chest tube size in
trauma

Indication Size

Large pneumothorax (stable patient) 16–22Fr

Large pneumothorax (unstable, ventilated) 24–28Fr

Hemothorax 32–40Fr
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Procedure
The incision site should be determined and marked
before beginning the procedure. The most common
site is the 4th or 5th intercostal space (about the level
of the nipple in males) in the anterior axillary or mid-
axillary line. The actual pleural insertion of the tube
will occur one intercostal space above this site to
prevent air entry after the chest tube is removed
(Figure 35.3).

The patient should be supine with the ipsilateral
arm placed over the patient’s head. The area is steril-
ized with chlorhexidine or povidone iodine solution
and draped with sterile towels. The incision site is
infiltrated with 1% lidocaine using the 25-gauge
needle. Next, the 18-gauge needle and 20ml syringe
is used to infiltrate the subcutaneous tissue, intercos-
tal muscles, and the periosteal surface of the rib below

the insertion site with 10–20ml of lidocaine. With
negative pressure applied to the syringe, the needle
is advanced until a flash of fluid or air enters the
chamber, indicating entry into the pleural space.
Lidocaine is injected to anesthetize the parietal pleura
and the needle and syringe are withdrawn.

A 2–3cm skin incision is made parallel to and just
above the rib to avoid injuring the neurovascular
bundle. Kelly clamps are used to bluntly dissect the
subcutaneous tissue in a cephalad direction towards
the superior intercostal space (where the chest tube will
be inserted). The intercostal muscles are dissected just
above the inferior rib of this space. The Kelly clamp or
index finger can be used to penetrate the parietal
pleura and enter the pleural space (Figure 35.4). There
should be a give when entering the pleural space and
fluid or air may leak through the incision. The index
finger should sweep the parietal pleura to ensure
proper placement and that no adhesions between lung
and pleura exist. Small adhesion may be broken up by
the sweep of the finger.

The leading end of the chest tube should be
clamped with the Kelly clamp and inserted through
the incision site and directed cephalad through the
wound track and into the pleura. The Kelly clamp is
removed. General recommendations are that the chest
tube is advanced cephalad and anterior if draining a
pneumothorax, or inferiorly and posteriorly if
draining fluid, although clinical situations (e.g., adhe-
sions) may modify this. Proper placement is con-
firmed with the appearance of condensation or
pleural fluid within the tube. The tube should be
advanced until all holes are within the pleural space
(Figure 35.5).

(a) (b)

Figure 35.4 (a) Kelly clamp used to dissect and penetrate parietal pleura. (b) Index finger used to sweep the pleura.

Figure 35.3 Incision site for thoracostomy tube placement
(cadaver model). (Courtesy of Taku Taira, MD and the New York
University School of Medicine.)
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The skin incision should be closed with mattress
or interrupted sutures, with the loose ends of the
sutures wrapped around and tied to the tube to
anchor it. The tube should be taped to the patient’s
side and the site should be covered with sterile petrol-
atum gauze. The chest tube should be connected to a
pleural drainage system, with a recommended initial
setting of 20 cm of water. Bubbles will be seen in the
chambers if a pneumothorax is being evacuated; fluid
will collect if draining a hemothorax or pleural
effusion.

A chest X-ray should be obtained to confirm
placement. The gap in the radio-opaque lining of
the chest tube represents the most proximal drainage
hole and must be located within the pleural space to
be functional.

The chest tube should be removed after the ori-
ginal indication has resolved. For pneumothorax, the
chest tube can be removed after full re-expansion of
the lung is seen on chest X-ray along with a trial of
underwater seal to ensure the lung stays expanded
without suction. If draining pleural fluid, the chest
tube can be removed after lung expansion is seen on
chest X-ray and fluid drainage is < 200ml per day.
Some clinicians advocate clamping the chest tube 12–
24 hours before removal to test for persistent air leak
or fluid reaccumulation.9

Complications
The complication and adverse event rate of tube thor-
acostomies performed in the ED may be as high as
14–37%.10–12 The most common complications are
recurrent pneumothorax and tube malpositioning.12

Other complications include bleeding and
hemothorax from intercostal artery laceration, lung
parenchyma perforation, perforation of thoracic or
intra-abdominal organs, subcutaneous placement,
subcutaneous emphysema, re-expansion pulmonary
edema, pneumonia, empyema, clotting, kinking or
dislodgement of the chest tube, and infection. Antibi-
otic prophylaxis has been controversial in the setting
of trauma. There may be a slight reduction in pneu-
monia and pneumonitis with the use of first gener-
ation cephalosporins for 24 hours, however the data is
not strong.9,13

Intraosseus access
Indications
Intraosseus cannulation is utilized in the emergent
setting when peripheral access for fluid resuscitation
and medication is required and cannot be readily
obtained. Although it can be used in any age group,
it is primarily used in infants and children as it more
typically provides faster access than central access.

The veins indirectly accessed via intraosseous
cannulation drain the medullary sinus and are held
open by the bony matrix. They do not collapse in
hypovolemia, making them a reliable access point in
the critically ill child. Intraosseous access is more
difficult in older patients because of their thicker
cortex and narrower bone marrow cavity.

Several studies have shown that intraosseous
cannulation provides faster and more reliable access
in children.14–16 In their review of intraosseous
cannulation, Buck et al. found that most providers

(a) (b)

Figure 35.5 (a) Chest tube inserted using clamp. (b) Photograph shows proximal hole of chest tube outside chest wall (must be
inserted into pleural space).
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could establish an intraosseous line within 1–2 min-
utes with a success rate of approximately 80%.16

A randomized trial comparing intraosseous access
and intravenous (IV) access for fluid resuscitation
in 60 hypovolemic children found that within 5
minutes, intraosseous access was successful in
100% of the cases while IV access was successful
in only 67% of the cases. Furthermore, the research-
ers reported that establishing intraosseous access
was twice as fast as establishing IV access. Once
established, both routes were equally as effective in
rehydrating the patient.15

Contraindications
Intraosseous cannulation is absolutely contraindi-
cated when there is a fracture near the insertion site
as extravasation through a fracture may lead to a
compartment syndrome. Relative contraindications
include a previous attempt at intraosseous access at
the same site, osteogenesis imperfecta, osteoporosis,
and overlying burns or infection.

Equipment

The following equipment is used to establish
intraosseous access: antiseptic cleanser, 1% lido-
caine with 25-gauge needle and syringe, 5–10ml
syringe, and intraosseous needle or system. Several
different intraosseous needles and systems are
available. The intraosseous needles are manually
placed while the newer Bone Injection Gun (BIG)®
and E-Z IO® systems automatically penetrate the
medulla using spring-loaded needles or drill handles
(Figure 35.6). The manual needles contain a stylet to
prevent occlusion of the needle with bone fragments
or marrow.

Procedure
Intraosseous lines are most often placed in the
anteromedial aspect of the tibia 1–2 cm distal to
the tibial tuberosity. Alternative sites include the
distal tibia 1–2 cm proximal to the medial maleolus,
the anterior aspect of the distal femur, sternum,

and the lateral aspect of the proximal humerus.
Because of their relatively superficial location, large
marrow cavity, and lack of intervening vessels and
nerves, the proximal tibia and distal femur are
preferred sites. The following procedure will be
described with the proximal tibia as the insertion
site (Figure 35.7).

The insertion site should be sterilized with
povidone-iodine or chlorhexidine. If the patient is
awake, lidocaine should be used to anesthetize the
skin, subcutaneous tissue, and periosteum. The
patient’s leg can be placed on a rolled towel or sheet
for stabilization. The patient’s distal thigh and knee
is held with the non-dominant hand while the dom-
inant hand holds the intraosseous needle. The
needle is inserted 1–2 cm distal to the tibial tuber-
osity on the anteromedial aspect of the tibia either
perpendicular to the tibial surface or at a 60–75�

angle caudad to avoid the growth plate. The needle
is driven into the medullary cavity using significant
force and a twisting, to-and-fro motion. A sudden
decrease in resistance will be felt when the medul-
lary cavity is reached. At this point, the stylet is
removed and a 5–10ml syringe is attached to the
needle. Blood or marrow is aspirated to confirm
placement in the medulla. Next, the needle is
flushed with 5–10ml of saline. Proper placement
is confirmed if there is no resistance with the flush
and if there are no signs of extravasation of the

Box 35.4 Equipment for intraosseous access

� Antiseptic cleanser
� 1% lidocaine with 25-gauge needle and syringe
� 5–10 ml syringe
� Intraosseous needle or system

Figure 35.6 Photograph of EZ-IO® gun.
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saline into the leg. The needle should be flushed
with saline, then connected to IV tubing and
secured with tape and gauze dressing.

Any fluid required for resuscitation can be
delivered safely through the intraosseous line. Vari-
ous medications, including catecholamines, antibi-
otics, and blood products can also be infused
(Table 35.1). Rapid volume repletion requires an
infusion pump or pressure bag; if these are not
available, manual push of the syringe may be neces-
sary. The intraosseous line can also be used to draw
various labs, including blood cultures, chemistries,
blood gases, hematocrit, and type and screen. Com-
plete blood count should not be drawn through the
intraosseous line as the white cell count will be
abnormal and spurious.

Table 35.1 shows common medications and
fluids in trauma deliverable through an intraos-
seous line.17 The intraosseous line should be
replaced with an IV line as soon as possible. Long-
term placement has been associated with higher risk
of complications.18

Complications
A meta-analysis of 30 major studies of intraosseous
infusion revealed a <1% rate of complications in
over 4200 cases.18 The most common complications
include subcutaneous and subperiosteal infiltration
of fluid, which carry the risk of causing compart-
ment syndrome or skin necrosis. Although rare,
serious complications include tibial fracture, growth
plate injury, fat and marrow embolization, cellulitis,
and osteomyelitis. Rosetti et al. found that only 27
(0.6%) of over 4000 intraosseous infusions were
complicated by osteomyelitis, and these cases usu-
ally occurred in bacteremic patients or in patients
whose intraosseous lines were left in place for pro-
longed periods of time.18 The concern over the
long-term effects of intraosseous placement on bone
growth was addressed by Claudet et al., whose 29-
month follow-up radiologic study revealed no sig-
nificant difference in tibial growth in patients who
had an intraosseous line.19 Microscopic fat and
marrow emboli were found to occur after all

(a) (b)

Figures 35.7 Manual intraosseous insertion (cadaveric model): (a) anteromedial tibia; (b) distal tibia.
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intraosseous cannulations in one study, however
they had no clinical significance.20

Genitourinary procedures in trauma
patients
Indications
Injuries to the genitourinary (GU) system (Table 35.221)
are often secondary to other more life-threatening
injuries to the chest, abdomen, and central nervous
system; injuries such as renal vein lacerations or a
fractured kidney can lead to rapid instability or mortal-
ity in the trauma patient.22 Approximately 10% of mul-
titrauma patients have GU involvement.23

Because of its less common occurrence and subtle
presentation,GUinjuriesmaybeoverlooked in the initial
evaluation of the trauma victim. However, after the pri-
mary survey for life-threatening injuries, Foley catheter
placement or evaluation of the spontaneously voided
urine may disclose the signs of urinary tract injury.

The diagnostic evaluation of the GU tract is
performed in a retrograde fashion. Genitourinary

trauma is divided into lower tract injuries (i.e.,
bladder or urethral injury), upper tract injuries
(i.e., renal or ureteral injury), and external genitalia

Table 35.1 Medications and fluids that can be given through
an intraosseous line

Medications and fluids

� Antibiotics

� Depolarizing and non-depolarizing paralytics

� Atropine

� Calcium gluconate and chloride

� Intravenous contrast media

� Dexamethasone

� Diazepam, lorazepam, midazolam

� Dopamine and dobutamine

� Epinephrine

� Norepinephrine

� Lidocaine

� Morphine, fentanyl, hydromorphone

� Naloxone

� Phenobarbital and phenytoin

� Blood products

� Intravenous resuscitation fluids (normal saline and
Ringer’s lactate)

Table 35.2 Anatomical concepts in genitourinary (GU)
procedures21

� The main difference in the genitourinary tract
anatomy of male and female patients is at the level
of the lower tract

� The female urethra is shorter (4cm) than the male
(20cm)

� The male urethra passes through the body of the
prostate, the urogenital diaphragm and the penis

� The urogenital diaphragm anatomically divides the
urethra into two portions: the anterior urethra,
below the inferior aspect of the urogenital
diaphragm, and the posterior urethra above the
inferior aspect of the urogenital diaphragm

� The kidneys lie in the retroperitoneal space. They are
surrounded by perinephric fat between the anterior
and posterior layers of the renal fascia. The kidney is
encapsulated by an adherent fibrous tissue known
as the renal capsule. The renal capsule is adherent to
the kidney; it may act to contain blood or urine from
renal injuries

� The perinephric space lies between the anterior renal
fascia (Gerota’s) and the posterior renal fascia. It is
closed superiorly, medially, and laterally but may open
into the iliac fossa inferiorly, communicating with the
anterior and posterior paranephric spaces. The normal
perinephric space contains the kidney and fat but
blood from renal trauma may collect in this space

� The ureter passes inferiorly and medially to connect
the kidney with the bladder. Each ureter is
approximately 30cm long with a lumen that is
2–4mm in diameter

� The adult testis is approximately 3–5cm in length
and 2–3cm in transverse diameter and depth. At the
upper pole of the testes is the appendix of the testis
which is a 3–5mm appendage to the testis

� The female urethra lies at the superior aspect of the
vagina. The urethral meatus is occasionally not
obvious. The urethral meatus is an anteroposterior
slit with rather prominent margins that is situated
directly superior to the opening of the vagina and
approximately 2.5cm inferior to the glans clitoris. It is
the first of three orifices encountered when
examining any female genitalia cephalad to caudad
in the lithotomy position
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injuries (i.e., penile, scrotal, and testicular injury).
Injuries are also categorized based on blunt or
penetrating mechanisms of injury. Generally, blood
at the urethral meatus or gross hematuria will iden-
tify significant lower urinary tract injuries.22 In the
secondary exam, other noteworthy findings to look
for include hematoma on the shaft of the penis,
scrotum, or perineum, or blood at the vaginal intro-
itus. A rectal exam may assist in determining bowel
or bladder injuries, and may suggest a pelvic frac-
ture. A high-riding prostate, which suggests pelvic
fracture, is due to disruption of the puboprostatic
ligaments and the prostatomembranous urethra
causing retropubic venous bleeding. The resulting
pelvic hematoma can displace the prostate super-
iorly, resulting in a boggy, ill-defined mass on rectal
examination.22 The actual incidence of this is
unknown, but likely rare.

Urethral catherization
Indications
In the major trauma patient, indications for urethral
catheterization are to relieve acute urinary retention
due to neurologic injury or pain, assist the patient who
has inability or significant difficulty in voiding due to
painful injuries or medical treatments, and allow for
rapid evaluation of the urine and provide ongoing
monitoring of urine output. It may also be used for
the urologic study of the lower urinary tract.24

While relatively simple to perform, it is not with-
out morbidity, especially patient pain and discomfort
and urinary tract infections. Urethral catheterization
is performed differently in males, females, and chil-
dren, and factors such as age, anatomy, and prior
surgeries may make catheterization more difficult.

Contraindications
Initial placement of a Foley catheter via the penile
urethra is generally contraindicated in patients with
blood at the urethral meatus, boggy or “high-riding”
prostate, or a perineal hematoma. This may worsen a
possible urethral injury. Blood is seen in 37–93% of
cases, and the amount of blood at the meatus does not
appear to correlate with the severity of the injury.25

A palpably distended bladder or inability to void,
perineal bruising, and perineal ecchymosis are all
suggestive of urethral disruption.25 Rectal exam may
reveal an elevated or displaced prostate gland in 34%
of cases, but may not even be palpated because of

hematoma that surrounds the prostate in the setting
of pelvic fracture.26

In addition, if difficulty is encountered that is felt
potentially due to a urethral injury (not just prostatic
hypertrophy) the placement should be delayed pend-
ing a urethrogram.

Most catheterization kits have all of the standard
equipment needed to perform urethral catheteriza-
tion, although some leave out the Foley catheter and
sterile gloves, which are obtained separately. In the
average adult, an 18-Fr Foley is adequate, but one
may need a smaller or larger catheter based on the
patient’s size, age, and whether they have complicat-
ing factors. A smaller catheter may be selected in
patients with strictures, masses, or phimosis.
A larger catheter may be selected in patients with
benign prostatic hypertrophy. Other types of cath-
eters include Coudé catheters to overcome prostatic
hypertrophy or red-rubber catheters used for one
time straight catheterization.

Male catheterization
In the male patient, the urethra is more easily evident.
Although the urethra may be more easily identifiable,
insertion of the catheter may be more difficult. The
normal male urethra is much longer than the female
urethra. It is approximately 20 cm long from the exter-
nal urethral meatus to the bladder neck. The posterior
prostatic urethra is approximately 3.5 cm long, and the
contiguous external sphincter or urogenital diaphragm
that encompasses themembranous urethra is 4 cm from
the bladder neck.24 Inmales, the catheter should be fully
inserted to the balloon-inflating side-arm channel
before it is safe to inflate the balloon. Urine may appear

Box 35.5 Equipment for urethral catheterization
(Foley catheterization)

� Foley catheter
� Lubricant (Surgilube®) or lidocaine gel

(preferred)
� 10 cc syringe
� Collection (drainage) bag
� Tubing
� Sterile drapes, sterile gloves, sterile cleansing

solution (povidone–iodine), sterile gauze and
cotton balls, sterile specimen cup

� Forceps
� Benzoin
� Tape
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in the Foley catheter prior to fully entering the bladder.
Premature inflation of the catheter balloon prior to full
insertion may result in urethral injury.

After sterile preparation and draping of a sterile
field, the penis should be held by the clinician’s non-
dominant hand. The penis should be held upright
during urethral catheterization in order to provide
the most direct entry into the bladder.24 If the patient
is uncirmcumcised, the foreskin should be retracted
while the penis is held upright, and the dominant
hand should be used to sterilize the glans penis with
povidone–iodine. An appropriate size catheter is then
used after the tip of the catheter has been liberally
coated with Surgilube®. In addition, if time permits,
the distal part of the urethra should be slowly injected
with 5–10cc of lidocaine gel (viscous lidocaine) in
order to distend the urethra and to alleviate the
discomfort that accompanies the procedure. This can
be done through a syringe filled with gel or a commer-
cially available Uro-Jet®. After injecting the gel, the
meatus should be gently pinched and held for approxi-
mately 1.0–1.5 minutes to allow the gel to take effect.

In general, the catheter should pass relatively
easily in most male patients. Once the catheter is
advanced almost the length of the catheter to the
hub for the balloon and urine flow is seen, the balloon
should be slowly inflated with 10ml of water. If resist-
ance or patient discomfort occurs during balloon
inflation, the balloon should be deflated and catheter
position should be re-evaluated.24 Pain or resistance
signifies that the catheter may still be positioned
within the urethra.

Following successful catheter passage and balloon
inflation, the catheter should be slowly withdrawn
until the balloon abutting the bladder neck prevents
further withdrawal.24 The catheter is then connected
to a sterile drainage bag.

Complications
Certain anatomical abnormalities may occur which
may make catheterization in the male difficult. Some
of these include urethral stricture, meatal stenosis,
edema of the foreskin, phimosis, and prostatic
enlargement.

Meatal stenosis: The urethral meatus may be
narrowed either as a congenital condition or from
scarring from infection or prior instrumentation.
The stenosis may prevent catheterization of a
normal-sized catheter, but may allow passage of a
smaller catheter.

Urethral stricture: Inability to pass the catheter
through the anterior or bulbous urethra is most often
the result of urethral stricture disease; however, in the
setting of acute trauma, it may also be from a partial
or full urethral tear. If such resistance is met during
catheterization, the catheter should never be forced.
Forcing a catheter may cause perforation of the
urethra and false passages, bleeding, and ultimately
increased scarring.24 Inability to negotiate a urethral
stricture with a simple straight Foley catheter or
Coudé catheter should lead to a urologic consultation
for potential dilation.24

Edema of the foreskin: Patients with penile trauma,
paraphimosis, anasarca, or lymphatic obstruction
from disease processes may have marked edema of
the foreskin. Such edema may make it difficult to
visualize the urethral meatus and glans. The urethral
meatus may be identified with gentle manipulation of
the foreskin. Utilizing cold packs and direct pressure
may also assist in reducing some of the swelling.

Prostate enlargement: Prostatic enlargement is
frequently encountered during catheterization of older
male patients. If urethral catheterization is unsuccess-
ful or contraindicated, a larger catheter may be used.
Even though this may seem counterintuitive, the larger
catheter is stiffer and can overcome the obstruction,
while a smaller one does not have the needed rigidity.
Other options are a firm, angulated Coudé catheter or
a suprapubic catheter.27

Phimosis: Phimosis exists when retraction of the
foreskin proximally over the glans penis cannot occur
due to recurrent inflammation or trauma which
causes scarring.24 In some instances, the phimotic
opening becomes so small that the urethral meatus
cannot be accessed. If the patient requires urgent
catheterization the physician may need to perform a
dorsal slit of the foreskin to expose the glans and
urethral meatus or to dilate the phimotic opening
sufficiently to identify the urethral meatus and cath-
eterize the patient.24

Use of antibiotics in catheterization
The use of antibiotics before simple catheterization
has not shown to be efficacious in preventing infec-
tion.28,29 Furthermore, the most recent endocarditis
guidelines from the American Heart Association do
not recommend prophylactic antibiotics for patients
with valvular heart disease or structural abnormalities
undergoing simple catheterization.30
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Female catheterization
In the supine position, the opening of the urethra is
the most superior orifice and directly above the
vaginal introitus, and below the glans clitoris. The
clinician’s non-dominant hand is used to separate
the labia and expose the urethral meatus. Following
sterile preparation and draping, the lubricated cath-
eter is advanced. Once urine is freely flowing into the
Foley catheter, and the resistance of the bladder wall is
felt with advancement of the catheter, the balloon on
the catheter can be safely inflated.

In some patients such as children, post-
menopausal women, and patients who have had prior
surgery the urethral meatus may not be obvious. In
such patients, palpation may be necessary to aid in
identification of the meatus. Occasionally, the urethral
meatus recedes superiorly into the vagina and is not
immediately visible. Anticipation of such cases will
allow the examiner to gently advance an index finger
into the vagina in the superior midline. The urethral
meatus can usually be palpated and often visualized as
a soft mound surrounded by a firmer ring of support-
ing periurethral tissue. Rarely, the meatus will have
receded so far superiorly that it cannot be visualized
at all, and catheterization must be carried out by pal-
pation alone. From themeatus (if the patient assumes a
supine position), the urethra proceeds straight back to
slightly downward as it advances into the bladder just
behind the symphysis pubis.24

Urethral catheterization in the pediatric
population
The general procedure of urethral catheterization in
the pediatric population is similar in terms of anat-
omy and procedure. Many considerations need to be
taken into account for the pediatric population. Some
of these include pain and anxiety. Patients may

require sedation and restraint for the procedure, the
anatomy may be more difficult to ascertain.

Equipment
Same as adult catheterization, except for actual
catheter (Table 35.3).

Percutaneous suprapubic cystostomy
Percutaneous suprapubic cystostomy is utilized to
access the bladder and allow for drainage when the
urethra is inaccessible secondary to trauma or other
causes such as stricture which prevents catheteriza-
tion through the urethra.

Indications
In general, any patient who would require a urethral
catheter but a catheter cannot be utilized through the
urethra is a candidate for a suprapubic cystostomy
tube. In the trauma patient, the most likely indica-
tion would be pelvic trauma with urethral disrup-
tion. Because trauma patients often need surgical
intervention because of associated injuries, a large
suprapubic catheter can be placed intraoperatively
rather than at the bedside. If the patient does not
require surgery, a percutaneously placed Foley cath-
eter can be placed emergently and definitive urologic
surgery can be done electively after the patient’s
condition has stabilized.24

Contraindications (including relative)
1. Patients without a definable bladder.
2. Patients in whom the bladder volume is so small

that risk of penetration through and through the
bladder or bowel exists.

3. Individuals who have a history of previous lower
abdominal surgery, intraperitoneal surgery, or
irradiation with extensive adhesions or adherence
of the bowel to the anterior bladder wall.

4. Patients with clinically important bleeding
diatheses or anticoagulation.

Table 35.3 Pediatric catheter size and type

Age Catheter size and type

Infant 5–8 Fr feeding tube

1–3 years 8 Fr feeding tube

4–6 years 10 Fr feeding tube

7–12 years 10–12 Fr red-rubber catheter

>12 years 14 Fr red-rubber catheter

Box 35.6 Percutaneous suprapubic cystostomy
equipment

� A kit with a guidewire Seldinger technique to
gain bladder access and allow suprapubic access.

� An 8-Fr or 12-Fr trocar type cystostomy tube.
� Several common kits include the Cook Peel-

Away® sheath unit and the Cystocath®.
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Procedure
The following comments describe the placement of
the Cook Peel-Away® sheath, a commonly used kit;
however, other kits or hospital kits are fully appropri-
ate. It would be helpful to use bedside ED ultrasound
prior to the procedure to assure a full bladder and for
improved localization.

Clinicians familiar with the Seldinger technique of
vascular access should be able to readily place a supra-
pubic catheter using most of the commercially avail-
able kits. If available, ultrasound confirmation of a
full bladder should be done prior to attempting to
access the bladder.

Key points
� In awake patients, anesthetize the skin, the

subcutaneous tissue and rectus abdominis muscle
fascia with 1% lidocaine.

� Aim the introducer needle at a 10–20� angle
toward the pelvis.

� Aspirate urine through the introducer needle and
syringe to confirm bladder puncture.

� The Cook Peel-Away® sheath and indwelling
fascial dilator are then passed together over the
wire into the bladder. The guidewire and dilator
are removed, leaving only the Peel-Away® sheath
inside the bladder.

� A Foley balloon catheter is then passed through the
indwelling intravesical sheath into the bladder. The
balloon is inflated. The Peel-Away® sheath is
withdrawn from thebladder and anterior abdominal
wall and peeled away from the catheter leaving only
the indwelling suprapubic Foley catheter.

Complications
Some of the complications include bowel perforation,
extravasation into the intraperitoneal or extraperitoneal
space, infection, bleeding, or displacement of the tube,
or placement other than in the bladder.24 Other compli-
cations include hernia through the incision site, kinking
or blockage of the tube, and iatrogenic misplacement of
the guidewire during the procedure.24,31,32

Genitourinary radiologic procedures
in the trauma patient
In GU trauma, the lower urinary tract is evaluated
before the upper urinary tract.24 The exception is the
blunt abdominal trauma patient with hematuria

(gross or microscopic) and signs of shock, indicating
a renal injury and need for immediate diagnosis and
treatment.33

Retrograde urethrogram and cystogram (or CT
cystogram) are the procedures of choice to diagnose
and evaluate injury to the lower urinary tract, and are
performed in that order.

Retrograde urethrogram
Indications
A retrograde urethrogram is indicated whenever there
is uncertainty about the integrity of the urethra, such
as when blood is found at the urethral meatus.

Contraindications
There are no absolute contraindications to a retro-
grade urethrogram.

A relative contraindication would be an unstable
patient who requires other immediate first-aid.

Contrast agents currently recommended include
Renografin® or Hypaque®, diluted to a 1:10 ratio with
normal saline.24

Procedure
A retrograde urethrogram is performed using 30ml
of a solution of contrast medium which is adminis-
tered through a Foley catheter.34 The catheter is pos-
itioned in the very distal urethra and the balloon is
inflated with 2ml of saline to hold it in place.34

Another option is to use the Christmas tree syringe
alone; inserting the tip into urethral meatus and
injecting contrast. The contrast is then slowly injected
into the urethra, taking precaution not to force the
contrast material in, which will lead to filling of the
venous plexus system and may obscure the study.

The study should optimally be conducted using
fluoroscopy, however, as this is often not immediately
available, it can be performed with a KUB taken

Box 35.7 Equipment for retrograde urethrogram

� Foley catheter
� 60ml Toomey syringe or Christmas tree syringe
� Water-soluble contrast medium diluted to 10%

strength to prevent inflammation caused by extra-
vasation. (This is controversial, someauthors recom-
mend half-strength or full-strength contrast.)
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during injection of the last 10 cc of contrast mater-
ial. An oblique radiograph is obtained with the shaft
of the penis perpendicular to the torso in order to
visualize the full length of the urethra, and the
nature of the injury will improve visualization, but
may be difficult to perform with significant pelvic
trauma.34 Figure 35.8 shows a retrograde urethro-
gram with a urethral tear. This procedure is not
performed in women; their shorter urethra are not
prone to the same sheering forces and traumatic
injuries.

A retrograde urethrogram will display a flame-like
pattern of contrast outside of the urethra as displayed
in the figure above if a urethral tear is present. Con-
trast material may be present in the bladder if the tear
is partial, whereas a complete tear will reveal no
contrast material in the bladder.24

One needs to be certain that the “extravasation”
one is seeing is not filling of the venous plexus at the
distal urethra. Repeating the KUB after the patient
voids will show resolution of this finding in a non-
injured urethra, whereas the finding will persist in a
urethral tear.

Retrograde or CT cystogram
Indications
A retrograde cystogram is performed to rule out a
bladder rupture. The indications are generally the
same as for a retrograde urethrogram, however, there
should be a mechanism of pelvic trauma, not just
injury to the distal urethra.

Contraindications
There are no absolute contraindications to a retro-
grade urethrogram.

A relative contraindication would be an unstable
patient who requires other immediate procedures
first.

Procedure
A retrograde cystogram is performed similar to a
retrograde urethrogram, except that for a cystogram
the bladder should be distended by about 400ml of
contrast.35 The central piston is removed from a 60ml
catheter tip syringe and the catheter tip is inserted
into the Foley catheter. The syringe is held above
bladder level and contrast material is poured into
the open end of the syringe and the bladder is allowed
to fill by gravity. In an adult or a child aged over 11
years, 400 cc of contrast needs to be instilled to com-
pletely fill the bladder. In a child under 11 years of
age, the formula for determining the amount of con-
trast needed is (ageþ2)�30. Alternatively, one can fill
the bladder with 100cc of contrast material and obtain
a KUB looking for gross extravasation. If this is not
observed, the remaining 300 cc of contrast needs to be
instilled and the KUB retaken. If the patient has a
bladder contraction before the full amount of contrast
is instilled, one should instill an additional 50 cc of
contrast and obtain the KUB. Volumes <400 cc in an
adult, and less than the appropriate calculated amount
in children under 11 years of age, can result in false-
negative studies.36

Following the instillation of contrast material, a
scout film, a filled film, and a postvoid film are
performed.35 With a CT cystogram, the Foley catheter
is clamped while the CT abdomen/pelvis is performed
with IV contrast. As the contrast-enhanced urine fills
and distends the bladder, CT images are obtained.

A cystogram may reveal either an intraperitoneal
tear or an extraperitoneal tear. An intraperitoneal tear
is demonstrated when contrast extravasates outside
the bladder and into the interperitoneal space. This
will show on the film as contrast material accumulat-
ing either around the loops of bowel or in the depend-
ent parts of the peritoneal cavity.35 Figure 35.9 shows
an intraperitoneal bladder tear. On the cystogram,
extraperitoneal tears will show contrast leaking
around the base of the bladder or in the prevesical
space (Figure 35.10).35 Figure 35.11 shows an extra-
peritoneal bladder rupture.

Figure 35.8 Retrograde urethrogarm with urethral tear.
(Courtesy of David T. Schwartz, MD.)
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Complications
Complications from retrograde urethrogram and
cystogram are rare. The rate of significant adverse
reaction to contrast material is much lower than the
estimated 1 in 1000 to 1 in 10000 cases from IV
injection of contrast medium.24

Ultrasound in GU trauma
Indications
The main purpose of utilizing ultrasound in the
trauma patient is to assess for traumatic hemoperito-
neum. The focused abdominal sonography in trauma
(FAST) study is insensitive for most renal injuries as
they are retroperitoneal and the study does not look
specifically for renal injury. Intraperitoneal bladder
rupture leaves free fluid in the abdomen that may be
indistinguishable from hemoperitoneum.

Testicular injuries are most often caused by a fall
or kick and often occur in the setting of playing a
sport.22 Some of the more common injuries that
result from direct trauma to the testes include testis
rupture, tunica albuginea breach, testicular hema-
toma, testis avulsion, epididymis injuries, and hema-
tocele.37 Other injuries that can result are lacerations

to the scrotum or other penetrating injuries. Common
symptoms include severe pain, dizziness, nausea,
vomiting, and urinary retention.22 Examination may
reveal tenderness, swelling, and hematoma. Ultra-
sound can be utilized as a bedside modality in order
to diagnose some of these conditions in the ED.
Testicular color Doppler ultrasonographic examin-
ation is the diagnostic procedure of choice to evaluate
the testis.22 The diagnosis of testicular rupture, which
is based on an ultrasound finding of discontinuity of
the echogenic tunica albuginea, can be important
because early surgery results in salvage of the testis in
80–90% of rupture cases.37

Contraindications
There are no absolute contraindications; relative con-
traindications are the need for emergent life-saving
procedures that take precedence.

A broadband linear ultrasound transducer
capable of high-resolution imaging (up to 10MHz)
that can perform power and spectral Doppler
ultrasonography is needed.38 Color Doppler is a

Figure 35.9 Intraperitoneal bladder tear. (Courtesy of David
T. Schwartz, MD.)

Figure 35.10 Computed tomography (CT) of intraperitoneal
bladder rupture. The CT scan shows extravasated contrast
throughout abdomen. (Courtesy of David T. Schwartz, MD.)

Box 35.8 Equipment for testicular ultrasound

� A broadband linear ultrasound transducer
capable of high-resolution imaging (up to
10MHz) that can perform power and spectral
Doppler ultrasonography.
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color-based display of blood flow in vessels of the
scrotal contents and provides one color for flow
towards the transducer and another for flow away
from the transducer.38 Power Doppler is not sensi-
tive to direction, but possesses more likelihood that
blood flow is registered.38 The ability to measure
the power of the Doppler signal rather than the
Doppler frequency shift has been shown to enhance
its sensitivity.39

Procedures
Ultrasound
Ultrasound is performed with a 5.0- or 7.5-MHz
transducer.34 An ultrasound examination positive
for injury reveals loss of the normal homogeneous

testicular pattern.22 Typically, the unaffected hemi-
scrotum is scanned first to familiarize the patient with
the process and decrease anxiety regarding discom-
fort. The scrotum should be scanned in at least two
planes (short and long axes).38 Using the highest
resolution transducer, the scan is begun in a longitu-
dinal axis to the testicle with the direction indicator
toward the head, and is then repeated with the probe
turned 90� toward the patient’s right to obtain a short
axis view.38

Power and spectral Doppler are utilized to assess
blood flow in the patient with an acute scrotum
secondary to trauma, and specifically helps to identify
decreased or absent flow in testicular torsion,
hemorrhage, hematoma, and rupture.38 While power

(a) (b)

(c)

Figure 35.11 Extraperitoneal bladder rupture: (a) pelvic fractures (type lC2); with (b) cystogram; and (c) CT scan showing an
extraperitoneal bladder rupture. This was a young woman who was a passenger in a motor vehicle collision. She was hemodynamically
stable but had gross hematuria. No other injuries were found. (Courtesy of David T. Schwartz, MD.)
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Doppler allows for detection of blood flow within the
testicle, the spectral or pulsed wave Doppler allows
identification of the type of flow (venous or arterial).38

A simpler and easier test to assess for testicular
perfusion than Doppler ultrasound is use of a
Doppler stethoscope. Although this modality has
not been well-studied with the advent of the Doppler
ultrasound, its ease of use may be an adjunct
to assessing blood flow to the testicle. Doppler
stethoscope should never be utilized as the sole
method in determining testicular perfusion as it is
operator-dependent, and false negatives may occur
secondary to hyperemia from inflammation.40–45

The stethoscope may be used as an adjunct for rapid
assessment of blood flow when performing such
procedures such as manual detorsion of the testicle,
and also can be used in conjunction with the ultra-
sound to assess flow.24

The specific technique for testicular ultrasound is
as follows: First the area of maximum testicular
swelling is found and an aqueous transmission gel
(Surgilube®) is placed over the scrotum. The testicle
is held in one hand and the Doppler probe in the
other and any overlying skin is displaced as much as
possible.The Doppler probe is placed in the center of
the testicle and pointing slightly caudally so that
pulsations in the cord are not detected. The pulsation
in the affected testicle is compared with the
unaffected side. Decreased or absent flow to the
affected testicle suggests torsion.24 The funicular
compression test should be performed to confirm
that flow signals are related to perfusion to the
testicle. If the increased signal lessens on compres-
sion of the patient’s spermatic cord, then the signal is
most probably coming from the patient’s testicle and
not from inflamed scrotal tissues. If there is no
change in the signal on adequate cord compression,
the increased flow may be originating in inflamed
scrotal tissue, and torsion or testicular avulsion
should be suspected (Table 35.434,46).24

Complications
The complications are few and mainly related to pain
and discomfort.

Spermatic cord anesthesia
Indications
During the assessment and treatment of patients
with traumatic injuries to the scrotum and testicles,
the examination and procedures could be uncom-
fortable and extremely painful. Local anesthesia of
the spermatic cord can be performed to alleviate the
pain from trauma and procedures such as ultrasound
of the scrotum. Local anesthesia using plain lidocaine
can be performed by injecting at the external
inguinal ring.24,47

Contraindications
Absolute contraindications are severe allergy to anes-
thetic. Relative contraindications are the need for
emergent life-saving procedures that take precedence.

Table 35.4 Testicular ultrasound patterns

Scrotal
hematoma

A scrotal hematoma would appear as
an echogenic collection between the
tunica dartos and tunica vaginalis, or in
the scrotal septum, and as time passes
the hematoma would appear more
sonolucent34

Hematocele A hematocele is a complex collection
seen between the leaves of the tunica
vaginalis that can appear similar to
testicular rupture34

Testicular
rupture

Testicular rupture occurs when the
tunica albuginea is disrupted with
extrusion of the testicular parenchyma
into the scrotal sac.34 On ultrasound,
the margins of the testis are poorly
defined and the echogenicity of the
testis is heterogeneous34

Hydrocele A hydrocele is a serous collection
between the layers of the tunica
vaginalis which may also represent
hematoma that has liquefied34

Testicular
contusion

Testicular contusion is represented on
ultrasound as a focal region of
heterogeneity within the background
uniform homogenous pattern of the
testicular parenchyma.34 Ultrasound
appearance would show an echolucent
fluid collection around the testis34

Testicular
torsion

Testicular torsion is diagnosed when
blood flow in the symptomatic testis is
absent or markedly reduced compared
with the normal side. The optimal
Doppler settings should thus be set
using the normal testis as a control46
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Procedure
First the overlying skin is sterilely prepped. The
spermatic cord is grasped between the thumb and
index finger. If the cord is swollen or difficult to
grasp, the cord may be identified at the pubic
tubercle. One percent plain lidocaine is directly
injected into the cord (up to 10 cc) using a syringe
and needle.24
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Chapter

36
Procedures and skills

Wound management

Vincent J. Markovchick andMaria E. Moreira

Introduction
Wound management and wound closure are visible
and important procedures that an emergency phys-
ician is frequently called upon to perform. The results
of this procedure will be an observable reminder of
the care rendered on that emergency department visit
for the rest of that patient’s life. Therefore, it is
imperative that emergency physicians be well versed
in wound management techniques in order to opti-
mize the functional and cosmetic result.

Wound evaluation
History
It is important to determine whether the wound
represents a cut or crush injury secondary to sharp
or blunt trauma. In addition, the mechanism of
wounding should be carefully ascertained to deter-
mine whether or not a high degree of bacterial inocu-
lum was introduced into the wound at the time of
injury (Table 36.1).

The exact time of injury will assist in determining
the approach to closure. Significant comorbidities
(diabetes, human immunodeficiency virus [HIV],
malnourishment, etc.) of the patient should be elicited
to help determine risk of infection or poor healing.
Tetatus status should be checked and appropriate
immunization provided.1

Physical examination
The precise anatomical location, length in centimeters
and direction of the wound should be documented in
the medical record either in text or by drawing. The
additional physical examination documentation is
dependent upon the underlying anatomy (e.g., ductal
function, joint penetration, neurovascular injury).

Appropriate sensory and motor functions should be
established before anesthetic infiltration. After the
sensory examination is completed, local anesthetics
may be administered, facilitating a complete examin-
ation of the wound. Wounds over tendons require
direct visualization in a full range of motion This is
important as the tendon could have been in a differ-
ent position during injury and the site of injury can be
missed if the tendon isn’t placed through a full range
of motion. Wounds over joints should be explored. If
penetration is unclear, a common technique is injec-
tion of saline or dilute methylene blue to look for
extravastion consistent with a violated joint space. If
there is a possibility of an underlying fracture, X-rays
should be obtained.

If the mechanism of injury is such that there may
be a foreign body in the wound, obtain a radiograph.
In the case where the wound can be absolutely and
thoroughly explored and no foreign bodies are visible,
radiographs may not be necessary. However, 0.6–
4.3% of superficial wounds undergoing adequate
exploration have been noted to have retained foreign
bodies detected by radiography.2 A study on cadavers
showed a 90% sensitivity of X-rays for detecting

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. © Cambridge University Press 2011.

