
Introduction
Victims of blunt trauma are frequently encountered in the

emergency department (ED). Forty percent of all ED visits each
year are attributed to injury, which equates to about 40 million
ED visits annually. Additional-
ly, approximately one-third of
intensive care unit (ICU) admis-
sions in the United States are
trauma-related. In regions that
have an organized trauma sys-
tem, patients with major trauma
are stabilized and transported to
the closest designated trauma
center per the Advanced Trau-
ma Life Support (ATLS) para-
digm. Trauma centers are so
designated by their ability to
provide comprehensive care for
the traumatized patient, both
acutely and in the rehabilitative phases of their recovery. Data
have shown that major trauma patients who are transferred to
verified trauma centers have lower in-hospital mortality rates.1

Additionally, studies have shown that trauma patients treated at

American College of Surgeons (ACS)-designated level 1 trauma
centers have better survival outcomes than patients treated at
ACS-designated level 2 trauma centers.2,3 A large proportion of
trauma patients initially are assessed and managed in hospitals

not verified as trauma centers.
Care and stabilization in these
facilities are a crucial part of an
organized trauma system. 

Epidemiology
Trauma is the leading cause

of death in most developed
countries for persons aged 1-44
and is estimated to become the
second or third most common
cause of death across all age
groups by 2020. Motor vehicle
crashes are the most common
etiology, accounting for the

greatest number of injuries and deaths. Falls are the second most
common cause of unintentional injury, with infants and the elder-
ly being at highest risk. The incidence of falls declines from
infancy up to 14 years of age but then reemerges as a major cause
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of blunt trauma in the elderly. It is clear that trauma is a large bur-
den on the health care system; data have shown that for every
death related to injury, there are 233 ED visits, 19 admissions, and
450 follow-up physician office visits.

According to the Bureau of Labor Statistics, there are 4 mil-
lion non-fatal injuries among U.S. workers in the private sector.
The overall rate of 4.2 cases per 100 full-time equivalents was
the lowest level in the past 5 years. Jobs in agriculture, mining,
construction, and manufacturing have among the highest rates of
injury, whereas the service professions were far less likely to suf-
fer work-related injury.4 Fatal workplace accidents due to vehi-
cle-related injuries have been substantially reduced in recent
years, whereas fatal work-related falls have increased. The high-
est case fatality rates among all occupations occur in mining
(24.8 cases per 100,000 employed) and agriculture (27.3 cases
per 100,000 employed). Workers in the fishing industry and log-
gers have the highest occupation-specific fatality rate. Blumen5

noted a case fatality rate of 196 cases per 100,000 employed in
the air medical transport industry.

There is a trimodal distribution of death in victims of trauma.
(See Figure 1.) The first peak occurs within seconds to minutes
after the insult; these patients typically die from brain or spinal
cord injury or rupture of aorta, heart, or other large vessels. The

single most important factor that can reduce mortality in these
early deaths is a comprehensive injury prevention program.
Improved vehicle design, passenger restraint systems, and protec-
tive head gear are examples of interventions that have been shown
to reduce trauma mortality. The second peak occurs minutes to
several hours after the insult; these patients die from hemopneu-
mothorax, ruptured spleen, liver lacerations, epidural and subdur-
al hematomas, pelvic fractures, or blood loss from multiple
injuries. The third peak occurs days to weeks later and is usually
due to multiple organ failure and sepsis. Clearly, the role in the
ED is to identify and address those patients at risk of early mortal-
ity, quickly recognize those injuries that can lead to death if not
properly treated, and arrange for definitive care of such patients in
an expeditious manner. Early aggressive resuscitation of major
trauma victims also can prevent death in the third peak following
injury typically caused by multi-system organ failure.

There is a definite role for emergency physicians to have an
impact on future injury in the period immediately after the trau-
matic injury has occurred, often referred to as the “teachable
moment.” While some traumatized patients are risk-takers and
will be resistant to changes in their behaviors, other patients may
have had a lapse of self-control or a moment of carelessness and
would be receptive to an emergency physician discussing their
endangering behavior and advising changes in the future.6 This is
also an opportunity to intervene with patients suspected of drug
or alcohol abuse.7 Every physician-patient encounter is an oppor-
tunity to encourage a change in the patient’s behavior and lead to
a reduction of trauma morbidity and mortality in the future. 

Mechanism of Blunt Injury
It is important to anticipate what injuries an patient will have

based on the history of the accident, as there are patterns to injury
based on the particular mechanism. Specific information about
the details of the event including speed of travel, position of the
patient, use of restraint systems, and the height of fall should be
determined by a careful history obtained from the patient,
bystanders, and prehospital personnel. While the mechanism of
injury is useful for predicting injury patterns, it has been shown to
be a very poor predictor of appropriate triage decisions.8 This is
especially true if anatomical and physiologic criteria are not con-
sidered. Several studies have looked only at mechanism of injury
and severity of the actual injuries to the patient. With auto acci-
dents specifically, studies have evaluated which mechanisms or
patterns of the accident put the patient at risk for serious injury,
potentially requiring a higher level of trauma care. Palanca9 found
that a prolonged extrication time, vehicle intrusion, and ejection
from the vehicle were the only three criteria statistically associat-
ed with major injury. Recently, Boyle10 evaluated patients with
mechanism of injury as the sole triage criteria and found that only
a fall greater than 5 m or entrapment more than 30 minutes were
associated with severe injuries.