Table 36.1 Examples of high-risk wounds

� Blunt force wounds with devitalized tissue

� Full thickness wounds from bites, including human
bites

� Wounds exposed to fertile soil

� Wounds made while the body part is submerged in
lakes, ponds, or streams

� Wounds in areas of the body in which there is a high
degree of bacteria on the surface of the skin such as
wounds in the perineum or axilla
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glass.3 When looking at gravel detection, plain radio-
graphs of chicken legs showed a sensitivity of < 75%
for particles < 0.5 mm with a sensitivity of 97.7% for
2 mm and 1 mm particles.4 Other modalities that are
helpful in the evaluation of foreign bodies include
computed tomography (CT), magnetic resonance
(MR), and ultrasound. Ultrasound is easy and can
be done at the bedside, but results are operator
dependant. Computed tomography and MR are more
expensive and the cost benefit needs to be analyzed. It
is always reasonable to tell a patient that there may be
a very small foreign body that is unvisualized or
irretrievable. In wounds that overlie a duct such as
the lacrimal ducts or Stensen’s ducts, careful explor-
ation and examination must be carried out to deter-
mine whether or not the integrity of these ducts is
compromised. Examination should be carried out
under sufficient lighting. Complete hemostasis should
be obtained by the use of tourniquets on digits or
extremities, and by the use of anesthetics with epi-
nephrine in other very vascular areas such as the
scalp and face. Although blind clamping of vessels is
strongly discouraged, in some instances ligation of
ongoing bleeding vessels may be appropriate. For
example, if after injecting a facial laceration with
lidocaine with epinephrine and applying pressure
there is considerable bleeding with an identifiable
vessel causing the bleeding, that vessel can be ligated.

In addition to looking in the wound, it should be
palpated for foreign bodies and underlying fractures.
Care must be taken to avoid laceration or penetrating
injury to examine for sharp objects. Caution must be
used when performing motor examination on the
hand to determine the integrity of the tendon. Exam-
ination of a digit against resistance carries the risk of
converting a partial tendon laceration with preserved
function to a complete tendon laceration. The deter-
mination of whether or not there is a partial tendon
laceration should be made by visual exploration while
the patient and examiner carefully take the digit
through its full range of motion without resistance.

Wound preparation
A critical factor in the prevention of infection from
traumatic wounding is meticulous wound prepar-
ation. After adequate anesthesia the surrounding skin
should be prepped with an antiseptic solution such as
povidone–iodine. Solutions that should not be used in
the wound include hydrogen peroxide, rubbing

alcohol, and full strength betadine or scrub. Following
the surrounding wound preparation, the wound
should be irrigated. Many experts recommend at least
5–10 pounds of pressure per square inch based on
physics, but no outcome data exists.5–7 This pressure
can be achieved by using a 30–60 ml syringe and a
19-gauge needle or splash shield.8 Recent studies have
shown that tap water is just as safe and efficacious as
sterile saline solution.9–12 Wounds, particularly those
on the upper extremity, can be irrigated safely and
adequately under a brisk flow from a faucet. Main-
taining adequate pressure in wound irrigation is an
important factor in reducing the bacterial count in
traumatic wounds.6,8 The amount of irrigant is prob-
ably important; the incidence of infection has been
related inversely to the amount of irrigation.13 Some
wounds may not require irrigation. In a study done
by Hollander et al., irrigation did not make a differ-
ence in clean, non-contaminated facial and scalp
lacerations.14 Following irrigation, the wound should
be explored and any foreign body or devitalized tissue
should be removed or debrided.

In abrasions in which there is ground-in dirt and
debris, all of this material must be removed by mech-
anical scrubbing after obtaining local or topical anes-
thesia. If the area is widespread, procedural sedation
may be necessary. If the dirt and debris are ground-in
sufficiently deep into the layers of the dermis, a stiff
bristle brush can assist in removing the foreign mater-
ial. A new, stiff toothbrush is an ideal instrument to
perform this function. Following removal with a
brush, any additional material should be removed by
sharp debridement. If foreign material is left in the
dermis, this may result in permanent tattooing.

Tissue excision and foreign body
removal
There are two schools of thought regarding tissue
excision, particularly on wounds that have ragged
edges. The first school of thought is to excise all
ragged wounds in order to create a straight line in
order to facilitate closure. However, excising a wound
creates tension. This may necessitate undermining of
the wound edge, which in turn can compromise cir-
culation to the edges. Therefore, our recommendation
is that wounds with viable skin edges should be
meticulously closed without sharp excision. Tissue
that is clearly non-viable at the wound edges or on
the tips of flaps should be sharply excised. The
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amount of excision should be the minimum necessary
to remove devitalized tissue.

The wound should be visually explored after
obtaining hemostasis, and all foreign bodies should
be removed. Particular care must be taken with prox-
imally based flaps, since large amounts of debris can
be imbedded very high up under the flap into the
subcutaneous tissue. These wounds should be meticu-
lously and extensively explored. If there is any ques-
tion of retained foreign body, radiographs should be
obtained.

Wounds made by broken glass that extend
through subcutaneous tissue should be X-rayed in
order to rule out foreign body in muscle tissue. Alter-
natively, ultrasound may be considered. Foreign body
should generally be removed; however, occasionally it
is prudent to leave them embedded when the removal
is expected to be prolonged, difficult, and traumatic.
The patient must be informed that the foreign body is
being left in the wound and the reason why. Follow
up with a surgeon is appropriate to consider removal
under ultrasound or fluoroscopy.

Wound closure
At the extremes there are two basic types of wound
closure with very different goals, i.e., functional and
cosmetic closures. In reality, closure is usually some
combination of both. The goal of a functional wound
closure is to return the injured part to full function as
soon as possible. It should be considered for all

wounds over large joints and on extremities. Cos-
metic closure is closure of a wound in a manner such
that it results in the least visible scarring. All wounds
of the face and, in certain individuals, wounds of the
torso and extremities except the hands and feet should
have a cosmetic closure.

Cosmetic closures
There are several factors that contribute to more
visible scarring: (1) wounds perpendicular or oblique
to lines of dynamic and static skin tension; (2)
wounds under significant amounts of tension; (3)
inversion of wound edges; (4) uneven wound edges;
(5) delayed sutured removal; (6) tissue necrosis; (7)
sunlight exposure.

An example of a wound that is perpendicular or
oblique to the normal lines of skin tensions is a
vertical laceration of the forehead that is perpendicu-
lar to the normal lines of skin tension. One must be
particularly cognizant of these tension lines when
excising the wound or making an elective incision. If
at all possible, such incisions should be made parallel
to the lines of skin tension (Figure 36.1).

Wounds that are under significant amounts of
tension may ultimately heal with a wider scar if they
are closed in a single layer. If the sutures are removed
in 1 week, depending on the area of the body, the
wound may have only 5% of its ultimate tensile
strength.15 Significant tension on the wound may
cause the scar to widen slightly over time. In order

Figure 36.1 The natural lines of tension
are perpendicular to the longitudinal
orientation of the underlying muscles.
Wounds occurring along these lines
generally have a more favorable cosmetic
outcome. (From Mahadevan S, Garmel
G. An Introduction to Clinical Emergency
Medicine. Cambridge: Cambridge
University Press, 2005.)
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to prevent this, close wounds with significant tension
in layers with either running subcuticular or inter-
rupted subcuticular absorbable sutures will minimize
this possibility. Meticulous technique should be exer-
cised when placing these deep sutures. They should be
synthetic, absorbable material that will stay in place
for 3–4 weeks before dissolving such as polyglycolic
acid sutures, e.g., Vicryl® or Dexon®. When placing
deep sutures, care must be used in order to perfectly
align the tissue planes and bury the knot by starting at
the deepest point of the wound (Figure 36.2). Running
subcuticular sutures can be placed either in a com-
pletely buried fashion or, if non-absorbable suture is
used, by one percutaneous needle stick at each end of
the wound (Figure 36.3). After the deep sutures, the
skin is closed in a surface layer using a non-absorbable
5–0 or 6–0 suture. If necessary, the wound edges can be
optimally approximated by careful placement of skin

sutures at appropriate depths. Surface sutures for
linear lacerations can be a simple running (Figure
36.4), a running suture, or a running locked suture.
For wounds that are stellate or have multiple compon-
ents to them, the top layer suture should be interrupted
non-absorbable sutures (Figure 36.5).

Wound edges invert due to incorrect technique in
the placement of suture or tissue adhesive. This inver-
sion of the wound edges results in a depression in the
scar and increases its visibility due to shadowing
(Figure 36.6). In the correct technique, the suture is
passed perpindicular through both sides of the
wound. Placement of the sutures in this manner will
most often result in slight eversion of the wound
edges, which gives the best long-term cosmesis. The
horizontal mattress suture, a naturally everting
suture, may be the best choice in wounds that tend
to invert. Horizontal mattress can be either an inter-
rupted or a running horizontal mattress.

Uneven wound edges result in more visible scar-
ring. If one edge is higher than the other, particularly
if it is horizontal on the face, the ultimate scar will

(a) (b) (c)

Figure 36.2 Placing intradermal sutures
increases the risk of infection in a wound.
However, deep sutures can remove
“potential” spaces where fluid collection
may distort tissue anatomy and/or
predispose to infection. In addition, deep
sutures facilitate closure of wounds which
are widely open at the surface. This
sequence (a–c) demonstrates burying the
knot. (From Mahadevan S, Garmel G. An
Introduction to Clinical Emergency
Medicine. Cambridge: Cambridge
University Press, 2005.)

Figure 36.4 Layered closure with simple interrupted sutures.
(Courtesy of Adam Kolker, MD.)

Figure 36.3 Subcuticular suture. (Courtesy of Adam Kolker, MD.)
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cast a shadow in normal lighting and magnify the
scar. Care must particularly be taken in a wound
made by blunt trauma in which there may be differ-
ential swelling of the wound edges over time, i.e., the
lower edge will tend to drain its edema where the
upper edge will maintain it, and over time an uneven
wound edge may result. Therefore, proper placement
of the surface sutures should minimize or prevent this
occurrence.

Permanent suture marks may occur if percutan-
eous surface sutures are left in a wound for > 7 days.
Therefore, surface sutures should optimally be
removed within this period of time and, if necessary,
the wound reinforced with Steri-Strips® or tissue
adhesive.

Tissue necrosis, particularly when it involves a
distally based flap, will result in more noticeable

scarring. This can be minimized by careful debride-
ment of non-viable edges and meticulous placement
of the suture. Suture placed at the tip of the flap may
compromise the venous or lymphatic return, with
resultant necrosis These flap sutures may be placed
as a buried absorbable subcutaneous suture, intrader-
mal suture, or as a half-buried flap suture on the
surface (Figure 36.7). Stellate lacerations, especially
on the extremities or body, with multiple component
parts may be best closed via an absorbable purse
string suture that is carefully placed. In areas of the
body with less robust blood supply such as the pre-
tibial area, a flap may be closed using an advancement
flap (e.g., V–Y closure) with less tension.

If the vermillion border of the lip is malaligned by
> 1 ml, it will result in a noticeable scar. Therefore,
meticulous care must be taken to align the vermillion
border and to obtain a watertight mucosal closure in
order to get the optimal cosmetic result. If the lacer-
ation results in an irregular vermillion margin, a full
thickness wedge of lip tissue can be removed to pro-
duce a single linear scar with an intact vermillion.
A significant amount of the lip (in some cases up to

Figure 36.5 Stellate laceration of the forehead. (Courtesy of
Adam Kolker, MD.)

Figure 36.7 Flap closure with a half-buried flap suture.

Figure 36.6 Depressed wound requiring revision. (Courtesy of
Adam Kolker, MD.)
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a third) can be removed without appreciable distor-
tion in the symmetry of the lip.

Research on wounds exposed to ultraviolet light
within 6 months following the injury revealed that
traumatic wounds exposed to ultraviolet light
showed greater scarring and worse cosmetic out-
come at 2–3 months.16 Therefore, it is recom-
mended that sunscreen with a sun protection
factor (SPF) of 15 or greater be applied every day
for at least 6 months to a maturing scar that will be
exposed to sunlight.

Basic and advanced techniques
Basic techniques
There are three types of closure options available in
traumatic wounds: primary closure; delayed primary
closure; and healing by secondary intention. Basic
techniques include simple interrupted sutures, simple
running sutures, and mattress sutures.

Primary closure
Primary closure is closure of a wound shortly after the
time of wounding. In general, the acceptable time
frame for safely performing primary closure is up to
24 hours for wounds of the face or scalp and up to
8 hours for wounds in other areas of the body. The
type of closure and choice of material will depend
upon the type of wound, area of the body, and
whether one is performing a cosmetic or functional
closure.

Delayed primary closure
Delayed primary closure is defined as closure of a
wound using the same techniques as one would use
with a primary closure, but this is performed 4–5 days
following the wounding with the ideal time period of
approximately 96 hours after wounding. This method
of closure is most often used for wounds that are
contaminated by virtue of being “old” or having a
mechanism in which there was a high degree of bac-
terial inoculum at the time of wounding. Examples of
these wounds are full-thickness mammalian bites,
lacerations suffered in lakes, streams, ponds, or fertile
soil, and wounds on body areas with a high degree of
bacterial contamination such as the perineum or
axilla. When delayed primary closure is indicated,
the wound should receive meticulous wound prepar-
ation and irrigation, bleeding should be controlled, a
fine, dry mesh gauze should be placed inside the

wound, the wound should be dressed, and the patient
should be instructed to return in 4–5 days for delayed
primary closure. If, when the patient returns, there is
no visible infection, i.e., purulence or cellulitis sur-
rounding the wound edges, the wound should be
anesthetized, reirrigated and closed using whatever
technique is indicated to obtain the optimal func-
tional or cosmetic closure. Even though some practi-
tioners administer antibiotics, there is no evidence to
support the practice. Outside of immuncompromised
patients or patients with a very high degree of
contamination, we do not recommend prophylactic
antibiotics.

Healing by secondary intention
For wounds such as small, deep stab wounds or punc-
ture wounds, this is the method of choice in which the
wound is decontaminated as best possible and then
allowed to heal by secondary intention, which is
healing by granulation tissue. That is, not closing
the wound, but allowing it to fill in with scar tissue
and naturally contract.

Simple interrupted sutures
Simple interrupted sutures are adequate for many
functional closures (Figure 36.8). Care must be taken
to meticulously place these sutures the same distance
on either side of the wound and in a perpendicular or
hourglass fashion so as to avoid uneven or inversion
of the wound edges. Historically, the least reactive,
non-absorbable material has been used on external
structures; however, some newer data suggests that,
at least in children, absorbable gut is probably appro-
priate on the face.

Simple running sutures
Simple running sutures are adequate for small linear
lacerations in which the wound is under minimal or
very little tension or as the top layer in a cosmetic
closure. Running sutures may be simple running or
running locked (Figure 36.9) sutures. Running locked
are probably best for non-cosmetic areas under
greater tension in which hemostasis may be an issue.
The advantage from running sutures are they are
faster to perform than interrupted and their tension
is self adjusting. (Each suture will achieve the same-
tension.) The disadvantage is that it does not work
well on stellate, curved, or complex lacerations and
if it breaks it compromises the entire repair
(Table 36.2).
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Mattress sutures
The two choices for basic wound closure in which
wounds are under significant tension are vertical or
horizontal mattress sutures. Vertical mattress sutures

are preferred by some and the placement of these
sutures are so that the tension is taken primarily by
the far suture and the wound edge is everted by
the near suture (Figure 36.10). The theoretical

(a) (b)

Figure 36.9 (a) Photograph of running locked suture. (Courtesy of Taku Taira, MD and the New York University School of Medicine.)
(b) Running locked suture technique.

(a) (b)

(d) (e)

(c)

Figure 36.8 Sequence illustrating the
placement of a simple interrupted suture
(a–e). (From Mahadevan S, Garmel G. An
Introduction to Clinical Emergency
Medicine. Cambridge: Cambridge
University Press, 2005.)

Table 36.2 Properties of running and locked sutures

Advantages of running suture Advantages of locked suture

� Faster � Able to close wounds with greater tension

� Self-adjusting for equal tension � Potentially stronger

Disadvantage of running suture Disadvantage of locked suture

� Works well only on straight lacerations � Takes longer

� If disrupted or broken while placing, must be restarted � Greater scarring potential

� If broken after placement, may open wound
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disadvantage of this suture is that the near suture, if
improperly placed, may cause necrosis of the wound
edges. The other alternative for mattress sutures is the
horizontal mattress suture, which is placed in a rect-
angular fashion (Figure 36.11). The advantage of this
suture is that it is extremely strong; it will not pull
through, even in areas in which the skin is delicate
and thin such as the fingertips, and is a naturally

everting suture. Care must be taken to ensure proper
tension when tying to avoid excessive eversion of the
wound edges. This type of suture is ideal in areas of
tension, such as over joints, in which movement of
the joint will create strain on the wound edges. Hori-
zontal mattress sutures may also be placed as a run-
ning suture which is advantageous when the wound
edges are tending to invert or possibly overlap.

(a) (b)

(c)

Figure 36.10 Vertical mattress sutures being placed (a–c).
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Horizontal mattress sutures can be used in areas
in which the skin is extremely thin, such as the
eyelids, to ensure the optimal cosmetic closure
(Figure 36.12).

Another technique for one-layer wound closure is
that of the running subcuticular suture. Technically
this is a somewhat more difficult suture to master,
since care must be taken to pass the needle perfectly

(a) (b)

(c)

Figure 36.11 Horizontal mattress suture being placed in cadaveric model (a–c).

(a) (b) (c)

(d) (e) (f)

Figure 36.12 Horizontal mattress sutures alleviate some of the “strangulation” effect of placing simple interrupted sutures along
the margin of a wound under high tension (a–f). (From Mahadevan S, Garmel G. An Introduction to Clinical Emergency Medicine. Cambridge:
Cambridge University Press, 2005.)
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horizontal and at the same distance from the surface
with the in-and-out pass (Figure 36.13). In addition,
each subsequent pass on the opposite side of the wound
edge should be slightly behind where one came out on
the opposite side. These sutures may be absorbable or
non-absorbable sutures.With non-absorbable, an entry
and exit on either end of the wound can be used and the
tension on this suture can be adjusted over time. It may
be left in place for several weeks and then removed.

Advanced techniques
Advanced suture techniques involve deep layer
closures of wounds. This is usually done when an
optimal cosmetic result is important. The ideal suture
for this is a synthetic, polyglycolic acid absorbable
suture (e.g., Dexon® or Vicryl®) since it will remain
in place for 3–4 weeks before it is fully absorbed, at
which time the wound will have adequate tensile
strength so as not to separate or widen over time.
The technique of placing these sutures involves
starting and ending subdermally and making the pass
at the same vertical depth and directly opposite on the
other side. This suture is normally placed in a vertical
fashion, but in wounds with minimal room for man-
euvering, it can be placed in a tangential fashion. If
the exit and entrance back into the dermis is not the
same depth on both sides, this will result in uneven
wound edges.

Flap closure
Care must be taken when closing flaps so as not to
compromise the venous or lymphatic return from the
tip of the flap. This is particularly important in dis-
tally based flaps. A suture or a combination of sutures
that result in compromising the circulation to the tip
of the flap must be avoided. Flaps may be closed with

a half-buried horizontal mattress suture from the
surface (Figure 36.14) or with a completely buried
absorbable suture in which the knot is placed
intradermally.

If the flap has non-viable edges and is in an area of
the body in which the circulation is somewhat com-
promised, such as the anterior pretibial area, the non-
viable flap edges may be excised. However, if this
would result in an inability to pull the flap back into
place without putting an inordinate amount of ten-
sion on the wound, a V–Y closure is recommended
(Figure 36.15).

Stellate lacerations
Stellate lacerations, a series of small flap lacerations in
a circular pattern, most commonly occur in areas
such as the scalp but may be encountered on the face
or extremities. The ideal method of bringing these
small flaps together is to do a purse string suture with
absorbable material followed by either a single- or
double-layered closure of the remainder of the lacer-
ation. Care should be taken not to place the sutures
too close to the tip of the small flap that has been
closed with the purse string suture (Figure 36.16).

Nailbed lacerations
In lacerations involving the nail bed in which the nail
is avulsed or loose, the nail should be trimmed back to
give exposure to the lacerated nail bed. It should be
closed very carefully with an absorbable suture so as
to evenly approximate the lacerated nail bed. For
wounds through the nail that penetrate the nail bed
where the nail is adherent on both sides, one method
of closure is to use an adhesive glue on the surface of
the nail bringing it directly together; in turn it will
bring the lacerated nail bed in good anatomical pos-
ition for healing. If the nail bed is allowed to heal
unevenly, this may result in a permanent deformity of
the nail. Following closure of the nail bed, if the nail
has been avulsed, it should be cleansed and irrigated
and used as a stint dressing on top of the exposed nail
bed. The nail can be sutured in place with a horizontal
mattress suture through the area of the cuticle with
the nail in position under the cuticle so as to prevent
adhesions between the germinal matrix and cuticle.
Other methods described to replace the nail plate
include tissue adhesives or chloramphenicol oint-
ment.17,18 With these techniques, the nail plate will
work itself loose on its own. When a patient presents
with an isolated subungal hematoma, nailbed removal

Figure 36.13 Technique of subcuticular suture placement.
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is not required. If the nail is adherent to the nail bed,
removal to suture the nailbed laceration confers no
outcome improvement over simple trephination. This
is regardless of the size of the hematoma.19

Extensor tendon repair
Tendons should be repaired with non-absorbable
sutures, such as nylon or Prolene®, and a modified
Kessler suture is an acceptable method for tendon
repair. Following the repair of a tendon, the digit or
joint should be immobilized in a splint for at least 2

weeks. Flexor tendons, due to their finemechanism and
need for perfect alignment, should be repaired in an
operating roomwith proper equipment and conditions.

Special considerations
Scalp
Wounds of the scalp may produce significant ongoing
hemorrhage. Although uncommon, they, may result
in hypovolemic shock if the bleeding is not adequately
controlled.20,21

(a) (b)

(c)

Figure 36.14 Flap closure using half-buried horizontal mattress (cadaveric model) (a–c). (Courtesy of Taku Taira, MD and the
New York University School of Medicine.)

Figure 36.15 Drawing of flap closure.
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Initial methods for control of the bleeding include
direct pressure on the wound edges, liberal injection
of Xylocaine with epinephrine, and placing Raney
clips or a temporary tight closure with a running,
locked, non-absorbable suture that will later be
removed in order to adequately irrigate the wound
and perform a proper closure. If the scalp wound
causes a large rent in the galea, it may be closed with
the surface suture extending down through the galea
or in an additional layer with either 3–0 or 4–0
suture. All scalp lacerations should be visually and
palpably inspected for foreign bodies or fractures.
One other method that has been proven efficient
and fully appropriate to close scalp wounds is simple
staples. They may, in most circumstances, be con-
sidered the treatment of choice in the emergency
department. In addition, the hair apposition tech-
nique (HAT), although not widely used in emergency
departments, seems to be an effective, inexpensive,
and relatively simple method for closing minor scalp
wounds.22–27

Face
All full-thickness wounds of the face, with the excep-
tion of the eyelids, are candidates for layered closure
in order to obtain the optimal cosmetic results.
Recent evidence suggests, however, that single-layer
closure of non-gaping simple facial wounds < 3 m

produces comparable results to double-layer closure
and can be accomplished more rapidly.28 It is import-
ant to determine what the underlying anatomy is,
particularly the nerves and ducts, in order to
adequately explore for injury of these deep structures.
Wounds of the eyelid margin that include the tarsal
plate require special techniques of repair, and if one is
unskilled in closing the tarsal plate, it should be
referred to the appropriate specialist. Wounds involv-
ing the lower lacrimal duct apparatus on the medial
aspect of the inferior eyelid should be referred to an
ophthalmologist for microscopic operative repair
over stents. Wounds over the parotid gland should
be carefully inspected for penetration into the parotid
gland, and if the parotid gland appears to be pene-
trated, determination should be made as to whether
or not Stensen’s duct has been violated. Exploration
of the orifice of Stensen’s duct opposite the upper 2nd
molar should be done, and if there is bleeding from
the duct, it should be presumed that the duct is
violated. Another technique would be to place a
solution of dilute methylene blue into the wound
and examine the mouth for the appearance of the
blue dye at Stensen’s duct intraorally. Alternatively,
fluorescein and an ultraviolet light can be used in a
similar fashion. Full-thickness, through-and-through
lacerations of the lips should be repaired in three
layers in which the first layer would be absorbable
suture intraorally with a water-tight closure tested by
reirrigating the wound from the outside. Following
the secondary irrigation, the lip should be closed with
the second layer using absorbable 4.0 or 5.0 deep
sutures, and the last or top layer using non-absorbable
sutures to the vermillion border with absorbable
sutures of 5.0 in the vermillion. The key suture here
is careful and perfect approximation of the vermillion
border. Wounds of the eyelids should be carefully
inspected and the eyelids should be everted, and if
there is a through-and-through laceration or penetra-
tion of the eyelid, very careful exam of the globe should
be performed to exclude globe injury or penetration.

Pinna
Wounds of the pinna that violate the cartilage gener-
ally can be repaired by approximating the skin over-
lying the cartilage, placing it back into its proper
anatomical position. If the wound is large and under
any tension involving the cartilage, the cartilage may
be closed with an absorbable suture. It is important

Figure 36.16
Purse string suture
technique.
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following closure of lacerations of the pinna that a
stent dressing with cotton behind and in the ear,
followed by a comfortable compression dressing, be
placed so as to prevent hematoma formation between
skin and cartilage.

Intraoral lacerations
Lacerations of the oral mucosa should be closed if
they are gaping, will catch food particles or teeth, or
have ongoing hemorrhage. Lacerations of the tongue
should be closed if they are gaping, have ongoing

hemorrhage, or are vertical through the anterior sur-
face of the tongue.29,30 This should be accomplished
using absorbable suture in a simple interrupted or
horizontal mattress fashion to control ongoing hem-
orrhage and to prevent continued contamination of
the wound with saliva.

Hands and feet
Failure to appreciate the underlying anatomy and
adequately examine for injuries to nerves, bones,
joints, and tendons may result in increased morbidity.

Table 36.3 Brief review of sutures1

Suture Characteristics

Absorbable vs.
non-absorbable

Major division. If they lose tensile strength within 60 days considered absorbable.
Non-absorbable generally below skin

Tensile strength Highly dependent on material and size. Larger the first number, thinner the suture

Ease of handling/security Depends on memory (ability to return to original position), pliability and coefficent of
friction

Multifilament vs.
monofilament

Multifilament handle easier and tie better, but may be more prone to infection, avoid with
higher risk wound.
Monofilament may have lower infection risk, but are more difficult to handle and tie

Tissue reactivity Higher with natural products (silk and gut) lower with synthetics

Specific types: absorbable

Chromic gut Good for about 10–14 days, high tissue reactivity, most common for mucosal surfaces

Fast absorbing gut Used when wound has low tension and removal may be difficult

Polyglactin 910 (Vicryl®) or
(Polysorb®)

Synthetic, low reactivity, handles well, common in subcuticular or dermal sutures.
Completely breaks down in about 3 months. Fascial wounds

Poliglecaprone 25
(Monocryl®)

Similar to Vicryl® but less reactivity, good handling, use where minimal tissue reaction is
needed

Polydioxanone (PDS II) Monofilament polymer with excellent strength and long lasting. Good for high tension or
contaminated areas. Low reactivity. Consider with cartilage

Polytrimethylene carbonate
(Maxon®)

Monofilament that is strong and handles very well. Long lasting with minimal tissue
reaction

Specific types-non-absorbable

Nylon (Ethilon®) Common removables, monofilament, good strength, fair handling, less expensive than
Dermalon® and Surgilon® which handle somewhat easier

Polybuster (Novafil®) Monofilament, good elasticity, good for subcuticular

Polypropolene (Prolene®) Monofilament, good plasticity, but somewhat difficult to handle and expensive, poor knot
security. Good for subcuticular

Polyester(Dacron®),
(Ethibond®)

Multifilament with low reactivity, good strength, and handling good for mucosa
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Placing the sutures too close to the wound edges can
lead to closure failure if subsequent swelling causes
the sutures to pull through. Wounds of the hands and
feet should be closed with the minimum number of
sutures placed at least 3–4 mm from the wound edges.
In areas of very high tension, horizontal mattress
sutures are ideal. Hand lacerations < 2 cm may heal
without suturing with the same cosmetic result.31

The choice of suture material is outlined in Table
36.3. Aftercare instructions should include the signs

and symptoms of infection, the timing of the suture
removal, and instructions on how to care for the
wounds. Wounds closed over joints should be
splinted for at least 7 days and, if wounds are closed
properly, they should have a watertight seal. In about
24 hours, the patient may shower but should not
submerge the injured part under water until removal
of the sutures.

See Table 36.4 for an overview of specific wound
management.30,32

Table 36.4 Overview of specific wound management

Wound Management Pitfalls Suture Other

Lip Vermillion border first
(6–0 NA), then inside-out
closure, approximate wet dry
border, then orbicularis oris
(absorbable), then close skin.

Vemillion border needs
perfect closure
Explore for foreign body
Watertight closure

Mucosal gut or Vicryl®
intraoral/deep, polyester
or nylon for outside
surface

Consult if
significant
avulsion or
tissue loss

Ear Debride cartilage only if
devitalized, can lose up to
5 mm and retain shape
Close posterior to anterior,
suture cartilage only if defect

Cartilage is avascular,
requires coverage, critical
to prevent hematoma

Consider PDS II for
cartilage if needed
Close surface with nylon
or other monofilament

Consult for
tissue loss,
unable to
cover cartilage

Eyelid Repair with 6–0 or 7–0,
consider horizontal mattress
stitch for fine skin. May leave
small superficial
approximated defects

Exclude puncta/lacrimal
laceration, instill
fluorescein if unsure,
consult for medial
lacerations, marginal
lacerations, tarsal plate
through and through

Superficial non-
absorbable, nylon
(Ethilon®) most common,
consider Dermalon® or
Surgilon® for handling

Consult freely
if any concerns
of duct or
muscle,
margin injury

Intraoral Repair if > 2 cm, gaping, or
likely to trap food, or
occlusive surface of teeth

Make sure to explore if
there’s missing teeth
Use of antibiotics unclear

Can use absorbables,
polyester sutures
probably best, chromic
gut and silk still common

Limb May need to undermine as a
large amount of tension, use
deep sutures, consider
mattress sutures

Can use larger sutures,
leave in longer, 4–0 or
5–0, 3–0 or 4–0 deep
Vicryl® most common
deep, consider PDS II if
tension and not clean
for deep

Tongue30,32 Repair if > 1 cm in length
that extends into the
muscular layers or through
and through. Deep lateral
border lacerations. Bisecting
lacerations should be sewn
Lacerations that bisect the
tongue

Chromic or gut most
common
Silk easy to use and soft,
but higher reactivity

Consult for
significant
tissue loss,
hemorrhage,
or partial
amputations
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Controversies
Antibiotics
Antibiotics are commonly used with the intent to
“prevent infections.” However, there is a paucity of
randomized, controlled clinical trials with adequate
numbers to scientifically support the common prac-
tice of administering prophylactic antibiotics. Studies
have also been inconsistent in the definition of infec-
tion and in wound-surveillance protocols. A meta-
analysis of randomized trials looking at use of
prophylactic antibiotics in simple non-bite wounds
showed lack of evidence for protection against
infection.33

In a study looking at clean, incised hand wounds
with the inclusion of trauma to the skin, tendon, and
nerves, there were no statistically significant differ-
ences in infection rates between the groups treated
with antibiotics and those that were not.34 It is
unclear from this study if antibiotics would benefit a
certain subgroup of patients that is at higher risk for
infection at baseline (i.e., diabetics).

Evidence exists for the use of antibiotics in hand
injuries involving fractures, contaminated wounds,
crush injuries, animal bites, and human bites. How-
ever, not all hand injuries with fractures require anti-
biotics. For example, antibiotics do not provide added
benefit over thorough wound preparation and careful
soft tissue repair in the case of open fractures of the
distal phalanx.35

Debridement is more effective in reducing infec-
tion than antibiotics in the setting of dog-bite
wounds. However, when a wound cannot be thor-
oughly irrigated, as occurs with puncture wounds,
the infection rate increases. Therefore, antibiotics
may not be necessary in deep, open dog-bite wounds
that can be well irrigated. They are warranted for dog-
bite wounds on the hand or those presenting as punc-
ture wounds that cannot be adequately irrigated or
debrided.36

In conclusion, antibiotics should be considered in
patients with higher risk of infection, secondary to
other underlying medical conditions or state of the
wound at presentation. Antibiotics are also generally
recommended for highly contaminated wounds or
wounds that cannot be adequately irrigated or deb-
rided. If antibiotics are to be used, they should be
selected based upon the most likely bacterial, etiologic
agent and they should be generic, inexpensive, and
broad spectrum. In general, coverage for skin flora

with a first-generation cephalosporin or semi-
synthetic penicillin is appropriate. An example would
be cephalexin or dicoxicillin. For those with diabetes
or an immunocompromised state, more broad spec-
trum is reasonable, such as amoxicillin–clavulanate, a
penicillinase-resistant penicillin. There is no good
reason to prescribe expensive antibiotics when the
scientific basis for their use is marginal at best.

Saline vs. tap water
Recent studies have shown that tap water is safe and
efficacious and does not result in any increased risk of
infection compared to sterile saline. This irrigation
can be accomplished on extremity wounds by holding
them under a vigorous stream of tap water.10

Sterile gloves vs. exam gloves
A prospective multicenter trial has shown that there is
no increased risk of infection using standard exam
gloves vs. sterile gloves in accomplishing wound
repair.37 Other studies in surgical and dental patients
support this data.38

High pressure vs. low pressure irrigation
There is in vitro scientific basis for the use of high
pressure irrigation in that studies have shown that the
level of bacteria from a contaminated wound is sig-
nificantly decreased with irrigating pressures of at
least 8 psi.5–7 Low pressure irrigation is unlikely to
accomplish the same ends. On the other hand, there is
no evidence that in a simple clean wound, high pres-
sure irrigation makes a difference in outcome.14

Complications and adverse outcomes
All patients should be informed that even “clean”
wounds have up to a 5% incidence of infection. Con-
taminated wounds, such as bites of the hand, have a
higher incidence of infection, as do wounds in the
elderly and in immunocompromised patients. Reten-
tion of foreign body in wounds will result in inflam-
matory reactions and possibly infection.39 Therefore,
foreign bodies should always be removed when pos-
sible, and if a decision is made to leave a foreign body
in the wound, the patient should be informed as to
why this decision is being made, i.e., the morbidity of
attempting to remove it is far greater than the risk of
leaving it in. Any foreign body that may cause an
inflammatory response or may cause long-term dis-
comfort should be referred for removal.
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Chapter

37
Procedures and skills

Universal/standard precautions

David Peak

Introduction
In 1987 and 1988, the Centers for Disease Control and
Prevention (CDC) published documents designed
to protect healthcare workers (HCW) from transmis-
sion of blood-borne pathogens under the name of
universal precautions (UP) which recommended
blood and body fluid precautions be consistently
used for all patients regardless of their infectious
status. This represented a fundamental change from
the previous 1983 document that recommended
precautions only when a patient was known or
suspected to be infected with blood-borne patho-
gens.1,2 In 1996, UP and body substance isolation
protocols were incorporated into a strategy called
standard precautions (SP).3 Standard precautions
combine the major features of UP and body sub-
stance isolation into a single set of precautions used
for the care of all patients in hospitals and are based
on the principle that all blood, body fluids, secretions
and excretions (except sweat), as well as non-intact
skin and mucous membranes may contain transmis-
sible infectious agents. Standard precautions con-
stitute the primary strategy of the prevention of
healthcare-associated transmission of infectious
agents among patients and healthcare personnel.

General principles
Standard precautions are recommended for the care
of all hospital patients. Standard precautions apply to
blood and body fluids, non-intact skin, mucous mem-
branes and secretions/excretions (except sweat), and
entail proper hand hygiene, the use of personal pro-
tective equipment (PPE), as well as safe disposal of
sharp instruments and proper decontamination
techniques.4

Fundamental components necessary to prevent
transmission of infectious agents in the healthcare
setting include healthcare system components, sur-
veillance of healthcare-associated infections, educa-
tion of HCW, patients, and visitors, hand hygiene
and PPE, safe work practices, appropriate placement
of patients within the hospital, and environmental
issues of decontamination. While some of these issues
may not seem important to the emergency physicians,
all are important as a breakdown in any area will
affect the entire system.

Healthcare organizations can demonstrate a com-
mitment to the prevention of infectious agent trans-
mission by incorporating infection control into the
organization’s overall objectives. Since multiple fed-
eral bodies have explicit goals in this regard, it is
imperative that healthcare organizations commit an
infrastructure to support and monitor adherence
to standard and transmission-based precautions.
Healthcare organizations must provide fiscal and
human resources to establish and maintain infectious
control programs that fit the specific organizational
requirements. The positive influence of institutional
leadership has repeatedly been demonstrated to
increase adherence to recommended practices.5–12

Specific components to enhance infection control
include dedicated infection prevention and control
professionals, appropriate staffing levels, clinical
microbiology support, adequate supplies and equip-
ment including ventilation systems, monitoring
(including assessment and correction of system fail-
ures), and a feedback mechanism for HCW and
administrators.13–20 An institutional culture of safety
is the shared commitment of the administration
and HCW to ensure the safety of the work
environment.21,22

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
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A culture of safety encourages every individual to
project a level of awareness and accountability for
safety. The culture of safety has a direct bearing on
the adherence to recommendations for transmission
prevention and, in turn, adherence decreases transmis-
sion of infectious agents in healthcare settings.21–26

Infection transmission prevention:
specific principles
There are two tiers of precautions to prevent trans-
mission of infectious agents according to the CDC
Healthcare Infection Control Practices Advisory
Committee: (1) SP; and (2) transmission-based pre-
cautions (TBP).27 Barrier protection devices such as
gloves, gowns, masks, and eye protectants may be
used for both SP as well as TBP.

Gloves
Gloves should be worn when there is a risk for direct
contact with blood or body fluids, mucous mem-
branes, non-intact skin, or other potentially infectious
material, as well as when having direct contact with
patients who are colonized or infected with pathogens
transmitted via the contact route. Gloves manufac-
tured for healthcare purposes are subject to the US
Food and Drug Administration (FDA) evaluation and
clearance.28 Gloves should never be reused and must
be changed between patients. Hand hygiene following
glove use is recommended.

Gowns
Isolation gowns are used to protect the healthcare
provider and their clothing from becoming contam-
inated with infectious material. Gowns should also be
worn as part of contact precautions when the pres-
ence of excessive wound drainage, fecal incontinence,

or the presence of other bodily fluids suggest an
increased potential for contamination and transmis-
sion. Isolation gowns should be worn when exposure
to blood and body fluids is likely, such as with trauma
patients as part of SP.

Masks/eye protection
Exposure of mucous membranes of the eyes, nose,
and mouth to blood and body fluids has been associ-
ated with the transmission of infectious agents to
healthcare personnel.29–32 The prevention of mucous
membrane exposure to infectious agents by using
personal protection equipment is part of SP for rou-
tine care of the major trauma patient.

Masks are used for three primary purposes in the
healthcare setting: (1) to protect HCW from contact
with infectious materials from patients such as
respiratory secretions and sprayed blood or body
fluids; (2) to protect patients during procedures
requiring sterile technique from infectious agents
possibly contained in the mouth or nose of a HCW;
(3) placed on coughing patients to limit potential
dissemination of infectious secretions as part of
respiratory hygiene/cough etiquette. The routine sur-
gical mask, while not adequate for some infectious
airborne particles (e.g., N-95 is used for tuberculosis
[TB] transmission), is appropriate for the major

Box 37.1 Essentials of standard precautions

� Standard precautions are recommended for the
care of all hospital patients.

� Standard precautions apply to blood and body
fluids, non-intact skin, mucus membranes, and
secretions and excretions (except sweat).

� Standard precautions entail proper hand
hygiene, the use of PPE, and safe disposal of
sharp instruments and proper decontamination
techniques.

Box 37.2 Barrier protection

Barrier Common uses

Eye
shields or
goggles

Goggles and face shields add
additional protection to the eyes
from splashes, sprays, and respiratory
droplets.

Gloves Used when there is a risk for direct
contact with blood or body fluids,
mucus membranes, non-intact
skin, or other potentially infectious
material.

Masks Used to protect from contact with
infectious materials such as respiratory
secretions and sprayed blood or body
fluid, and to protect patients during
procedures requiring sterile
technique.

Gowns Used to protect the healthcare provider
and their clothing from becoming
contaminated with infectious material.
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trauma patient. Masks should not be confused with
particulate respirators that are used to prevent inhal-
ation of small particles that may contain infectious
agents transmitted via the airborne route.

Goggles and face shields add additional protection
to the eyes from splashes, sprays, and respiratory
droplets. Personal eyeglasses without sideguards and
contact lens are not considered adequate protection.

Standard precautions
Standard precautions should be applied to the care of all
patients in all healthcare settings. Standard precautions
also represent the primary strategy for the prevention of
healthcare-associated transmission of infectious agents
among patients and HCW. Implementation of SP
includes hand washing before and after every patient
contact, use of barrier precautions such as gloves,
gowns, and masks/eye protection for patients with
potential ability to cause contamination, safe handling
of sharp instruments, and proper cleaning/disinfection
and disposal of equipment or linens that have likely
been contaminated. All spills of blood and blood-con-
taminated body fluids should be promptly cleaned by a
person wearing gloves and using an Environmental
Protection Agency-approved disinfectant or a 1 : 10 to
1 : 100 solution of household bleach. Visible material
should first be removed with disposable towels or other
means to prevent direct contact. The area should then
be decontaminated with an appropriate disinfectant.
Since 1991, training and implementation of UP as well
as monitoring of compliance of PPE to prevent muco-
cutaneous exposures has been legally mandated by
the Occupational Safety and Health Administration
and by CMS.33 Policies issued by the American College
of Emergency Physicians and the American College of
Surgeons Committee on Trauma endorse current CDC
recommendations for SP.

Transmission-based precautions
Transmission-based precautions are used in addition to
SP for patients who are known or suspected to be
infected or colonized with infectious agents and which
require additional control measures to effectively pre-
vent transmission. Transmission-based precautions are
usedwhen the routes of transmission are not completely
interrupted by SP and are divided into three categories:
(1) contact precautions; (2) droplet precautions; and
(3) airborne precautions. For some infectious agents,
multiple routes of transmission are possible.

Contact transmission
Contact transmission (CT) is the most common
mode of transmission and is divided into two groups:
direct and indirect contact. Direct transmission
occurs when microorganisms are transferred from
one infected individual to another without a contam-
inated intermediate person or object. Indirect trans-
mission involves the transfer of microorganisms
through a contaminated person (e.g., HCW) or
object. Contact precautions are intended to prevent
transmission of infectious agents transmitted by
direct or indirect contact.

Contaminated hands of HCW are important con-
tributors of indirect infection transmission. Other
examples include contaminated patient-care devices,
shared clothing or toys, and components of PPE
including laboratory coats, gowns, and uniforms.
Hand hygiene is considered the single most important
practice to reduce the transmission of infectious
agents in healthcare settings. Its effectiveness has
been demonstrated in multiple studies.10,34,35 Hand
washing should be considered essential when delive-
ring care to the trauma patient.22,36–39

In the absence of visibly soiled hands, alcohol-
based products for hand disinfection are preferred
over soap and water because of their superior micro-
biocidal activity, convenience, and reduced drying of
skin.10 Easily accessible alcohol-based waterless hand
disinfection agents have also been shown to improve
hand washing compliance.40,41

Barrier protection with gloves, isolation gowns,
and mucous membrane protectants are also an
important component of contact precautions when
there is concern for exposure to a microorganism
potentially transmitted by HCW. Wearing gown and
gloves prior to room entry and discarding before
exiting should be done to contain pathogens. Barrier
devices should also be worn as part of contact precau-
tions when the presence of excessive wound drainage,
fecal incontinence, or the presence of other bodily
fluids suggests an increased potential for contamin-
ation and transmission such as the major trauma
patient.

Respiratory transmission
Respiratory agents that emergency providers must
consider include traditional and emerging respiratory
pathogens including highly virulent and resistant
strains as well as bioterrorism-related agents.42
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Implementation of proper protocols can minimize
infection transmission to hospital personnel and
other patients (e.g., immunocompromised patients).
The increasingly crowded nature of emergency
departments (EDs) further elevates the risk of conta-
gion. Healthcare facilities should have policies/pro-
cedures in place for respiratory control with
operational plans for handling individual patients as
well as large outbreaks.43 While this is not generally
a concern in the individual trauma, it may be rea-
sonable to consider with bioterrorism or major dis-
asters. Both the World Health Organization and the
CDC provide general recommendations for handling
of patients with suspected respiratory infections
including proper hand hygiene and wearing face
masks and eye protection.41,43 The CDC recom-
mends that tissues and masks as well as access to
sinks or hand washing stations should be made read-
ily available for all symptomatic patients who enter
the ED. Respiratory transmission is generally divided
into two groups: droplet transmission or airborne
transmission.

Droplet transmission
Droplet transmission is technically a form of CT and
some infectious agents that are transmitted via drop-
let transmission may also be transmitted via direct or
indirect contact. Examples of infectious agents that
are transmitted via the droplet route include Borde-
tella pertussis, influenza virus, adenovirus, rhinovirus,
Mycoplasma pneumoniae, SARS-associated corona-
virus, group A streptococcus, and Neisseriea meningi-
tides.44–49 Respiratory droplet transmission occurs
when infectious agents travel directly from the
respiratory tract of an infectious individual to suscep-
tible mucosal surfaces of the recipient over short
distances and can be generated when an infected
individual coughs, sneezes, or talks as well as during
procedures such as suctioning, endotracheal intub-
ation, chest physiotherapy, and cardiopulmonary
resuscitation.50–56 Large particle droplets have trad-
itionally been defined as being > 5 mm in size and are
generally thought not to remain infective over long
distances and, therefore, do not require special air
handling and ventilation. Historically the area of
defined risk has been a distance of � 3 ft and is based
on epidemiologic and simulated studies of selected
infectious agents.57,58 Experimental studies with
smallpox and investigations during the 2003 global

SARS outbreaks suggest that droplets with these two
infections could reach persons located six or more
feet from the source patient.59–61 It may be prudent
to wear a mask when within 6–10 ft of suspected
patients to ensure adequate protection.

Airborne transmission
Airborne transmission occurs by dissemination of
small particles or droplet nuclei containing infectious
agents capable of remaining infective over longer
distances and times. Infectious agents in this category
include Aspergillus species, Mycobacterium tubercu-
losis, rubeola virus, and varicella virus.62–64

Preventing the spread of pathogens that are
transmitted via airborne transmission requires the
use of special air handling and ventilation tech-
niques to contain and safely remove the infectious
agents with monitored negative air pressure.65,66

Negative pressure isolation systems prevent con-
taminated air from traveling to other areas of the
hospital, which is the most efficient method for
containment of airborne respiratory pathogens.
When the organism load is high, negative pressure
rooms may not remove all pathogens and may need
to be augmented by high efficiency particulate air
(HEPA) filtration systems and/or ultraviolet lights.
The performance of procedures that can generate
small particle aerosols such as endotracheal intub-
ation, bronchoscopy, and open suctioning of the
respiratory tract has been associated with transmis-
sion of infectious agents to healthcare personnel.
Use of a particulate respirator is recommended
during aerosol-generating procedures and in gen-
eral contact with patients suspected of M. tubercu-
losis, SARS, or avian or pandemic influenza viruses.
Healthcare workers exposed to suspect individuals
should wear CDC and Occupational Safety and
Health Administration (OSHA) approved NIOSH
certified N-95 or powered air-purifying respirators.
These precautions generally do not apply to the
trauma patient but should be kept in mind when
treating a patient felt to be at higher risk, either by
demographics or findings on examination or
studies.

Blood-borne
Blood-borne exposures occur through needlesticks or
other sharp instruments, or through contact of
mucous membranes or non-intact skin with an
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affected patient’s blood or blood containing bodily
fluids. Healthcare workers delivering emergency care
face a higher risk of exposure to blood-borne patho-
gens than in many other clinical settings. Surgeons
and emergency providers in training incur a higher
risk when considering the numerous encounters and
propensity for error while learning new technical
skills.67–69 Patients seen in hospital EDs are, in gen-
eral, at higher risk of being infected with a transmis-
sible pathogen than the general population and HCW
are often unaware of the patient’s infectious disease
serostatus.70–73 Uncooperative and agitated patients
secondary to injury, shock, or intoxication further
increase the risk. The risk of blood-borne transmis-
sion of an infectious agent is dependent upon the
frequency of important exposures, the prevalence of
disease in the patient population, the concentration of
the infectious pathogen in the implicated body fluid,
the volume of infective material transferred, the route
of inoculation, and the effectiveness of post-exposure
treatment.74

Prevention of blood exposure through safe
practices, barrier precautions, safe needle devices,
and other innovations is the best way to prevent
transmission of blood-borne pathogen transmis-
sion.75 The Federal Needlestick Safety and Preven-
tion Act, requiring the use of safer devices, became
law in November 2000.76 An 11-step process for the
selection of sharps injury prevention devices is
available from http://www.cdc.gov/sharpssafety/
wk_operational_selection.html. A significant and
sustained decrease in percutaneous injuries (up to
60%) has been associated with adoption and educa-
tion of SP.77–79

Percutaneous injuries
Up to 800 000 needlestick and other percutaneous
injuries are reported annually among US HCW.80,81

According to one study, more than half of HCW have
experienced percutaneous exposures to blood and
body fluids.82 The majority of these exposures are
with hollow-bore needles. Infectious exposures can
result in substantial health consequences and psycho-
logical stress for providers and their families and
friends.83 Injuries due to needles and other sharp
instruments have been associated with transmission
of at least 20 different blood-borne pathogens includ-
ing hepatitis B virus (HBV), hepatitis C virus (HCV),
and human immunodeficiency virus (HIV) to health-
care personnel.32,75,84

Hepatitis B
Hepatitis B is present in high titers in blood and
serous fluids (up to 109 virons per milliliter), whereas
the titer in semen, saliva, and vaginal secretions is
generally 1000–10 000 times lower and very low in
urine and feces uncontaminated with blood.85–104

There is no known risk for HBV infection from
exposure to intact skin. While HIV and HCV are
susceptible to a variety of disinfectants and drying,
HBV is resistant to drying, ambient temperatures,
simple detergents, and alcohol and has been found
to be stable on environmental surfaces for at least
7 days.92–95 Since its availability in 1981, hepatitis
B vaccine has been recommended to HCW with
anticipated exposure to blood and/or body fluids. In
1991, OSHA issued a standard that required employ-
ers to offer the hepatitis B vaccine at no cost to
employees with anticipated contact with blood or
other infectious materials.96 The rate of HBV trans-
mission to susceptible HCW ranges from 6% to 30%
after a single needlestick exposure, with the greatest
risk when a source patient is HbeAg positive.97 Hepa-
titis B transmission to HCW declined approximately
95% secondary to widespread immunization of HCW
and the use of SP.98 Post-exposure prophylaxis (PEP)
with hepatitis B immune globulin and initiation of
hepatitis B vaccine is more than 90% effective in
preventing HBV infection. The incubation period
for acute hepatitis B ranges from 45 to 160 days, with
an average of 120 days.99 Approximately one-third to
one-half of persons with acute HBV virus develop
symptoms of hepatitis including fever, nausea,
abdominal pain, and jaundice. Most infections
resolve, but approximately 5–10% of patients develop
chronic infection that carries a 20% lifetime risk of
dying from cirrhosis and a 6% risk of dying of liver
cancer.100

Hepatitis C
Hepatitis C is the most common chronic blood-borne
infection in the United States, affecting approximately
4 million people.101 The seroprevalence rates in the
general population are estimated to be 1.8% but
higher numbers (2–18%) are estimated among hospi-
talized, emergency, and trauma patients, and as much
as 20% among dialysis patients and 60–90% among
hemophilia patients.102–107 The rate of HCV serocon-
version to HCW through a needlestick injury is 1.8%
(range 0–10%) per injury based on prospective
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studies.108 The risk of transmission following needle-
stick exposure that contains HCV antibodies but not
HCV RNA is close to zero. Hepatitis C risk after
mucous membrane exposure is believed to be very
small. There is no known risk with exposure to intact
skin. The incubation period for acute hepatitis
C infection ranges from 2 to 24 weeks, with an aver-
age of 6–7 weeks.109 Hepatitis C often occurs with
little or only mild symptoms, but active liver disease
occurs in 70% of patients and chronic infection
develops in 75–85% of patients. Of the patients with
active liver disease, 10–20% develop cirrhosis and
1–5% develop liver cancer. Hepatitis C’s RNA is a
direct indicator of infection and can be detected in
as little as 10 days after exposure.110,111 Hepatitis
C antibodies are detected within 6 months of most
persons who become infected.112 Testing for HCV
antibodies and alanine aminotranferase (ALT) levels
should be done in follow up within several days post-
exposure and again at 4–6 months for HCW with
percutaneous, mucosal, or non-intact skin exposure
to blood or body fluids from a patient with HCV
antibodies and/or HCV RNA. Although there is no
PEP regimen for HCV, post-exposure testing of
both the source patient, if known, and HCW can help
guide further care. Interferon therapy may prevent
chronic HCV infection when administered to patients
with acute HCV infection.113,114 In settings in which a
more rapid detection may change clinical care, HCV
RNA testing may be performed earlier than the usual
4–6 week post-exposure interval.

Human immunodeficiency virus
The percentage of HIV-positive patients in EDs and
trauma centers based on studies from the late 1980s
through 1993 range from 2.1% to 7.2%, with the
highest seroprevalence rates in urban, inner-city
populations.115–119 Percutaneous injury, usually with
a hollow-bore needle, is the most common mechan-
ism for occupational HIV transmission.120 The esti-
mated rate of HIV transmission with a percutaneous
injury is 0.3% (3/1000; 95% confidence interval [CI]
0.2–0.5%).120–122 Findings in a case-control study of
needlestick injuries suggest the risk of transmission
likely exceeds 0.3% for percutaneous injuries involv-
ing a larger volume of blood and higher titers of
HIV.123 The risk after mucus membrane exposure
is approximately 0.09% (95% CI 0.006–0.5%).124

There are no reports of seroconversion with isolated

intact skin exposure. There is no evidence that HIV
can be transmitted via aerosolized particles. An
exposure is defined as a percutaneous injury or con-
tact of mucus membrane or non-intact skin with
blood, tissue, or other potentially infectious body
fluids including cerebrospinal fluid, synovial fluid,
pleural fluid, peritoneal fluid, pericardial fluid, and
amniotic fluid. Feces, nasal secretions, saliva, sputum,
sweat, tears, urine, and vomitus are not considered
infectious unless they are visibly bloody.

Management of HCW soon after exposure to
blood or body fluid from HIV-infected patients is
important in reducing the likelihood of infection.
All institutions should have a readily available policy
for managing exposures that should comply with the
regulations of OSHA. Exposed HCW should have
HIV antibody testing to determine baseline status. If
possible, depending on ability, consent, and local legal
considerations, the source patient should be tested as
soon as practical. When considering PEP, the pro-
vider must consider the risk of infection with the risk
of toxicity, inconvenience, and side effects of PEP
therapy. Injuries may be classified as high-risk injur-
ies if percutaneous injuries occur with a hollow-bore
needle, injuries from a hollow-bore needle with visible
blood on the device, or exposure to a needle that was
in an artery or a vein of the source patient. Lower risk
injuries are defined by exposure with a solid needle,
superficial appearing, and occuring from a low-risk
source patient such as a patient with an HIV viral load
of < 1500 copies/ml. Mucocutaneous exposures are
considered very low risk except if from large volumes
of blood from an HIV-positive patient with a high
viral load (> 1500 copies/ml).

Adherence to prevention standards
Despite the fact that prevention recommendations
work, multiple studies have shown limited adherence
to recommended practices and higher self-reported
adherence than observed adherence. Observed adher-
ence to SP have ranged from 43% to 89%.125–132 The
degree of adherence depends both on individual
factors (knowledge, past experience, perception
of risk) and institutional factors (safety climate,
policies/procedures, education, and training). Adher-
ence improvement requires the institution to incorpor-
ate infection control practices into the organization’s
safety culture and overall objectives. Reasons for
individual HCW lack of adherence to precaution
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guidelines include the perception of a low-risk pro-
cedure or patient, time factors, interference with
dexterity, and equipment not being readily avail-
able.133 Non-adherence among HCW has also been
associated with inadequate knowledge, forgetfulness,
workload, workplace safety climate, and the percep-
tion that colleagues also failed to adhere.134–140

Multidrug resistant organisms
Multidrug resistant organisms (MDROs) are defined
as microorganisms that are resistant to one or
more classes of commercially available antimicrobial
agents.141 Multidrug resistant organisms includemethi-
cillin resistant Staphylococcus aureus (MRSA), vanco-
mycin resistant enterococcus (VRE), multidrug
resistant Streptococcus pneumoniae (MDRSP), multi-
drug resistant gram-negative bacilli (MDR-GNB), and
vancomycin resistant S. aureus (VRSA).

Multidrug resistant organisms are transmitted by
the same routes as antimicrobial sensitive infectious
agents. Patient-to-patient transmission via hand car-
riage by HCW has been a major factor accounting
for the increase in incidence and prevalence.142–144

During the last several decades, the prevalence of
MDROs in US hospitals and medical centers has
increased steadily.145 Multidrug resistant organisms
have been associated with increased lengths of stay,
costs, and mortality.146 Once MDROs are introduced
into a healthcare setting, transmission and persistence
of the resistant strain is determined by the availability
of vulnerable patients, selective pressure exerted by
antimicrobial use, increased potential for transmis-
sion from larger numbers of colonized or infected
patients, and the impact of implementation and
adherence to prevention efforts.147 There is epidemio-
logic evidence to suggest that MDROs are often trans-
mitted via the hands of HCW.148 Hands are easily
contaminated during the process of caregiving or
from contact with environmental surfaces in proxim-
ity to infected or colonized patients.149

Certain organisms are considered to be of special
epidemiological importance. These organisms are
characterized by the following: a propensity for
transmission within healthcare facilities; resistance
to first-line therapies; and an association with serious
clinical disease. These organisms are of special concern
because the mode of transmission is often suspected to
be patient to patient via staff. Examples include
C. difficile, norovirus, respiratory syncytial virus,

influenza, rotavirus, Enterobacter species, Serratia
species, group A streptococcus, MRSA, and VRE.

Clostridium difficile is a spore forming gram-
positive anaerobic bacillus that is the most common
microbial causative agent of antibiotic associated
diarrhea and pseudomembranous colitis. Clostridium
difficile has been responsible for many large, difficult
to control outbreaks in healthcare settings. Factors
lending to outbreaks include environmental contam-
ination, persistence of spores for a long period, resist-
ance of spores to commonly used disinfectants and
antiseptics, exposure of patients to courses of antimi-
crobial agents, and hand carriage by HCW to other
patients.150

Prevention of transmission relies on accurate
identification of patients, rigorous adherence to con-
tact precautions with environmental cleaning using a
bleach containing disinfectant (5000 ppm) and hand
hygiene with soap and water rather than alcohol-
based hand cleaners when applicable. In the trauma
patient, this means that the usual SP should be
followed and that prophylactic antibiotics without a
clear basis, i.e., lacerations, should not be given.

Vancomycin-resistant Enterococcus (VRE) has
emerged the past 10–15 years to become endemic
in many healthcare facilities in the United States.151

The bacteria usually reside in the intestine or genital
tracts and are transmitted by HCW via CT with
contaminated blood, urine, or feces of affected
patients.152 In 1995, the CDC published recommen-
dations to prevent transmission of VRE including
surveillance for identification, isolation of affected
patients, hand washing by HCW, and environmental
disinfection.153

Methicillin-resistant Staphylococcus aureus was
first identified in 1961 and now accounts for over half
of hospital-associated staphylococcal infections in
intensive care units and over half of soft tissue and
skin infections. Almost 1% of the US population is
colonized with MRSA. Transmission may occur via
direct contact or indirect contact (e.g., toys, towels,
etc.). It can be divided into hospital-acquired MRSA
and community-acquired MRSA, each with very dis-
tinct genetic elements leading to distinct resistance
patterns. Hospital-acquired MRSA is resistant to mul-
tiple antibiotics and has been associated with greater
hospital length of stays as well as increased mortality
compared to MSRA.154,155 Community-acquired
MRSA is primarily important for skin and soft tissue
infections that present in outpatient settings.
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Post-exposure evaluation
Although prevention is the best strategy for protect-
ing HCW from occupation transmission of infectious
agents, exposures will occur. Institutions must have in
place a protocol for evaluation, counseling, treatment,
and follow up of occupational exposures as well as
OSHA-compliant incident reporting and exposure
control measures.156,157 Access to clinicians who can
provide post-exposure care should be available during
all work hours. Prompt reporting is important, not
only for management of the post-exposure HCW, but
also to identify workplace hazards and to evaluate
preventive measures.158 Healthcare workers’ orienta-
tion and education should include measures to pre-
vent exposures, personal risk of occupational
pathogen exposure, and the principles of post-expos-
ure management including early reporting.159 When
reporting, the HCW should be evaluated and coun-
seled regarding the risk of transmission, the potential
usefulness of PEP for HIV and HBV, the need for
follow-up evaluation, and precautions for secondary
transmission during the follow-up period.160 Cutane-
ous injuries should be washed with soap and water.
Eyes and affected mucus membranes should be copi-
ously irrigated. Local treatment with antiseptics,
bleach, or other agents is not recommended.161 Next,
efforts to identify, evaluate, and test the source patient
for evidence of HIV, HBV, and HCV should be
undertaken. Finally, the circumstances of the expos-
ure should be recorded including date, time, job duty,
type of exposure including amount and type of fluid
involved, type of device used, and severity of
exposure.

Timely reporting of blood-borne pathogen expos-
ure is required to ensure adequate counseling,
prophylactic treatment, and establish legal prerequis-
ites for workers’ compensation.162 The HIV, HBV,
and HCV infections have implications for personal
health, relationships, and insurance coverage.163 Fail-
ure to report an occupational exposure could lead to
the denial of subsequent insurance claims.164 Coun-
seling may also alleviate the anxiety associated with
such exposures.165

A significant proportion (up to 60%) of percutan-
eous injuries are not reported.166–170 Reasons cited for
not reporting percutaneous exposures include time
and inconvenience, the perception of no utility in
reporting, and ignorance of to whom to report the
incident.152,171 Additional factors associated with

under-reporting include exposures to physicians,
mucocutaneous exposures, and a higher number of
injuries.172

Post-exposure prophylaxis
If a needlestick exposure occurs the affected area
should be washed with soap and water. If a mucous
membrane was exposed it should be irrigated with
clean water, saline, or sterile irrigants. No evidence
suggests that washing with an antiseptic or squeezing
the wound will reduce transmission. After the affected
area has been washed or irrigated, the HCW should
report to the department responsible for managing
exposures.

Exposure to HBV poses a high risk for infection
that can be somewhat ameliorated by vaccination
and PEP. Recommendations for HBV post-exposure
management include initiation of the hepatitis
B vaccine series to any susceptible, unvaccinated
person who sustains blood- or body-fluid exposure.
Initiation of hepatitis B immune globulin depends on
the source patient’s hepatitis B surface antigen status
and the antibody response of the affected HCW
previously vaccinated with the hepatitis B vaccine
series. A multiple dose regimen of HBIG in the occu-
pational setting within 1 week of percutaneous expos-
ure afforded an estimated 75% protection from HBV
infection.173 A combination of hepatitis B vaccination
initiation and HBIG therapy after birth in perinatal
exposure is 85–95% effective in preventing transmis-
sion.174–175 Hepatitis B vaccine may be safely admin-
istered to infants, children, and adults. Common side
effects include pain at the injection site and fever.
Anaphylaxis is rare but may occur.

If post-exposure HIV prophylaxis treatment is
recommended, baseline laboratory studies are drawn,
although this can be done in early follow up. Decid-
ing which agents and how many agents to use for
PEP is primarily empiric and may be affected by
known or suspected resistance of the source virus
to particular antiviral agents. Post-exposure prophy-
laxis has been demonstrated to reduce risk of HIV
transmission by approximately 80%, although the
numbers of patients who seroconverted are small
and the confidence intervals are wide.176 The ideal
HIV post-exposure prophylactic drug would have
a high activity against the offending virus and a
rapid onset of action. The selection of a drug
regimen for HIV PEP must balance the risk of
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infection against the potential toxicities of the agents
used. Because PEP therapy is potentially toxic, its use
is not justified for exposures thought to pose a neg-
ligible risk of transmission. Most institutions have a
pre-existing protocol for treatment. However, if the
case is particularly complex, consultation with an
infectious disease consultant or another healthcare
provider with experience with antiretroviral agents
is recommended. Post-exposure prophylaxis should
be initiated when indicated as soon as possible, pref-
erably within hours after exposure. While early treat-
ment seems to lead to better outcomes, the absolute
time that makes a difference is unclear. A general
recommendation is to attempt to start treatment
within 2 hours but continue to initiate treatment
up to 36 hours after exposure. Some providers will
treat up to 72 hours for very high-risk exposures.
Rapid HIV testing of the source patient can facilitate
making timely decisions regarding use of HIV PEP
after occupational exposures to source patients with
unknown HIV status.

Current CDC recommendations call for two
or more drug PEP regimens based on the level
of risk of HIV transmission represented by the type
of exposure. Many institutions have a policy or rec-
ommendations to ensure proper risk assessment,
prophylaxis regimen, and follow up. Persons receiv-
ing PEP should complete a full 4-week regimen
unless the source patient can be tested and is nega-
tive. A reasonable current recommendation would
be to use two-drug regimen and to add an additional
drug for higher risk exposures, although some rec-
ommend a three-drug regimen for all patients. For
source patients with known HIV infection and if
information regarding previous anti-retroviral ther-
apy, current level of viral suppression, genotypic or
phenotypic resistance profile is known, standard PEP
regimens may be inappropriate and expertise in pro-
viding an unique PEP regimen should be sought. In
the US, assistance with choosing a drug regimen can
be obtained by calling the National Clinician’s Post-
Exposure Prophylaxis Hotline at 888–448–4911.
A substantial proportion (one third to one half) of
persons taking PEP after occupational exposures
to HIV-positive sources do not complete the full
4-week regimen because of side effects. Most side
effects are mild and include nausea, fatigue, diar-
rhea, headache, and vomiting but serious side
effects may occur which mandate reliable follow
up. Human immunodeficiency virus serology should

be performed at baseline, 6 weeks, 12 weeks,
6 months, and 12 months post-exposure.177 In
patients who seroconvert after HIV exposure, the
median time to the development of detectable anti-
body is 2.4 months with 95% of infected individuals
developing detectable antibody within 6 months.178

Patients receiving PEP should be monitored for drug
toxicity with complete blood count including diffe-
rential, hepatic, and renal function tests at baseline
and 2 and 4 weeks after initiation of treatment. These
tests do not have to be done prior to first dose unless
clinically indicated. No work restrictions apply while
taking PEP but medical attention should be sought
for viral syndrome symptoms. Persons exposed to
HIV should be urged to prevent secondary transmis-
sion by refraining from donating blood products,
semen, tissue, or organs, to avoid pregnancy, refrain
from breast feeding if possible, and to abstain from
or use condoms during sexual intercourse, especially
during the first 6–12 weeks when seroconversion is
most likely.179

Vaccination and chemoprophylaxis
for respiratory pathogens
The CDC currently recommends annual influenza
vaccinations for HCW.180 Research has demonstrated
that influenza vaccination of HCW leads to decreased
in-patient mortality. The US government has develo-
ped interim plans adopted by many institutions for
vaccination plans for certain respiratory pathogens
(e.g., anthrax and smallpox).

Under-appreciation of the risk of exposure is
commonly reported as a contributor to exposure to
infectious material. Standard precautions including
gloves, gowns, and mucous membrane protection
should be commonly worn when taking care of
patients in whom there is a risk of exposure to blood
or bodily fluids such as victims of trauma. Masks
should be worn during endotracheal intubation, suc-
tioning, bronchoscopy, and cardiopulmonary resus-
citation as part of droplet precautions/standard
precautions. The use of masks and gowns is also
recommended during sterile procedures to protect
patients. The US Department of Health and Human
Services recommends that in outbreak settings for
respiratory pathogens, aerosol-generating procedures
and treatments, including nebulized medications, use
of bilevel positive air pressure be avoided when pos-
sible.181 When essential for patient care, HCW
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should use N-95 or powered air-purifying respirators
as part of TBP during suspected respiratory patho-
gen outbreaks.

Special populations
Providers must ensure protection of themselves and
their staff to ensure their own health and to ensure
that further patient care can be provided. The lessons
of the 2003 SARS outbreak highlighted this rule. It is
tempting to treat unstable patients without SP for fear
that the delay in therapy will impact the outcome. The
amount of time taken to employ appropriate precau-
tions is trivial in the overall scale of treatment deliv-
ery. Administrators and educators must enforce this
message to care providers.

Pregnant patients and women who are breast
feeding can receive the hepatitis B vaccine and
immunoglobulin. Pregnancy should not rule out the
use of PEP for HIV when indicated. Antiviral agents
have been linked to fetal carcinogenicity, mutagen-
icity, neurologic abnormalities, and early death as
well as lactic acidosis of pregnant women. Pregnant
females should not receive efavirenz and tenofovir
disoproxil fumarate. A negative pregnancy test or
a signed consent form may be required in some
institutions prior to initiating PEP in women of child-
bearing age. Ideally, an expert in HIV treatment or a
high-risk obstetrician should help make PEP recom-
mendations for pregnant females.182

Healthcare personnel and facilities confront a dif-
ferent set of issues when dealing with a HazMat or
bioterrorism event. Providing medical care for

patients potentially contaminated with hazardous
material presents a complex situation. There are
OSHA guidelines for HCW who may care for patients
from HazMat incidents, including availability of pro-
tective equipment. The CDC has designated anthrax,
smallpox, plague, tularemia, viral hemorrhagic fever,
and botulism as high priority agents owing to their
properties of ease of dissemination, transmission, and
high risk of significant morbidity and mortality. Infec-
tion control issues in bioterrorism events include:
identifying persons exposed/infected, preventing
transmission, providing treatment, protecting the
healthcare environment, providing adequate supplies
of PPE, and allocating staff to care for potentially
infectious patients. The CDC and the Association of
Professionals in Infection Control and Epidemiology
have published plans for bioterrorism events.182 Fed-
eral agencies, state, and county health departments can
also be consulted for the most current information.

Biological foreign body implantation
Physicians involved in the management of victims of
blast injuries or explosions should be aware of the
possibility of biological foreign bodies capable of
transmitting of infection agents.183 Such foreign
bodies (e.g., bone fragments from suicide bombers)
must be considered in the treatment of the victims.
Care should also be taken to prevent exposure of this
material to HCW during evaluation and treatment
of wounds. Post-exposure prophylaxis against hepa-
titis B and HIV should be considered when treating
patients with allogenic biological foreign bodies.184

Table 37.1 Overview of barrier protection recomendations in trauma

Hand hygiene Gloves Gown Mask Eye protection Respirator

All pts X

All trauma pts X X X

All penetrating trauma pts X X X X X

Intubation X X X X X X*

Central line{ X X X X X

Chest tube{ X X X X X

Suturing X X X X X

*Respirator indicated when suspicion for respiratory pathogen capable of airborne transmission.
{Optimally central lines and chest tubes should be done under sterile conditions, although immediacy of patient’s condition may not
allow this.
pts, patients
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Prehospital care

Aaron Eberhardt and Christopher B. Colwell

Introduction
From an historical prospective, the prehospital
administration of medical care is a relatively new
concept. While most emergency practitioners believe
that the delivery of medical care in the prehospital
setting has led to increased survival for patients, the
practice of Emergency Medical Services (EMS)
remains controversial. Core EMS practices such as
airway management and trauma care are being ques-
tioned and continually refined. Emergency Medical
Services is entering a time of self-assessment and
paradigm shift never before seen its history.

The mix of tradition and progress in EMS has led
to ever-increasing complexity in the medical adminis-
tration and management of prehospital medical care.
Perhaps even more challenging then the medical
issues currently facing prehospital care is the over-
whelming complexity of personnel management,
politics, and funding that affect the delivery of
evidence-based, outcome-oriented prehospital med-
ical care.

Prehospital trauma systems
The delivery of prehospital medical care to the trauma
patient is one component of the trauma care systems
within the United States.1 The development of trauma
care systems has led to the need for developing appro-
priate trauma destination policies and optimal ambu-
lance staffing.

The development of trauma care systems has led
to trauma center categorization. The American Col-
lege of Surgeons Committee on Trauma periodically
publishes criteria guidelines for the categorization of
levels of trauma care (Table 38.1). Based on hospitals’
availability of resources, staffing, and research com-
mitment they are categorized from Level I (providing

the most comprehensive care) to Level IV (providing
the least comprehensive care). Depending on the size
of the community, all or none of these types of hos-
pitals may be available. Destination policies and
protocols are therefore extremely varied depending
on the availability of local hospital resources and the
ability to transfer to a more definitive care facility.

In systems with only one hospital within a reason-
able transport distance the destination for trauma
victims is straightforward. Systems in which there
are multiple levels of care possible need to develop
more complex destination protocols to guide

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. © Cambridge University Press 2011.

Table 38.1 American College of Surgeons trauma center levels:
general overview of criteria

Level General principles

I Regional resource trauma center. Should be
able to provide for all aspects of care. In
addition should have a teaching, research, and
community outreach component. Usually have
medical education component associated

II Can provide initial definitive care, regardless of
severity of injury. Can be located in suburban
or urban area. May provide leadership when
Level I center unavailable

III Serves communities that do not have
immediate access to higher level care. Can
provide prompt assessment, resuscitation, and
possible transfer. Have general surgeons
available along with transfer and resuscitation
protocols

IV Provide advance level trauma support in rural
or remote areas prior to transport. May be a
clinic. Physicians may not be available at all
times
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prehospital personnel in the transport of the trauma
patient. The development of destination protocols
involves a number of considerations including patient
condition, the potential for injury based on mechan-
ism, and the options for trauma care within the
system. Factors considered in destination policies
include anatomic considerations, physiologic factors,
mechanism of injuries, combinations thereof, and
high-risk modifying conditions such as extremes of
age and advanced pregnancy. In 2005, the Centers
for Disease Control and Prevention (CDC) put
together a National Expert Panel on Field Triage
(NEPFT) which made recommendations on deter-
mining the most appropriate destination facility
within a trauma care system. These were evidence-
based recommendations that updated those initially
made by the American College of Surgeons in 1986.
In January of 2009 the CDC published these guide-
lines for the field triage of trauma patients. These
guidelines help to clarify which patients should be
transported to a Level I facility and which patients
can be safely triaged to facilities with a lower designa-
tion.2 Most destination protocols for trauma patients
will be some variation on this algorithm. Their rec-
ommendations are summarized in Table 38.2.2

Given the great diversity of practice environments
and constraints on each individual EMS system the
optimal ambulance staffing will also vary greatly from
one EMS system to the next. Large urban EMS
systems will have very different staffing needs than
smaller rural-based systems. Emergency Medical
Technicians (EMTs) are largely credentialed to one
of three levels. EMT-Basic (EMT-B) undergo over 120
hours of training that generally focuses on basic life
support (BLS) treatment and intervention including
cardiopulmonary resuscitation (CPR), non-invasive
airway support such as bag-valve-mask, hemorrhage
control, and immobilization. Obtaining EMT-B
certification is a prerequisite for becoming an Emer-
gency Medical Technician-Intermediate or Paramedic
(EMT-I and EMT-P).

The next level of EMT provider is EMT-I. The
training is approximately 300–500 hours more then
EMT-B. An EMT-I will have all of the EMT-B skills as
well as a list of more advanced skills and knowledge
that are largely dictated by local protocol. The EMT-I
will usually be trained in endotracheal intubation
and intravenous (IV) line placement. An EMT-I will
have a number of medications that are available to
him or her; however, the list will not be nearly as

comprehensive as the list of medications that a full
EMT-P has available.3

Paramedics (EMT-P) complete between 750 and
1500 hours of training above EMT-B level. Paramedics
have extensive training in advanced skills including
patient assessment and management, pharmacology,
and advanced airway interventions. The exact nature
of the scope of practice for each level will be deter-
mined by local and state regulations.

The overall staffing pattern of a premedical system
is based on few parameters. First, the type of providers
on each ambulance should be considered. This will
largely be determined by the availability of providers
and the needs within an individual system. For instance,
training and retaining a paramedic can be expensive
and smaller agencies may not have the funding to
employ a large number of paramedics. In this instance
it may make sense to mix crews (one EMT-P with one
EMT-B or I) or to have increased numbers of EMT-B
and EMT-I providers. Second, consideration needs to
be given to the number of each type of provider prac-
ticing within the system in order to maintain a certain
baseline proficiency in the provider’s skill sets. Evidence
suggests that systems with too many paramedics may
have worse outcomes in cardiac arrest.4 This may be
due to the fact that the paramedics in some systems are
not seeing enough cases to maintain good practical
skills since the fixed number of encounters is spread
over larger numbers of providers.

Western Europe has a number of well-developed
EMS systems, the large majority of which are not
associated with fire services. Traditionally, many of
these countries have relied on physicians to provide
prehospital care, although many are now moving to
tiered response schemes that involve greater use of
non-physician medical providers. Many dispatch
systems in Western Europe also use more aggressive
screening methods and prioritization of calls that
might direct some patients away from ambulance
transport and towards alternative sites for care.

Non-ambulance transport
The air medical transport system involves the use of
aircraft to transport and care for patients. Air medical
transport is a well-established part of the modern
trauma system. While early literature described a
benefit in patient outcomes by using helicopters to
transport trauma patients,5–7 more recent literature
has called this benefit into question.8–10

Section 6: Administration

654



The American College of Emergency Physicians
publication Principles of EMS Systems summarizes
the goal of air medical transport. An air medical
system should “provide critical care medical trans-
port that results in similar or better patient out-
come over a larger geographic area than can be
achieved by ground transport during the same
elapsed time.”3 In order to achieve this goal it is

imperative that the physician and EMS personnel
understand the capabilities and limitations of the
EMS and air medical system in which they operate.
An understanding of the available services that
the air medical transport team can provide, the
time in which they can provide these services, and
the limits on both care and transport need to be
appreciated.

Table 38.2 Criteria established by the National Expert Panel on Field Triage for transport by Emergency Medical Services (EMS)
directly to a trauma center when available2

Physiologic criteria Glasgow Coma Scale score < 14

Systolic blood pressure < 90 mmHg

Respiratory rate of < 10 of > 29 breaths/min in adults or < 20 in children < 1 year of age

Anatomic criteria All penetrating injuries to the head, neck, torso, and extremities proximal to the elbow and knee

Flail chest

Two or more proximal long bone fractures

Crushed, degloved, or mangled extremity

Amputation proximal to the wrist or ankle

Pelvic fractures

Open or depressed skull fractures

Paralysis

Mechanism criteria Falls

1. Adults: > 20 ft

2. Children (< 15 years old): > 10 ft or 2–3 times the child’s height

Auto accidents

1. Intrusion > 12 inches to the occupant site of > 18 inches anywhere

2. Ejection (partial or complete)

3. Death in the same passenger compartment

Auto–pedestrian or auto–bike accidents where the victim is thrown, run-over, or there is
significant impact (> 20 mph) Motorcycle accidents involving speeds of > 20 mph

Special considerations Age > 55 or < 15 years

Anticoagulation and bleeding disorders

Burns

1. Without other trauma: to a burn center

2. With other trauma: to a trauma center

Time sensitive extremity injury

End-stage renal disease requiring dialysis

Pregnancy > 20 weeks or

EMS provider judgment
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The use of air medical transport of the trauma
patient largely falls into two categories: interfacility
transfer and the transport of patients from the scene
to a trauma center. Interfacility air medical transport
is an integral part of regionalized trauma care. Fixed-
wing and helicopter transfer of patients has made
specialty trauma services available to a wider range
of patients within a region. The benefit of air medical
transfer is to extend the trauma management of
patients over longer distances or to areas that are
inaccessible by ground.3

Rural EMS systems have a number of unique
aspects that make helicopter transport from the scene
potentially advantageous. Rural systems may have
fewer hospitals with fewer resources covering a wide
geographical region. This leads to prolonged travel
distance and therefore prolonged time to reach a
definitive care site. Air medical transport provides a
solution to these constraints. In these situations, heli-
copters may allow for trauma patients to reach a
hospital more quickly than is possible by ground
transport.

Helicopter transport within urban or suburban
EMS systems is more controversial. The main issue
facing urban EMS helicopter use is the proper utiliza-
tion of the service. Numerous guidelines exist that
attempt to establish the criteria needed to activate a
helicopter response.11,12 Several studies indicate
that helicopter transport within urban systems is
largely over-utilized for the transport of non-critical
patients.10,13 While a certain amount of “overtriage”
may be acceptable in the prehospital setting, this can
lead to increased cost of medical care and risk to
patients and providers that may not be necessary. Bled-
soe et al. performed an observational meta-analysis of
peer-reviewed literature regarding helicopter transport
of trauma patients.13 By analyzing studies that used
validated criteria for identifying non-critical patients
they showed that approximately 60–69% of patients
transported by helicopter had relatively minor injuries.
Additionally they found that approximately one in four
patients transported by helicopter did not require hos-
pital admission.13 Eckstein et al. came to a similar
conclusion for children and adolescents.10

An important consideration in the over-utilization
of helicopter transport is the concern about safety.
Baker et al. reviewed EMS helicopter crashes over a
22-year period and found a 39% fatality rate during
these accidents.14 A more disturbing finding is that
the fatality rate appears to be getting worse.14 These

studies call into question how to appropriately use
helicopters for the treatment and transport of trauma
patients within an urban EMS system. The issue is
compounded by the fact that helicopter transport is
significantly more expensive than ground transport.
The identification of the subset of patients that would
benefit from helicopter transport should remain the
focus of further research. The EMS system personnel
and medical directors must work to develop protocols
and guidelines that emphasize the appropriate use of
helicopter transport.

Box 38.1 Essential literature in helicopter
transport

� Ringburg AN, deRonde G, Thomas SH, et al. Val-
idity of helicopter Emergency Medical Services
dispatch criteria for traumatic injuries: a systemic
review. Prehosp Emerg Care 2009;13:28–36.

� Eckstein M, JantosT, Kelly N, et al. Helicopter
transport of pediatric trauma patients in an urban
Emergency Medical Services system: a critical
analysis. J Trauma 2002;53:340–4.