Blunt trauma most commonly is the result of motor vehicle
collisions (MVCs), motorcycle crashes, automobile versus
pedestrian, falls, assaults, and, rarely, blast injuries. Blunt trauma
typically produces an inelastic collision in which kinetic energy
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is lost in deformation of both the vehicle and the patient involved
in the collision. Strain refers to stress produced in the tissue by
blunt forces. Depending on the direction of the force, this can
result in tensile strain, shearing, compression, or over-pressure.
This leads to specific injuries including tearing, shearing injuries,
contusion, and hollow viscus rupture. (See Table 1.) With motor
vehicle collisions, three separate impacts are described: In the
first, the motor vehicle strikes an object; in the second, the victim
collides with the motor vehicle; in the third, the soft tissues of the
body strike the supporting structures in the body. Further injury
from recoil is possible. Mortality is related directly to the amount
of force that is transferred to the patient. Head-on collisions carry
the highest mortality, whereas lower mortality rates are seen with
side impact (20-35%), rollover (8-15%), and rear impact (3-
5%).11,12 The speed of impact also is a major determinant of out-
come, with 5% mortality for collisions at 20 mph versus an 85%
mortality for collisions at speeds in excess of 50 mph.

The importance of passenger restraint is emphasized by the
fact that ejection from the vehicle increases the risk of major
injury 300-500%, and the risk of spinal column injury is 1 in
13.13 Additionally, it is known that the current 3-point restraints
required in all vehicles are 45% effective in preventing fatal
injury in cars and 60% effective in preventing fatal injury in
pickup trucks, SUVs, and vans.14 Data also have shown that 3-
point restraints reduce severe injuries in front and front-angle
crashes by 58%, compared with a reduction of 17% with lap
belts only.15 On the other hand, ejection from the vehicle carries
an increased risk of ICU admission, higher injury severity score
(ISS), significant head injury, and higher mortality.16

Unlike occupants of automobiles, motorcyclists and bicyclists
are not protected by the structure of the vehicle or its restraining
devices. The only sources of protection for these patients are any
protective clothing or helmet that they are wearing. Injuries typi-
cally are sustained by the following mechanisms: frontal or later-
al impact, ejection, falling off the bike, or “laying the bike

down.” There can be injury to any of the extremities, chest,
abdomen, pelvis, or head depending on how the motorcyclist or
bicyclist and the bike came to a stop. It is important to inquire
about any protective devices that the patient was using at the time
of the incident, such as protective clothing or a helmet. Helmets
have been shown to decrease the amount of injury to the head by
dispersing energy. 

Pedestrian versus automobile injury is a fairly common prob-
lem, most often in urban areas, with children being most fre-
quently involved. Most injuries to pedestrians, in order of inci-
dence, are to the chest, head, and lower extremity. There are
three described impacts in pedestrian versus automobile colli-
sions. First, the pedestrian strikes the vehicle’s bumper. This can
result in pelvis or leg injuries in adults and chest and abdominal
injuries in children, although these injury patterns are changing
with changes in the design of vehicles. These injuries ultimately
depend on where the patient’s point of impact was in relation to
the vehicle, which will vary among small passenger cars, sport
utility vehicles, and trucks. The second impact occurs when the
pedestrian strikes the hood and windshield of the automobile;
this usually results in injuries to the head, chest, and abdomen.
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Table 1. Injury Patterns Based on Impact

TYPE OF IMPACT INJURY PATTERN

Frontal impact Frontal head injury, extension/flexion neck 
injuries, facial injuries, compression 
injury to liver and spleen, compression 
injury to chest (rib fractures, cardiac 
contusion, pneumothorax, pulmonary 
contusion), femur fractures and posterior 
hip dislocation

Lateral impact Lateral abdominal injury (liver, spleen and 
kidney), lateral compressive chest injury 
(rib fractures, flail chest, pulmonary 
contusion), pelvic fractures and 
acetabular fracture

Rear impact Frontal head injury, hyperextension neck 
injury

Car-pedestrian Fracture of tibia/fibula, lateral abdominal 
impact injury (liver, spleen and kidney), lateral 

compressive chest injury (rib fractures, 
flail chest, pulmonary contusion), 
temporoparietal head injury 

Fall from height Calcaneus fracture, lumbar spinal 
fractures, shearing solid organ injury 
(liver, spleen, kidney), over-pressure 
injury to bowel or bladder

Data from Hunt P, Weintraub SL, Marr AB. Kinematics of trauma.
In: Feliciano DV, Mattox KL, Moore EE, eds. Trauma, 6th edition.
McGraw-Hill, New York; 2008: 105-116.

Figure 1. Trimodal Distribution of Trauma
Deaths

% Total deaths

Time since injury

I II III

Reprinted from: Roudsari BS, Shadman M, Ghodsi M. BMC
Public Health 2006;6:117, 



The third impact occurs when the pedestrian strikes the ground;
this results in spine and head injuries. 

Falls result in injury by abrupt deceleration. The most impor-
tant determinant of injury is the height of the fall. The extent of
injuries also will depend on the contact surface, the speed at
which the body was falling, the elasticity of the involved tissues,
and the position of the body when it contacted the surface. Hard-
er contact surfaces increase the rate of deceleration and cause
more injuries than softer surfaces. A larger surface area for con-
tact will disperse the deceleration energy and result in less severe
injuries than a smaller surface area. As with all previous exam-
ples, it is very important to gather as much detail about the con-
ditions associated with the injury to allow prediction of what
injuries the patient may have.