� Bledsoe BE, Wesley, KA, Eckstein M, et al. Helicop-
ter scene transport of trauma patients with
non-life-threatening injuries: a meta-analysis.
J Trauma 2006;60:1257–66.

� Baker SP, Grabowski JG, Dodd RS, et al. EMS
helicopter crashes: what influences fatal out-
come? Ann Emerg Med 2006;47:351–6.

Direct patient care
Historically ambulances were largely transportation
vehicles that brought injured patients from the acci-
dent scene or battlefield to hospitals or other health-
care facilities. Little actual medical care took place in
the ambulance. Over the past few decades the practice
of prehospital medicine has evolved considerably.
Now paramedics can provide a variety of medical
interventions in the field. In the prehospital manage-
ment of the trauma patient, there are multiple inter-
ventions that fall within the scopes of practice of the
EMT and paramedic. As the practice of prehospital
medical care continues to evolve, the utility of these
interventions should be analyzed and refined to
improve patient outcomes. A complete review of all
the possible interventions for the trauma patient is
beyond the scope of this chapter; however, airway
management, cervical spine immobilization, IV
access, splinting, and pain control are among the
most commonly performed prehospital interventions.
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Airway management of the trauma patient
Airway management of a trauma patient is an import-
ant skill for all prehospital providers. The prehospital
provider must be adept at a number of different ways
of managing the airway that are commensurate with
the provider’s level of training. Airway management
can range from simple maneuvers such as reposition-
ing the airway (chin lift) and applying oxygen, to non-
invasive assisted ventilation or airway adjuncts, to the
definitive management of the airway with endotra-
cheal intubation or surgical cricothyroidotomy.

The appropriate manner in which to manage the
airway of a trauma patient can be a difficult decision.
The provider needs to understand his or her own skill
level, the patient’s needs given the level of physio-
logical distress, and the appropriate airway interven-
tion for that patient in the prehospital setting. In
general, the least invasive method should be employed
that yields adequate oxygenation and ventilation.

Traditionally, paramedics have performed out-of-
hospital endotracheal intubation as the airway of choice
for definitive airway management in the trauma
patient. A majority of the historical data on the benefits
and side effects largely rely on paramedic self-reporting
of their field experience. More recent literature has
called this practice into question. In 2000, Gausche
et al. reported the effect of out-of-hospital pediatric
intubation on critically injured children.15 This article
showed that the addition of out-of-hospital endotra-
cheal intubation to a paramedic scope of practice that
already includes the bag-valve-mask did not improve
survival to discharge or neurological status at discharge.
Subgroup analysis further showed an increase in mor-
tality of patients in respiratory arrest and victims of
non-accidental trauma as well as worse neurological
outcome in patients suffering from foreign body aspir-
ation. Some research involving adult patients has raised
concerns as well. In a study published in 2007 by
Cudnick et al., prehospital intubation was associated
with increased mortality among trauma victims at all
distances from the hospital.16 In the San Diego Para-
medic Rapid Sequence Intubation Trial, paramedic
rapid sequence intubation (RSI) in severely head
injured patients was associated with increased mortality
and decreased “good” outcomes.17 This was compared
to historical controls within the same system.

A number of studies have also documented a
significant number of complications with out-of-
hospital endotracheal intubation. In 2001 Katz et al.

documented that 25% of the patients evaluated had
improperly placed endotracheal tubes, of which 67%
were in the esophagus.18 In 2003, Dunford et al. used
recording oximeters throughout the course of prehos-
pital rapid sequence intubation attempts.19 In this
evaluation, 57% of trauma victims receiving RSI
endotracheal intubation demonstrated desaturation.
The median time of desaturation in these patients
was 2 minutes and 40 seconds with a mean decrease
in saturation of 22% from baseline.

Although there are studies that have found better
rates of successful intubation in the field, no definitive
research has found endotracheal intubation by field
providers to improve outcomes. With this in mind,
medical directors and EMS systems should carefully
evaluate the use of prehospital intubation in trauma
patients. Prolonging scene times and engaging in
multiple attempts to accomplish this procedure may
well be harmful. It is possible that there is a subset of
trauma patients that benefit from out-of-hospital
endotracheal intubation, especially those with pro-
longed transport times.

Cervical spine immobilization
Cervical spine immobilization is one of the most
frequently utilized prehospital interventions per-
formed on trauma patients. This is despite a lack of
Class I or II medical evidence to support the use of
cervical spine immobilization in patients following
trauma.20 While ethical constraints will likely never
allow rigorous clinical trials to establish Class I or II
evidence, it is generally accepted that patients with
known cervical injury or a mechanism with the
potential for cervical injury should receive spinal
immobilization. While spinal immobilization is very
common it does carry some risks to the patient.
Immobilization causes back and head pain, can cause
skin breakdown on pressure points if a patient is
immobilized for prolonged periods, and can limit
effective breathing. As with all medical decisions, a
risk–benefit analysis should be done when consider-
ing spinal immobilization. The primary concern is for
the pathological movement of the spinal cord during
the prehospital evaluation and transport of a patient.
This is exemplified historically by the significant per-
centage of spinal cord injuries that are estimated to
occur after the initial injury either during the trans-
port of the patient or early in the patient’s evalu-
ation.21–25 There are a number of case series that
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chronicle the poor outcomes of mishandled cervical
spine injuries.24–27 With these considerations in
mind, there are a few aspects of spinal immobilization
that need to be considered including the indications
to immobilize the cervical spine in the prehospital
setting and the most appropriate method of perform-
ing this procedure.

No universal indications for prehospital cervical
spinal immobilization currently exist. The EMS agen-
cies will generally have their own established proto-
cols that range from complete immobilization of all
trauma victims with a potential of cervical spine
injury, to the EMS provider evaluating certain clinical
parameters and making a decision in the field about
the necessity of cervical spine immobilization (also
called selective immobilization). Domeier et al.
reported on a protocol for selective spine immobiliza-
tion by EMS personnel based on five clinical assess-
ment parameters.28 By applying this protocol, they
reported 91% sensitivity with a 40% specificity to
detect spinal column or cord injuries.28 While this
study provided reasonable evidence that prehospital
evaluation for cervical spine injury is feasible with a
reasonable degree of certainty, it should be stressed
that it was not 100% sensitive and there were a
number of patients that did not receive cervical spine
assessment when indicated. This exemplifies the
fact that it is difficult to get strict compliance to a
protocol. Given the high medicolegal risk of a missed
cervical spine injury, a conservative policy is
advocated.

There have been numerous studies performed
looking at the best way to immobilize the spine. The
historical practice of immobilizing the cervical spine
with sandbags and tape alone may not be effective.
A combination of a rigid cervical collar, supportive
blocks on each side of the head, and a rigid backboard
with straps for securing the patient is the most effect-
ive means of limiting spinal movement after a trau-
matic injury.29

Intravenous access
Traditionally prehospital personnel have started IVs
in the upper limbs or external jugular vein (if author-
ized) as a peripheral line site. While no good patient
outcome data exists to support this practice, it is
generally accepted that the trauma patient should
receive at least one (and in many cases two) large
bore peripheral IV line in a timely manner. This
should be balanced by the potential for prolonging

transport times and the questionable efficacy and
necessity of prehospital fluid resuscitation. Risks of
line placement include infection, infiltration, and pain
resulting from placement attempts. Having early IV
access can be valuable in the resuscitation of the
trauma patient, especially in the case of developing
hemorrhagic shock when severe vasoconstriction can
make the procedure much more difficult and time
consuming. Guisto and Iserson have demonstrated
that paramedics can place a 12-gauge IV line approxi-
mately 84% of the time.30

Splinting
Although orthopedic extremity injuries are com-
monly encountered in the prehospital setting, there
is little Class I evidence to support the use of splinting
in the field. On the other hand, splinting of traumatic
orthopedic injuries is generally believed to provide a
number of benefits: decreased pain, tissue damage,
blood loss, and possibly fatty embolism.

In the case of open fractures, splinting may be
further advantageous. By applying gentle traction
and placement of a splint, the ellipse created by an
opening in the skin from a fracture will become more
linear. This will have the effect of providing less room
for bleeding to occur and may lead to faster tampon-
ade of the bleeding site. This measure may have a
significant impact if bleeding is potentially severe,
such as with femur fractures.

Pelvic fracture can lead to life-threatening hemor-
rhage in the trauma patient. Historically, military
anti-shock trousers (MASTs)/pneumatic anti-shock
garments (PASGs) immobilization devices were used
in an attempt to stabilize the fractured pelvic ring and
tamponade and reduce associated bleeding. Now it is
generally advocated that unstable pelvic fractures in
the trauma patient may be secured with sheet immo-
bilization or pelvic binders in order to reduce the
potential of life-threatening bleeding.

Pain control
A number of studies suggest that emergency phys-
icians as well as prehospital personnel fail to
adequately assess and treat pain.31 Both the Joint
Commission and the American College of Emergency
Physicians have clearly identified the assessment and
treatment of pain as a major priority.32,33 The
National Association of EMS Physicians (NAEMSP)
have extended this priority into the prehospital
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setting, stating in a 2003 policy statement that “the
relief of pain and suffering of patients must be a
priority of every emergency medical services (EMS)
system.”34

Given this extensive national attention, it is
important for protocols to be in place that address
the treatment of pain in the prehospital trauma
patient. The NAEMSP policy statement outlines a
number of aspects of protocol development felt neces-
sary when considering the development of a pain
protocol.34

Box 38.2 NAEMSP recommended aspects of a
pain protocol

� Presence and severity of pain
� Use of a reliable tool for this assessment
� Indications and contraindications for pain

management
� Non-pharmacological interventions
� Pharmacological interventions
� Patient monitoring
� Communication of appropriate information to

receiving medical personnel
� Quality improvement measures

Non-pharmacological management of pain in the
prehospital setting is fairly limited; however, there are
some simple interventions that can be employed.
Methods include therapeutic communication, splinting,
elevation of injured limbs, and applications of cryother-
apy to painful musculoskeletal injuries.

Pharmacological management of pain in the pre-
hospital setting is more complex. The guidelines listed
above indicate that, after the recognition of pain, a
reliable tool should be employed to measure the pain
level and to follow the effect of the pain medication.
The three most widely described tools to assess pain
are the Visual Analog Scale (VAS), the Numeric
Rating Scale (NRS), and the Verbal or Adjective
Rating Scale. Several sources endorse the NRS for
use in the prehospital setting.31,34

The ideal agent for pain control in the prehospital
setting is unclear. A number of narcotic and non-
narcotic agents have been used. For the trauma
patient with significant pain, opiates have emerged
as a safe and effective means of managing pain.
Limited data exists for the prehospital administration
of opiates for trauma patients. Morphine has many
advantages for the prehospital setting. It can be used
IV or intramuscularly (IM). When used IV it has a

relatively quick onset of action and a half-life of 2–3
hours.31 An added benefit to the use of morphine is
the ability to reverse unwanted respiratory depression
side effects with the use of naloxone if necessary.
Historically there has been reluctance to use mor-
phine secondary to fears of respiratory depression
and hypotension.34 With more experience, morphine
has been shown to be relatively safe. In 2007 a ran-
domized, double-blinded study with 106 patients
compared low dose to higher dose morphine for the
treatment of pain. The dose of 0.1 mg/kg IV followed
by 0.05 mg/kg every 5 minutes showed better
pain control at 10 minutes than the lower dose of
0.05 mg/kg morphine then 0.025 mg/kg every 5 min-
utes.35 At 30 minutes the pain control was similar.
Given the results of this study, if pain control is
desired during transport the higher dose may be
given. This study also demonstrated relatively few side
effects, concluding that this dosing regimen is “safe in
the prehospital setting.”35

Fentanyl is a synthetic opiate that has some sig-
nificant advantages for use in the prehospital setting.
Fentanyl is more potent, has a faster onset of action,
and less histamine release than morphine. Like mor-
phine, undesired respiratory depression can be
reversed with naloxone. These features have a theor-
etical advantage for EMS use in which transport times
are relatively short and fast pain control is desired.
These advantages were evaluated in one study in
which Fentanyl was compared with morphine for
acute pain control in the prehospital setting.36 This
randomized, double-blinded trial failed to show a
significant difference in pain control in transport
times of < 30 minutes, stating that morphine and
Fentanyl were “comparable” in treating acute pain.
The most serious side effect that has been described
with Fentanyl use is chest wall rigidity that requires
paralysis in order to ventilate the patient.31 This is
exceedingly rare.

Multitrauma/incident command
All EMS systems should have plans that address the
response to incidents that involve multiple patients;
also referred to as Multiple Casualty Incidents
(MCIs). This may or may not be considered a “disas-
ter.” A disaster is defined as any situation that over-
whelms a system’s resources to respond to that
situation and therefore a disaster for one system
(eight victims of a motor vehicle accident in a rural
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area with a single hospital not resourced to take eight
patients at once), might not qualify as a disaster in
another (urban area with multiple trauma centers).
Initial evaluation of the scene is important. An accur-
ate initial assessment will mobilize appropriate
resources without overcommitting assets that could
risk response to other areas or responsibilities. A good
initial assessment will determine the nature of the
incident, extent of the damage that occurred, approxi-
mate number of victims and types of injuries
involved, any hazards rescuers face, and best access
to the scene. Once this assessment is performed, this
information will need to be communicated to a cen-
tralized communication center or regional trauma
center.

The next priority for those responding first to an
incident will be the organization of a command post.
The Incident Command System (ICS) is a standard
emergency management system and a very effective
way of establishing operational control and a coordin-
ated response to a multiple casualty incident. It is
adaptable to all types of incidents that may involve
multi-agency or multi-jurisdictional response. There
are five sections of the ICS structure: incident com-
mand, operations, planning, logistics, and finance.

Once the command post has been established,
triage can begin. Triage is the process of sorting and
classifying patients based upon the severity of their
injuries and the likelihood of survival. The goal of
triage is to do the most good for the greatest number
of patients. If the potential exists for the incident to
qualify as a disaster, responders must assume they will
not have enough resources to provide standard care
for all victims, and therefore the triage process will
help determine priority for treatment and transport
from the scene. Although the triage process may
occur at or near the scene of an incident, in some
situations the scene may be too dangerous and it is
best performed some distance from the scene and
maybe even at a hospital.

Triage categories generally include red (critical),
who receive the highest priority for treatment and
transport, yellow (moderate), who are treated and
transported after all patients designated as red have
been cared for, and green (walking wounded), who
are treated after reds and yellows have been managed.
There is also a black (expectant) category that may
be appropriate in some situations, which includes
patients who are either dead or are not expected to
survive their injuries. Lessons learned from responses

to MCIs have included the importance of performing
triage of all patients before initiating treatment, insur-
ing all responders understand the incident command
structure, communication from the scene, and the
importance of appropriate use of resources, staging
of vehicles, and identification of responders. A well-
identified and recognized command presence at a
scene, and at the hospital as well, will help to ensure
a coordinated and cooperative response that will pro-
mote effective management.

Protocol development
The development of a set of written protocols is one
of the core responsibilities of a medical director and
can be very challenging. Because EMTs are certified
and not licensed, they must operate under the over-
sight of a licensed medical provider. Protocols estab-
lish the standards EMTs are expected to meet and
provide under specific circumstances, and generally
focus on direct patient care, while policies and pro-
cedures tend to address operational and other non-
clinical situations. Protocols have been developed to
address most any situation, although the nature of
emergency care is such that, as complete as a set of
protocols may be, situations will arise where actions
that fall outside of the protocols will need to be
considered. This is where on-line medical direction
can play an important role. Protocols will typically
have a set of standing orders that specify specific
actions, treatments, or other approaches providers
may take without making direct contact with a phys-
ician. They will also typically specify what can be done
in addition to the standing orders with a direct order
from on-line medical control. Although some proto-
cols can be written based on guidelines established by
national experts (Advanced Cardiovascular Life Sup-
port [ACLS] is an example of this), others will be
more system specific or may have little in terms of
evidence to base them on. Protocols for an EMS
system should be written by medical directors that
are knowledgeable on best evidence-based practices
but also on system-specific as well as area-specific
issues and challenges. For example, protocols that
address destination decisions based on specialized
services provided by some hospitals (such as trauma
centers) are very appropriate for urban systems that
transport to a number of different facilities, but don’t
have much of a role in rural areas which may only
have a single hospital available to transport to.
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Writing a protocol is only one step in the process
of implementing a new protocol. Critical to successful
implementation is providers understanding why a
protocol is written and what the intended goal is.
Communication and education are key steps in the
process. A good protocol will need to be flexible and
be able to adapt to changing needs in a system.

Conclusions
Prehospital care of the trauma patient continues to be
a process in evolution. Prehospital care plays an
important role in the overall care of the trauma
patient, and quality assurance systems with input
from all involved will help to ensure optimal out-
comes. Research is continuing to refine the role of
prehospital interventions in the care of the trauma
patient, and EMS leaders will need to stay current on
this literature to ensure their practice is leading to
better outcomes in their patients.
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Professionalism
The scope of professionalism is a broad one, encom-
passing that which guides us as human beings and
governs us as physicians. Plato described the virtues
of fortitude, temperance, justice, and wisdom.
Aristotle related these virtues to the art of medicine
stating that we must not only know virtue but we
must also be good and do good. Edmund Pellegrino,
a physician–ethicist stated that:

The special claim of professionhood, of “learned
professions”. . . lies in their dedication to something
other than self-interest while providing their services.
That something else is a certain degree of altruism
or suppression of self-interest when the welfare of
those they serve requires it. This is the distinguishing
feature of medicine, ministry, law and teaching
that sets them apart. They are in this sense
“professed,” i.e., publicly committed to the welfare
of those who seek their help. They thereby become
ethical enterprises.1

And therein lies the crux of professionalism; a syn-
thesis of knowledge, understanding of good, commit-
ment to the public, and willingness for self-sacrifice.

Prehospital
In the the United States, at this time, there exists in
excess of 45 million uninsured persons.2 In 1986
Congress mandated access to emergency care when
it passed the Emergency Medicine Treatment and
Labor Act (EMTALA). This legislation was passed
to prevent the unethical denial of emergency care
based solely on an inability to pay. By passing this
law, Congress, in effect, established a safety-net for
our millions of uninsured, presumably made neces-
sary because of “unethical” behavior of healthcare
providers and the lack of organization of a universal

healthcare system. While EMTALA addresses the
fundamental behavior and interventions of phys-
icians once a patient arrives in the Emergency
Department (ED), the patient’s relationship with
the healthcare system begins in prehospital inter-
action. There is a limited amount of literature
describing the nuances of the ethics of ambulance
destination practices and the impact of a patient’s
insurance status on those decisions. Yet, anecdotally,
it seems that many providers feel that there is a
relationship between socioeconomic status and hos-
pital destination. It is widely known which hospitals
in an area are welcoming of the uninsured and as a
result these facilities are given the greatest responsi-
bility for this segment of the population. Emergency
departments are open for care 24 hours a day, 7 days
a week. The staff of these departments must be
available to all, independent of class, color, religion,
insurance, and any other potentially confounding
factors; this is true for ambulatory or ambulance
arrivals as well as patient transfers. Our duty is to
care for any and all patients. This mandate is not
primarily a legal one (although it is supported by our
legal system) but rather stems from an ethical obli-
gation articulated at the origin of the profession. The
Hippocratic oath states: “I will remember that
I remain a member of society, with special obliga-
tions to all my fellow human beings, those sound of
mind and body as well as to the infirm.”

Moral conflicts may arise when compassion for
fellow human beings runs counter to external legal
mandates or financial interests. Instead of looking to
the law for guidance we should remain loyal to our
patients’ fiduciary interests. If we fail, not only do our
patients suffer, but so too does the integrity of the
medical profession.

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. © Cambridge University Press 2011.
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Box 39.1 Essential ethical concepts in trauma care

� While EMTALA addresses the fundamental
behavior and interventions of physicians once a
patient arrives in the ED, the patient’s relation-
ship with the healthcare system begins in pre-
hospital interaction.

� Our duty is to care for any and all patients.
� This stems from an ethical obligation articulated

at the origin of the profession. The Hippocratic
oath states: “I will remember that I remain a
member of society, with special obligations to
all my fellow human beings, those sound of mind
and body as well as to the infirm.”

� Moral conflicts may arise when compassion for
fellow human beings runs counter to external
legal mandates or financial interests.

� We should remain loyal to our patients’ fiduciary
interests.

Role of blood ethanol levels
The intoxicated patient presents a unique set of eth-
ical dilemmas. The most general or overlying one is
simple consent to, or refusal of, care. The Western
model of medicine is now heavily reliant upon the
principle of autonomy. Whereas in the past, the
model was significantly more paternalistic, we prac-
tice now under a framework of shared responsibility;
treatment is a collaborative relationship of both the
physician and the patient. In the ED we often must
care for a patient unable or unwilling to consent to
care. As Beauchamp and Childress note, “Virtually all
theories of autonomy agree that two conditions are
essential for autonomy: 1. liberty (independence from
controlling influences) and 2. agency (capacity for
intentional action).”3 It can be argued that neither of
these requisite criteria are present in the intoxicated
patient. In this instance, as in many others, we rely
both upon the standard of implied consent which
stipulates that emergent treatment should be pro-
vided, as well as a reasonable person standard which
presumes that we will act in accordance with that
which the ordinary citizen would desire. The law in
New York, for example, defines an emergency situ-
ation as one that “Includes both the immediate
endangerment of life or health or the need for the
immediate alleviation of pain.”4 We are bound by a
duty to treat in instances of imminent danger, life-
threatening conditions, or the potential for perman-
ent disability.

The question of drawing a blood alcohol level
(BAL) arises often in the ED, yet we must remember
that intoxication is a clinical diagnosis. We ought not
to be lulled into complacency simply because a level is
elevated while missing a more critical underlying
etiology or explanation for the presence of slurred
speech or lethargy. There is no example of this more
illustrative than in the trauma patient. While a BAL
can be used to guide therapy, it should do nothing
more than raise suspicion for more significant injur-
ies. As clinicians we tend to rely heavily on our
physical examination, trusting the patient to tell us
if something hurts or feels abnormal. This guidepost
is often lost when a patient is intoxicated. There is
little utility to routinely drawing alcohol levels; they
may have a role in the care of the acutely traumatic-
ally injured as another piece of information in the
context of other data.

The ethical debate becomes more complex when
it is not the physician who is caring for the patient
who requests the BAL, but rather when the medical
team is asked to draw the blood sample by accom-
panying police officers. This situation may arise
when a patient is brought in to the ED after a motor
vehicle collision or other trauma by officers who
believe that alcohol may have played a role in the
traumatic event. Under these circumstances the pro-
viders must assess their goals and objectives. If an
alcohol level is indicated in the care of the patient, if
it would have been drawn under any circumstance
then one ought to proceed in standard fashion.
However, if the medical team would not have drawn
the level, legal interventions and evidence collection
are best left to the police department and investi-
gators whereas the treating team must focus on
treating the patient. Some police departments and
precincts have medical personnel on staff whose job
it is to collect data and this type of forensic evidence.
Once the physician begins to move away from
patient care, he or she runs the risk of losing sight
of the primary objective, which is simply the care of
the patient.

The broader social perspective may view driving
while intoxicated as a public hazard and thusly argue
for independent reporting or even mere complicity
with police department staff. Medical academic
bodies are divided in their opinions of this: Whereas
the American College of Emergency Physicians
(ACEP) does not support mandated reporting by
healthcare providers (they do strongly advocate for
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mandatory testing by law enforcement officials),
the American Academy of Emergency Medicine
(AAEM) supports permissive reporting. This dichot-
omy is illustrative of the widely varying stances of
many providers in this debate.

Family presence during resuscitation
Family presence during trauma resuscitations has
received increasing support. While not many insti-
tutions have rules or standards that preclude family
presence at the bedside, rarely is this offered. This
absence of the family is usually attributable to phys-
ician discomfort or habit. Recent studies have shown
that family presence may reduce anxiety and fear,
while giving the family members a sense of closure
should death occur.5 Resuscitation staff fears that the
public is not adequately prepared for participation in
resuscitations, that care will be compromised or
diverted, or concerns regarding potential litigation
have not been substantiated. Family presence during
resuscitation has also received recent publicity in the
lay press which means that we, as providers of care,
can expect increased interest and awareness in our
patients.

It is difficult to make a sweeping recommendation
regarding protocol and policy on an issue as emo-
tional and contentious as this one. Lack of consistency
in the available surveys on this issue limits the validity
of conclusions.6 Each case ought to be individually
evaluated as many factors must be acknowledged and
accounted for including availability of family support
staff, hospital policy, provider comfort, and, perhaps
most importantly, the actual logistics of making it
possible. Family presence during resuscitation seems
to help meet the emotional and spiritual needs of a
patient’s family while assisting the family to under-
stand the severity of the patient’s condition. Some
have argued that family presence during resuscitation
violates confidentiality and a patient’s right to priv-
acy.5 While this concept is of concern, in many resus-
citations there comes a point when the needs of the
family take on mounting importance and their griev-
ing process can and should be effectively integrated
into our care. In many circumstances a tipping point
is reached where the probability of survival is far less
than the potential benefit to assist in the family griev-
ing process, that family presence seems most appro-
priate. While perhaps more visually jarring, presence
at trauma resuscitations may in fact mitigate a

family’s appreciation of the severity of injury, that,
in addition to the immense investment of staff energy
and resources, may ease understanding. The situation
is best if resources allow for someone dedicated to the
survivor’s family. A staff member to answer ques-
tions, intervene if necessary or offer brief explan-
ations may be invaluable. Chairs set off to the side
may also be helpful. As younger physicians become
more accustomed to family presence at the bedside
during resuscitation and as more data emerges
regarding both provider and family perspectives, it
is possible that this approach will, at minimum, be
an option increasingly available, perhaps even
encouraged, in our hospitals and EDs.

Discussion of death
No one enjoys the telling of bad news. Yet, even
though it is an essential professional skill, little time
has been allocated for it in physician education. Many
graduating students and residents feel unprepared to
address the needs of patients and families at the end
of life. It is our obligation to ensure that these skills
are taught and modeled so that the next generation of
physicians does not feel similarly ill-equipped or
unqualified. Since traumatic death is often in the
young and is unexpected, many families will have no
forewarning of the discussion that will ensue in the
ED. It is our duty and obligation to ensure that
the truth is appropriately and honestly discussed in
the most culturally sensitive and professional manner
(Table 39.1). While a significant amount of literature
exists regarding the telling of bad news or effective

Table 39.1 Best practices in delivering bad news or death
notification

Preparation A dedicated telephone for family use

Ask if you can call anyone

Be aware and respectful of religious
differences and requirements

Language Be direct and clear. Use simple terms

Culture Be sensitive

Space Private space – allow the family/
survivors to stay

Some will leave immediately, others will
stay for a prolonged time

Contact Physical contact is not always welcome.
If in doubt, refrain
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truth telling in palliative care, oncology, and pediatric
literature, information is limited in trauma and
emergency settings. Survivors of family catastrophes
state that “A caring attitude of a well informed,
sympathetic caregiver who gives families a clear
message and is able to answer their questions”7 is
most comforting. The rank and attire of the truth
teller seemed to matter little in this study. A general
approach must assure that the member of the team
whose task it is to tell the news has both the time
and knowledge to answer the essential questions
that will typically arise. A private space should be
created, ideally with access to a phone so that calls
can be made to other family or friends. While it is
rarely possible for a physician or nurse involved
in the resuscitation to stay with the family for a
prolonged period of time, a social worker or
member of the clergy (if requested) may be an
appropriate replacement. Direct, clear language that
is sensitive to the family’s English proficiency and
health literacy is essential. Euphemisms such as “He
didn’t make it,” “He passed away,” or “He is no
longer with us” are vague and should be avoided.
A debate exists with regard to the appropriateness
of physical contact between the care provider and
the family. Although some believe that touching a
shoulder or hand can provide comfort or additional
support, studies indicate that it may not always be
welcome.7 Recommendations cannot be made and
individual decisions must be based on the pro-
vider’s understanding of individual and cultural
needs with any uncertainty leading to limiting
physical contact.

Another complex professional exchange occurs
when the family is not already aware of the situation
and a telephone call must be placed to the family
requesting them to come to the ED. Informing
families of bad news is best done in person. If travel
time makes this impractical, it may need to be done
by telephone. Under these circumstances, establish-
ing legitimacy, authority, and rapport in clear and
simple language are of paramount importance.
Early in the conversation, the physician should pro-
vide their name, the institution’s name, and contact
information so that the family can verify the infor-
mation or obtain additional information. The
Health Insurance Portability and Accountability
Act (HIPAA) of 1996 created a heightened aware-
ness of patient privacy and legality surrounding
these issues, but a logical balance must be struck

between providing comfort and information to the
family while respecting a patient’s privacy. The dif-
ficulty of discussing grave matters with previously
unknown individuals over the telephone forces one
to reflect as to whether a patient retains the right to
privacy once dead. It is a good idea to determine if
there is anyone with the person receiving the call, or
if perhaps someone can be called to provide comfort
and a safe environment. An attempt should be made
for avoidance of driving and assistance should be
offered to facilitate safer arrangements with a friend
or family.

At the end of life the emergency physician must
address not only the question of when not to resus-
citate, but if withdrawal of the acute care that has
already been initiated is appropriate. Advance dir-
ectives refer to a spectrum of documentation enab-
ling patients to specify instructions pertaining to
healthcare decisions should they become incapaci-
tated. A living will is a legal document that addresses
the types of medical treatments desired, often related
to specific circumstances and conditions. A Health
Care Proxy designates a specific person to be
responsible for making medical decisions should
the patient become incapacitated. This person has
essentially (with a few variations from state to state)
the same right to request and refuse treatment that
the patient would have if he or she had capacity.
Durable Power of Attorney designates another
person legally able to make decisions, enact bank
transactions, and pay bills. With increasing under-
standing in the general population of advanced dir-
ectives and their implementation becoming more
widespread, emergency physicians must become
comfortable with withdrawing care as patient pref-
erences are elucidated. By the nature of emergency
care, procedures and interventions are commonly
initiated before the treating team has all of the
relevant information about a patient’s desires and
wishes as well as prognosis. This approach to
attempt to save the patient’s life is clearly the proper
course of action and it is defended by multiple
ethical principles (beneficence, non-maleficence,
presumed/implied consent) yet once the patient’s
desires are known there is an absolute obligation
to respect and implement them. Withdrawal of
treatment in concordance with a patient’s advance
directives is also consistent with ethical thinking and
is felt to respect the patient’s legal and moral right to
self-determination and autonomy.8
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Box 39.2 Essentials of advance directives

Living will Legal document that addresses
the types of medical treatments
desired, often related to specific
circumstances and conditions.

Health Care
Proxy

Designates a specific person to
be responsible for making
medical decisions should the
patient become incapacitated.

Durable Power
of Attorney

Designates another person
legally able to make decisions,
enact bank transactions, and
pay bills.

Although many providers feel uneasy about the
withdrawal of care, most Western bioethicists believe
that there is no ethical distinction between withhold-
ing or withdrawing care felt to be non-beneficial or
unwanted.2 Once the patient’s wishes are determined,
if care continues despite the clear expression of per-
sonal wishes to the contrary, the physician’s actions
can be considered “battery,” which is defined legally
as “unconsented bodily contact.”9 Compliance with
Advance Directives is mandatory, not optional, in all
50 states.10 Despite this standard, a survey of intern-
ists in 2004 found that 65% would not necessarily
accept the directives of a living will if its instructions
were in conflict with the physician’s personal perspec-
tive of the patient’s prognosis.11 This is even more
complex in trauma, where the prognosis is often
unclear in the initial evaluation. Physicians providing
trauma care must be knowledgeable and comfortable
with end-of-life issues. In the case of trauma it is
especially important to be sensitive and aware of
options for organ donation. The legal next of kin,
when they assume responsibility with regard to the
body, will also assume a role regarding disposition of
organs. Whereas some patients will have previously
discussed wishes with family and friends, and some
may have advance directives, many will not.

Resource allocation
Trauma can be considered a pandemic with over 400
deaths per day and nearly 150 000 deaths per year in
the United States.12 The care of these patients raises
serious ethical questions. Many of these questions
relate to resuscitation procedures (Who should per-
form them; the one who needs the experience or the
one most experienced?). In addition there are

questions regarding the treatment and sanctity of
the newly dead. For years it was tacitly understood
that procedures were performed on the newly dead,
but as public awareness has increased and as phys-
icians turn a critical eye on these practices they are
less easily justified. Many professional groups have
taken a position and consider practice on the newly
dead unfavorable unless consent is obtained from the
family.13 The discussion of heroic interventions
unlikely to change outcome can also fall within the
purview of resource allocation. A classic example
being resuscitative thoracotomy, where the risk to
the care provider is real and the likely benefit to the
patient is low. In blunt trauma with loss of vital signs,
a meta-analysis of the literature shows survival rates
of < 1.5%.14 When the risk of provider injury is
factored into the equation, such dismal survival out-
comes need to be considered before performing a
thoracotomy despite being technically useful for
learning. Prior to committing the team to performing
a thoracotomy, the risks and survival benefits need to
be carefully weighed. Many ethicists would consider it
unjustified purely for learning.

Finding a balance between learning technical
skills, acceptable risk to the healthcare provider, and
proficiency with regards to aggressive resuscitation
has forced new methods of teaching and skill devel-
opment such as the use of medical simulators.
Whereas earlier an argument was put forth regarding
the importance of self-sacrifice and caring for the
patient lying before us, it is also imperative that we
are able to recognize the limitations of our own
knowledge and skills to heal.

The immediate focus of medicine also shifts from
being centered on the individual patient to the good
of the group in circumstances of disaster and mass
casualty. Triage and disaster medicine are commonly
addressed in society, not solely in relation to possible
terrorist attacks but also in our approach to preparing
for natural disasters and pandemic illness. A classic
example is influenza. With a recent outbreak of
avian flu, many inadequacies of the current healthcare
system became apparent. Calculated resource gaps
demonstrate that there may be a time when not
everything can be done and standards must be
changed. A recurring question is the allocation of
valuable and limited resources. Recurring shortage
of blood products has led some to argue that resource
allocation ought to factor into our daily algorithm
and not solely be reserved for disaster situations. Yet
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the inevitable question is whether we, as healthcare
providers, should be responsible for determining that
allocation. Currently, there exist no guidelines for
allocation of these limited resources, in contradistinc-
tion to our nation-wide organ shortage which is based
on rules and lists. Perhaps this codification is the
direction in which we are headed.

Triage standards, motivated primarily by the
events of September 11, 2001 and the ensuing anthrax
attacks, are being proposed in the critical care and
emergency fields.15–17 Although our primary obliga-
tion in day-to-day care is to the individual patient, the
generally accepted goal of treatment during a mass
casualty event is to save as many lives as possible.17 It
does not matter what the patient’s individual belief
systems are or were, if they are at odds with our own,
or if they will require 2 or 20 units of blood, the
physician is not in a position to pass judgment in the
first critical moments. While resources should not be
utilized indiscriminately, currently we act as physicians
not epidemiologists? whereas inevitable disasters force
us to create new organized standards for resource
allocation that will result in life and death decisions.

The impact of the profession on our work
Day after day, trauma care takes its toll.We see the best
of society, the occasional kindnesses and gratitude, but
we are also frequently faced with society’s worst events
and behavior. The violence we do unto to each other,
intentional and not, the unanticipated losses and those
moments at life’s end are exceptionally demanding.
Many among us, who have lost sleep to images of our
day, wished we had done something differently, said
something kinder, or just taken the time to sit when
company might have been needed. It is not easy to find
the time amidst our demanding profession to care for
ourselves, yet it is something that we must do.

Job satisfaction and fulfillment is impacted by a
multitude of factors both personal as well as profes-
sional. A physician’s self-reported satisfaction has
been strongly linked to patient satisfaction, yet very
little time is spent during our years in school and
training on how to look after ourselves, deal with
stress in a healthy, productive way and remain ful-
filled, contented people. In addition to a positive
impact on patients, physician satisfaction has also
been linked to health and wellness of the physicians
themselves, whereas increased dissatisfaction has con-
versely been linked to increasing burnout as well as

health problems among the physicians surveyed.18,19

We must have the skills to cope with the inevitable
day-to-day burdens of this profession. We must
impart unto those in training the ability to not only
care for others but to care for themselves. Self care is
dependent on the recognition of signs of stress and
the toll that it can take at work (lowering of mood,
isolation, irritability, decreased quality of care),19 and
the ability to deal with it in a healthy, realistic
manner.

Conclusion
Medicine is continually changing. Technology and the
mores of society impact on our practice in both
perceptible and imperceptible ways. As professionals
and humanists we struggle with questions of death
and dying, the impact of technology, the importance
of autonomy, and clashes of ideology. The spectrum
of trauma will challenge us with these issues. We
must, however, as healthcare providers, primarily be
advocates for our patients. We must strive to be true
professionals: to achieve and maintain knowledge,
understand good and commit to the public with will-
ingness to self sacrifice.
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Introduction
Trauma teams come together when summoned to
care for the acutely injured patient. Teams are com-
prised of individuals from multiple disciplines such as
emergency medicine, surgery, nursing, radiology, and
others. Team membership may change based on the
month, week, day, or time of day. The size may also
vary significantly based on type of injury or patient
hemodynamics, institutional protocols or type of
institution, i.e., teaching vs. community. There are
structured routines with both the specialty derived
guidelines of care (Advanced Trauma Life Support
[ATLS®]) institutional and that are clearer than most
other medical specialty guidelines. There is clear and
meaningful purpose – to treat patients and train
novices.

Trauma teams face significant challenges. Theremay
be limited information during the initial evaluation.
There are rapid changes in patient status. Decisions are
made under pressure. The environment is often noisy
and emotional. There is a fluctuating incoming work-
load with task overload at times, and multitasking
is essential. Membership frequently changes so team
members may not be familiar with one another, which
can impair effective communication. Communication
may be challenged by interdepartmental rivalry or vary-
ing prioritizations. There may be multiple levels of
decision-making authority. Members-in-training must
receive mentorship and teaching while acute care pro-
ceeds smoothly.

Effective teams have core attributes: clear mission
and focus, collective commitment, and standards of
practice. They have formal structure and unambigu-
ous roles and responsibilities. Leadership is dynamic.
Communication is effective. There are processes for
objective monitoring and feedback.1,2

Leadership
The team leader
The performance of trauma teams is dependent on an
identified team leader.3,4 TheATLS® teaches a “vertical”
model of resuscitation, that is, tasks happen sequen-
tially. However, in large hospitals and trauma centers,
“horizontal” resuscitation, in which ATLS® tasks are
performed simultaneously by multiple providers, is
more efficient. Resuscitation time was reduced by 54%
after implementing horizontal resuscitation with pre-
cise task allocation.5 Proper horizontal resuscitation
requires amore sophisticated level of organization, with
preassigned roles and direction by a single individual.4

The leader’s attention must focus on strategic
direction, prioritization, and support. The leader
must be prepared to adapt and make revisions when
necessary. Effective leaders are involved, monitor per-
formance, provide hands-on treatment when neces-
sary, and are willing and able to teach. They establish
norms and routines that are positive and safe.6

Multiple surveys and studies of videotaped trauma
resuscitations reveal that many trauma team leaders
but perform medical tasks well, tend to be deficient
in communication and delegation.7–11 Frequent defi-
ciencies are failure to communicate clearly with other
team members and not announcing the overall plan.
A common mistake is to ask for something in a
general manner without specifically asking one indi-
vidual. In many cases leaders do not verbalize their
thought process or assertively lead with clear verbal
instructions.9 A notable comment from a nursing
journal highlights concerns by nurses when trauma
team leader communication is ineffective:

A vital part of the specific training of a trauma nurse is
gathering the ability to rapidly identify who is in fact

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. © Cambridge University Press 2011.
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leading the initial evaluation and resuscitation of the
injured patient at any given moment, regardless of
formal title or area of specialty.12

Early communication by the team leader is good
practice.3 Teams comprised of individuals who
are familiar with each other work with greater
efficiency than teams of strangers.13,14 To help
minimize effects of uncertainty and unfamiliarity,
preassigned roles should be given to each team
member and team orientation and introductions
should be a priority.4 When the leader initiates a
structure, resuscitation teams are more dynamic,
work more effectively, and are more likely to per-
form tasks correctly and at the right time.15

Leadership style
Team leadership style can be categorized by two
broad terms: directive and empowered leadership.16

Directive leadership is autocratic. Plans are developed
without team consultation, the team is expected to
carry out orders, and resuscitations are run by the
leader without input from others. Team members
have fewer opportunities to increase their expertise.
When power and authority are used to limit others,
barriers may be created within teams.17

In contrast, empowered leadership encourages
team participation in decision making and task man-
agement, delegates responsibility and authority, and
allows others to take initiative. Empowered leader-
ship provides other team members opportunities to
think, apply knowledge, and learn by doing.
Empowered leadership also enhances group commit-
ment. Increased participation leads to greater “buy-
in” and motivation – people support what they help
build.18 Trauma teams are problem solving units, so
knowledge within the group ultimately enhances its
function.19 These benefits of empowered leadership

are realized at a later point in time so they may not
be immediately obvious.18

The proper leadership style for an individual scen-
ario depends on two important situational elements:
illness severity and team experience (Table 40.1).
When illness severity is high, there is less time to
diagnose, construct a plan, seek consensus, and imple-
ment treatment. A directive approach would be
favored for critical trauma patients when the team is
inexperienced. When the team is experienced and
the patient is critical, other situational elements may
be considered such as the novelty of the condition.
A critical patient with a common condition and a
highly skilled team can still be managed by empowered
leadership. Empowered leadership can almost always
be used when the patient is not critically ill, and usually
when the team is experienced.