Blast injuries are divided into primary, secondary, and tertiary.
Primary blast injuries are a direct result of the pressure wave cre-
ated by a blast traveling at speeds of 3000 to 8000 meters per
second; gas-filled organs tend to be most severely affected by
this pressure wave. (See Figure 2.) The pressure wave dissipates
within a short distance of the explosion and, thus, primary blast
injuries are not typically the most prevalent injuries associated
with explosions. Blast injuries are non-linear, complex, and may
be enhanced by reflection of the pressure wave off solid objects.
Thus, blasts in closed spaces produce more devastating injuries.
Enhanced explosive devices generate a secondary explosion and,
thus, cause a wider area of damage. The most common primary
blast injury is ruptured tympanic membrane. Less common
injuries include lung contusion, pneumothorax, alveolar rupture,
retinal detachment, intraocular hemorrhage, air embolism, and

colonic rupture. Traumatic amputations from blasts carry a high
mortality.17

Secondary blast injuries are a result of flying objects striking
the patient. The resultant injuries are the major cause of death
among victims of blast injury. The injury mechanics are very
similar to penetrating missile trauma. Tertiary injuries occur
when the patient is thrown against another object or the ground
as the result of the wind forces that follow the initial pressure
wave, potentially resulting in additional injuries. An additional
pattern is quaternary injury produced by burns, toxins, asphyxi-
ants, or radiological agents released by the explosion.

Head Trauma
It is estimated that there are 2 million cases of brain injury

annually in the United States, and approximately 10% of these
patients die before arrival at the hospital. The most common
overall cause of traumatic death is injury to the central nervous
system. More than 80% of patients with head injuries ultimately
will be classified as mild, 10% as moderate, and 10% as severe.
For patients suspected of having a brain injury, the primary focus
should be patient stabilization and prevention of further injury to
the brain by maintaining adequate perfusion and oxygenation of
the brain tissue. Additional focus should be on identification of
expanding mass lesions where rapid assessment, diagnosis, and
evaluation by a neurosurgeon must be ensured. Mild traumatic
brain injury (concussion) will be reviewed in an upcoming issue
of Emergency Medicine Reports and therefore this section will
focus mainly on more serious injuries.

It has been proposed that serum biomarkers released at the
time of injury may herald significant cerebral trauma. When cel-
lular damage occurs, proteins including S100 proteins, neuron-
specific enolase, and cleaved Tau protein are released into the
extracellular matrix, the cerebrospinal fluid, and, ultimately, into
the serum if there is disruption of the blood-brain barrier. Such
compounds are elevated in severe trauma.18

Non-contrast CT of the head is the imaging modality of
choice in acute head injury; however, it is critical that obtaining
the CT scan not delay transfer of the patient to a trauma center
with neurosurgical capabilities when necessary. Classic findings
of a subdural or epidural hematoma typically are visualized on
initial CT scans, whereas initial findings in brain contusion or
intracranial hematomas may be subtle or not seen on initial
scans. The treating physician should maintain a high index of
suspicion for these conditions in the appropriate clinical setting.

Subdural hematoma represents the most common traumatic
mass lesion and is estimated to occur in 20-40% of severely
head-injured patients. A subdural hematoma is a collection of
blood between the dura and arachnoid meningeal layers and is
usually a result of disruption of the bridging veins with associat-
ed injury to underlying brain parenchyma. On CT scan, they are
classically identified as a crescent-shaped density. (See Figure 3.)
Treatment involves early stabilization and consultation with a
neurosurgeon; morbidity and mortality depend on the severity of
the injury to the underlying brain parenchyma and how rapid the
onset is of mass effect from the space-occupying blood.
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Figure 2. Pressure Wave from Blast Injury

Reprinted with permission from: Global Security web site:
http://www.globalsecurity.org/wmd/library/policy/army/fm/8-
9/1ch3.htm).
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Epidural hematomas result from blood collecting in the poten-
tial space between the dura and the inner table of the skull. They
usually result from laceration of the middle meningeal artery
caused by injury to the temporal bones or from laceration of the
dural sinuses, which leads to venous bleeding into the epidural
space. Epidural hematoma appears as a lens-shaped density on
head CT. (See Figure 4.) In contrast to the typical association of
underlying brain tissue with subdural hematomas, epidural
hematomas result from injury to the skull and rarely involve the
underlying brain parenchyma. Patient morbidity and mortality
result from the direct mass effect of the clot and resultant hernia-
tion. Thus, an epidural hematoma must be identified and evacuat-
ed in a timely fashion.

Contusion to the brain parenchyma itself also is seen in up to
30% of severe head injuries. These contusions are the result of
movement of the brain within the cranial vault and can appear at
a site distant from the site of the blunt trauma; an example is the
so-called “contracoup injury.” Contusions can take 12-24 hours
to appear on the CT scan, with a depressed level of conscious-
ness being the only physical sign of the injury. As these injuries
progress, they can increase in size due to progressive edema,
which can result in mass effect within the brain and declining
patient level of consciousness.

Subarachnoid hemorrhages (SAH) and intraventricular hem-
orrhages also can result from trauma. These hemorrhages may be
less dangerous for the patient because the blood is either spread
out over the surface of the brain or within the ventricles; such
lesions do not generally cause mass effect. However, the pres-
ence of SAH should alert the clinician that the patient has a 63-
77% increased risk of associated cerebral contusion and a 44%
increased risk of subdural hematoma.19

As stated above, it is critically important to identify these

injuries and ensure adequate oxygenation and perfusion of the
brain tissues. While the treating physician cannot alter the injury
that has occurred, he or she can minimize further injury to sur-
rounding brain parenchyma with appropriate management in the
ED. When patients with suspected or confirmed intracranial
injury are identified, the emergency physician always should
start with the ABCD assessment and consider early intubation. If
the patient will require transfer to a trauma facility with neuro-
surgical capabilities, it is especially prudent to assume control of
the airway and prevent hypoxia. Additionally, it has been esti-
mated that a single episode of hypotension increases mortality in
an adult with head injury by 50%.20 Therefore, adequate fluid
resuscitation is paramount in ensuring that the vulnerable brain
tissue is not further deprived of adequate perfusion. Hyperventi-
lation was advocated in the past for patients with head injuries. It
was previously thought that a decreased PCO

2
would cause cere-

bral vasoconstriction that would result in decreased cerebral
blood flow and lower intracranial pressure. Further research on
this matter has suggested that aggressive hyperventilation actual-
ly may be detrimental to the brain tissue because it decreases
cerebral blood flow and thereby causes ischemia.21,22 At present,
routine hyperventilation generally is discouraged except in the
case of increased intracranial pressure (ICP) with impending her-
niation. In that situation, hyperventilation may be used for short
intervals to decrease the risk of ischemia until definitive treat-
ment can be accomplished. In line with preventing further injury,
it is recommended that patients with significant head injury be
treated in the ED with anti-epileptic medications, such as carba-
mazepine and phenytoin, to prevent seizures.23

With injury to the brain tissue, there is potential for swelling,
which also increases ICP. Several therapeutic modalities have
been studied to decrease the swelling and subsequent rise in ICP.
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Figure 3. Subdural Hematoma Figure 4. Epidural Hematoma



Mannitol is useful for decreasing ICP by drawing extracellular
water into the vascular space and subsequently decreasing the vol-
ume of intracranial contents. An intact blood-brain barrier is
required for mannitol administration to be effective so that extra-
cellular water can move down the osmolar gradient into the more
concentrated blood. Additionally, the diuresis associated with
mannitol use can lead to systemic hypotension and hypoperfu-
sion; thus, the drug is contraindicated in hypotensive patients.
With continuous mannitol infusion, there has been an observed
phenomenon called “rebound effect,” in which accumulation of
mannitol in the extracellular spaces causes a reverse osmotic gra-
dient and subsequent accumulation of water in the brain. The use
of corticosteroids in the setting of brain injury also has been
reevaluated, with the most recent literature indicating that steroids
are of no benefit and may, in fact, result in increased mortality.
Thus, steroids should not be used routinely for these patients.24

The increased mortality is believed to be the result of impaired
wound healing, induction of diabetes, and immunosuppression. 

Once the patient with significant head injury is either suspect-
ed or diagnosed, it is important to engage in early discussion
with a neurosurgeon or transferring institution to arrange for
rapid transport to the appropriate facility. According to the ATLS
protocol, any delay in transport to obtain a head CT is inappro-
priate. Instead, the patient should be transported rapidly to the
facility most prepared to provide definitive treatment. 

Chest Trauma
Chest injuries are estimated to be responsible for 20-25% of

all trauma deaths and are a common cause of morbidity in trau-
matized patients. Only 10-15% of chest trauma patients ultimate-
ly will require operative management; most are treated with anal-
gesia, intubation, pulmonary toilet, and tube thoracostomy. Thus,
the stabilizing physician should be comfortable with performing
these procedures.

It is important to consider the possible injuries based on the
mechanism of injury. With high-energy mechanisms such as
MVCs or falls from great heights, one must suspect thoracic
trauma and investigate appropriately. It is also very important
that tubes, such as endotracheal and thoracostomy tubes, be
placed when appropriate prior to initiating patient transfer to the
appropriate facility.

Radiologic studies have a critical role in the evaluation of
chest trauma; however, imaging never should replace the role of
good clinical assessment. Patients with suspected chest trauma,
as evidenced by airway compromise, respiratory distress, mas-
sive crepitus, paradoxical chest wall movement, or absent or
markedly diminished breath sounds, should have their airways
secured, vascular access obtained, and have a needle or tube tho-
racostomy performed before proceeding with the standard
portable chest radiograph (CXR). The CXR is helpful in identi-
fying or suggesting osseous injury, pulmonary contusion, pneu-
mothorax, and mediastinal hematoma. Remember to consider
patient position in interpreting the initial chest radiograph.  

The presence of life-threatening injuries can be missed on
CXR. CT is a more sensitive imaging modality to evaluate all soft-

tissue and bony structures within the chest. One should consider
imaging thoracic vasculature with CT scan in patients with high-
energy impacts or evidence of significant trauma to the chest, as
evidenced by scapular fractures or first or second rib fractures.
There is emerging evidence that chest CT may be more sensitive in
identifying significant injuries following blunt trauma.25,26

There is an expanding role for ultrasound to aid in the diagno-
sis of thoracic injuries, which has been referred to as the extended
FAST. Ultrasound has the benefits of being a rapid bedside test
without risks of ionizing radiation and can assist the user in iden-
tifying thoracic injuries, such as lung contusion27 and pnemotho-
rax.28 Some also have recommended obtaining a subdiaphragmat-
ic view to evaluate for the presence of pleural fluid.27 Sisley, et al.,
have demonstrated that the detection of traumatic hemothorax
with ultrasound has a sensitivity of 97.5% and a specificity of
99.7%.29 For the detection of pneumothorax, the sonographer uses
sonographic signs to assess the integrity of contact between the
visceral and parietal pleura; the absence of this interface may
indicate the presence of air in the pleural space. 

Pulmonary contusions are the most common injury to the lung
in blunt trauma, occurring in 17-75% of patients. They are a result
of injury to the walls of the alveoli, causing the leakage of blood
from pulmonary vessels into the interstitial and alveolar spaces and
typically occur in the lung tissue adjacent to the bony structures of
the rib cage. As stated above, CXR may be helpful in identifying
pulmonary contusion. However, contusions may not be visible for
up to 6 hours after the injury. CT of the chest is much more sensi-
tive and, in some studies, is being used to help predict the chances
of the patient having complications in the future.27

Pneumothorax has been reported in 20-25% of trauma
patients and 30-40% of blunt chest trauma patients. It typically is
caused by a broken rib that lacerates the underlying lung
parenchyma, but it also can result from the rupture of the lung
from high intrathoracic pressure during impact. It is identified
clinically by a lack of breath sounds on the affected side, and
radiologically by a defined line that represents the visceral pleura
and a lack of lung markings beyond this line on CXR. (See Fig-
ure 5.) CT scan can identify 10-50% of pneumothoraces that are
not seen on CXR. (See Figure 6.) If the pneumothorax is greater
than 20% or the patient is symptomatic, the patient generally is
treated with chest tube placement. 