Therefore, the leader must maintain situational
awareness – the ability to diagnose the situation6,16 –
in order to select the leadership style to best effect
team outcome.

Positioning of the team leader
The trauma team leader can be positioned at the
bedside close to the patient (“hands-on”), or away
from the team (“hands-off”).

During “horizontal” resuscitations many tasks
occur simultaneously. Loss of situational awareness
can occur if the leader focuses too much on one aspect.
This is a particular risk when the leader becomes
involved in a demanding procedure. Important infor-
mation may not be recognized as important or prop-
erly integrated; conflicts of priorities may result. In
arrest scenarios as part of ATLS® training, the leader
is encouraged to stand back to enable delegation and
monitoring of the process. This positioning clearly
defines the leadership role and develops an empower-
ing approach to team management. “Hands-off” pos-
itioning allows observation of all activity to provide
direction to individual team members, while allowing
the opportunity to maintain situational awareness.
Resuscitation research shows the “hands-off”
approach to be more effective for team dynamics and
increases the level of task performance.15

The “hands-on” leader has been shown to be less
likely to initiate a structure within the team and was less
effective overall. The team was less dynamic, showing
little interaction and cooperation. Many “hands-on”
activities by the leader could have been delegated.

Table 40.1 Recommended leadership style based on scenario

Team
experience

Injury
severity

Recommended leadership
style

High Low High Low Directive Empowered

x x If unusual
presentation

If common
presentation

x x x

x x x

x x x
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However, in situations with few or inexperienced team
members, the “hands-on” style may be required to
rapidly assess and treat the injured patient. So the
ultimate decision for “hands on” or “hands off”
positioning requires situational awareness.

Who should lead?
Evidence-based recommendations regarding who
should lead the trauma team are scant. There is little
difference demonstrated in the performance of emer-
gency physicians vs. trauma surgeons as the team leader.
The presence of an attending trauma surgeon was
shown to decrease resuscitation time and time to the
operating room without decreasing mortality.20 Senior
surgical residents performed similarly to trauma sur-
geons for the primary and secondary survey, but scored
significantly lower than the trauma surgeon for items
such as constructing a definitive plan.4

Generally, the leader should be experienced in
trauma management from an emergency, intensive
care unit (ICU), or surgical specialty, and have com-
pleted training in trauma care.3 Experienced leaders
were more likely to make their part in the team
understood, plan the work to be done, and set expect-
ations.15 More experienced leaders were associated
with decreased resuscitation times.5 When determin-
ing who should lead, focus should be on team per-
formance and patient welfare.

Leadership roles in trauma can change fluidly
even within the same case.6 This allows novices to
practice and lead in a setting that provides protection
and support. A common practice of this is found in
teaching centers with senior emergency medicine or
surgical residents. Shared leadership can create
redundancy which enhances reliability. While leader-
ship can be shared sequentially, it cannot be shared
simultaneously.

Box 40.1 Trauma team leadership essential
information

� The performance of a trauma team is dependent
on its team leader.

� Communication is a common deficiency of
trauma team leaders.

� The team leader should initiate a structure in the
trauma room by introducing team members and
assigning roles before patient arrival.

� The team leader must be able to diagnose the
situation to choose the appropriate leadership
style to optimize team function and learning.

� The team leader may assume a position away
from the bedside to best observe and direct team
activity whenever possible.

� Experience in trauma care is essential in selection
of the team leader.

� The team leader must be able to manage con-
flicts without introducing barriers within the
team while patient care continues.

Conflict management and communication
When more than one individual is involved in a
complex situation, conflict may occur. The means
by which conflicts are settled are listed in Table
40.2.21 Certain means are more constructive than
others, such as collaboration and compromise. Use
of power or authority may introduce team barriers,17

as may avoidance. Use of this leadership style should
be judicious and reserved for critical situations.
When managing conflicts, many sources recom-
mend learning one’s own triggers to anger, the
practice of active listening, and not blaming or per-
sonalizing conflicts.

Conflicts often result from unclear orders, missed
input, or distractions. Optimal communication can
help prevent conflicts. Communication is transmitted
and received verbally (words and voice intonation)
and non-verbally (facial expressions and gestures).
The sender is responsible for conveying information
accurately and concisely and verifiying that important
information was received. The receiver is responsible
for actively listening, acting or answering the commu-
nication, or requesting clarification when the infor-
mation is unclear.

The team leader has ultimate responsibility for the
conduct of the resuscitation and must determine
when to end or temporarily suspend the discussion
to ensure treatment continues efficiently. Sometimes

Table 40.2 Means to settle conflicts

Accommodation Concedes to other’s position

Avoidance Ignores, denies, or escapes

Collaboration Assertively seeks win–win
outcome

Competition Interested only in winning

Compromise Seeks to have a matter settled if
not resolved
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a final resolution may not occur but effective man-
agement of the conflict by the leader still promotes
team success and mutual respect.

Teamwork
Teamwork does not come naturally. It does not result
from simply working together. However, with appro-
priate team training, effective communication is
increased.22 Multidisciplinary medical teams have
teamwork difficulties attributed to professional bar-
riers, perceived inequity in status, and separate lines
of management control and payment systems. These
barriers perpetuate role rigidity, low morale, and out-
dated working practices.23 Teammembers have differ-
ent training backgrounds and disciplines and may not
appreciate each other’s strengths and weaknesses.24

Medical training traditionally emphasizes tech-
nical and clinical skills, not team skills. Physicians
are taught to be self sufficient and individually
responsible for the care they deliver. The ATLS®
focuses more on clinical management than team lead-
ership skills. Few trauma team members have had
formal teamwork training. Superb individuals may
not perform well in teams. A convenience sample of
54 malpractice incidents from 8 institutions from
1985 to 1996 found there were 8.8 teamwork failures
per case and teamwork failures contributed to over
half the deaths and disabilities.25

Box 40.2 Teamwork essential information

� Trauma teams face challenges beyond the appli-
cation of medical skills. These are seldom for-
mally taught in medical training.

� Teamwork is not a natural product of working
together but can be taught.

� Team training has demonstrated effectiveness in
analogous medical and non-medical teams, has
been recommended by the Institute of Medicine,
and may be a future endeavor to improve trauma
care.

� Nurses and prehospital personnel are a vital part
of the trauma team.

High reliability organizations
According to high reliability organization (HRO)
theory, accidents occur because individuals are unable
to sense and anticipate the myriad of problems gener-
ated by a complex system.Trauma teams have been
compared to other HROs in nuclear power, aviation,

and aircraft carrier crews with respect to teamwork
principles. All involve quick decision making despite
incomplete data and effective coordination of team
members to rapidly accomplish complex high stakes
tasks. While patients are different and less predictable
than machinery, there are still valuable team lessons
from other HROs that are applicable to medical
teams.26 To achieve high performance, teams in
HROs learn several attributes (Table 40.3).19,27

Team training and crew resource
management
Team training in aviation has changed several prob-
lematic cultures that may also apply to medicine.10

One includes steep hierarchies in which the senior is
not open to input from the junior. Another is the
denial of the effect of stress and fatigue on perform-
ance. The widespread application of teamwork
training in aviation has changed the perception of
the airline captain as the lone authority with the silent
crew following orders, to a crew with all members
encouraged to provide insights and input. Basic prin-
ciples of team training are listed in Table 40.4.

The Institute of Medicine’s landmark report To
Err is Human: Building a Safer Healthcare System
recommends that:

Healthcare organizations should establish team training
programs for personnel in critical care areas (e.g., the
emergency department, intensive care unit, operating
rooms) using proven methods such as the crew resource
management techniques employed in aviation, including
simulation.24

Crew Resource Management (CRM) was born in
1979 from a NASA workshop that examined the role
that human error played in air crashes. The wide-
spread implementation of CRM in aviation since then
has led to reduction in aviation mishaps beyond those
explained by improvements in equipment and tech-
nology. The core concept of CRM is to train teams to

Table 40.3 Attributes of teams in high reliability organizations

Division of tasks

Shared responsibility

Trust and respect

Monitoring other team members

Broadcasting information to ensure team awareness
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use all available information, insights, and input to
achieve safe and efficient operations.28 Team commu-
nication and coordination behaviors are identifiable,
teachable, and applicable to high-stakes environ-
ments. These are not practiced reliably, regularly, or
well unless established by specific training and
reinforcement.24,29 Crew Resource Management
training achieves proficiency in the functions listed
in Table 40.5. Team members are taught fine points
of verbal and non-verbal communication, specific
listening skills, and debriefing after work scenarios.
These all build team knowledge and increase team
performance.

Crew Resource Management training applied to
medical teams increases team concepts and communi-
cation in the operating room and the emergency
department.3,30 There are barriers, however, to wide-
spread implementation of team training for medical
teams.8 It requires resources and commitment. Teams
must train together regularly to sustain benefits of
team training. Coordination of training team
members from different fields and levels of training
is difficult. Whether CRM is the model to be adopted
for future trauma team training, team training is
proven effective, a specific Institute of Medicine rec-
ommendation, and may be a major endeavor to opti-
mize trauma care. Simulators are often used in CRM
and have become more prevalent in medical training
and show promise in increasing trauma team
effectiveness.

Prehospital trauma system
The pivotal events of trauma resuscitation link the
prehospital phase of care to definitive management
of the injured patient.4 The goal of EMS and hospital
team communication is the efficient transfer of
important prehospital information to ensure team
and hospital preparedness. Communication with
EMS begins by radio or phone contact to aid pre-
hospital medical and transport decisions. Contacts
with EMS are often brief because many urban
systems have short transport times and favor a
“scoop and run” approach for trauma. Rural systems
with longer transport times may have more involved
communications. Whenever time permits, personnel
receiving the call should try to obtain information
that will help the team prepare for patient arrival,
such as mechanism of injury, vital signs, and mental
status. Prehospital personnel possess important
information such as initial assessment, changes in
patient status, mechanism of injury, scene descrip-
tion, and extrication details. This information should
be obtained without delaying patient care. If not
handled well, important information may be lost
when prehospital providers depart.

Nursing participation in the
trauma team
Nurses are a vital part of the trauma team. The pres-
ence of highly skilled, experienced, and empowered
nurses provides additional redundancy, reducing
error likelihood.6 It is often the direct responsibility
of the trauma nurse to ensure continuous effective
monitoring and uninterrupted delivery of supportive
care during the imaging procedures or intervention.12

Feedback and evaluation
Provision of feedback is a core attribute of effective
medical teams.2 Individuals are likely to perform
better individually and within a group when they
know they will be evaluated.27 Evaluation helps
prevent a natural tendency toward less motivation
and effort when subjects work collectively rather than
individually.27

Feedback can occur during trauma resuscitations,
immediately afterwards, or at a later date. Anticipated
briefings during and after care of the trauma patient
provide opportunity for real time feedback and
immediate learning. The concept of briefings is used

Table 40.4 Basic principles of team training

Team communication and coordination are crucial

Attitudes and behaviors are malleable and predict
performance. Personalities are not

Others besides the leader contribute to problem solving

Group knowledge decreases errors

Table 40.5 Crew Resource Management elements

Adaptability/flexibility

Assertiveness

Communication

Decision making

Leadership

Situational awareness
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in other analogous HROs. Morbidity and mortality
conferences are a traditional educational setting.
These should include multiple specialties, including
non-physicians, and emphasize, in addition to clinical
management and system factors, teamwork, collegi-
ality, and respect for everyone’s role and insight. The
use of video recordings of trauma resuscitations has
been found to improve education, feedback, compli-
ance with protocols, identify errors in techniques,
improve usage of time, identify equipment failures,
and achieve quality control. However, due to numer-
ous factors such as privacy, liability and logistical
issues, the use of this is not universal.4,7,9,31,32

Interdepartmental and medical
staff issues
Effective trauma care requires institutional leader-
ship and commitment.14 Trauma care is labor and
resource intensive, which may make it seem unappea-
ling to hospital administration. The benefits of a trauma
service to an institution, however, are significant.
Trauma care emphasizes that a hospital is a 24-hour
tertiary care institution. A hospital that can handle
trauma can likely handle diverse medical scenarios.
Communities see trauma centers as “go-to” hospitals.14

Excellent trauma care requires establishment of a
culture within the institution. Key tasks in establish-
ing a culture are providing direction, aligning people,
motivating people, planning, budgeting, organizing,
staffing, controlling, and problem solving.33 For a
team to succeed over time it must function in a
collaborative environment to achieve standards of
excellence, receive external support, and have prin-
cipled leadership and commitment.2 Given the two
major services involved in trauma are emergency
medicine and surgery, it is imperative they are
cooperative and collaborative. In addition to using
the skill sets discussed above in daily interactions,
other ways to work together include joint conferences,
case reviews, research, protocol development quality
management committees, and training excercises.
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Trauma research

Jason S. Haukoos and Debra Houry

Introduction
Research is a process that begins with a well-developed
question. A study is then designed in an effort to
answer this question. The study is implemented and
data are collected, compiled, and analyzed. Results
are critically interpreted and incorporated into a
manuscript, which after standing-up to rigorous
peer-review, ends up in-press and contributing to the
fund of knowledge (Figure 41.1).

This approach to scientific discovery spans
all aspects of research, including basic science, clin-
ical research, outcomes or health services research,
and translation between each of these areas.
Trauma-related research is no exception to this
process.

Traumatic injuries have a wide physical, psycho-
logical, and financial impact on society.1 While it is
often predictable and preventable, substantial effort is
still required to reduce trauma-related morbidity and

mortality. Investigators continue to evaluate injury
patterns and therapeutic approaches from the bench,
to the bedside, to populations.2–6

Objectives
This chapter will not detail specific aspects of
developing a study question, designing research
protocols, performing data management or statistical
analyses, or reporting results. There are a substantial
number of resources to provide more detail in these
areas.7–9 This chapter, however, will: (1) provide a
general overview of basic research methodologies
and their relative strengths and weaknesses; (2) pro-
vide an overview of data sources available for trauma
research, including de novo data, local trauma regis-
tries, and publicly-available national databases, and
describe aspects of their validity and generalizability;
(3) discuss trauma scoring systems, why they are
important, and how to use them; and (4) describe

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. © Cambridge University Press 2011.
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controversies and difficulties of doing research with
critically-ill trauma patients.

Basic research methodology
Study design is generally divided into the following
three fundamental categories: experimental designs,
quasi-experimental designs, and observational designs
(Table 41.1).7 Within each of these three categories,
numerous design strategies influence how patients
will be included and data collected.

Experimental designs are defined by the use of an
intervention and true randomization (i.e., having
equal probability of being assigned to one of two or
more study arms). This generates two (or more) study
groups that theoretically only vary by the intervention
provided, and therefore provides the investigator with
the opportunity to evaluate the true effect of the inter-
vention.9–11 These studies are considered to be the

strongest in terms of evidence that contributes to the
general knowledge base and therefore carry the most
weight in terms of impacting future medical care. Of
course, such studies may suffer from the same limita-
tions as other designs, including selection biases,
imbalanced patient assignment, recording or measure-
ment biases, confounding, or other limitations.7

Quasi-experimental designs are defined by the use
of an intervention with pseudo-randomization (e.g.,
using odd or even days to guide enrollment into
specific arms of the trial).9 Because true randomiza-
tion does not occur in these settings, the two study
groups often are not comparable. However, this study
design does afford the investigator the opportunity to
introduce an intervention and to evaluate its effect,
recognizing the potential need for more complex ana-
lyses to control for variation among the two study
groups.

Table 41.1 Strengths and weaknesses of different basic study designs

Study
design

Strengths Weaknesses

Experimental � Directly evaluates an intervention � Limited generalizability

� Well-defined study population � Difficult to perform and time-consuming

� Randomization balances study groups � Expensive

� Comparison group provides control
(e.g., placebo or active control)

� Often funded by industry, which dictates study design
and methodology

� Prospective data collection

� Takes advantage of blinding

Quasi-
experimental

� Directly evaluates an intervention � Pseudo-randomization

� Comparison group provides control � Study population may be less well defined

� Prospective data collection � Retrospective data collection (e.g., historical controls)

� More generalizable � Greater likehood for introduced bias

� Best approach when randomization is
unethical

Observational � Often most generalizable � Study groups seldom similar

� Relatively easy to perform � No direct control over intervention or use of other
study design components (e.g., blinding)

� Inexpensive � Requires more sophisticated analytic methods to
control for differences between study groups

� Prospective data collection (e.g.,
prospective cohort study)

� Retrospective data collection (e.g., retrospective cohort
or case-control study)

� Typically unable to control for all confounding
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Observational designs are often subcategorized into
cohort, cross-sectional, or case-control designs, and
include a relatively large number of potential design
features, including various study sample selection and
data collection methods.7 While observational designs
often have the most generalizability (because inclusion
and exclusion criteria are not as limited as those for
experimental or quasi-experimental designs), they also
are often more limited by introduced bias or lack of
control for confounding. Significant effort must be
made to either control for these potential limitations
in the study design, in obtaining or analyzing the data,
or interpreting the results of the study.11–20 It is import-
ant to recognize that study designs and other methods
of conducting research are not, in general, specific to
content areas. These methods, although briefly
described, are the cornerstone of conducting sound
research, including trauma-related research.

Trauma-related data sources
De novo data sources
Much of trauma research includes de novo data, or
new data collected for the primary purpose of the
study.5 In this form of data collection, also called
primary data collection, one can acquire data prospect-
ively or retrospectively. The advantages of de novo
data collection primarily stem from the fact that data
are collected for the sole purpose of research. As such,
investigators are able to specifically define each vari-
able a priori and attempt to anticipate any problems
with how they will be ascertained or defined during the
performance of the study. Data collection in this fash-
ion allows investigators to control several aspects of
how their study will be carried out, including how data
will be defined, what their forms will be (e.g., continu-
ous vs. categorical), and what additional data will be
required (e.g., confounders) that otherwise may not
have been collected or easily obtained. Disadvantages
of de novo data collection include having to acquire
data that do not already exist and are limited by spe-
cific methodologies related to whether they are col-
lected prospectively or retrospectively.

Data collected prospectively are typically con-
sidered the most valid because it allows for consistent
and real-time oversight in order to minimize bias or
missing data. This method is used exclusively in
experimental research (from basic science to clinical
to outcomes research), and commonly in quasi-
experimental or observational research. Of course,

the quality of the final dataset will strongly depend
on acquiring data in a valid and consistent fashion.
Strategies to maximize prospectively-collected data
include explicitly defining all variables, using stand-
ardized closed-response data collection instruments,
and using consistent methodology to transfer data
into electronic forms (if data collection includes
paper-based data collection instruments).

Retrospective data collection, on the other hand,
uses extraction of existing data (commonly from
medical records) for the primary purpose of the
study. Although this data collection method is more
limited, in that data are gathered from records that
were not recorded for research purposes, explicit
methodology has been described to maximize the
validity of data collected in this manner.12 Retrospect-
ive data collection, however, limits which data may be
obtained or how they were defined when they were
documented because it relies on data that were (or
were not) recorded for other purposes.

Existing data sources
Alternative methods of trauma research include the
use of existing data sources. Such data may or may
not have been primarily collected for research pur-
poses. If the existing data were collected for research
purposes and are now being used for other research,
this form of evaluation is referred to as secondary data
collection or a secondary analysis of an existing data-
set.21 The advantages of using an existing dataset that
was primarily collected for other research is that those
data already exist (thus removing the need to collect
de novo data), and were specifically collected for
research, thus theoretically conforming to the advan-
tages of these types of data. Disadvantages, however,
include the fact that the investigators have no control
over how the data were originally collected or how the
individual variables were defined.

Institutional and state trauma registries
Institutional and state trauma registries also provide
sources of data for trauma-related research.22,23 As of
2006, 32 states maintained centralized registries and
countless more individual hospitals maintain their
own trauma registries. Although the American College
of Surgeons Committee on Trauma (ACSCOT) has
attempted to help standardize which data are included
in these registries, there still remains substantial vari-
ability in their composition and content.24,25
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As with most registries, trauma registries have
certain strengths and weaknesses. Advantages of these
types of registries include their large numbers of
patients and variables, which provide some of the best
sources of information about severe injuries. Data
collected for these types of registries are also often
done using systematic data collection procedures,
have strict inclusion and exclusion criteria, and are
rigorously maintained and easily accessible. Unfortu-
nately, trauma registries also have a number of weak-
nesses that limit their use in trauma research. In
almost all cases, data included in trauma registries
are not population-based and are therefore restricted
to numerator data, thus preventing investigators from
accurately calculating incidence or prevalence meas-
ures. For example, it would be impossible to use a
trauma registry to define the incidence of bicycle
crashes in a community since only a proportion of
all patients who experience a bicycle crash are
included in the registry. In addition, registries com-
monly include older and more medically impaired
patients than injury victims in surrounding commu-
nities due to the fact that registries usually are main-
tained at trauma referral centers. Registry patients
also tend to have higher Injury Severity Scores (ISS)
and more head, spine, and thoracic (and fewer ortho-
pedic) injuries than at community facilities.26,27

National Trauma Data Bank®
The National Trauma Data Bank® (NTDB), developed
by the ACSCOT is the largest aggregation of trauma
registry data ever assembled, containing over two mil-
lion records from trauma centers throughout the
United States.28 This database is primarily supported
by the Health Resources and Services Administration
(HRSA), the National Highway Traffic Safety Admin-
istration (NHTSA), and the Centers for Disease Con-
trol and Prevention (CDC). This database includes
individual level demographic, injury, prehospital,
emergency department, procedural, diagnostic, and
outcome data from over 700 hospitals nationwide
and across all trauma-center designation levels.

Similar to individual hospital trauma registries,
the NTDB suffers from selected, or convenience, sam-
pling. The NTDB National Sample Project was thus
created to serve as a unique patient database from a
nationally representative sample of trauma hospitals
in order to allow statistically valid inferences about
national injury incidence and prevalence. This

database is not a subset of the NTDB database, but
includes variables similar to those collected for the
NTDB. The NTDB National Sample Project was
developed in an effort to create national baseline
estimates of variables and indices associated with
traumatic injuries and can be used to provide nation-
ally representative estimates of trauma mortality, ISS,
length of stay (LOS), and patient demographics.

National Automotive Sampling System and
the Fatality Analysis Reporting System
The National Automotive Sampling System (NASS),
created in 1979, is sponsored by the US Department
of Transportation, and operated by the National
Center for Statistics and Analysis (NCSA) of the
NHTSA.29 It is primarily aimed at reducing motor
vehicle crashes, injuries, and deaths nationwide. Two
components of the NASS include the Crashworthi-
ness Data System (CDS) and the General Estimates
System (GES), both of which randomly select police
crash reports from representative geographical areas
of the United States. Crashworthiness Data System
data are collected from field researchers who carefully
study and record aspects of selected motor vehicle
crashes, including exterior and interior vehicle
damage, occupant injury, crash scene investigation,
and environmental conditions, among others. Gen-
eral Estimates System data, on the other hand, comes
from a larger sample of crashes, but only includes
basic information from police accident reports.
A number of clinical investigations have published
results using these datasets.30–34

The Fatality Analysis Reporting System (FARS)
was created in 1975 by the NCSA to assist in identify-
ing traffic safety problems and to evaluate motor
vehicle safety standards and highway safety initiatives.
Fatality data include motor vehicle traffic crashes that
result in the death of an occupant of a vehicle or a
non-motorist, and includes data from all 50 states, the
District of Columbia, and Puerto Rico.35 The focus of
these data are only those crashes in which a fatality
occurred.

Trauma scoring systems
Historically, investigators have relied on standardized
injury severity assessments to stratify groups of
trauma patients, to control for severity when evaluat-
ing predictors of outcomes, or in evaluating trauma
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care and their systems. Trauma outcomes are funda-
mentally multivariate problems. Researchers, there-
fore, use multiple variables (e.g., age, comorbidities,
injury severity, etc.) to predict these outcomes
(e.g., survival), and statistical techniques such as mul-
tivariable logistic regression are often the cornerstone
of such analyses.36

Examples of most of the trauma-related scoring
systems are categorized into: (1) anatomical scoring
systems(e.g., the Abbreviated Injury Scale [AIS], the
Injury Severity Score [ISS], or the Anatomic Profile
[AP]); (2) physiological scoring systems (e.g., the Glas-
gow Coma Scale [GCS] score, the Revised Trauma
Score [RTS], or the Acute Physiology and Chronic
Health Evaluation [APACHE]); or (3) combined
scoring systems (e.g., the Trauma and Injury Severity
Score [TRISS] or the A Severity of Characterization of
Trauma [ASCOT]). They have existed for decades and
have provided clinical investigators with the ability to
control for variation among patients within trauma
populations or to predict expected outcomes.37

Abbreviated Injury Scale and the Injury
Severity Score
The AIS is an anatomical scoring system first intro-
duced nearly 40 years ago, although revised since.38

The AIS differs slightly from the Organ Injury Scale,
which uses the same scoring system to categorize
injuries across organ systems (Table 41.2).39 The
AIS is a consensus-derived, anatomical injury grading
system that ranges from 1 (minor injury) to 6 (non-
survivable injury).

The AIS does not reflect the combined effects of
multiple injuries, but forms the foundation of the ISS,
which does.40 Historically, the ISS has been used to
predict mortality and multiple organ failure. It is
defined as the sum of squares of the highest AIS in
the three most severely injured body regions. Six body
regions are defined, and include the head and neck,
face, thorax, abdomen and visceral pelvis, bony pelvis,
and extremities and external structures. To calculate
the ISS, only the most severe injury per body region is
allowed, and the ISS ranges from 1 to 75, with 75 being
assigned to anyone with an AIS of 6. For example, a
patient with a small subdural hematoma (head
AIS ¼ 4), a parietal lobe contusion (head AIS ¼ 3), a
major liver laceration (abdominal AIS ¼ 4), and a
displaced tibial fracture (extremity AIS ¼ 3), would
have an ISS of 41 (i.e., 42 þ 42 þ 32).

The ISS has several limitations, including the
inability to account for multiple injuries to the same
body region. It also limits the total number of con-
tributing injuries to three, thus possibly limiting its
utility, especially among patients with penetrating
injuries where multiple injuries are common. The
ISS also equally weights injuries across body regions,
ignoring the differential associations between injuries
and mortality (e.g., head injuries are more strongly
associated with mortality than extremity injuries). In
addition, mortality is not a linear function of the ISS.
In fact, it is possible to have a higher mortality with a
lower ISS, depending on the different combinations of
AIS scores. Finally, many ISS values (between 1 and
75) do not exist due solely to how the score is calcu-
lated, and the same ISS values can result from mul-
tiple different AIS combinations or injury patterns.
Overall, this makes the ISS heterogeneous with
limited predictive value, particularly in the acute set-
ting, in patients with penetrating trauma, and in
patients at the extremes of age.

More recently, a modified, or new ISS (NISS) was
reported.41 This score is based on the three most
severe injuries regardless of body region. The NISS
has been demonstrated to be a more accurate pre-
dictor of trauma mortality than the ISS, especially
among those with penetrating trauma and is increas-
ingly being used.36,42

Anatomic Profile
The AP was developed in response to some of the
limitations of the ISS.37,43 It summarizes all serious
injuries (defined by an AIS � 3) into the three
categories (A: head and spinal cord; B: thorax and
anterior neck; and C: all remaining serious injuries)
and all other non-serious injuries into their own

Table 41.2 Abbreviated Injury Scale (AIS) and
Organ Injury Scale (OIS)

AIS OIS Injury

1 1 Minor

2 2 Moderate

3 3 Serious

4 4 Severe

5 5 Critical

6 6 Non-survivable
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category (D). Each component is calculated as the
square root of the sum of squares of the AISs for all
serious injuries within each region. A region with no
injury receives a score of zero. Probability of survival
is calculated using logistic regression, and the AP
performs somewhat better than the ISS although it
is more complex.44

International Classification of Diseases
Another, more recent, method of scoring anatomic
injury uses the International Classification of Diseases,
Ninth Edition (ICD-9) codes.45 This method, termed
the ICD-9 Injury Severity Score (ICISS), uses the
product of individual survival risk ratios calculated
from each ICD-9 discharge diagnosis to estimate sur-
vival. This methodology provides a slightly better
prediction of survival than the ISS and includes all
injuries. It also does not require specialized coding as
with the AIS. Although this methodology appears to
be superior to the ISS, it is limited by in that not all
injuries may be coded and that it still requires more
thorough validation prior to widespread use.

Revised Trauma Score
The RTS is one of the more common physiologic
scoring systems and was originally suggested and
has been used primarily as a triage tool in the pre-
hospital setting.46 In fact, its efficiency is related both
to the speed in which it can be applied and its objecti-
vity. The RTS is a combination of three specific
physiologic parameters, namely, the GCS score, sys-
tolic blood pressure, and respiratory rate. Each of
these parameters is divided into five groups on a
scale from 0 to 4, resulting in a score that ranges from
0 to 12 (Table 41.3).

An RTS < 11 is used to indicate the need for
transport to a designated trauma center. The coded
version of the RTS is used more frequently for quality
assurance and outcome prediction, and is:

RTSc ¼ ½0:7326� SBPc� þ ½0:2908� RRc�
þ ½0:9368� GCSc�

Although more complicated to calculate, the coded
version of the RTS provides for a more precise pre-
diction of outcome because each of its three compon-
ents is weighted differently, with GCS having the
greatest weight.

The RTS has several limitations. Its primary limi-
tation is related to the GCS. As originally described,
the GCS was intended to measure functional status of
the central nervous system in trauma. Therefore,
problems inherent in using the GCS (e.g., scoring
intubated, pediatric patients, or intoxicated patients)
are reflected in the RTS. Recent research has shown
that the motor component alone is as predictive as the
total GCS.47 This may require revision of the RTS.

Acute Physiology and Chronic Health
Evaluation
The APACHE was introduced in 1981 and a revision
(i.e., the APACHE II) was introduced 4 years
later.48,49 It is one of several intensive care-based
scoring systems, and is used widely for the assess-
ment of illness severity, including in both medical
and surgical patients. This scoring system incorpor-
ates the patient’s age, previous health status, and 12
routine physiologic measurements (e.g., vital signs,
results from arterial blood gases, serum chemistries
and blood counts, and renal function) ranges from
0 to 71, and provides a general measure of illness
severity. The score incorporates variables at admis-
sion and at 24 hours after admission to the intensive
care unit in order to estimate mortality. Unfortu-
nately, patients with trauma only compromised 8%
of the study population used to develop APACHE II,
and they had a relatively low mortality, although
traumatic brain injury was heavily weighted in those
who did die.49

In 1992, researchers demonstrated that APACHE II
was inferior to the TRISS in predicting mortality in
injured patients, and its poor performance was pri-
marily related to the absence of an anatomic compon-
ent in the APACHE system.50 A method to calculate a

Table 41.3 Revised Trauma Score

Glasgow
Coma
Scale
score

Systolic
blood
pressure
(mmHg)

Respiratory
rate (beats/
min)

Coded
value

13–15 > 89 10–29 4

9–12 76–89 > 29 3

6–8 50–75 6–9 2

4–5 1–49 1–5 1

3 0 0 0

Section 6: Administration

682



more refined score (i.e., APACHE III) was therefore
published in 1991 in an effort to address these issues.51

This score has not been widely accepted, in part,
because it is proprietary and it has not yet been con-
vincingly validated in patients with trauma.

Trauma and Injury Severity Score
The TRISS is arguably the most widely recognized
and used tool to predict mortality in patients with
trauma.52,53 It combines both anatomic and physio-
logic measures of injury severity (i.e., the ISS and
RTS, respectively), and patient age and mechanism
of injury (either blunt or penetrating). This score was
also developed using multivariable logistic regression
and quickly became the standard methodology for
outcome assessment among trauma patients after
standing-up to external validation in both adult and
pediatric populations (Box 41.1).53

Its limitations have been widely noted and include
its modest predictive ability, incorporation of the ISS
with its inherent limitations (although incorporating
the NISS improves the overall score) and the RTS
with its inherent limitations, and the lack of incorpor-
ation of pre-existing conditions, which contribute to
mortality.

A Severity Characterization Of Trauma
In an effort to improve TRISS, Champion et al.
developed ASCOT.54 This score uses the AP in place
of the ISS and categorizes age into deciles. Additional

changes include the individual components of the
coded RTS. Unfortunately, the predictive perform-
ance of ASCOT is only slightly better than the ISS,
and this coupled with the complexity of the AP has
dissuaded investigators from using it.

More recently, investigators have conducted more
elaborate and computationally complex modeling to
attempt to provide additional guidance for predicting
survival following trauma and incorporating pre-
existing conditions into such models.36,42,55

Controversies and difficulties
of research with critical patients
One of the major difficulties conducting research with
trauma patients is the inability to obtain consent from
critically ill patients. In addition, patients may be in
pain, or have impaired cognition because of injury or
intoxication.56

In 1996, the “Final Rule” was codified into Federal
Regulations.

This rule allows a limited category of research
bearing more than minimal risk to go forward with-
out informed consent. The Emergency Research
Waiver Rule permits Institutional Review Boards to
waive the requirement for informed consent when
certain conditions are met, including: patients who
are in a life-threatening situation that necessitates
intervention; obtaining informed consent from a
legally authorized representative (LAR) is not feasible
within the time period necessary to initiate the experi-
mental intervention; and available treatments are
unproven or unsatisfactory.58 In addition, researchers
must consult with representatives of the communities
in which the research will be carried out and publicly
disclose the risks and benefits of the proposed
research to those communities (see Box 41.2).

The first large multicenter clinical trial con-
ducted under the Emergency Research Waiver Rule
was a study of an oxygen-carrying blood substitute,
Baxter Laboratories’ HemAssist®.59 This study was
ended early after review of two adverse events
found that the diaspirin cross-linked hemoglobin
group had higher mortality rates than the control
group. Lewis et al. examined the decision to termin-
ate the study and concluded that the Data Monitor-
ing Committee had appropriately allowed the study
to begin and the committee monitored the study
and protected patient interests in the absence of
informed consent.60

Box 41.1 Trauma and Injury Severity Score

Survival probability ¼ 1/(1 þ e�b)
where “b” is calculated as for patients with blunt
mechanisms as:

b ¼ �0:4499 þ ð0:8085 � RTSÞ
� ð0:0835 � ISSÞ � ð1:743 � Age IndexÞ

or for patients with penetrating mechanisms as:

b ¼� 2:5355 þ ð0:9934 � RTSÞ
� ð0:0651 � ISSÞ � ð1:136 � Age IndexÞ

where age index is equal to 0 if the patient is
younger than 54 years or equal to 1 if 55 years or
older.

Chapter 41: Trauma research

683



Patients in this trial received the diaspirin treat-
ment within 60 minutes of arrival to the emergency
department. Because these were critically injured
patients with hemorrhagic shock, prospective consent
would be difficult to obtain for all patients. The inves-
tigators retrospectively reviewed the informed
consent process and found that of 98 patients, pro-
spective consent was obtained from only two patients,
three family members, and one LAR (6%). In add-
ition, consent to continue was requested for
89 patients (89%) and full participation was granted
for 87 of these patients (98%).59 This suggests that the
Final Rule can be applied to emergency research and
that patients and LARs agree to continue participa-
tion in most cases.

A more controversial use of the Final Rule was
applied to a clinical trial for patients with hemor-
rhagic shock that compared Polyheme® (Northfield

Laboratories Inc., Evanston, IL), an oxygen-carrying
resuscitative fluid, to saline. This clinical trial was
classified as a prehospital study, as patients were
enrolled prior to their arrival at the emergency
department. Because patients in hemorrhagic shock
are critically ill, most are unable to consent to partici-
pation in a research study. In addition, the vast
majority of paramedics do not give blood products
in the prehospital setting so Polyheme® would be a
treatment that patients would normally not be able to
receive in the field.58 Thus, from these criteria, the
Polyheme® study qualified for waiver of consent.
Once in the hospital, the control group received
standard treatment including blood. However,
patients in the experimental arm received up to 6
units of Polyheme® for up to 12 hours (and instead
of blood transfusions).58 From a consent perspective,
it would still be difficult to obtain consent to continue
from a LAR during this critical 12-hour time period,
contributing to the rationale for using waiver of con-
sent. The Final Rule allows patients to participate in
research to obtain treatments they would not have
access to otherwise. However, patients in hemor-
rhagic shock would have access to blood transfusions
once in the hospital. A controversy arose with the
Polyheme® trial due to the the consideration that
patients randomized to the experimental arm
would not have received the standard care. Holloway
also wrote about concerns regarding community con-
sultation for the study.61 Of the four community
information sessions conducted for the Duke Univer-
sity site, one was at a rotary club, two were at malls,
and one was at a baseball game. He asserted that many
urban, African-Americans were not engaged in these
consultations to an appropriate extent. Use of emer-
gency consent should be used cautiously with these
concerns in mind and adequately addressed prior to
initiating the study. Critics of the Final Rule state that
meeting all the requirements lengthens the study
approval process and increases the cost of conducting
a trial. In these instances, consent by proxy may be an
alternative for emergency research. Wright et al. util-
ized consent by proxy for a clinical trial of progester-
one vs. placebo for traumatic brain injury.62 The time
to initiation of experimental treatment through proxy
consent was approximately 379 minutes; the authors
projected that this would have been reduced to
approximately 92 minutes under the Final Rule. In
addition, 25 patients were not enrolled because of
failure to identify either the patient or a LAR in a

Box 41.2 The Final Rule57

Section 50.24(a)
This rule describes the following criteria that must be
met for a clinical investigation to be eligible for an
exception from the informed consent requirements.
The responsible Institutional Review Board must find
and document the following:
� The human subjects are in a life-threatening situ-

ation and available treatments are unproven or
unsatisfactory.

� Obtaining informed consent is not feasible
because of the subjects’ medical conditions and
the intervention under investigation must be
administered before consent can feasibly be
obtained from the subjects’ legally authorized
representative.

� Participation in the research holds out the
prospect of direct benefit to the subjects because
evidence supports the potential of the intervention.

� The clinical investigation could not practicably be
carried out without the exception from informed
consent.

� The proposed investigational plan defines the
length of the potential therapeutic window
based on scientific evidence, and the investigator
has committed to attempting to contact a legally
authorized representative for each subject within
that window of time.

� In addition, public disclosure to the community,
consultations with the community, and establish-
ment of an independent data monitoring com-
mittee are required.
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timely fashion. So despite the longer approval pro-
cess and costs associated with the Final Rule, the
authors concluded that because of these findings,
investigators conducting time-critical studies should
make efforts to comply with the Final Rule. Add-
itionally, prehospital research is difficult to conduct
because there is often little or no agreement on clear
definitions, standard data elements, and validated
severity scoring for traumatic conditions.63 Also,
the implementation of randomized controlled trials
in the prehospital setting is often very difficult and

not always possible or suitable given the short treat-
ment period and limited interventions available to
Emergency Medical Services (EMS). A search of all
the scientific studies in medicine from 1985 to the
mid 1990s revealed 5842 publications on prehospital
EMS, but only 54 were randomized trials and only
one was a double blind randomized controlled trial
that showed a positive outcome to a trial.64 However,
the prehospital setting is an important part of
trauma treatment and studies should be conducted
in this setting despite the limitations and difficulties

Box 41.3 Advanced trauma research example

A 40-year-old male presented after a motorcycle crash. Prehospital vitals include a blood pressure of 90/60 mmHg,
a respiratory rate (RR) of 8 beats/min, a heart rate (HR) of 120 beats/min, and a Glasgow Coma Scale (GCS) score
of 10. After thorough evaluation, he was found to have a subarachnoid hemorrhage and a Grade 3 liver laceration as
well as an open femur fracture and a closed non-displaced tibial shaft fracture.

Revised Trauma Score (RTS)

Variable Coded value

GCS ¼ 10 3

Systolic blood pressure (SBP) ¼ 90 mmHg 4

RR ¼ 8 beats/min 2

RTS ¼ [0.9368 GCS value] þ [0.7326 SBP value] þ [0.2908 RR value]
RTS ¼ [0.9368 3] þ [0.7326 4] þ [0.2908 2]
RTS ¼ [2.89] þ [2.93] þ [0.58]
RTS ¼ 6.32
The RTS ranges from 0 to 7.84. An RTS of 6 predicts a survival probability of approximately 92% whereas an RTS
of 7 predicts a survival probability of approximately 97%.

Abbreviated Injury Scale and the Injury Severity Score (AIS and ISS)

Region Injury description AIS Top three squared

Head and neck Subarachnoid hemorrhage 3 9

Face No injury 0

Chest No injury 0

Abdomen Grade 3 liver laceration 4 16

Extremity Open femur fracture 4 16

Closed tibia fracture 2

External No injury 0

Injury Severity Score: 41

Trauma and Injury Severity Score [TRISS]
Survival probability ¼ 1/(1 þ e.(.0.4499 þ (0.8085 RTS) – (0 0835 ISS) – (1.743 Age Index)))
Survival probability ¼ 1/(1 þ e.(.0.4499 þ (0.8085 6322) – (0 0835 41) – (1743)))
Survival probability ¼ 77.5%
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inherent with EMS research. This is reflected, in part,
by the development of the Resuscitation Outcomes
Consortium (ROC).65 The ROC is primarily funded
by the National Institutes of Health and includes
multiple EMS systems across North America in an
effort to conduct collaborative clinical trials of prom-
ising new treatments for cardiac arrest and severe
traumatic injuries.