Tension pneumothorax results from the progressive accumula-
tion of air in the pleural space, causing high intrathoracic pres-
sures. This can result in compression of the vena cava, impairing
venous return and decreasing cardiac output. Clinically, this
appears as absent breath sounds on the side of the pneumothorax,
tracheal deviation to the opposite side, hypotension, severe respi-
ratory distress, and neck vein distention. Treatment is immediate
needle decompression with a 14- or 16-gauge intravenous
catheter in the second intercostal space, with resultant conversion
to a simple pneumothorax. This needle decompression then is
followed by tube thoracostomy to treat the pneumothorax. 

Hemothorax, the collection of blood in the pleural space, is
seen in up to 50% of blunt chest trauma patients. Bleeding can be
from the chest wall, lung, diaphragm, mediastinum, or pleura. If
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the volume of blood is large enough, it can be visualized on an
early CXR. CT is highly sensitive for detecting even a small
amount of blood and can be used to elucidate the source of the
bleeding. Initial treatment involves chest tube placement and
consultation with the trauma and/or thoracic surgeon. Patients
with greater than 1500 mL of blood on initial chest tube place-
ment or less than 1500 mL initially but ongoing bleeding at a rate
of 200 mL/hr for 2-4 hours should be taken to the operating
room for management of their intrathoracic bleeding. 

The most common skeletal injury in blunt chest trauma is rib
fracture. The most concerning aspect of rib fractures is the poten-
tial injury to the underlying lung parenchyma. When there are
several broken ribs in succession on the same side, there is a
potential for flail chest. This results in a free-floating segment of
the chest wall that moves paradoxically with respiration and can
cause hemodynamic instability. These injuries are uniformly
associated with pulmonary contusion and carry a mortality rate
of 10-20%. Trinkle30 showed that the respiratory insufficiency
associated with flail chest was due to the underlying pulmonary
contusion rather than as a result of the paradoxical movement of
the flail segment as was previously thought. Pulmonary contu-
sion can be seen on chest x-ray as a hazy opacity at the site of
injury. This injury may not be obvious immediately on initial
chest x-ray and may only appear after fluid has diffused from the
vascular space into the alveolar space. CT scan of the chest is
more sensitive than chest x-ray in identifying early pulmonary
contusion and therefore is recommended as the imaging modality
of choice in patients with thoracic trauma to more thoroughly
identify all associated injuries.31

Multiple rib fractures should always suggest that the patient
has a flail chest. Treatment of flail chest involves adequate analge-

sia, careful fluid resuscitation, non-invasive or invasive mechani-
cal ventilation, oxygen supplementation, aggressive pulmonary
toilet, and consideration of surgical chest wall stabilization. The
pain associated with flail chest should be treated aggressively as
the patient is stabilized and all injuries are evaluated. Considera-
tion for epidural analgesia has been advocated to prevent the risk
of respiratory depression associated with parenteral opioids.
Appropriate fluid resuscitation is recommended, especially as
patients with flail chest usually have other significant traumatic
injuries; however, there is some concern that aggressive fluid
resuscitation can worsen underlying pulmonary contusion. Some
studies have shown that early resuscitation using hypertonic saline
may be beneficial by decreasing neutrophil-induced lung injury,32

whereas other studies dispute this finding.33

It was previously thought that obligatory intubation and
mechanical ventilation were necessary for improved ventilation;
however, work by Trinkle30 showed that patients with flail chest
who were managed without tracheostomy or mechanical ventila-
tion recovered well. In fact, his work suggests that mechanical
ventilation is not always necessary and can be associated with
increased morbidity and mortality. The use of non-invasive venti-
lation has been advocated in flail chest to reduce the incidence of
intubation and subsequent complications.34 On the other hand,
unstable patients who require mechanical ventilation should be
intubated promptly in the emergency department. This is particu-
larly true for patients undergoing advanced imaging and transfer,
and not immediately available to the physician, as patients with
flail chest can decompensate quickly and may require emergent
airway management. There also is a role for surgical fixation of
the flail segment. This procedure typically is employed if thora-
cotomy is performed for other injuries or if the patient has
required prolonged ventilation without improvement. A prospec-
tive study by Tanaka35 showed that patients who had surgical sta-
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Figure 5. Chest Radiograph Demonstrating
Pneumothorax

Figure 6. CT Scan Demonstrating 
Pneumothorax



bilization of their flail chest segment required fewer ventilator
days, shorter ICU stays, lower incidence of pneumonia, and were
more likely to return to full-time work compared to patients who
were medically managed only.

Blunt cardiac injury (BCI) is seen in 17-75% of patients with
blunt trauma, depending on the mechanism.36 BCI results from
direct force applied to the heart, and the presenting symptoms
range from no findings to fatality. Most blunt cardiac injuries
result from motor vehicle accidents, but they also can be seen
with blast injuries or falls. As with all aspects of trauma evalua-
tion, the physician must maintain a high index of suspicion
regarding potential blunt cardiac injuries based on the mechanism
of injury. Diagnosis of cardiac injury is established by electrocar-
diogram (ECG), myocardial biomarkers. and echocardiography.
An ECG should be performed on any patient suspected of having
BCI. The most common abnormality seen in BCI is sinus tachy-
cardia, followed by premature atrial or ventricular contractions.
Studies have shown that 85% of patients who developed compli-
cations from BCI had an abnormal ECG on hospital admission.37

Cardiac biomarkers also have been advocated in the evaluation of
patients with suspected BCI. CK-MB has been used to identify
patients with BCI, but elevations in CK-MB have not predicted
which patients ended up having complications from the BCI. Tro-
ponin T measurement has been shown to have greater diagnostic
value than CK values.38 Echocardiography also can be used to
evaluate for any suspected abnormalities in cardiac wall motion,
pericardial effusion, or valvular disruption in the evaluation of
patients with BCI. The routine use of echocardiography in sus-
pected blunt trauma patients is not recommended as there are no
data that show echocardiography can be used to predict complica-
tions from BCI.39 Most patients with BCI develop complications
(dysrhythmias) early; however, patients often are monitored for
the first 24 hours after the injury. 

Any patient who requires intubation, non-invasive ventilation
such as BiPAP or CPAP, needle or tube thoracostomy, or who has
the potential for deterioration should be transported to a trauma
center for further evaluation. In particular, minor chest trauma in
the geriatric patient can result in devastating outcomes40; hospi-
talization of such patients should be considered.

Abdominal and Pelvic Trauma
Most blunt abdominal trauma is the result of MVCs; the

remainder are from assaults and falls. The management of
abdominal trauma patients relies heavily on frequent reassess-
ment of the abdomen, as nearly half of patients with no obvious
findings on initial physical examination are found to have posi-
tive findings during laparotomy. If the patient is hypotensive,
rapid assessment and simultaneous resuscitation are required.
Focused abdominal sonography in trauma (FAST) or diagnostic
peritoneal lavage (DPL) can be used to detect the presence of
hemoperitoneum and the need for laparotomy in hypotensive
patients. If the patient is hemodynamically stable, the treating
physician can afford the time to order a CT scan of the
abdomen/pelvis to gather more detailed information about the
injuries. Depending on the skills of the assessing physician and

capabilities of the sending facility, early transfer should be con-
sidered if abdominal trauma is suspected.

FAST is a relatively easy technique to master and has become
part of routine emergency medicine practice. FAST has been
shown to have a sensitivity of 85% for detection of any intraab-
dominal injury; when considering only injuries that require surgi-
cal intervention, the sensitivity increases to 97%.41 FAST has
replaced the DPL in most institutions as an initial tool to evaluate
for hemoperitoneum. It should be emphasized that the FAST
scan can identify only intraperitoneal fluid and provides no infor-
mation about retroperitoneal injuries. The FAST examination
also is limited in its ability to provide information about
diaphragmatic, pancreatic, and vascular injuries. In most trauma
centers, hemodynamically unstable patients with a positive FAST
scan are taken directly for laparotomy. 

CT scan of the abdomen/pelvis can be utilized to evaluate solid
organ injury, identify intraabdominal fluid, and provide informa-
tion about retroperitoneal injury, an anatomic area not well evalu-
ated by FAST or DPL. CT scan has accuracy rates of 92-98%,
with pancreatic and hollow viscus injuries being the most often
missed injuries.42 CT scanning should be considered only in hemo-
dynamically stable patients evaluated in non-trauma hospitals and
should not delay transfer where indicated for other injuries.

The spleen is the most commonly injured intra-abdominal
organ. Patients with left lower rib fractures should be considered
high risk for splenic injury, as should any blunt abdominal trauma
patient with abdominal pain and/or signs of hypovolemia. Splenic
injuries can be identified with a positive FAST scan indicating
blood in the peritoneal cavity. (See Figure 7.) In a stable patient,
CT scanning allows for definitive identification and grading of the
splenic injury. Definitive treatment of splenic injury depends on
the degree of the laceration or injury, and can range from close
observation to embolization of the splenic artery or splenectomy.

Liver injury is evaluated and treated in a manner similar to
splenic injuries. Most hemodynamically stable patients with liver
injuries can be managed non-operatively with observation.
Hemodynamically unstable patients can be managed operatively
or angiographically with embolization. The FAST examination
can be used to detect free intraperitoneal fluid associated with
liver injury. In experienced hands, ultrasound can be used to eval-
uate the liver parenchyma for defects indicative of subcapsular or
contained parenchymal injury. 

There also can be injury to the hollow organs within the
abdominal cavity, which are inherently more difficult to detect
with physical examination and ultrasound. Even with CT scan,
injuries to the bowel and pancreas can be missed. Perforation of
the bowel may not be evident clinically early in the patient’s
course until peritoneal signs have developed. Some have suggest-
ed that DPL be used in these cases to evaluate for bowel injury,
but this strategy may not be indicated in all settings. As always,
one must have a high index of suspicion for serious injury based
on the mechanism and consider transfer for further evaluation
and observation if initial imaging studies do not provide defini-
tive information regarding possible injuries.

Pelvic fractures result in the death of 10-15% of patients, and
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they can result in life-threatening hemorrhage. Approximately
9% of blunt abdominal trauma patients suffer from pelvic frac-
tures. MVCs are the most common cause of pelvic fractures. All
patients with suspected pelvic trauma should undergo the usual
ATLS evaluation on presentation to the ED. Hemodynamically
unstable patients should be evaluated fully for the source of their
bleeding, which includes evaluation for chest and abdominal
injuries. When pelvic fractures are identified, it is critical to sta-
bilize the pelvis to prevent further hemorrhage. In the prehospital
setting and during transfer, this can be accomplished with mili-
tary anti-shock trousers (MAST), commercial pelvic binders, or
a simple cravat tied around the pelvis. Stabilization of the pelvis
should tamponade bleeding and shunt blood from the pelvis and
lower extremity into the chest to perfuse the vital organs.