Conclusions
Trauma care is enhanced by our ability to understand
trauma epidemiology, and diagnostic and therapeutic
approaches. Research, spanning from the laboratory
to populations, is critical for the continued advance-
ment of how trauma patients are managed. The val-
idity of such research is predicated on the questions

Table 41.4 Glossary of commonly used terms

Basic science research Research conducted in a laboratory, typically using molecular, cellular, organs, or animals
(exclusive of humans) as subjects

Clinical research Research that involves humans as subjects in the study and typically involves inferences at
the individual patient level

Health services
(outcomes) research

Research that involves humans as subjects and typically involves inferences at the
population level

Experimental study
design

One of three main categories of research design. This includes an intervention (e.g., a new
drug) and randomization, and is considered the most valid design available to researchers.
A randomized, controlled, trial represents an experimental design

Quasi-experimental study
design

This study design includes an intervention but uses quasi-randomization (e.g., randomizing
by alternating days)

Observational study
design

This study design includes no intervention and is typically subcategorized into: (1) cohort
studies; (2) cross-sectional studies; or (3) case-control studies

Prospective data
collection

Collecting data de novo and real-time

Retrospective data
collection

Collecting data from existing data sources

Primary data analysis Using data collected primarily for the current study

Secondary data analysis Using data collected primarily for another purpose to conduct a study

Trauma registry Centralized database, typically maintained by individual hospitals with trauma designations,
of selected trauma patients and characteristics associated with the traumatic event, the care
provided to the patient, and outcomes. National registries include the National Trauma
Data Bank® (NTDB), the NTDB National Sample Project, and the National Automotive
Sampling System and Fatality Analysis Reporting System

Trauma scoring systems Standardized injury severity assessments used to stratify groups of trauma patients, to
control for severity of injury when evaluating outcomes, or in evaluating trauma care and
their systems

Anatomical scoring
systems

Trauma scoring systems based on anatomical regions (e.g., Injury Severity Score)

Physiological scoring
systems

Trauma scoring systems based on the patient’s physiology (e.g., Glasgow Coma Scale score)

Combined scoring
systems

Trauma scoring systems based on both anatomical and physiological components
(e.g., Trauma and Injury Severity Score)

The Final Rule Federal regulations that describe criteria that must be met for clinical investigation to be
eligible for exception from the informed consent requirements
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posed, the methods used, and how the results are
interpreted and incorporated into patient care.
Although much progress has been made over the past
several decades, there is still a significant need for
well-trained clinician-scientists who will continue to
advance trauma research (see Box 41.3 for an
example, and Table 41.4 for a glossary of commonly
used terms).
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Care of the injured patient has evolved greatly in the
past two decades. With the development of rapid
prehospital care and transport, severely injured
patients who might have died at the scene are being
brought to trauma centers alive. Because of the
increased challenges of caring for this complex popu-
lation, trauma nursing has developed into a highly
specialized field. Coordinating care for the injured
patient requires the nurse to have an understanding
of both the immediate needs of the patient as well as
the impact injuries will have on the patient’s outcome.
Detailed medical history is often not available, and
there may be no time for diagnostic tests. The initial
evaluation needs to be performed expeditiously; it is
geared towards initiation of resuscitation and rapid
diagnosis of all injuries with the intent to treat the
greatest threat to life first.

It is difficult to provide firm recommendations as
to the nurse staffing levels that are optimal or neces-
sary in the trauma resuscitation area. The number of
nurses necessary to provide the level of care is
dependent upon the availability of other staff, such
as medical technicians and assistants. At least two
nurses with training in trauma should optimally be
present for each resuscitation. In addition, each emer-
gency department (ED) that treats victims of trauma
should have a pre-defined plan as to how additional
resources, including nurses, can be called upon in case
of increased patient volume.

Initial trauma resuscitation is often a high-stress
environment where a number of activities are carried
out simultaneously or in rapid succession. This neces-
sitates that the nurse be able to function effectively in
demanding situations. Prior to caring for these critical
trauma patients, the Emergency Nurses Association
recommends nurses should have at least 6 months
experience in an ED or a critical care setting.1

Additionally the nurse should be proctored by a more
senior and experienced nurse prior to assuming the
responsibility of trauma resuscitation. Educational
preparation should include courses such as Trauma
Nursing Core Course (TNCC), Advanced Trauma
Care for Nurses (ATCN), Course in Advanced
Trauma Nursing (CATN), and Emergency Nursing
Pediatric Course (ENPC) (Table 42.1). It is recom-
mended by the American College of Surgeons that
nurses take at least one of these courses.2 These
courses are offered through national organizations
such as the Society of Trauma Nurses and the Emer-
gency Nurses Association. Some states have enacted
programs certifying nurses to become Trauma Nurse
Specialists (TNS). The purpose of the TNS program is
to increase the competency of nurses in the delivery of
care to critically injured patients. While obtaining
certification through these various courses may be
important, it is equally important to ensure mainten-
ance of competencies. One common option is to
perform routine evaluations to ensure that existing
competencies are retained and new knowledge related
to trauma care is incorporated into practice. The exact
methodology utilized to maintain these competencies
is often dictated by state or national verifying
agencies.

The primary nurse’s role in the trauma room is
multifaceted and begins prior to the patient’s arrival.
Based on the prehospital report, the nurse should
have the necessary equipment at the bedside, ready
for use. Suggested equipment for the care of the
injured patient can be found in the Advanced Trauma
Life Support® (ATLS®) manual; however, many
trauma centers will have their own specific prefer-
ences of what type and amount of equipment to
utilize.3 Having the appropriate equipment at the
bedside reduces delay in therapy, which may have a

Trauma: A Comprehensive Emergency Medicine Approach, eds. Eric Legome and Lee W. Shockley. Published by Cambridge
University Press. © Cambridge University Press 2011.
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direct effect on the patient’s ultimate outcome. If the
resuscitation nurse is the first person to receive pre-
hospital communication regarding the patient, the
other members of the team should be provided with
a brief, concise report that should include: patient age,
mechanism of injury, injuries (known and suspected),
vital signs, and treatment rendered in the field. Equip-
ment setup should also include provision of personal
protective equipment for all members of the team that
will be in direct contact with the patient.

Upon the patient’s arrival the nurse is responsible
for setting up the monitoring equipment, measuring
vital signs, and assisting the physicians with emer-
gency procedures such as endotracheal intubation,
placement of chest tubes, etc. Hypothermia can be
dangerous to a trauma patient; the nurse should
obtain an initial core temperature and ensure that
the patient does not unnecessarily lose body heat.
This requires avoidance of exposure except when
medically necessary, maintenance of environmental
temperature, and provision of blankets, fluid
warmers, and body warmers. Once the initial evalu-
ation has been completed, and the patient stabilized as
much as possible, the physician team leader will
decide the next step. This may be transfer to another
area within the hospital for definitive care, transport
to the radiology suite for further tests, or transfer to a
higher level of care at another hospital. The nurse
should take reasonable steps to ensure that the
patient’s care will not deteriorate once they leave the
ED. This entails ensuring adequate monitoring will
take place, all essential lines and tubes are secured,

and any necessary drugs are available during trans-
port. Lastly, the nurse is responsible for adequate
documentation of the initial condition of the patient
at arrival, the vital signs during the stay in the ED, and
all procedures performed, including fluid resuscita-
tion, transfusions, and medications administered.
Any relevant history obtained from the patient or
the prehospital providers should also be documented.

While all of the above nursing procedures are to
be performed during the initial evaluation, the spe-
cific member of the team who actually performs each
task will vary based on the composition of the team.
The team composition is influenced by the size of the
hospital and whether the hospital has a teaching mis-
sion. There usually are more trained personnel avail-
able at designated trauma centers and at teaching
hospitals. The nurse, along with the physician team
leader, should define the roles of individual members
of the team such as medical students, residents, stu-
dent nurses, and medical assistants. In addition, the
nurse plays a key role in coordinating care, including
the timing of radiology, evaluation by consulting ser-
vices, and social workers. Because of the size and com-
position of the team, communication plays a major role

Table 42.1 Suggested qualifications and certifications of the
resuscitation nurse

Qualifications 6–12 months experience in an
emergency department/or critical
care setting

Educational
preparation

� Trauma Nursing Core Course
(TNCC)

� Advanced Trauma Care for
Nurses (ATCN)

� Course in Advanced Trauma
Nursing (CATN)

� Emergency Nursing Pediatric
Course (ENPC)

� Advanced Cardiac Life Support
(ACLS)

Box 42.1 Responsibilities of the resuscitation
nurse(s)

� Assist with set up of equipment based on
prehospital report.

� Relay information from prehospital report to
other providers.

� Upon the patient’s arrival, set up the monitoring
equipment, measure vital signs, and assist as
necessary with emergency procedures (including
assisting with or primarily obtaining intravenous
access).

� Obtain an initial core temperature and ensure
that the patient does not unnecessarily lose body
heat.

� Ensure that the patient’s care will not deteriorate
once they leave the ED.

� This entails ensuring adequate monitoring will
take place, essential lines and tubes are secured,
and any necessary drugs are available during
transport.

� Adequately document the initial condition of the
patient, the vital signs during the stay, and all
procedures performed, including fluid resuscita-
tion, transfusions, and medications administered.
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in prevention of errors and maintaining a controlled
environment during the trauma resuscitation.

Trauma nurse coordinator/trauma
programmanager
Trauma has been a leader among medical specialties
in critically evaluating care and patient outcomes.
Modern trauma care is increasing in complexity and
involves multiple specialties. This has led to the need
for a person with a nursing background who can
coordinate the care among specialties throughout
the continuum. In the late 1970s, as trauma centers
were developing, the role of the Trauma Coordinator
or the Trauma Program Manager (TPM) was created.
The TPM is usually a registered nurse who works in
close collaboration with the Trauma Medical Director
(TMD) to ensure the services and systems are in place
to care for the injured patient. The American College
of Surgeons Committee on Trauma Resources for the
Optimal Care of the Injured Patient 2006 provides
details regarding the role and responsibility of the
TPM.3 The document describes the clinical aspects
of the TPM as coordinating management across the
continuum of care, the planning and implementation
of clinical management guidelines, and the continu-
ous monitoring of patient outcomes. The TPM is also
responsible for development of trauma education
programs, not only within the hospital, but for referral
facilities, prehospital, and community prevention pro-
grams. Performance improvement (PI) is the back-
bone of any mature trauma program. The TPM is
responsible for the maintenance of the trauma registry
that provides the necessary information for an effective
PI program. As an administrative position, the TPM is
also responsible for ensuring compliance with the
regulatory guidelines that are mandatory for trauma
center verification. The TPM also has responsibility for
managing the operational, personnel, and financial
aspects of the trauma program.

The majority of trauma in the United States is
initially evaluated in the EDs of hospitals that are
not designated trauma centers. In these situations
the trauma physician leader and the nurse together
need to develop a plan as to whether the patient will
stay at the receiving hospital or should be transferred
to a designated trauma center for higher level of care.
The key to this decision is the balance between the
needs of the patient and the available resources at the
receiving hospital. For some patients the decision is

straightforward. Such patients fall into two broad
categories. The first consists of patients with derange-
ments in physiology, usually from bleeding that
requires surgical or radiological control not available
at the receiving hospital. The second category consists
of patients whose anatomic injury requires specialized
care (i.e., severe single system injury requiring highly
specialized care or injuries involving multiple body
regions requiring coordinated care from multiple spe-
cialties). In some patients the decision is not straight-
forward and considerable judgment is required on the
part of the physician and nurse. Once the decision is
made to transfer the patient to a higher level of care,
the physician and the nurse should directly speak to
the receiving personnel at the other hospital to ensure
that all pertinent information about the patient is
accurately conveyed. The nurse should further ensure
that proper monitoring will occur during transport
and that all lines and tubes are adequately secured so
that they are not dislodged during transport. Finally,
the nurse should oversee the proper gathering of all
documentation, including copies of all radiological
and laboratory tests, to send to the other hospital.4

Death due to a traumatic event often poses chal-
lenges to all involved in the patient’s care. It may be
especially challenging for the resuscitation nurse
involved in the care of the deceased patient. The nurse
must assist with providing an environment of dignity
for the patient and the family. Because many trau-
matic deaths occur in young, healthy adults, the
family reaction to death is one of intense grief. Anger,
immense sorrow, and disbelief are some of the reac-
tions that can be anticipated in a traumatic death.
A multidisciplinary approach should be taken by the
nurse in dealing with issues surrounding traumatic
death. The nurse may have involvement from the
chaplain or social worker to assist the family, provide
resources and assist in decision making. The nurse
may activate agencies dealing with organ donation
and or the medical examiner. The nurse works with
the physician and acts as a liaison with these agencies,
providing details of the event, injuries, and resusci-
tation efforts.
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acetazolamide, 116
acidosis, 57
acromioclavicular joint injuries,

278–9, 280

activated partial thromboplastin time
(PTT), 578

Acute Physiology and Chronic Health
Evaluation (APACHE), 682–3

Acute Physiology and Chronic Health
Evaluation II (APACHE II), 24

adenovirus transmission, 638
adolescents
distal radius fractures, 288
humerus fractures, 280

adrenaline, 438
advance directives, 390, 666–7
Advanced Trauma Life Support®

(ATLS®) course, 13, 575
air medical transport, 654–6
airbags
injuries caused by, 28
use in pregnancy, 378

airborne transmission of infection,
638

airway management, 45–51
and anticipated clinical
procedures, 46

arterial blood gas determination, 46
assessing the need for intubation,
45–7

cyanosis, 45
end–tidal CO2 monitoring, 46
high-risk situations, 47
initial assessment and management,
13–14

initial evaluation, 45–7
LEMON assessment mnemonic,
47, 51

Mallampati classification, 48
options for intubation, 48–9
Plan B rescue option, 48, 51
post-intubation care, 49–50
potential for airway deterioration,
45–7

predicting the difficult airway,
47–8

prehospital care, 657
prehospital intubation, 50
pulse oximetry, 45–6
rapid sequence intubation, 48–9
signs of failure of oxygenation, 45–6
signs of failure of ventilation, 46
signs of hypoxia, 45–6
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airway obstruction
occult airway obstruction, 90
upper airway obstruction, 193

alcohol
blood alcohol levels, 664–5
drug facilitated sexual assault, 413
legislation on driving and alcohol,
422

role in motor vehicle collisions, 27
See also intoxicated patient

alfentanil, 438, 568
alkalosis, 57
allergic reactions to anesthetics, 553
allodynia, 435
alpha-blockers, 399
Alphagan, 116
alveolar ridge fractures, 95
American Association for the Surgery

of Trauma
renal injury grading scale, 234

American College of Emergency
Physicians (ACEP) guidelines

neuroimaging in MTBI, 70
American College of Surgeons (ACS)
Advanced Trauma Life Support
(ATLS®) course, 13

certified trauma centers, 2
criteria for major resuscitation, 12
criteria for trauma team activation,
11–12

guidelines for Level 1 trauma
centers, 12

overtriage guide, 5
American College of Surgeons

Committee on Trauma
(ACSCOT), 679, 680, 692

field triage scheme, 3
American Spinal Injury Association

(ASIA) classification system,
174

American Spinal Injury Association
(ASIA) Impairment Scale, 170

aminocaproic acid, 116
aminoglycosides, 273, 384
ammonium nitrate fuel oils (ANFO), 31
amnesia
following head trauma, 58

amoxicillin/clavulanate, 65
amputations
care of amputated parts, 13
fingers, 296
prehospital interventions, 349–50
See also soft tissue trauma; vascular
trauma

anatomic criteria
decision-making in trauma, 3–5

Anatomic Profile (AP), 24, 682
anatomical scoring systems, 681
anesthesia, 551–70

adverse effects of pain, 551
allergic reactions to anesthetics, 553
basic and advanced techniques,

553–68
benefits of adequate pain

management, 551
Bier block, 556–8
chest trauma, 553
elderly patients, 568–70
facial blocks, 553
femoral nerve block, 556
general principles, 551–3
hematoma block, 556
intercostal nerve blocks, 553
intrapleural anesthesia, 553
local anesthetics, 551–3
pediatric patients, 568–70
penile blocks, 558
pregnant patients, 568–70
procedural sedation and analgesia,

558–68
regional anesthesia, 553–8
special populations, 568–70
spermatic cord anesthesia, 614–15
topical anesthetics, 551–3
See also pain management

angiography, 540–8
aortic and great vessels trauma,

543–4
As Low As Reasonably Achievable

(ALARA) radiation dose, 541–2
contraindications, 540–1
essentials, 541
facial trauma, 90
general principles, 541
general principles of equipment,

542–3
hepatic trauma, 544
major roles in trauma, 547
pelvic trauma, 546–8
peripheral vessel trauma, 547
pregnant patient, 541
principles of radiation safety,

541–2
renal trauma, 545–6
role in trauma evaluation and

management, 540
splenic trauma, 545

angle-recession glaucoma, 116
animal bites. See bite wounds, bites
ankle injuries
anatomy of the ankle joint, 321–2
ankle fractures, 325
ankle sprains, 322–3
Danis–Webber classification for

fractures, 325
deltoid ligament injury, 324
fibular fracture, 324
high ankle sprains, 324

Maissonneuve fracture, 324
Ottawa Foot and Ankle Rules,
322

peroneal tendon rupture, 323
peroneal tendon subluxation, 323
subtalar dislocation, 323
syndesmotic injuries, 323–4

Ankle–Brachial Index (ABI), 355, 362,
364, 367

anosmia
following facial injury, 83

anterior cord syndrome, 179
anterior cruciate ligament

(ACL), 311
antibiotics
facial lacerations, 92
head injuries, 65
use in wound management, 632

anticoagulant medications, 399, 400
anticoagulation therapy patients
head trauma, 76

anticonvulsant medications, 400
antifibrinolytic agents, 116, 580
antiplatelet agents, 76, 399
aortic injury, 208
chest trauma, 202–3
CT scans, 513–19
interventional radiology, 543–4
plain radiography, 448–9

applied behavioral analysis, 420
applination tonometer, 109
approach to trauma. See initial

approach to trauma
apraclonidine, 116
aprotinin, 580
arachnoid mater, 55
Aristotle, 663
arterial blood gas determination, 46
arterial injuries
disposition, 357–8
emergency department evaluation
and management, 355–6

indications (the 5 Ps), 351
Arterial Pressure Index, 364
arteriography
genitourinary trauma, 247

arthrocentesis/arthrogram, 592–4
analysis of fluid, 594
complications, 594
contraindications, 592
equipment, 592
indications, 592
procedure, 592–3
saline arthrogram, 593–4

arthrogram. See arthrocentesis/
arthrogram

As Low As Reasonably Achievable
(ALARA) radiation dose,
541–2
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Aspergillus species transmission, 638
aspiration pneumonia, 72
aspirin, 76, 400
assault
head trauma, 53
mandbile fractures, 97

atlantoaxial joint injuries, 148
atlas (C1) fractures, 148
atrial fibrillation, 201
atropine, 115
avascular necrosis
hip fracture complication, 307

avian influenza virus, 638
avulsions (cutaneous), 334–6

clinical anatomy, 335
common presentations, 335–7
definition, 335
disposition and transfer, 336
documentation, 336
ears, 335
emergency department evaluation
and management, 335

fingertips, 335–6
gaping extremity injuries, 335
pathophysiology, 335
plastic surgery referral, 335
prehospital care, 335
skin grafting, 335

awake intubation, 49
axis (C2)
traumatic spondylolisthesis, 148

bacitracin ointment, 110
bag-valve-mask device, 48, 49, 50
ballistics
mechanisms of injury, 29–31

Bankart lesion, 277–8
barbiturates, 49, 63, 384
use in severe head injury, 67

base excess measurements, 20
baseline hematocrit, 19–20
Beck triad, 197
Bennett fracture, 295
benzodiazepines, 49, 384
procedural sedation, 567–8

Berlin edema, 118
beta-blockers, 399, 400
bicycle injuries
helmet use to prevent head injury, 423
impact against handlebars, 17

Bier block, 439, 556–8
biliary tract injuries
CT scan, 529

bilothorax, 521
bioelectrical thoracic impedance, 401
biologic agent decontamination, 40–2
biologic foreign body implantation,

644
bioterrorism events, 644

Bispectral Index (BIS), 562
bite wounds, 339–42

acute interventions, 340
antibiotics, 341
clinical anatomy, 339
closure, 341
common presentations, 339–40
disposition and transfer, 342
documentation, 342
emergency department evaluation
and management, 339–42

incidence, 339
infection risk, 339, 341–2
initial evaluation, 340
medicolegal issues, 342
pathophysiology, 339
patient history, 339–40
prehospital care, 339
secondary evaluation, 340–1
treatment, 341–2

bites
trauma from animal bites, 360, 363
vascular trauma, 360, 363

bladder injury
CT scan, 533
imaging, 452

blast injuries, 31–2, 360
blast lung, 31
blind nasotracheal intubation, 49
blood alcohol levels, 664–5
blood transfusion, 14–15
See also fluid and blood component

therapy, resuscitation
blood type, 576
cross-matching, 576
matching in emergencies, 15
typing and screening, 576
universal donor and recipient, 576

blood-borne transmission of infection,
638–40

bloody chemosis, 112
blunt trauma
abdominal. See abdominal trauma
(blunt)

cardiac injury, 201–2
head injury, 53
kinematics of acceleration and
deceleration, 26

mechanisms of injury, 26–9
body substance isolation protocols.

See universal/standard
precautions

Bohler’s angle, 325
Bordetella pertussis, 638
bowel injury
CT scan, 535–6

brachial plexus, 168
anatomy, 183–4
traumatic injury, 183–6

brain anatomy, 55
brain trauma
CT scan, 492–4
Glasgow Coma Scale (GCS)
score, 53

mild traumatic brain injury
(MTBI), 53

traumatic brain injury (TBI), 53
See also head trauma

Brain Trauma Foundation, 58, 66, 67,
77

breathing difficulty
following facial injury, 83

British Cervical Spine Rule, 502
Brown Sequard syndrome, 179
bullous subconjunctival hemorrhage,

112
bupivacaine, 438–9
burns, 46, 342–5
acute interventions, 343
body fluid loss, 344
chemical, 342, 343, 344
classification, 342
clinical anatomy, 342
common presentations, 343
disposition and transfer, 344
documentation, 344
emergency department evaluation
and management, 343–4

elderly people, 386
eyes (thermal), 122
fire prevention in the home, 423–4
first-degree burns, 342, 343
fluid and blood component
therapy, 583

fluid replacement, 344
fourth-degree burns, 343
initial evaluation, 343
pain management, 343
pathophysiology, 342
patient education, 344
prehospital care, 343
secondary evaluation, 343
second-degree burns, 342, 343
superficial burns, 342
thermal, 342
third-degree burns, 343
total body surface area burned, 344
treatment, 343–4

BURP maneuver, 49
burr holes, 68

C-4 (cyclotrimethylene trinitramine), 31
calcium channels blockers, 399
Canadian Cervical Spine Rule, 7, 19,

146, 157, 159–60, 163, 445,
454–5, 502

Canadian Cervical Spine Study,
146, 157
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Canadian CT Head Rule (CCHR),
70, 71

canalicular system (eye), 111
cardiac arrest
soft tissue trauma, 351

cardiac arrhythmias
soft tissue trauma, 351

cardiac contusion. See blunt cardiac
injury

cardiac tamponade, 15, 192, 193,
197–9

ultrasound assessment, 481–2
cardiac trauma. See chest trauma
cardiogenic shock, 15
cardiovascular disease, 400
cardiovascular system
changes in the elderly, 382–3

CareFlite triage system, 38
carpal tunnel syndrome, 288
cataracts
post-traumatic cataract formation,
117–18

catheter aortography, 450
cauda equina, 168
cauda equina syndrome, 179–80
cefazolin, 119
cell salvage in trauma patients, 580
Centers for Disease Control and

Prevention (CDC), 680
precautions for healthcare
workers, 635

central cord syndrome, 178–81
central line placement, 14
cephalosporins, 65, 273
cerebral blood flow (CBF), 57–8, 66
cerebral contusions
CT scan, 497

cerebral edema
CT scan, 497

cerebral hemodynamics, 57–8
cerebral herniation, 60
CT scan, 497

cerebral perfusion pressure (CPP)
goal for, 57–8

cerebrospinal fluid (CSF), 55
otorrhea, 101
rhinorrhea, 101

cervical spine clearance, 18–19
cervical spine evaluation
complicating factors, 19

cervical spine immobilization
prehospital care, 657–8

cervical spine injury, 46
anterior subluxation, 505
atlantoaxial rotary subluxation, 505
atlanto-occipital subluxation, 505
bilateral interfacetal dislocation, 505
cervical spine rules, 502
CT scans, 7, 501–6

elderly people, 388
extension teardrop fracture, 505
fractures, 503–8
fused spine hyperextension fracture,

505
hangman fracture, 505
hyperextension dislocation, 505
hyperflexion sprain, 505
hyperflexion teardrop fracture, 505
imaging modalities, 502–3
incidence, 453
Jefferson burst fracture, 505
MDCT, 453–4
occipital condyle fracture, 506
odontoid fracture, 505
pedicolaminar fracture, 505
risk factors for, 502
role of CT, 502–3
simple wedge compression

fracture, 505
unilateral interfacetal dislocation, 505

cervical spine radiography, 6, 18–19,
445–6, 453–7

AP view, 456
Canadian Cervical Spine Rule,

454–5
cervical spine trauma imaging

strategy, 454
clinical decision making, 454–5
interpretation of cervical spine

radiographs, 455–6
lateral view, 455–8
NEXUS Low-risk Criteria, 454–5
open mouth view, 459
reasons for missed injuries, 454–3
use in high-risk patients, 454
use in non-high-risk patients,

454–3
views, 454

cervical spine rules, 502
CESIRA, 38
Chance fractures, 17, 152–3
cheek lacerations, 87
chemical agent decontamination, 40–2
chemical burns
eyes, 120–2

chest decompression, 14
prehospital, 13

chest radiography, 14, 18, 445–6,
446–50

aortic injury, 448–9
diaphragmatic rupture, 450
hemomediastinum, 448–9
hemothorax, 447–8
limitations of AP chest radiographs,

446–7
pneumothorax, 447–8
pulmonary contusions, 447–8
screening AP radiograph, 6

silhouette sign, 448
technique, 446–50
tension pneumothorax, 447
thoracic injuries which can be
detected, 446

chest trauma, 46, 190–210
airway assessment, 193–4
anesthesia, 553
aortic injury, 190, 202–3, 208
atrial fibrillation, 201
blunt cardiac injury, 190, 191, 201–2
blunt trauma CT scans, 207
breathing assessment, 194
cardiac dysrhythmias, 201, 202
cardiac tamponade, 192, 193,
197–9

circulation assessment, 194
clinical anatomy, 191–2
commotio cordis, 201
critical assessment, 193–4
CT angiography, 190
CT for blunt vs. penetrating
injuries, 512–13

CT scans, 190, 207–9, 512–26
diaphragmatic rupture, 203–4, 208
disposition, 210
documentation, 210
emergency department evaluation
and management, 193–4

emergency department
thoracotomy, 197–9

endovascular stents, 190
essentials of chest trauma, 191
flail chest, 193, 196
great vessel injury, 202–3
hemothorax, 193, 195–6, 200–1
immediate life-threatening injuries,
193, 194

injuries that impair ventilation, 14
laboratory evaluation, 209
major changes and developments, 126
minor injuries, 204–7
motor vehicle collisions, 190, 194,
201, 202, 203

myocardial infarction, 194, 201
needle thoracostomy, 193, 194–5
occult injuries, 208
open chest wound, 193, 197
pathophysiology, 191–2
penetrating trauma CT scans, 208
pneumothorax, 193, 199–201, 206
portable ultrasound, 190, 197, 198,
207

prehospital management, 192–3
pulmonary contusions, 202, 206
radiography, 207
rib fractures, 205–6, 208
severe injuries, 194–204
sinus tachycardia, 201, 202

Index

697



chest trauma (cont.)
sternal fracture, 206
sternotomy, 197
tension hemothorax, 193
tension pneumothorax, 192, 193,
194–5

thoracotomy, 195–6, 197–9
transmediastinal wounds, 204
treatment algorithms, 209
tube thoracostomy, 195, 200
ultrasound, 207
upper airway assessment, 193–4
upper airway obstruction, 193

chest wall trauma
CT scan, 517–20

child abuse, 62, 118, 213
head trauma, 75

chlamydia, 413–19
chylothorax, 522
ciprofloxacin, 119
clavicle fractures, 279–80
clindamycin, 92
clopidogrel, 76, 400
closed head injury, 53
Clostridium difficile, 641
coagulopathy patients
head trauma, 76

cocaine, 438
codeine, 438
Colles fracture, 288
colposcopy, 404–9, 412
combined scoring systems, 681
combitube, 49
commotio cordis, 201
commotio retina, 118
communication
challenges for trauma teams, 670
conflict management, 672
crisis communication essentials, 42
feedback and evaluation, 674–5
interdepartmental issues, 675
medical staff issues, 675
prehospital trauma systems, 674
role of the trauma nurse, 674
teamwork, 672–3
trauma team leadership, 670–1, 672

communication plan
disaster preparation, 42

community hospitals
patient transfer protocol, 8–9

compartment syndrome
causes, 347–8
disposition, 357–8
emergency department evaluation
and management, 350–1, 351–3

knee dislocation, 318
lower leg fractures, 321
open fractures, 349, 354
pathophysiology, 347–8

computed tomography. See CT
(computed tomography)

Condom catheter, 236
condylar fracture, 90
conflict management and

communication, 672
conjunctival lacerations, 112–13
consciousness
altered, 45

consent
critically ill patients, 683–6
emergency waiver, 683–6
the Final Rule, 683–6

consultation of specialists, 20
contact transmission of infection, 637
contrast arteriography, 355
conus medullaris, 168
conus medullaris syndrome, 179–80
corneal abrasions, 114
corneal foreign object, 114
corneoscleral lacerations, 114–15
coronal CT, 89
corticosteroids, 116
coumadin, 384, 399
COX-2 inhibitors, 437
cranial herniation, 57
cranial nerves
neurologic exam of, 86–7

craniocerebral trauma
CT scan, 491–7

craniofacial trauma
CT scans, 497–500

Crashworthiness Data System
(CDS), 680

creatine kinase marker, 349
crew resource management

(CRM), 673–4
cricothyroidotomy, 49
cricothyrotomy, 598–601
complications, 601
contraindications, 598
equipment, 598–9
indications, 598
procedure, 599–601
rapid four step technique, 599
Seldinger technique, 599–600
standard technique, 599
techniques, 13

critical incident stress debriefing
(CISD), 42–3

crush injuries
cardiac arrest, 351
cardiac arrhythmias, 351
crush syndrome evaluation and
management, 353–4

disposition, 357–8
emergency department evaluation
and management, 350, 351,
353–4

hyperkalemia, 350, 351, 353–4
hypovolemic shock, 350
pathophysiology, 348–9
prehospital interventions, 349–50
vascular injuries, 360
See also vascular trauma

crush syndrome, 353–4
cryoprecipitate, 578
CT (computed tomography), 489–535
abdominal aortic injury, 526
abdominal trauma, 7–8, 219–20,
525–34

acetabular fractures, 534
aortic injury, 513–19
biliary tract injuries, 527–8
bladder injury, 531–2
bowel injury, 532–4
brain trauma, 492–4
cerebral contusions, 497
cerebral edema, 497
cerebral herniation, 497
cervical spine injury, 7, 501–9
chest trauma, 512–25
chest wall trauma, 517–20
comparison with ultrasonography, 8
coronal CT, 89
craniocerebral trauma, 491–7
craniofacial trauma (complex
injuries), 499–501

craniofacial trauma (solitary
injuries), 497–9

craniofacial trauma (transfacial),
500–3

decision rules for head trauma,
69–70

diaphragm injury, 523–5
diffuse axonal injury, 497
epidural hematoma, 494
esophageal rupture, 517
facial trauma, 88–90
flail chest, 520
frontal sinus fractures, 498–9
gallbladder injuries, 527–8
head trauma, 54, 69–70, 491–7
heart, 515–19
helical CT, 18–19, 89, 489
hemopericardium, 516–17
hemothorax, 522
hepatic trauma, 526–7
history of use in trauma, 489–90
indications for abdominal scan,
17–18

intracranial injury, 492–4
intraperitoneal evaluation, 526
Le Fort fractures, 500–3
lower extremity trauma, 534–5
lungs, 520–3
major vessels, 512–25
mandibular fractures, 504
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MDCT (multidetector CT), 135–8,
190, 203, 489–90

mesenteric injury, 532–4
nasal bone fracture, 498
naso-orbital-ethmoid fractures,
499–500

non-contrast head CT, 89
ocular trauma, 110
orbital blowout fractures, 498
pancreatic injury, 529–30
pelvic fractures, 534
pericardium, 515–19
pneumomediastinum, 520
pneumopericardium, 519
pneumothorax, 521
pulmonary contusions, 522–3
pulmonary laceration, 520–1
pulmonary trauma, 520–3
renal injury, 530–1
retroperitoneal evaluation, 526
rib fractures, 520
role in trauma decision making, 6–8
role in trauma evaluation and
management, 490–1

scalp and galea, 491
skull, 491–5
skull base fractures, 491–5
solid organ injury, 526–31
spinal trauma, 501–13
splenic injuries, 527–8
sternoclavicular dislocation, 520
sternum fractures, 520
subarachnoid hemorrhage, 497
subdural hematoma, 494–7
thoracic effusion, 522
thoracolumbar injuries, 509–16
tibial plateau fractures, 535
tracheobronchial rupture, 520
tripod fractures, 500
use of IV contrast, 8
vascular injury, 526
vena cava injury, 526
zygomatic arch fractures, 498
zygomaticomaxillary complex
fractures, 500

CT angiography, 355
CT cystogram, 611–12
complications, 612
contraindications, 611
indications, 611
procedure, 611–12

CT in Head Injury Patients (CHIP)
prediction rule, 70

CT technicians
trauma team support, 2

Cushing reflex, 14, 64
cutaneous injuries, 329–45
aftercare, 333
anesthesia, 331, 332

antibiotic ointment, 333
avoiding iatrogenic damage, 331
avulsions, 334–6
bite wounds, 339–42
burns, 342–5
clinical anatomy of the skin, 330
consider the patient as a whole, 330
documentation, 333–4
emergency department evaluation

and management, 329–34
factors affecting outcome, 329
foreign bodies, 330–1
host factors, 330
hypertrophic scars, 333
immunization status, 332
keloid scars, 333
lacerations, 334
likelihood of complications, 330
pathophysiology, 329
patient instructions and

information, 333–4
prehospital care, 329
preparing the wound, 332
puncture wounds, 336–9
risk of infection, 330
scar formation, 329, 333
steps in the recovery process, 329
sterile gloves, 332
tetanus immunization, 332
treatment, 332
underlying structure injuries, 331–2
wound cleansing and irrigation, 332
wound edge preparation, 332–3
wound factors, 331

cyanosis, 45
cystogram, 245–6

data sources
trauma related, 679–80

date rape. See drug-facilitated sexual
assault (DFSA)

David Letterman sign, 291
de novo data sources, 679
death
discussion of, 665–7
issues surrounding traumatic

death, 692
decision making in trauma, 1–9
anatomic criteria, 3–5
factors in patient evaluation, 1
geriatric trauma, 5
hospital presentation, 5–6
imaging studies, 6–8
mechanistic criteria, 5
multiple trauma patient, 3
musculoskeletal injuries, 3
neurologic trauma, 2–3
non-trauma centers, 8–9
patient transfer protocol, 8–9

physiologic criteria, 4
prehospital management, 3–5
responsibility for overall
management, 1–2

role of prehospital personnel, 2
role of the trauma captain, 1–2
role of the trauma nurse, 2
role of the trauma surgeon, 2
role of trauma centers, 1
rural and community hospitals, 8–9
sensitivity and specificity of triage
criteria, 5

trauma systems, 1
trauma team functions, 1–3

decontamination, 40–2
protective suits, 41

degloving injuries
disposition, 357–8
emergency department evaluation
and management, 350, 356

pathophysiology, 349
prehospital interventions, 349–50

dementia patients
pain assessment tool, 435

dental injuries
treatment, 94–5

dento-alveolar trauma, 90
Department of Homeland Security, 38
Desmarres retractor, 111
dexmedetomidine, 568
dextran, 576
diabetes, 400
diagnostic peritoneal lavage (DPL),

7, 18, 220–1, 589–92
assessment of results, 591–2
complications, 592
contraindications, 589
equipment, 589–90
indications, 589
pelvic fracture patients, 592
procedure, 590–2

diagnostic peritoneal tap, 217
diaphragm injury
CT scan, 523–5

diaphragmatic rupture, 203–4, 208
plain radiography, 450

diazepam, 383
difficult airway prediction, 47–8
diffuse axonal injury, 55, 70, 77
CT scan, 497

diffusion tensor imaging (DTI), 77
digoxin, 384
diphenhydramine, 553
disability
facial injury-related, 83
neurologic assessment, 16

disaster plan
creation and maintenance, 36–7
initiation criteria, 36–7
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disaster plan (cont.)
notification requirements, 37
operational responses, 37

disaster preparedness, 35–43
after action review (AAR), 43
biologic agent contamination, 40–2
categories of possible events, 37–8
categories of preparedness, 35
challenges for healthcare
organizations, 35

chemical agent contamination, 40–2
creation and maintenance of the
disaster plan, 36–7

crisis communication, 42
critical incident stress debriefing
(CISD), 42–3

decontamination, 40–2
definition of a disaster, 35
disaster drills, 35
disaster planning framework, 36
environment of care standard, 35
hazard vulnerability analysis, 36
hospital decontamination, 40–2
importance of, 35
Incident Command System
(ICS), 38–9

leadership standards, 35
mitigation strategies, 36
National Incident Management
System (NIMS), 38–9

preparation activities, 36–7
provision of information, 42
public relations aspect, 35
radioactive agent contamination,
40–2

reasons for disaster planning, 35
recovery phase, 42–3
response phase, 38–42
staff debriefing after the event, 42–3
surge capacity plan, 40
terminology for types of events, 37–8
triage system, 38–40

disposition of trauma patients, 20
distal radioulnar joint (DRUJ)

dislocation, 286
distracting injuries
evaluation of trauma patients, 19

domestic violence, 85, 213
Driving under the Influence (DUI)

laws, 422
droplet transmission of infection, 638
drug dosage
elderly people, 383, 384

drug-facilitated sexual assault (DFSA),
405, 407, 412–13

alcohol related, 413
amnestic patient, 412
common DFSA drugs, 412–13
common scenario, 412

date-rape drugs, 412–13
DFSA kit, 407, 413
ecstasy (MDMA), 413
flunitrazepam (Rohypnol®), 412
gamma butyrolactone (GBL), 412
gamma hydroxybutyrate
(GHB), 412

hair analysis, 413
ketamine, 412
legal definition, 412
methylenedioxymethamphetamine
(MDMA), 413

prevalence, 412
Rohypnol® (flunitrazepam), 412

dura mater, 55
Durable Power of Attorney, 666–7

ear exam
facial trauma patient, 88

ear injuries
treatment, 92–3
wounds of the pinna, 630

ECG
indications for, 20

ecstasy (MDMA), 413
ectopia lentis, 117
efavirenz, 644
elbow injuries
both bone forearm fractures, 288
coronoid process fractures, 287–8
dislocations, 283–5
distal radioulnar joint (DRUJ)
dislocation, 286

Essex–Lopresti injury, 286
floating elbow, 287
fractures, 285–8
Galeazzi fracture, 286
isolated radial neck fractures, 287
Monteggia fracture–dislocation,
286–7

nursemaid’s elbow, 300
olecranon fractures, 288

elder abuse, 62, 213
elderly patients
anesthesia, 568–70
distal radius fractures, 288
facial trauma, 85
falls, 75, 168, 251–2, 260, 280
head trauma, 53, 75–6
hip fractures, 306
humerus fractures, 280
mild traumatic brain injury
(MTBI), 53

pelvic fracture, 267–8
pubic ramus fractures, 251–2, 260
risk of subdural hematoma, 76
spinal cord injury caused by
falls, 168

See also geriatric trauma

Ellis classification for tooth fractures,
94–5

embolic agents, 542
Emergency Medical Services (EMS).