With pelvic fractures, the treating physician must remember
that the patient may have associated injuries to the rectum, vagi-
na, bladder, or urethra. This is particularly true with displaced
fractures involving the pubic rami and sacroiliac joints. Digital
rectal examination should be performed in males to evaluate for
a high-riding prostate, which is a sign of injury to the urethra.
These patients should be examined for scrotal hematoma. The
external genitalia in all patients should be evaluated for any evi-
dence of bleeding and, if present, the patient should undergo
evaluation of the urethra prior to insertion of a Foley catheter via
retrograde urethrogram or cystogram. Recent literature reports a
mortality rate of 70% with open pelvic fractures.43

Plain films of the pelvis have only 80% sensitivity at diagnos-
ing pelvic fractures.44 CT scan of the pelvis is the preferred imag-

ing modality to identify all injuries to the bones and pelvic
organs. Definitive management recently has focused on angio-
graphic control of hemorrhage by interventional radiology and
external fixation by orthopedics. Hemorrhage associated with
pelvic fractures may be either venous or arterial in origin; achiev-
ing control of this hemorrhage is vital to properly managing
these injuries. There has been some controversy regarding
whether embolization or external fixation should be used initially
to manage pelvic hemorrhage. Miller45 evaluated the role of
embolization and fixation in the management of hemorrhage
associated with pelvic trauma. According to the authors, the most
important question to answer is whether the bleeding is thought
to be arterial in origin. Hypotensive patients who do not respond
to initial resuscitation should be presumed to have an arterial
source. If the bleeding is arterial, then rapid angiography and
embolization is recommended; if not, then external fixation may
be employed. Stable patients who undergo CT scan of the
abdomen and pelvis who have a contrast blush associated with
their pelvic fracture also should be presumed to have arterial
bleeding and be managed with angiography.45 External fixation
has a significant role in hemorrhage control as reducing the
pelvic volume tamponades furthers bleeding. External fixation
for open-book (anterior compression) pelvic fracture may not be
sufficient to control associated bleeding.46 In such injuries, there
is a definite role for both angiography with embolization along
with external fixation in the management of these severe injuries.
As with all previous examples, early consultation with the ortho-
pedic surgeon in patients with significant pelvic trauma is critical
to assuring appropriate definitive treatment.

The use of seat belts has increased due to public awareness and
laws mandating their use. While seat belt use reduces serious
injuries and lowers mortality, injuries also may be sustained from
the seat belt itself. There is a constellation of injuries related to the
use to seat belts, called the “seatbelt syndrome.” These injuries are
the result of compression or hyperflexion that occurs during the
time of impact that can lead to the classic triad of abdominal wall
ecchymosis (the so-called “seat belt sign”), abdominal injuries,
and spinal fractures. Despite the fact that severe injury results
from the seat belt itself, the data indicate that the protective bene-
fits of seat belt use far outweigh any potential risks.

Stabilization
The principles of ATLS can be utilized to stabilize patients

with major blunt trauma for transfer. The first priority remains
the airway, which should be secured in patients with major head
and thoracic trauma along with patients with abdominal or pelvic
trauma and hemodynamic instability. Full spinal immobilization
should be maintained during the transfer. Although there are pro-
tocols for spinal clearance in the field and ED, there is evidence
that patients who require transfer to a trauma center may be at
risk for occult spinal injuries.47

Intravenous access should be obtained with the goal of restor-
ing intravascular volume. Two large-bore intravenous lines
should be established prior to transport. Intraosseous access has
emerged as an alternative method of intravascular access in criti-
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cally ill patients.48 Early resuscitation should include crystalloid
infusion with blood products being considered once 2-4 L of
crystalloid (either normal saline or lactated Ringers) have been
administered. If the patient does not respond with improvements
in tachycardia or hypotension and the etiology is known or pre-
sumed to be related to hemorrhage, the physician should consid-
er administration of blood products. The endpoints of fluid resus-
citation remain controversial.49,50 In some centers serum lactate is
used to monitor the fluid resuscitation status of the patient. 

Appropriate fluid resuscitation in trauma is controversial and is
beyond the scope of this review. The prevailing practice of aggres-
sive fluid resuscitation was derived from early experiments using a
fixed-volume model of hemorrhagic shock that showed prompt
restoration of circulating volume improved mortality.51 Later
experiments using a continuous hemorrhage model disputed these
findings and demonstrated that animals that were deliberately
“under-resuscitated” actually had better survival.52 This led to the
landmark study by Bickel53 in which victims of trauma were ran-
domized to receive either aggressive prehospital and ED fluid
resuscitation or minimal fluids prior to operative repair. Those
patients in whom fluids were withheld until the patient was taken
to the operating room had a better survival rate (70% versus 62%
[p = 0.04]). It should be noted that this study was conducted in a
setting with primarily penetrating trauma and rapid transport in an
urban environment. This has led to the concept of “permissive
hypotension” in which prehospital and ED fluid resuscitation is
minimized until the patient undergoes surgical control of hemor-
rhage. This concept derives from the fact that patients with signifi-
cant hemorrhage often are coagulopathic, acidotic, and hypother-
mic during and after resuscitation, all of which are worsened with
excessive fluid administration. It is felt that vessel spasm, hypoten-
sion, and the patient’s natural coagulation cascade will temporize
bleeding; excessive fluid administration causes dilution of the nat-
ural coagulation factors and decreases blood viscosity and reversal
of vessel spasm. The military surgical literature cites examples in
which wounded soldiers arrived at medical facilities without active
hemorrhage from amputated limbs. When aggressive fluid resusci-
tation was initiated, significant hemorrhage emerged that was not
controlled with tourniquet application. Surgeons from the first and
second World Wars also have described this phenomenon previ-
ously.54 Current military practice is to minimize prehospital fluid
and blood product administration in combat scenarios, as long as
the patient has normal mental status and a palpable radial pulse.  