See prehospital care
emergency medical technician (EMT)

training, 654
Emergency Medicine Treatment

and Labor Act 1986 (EMTALA),
663–4

emergency medics, 2
EMLA cream, 438
end-tidal CO2 monitoring, 46
endophthalmitis, 123
endotracheal intubation
in the field, 657

endotracheal tube placement
prehospital, 13
rapid sequence intubation, 49

endovascular stents, 190
enophthalmos, 88, 99, 184
Enterobacter species, 641
epidural anesthesia, 439
epidural hematoma, 55–6
CT scan, 494

epilepsy, 72
epinephrine, 65, 438
epiphora, 88, 111
following facial injury, 83

epistaxis, 96
erythromycin, 110
erythropoietin analogs, 580
esophageal rupture
CT scan, 517

Essex–Lopresti injury, 286
ethical issues
access to emergency health care,
663–4

advance directives, 666–7
blood alcohol levels, 664–5
discussion of death, 665–7
ethical concepts in trauma care,
663–4

family presence during
resuscitation, 665

Hippocratic Oath, 663
intoxicated patient, 664–5
mass casualty situations, 667–8
nature of professionalism, 663
patients’ fiduciary interests, 663–4
resource allocation, 667–8
withdrawal of treatment, 666–7

ethmoid bones, 83
etomidate, 49, 63
exophthalmos, 88, 99
experimental study designs, 678
explosions
blast injuries, 31–2

extensor tendon repair, 628
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external recurvatum test
knee injuries, 312–13

extra ocular muscle entrapment, 99
extremity trauma
indications for radiography, 461–2
interpretation of radiographs,
458–61

plain radiography, 457–62
radiographic views, 457–8
See also lower extremity trauma,
upper extremity trauma

eye exam
facial trauma patient, 88
fixed or dilated pupils, 57
pupillary examination (prehospital),
58

eye trauma. See ocular trauma
eyelid lacerations, 111

facial bones
force required to fracture, 83–4

facial fractures
essential ED interventions, 103
ocular trauma associated with, 105

facial trauma, 46, 83–103
acute interventions, 85–6
anesthesia, 553
cervical spine clearance, 85
children, 85
clinical anatomy, 83–4
common causes, 83
concomitant injuries, 83
CT scans, 497–500
description of areas of the face, 84
domestic violence, 85
emergency department evaluation
and management, 85–6

elderly patients, 85
essential ED interventions for
fractures, 103

essential information, 83
essential interventions
(prehospital), 84–5

facial blocks, 553
frontal fractures, 101–3
history, 86
hospital complication rate, 83
incidence of post-traumatic
complaints, 83

indications for further investigation,
86

initial evaluation, 85
initial physical exam, 85
injury variation by age group, 83
injury-related disability, 83
laceration repair, 65
lower face (mandible), 84
midface, 84
minor trauma, 85

moderate trauma, 85
motor vehicle collisions, 83
occult airway obstruction, 90
occult injuries, 85
pathophysiology, 83–4
prehospital interventions, 84–5
presentation, 85
secondary evaluation, 86
severe trauma, 85
skin of the face, 83
strength of facial bones, 83–4
trauma room studies, 85
upper face (frontal bone), 84
with multisystem trauma, 83
women patients, 85
wound management, 629

facial trauma diagnostic studies, 88–90
angiography, 90
computed tomography (CT) scans,

88–90
coronal CT, 89
helical CT, 89
laboratory studies, 88
magnetic resonance imaging

(MRI), 90
non-contrast head CT, 89
occult airway obstruction, 90
plain films, 88

facial trauma physical exam, 86–8
assessment of teeth, 87
cheek lacerations, 87
ear exam, 88
eye exam, 88
functioning of cranial nerves, 86–7
indications from the patient

history, 86
inspection, 86
lip lacerations, 87
mandibular exam, 87–8
midface stability, 87
neurologic exam of the face, 86–7
oral exam, 87
orbital exam, 88
palpation, 86
through-and-through lacerations, 87
tongue lacerations, 87
tongue-blade test, 88
tooth avulsion, 87
tooth malocclusion, 87

facial trauma treatment
dental injuries, 94–5
ear injuries (including canal), 92–3
facial lacerations, 90
facial nerve injury, 92
fractures, 95–103
lacerations, 90–2
Le Fort fractures, 101–0
lip lacerations, 92
mandible fractures, 96–7

maxillary fractures, 100–1
midface fractures, 100–1
nasal fractures, 95–6
orbital fractures, 97–9
parotid gland and duct injury, 92
peri-oral lacerations, 90–2
through-and-through lacerations,
90–2

tongue injuries, 93–4
zygomatic arch fractures, 101

fall on outstretched hand (FOOSH),
272, 283, 285, 286, 288

pediatric injuries, 297
wrist injuries, 288–93

falls
head trauma, 53
humerus fractures, 280
mandible fractures, 97
pelvic fractures, 251
spinal cord injuries, 167
spinal cord injury in older
patients, 168

falls from height
mechanisms of injury, 28–9
vascular injuries, 360

falx cerebri, 55
family presence during resuscitation,

665
FAST exam, 7, 8, 13, 14
abdominal trauma, 18, 526
anterior thorax evaluation, 477
basic views, 475–6
cardiac view, 476
clinician training, 472–3
costophrenic angle, 476–7
left upper quadrant, 475
Morison’s pouch view, 475
order of views, 477
paracolic gutters, 476
pelvic view, 475
pericardial view, 476
perihepatic view, 475
perisplenic view, 475
pleural base, 476–7
pneumothorax evaluation, 477
pouch of Douglas view, 475
retrovesicular view, 475
right upper quadrant, 475
versus consultative exam, 474–5
See also ultrasound

Fatality Analysis Reporting System
(FARS), 680

Federal Emergency Management
Agency (FEMA), 38

feedback and evaluation, 674–5
femoral nerve block, 556
femur fractures, 310–11
distal, 315
See also hip fractures
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fentanyl, 48, 60, 438
prehospital pain control, 659

fetal imaging
ultrasound, 483

fibula fractures
Maissonneuve fracture, 324
midshaft, 321
proximal, 321

field personnel. See prehospital
personnel

finger amputations, 296
FLACC observational scale for

pain, 435
flail chest, 14, 193, 196
CT scan, 520

flexor tendon repair, 628
floating cheekbone (tripod fracture), 101
floating elbow, 287
floating shoulder, 280
fluid and blood component therapy,

574–84
adverse reactions, 580
albumin, 576
alternatives to blood transfusion,
579–80

antifibrinolytic agents, 580
appropriate volumes and ratios, 584
aprotinin, 580
basic and advanced treatment
prinicples, 576–80

blood type, 576
blood typing and screening, 576
burns, 583
cell salvage, 580
complications, 580
cross-matching of blood, 576
cryoprecipitate, 578
crystalloid vs. colloid solutions,
575–6

dextran, 576
erythropoietin analogs, 580
essentials, 574
fresh frozen plasma (FFP), 577–8
gelatins, 576
general principles of fluid
resuscitation, 574–6

geriatric patients, 583
head injury, 583–4
hemoglobin substitutes, 579–80
hemostatic agents, 580
hydroxyethyl starch (HES), 576
hypertonic vs. isotonic solutions, 575
ideal resuscitation fluid
characteristics, 574

infection risk from RBC
transfusion, 580

lactated Ringer solution, 575
massive transfusion protocols, 579
monitoring resuscitation, 579

normal saline, 575
obese patients, 583
packed red blood cells (PRBCs),
576–7

pediatric patients, 583
perfluorocarbons, 580
plasma universal donors and
recipients, 576

platelets, 577
pregnant patients, 583
process of transfusion, 578–9
RBC universal donors and
recipients, 576

recombinant activated coagulation
factor VII (rFVIIa), 580

red cell antigens and antibodies, 576
resuscitation phase in trauma
therapy, 574

special situations, 579–80
stimulation of endogenous RBC
production, 580

timing, amount and end-points,
574–5

fluid resuscitation, 14–15
permissive hypotension question, 15
See also fluid and blood component
therapy; resuscitation

flumazenil, 567
flunitrazepam (Rohypnol®), 412
fluoroquinolones, 110, 119
Focused Abdominal Sonography for

Trauma. See FAST exam
Focused Assessment with Sonography

for Trauma. See FAST exam
Foley catheter placement, 18, 236–7,

241
foot injuries, 325–7
anatomy of the foot, 325
Bohler’s angle, 325
calcaneal fractures, 325
diaphyseal stress fracture, 326–7
fractures of the 5th metatarsal,
326–7

Harris axial radiograph, 325
Jones fracture, 326–7
Lisfranc injuries, 326
peroneal avulsion fracture, 326
pseudo-Jones fracture, 326–7
wound management, 630–21

forearm fractures, 285–8
both bone forearm fractures, 288
coronoid process fractures, 287–8
distal radioulnar joint (DRUJ)
dislocation, 286

distal radius fracture in children,
300–1

Essex–Lopresti injury, 286
floating elbow, 287
Galeazzi fracture, 286

isolated radial neck fractures, 287
Monteggia fracture–dislocation,
286–7

olecranon fractures, 288
pediatric patients, 300–1

foreign bodies
biologic foreign body implantation,
644

plain radiography, 462–6
ultrasound localization, 484–5

fractures
elderly people, 389–90
facial trauma, 95–103
prehospital splinting, 658
ultrasound indentification, 485
See also specific fractures

free peritoneal fluid
ultrasound detection, 477–80

fresh frozen plasma (FFP), 577–8
frontal bone, 83
frontal fractures, 101–3
frontal sinus fractures
CT scan, 498–9

functional MRI (fMRI), 77

G force stress, 26
gadodiamide, 365
gadolinium contrast agents, 365
gag reflex, 45
galea
CT scan, 491

Galeazzi fracture, 286
gallbladder injuries
CT scan, 527–8

gamma butyrolactone (GBL), 412
gamma hydroxybutyrate (GHB), 412
Garden classification, 307
Gartland classification, 297
gastrograffin, 137
Gelfoam® embolic agent, 542
Gelofuscine®, 576
General Estimates System (GES),

680
genitourinary tract
lower urinary tract anatomy,
232–3

genitourinary trauma, 232–48
abdominal CT, 244
admission criteria, 242
arteriography, 247
bladder injuries, 240–1
causes, 232
clinical anatomy, 232–5
CT scans, 244
cystogram, 245–6
disposition, 242
documentation, 247
emergency department evaluation
and management, 236–8
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epidemiology, 232
essentials, 232
external genitalia anatomy,
233–4

external genitalia injuries, 242–3
Foley catheter placement, 236–7,
241

grading of injuries, 234
hematuria, 237–8
history, 236
imaging, 243–7
incidence of renal injuries, 232
intravenous pyelography, 243
laboratory tests, 237–8
lower genitourinary tract injuries,
240–2

magnetic resonance imaging
(MRI), 245

mechanisms of injury, 232, 234
pathophysiology, 232–5
pediatric patients, 237, 241
penile injuries, 236, 242–3, 242–3
physical examination, 236–7
prehospital care, 236
primary survey, 236
procedures, 606–15
renal anatomy, 232
renal injuries, 238–9
renal injury grading scale, 234
renal injury mechanisms, 234
renovascular injuries, 238–9
retrograde urethrogram, 241, 246
secondary survey, 236–7
testicular injuries, 243
ultrasonography, 243–4
upper urinary tract anatomy, 232
upper urinary tract injuries, 238–40
ureteral injuries, 239
urethral injuries, 241
urinalysis, 237–8

genitourinary trauma procedures
CT cystogram, 611–12
essential information, 615
indications, 606–7
percutaneous suprapubic
cystostomy, 609–10

radiologic procedures, 610–14
retrograde cystogram, 611–12
retrograde urethrogram, 610–11,

612
spermatic cord anesthesia, 614–15
ultrasound, 612–14
urethral catheterization, 607–9

gentamicin, 119
geriatric trauma
abdominal trauma, 389
additional considerations, 390
admission criteria, 390–1
advance directives, 390

age-related changes in the body,
381–5

anatomic contributory factors,
381–5

burns, 386
cardiovascular changes in the

elderly, 382–3
central cord compression, 388
cervical spine injury, 388
closed head trauma, 388
comorbid disease, 381–2
consequences of longer life

expectancy, 381
contributory factors in the elderly,

381–5
decision to withdraw treatment, 390
discharge and support, 391
disposition, 390–1
documentation, 390
drug dosage for elderly people,

383, 384
drug elimination in the elderly, 383
emergency department evaluation

and management, 385–90
effects of aging on the skin, 384
falls, 385–6
fluid and blood component

therapy, 583
fractures, 389–90
goal of resuscitation, 390
head injury, 382, 388
hearing loss with age, 384
hepatic function in the elderly, 383
high mortality risk injuries, 390
hip fractures, 389–90
initial evaluation, 387
longevity improvement, 381
medication side effects, 381–2
mortality rate, 381
motor vehicle-related incidents, 386
musculoskeletal changes in the

elderly, 383–4
neurological changes in the

elderly, 382
nosocomial infections, 386, 390
osteopenia in the elderly, 383
osteoporosis in the elderly, 383
pathophysiology, 381–5
pedestrian collisions, 386
pelvic fractures, 389–90
penetrating trauma, 386
physiologic contributory factors,

381–5
pre-existing medical conditions

(PMC), 381–2, 385, 390
prehospital care of the elderly, 385
presentations, 386
pulmonary function in the

elderly, 383

rates of traumatic events, 381
renal function in the elderly, 383
rib fractures, 389
risk of falls, 383
sacral insufficiency fracture, 389
secondary survey, 388–90
sensory changes with age, 384
serum creatinine level, 383
subdural hematoma, 382
thoracic trauma, 389
triage criteria, 5
vertebral fractures, 389
visual changes with age, 384
See also elderly patients

Glasgow Coma Scale (GCS), 11, 24, 681
assessment of trauma patients, 16

Glasgow Coma Scale (GCS) score, 3,
24, 53, 58

head trauma, 54
indication for intubation, 45

Glasgow Outcome Scale (GOS), 77
Glasgow Outcome Score (GOS), 72
glaucoma
delayed, 116
traumatic, 116

glenoid neck fracture, 280
glenoid rim fracture, 274, 277–8
globe luxation, 120
globe rupture, 119
glucose control
head trauma, 64

glycemic control, 400
gonorrhea, 413–19
Gordon, John E., 418
great vessels trauma
chest trauma, 202–3
interventional radiology, 543–4

group A streptococcus, 638, 641
gums
numbness, 88

gunpowder, 31
gunshot wounds, 26, 85, 129, 131,

132, 158
abdominal trauma, 214
chest, 208
elderly people, 386
mechanisms of injury, 29–31
mortality rate, 29
plain radiography, 462–6
pregnant trauma patient, 375
spine, 182–3
transmediastinal, 204
See also abdominal trauma

(penetrating); vascular trauma

Haddon matrix, 418–19
Haddon, William, Jr., 418–19
Haemaccel®, 576
haloperidol, 61
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hand injuries, 293–6
Bennett fracture, 295
dislocations, 294–5
finger amputations, 296
fractures, 293–4
gamekeeper’s thumb, 295–6
jersey finger, 295
mallet finger, 295
Rolando fracture, 295
skier’s thumb, 295–6
tendon injuries, 293–8
thumb injuries, 295–6
ulnar collateral ligament injuries,
295–6

wound management, 630–21
hangman fracture, 148
hard signs of vascular injury, 362
Harris axial radiograph, 325
hazard vulnerability analysis, 36
HazMat incidents, 644
head trauma, 53–78, 78–9
anatomy, 54–5
anticoagulation therapy patients, 76
associated injuries, 54
blunt head trauma, 53
bones of the skull, 55
brain anatomy, 55
brain parenchyma injury, 55
categories, 53
cerebral hemodynamics, 57–8
clinical decision rules, 445
clinical pearls, 78–9
closed head injury, 53, 221, 400
common causes, 53
complications of TBI, 72–3
cranial herniation, 57
critically elevated ICP, 57
CT scan, 491–7
Cushing reflex, 57
definition, 53
diffuse axonal injury, 55
disposition of patients, 76–7
elderly patients, 75–6, 382
epidemiology, 53–4
epidural hematoma, 55–6
fixed or dilated pupils, 57
fluid and blood component therapy,
583–4

future research directions, 77–8
Glasgow Coma Scale (GCS) score,
53, 54, 58

Glasgow Outcome Score (GOS), 72
goal for cerebral pefusion pressure
(CPP), 57–8

goal for intracranial pressure (ICP),
57–8

goal for mean arterial pressure
(MAP), 57–8

head injury prevention, 423

hypotension, 58
hypoxemia, 58
incidence of TBI, 53
indication for intubation, 45
intracerebral hematoma, 56–7
intracranial hemorrhage, 400
mild traumatic brain injury
(MTBI), 53

neuroimaging research, 77
neurologic trauma, 2–3
optic neuropathy, 119
pathophysiology, 55–7
patients on warfarin, 400
patients with coagulopathy, 76
pediatric patients, 73–5
postconcussive syndrome, 69, 72–3
primary head injury, 55
pupillary examination (prehospital),
58

recombinant factor VIIa (rFVIIa)
research, 78

risk factors for TBI, 53
scalp tissue layers, 55
second impact syndrome, 73
secondary injury, 55
sports-related head injuries, 73
subarachnoid hemorrhage
(SAH), 56

subdural hematoma, 56
therapeutic hypothermia research,
77–8

transfer criteria, 77
traumatic brain injury (TBI), 53

head trauma ED
altered mental status, 64
analgesia, 64
antibiotics, 65
blood pressure management, 64
CT scanning decision rules, 69–70
detecting ICP elevation, 66
evaluation and management, 61–3
first few minutes in ED, 61–2
glucose control, 64
history, 62
hyperventilation to reduce ICP, 66
imaging in MTBI, 69–72
intracranial hypertension, 64
laceration repair, 65
management of increased ICP, 66–8
mild traumatic brain injury
(MTBI), 68–72

moderate traumatic brain injury
(TBI), 68

MRI, 70–2
neurosurgical intervention, 67–8
penetrating injury, 65
physical exam, 62–3
post-traumatic seizure prophylaxis, 64
sedation, 64

seizure prophylaxis, 64
severe traumatic brain injury (TBI),
65–8

signs of skull fracture, 62–3
skull radiography, 69
social history, 62
treatment goals, 63
use of barbiturates, 67
use of mannitol, 66–7
use of osmotic agents, 66–7
wound care, 64–5

head trauma prehospital, 58–61
airway management, 59–60
amnesia, 58
analgesics and sedatives, 61
assessment and management, 58–61
blood pressure, 58
causes of altered mental status, 60
decision to transport to trauma
center, 58

endotracheal intubation, 59–60
essentials, 59, 61
Glasgow Coma Scale (GCS)
score, 58

hypotension, 60
importance of prehospital care, 58–9
loss of consciousness (LOC), 58
oxygenation, 58
pupillary examination, 58
raised ICP, 60
signs of cerebral herniation, 60

health belief model, 420
Health Care Proxy, 666–7
Health Resources and Services

Administration (HRSA), 680
healthcare facilities
surge capacity plan, 40

heart
CT scan, 515–19

heart disease, 399
helical CT, 18–19, 89, 489
helicopter transport, 654–6
hematocrit
baseline measurement, 19–20

hematoma block, 556
hematuria, 237–8
hemi-arthroplasty, 308
hemodynamic monitoring, 401
hemodynamically unstable patient
pelvic radiography, 450–1

hemoglobin substitutes, 579–80
hemomediastinum
plain radiography, 448–9

hemopericardium
CT scan, 516–17

hemorrhage control, 14
hemorrhagic shock
detection and treatment, 11
from facial bleeding, 85
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hemorrhaging patients
resuscitation in the ED, 5–6

hemostatic agents, 580
hemothorax, 6, 14, 15, 193, 195–6, 200–1
CT scan, 522
plain radiographs, 447–8

hemotympanum, 88
Hennepin (modified) method of

reduction, 275
heparin, 141, 399
hepatic trauma
angiography, 544
CT scan, 526–7
interventional radiology, 543

hepatitis B, 413–19
hepatitis B virus
post-exposure evaluation, 642
post-exposure prophylaxis (PEP), 642
transmission precautions, 639

hepatitis C virus
post-exposure evaluation, 642
transmission precautions, 639–40

high reliability organizations, 673
highly active antiretroviral therapy

(HAART), 413
Hill–Sachs fracture, 274, 276, 277–8
hip dislocations, 309–10
anterior dislocations, 310
causes, 309
central dislocations, 310
classification, 309
posterior dislocations, 310
presentation, 309
prosthetic hip, 309, 310
reduction, 309–10

hip fractures, 305–9
anatomic location, 307
avascular necrosis complication, 307
definition, 306
elderly people, 389–90
epidemiology, 306–7
femoral neck fractures, 307–8
Garden classification, 307
hemi-arthroplasty, 308
imaging, 307
innervation of the femur, 306
intertrochanteric fractures, 308
proximal femoral blood supply, 306
proximal femoral fractures, 305–9
risk factors, 306–7
subtrochanteric fractures, 308
total hip arthroplasty, 308

Hippocratic Oath, 663
HIV
post-exposure evaluation, 642
post-exposure prophylaxis (PEP),
642–3

prophylaxis after sexual assault,
413–14

testing, 415
transmission precautions, 640

Homebush triage system, 38
Horner syndrome, 184
hospital acquired infections.

See nosocomial infections
hospital presentation, 5–6
rapid primary survey, 5
resuscitation, 5–6

hospitals
surge capacity plan, 40

humerus fractures, 280–3
adolescents, 299–300
classification, 280–3
Gartland classification, 297
lateral condyle fractures in children,

298–9
medial condyle fractures, 299–300
medial condyle fractures in

children, 299
Neer classification system, 281
neurologic injury, 280
presentation, 280
Salter–Harris fractures, 280
supracondylar fractures in children,

297–8
Hurricane Katrina (2005), 38
Hutchinson pupil, 57
hydrocodone, 438
hydromorphone, 438
hydroxyethyl starch (HES), 576
hyperalgesia, 434–5
hypercapnia, 57
hyperglycemia
head-injured patient, 64

hyperkalemia
crush injuries, 350

hypertension, 57, 399, 400
hyperthermia, 16
hypertonic saline dextran

(HSD), 15
hypertrophic scars, 333
hyperventilation
to reduce ICP, 66

hyphema, 115, 116, 117
hypocapnia, 57
hypotension, 57
head trauma, 58

hypothermia, 16
therapeutic hypothermia research,

77–8
hypovolemic shock, 350
hypoxemia
head trauma, 58

hypoxia
signs of, 45–6

ibuprofen, 438
ICD-9 Injury Severity Score (ICISS), 682

imaging
abdominal injury, 7–8
cervical spine CT scan, 7
cervical spine radiographs, 6
CT scan, 6–8
FAST exam, 7
initial imaging essentials, 7
intra-abdominal injury, 7–8
plain chest radiography, 6
screening AP chest radiograph, 6
screening pelvis radiograph, 6
trauma patients, 6–8
type and extent required, 6

improvised explosive devices (IEDs), 31
incendiary devices
petroleum-based, 31

Incident Command System (ICS),
38–9, 659–60

infection
complications of head trauma, 72

infection transmission precautions.
See universal/standard
precautions

inferior rectus muscle entrapment, 99
influenza virus transmission, 638, 641
information provision
disaster communication plan, 42

initial approach to trauma, 11–20
abdominal examination, 17–18
airway assessment and
management, 13–14

AP chest radiograph, 18
assessment of shock, 15
bedside ultrasound, 11, 14
blood transfusion, 14–15
breathing (primary survey), 14
cervical spine clearance, 18–19
cervical spine evaluation, 19
cervical spine radiograph, 18–19
chest radiograph, 14
circulation assessment and
management, 15

complicating factors, 19
consultation of specialists, 20
detection of chest injuries, 14
developments in emergency
medicine, 11

disability assessment, 16
disposition of patients, 20
distracting injuries, 19
effects of exposure to the
elements, 16

emergency department evaluation
and treatment, 13

essential concepts, 11
establishing vascular access, 14
exposure to assess injuries, 16
fluid resuscitation, 14–15
Foley catheter placement, 18
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initial approach to trauma (cont.)
hemorrhage control, 14
hemorrhagic shock, 11
hypo- or hyperthermia assessment,
16

importance of information about
the trauma, 12–13

indications for ECG, 20
indications for intubation, 14
intoxicated patient, 19
intubation techniques, 13
joint dislocations, 19
laboratory studies, 19–20
major resuscitation criteria, 12
mechanism of injury, 11–12
metabolic markers, 20
nasogastric tube placement, 18
neurologic disability assessment, 16
non-hemorrhagic etiologies of
shock, 15

patient history, 18
pelvis radiograph, 18
physiologic criteria, 12
pneumothorax detection, 14
prehospital care, 11–13
primary survey, 13–16
radiography, 18–19
shock, 15
stabilization of pelvic fractures, 15
stages of evaluation and treatment,
11

thoracolumbar spine imaging, 19
ventilation and oxygenation, 14

injury mechanism. See mechanism of
injury

injury prevention, 418–24
applied behavioral analysis, 420
behavioral theory, 419–22
bicycle helmet use, 423
car design safety features, 422
community-level initiatives, 421
concept of injury prevention, 418
Driving under the Influence (DUI)
laws, 422

essentials of injury prevention
science, 418

fire prevention in the home, 423–4
Haddon matrix, 418–19
head injury prevention, 423
health belief model, 420
legislation on driving and
alcohol, 422

motor vehicle safety, 422–3
motorcycle helmet use, 423
public health, 419–22
residential injury prevention, 423–4
seat belt regulations, 422
speed limits, 422
stages of change theory, 420

theory of injury prevention, 418–19
theory of reasoned action, 420
value criteria, 419
work of John E. Gordon, 418
work of William Haddon, Jr., 418–19
zero-tolerance laws for teenage
drivers, 422

Injury Severity Score (ISS), 3–4, 24,
25, 681

injury-related disability, 83
insulin therapy, 400
interdepartmental issues, 675
International Classification of Disease-

based ISS (ICDISS), 24
international normalized ratio (INR),

578
interventional radiology, 539–48
aortic and great vessels trauma, 543–4
As Low As Reasonably Achievable
(ALARA) radiation dose, 541–2

coils, 541
contraindications, 540–1
embolic agents, 542
essentials, 541
Gelfoam® embolic agent, 542
general principles, 541
general principles of equipment,
542–3

hepatic trauma, 544
major roles in trauma, 547
pelvic trauma, 546–8
peripheral vessel trauma, 547
pregnant patient, 541
principles of radiation safety, 541–2
renal trauma, 545–6
role in trauma evaluation and
management, 540

splenic trauma, 545
stent grafts, 543
stents, 542–3

intestine
blast injuries, 31

intoxicated patient, 19, 45, 46, 664–5
intra-abdominal injury
imaging studies, 7–8
injuries associated with, 17

intracerebral hematoma, 56–7
intracranial injury, 46
CT scan, 492–4

intracranial pressure (ICP)
burr holes, 68
critical elevation, 57
detecting ICP elevation, 66
goal for, 57–8
hyperventilation to reduce, 66
management of increased ICP, 66–8
neurosurgical intervention, 67–8

intraoral lacerations
wound management, 630

intraosseous access, 603–6
complications, 605–6
contraindications, 604
equipment, 604
indications, 603–4
procedure, 604–5

intraosseous line placement, 14
intraperitoneal evaluation
CT scan, 526

intravenous access
prehospital care, 658

intravenous line placement, 14
intravenous regional anesthesia, 439
intubation
indications for, 14
techniques and adjuncts, 13, 48–9

intubation medications
effects on intraocular pressure, 107

iridiocyclitis, 122–3
iridodialysis, 117
iris sphincter tears, 116–17

jaw fractures. Seemandibluar fractures
Jefferson fracture, 148
joint dislocation
radiography, 19

Jones fracture, 326–7
JumpSTART (triage system for

children), 38

keloid scars, 333
Kernohan phenomenon, 57
ketamine, 63, 412
ketorolac, 437
kinematics of acceleration and

deceleration, 26
Kleihauer–Betke (KB) test, 376, 377
knee injuries, 311–15
anatomy, 311
anterior cruciate ligament (ACL),
312, 319

classification of dislocations, 317
compartment syndrome, 318
dislocations, 311, 316–19, 355
effusions, 311
external recurvatum test, 312–13
hemarthroses, 311
hinged knee braces, 319
imaging, 311–12
isolated ligament injuries, 319
knee immobilization, 319
knee stability tests, 314
Lachman test, 312
lateral collateral ligament (LCL),
312, 319

McMurray test, 314
medial collateral ligament (MCL),
312, 319

meniscal injury, 314
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patellar dislocation, 311, 314
patellar fracture, 314–15
posterior cruciate ligament (PCL),
312, 319

posterior drawer test, 312
posterolateral corner injuries, 319
posterolateral injury, 312–13
potential for arterial injury, 355
presentation, 311
tibiofemoral joint dislocation, 311
valgus and varus tests, 312

Kocher method of reduction, 275

laboratory studies
base excess measurements, 20
baseline hematocrit, 19–20
metabolic markers, 20
serum lactate levels, 20
standard panel, 19–20

lacerations, 334
antibiotics, 334
closure, 334
definition, 334
delayed primary closure, 334
primary closure, 334
repair of head injuries, 65
secondary intention, 334

Lachman test, 312
lacrimal gland, 111
lactated Ringer solution, 575
laparotomy
exploratory, 17

laryngeal mask airways (LMA), 49
laryngeal tube, 49
lateral collateral ligament (LCL), 311
Le Fort fractures, 101–0
CT scan, 500–3

LEMON airway assessment
mnemonic, 47, 51

lens (eye)
subluxation or dislocation, 117

lidocaine, 48, 65, 438–9, 551
lidocaine with epinephrine, 332
ligamentous sprains
disposition, 357–8
emergency department evaluation
and management, 356

indications for orthopedic referral,
357–8

pathophysiology, 349
lighted stylet intubation, 49
lips
closure of lacerations, 92
lacerations, 87
numbness, 88
wound closure technique, 623

Lisfranc injuries, 326
Living Will, 666–7
local anesthetic, 65

lorazepam, 383
loss of consciousness (LOC), 58, 69
following blunt head injury, 53

lower extremity trauma, 305–27
ankle injuries, 321–5
CT scan, 534–5
emergency department initial

evaluation, 305
essentials of initial evaluation, 305
femur fractures, 310–11, 315
foot injuries, 325–7
hip dislocations, 309–10
hip fractures, 305–9
initial evaluation in ED, 305
isolated knee ligament injuries, 319
knee dislocation, 316–19
knee injuries, 311–15
knee ligament injuries, 319
lower leg fractures, 319–21
prehospital care, 305
tibial plateau fractures, 315–16
tibial spine fractures, 316–17

lower leg fractures
anatomy of the lower leg, 319–20
compartment syndrome, 321
fasciotomy, 321
fibular fractures (midshaft), 321
fibular fractures (proximal), 321
neurovascular injuries, 320–1
open vs. closed fractures, 320–1
pilon fractures, 321
presentation, 320
tibia fractures, 321

LSD (hallucinogen), 413
lumbosacral plexus, 168
luxatio erecta, 274

Madrid, Spain, train bombings
(2004), 35

magnetic resonance angiography (MRA)
gadolinium contrast agents, 365

magnetic resonance imaging (MRI)
facial trauma, 90
genitourinary trauma, 245
head trauma, 70–2
use in ocular trauma, 110

magnetic resonance spectroscopy
(MRS), 77

Maissonneuve fracture, 324
major resuscitation
criteria for, 12

major vessels
CT scans, 512–25

Mallampati classification, 48
mandibular exam, 87–8
mandibular fractures
CT scan, 504
evaluation and treatment, 96–7

mannitol, 60, 66–7

marcaine, 438
mass casualty situations
triage, 667–8

mastication difficulty
following facial injury, 83

Material Safety Data Sheet, 343
maxilla, 83
maxillary fractures, 100–1
Le Fort fractures, 101–0
tetrapod fracture, 102
tripod fracture, 101

maxillofacial trauma
threat to the airway, 45
See also facial trauma

McMurray test, 314
MDCT. See multidetector CT
mean arterial pressure (MAP), 57
goal for, 57–8

mechanism of injury, 24–32
airbag injuries, 28
ballistics, 29–31
blast injuries, 31–2
blunt trauma, 26–9
common mechanisms of traumatic
death, 24

explosions, 31–2
falls from height, 28–9
G force stress, 26
gunshot wounds, 26, 29–31
indications for trauma team
activation, 25–6

kinematics of acceleration and
deceleration, 26

motor vehicle collisions, 26–8
pedestrian-motor vehicle
collisions, 28

penetrating trauma, 26, 29–32
polytrauma, 25
role in trauma triage, 24
seat belt sign, 27–8
stab wounds, 26
trauma scoring systems, 24–5
trauma triage criteria, 11–12

mechanistic criteria
decision-making in trauma, 5

medial collateral ligament (MCL), 311
mediastinitis, 128, 129, 133
mediastinum
transmediastinal wounds, 204

medical concerns in trauma patients,
396–402

bioelectrical thoracic impedance,
401

clinical anatomy, 397
disposition, 401–2
documentation, 401
emergency department evaluation
and management, 399–401

effects of related medications, 396

Index

707



medical concerns in trauma patients
(cont.)

effects on trauma outcome, 396
essentials, 396
hemodynamic monitoring, 401
history, 399
implications of pharmaceutical
therapy, 399–400

importance of medical history, 399
medication-related complications,
399–400

obesity, 397
pathophysiology, 397
prehospital care, 399
prevalence, 396
proactive approach to treatment,
400–1

pulmonary artery catheter use, 401
reasons for increased risk, 398
risks associated with, 396
secondary considerations, 401
sequelae associated with, 398
See also pre-existing medical
conditions (PMC)

medical examiner, 692
medical staff issues, 675
medical technicians, 2
medication side effects
elderly people, 381–2

meperidine, 438
mesenteric injury
CT scan, 532–4

metabolic markers, 20
methicillin-resistant Staphylococcus

aureus (MRSA), 119, 641–2
methylenedioxymethamphetamine

(MDMA), 413
methylparaben in anesthetics, 553
microvascular surgeon consultation, 20
midazolam, 60
midface fractures, 100–1
Milch method of reduction, 275
mild traumatic brain injury (MTBI),

53, 68–72
CT scanning decision rules, 69–70
imaging, 69–72
skull radiography, 69

military anti-shock trouser (MAST), 259
military triage, 38
moderate traumatic brain injury

(TBI), 68
Monteggia fracture–dislocation, 286–7
Morison pouch, 475
morphine, 437–8
prehospital pain control, 659

mortality
mechanisms of traumatic death, 24

mortality rate
gunshot wounds, 29

motor vehicle collisions, 24
traumatic deaths, 24

motor vehicle collisions, 349
airbag injuries, 28
alcohol-related, 27
blunt abdominal trauma, 213
cause of trauma in the elderly, 386
chest trauma, 190, 194, 201, 202
death rate, 422
diaphragmatic rupture, 203
distal radius fractures, 288
facial trauma, 83
features of severe crashes, 27
genitourinary trauma, 232
Haddon matrix, 418–20
head trauma, 53
injury prevention strategy, 422–3
involving sports utility vehicles, 251
kinematics of acceleration and
deceleration, 26

likelihood of severe injuries, 27
mandible fractures, 97
mechanisms of injury, 26–8
mortality rates, 24, 27
neck trauma, 130
ocular trauma, 105
pedestrian injury patterns, 28
pelvic fractures, 251, 252
polytrauma, 25
potential abdominal injuries, 17
renal trauma, 234
role of alcohol, 422
seat belt injuries, 17, 213–14
seat belt sign, 17, 27–8
side-impact collisions, 251
spinal cord injuries, 167
stages of impact, 26–7
steering wheel marks, 27
subtalar dislocation, 323
traumatic brachial plexus injury, 183
types of impact, 27
vascular injuries, 360
with steering wheel deformity, 17

motor vehicle safety, 422–3
car design safety features, 422
Driving under the Influence (DUI)
laws, 422

legislation on driving and alcohol, 422
seat belt regulations, 422
speed limits, 422
zero-tolerance laws for teenage
drivers, 422

motorcycle collisions, 349
genitourinary trauma, 243, 247
pelvic fractures, 251
vascular injuries, 360

motorcyclists
helmet use, 423
risk of head injury, 423

mouth injuries
intraoral lacerations, 630

MRI. See magnetic resonance imaging
multidetector CT (MDCT)
aortography, 450
developments, 489–90
neck trauma, 135–8

multidrug resistant gram-negative
bacilli (MDR-GNB), 641–2

multidrug resistant organisms
(MDROs), 641–2

multidrug resistant Streptococcus
pneumoniae (MDRSP),
641–2

multiorgan system failure, 397
multiple casualties. See disaster

preparedness
multiple trauma patient, 3
multisystem trauma, 83
muscle strains
emergency department evaluation
and management, 356

musculoskeletal injuries, 3
Mycobacterium tuberculosis, 638
Mycoplasma pneumoniae, 638
mydriasis
traumatic, 116–17

myocardial contusion. See blunt
cardiac injury

myocardial infarction, 20, 194, 201

nailbed lacerations
wound repair, 627–8

naloxone, 567
narcotic induction agents, 49
nasal fractures
CT scan, 498
treatment, 95–6

nasal intubation over a flexible fiber-
optic, 49

nasal septal hematoma, 96
nasogastric tube placement, 18
naso-orbital-ethmoid fractures
CT scan, 499–500

National Automotive Sampling
System (NASS), 680

National Expert Panel on Field Triage
(NEPFT), 654

National Highway Traffic Safety
Administration (NHTSA), 680

National Incident Management
System (NIMS), 38–9

National Trauma Data Bank®
(NTDB), 680

neck hematoma, 129
neck trauma, 126–43
airway establishment, 138–40
anterior triangle of the neck, 127–8
anticoagulation therapy, 141
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antiplatelet therapy, 141
blunt trauma injuries, 130
challenges for practitioners, 126
clinical anatomy, 126–9
definitive treatment, 140–1
disposition, 143
documentation, 142–3
emergency department evaluation
and management, 132–5

endovascular treatment, 141
esophageal injuries, 141
essential information, 126
essential prehospital interventions,
132

gunshot wounds, 129, 131, 132
heparin therapy, 141
imaging studies, 134–8
intubation, 138–40
laryngeal injuries, 142
MDCT (multidetector CT),
135–8

mediastinitis, 128, 129, 133
mortality rate for penetrating
injuries, 129

motor vehicle collisions, 130
neck hematoma, 129
pathophysiology, 129–31
penetrating injuries, 129–30
posterior triangle, 128
prehospital care, 131–2
range of potential injuries, 126
seat belt sign, 134
secondary evaluation, 134–8
selective surgical exploration,
140

stab wounds, 129, 131, 132
strangulation, 130
stroke risk, 141
tracheal injuries, 142
treatment, 138–42
vascular injury, 133–4
Zone 1 of the anterior neck, 126
Zone 2 of the anterior neck, 127
Zone 3 of the anterior neck, 127

needle thoracostomy, 193, 194–5
needlestick injuries, 638–40
Neer classification system, 281
Neisseria meningitidis, 638
neomycin, 110
nephrogenic systemic fibrosis, 365
nerves
facial nerve injury, 92

neurogenic shock, 15, 178
neuroimaging research
head trauma, 77

neurologic disability assessment, 16
neurologic trauma, 2–3
neurological changes in the

elderly, 382

neurosurgeon
consultation, 20
role in the trauma team, 2–3

neurosurgical intervention
burr holes, 68

New Injury Severity Score (NISS), 24,
25, 681

New Orleans Criteria (NOC), 70, 71
NEXUS Criteria, 7, 19, 146, 157,

445, 503
NEXUS Low-risk Criteria, 155,

159–60, 163, 454–5
NEXUS study, 146, 157, 161, 180
nitroglycerine, 31
non-rebreather device, 50
non-steroidal anti-inflammatory drugs

(NSAIDs), 64, 437
side effects, 437

non-trauma centers
patient transfer protocol, 8–9

normal saline, 575
normeperidine, 438
norovirus, 641
nosocomial infections, 386, 390, 397,

641–2
Numeric Rating Scale (NRS), 659
nursemaid’s elbow, 300
nursing. See trauma nursing

obese trauma patients
fluid and blood component

therapy, 583
risks associated with obesity, 397

observational study designs, 679
occult injuries
chest trauma, 208

ocular trauma
acid exposure, 120–2
alkali exposure, 120–2
anatomy of the eye, 105–7
anesthesia, 110
association with facial fractures, 105
bloody chemosis, 112
blowout fracture, 106
bullous subconjunctival

hemorrhage, 112
burns (chemical), 120–2
burns (thermal), 122
canalicular system, 111
chemical burns, 120–2
common injuries, 111–22
commotio retina, 118
conjunctival lacerations, 112–13
corneal abrasions, 113, 122
corneal foreign objects, 114
corneal laceration, 114
corneal ulcer, 114
corneoscleral lacerations, 114–15
CT scan, 110

delayed complications, 122–4
delayed glaucoma, 116
dislocation of the lens, 117
disposition, 124
documentation, 124
dressing and shielding, 111
ectopia lentis, 117
emergency department evaluation
and management, 107–11

effects of intubation medications, 107
elevated intraocular pressure, 116
endophthalmitis, 123
entrapment of extraocular muscles,
120–1

entrapped muscles, 106
epiphora, 111
essential information, 105
eyelid lacerations, 111
fluorescein examination, 109, 112,
114, 117, 119

foreign body sensation, 114
glaucoma, 116
globe luxation, 120
globe rupture, 107, 109, 111, 112,
119

history of injury, 109
hyphema, 115, 116, 117
hypopyon, 114
imaging, 110
incidence, 105
intraocular penetrating objects, 120
intraocular pressure measurement,
109

intraorbital penetrating objects, 120
iridodialysis, 117
iris sphincter tears, 116–17
iritis, 114
irrigation/wound preparation, 110
lacrimal gland, 111
motor vehicle collisions, 105
MRI, 110
ocular exam in trauma, 107–9
ocular pH, 114, 120–2
orbital fractures, 120–1
penetrating objects, 120
periorbital contusions, 111
plain films, 110
post-traumatic cataract formation,
117–18

prehospital management, 107
prophylactic antibiotics, 110–11
pupil dilation to facilitate exam, 111
pupillary examination, 108
retinal detachment, 118
retrobulbar hematoma, 120–1
Seidel sign, 119
Seidel test, 109, 112, 114
slit-lamp examination, 108–9, 112,
114
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ocular trauma (cont.)
subconjunctival hemorrhage, 112
subluxation of the lens, 117
sympathetic ophthalmia, 123
tarsal plate, 111
thermal burns, 122
traumatic glaucoma, 116
traumatic iridiocyclitis, 122–3
traumatic mydriasis, 116–17
traumatic optic neuropathy, 119
ultrasound, 110
uveitis, 122–3
vitreous hemorrhage, 118
Wood’s lamp examination, 112

odontoid fractures, 148
Oklahoma City bombing (1995), 35
Ontario Prehospital Advanced Life