Application of permissive hypotension has not been well stud-
ied in blunt trauma, especially in settings with long transport
times such as rural environments. However, there is an emerging
sentiment that one should appropriately resuscitate unstable,
hypotensive patients, but use caution as over-resuscitation actual-
ly may diminish the ability to gain control of hemorrhage until
the patient is definitively managed by the trauma surgeon.

Tube thoracostomy should be performed prior to transfer, but
other procedures and diagnostic studies should not delay transfer
to a trauma center when appropriate. Tube thoracostomy should
be performed by physicians trained in the technique with evi-
dence of continued skill competence, as a complication rate of up

to 30% is reported with this procedure.55,56 Direct consultation
with the accepting trauma surgeon or ED physician should
include information about the exact mechanism of injury, diag-
nostic findings, therapeutic interventions, and discussion about
the appropriate mode of transfer (air versus ground). All avail-
able medical records, radiographs, laboratory studies, and pre-
hospital reports should be transported with the patient.

Summary
Patients with blunt trauma frequently are encountered in the

emergency department. The potential for early mortality and mor-
bidity should be considered in all blunt trauma victims with a sig-
nificant mechanism of injury. An organized assessment for life-
threatening head, chest, abdominal, and pelvic injuries should be
conducted with a recognition that definitive care may be provided
after transfer to a certified trauma center. Proper stabilization
measures including airway control, fluid resuscitation, and appro-
priate diagnostic studies should be performed prior to transfer. Air-
way control, assuring proper oxygenation and maintaining cerebral
perfusion, are the hallmarks of early management of head injury.
Attention to proper oxygenation and ventilation of patients with
early tube thoracostomy is definitive in most patients with thoracic
injury. Finally, pelvic stabilization and intravenous fluids are key
management principles in abdominal and pelvic trauma.
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Physician CME Questions

111. Approximately how many emergency department visits are related to

traumatic injuries in the United States?

A. 10 million

B. 20 million

C. 40 million

D. 70 million

112. Which of the following statements is true?

A. ACS certification has not been shown to impact trauma 

mortality.

B. Community hospitals rarely provide care to major trauma 

victims.

C. Level III ACS-verified hospitals have the lowest trauma 

mortality.

D. There is some evidence that mortality rates at Level I centers are

lower than Level II trauma centers.

113. What is the most common mechanism of blunt trauma in elderly

patients?

A. Pedestrian versus auto

B. Blast injuries

C. Falls

D. Motor vehicle collisions

114. What is the most effective method of reducing the early peak of 

traumatic deaths?

A. Injury prevention measures

B. Early 911 activation

C. Direct transfer to a Level I ACS-verified center

D. Infusion of 2 liters of fluid in the emergency department

115. Which of the following is the most dangerous occupation?

A. Air medical crew

B. Agriculture worker

C. Logger

D. Miner

116. A patient presents with declining mental status and a negative head

CT taken 1 hour after head trauma. Which of the following abnormal-

ities is the most likely finding on a CT scan taken 12 hours later at the

trauma center?

A. Epidural hematoma

B. Subdural hematoma

C. Cerebral contusion

D. Traumatic subarachnoid hemorrhage

117. Which of the following is a routine part of early head injury 

management?

A. Mannitol infusion

B. High-dose corticosteroids

C. Adequate fluid resuscitation

D. Hyperventilation

118. A major trauma victim who is awaiting transfer to a trauma center is

receiving mechanical ventilation following a head injury. The patient

suddenly develops hypotension, hypoxia, and elevated inflation pres-

sures. Which of the following is the most appropriate action?

A. Immediate portable chest x-ray

B. Transport the patient to CT scan for chest CT

C. Infusion of 2 L of crystalloid solution

D. Perform needle decompression of affected lung

119. FAST examination is most sensitive in detecting:

A. hemoperitoneum.

B. free air for perforation.

C. retrograde hematoma.

D. liver parenchymal injury.

120. What percentage of pelvic fractures will be missed by a plain radi-

ograph of the pelvis?

A. 0%

B. 5%

C. 10%

D. 20%

CME Answer Key
111. C; 112. D; 113. C; 114. A; 115. A; 116. C; 117. C; 118. D; 

119. A; 120. D
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CME Objectives
To help physicians:
• quickly recognize or increase index of suspicion for 

specific conditions; 
• understand the epidemiology, etiology, pathophysiology,

and clinical features of the entity discussed;
• apply state-of-the-art diagnostic and therapeutic techniques 

(including the implications of pharmaceutical therapy 
discussed) to patients with the particular medical problems 
discussed; 

• understand the differential diagnosis of the entity 
discussed; 

• understand both likely and rare complications that may 
occur.
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Injury Patterns Based on Impact

TYPE OF IMPACT INJURY PATTERN

Frontal impact Frontal head injury, extension/flexion neck 
injuries, facial injuries, compression 
injury to liver and spleen, compression 
injury to chest (rib fractures, cardiac 
contusion, pneumothorax, pulmonary 
contusion), femur fractures and posterior 
hip dislocation

Lateral impact Lateral abdominal injury (liver, spleen and 
kidney), lateral compressive chest injury 
(rib fractures, flail chest, pulmonary 
contusion), pelvic fractures and 
acetabular fracture

Rear impact Frontal head injury, hyperextension neck 
injury

Car-pedestrian Fracture of tibia/fibula, lateral abdominal 
impact injury (liver, spleen and kidney), lateral 

compressive chest injury (rib fractures, 
flail chest, pulmonary contusion), 
temporoparietal head injury 

Fall from height Calcaneus fracture, lumbar spinal 
fractures, shearing solid organ injury 
(liver, spleen, kidney), over-pressure 
injury to bowel or bladder

Data from Hunt P, Weintraub SL, Marr AB. Kinematics of trauma.
In: Feliciano DV, Mattox KL, Moore EE, eds. Trauma, 6th edition.
McGraw-Hill, New York; 2008: 105-116.
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