Support (OPALS) study, 50
open fractures
classification system, 349
disposition, 357–8
emergency department evaluation
and management, 354–5

pathophysiology, 349
prehospital interventions, 349–50

open pneumothorax, 14
ophthalmologist consultation, 20
opiates
prehospital pain control, 659

opioids
analgesia, 64
pain management, 437–8
procedural sedation, 567–8
side effects, 437

optic neuropathy
traumatic, 119

optical trauma, 105–24
oral trauma. See facial trauma
orbital blowout fractures
CT scan, 498

orbital bones, 83
orbital exam
facial trauma patient, 88

orbital fractures, 120–1
treatment, 97–9

organ donation, 667, 692
Organ Injury Scale, 681
orotracheal intubation over a flexible

fiberoptic, 49
orthopedic surgeon
consultation, 20
role in the trauma team, 3

osmotic agents
to lower intracranial pressure, 66–7

osteopenia, 383
osteoporosis, 383
Ottawa Ankle and Knee Rules, 445
Ottawa Foot and Ankle Rules, 322
oxycodone, 438

oxygenation failure
signs of, 45–6

packed red blood cells (PRBCs), 576–7
pain management, 434–40

acetaminophen, 437, 438
alfentanil, 438
allodynia, 435
analgesics for traumatic pain, 436–7
assessment in children, 435
assessment in dementia patients, 435
Bier block, 439
bupivacaine, 438–9
chronic pain syndromes, 434–5
codeine, 438
complexity of the pain response,
436–7

consequences of suboptimal
treatment, 434

COX-2 inhibitors, 437
ED visits associated with pain, 434
EMLA cream, 438
epidural anesthesia, 439
fentanyl, 438
FLACC observational scale, 435
graphical rating scale (NRS), 435
hydrocodone, 438
hydromorphone, 438
hyperalgesia, 434–5
ibuprofen, 438
intravenous regional anesthesia,
439

ketorolac, 437
lidocaine, 438–9
local infiltration, 438–9
meperidine, 438
morphine, 437–8
multimodal analgesia, 436–7
NAEMSP position statement, 436
nerve blocks, 439
neuropathic pain, 434
nociceptive pain, 434
non-steroidal anti-inflammatory
drugs (NSAIDs), 437

numerical rating scale (NRS), 435
observational assessment scales, 435
opioids, 437–8
oxycodone, 438
pain assessment, 435–6
pain assessment tools, 435
pain treatment, 436
PAINAD observational scale, 435
pathophysiology of pain, 434–5
peripheral nerve blocks, 439
prehospital care, 658–9
prehospital pain treatment, 436
priority for EMS, 436
reasons for undertreatment of
pain, 434–5

remifentanil, 438
role of local and regional
anesthetics, 438–40

specific analgesics, 437–8
sufentanil, 438
topical local anesthetics, 438
tramadol, 438
use of anxiolytics, 436
Visual Analog Scale (VAS), 435
See also anesthesia

PAINAD observational scale for
pain, 435

pancreatic injury
CT scan, 529–30

pandemic influenza viruses, 638
pandemics
resource allocation, 667–8

para-aminobenzoic acid in
anesthetics, 553

paradoxical respiration, 196
paralytics
use in rapid sequence induction, 49
use in rapid sequence intubation, 48

paramedic (EMT-P) training, 654
parotid gland and duct injury, 92
patient history, 18
pedestrian–motor vehicle collisions,

180, 349
blunt abdominal trauma, 213
cause of trauma in the elderly, 386
injury patterns, 28
pelvic fractures, 251
vascular injuries, 360

pediatric head trauma, 53, 73–5
child abuse, 75
children 2 years and older, 74–5
infants to 2 years, 74

pediatric trauma patients
anesthesia, 568–70
child abuse, 118, 213
facial trauma, 85
fluid and blood component therapy,
583

pain assessment tool, 435
pelvic fracture, 267
ultrasound imaging, 483–4
upper extremity trauma, 296–301

Pediatric triage tape, 38
Pellegrino, Edmund, 663
pelvic fractures, 221, 251–69
acetabular fractures, 252, 253–6, 260
acute interventions, 262–3
admission criteria, 268–9
anterior-posterior compression
(APC) type, 257, 258

avulsion fractures, 253, 260
causes of death, 251
classification systems, 253–8
clinical anatomy, 252–3
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combined mechanism (CM) type,
257, 263

common causes, 251
common presentations, 260
CT scan, 262, 534
“dashboard injuries”, 252
diagnostic peritoneal lavage
(DPL), 261

disposition, 268–9
documentation, 268
emergency department evaluation
and management, 260–9

elderly patients, 267–8, 389–90
epidemiology, 251–2
essential ED treatment, 265
essential information, 252
FAST exam, 261
fracture type and injury severity,
258

fracture type and location of
hemorrhage, 258

infectious complications, 251
initial evaluation, 260–2
isolated fractures, 253–6
key ED evaluation, 265
lateral compression (LC) type, 257,
258, 263

long-term morbidity, 251
minor pelvic fractures, 251–2,
253–6

mortality, 251
motor vehicle collisions, 251, 252
occult injuries, 260
other injuries associated with, 251
pathophysiology, 253–8
patient management implications,
450–3

pediatric patients, 262, 267
pelvic avulsion fractures, 252
pelvic binding (stabilization), 260
pelvic radiography, 261–2
pelvic ring disruptions, 256–8
pelvic stabilization methods, 262
physical exam, 260–2
pneumatic anti-shock garment
(PASG), 258–9

post-ED treatment, 265–7
pregnant women, 267
prehospital care, 258–60
prehospital pelvic stabilization
methods, 258–60

pubic ramus fractures, 251–2, 253,
260

secondary evaluation, 263–5
special populations, 267–8
stabilization, 15
Tile classification system, 256–7
trauma room studies, 261–2
treatment, 265–7

vertical shear (VS) type, 257, 258
Young and Burgess classification

system, 257–8
pelvic radiography, 18, 445–6, 450–3
hemodynamically unstable patient,

450–1
screening radiograph, 6
views, 453

pelvic trauma
angiography, 546–8
interventional radiology, 546–8

penetrating abdominal trauma.
See abdominal trauma
(penetrating)

penetrating foreign objects
plain radiography, 462–6

penetrating injuries
head injuries, 65
intraocular and intraorbital, 120
mechanisms of injury, 26, 29–32
neck trauma, 129–30
spinal cord injury, 182–3

penicillin, 92, 273
penile anesthesia, 558
percutaneous suprapubic cystostomy,

609–10
complications, 610
contraindications, 609
equipment, 610
indications, 609
key points, 610
procedure, 610

perfluorocarbons, 580
pericardial effusion, 15
ultrasound imaging, 481–2

pericardiocentesis, 587–9
blind procedure, 587, 588
complications, 589
contraindications, 587
electrocardiographic monitoring,

587, 588
equipment, 587–8
indications, 587
procedure, 588
ultrasound-guided, 587, 588

pericardium
CT scan, 515–19

periorbital contusions, 111
peripheral IV line placement, 14
peripheral nerve blocks, 439
peripheral vessel trauma

angiography, 547
interventional radiology, 547

peritoneal fluid
ultrasound detection, 477–80

permissive hypotension question, 15
petroleum-based incendiary

devices, 31
phencyclidine (PCP), 412

phenytoin, 64, 384
physeal fractures
Salter–Harris classification, 297

physician assistants, 2
physiologic criteria
decision making in trauma, 4
trauma triage, 12

physiological scoring systems, 681
pia mater, 55
pilon fractures, 321
pinna
wound management, 630

pipe bombs, 31
plain radiography, 443–67
cervical spine radiography,
453–7

chest radiography, 446–50
clinical decision rules, 445
effects of radiation during
pregnancy, 444–5

effects of various doses of
radiation, 444

extremity radiography, 457–62
general principles, 443
gunshot wounds, 462–6
interpretation of cervical spine
radiographs, 455–6

interpretation of extremity
radiographs, 458–61

limits of exposure to radiation, 444
nature of X-rays, 443
pelvic radiography, 450–3
penetrating foreign objects, 462–6
projectile injuries, 462–6
radiation dosage, 443–5
radiograph interpretation, 446
radiopaque foreign bodies, 462–6
risk factors for diagnostic error,
445

risk to patients, 443
three view trauma series, 445–6
Threshold Limit Values (TLV),
444

units for measuring radiation dose,
443–4

units for measuring radiation
exposure, 443

use in trauma patients, 444–6
plasma
universal donor and recipient, 576

plastic surgeon consultation, 20
platelets therapy, 577
Plato, 663
pleural fluid
ultrasound imaging, 482

pneumatic anti-shock garment
(PASG), 258–9

pneumomediastinum
CT scan, 520
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pneumopericardium
CT scan, 519

pneumothorax, 6, 15, 46, 193, 194–5,
199–201, 206

CT scan, 521
detection, 14
FAST exam, 477
plain radiographs, 447–8
ultrasound exam, 482–3
See also tension pneumothorax

polytrauma, 25
portable ultrasound, 190
positron emission tomography

(PET), 77
postconcussive syndrome, 69, 72–3
posterior cord syndrome, 179
posterior cruciate ligament (PCL), 311
posterior drawer test, 312
post-traumatic amnesia (PTA), 69
following blunt head injury, 53

post-traumatic cataract formation,
117–18

post-traumatic seizure, 72
risk in head-injured patients, 64

precautions. See universal/standard
precautions

prednisolone acetate, 116
pre-existing medical conditions

(PMC)
geriatric trauma patients, 381–2,
385, 390

See also medical concerns in trauma
patients

pregnant trauma patient, 371–9
ACOG guidelines for radiation
exposure, 375–6

acute interventions, 375
anesthesia, 568–70
cardiotocographic monitoring, 371
causes of trauma in pregnancy, 371
cesarean section, 377–8
clinical anatomy and physiology,
371–3

common presentations, 373–4
consultation, 378–9
diagnostic peritoneal lavage, 377
disposition, 378–9
documentation, 378
eclampsia, 375
emergency department evaluation
and management, 373–8

essential principles of care, 371
FAST exam, 375, 376
fetal distress, 373, 375
fetal exposure to radiation, 375–6
fetal monitoring, 371, 373, 375,
378

fluid and blood component therapy,
583

incidence of trauma in pregnancy,
371

initial evaluation, 375
injury prevention and patient
education, 378

interventional radiology, 541
Kleihauer–Betke (KB) test, 376, 377
laboratory tests, 376–7
pelvic fracture, 267
penetrating abdominal injury, 375
physiological changes in pregnancy,
371–3

placenta previa, 375
placental abruption, 371, 373
plain radiography, 444–5
prehospital care, 373
preterm labor, 373
procedures, 377
radiology studies, 375–6
Rh-negative mother, 371, 376, 377
secondary evaluation, 375–7
supine hypotension, 371
transfer criteria, 378–9
treatment, 377–8
ultrasound imaging, 483
use of airbags in pregnancy, 378
use of seat belts in pregnancy, 378
uterine rupture, 375

pregnant women
infection exposure treatments, 644

prehospital care, 11–13, 653–61
access to emergency care, 663–4
air medical transport, 654–6
airway management of the trauma
patient, 657

ambulance staffing, 654
cervical spine immobilization,
657–8

direct patient care, 656–9
disaster response system, 659–60
emergency medical technician
(EMT) training, 654

endotracheal intubation in the field,
50, 657

ethical issues, 663–4
field triage guidelines, 653–5
history of Emergency Medical
Services (EMS), 653

Incident Command System (ICS),
659–60

initial challenges, 3
intravenous access, 658
management of trauma, 3–5
multiple casualty incidents (MCIs),
659–60

multitrauma/incident command,
659–60

non-ambulance transport, 654–6
opiate pain control, 659

pain assessment tools, 659
pain control, 658–9
paramedic (EMT-P) training, 654
prehospital trauma systems, 653–4,
674

protocol development, 660–1
splinting, 658
transport of patients, 3
trauma center categorization, 653
trauma destination policies and
protocols, 653–5

triage criteria, 3–5, 11–12
use of helicopter transport, 654–6
Western European EMS systems, 654

prehospital personnel
role of, 2

prehospital trauma systems, 653–4, 674
prilocaine, 438
primary data collection, 679
procainamide, 384
procedures in trauma, 587–96

access procedures, 603–10
airway procedures, 598–603
arthrocentesis, 592–4
arthrogram, 592–4
cricothyrotomy, 598–601
CT cystogram, 611–12
diagnostic peritoneal lavage (DPL),
589–92

genitourinary procedures, 606–15
intraosseus access, 603–6
percutaneous suprapubic
cystostomy, 609–10

pericardiocentesis, 587–9
retrograde cystogram, 611–12
retrograde urethrogram, 610–11,
612

slit-lamp exam, 594–6
spermatic cord anesthesia, 614–15
tube thoracostomy, 601–3
ultrasound in genitourinary trauma,
612–14

urethral catheterization, 607–9
professionalism, 663–8

advance directives, 666–7
blood alcohol levels, 664–5
definitions, 663
discussion of death, 665–7
EMTALA provisions, 663–4
ethical concepts in trauma care, 663–4
family presence during resuscitation,
665

Hippocratic oath, 663
intoxicated patient, 664–5
mass casualty situations, 667–8
nature of, 663
patients’ fiduciary interests, 663–4
personal impact of trauma care, 668
resource allocation, 667–8
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self-care, 668
stress and health problems, 668
withdrawal of treatment, 666–7

projectile injuries
plain radiography, 462–6

propofol, 49, 63, 562
prospective data collection, 679
prothrombin time (PT), 578
pseudo-Jones fracture, 326–7
pterions, 55
pterygoid bones, 83
pulmonary artery catheter use, 401
pulmonary contusions, 46, 202, 206
CT scan, 522–3
plain radiographs, 447–8

pulmonary function
elderly people, 383

pulmonary laceration
CT scan, 520–1

pulmonary trauma
CT scans, 520–3
See also chest trauma

pulse oximetry, 45–6
puncture wounds, 336–9
anesthesia, 337
antibiotics, 339
categories, 337
clinical anatomy, 337
disposition and transfer, 339
early presenters, 337–9
emergency department evaluation
and management, 337–9

host factors, 338
late presenters, 337–9
pathophysiology, 337
patient history, 338
prehospital care, 337

pupillary examination, 58, 108

quasi-experimental study designs, 679

radioactive agent decontamination,
40–2

radiograph interpretation, 446
cervical spine, 455–6
extremity trauma, 458–61
overall review, 446
systematic review, 446
targeted review, 446
technical adequacy assessment, 446

radiography
AP chest radiograph, 18
cervical spine radiograph, 18–19
joint dislocations, 19
PA chest radiograph, 18
pelvis radiograph, 18
thoracolumbar spine imaging, 19

radiology technicians
trauma team support, 2

rapid sequence induction (RSI)
Plan B rescue option, 51
use of paralytics, 49

rapid sequence intubation (RSI), 13,
48–9, 139

BURP maneuver, 49
cricoid pressure, 49
induction agents, 49
paralysis with induction, 49
placement of the endotracheal

tube, 49
post-intubation management, 49
prehospital intubation, 50
prehospital use in TBI patients, 60
preoxygenation, 48
preparation, 48
pretreatment, 49
protection, 49
Sellick maneuver, 49
use of paralytics, 48

recombinant factor VIIa (rFVIIa), 15,
78, 580

recreational injuries
spinal cord injuries, 167

remifentanil, 438, 568
renal trauma
angiography, 545–6
CT scan, 530–1
interventional radiology, 545–6
See also genitourinary trauma

research, 677–87
basic research methodology, 678–9
conceptual framework, 677
controversial work with critically ill

patients, 683–6
de novo data sources, 679
difficulties working with critically ill

patients, 683–6
emergency waiver of consent, 683–6
existing data sources, 679
experimental designs, 678
Fatality Analysis Reporting System

(FARS), 680
Final Rule, 683–6
glossary of research terms, 686
institutional and state trauma

registries, 679–80
National Automotive Sampling

System (NASS), 680
National Trauma Data Bank®

(NTDB), 680
objectives, 677–8
observational designs, 679
primary data collection, 679
prospective data collection, 679
quasi-experimental designs, 679
recombinant factor VIIa

(rFVIIa), 78
retrospective data collection, 679

secondary data collection, 679
stages in the research process, 677
study design, 678–9
trauma research topics, 677
trauma scoring systems, 680–3
trauma-related data sources, 679–80

resource allocation, 667–8
respiratory syncytial virus, 641
respiratory transmission of infection,

637–8
resuscitation, 5–6
hemorrhaging patients, 5–6
permissive hypotension debate, 5–6
See also fluid and blood component

therapy
retinal detachment, 88, 118
retrobulbar hematoma, 100, 120–1
retrograde cystogram, 611–12
complications, 612
contraindications, 611
indications, 611
procedure, 611–12

retrograde intubation, 49
retrograde urethrogram, 246, 610–11
complications, 612
contraindications, 610
equipment, 610
indications, 610
procedure, 610–11

retroperitoneal evaluation
CT scan, 526

retrospective data collection, 679
Revised Trauma Score (RTS), 3,

24, 682
rhabdomyolysis, 349, 350, 360
rhinovirus transmission, 638
Rhode Island nightclub fire (2003), 35
rib fractures, 205–6, 208
CT scan, 520
elderly people, 389

Richmond Agitation Sedation
score, 50

rigid fiberoptic laryngoscopy, 49
rocuronium, 49, 107
rofecoxib (Vioxx®), 437
Rohypnol® (flunitrazepam), 412
Rolando fracture, 295
rotavirus, 641
rubeola virus transmission, 638
rural hospitals
patient transfer protocol, 8–9

rural trauma care, 426–32
access to Level I or II trauma
centers, 426

air ambulance service availability,
427

air medical transport, 656
assessing ability to provide care
locally, 426–7
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rural trauma care (cont.)
ATLS® guidelines for referral to
tertiary care, 428–9

backup and ancillary support, 427
challenges for the future, 431–2
choosing the mode of transfer,
430–1

determining your local
environment, 426–7

guidelines for referral to a higher
level of care, 428–9

helicopter availability, 427
hospital surgical capabilities and
availability, 427

level of care in emergency
departments, 426

local EMS services, 426
pre-existing protocols, 427
prehospital decisions, 428
responsibility to arrange the
transfer, 431

rural trauma system, 429–30
stability of patients for transfer, 430
staff training levels, 426
technological advances, 426
things to do prior to transfer, 431
transfer of patients to the closest
facility, 430

transport efficiencies, 427
who to keep and who to transfer,
428–9

who will accept the transfer
patient, 430

rural trauma centers
ATLS® trained practitioners, 426

Sacco triage method, 38
sacral insufficiency fracture, 389
Salter–Harris classification, 297
Salter–Harris fractures, 280, 301, 358
SARS virus, 638
SARS-associated coronavirus, 638
scalp injuries
CT scan, 491
laceration repair, 65
wound management, 628–9

scalp tissue layers, 55
scapula fractures, 280
scar formation, 333
contributory factors, 620–3

SCIWORA (spinal cord injury without
radiographic abnormality), 161,
180–1

scoring systems for trauma, 24–5
seat belt injuries, 17
abdominal trauma, 213–14

seat belt regulations, 422
seat belt sign (motor vehicle

collisions), 17, 27–8, 134

seat belt use in pregnancy, 378
second impact syndrome (head

trauma), 73
secondary data collection, 679
Segond fracture, 317
Seidel sign, 119
Seidel test, 109, 112, 114, 596
seizure prophylaxis
head-injured patient, 64

seizures
complication of head trauma, 72

Seldinger technique, 13
Sellick maneuver, 49
semi-rigid fiberoptic stylets, 49
Semtex, 31
September 11th, 2001 attacks, 38
Serratia species, 641
serum creatinine level
elderly people, 383

serum lactate levels, 20
severe traumatic brain injury (TBI)
burr holes, 68
hyperventilation to reduce ICP, 66
neurosurgical intervention, 67–8
use of barbiturates, 67
use of osmotic agents, 66–7

sexual assault, 404–16
acute interventions, 407
amnestic patient, 412
anogenital injury, 404–9
chain of custody for forensic
evidence, 405

chain of evidence for forensic
kits, 416

chlamydia treatment, 413–19
clinical anatomy, 404–9
collection and preservation of
evidence, 405

colposcopy, 404–9, 412
common presentations, 406–7
components of the patient
examination, 404

consultations, 416
critically injured patient, 407
date-rape (DFSA), 405, 407, 412–13
definition, 404
definition of rape, 404
discharge and follow up, 416
disposition, 416
documentation, 415
drug-facilitated sexual assault
(DFSA), 405, 407, 412–13

drug-facilitated sexual assault
(DFSA) kit, 407

emergency department evaluation
and management, 405–7,
407–13

emergency contraception, 415
evidentiary examination, 407–13

evidentiary examination (stable
ambulatory patient), 407–12

forensic kits, 416
forensic photography, 416
gamma hydroxybutyric acid
(GHB), 406

gonorrhea treatment, 413–19
Health Care Proxy, 407
hepatitis B treatment, 413–19
HIV prophylaxis, 413–14
HIV testing, 415
incidence, 404
initial evaluation, 405–6
initial evaluation protocol, 405
intoxicated patient, 407
laboratory testing, 408–9
law enforcement, 415–16
mental health intervention, 408
pathophysiology, 404–9
patient advocate, 407, 416
patient consent to examination, 407
patient education and consent to
forensic exam., 408

patient interview, 408
post-exposure prophylaxis (PEP),
413–14

prehospital considerations, 405
preservation of forensic evidence, 405
protocols for evaluation and
treatment, 404

rape kit (sexual assault evidence
collection kit), 409–12

rape victim advocate, 405, 416
reporting laws, 415–16
reporting the assault, 408, 415–16
secondary evaluation, 407–13
Sexual Assault Forensic
Examination (SAFE) centers,
405

sexually transmitted infections,
413–19

special considerations about
examination, 407

support for patients, 416
transfers, 416
treatment, 413–15
trichomonas treatment, 413–19
types of injuries, 406–7

sexual assault evidence collection kit
(rape kit), 409–12

anal swabs and smears, 411
debris collection, 410
dried secretions and bite marks, 411
evidence integrity, 409
fingernail scrapings, 411
focused examination for injuries, 410
general considerations, 409
oral brushing, 412
oral swab and smear, 409
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packaging of clothing and
underwear, 410

pubic hair combings, 409
pulled head hairs, 411
pulled pubic hairs, 411
trace evidence/undressing, 409–10
vaginal or penile swabs and smears,
411–12

Sexual Assault Forensic Examination
(SAFE) centers, 405

shock
assessment of, 15
etiologies, 15

shotgun wounds
abdominal trauma, 215
potential for arterial injury, 355
See also abdominal trauma
(penetrating); vascular trauma

shoulder dislocations, 273–8
fractures related to, 277–8
Kocher method of reduction, 275
luxatio erecta, 274
Milch method of reduction, 275
modified Hennepin method of
reduction, 275

post-reduction positioning, 278
reduction methods, 275–7
scapular manipulation, 277
Stimson method of reduction, 275
surgical intervention, 278
traction-countertraction method of
reduction, 275

shoulder injuries, 273–80
acromioclavicular joint injuries,
278–9

Bankart lesion, 277–8
dislocations, 273–8
fractures related to dislocation, 277–8
glenoid rim fracture, 274, 277–8
Hill–Sachs fracture, 274, 276, 277–8
rotator cuff injury, 274
scapula fractures, 280
shoulder anatomy, 273

shrapnel injuries, 31
sickle cell patients, 116
silver sulfadiazine, 344
Simple Triage and Rapid Treatment

(START), 38
single photon emission computed

tomography (SPECT), 77
skills required by emergency

physicians, 587
skin
facial, 83
See also cutaneous injuries

skull
CT scan, 491–5

skull base fractures
CT scan, 491–5

skull bones
anatomy, 55

skull fracture
signs of, 62–3

skull radiography, 69
slit-lamp exam, 594–6
complications, 596
contraindications, 595
equipment, 595
indications, 595
procedure, 595–6
Seidel test, 596
tonometry, 596

Smith fracture (reverse Colles), 288
Snellen eye chart, 88, 108
soft signs of vascular injury, 362
soft tissue trauma, 347–58
aggressive fluid resuscitation, 350
analgesia, 350
Ankle-Brachial Index (ABI), 355
arterial injury, 351, 355–6, 357–8
cardiac arrest, 351
cardiac arrhythmias, 351
clinical anatomy, 347–9
compartment syndrome, 347–8,

350–3, 357–8
crush injuries, 348–9, 350, 353–4,

357–8
degloving injuries, 349, 350, 356,

357–8
disposition, 357–8
documentation, 357
emergency department evaluation

and management, 350–7
hemorrhage control, 349–50
hypovolemic shock, 350
indications for orthopedic referral,

357–8
initial evaluation and management,

350–1
ligamentous sprains, 349, 356,

357–8
open fractures, 349, 354–5, 357–8
pathophysiology, 347–9
prehospital interventions, 349–50
secondary evaluation, 351–7
soft tissue strain, 356
tourniquet, 349–50
windlass technique for bleeding

control, 349–50
solid organ injury
CT scans, 526–31

specialist consultation, 20
spermatic cord anesthesia, 614–15
contraindications, 615
equipment, 615
indications, 614
procedure, 615

sphenoid bones, 83

spinal cord injury (SCI), 167–86
anterior cord syndrome, 179
arterial system of the spinal cord,
169–70

ASIA classification system, 174
blood pressure control, 176
Brown-Séquard syndrome, 179
cauda equina syndrome, 179–80
causes, 167
central cord syndrome, 178–81
changes in evaluation and
management, 168

classification system, 174
clinical anatomy, 168–9
complete and incomplete injuries,
169–70

complete cord injury, 182
complications, 177–8
consultations, 177
conus medullaris syndrome, 179–80
corticosteroid therapy, 175–6
diagnosis at discharge, 168
documentation, 178
emergency department evaluation
and management, 173–7

epidemiology, 167–8
falls in older patients, 168
grey matter, 169–72
impacts and costs, 167
incidence, 167
incomplete cord syndromes, 178–82
indications for admission, 177
indications for transfer, 177
indications of a spinal cord
injury, 173

initial evaluation, 173
location on the spine, 167
mechanisms of injury, 170–3
medical therapy, 175
medicolegal points, 178
mortality, 168
neurogenic shock, 178
oxygenation, 176
paraplegia definition, 170
pathology, 170–3
pathophysiology, 168–9
patient discharge, 177
penetrating injury to the spine,
182–3

peripheral nerve injuries, 183–6
posterior cord syndrome, 179
prehospital interventions, 173
primary injury, 170–3
prognosis, 177
quadriplegia. See tetraplegia
risk factors, 167
SCIWORA (spinal cord injury
without radiographic
abnormality), 180–1
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spinal cord injury (SCI) (cont.)
secondary injury, 170–3
secondary survey, 173–4
spinal cord tracts, 169
spinal nerves, 168
spinal shock, 178
steroid therapy, 175–6
surgical interventions, 176–7
terminology, 169–70
tetraplegia definition, 102
trauma room studies based on
severity, 174–5

traumatic brachial plexus injury,
183–6

treatment, 175–7
unstable fractures of the spine,
182–3

vascular system of the spinal cord,
168–71

venous system of the spinal cord,
169

when to send home, 177
white matter, 169–72

spinal cord injury without
radiographic abnormality
(SCIWORA), 161, 180–1

spinal shock, 15, 178
spinal stability
three-column theory, 182

spinal trauma
CT scans, 501–13

spinal trauma (musculoskeletal),
146–64

acute interventions, 158–9
atlantoaxial joint injuries, 148
atlas (C1) fractures, 148
burst fractures, 156
cervical spine clearance, 157
cervical spine fracture, 146
cervical spine imaging, 159–61
Chance fractures, 152–3
clay shoveler’s fracture, 151
clinical anatomy, 146–9
compression fractures, 155
CT scans (cervical spine), 161
decision rules for imaging, 159–60
disposition, 163–4
documentation, 163
emergency department evaluation
and management, 157–9

epidemiology of fractures, 153–4
essentials of bony spinal trauma,
146

extension teardrop fracture, 151
facet injuries, 148–9
flexion teardrop fracture, 156
flexion–distraction injuries, 152–3
flexion–extension films, 161
fracture dislocations, 153

fracture patterns, 147–54
gunshot wounds, 158
hangman’s fracture, 148
initial evaluation, 157–9
Jefferson fracture, 148
minor spinal injury, 157
moderate spinal injury, 157
MRI (cervical spine), 161
occipitocervical injuries, 147
occult bony spinal injury, 157
odontoid fractures, 148
pathophysiology, 146–54
plain films, 159–61
prehospital care, 154–7
secondary evaluation, 159–62
severe spinal injury, 157
spinal immobilization, 154–7
stab wounds, 158
stable vs. unstable fractures, 146–50
subaxial cervical spine injuries
(C3-C7), 148–59

subluxation injury, 150
thoracic spine fractures, 151
thoracolumbar spine, 151–3
thoracolumbar spine imaging,
161–2

transportation of patients,
154–7

transverse process fractures, 153
trauma room imaging studies, 158
traumatic spondylolisthesis of the
axis (C2), 148

treatment, 162–3
unstable fractures of the spine,
182–3

splenic trauma
angiography, 545
CT scan, 527–8
interventional radiology, 545

splinting of fractures
prehospital care, 658

sports injuries, 283
head injuries, 73
mandible fractures, 97
second impact syndrome (head
trauma), 73

spinal cord injuries, 167
stab wounds, 26, 129, 131, 132, 158
abdominal trauma, 214
chest, 208
See also abdominal trauma
(penetrating), vascular trauma

stages of change theory, 420
standard precautions. See universal/

standard precautions
steering wheel marks (motor vehicle

collisions), 27
stent grafts, 543
stents, 542–3

sternoclavicular dislocation
CT scan, 520

sternoclavicular dissociation, 280
sternotomy, 197
sternum fractures, 206
CT scan, 520

Stimson method of reduction, 275
strangulation, 130
Streptococcus epidermidis, 123
subarachnoid hemorrhage, 56, 118
CT scan, 497

subarachnoid space, 55
subclavian artery injury, 132
subconjunctival hemorrhage, 112
subdural hematoma, 56
CT scan, 494–7
risk in elderly patients, 76

succinylcholine, 49, 139
contraindication, 350
effects on intraocular pressure, 107

sufentanil, 438
sulfacetamide, 110
surge capacity plan
healthcare facilities, 40

surgical airway.
See cricothyroidotomy;
cricothyrotomy

sympathetic ophthalmia, 123
systolic blood pressure (SBP)
decision-making criterion, 4

teeth
alveolar ridge fractures, 95
assessment after facial trauma, 87
avulsion, 87, 94
fractures, 94–5
malocclusion, 87
reimplantation, 94
subluxation, 94
treatment of dental injuries, 94–5

tenofovi– disoproxil–fumarate, 644
tension hemothorax, 193
tension pneumothorax, 14, 15, 192,

193, 194–5
plain radiography, 447

tentorium cerebelli, 55
Terry Thomas sign, 291
Terson syndrome, 118
testicular ultrasound, 483
tetanus immunization, 65, 110, 119,

273, 368, 618
cutaneous injuries, 332

tetracaine, 438
tetraplegia, 102
tetrapod fracture, 102
theory of reasoned action, 420
therapeutic hypothermia research, 77–8
thoracic effusion
CT scan, 522
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thoracic trauma. See chest trauma
thoracolumbar injuries
anterior compression fracture, 511
burst fractures, 511
Chance-type fracture, 511
CT scans, 509–16
flexion–distraction fractures, 17, 511
fracture dislocations, 516
fracture patterns, 511–16
plain radiography vs CT,
509–11

thoracolumbar spine imaging, 19
thoracotomy, 132, 195–6, 197–9
through-and-through lacerations,

87, 94
closure, 90–2

thumb injuries, 295–6
tibial injuries
CT scan, 535
fractures, 321
tibial plateau fractures, 315–16, 535
tibial spine fractures, 316–17

ticlodipine, 400
timolol eye drops, 116
Timoptic, 116
TNT (trinitrotoluene), 31
tobramycin, 110
tongue injuries
anaesthesia, 94
lacerations, 87
treatment, 93–4

tongue-blade test, 88, 97
tonometer, 109
tonometry, 596
torticollis, 149
tourniquet, 361–2, 363
soft tissue trauma, 349–50

tracheobronchial rupture
CT scan, 520

tramadol, 438
tranexamic acid, 116
transesophageal echocardiography

(TEE), 450
transfusion. See blood transfusion;

fluid and blood component
therapy; resuscitation

transport of trauma patients, 3
transtracheal jet ventilation, 49
trauma airway. See airway

management
Trauma and Injury Severity Score

(TRISS), 24, 683
trauma approach. See initial approach

to trauma
trauma captain role, 1–2
trauma centers, 1, 191
ACS certified centers, 2
ACS guidelines for level 1 trauma
centers, 12

categorization, 653
establishment of, 11
levels of activation, 11–12
multiple trauma patients, 3
neurosurgeon coverage, 2–3
orthopedic surgeons, 3
patient transfer protocols, 8–9
See also rural trauma care

trauma nursing, 690–2
challenges of, 690
education and training of nurses,

690
issues surrounding traumatic

death, 692
prior nursing experience, 690
responsibilities of the resuscitation

nurse, 690–2
role in patient transfer, 692
role in the trauma team, 674
role of the trauma nurse, 2
specialist training, 690
staffing levels, 690
Trauma Nurse Coordinator, 692
Trauma Program Manager, 692

trauma registries, 679–80
trauma scoring systems, 24–5, 680–3
A Severity Characterization of

Trauma (ASCOT), 683
Abbreviated Injury Scale (AIS), 681
Acute Physiology and Chronic

Health Evaluation (APACHE),
682–3

Anatomic Profile (AP), 682
anatomical scoring systems, 681
combined scoring systems, 681
ICD-9 Injury Severity Score (ICISS),

682
Injury Severity Score (ISS), 681
New Injury Severity Score (NISS),

681
physiological scoring systems, 681
Revised Trauma Score (RTS), 682
Trauma and Injury Severity Score

(TRISS), 683
See also Glasgow Coma Scale (GCS)

trauma surgeon
requirement for, 12
role, 2

trauma systems, 1, 11, 191
prehospital trauma systems,

653–4, 674
trauma team, 1–3
communication challenges, 670
crew resource management (CRM),

673–4
CT technician, 2
emergency medics, 2
feedback and evaluation, 674–5
high reliability organizations, 673

indications for activation, 25–6
interdepartmental issues, 675
medical staff issues, 675
medical technicians, 2
nature of effective teams, 670
neurosurgeon, 2–3
orthopedic surgeon, 3
physician assistants, 2
prehospital personnel, 2
purpose, 670
radiology technician, 2
role of the trauma nurse, 674
size of the team, 1
support personnel, 2
team members, 670
team training, 673–4
teamwork, 672–3
trauma captain, 1–2
trauma nurse, 2
trauma surgeon, 2

trauma team leadership, 670–2
communication, 670–1, 672
conflict management, 672
delegation, 670–1
essential information, 672
“hands on” vs. “hands off”
leadership, 672

leadership style, 671
positioning of the leader, 671–2
who should lead, 672

traumatic brachial plexus injury,
183–6

traumatic brain injury (TBI)
common causes, 53
definition, 53
incidence, 53
risk factors, 53
signs of, 53

Traumatic Data Coma Bank
(TDCB), 58

triage
goal of prehospital triage, 3
mass casualty situations, 485, 667–8
use of ultrasound exam, 485

triage criteria
anatomic criteria, 3–5
geriatric trauma, 5
mechanism of injury, 11–12, 24
mechanistic criteria, 5
physiologic criteria, 4, 12
prehospital, 11–12
prehospital decision making, 3–5
sensitivity and specificity, 5

Triage sieve, 38
triage systems
disaster preparedness, 38–40

triangular-fibrocartilage complex
(TFCC), 289

injuries, 293
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trichomonas, 413–19
tripod fracture, 101
CT scan, 500

Tropical Storm Allison, 36
tube thoracostomy, 195, 200,

601–3
complications, 603
contraindications, 601
equipment, 601–2
indications, 601
procedure, 602–3

tympanic membrane
blast injury, 31
hemotympanum, 88
laceration, 88
rupture, 31, 88

ultrasound, 471–85
abdominal trauma, 8, 217, 220
acoustic window, 471
advantages and limitations in
trauma, 473–4

bedside, 11, 14, 15
bedside vs. consultative exam,
474–5

cardiac tamponade, 481–2
clinician training for trauma
ultrasound, 472–3

comparison with CT, 8
comparison with other imaging
and diagnostic modalities, 473–4

equipment, 471–2
FAST exam vs. consultative exam,
474–5

fetal imaging, 483
fracture identification, 485
free peritoneal fluid detection,
477–80

gas-filled areas, 471
genitourinary trauma, 243–4
localization of foreign bodies, 484–5
obstetric patient, 483
pediatric trauma patients, 483–4
pericardial effusion, 481–2
pleural fluid, 482
pneumothorax, 482–3
portable ultrasonography, 190
pregnant trauma patient, 483
principles, 471
scanning bone, 471
scanning fluid densities, 471
solid organ injury, 480–1
testicular imaging, 483
training in emergency bedside
ultrasound, 472–3

training in FAST exam, 472–3
transmission through tissues, 471
triage of multiple patients or
disaster situations, 485

ultrasound-guided procedures,
484

ultrasound-guided vascular access,
484

use in blunt abdominal trauma,
473–4

use in ocular trauma, 110
use in trauma patients, 471
See also FAST exam

ultrasound in genitourinary trauma,
612–14

complications, 614
contraindications, 612
equipment, 612–13
indications, 612
procedures, 613–14

ultrasound-guided procedures, 484
universal/standard precautions,

635–45
adherence to prevention standards,
640–1

airborne transmission, 638
barrier protection, 635, 636–7
biological foreign body
implantation, 644

bioterrorism events, 644
blood-borne transmission,
638–40

chemoprophylaxis for respiratory
pathogens, 643–4

Clostridium difficile, 641
contact transmission, 637
droplet transmission, 638
essentials, 635–6
eye shields or goggles, 636–7
general principles, 635–6
gloves, 636
gowns, 636
HazMat incidents, 644
hepatitis B virus (HBV), 639
hepatitis C virus (HCV),
639–40

history of development, 635
HIV (human immunodeficiency
virus), 640

hospital acquired infections,
641–2

infection transmission prevention
principles, 636–40

masks, 636–7
methicillin-resistant Staphylococcus
aureus (MRSA), 641–2

multidrug-resistant gram-negative
bacilli (MDR-GNB), 641–2

multidrug-resistant organisms
(MDROs), 641–2

multidrug-resistant Streptococcus
pneumoniae (MDRSP), 641–2

needlestick injuries, 638–40

percutaneous injuries, 638–40
personal protective equipment
(PPE), 635, 636–7

post-exposure evaluation, 642
post-exposure prophylaxis (PEP),
642–3

pregnant women, 644
respiratory pathogens prophylaxis,
643–4

respiratory transmission, 637–8
special populations, 644
standard precautions (SP), 637
transmission based precautions
(TBP), 637–40

vaccination for respiratiory
pathogens, 643–4

vancomycin-resistant enterococcus
(VRE), 641–2

vancomycin-resistant
Staphylococcus aureus (VRSA),
641–2

upper extremity trauma, 272–301
acromioclavicular joint injuries,
278–9, 280

clavicle fractures, 279–80
emergency department evaluation,
272–3

elbow dislocations, 283–5
elbow fractures, 285–8
elbow injuries, 300
essentials, 273
fall on outstretched hand (FOOSH),
272

floating shoulder, 280
forearm fractures, 285–8
forearm injuries, 300–1
glenoid neck fracture, 280
hand injuries, 293–6
humerus fractures, 280–3
nursemaid’s elbow, 300
pediatric considerations,
296–301

prehospital care, 272
radial neck fractures, 300
Salter–Harris classification, 297
scapula fractures, 280
shoulder anatomy, 273
shoulder injuries, 273–80
sternoclavicular dissociation, 280
wrist injuries, 288–93

urethral catheterization, 607–9
complications (male), 608
contraindications, 607
equipment, 607
indications, 607
pediatric patients, 609
procedure (female), 609
procedure (male), 607–8
use of antibiotics, 609
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urothorax, 522
uveitis, 122–3

valdecoxib (Bextra®), 437
valgus and varus tests
knee injuries, 312

valproate, 64
vancomycin, 119
vancomycin-resistant enterococcus

(VRE), 641–2
vancomycin-resistant Staphylococcus

aureus (VRSA), 641–2
varicella virus transmission,

638
vascular access, 14
vascular response to CO2 levels, 57
vascular trauma, 360–9
anatomy, 360–1
Ankle–Brachial Index (ABI),
362, 364, 367

antibiotics, 368
Arterial Pressure Index, 364
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wound preparation, 619
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