
Management of the crushed chest

Laszlo Kiraly, MD; Martin Schreiber, MD

Severe chest injuries and their
management have been de-
scribed for millennia. The man-
agement of chest injuries was

first described by the Egyptians. The Edwin
Smith papyrus, which is estimated to have
been written from 1700–3000 BC, contains
the first descriptions of the management of
chest trauma. The papyrus, thought to have
multiple authors, describes the treatment
of open chest wounds and rib fractures. It
comments on the futility of treating open
rib fractures with crepitus. These descrip-
tions represent open chest wounds and flail
chest, conditions carrying a high mortality
at the time. Living roughly in the eighth
century BC, Homer described 26 separate
chest injuries in the Iliad (1). A majority of
the injuries described were penetrating and
fatal. The specific treatments are not very
detailed in the epic poem and mostly con-
sist of excising arrows, washing wounds,
and treating with topical herbs. Four hun-
dred years later, Hippocrates described the
treatment of rib fractures and advocated
the wrapping of uncomplicated rib frac-
tures. He also differentiated simple rib frac-
tures and those with underlying pulmonary
injuries.

Hippocrates proceeds to recommend
prolonged binding of the chest and strict
dietary restrictions for the more severe
cases. The current belief was that bowel
function would result in increased pain
and injury. Devastating chest injuries
were also described during the early
Olympic Games. Violent sports did result
in fatal injuries. One particular account
(2) describes a blunt chest wound with
lung herniation and death.

Further advancements in the manage-
ment of severe chest injuries primarily
arose during military campaigns. The Ro-
mans advocated chest drainage with
metal tubes (3). Roman surgeons also
advocated for resection of depressed rib
fractures. Closed reduction of unstable
chest wall segments was later advocated
by Ambrose Pare. Further management
of chest injuries did not advance signifi-
cantly until the 20th century. Penetrat-
ing chest injuries carried an approxi-
mately 60% mortality rate until World
War I. Early surgery and closed drainage
systems gained popularity. Treatment ap-
proaches continued to vary significantly
through World War II. The first use of
local and general anesthesia, bronchos-
copy, effective transfusion practices, and
antibiotics all helped to improve mortal-
ity rates. The Korean War experience
brought about a standardization of care.
Rapid evacuation, liberal use of tube tho-
racostomy, and early surgery decreased
infectious complications and improved
mortality rates. Vietnam further solidi-
fied the lessons learned in Korea. The
incidence and mortality from empyema
were markedly decreased. Vietnam saw

the first descriptions of the acute respi-
ratory distress syndrome (ARDS) and pro-
longed ventilatory support.

Epidemiology

In victims of blunt trauma, chest in-
juries are exceedingly common. Approxi-
mately 33% of blunt trauma patients
have a thoracic injury. It is estimated that
25% of traumatic deaths are secondary to
chest trauma (4). Motor vehicle collisions
represent the most common cause of tho-
racic trauma. In 2006, there were
�45,000 deaths related to motor vehicle
collisions (5). Unrestrained drivers are at
particular risk with half of them present-
ing with thoracic injuries. Catastrophic
chest injuries are more difficult to quan-
tify. Injuries with chest wall disruption
and lung herniation are rare with approx-
imately 300 reported in the literature to
date. Chest wall disruptions and their as-
sociated injuries have the potential to
cause rapid death and their incidence
may be underreported.

Injury Mechanics

Severe blunt chest injuries carry risks
of devastating early mortality. Several
early mechanisms are usually fatal, if un-
treated. Direct airway trauma can result
in hemorrhage, obstruction, and rapid
death. Untreated tension pneumothorax
can result in venous return obstruction
and death. Cardiac tamponade can simi-
larly cause sudden death. Hemorrhage
from the great vessels, chest wall, pulmo-
nary parenchyma, or the heart may result
in exsanguination. Direct cardiac trauma
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may also result in dysrhythmia, valve dys-
function, coronary artery injury, and
heart failure.

Massive forces are often required to
cause severe chest injuries. The more
common forces involved in blunt chest
trauma are compression and shear forces.
Compressive forces exert on a fixed point
on the chest wall. If these forces exceed
the combined strength of the thoracic
structure, compressive injuries—such as
rib fractures—occur. Cadaveric studies
(6) have demonstrated that the amount of
rib deflection is the primary determinant
of the number of fractures. Therefore, the
degree of rib deformity, rather than its
rate, is the more important determinant
of chest wall injury. Further cadaver
studies determined that a 20% deforma-
tion of the chest wall is required to pro-
duce a rib fracture. According to Kroell
and colleagues (7), 40% is required to
produce multiple fractures and flail
chest. The shape of the impacting object
also factors into the fracture pattern. A
small focal point of contact can cause a
local injury at any area of the chest.
A broader contact area more often results
in posterior or contralateral injury (8). If
enough force is involved, multiple frac-
tures can occur at the same level or even
on the contralateral side. Anterior-
posterior compression results in several
fracture patterns. The lateral portions of
ribs have less muscular soft tissue sup-
port and less curvature and, therefore,
are more commonly injured. Ribs can
also become separated from the sternum
anteriorly. Posterior ribs can lever
against the transverse process of the
spine, producing a second fracture (9).
The ribs themselves can protrude into the
thoracic or abdominal cavity, causing vis-
ceral injury.

Shear forces are caused by sudden de-
celeration or acceleration. This phenom-
enon primarily causes injury to the vis-
cera and internal structures, rather than
the chest wall. All structures in the tho-
rax are tethered to different degrees. Sud-
den changes in velocity result in shear
injury of these structures. Aortic transec-
tion commonly occurs distal to the at-
tachment to the ligamentum arteriosum.
Movement of the heart in relation to the
great vessels may also play a role (8, 10).
The trachea is relatively fixed proximally
above the carina and untethered distally.
Shear forces can result in tracheal tran-
section distal to the carina. The energy
wave is transmitted through the chest
wall to the lung parenchyma. This results

in alveolar hemorrhage, pulmonary con-
tusion, and laceration. This injury to the
lung tissue is the most common manifes-
tation of internal chest trauma.

Blast injury is a third potential mecha-
nism for thoracic injuries. Immediate pres-
sure changes in relation to atmospheric
pressure are thought to be responsible for a
majority of these injuries. These are a het-
erogeneous group of injuries. The primary
determinants are distance from the source
and intensity of the blast. Indoor blasts cre-
ate reflections, resulting in a second wave
of pressure changes. An animal model sug-
gests that blast effects have more potent
physiologic effects on the thorax compared
with other body cavities (11). Hypotension,
bradycardia, and apnea occurred immedi-
ately in thoracic blasts, but not abdominal
blasts in a rat model (11, 12). Pulmonary
hemorrhage, contusion, pneumothorax,
hemothorax, and air embolism can occur
immediately (13). These injuries are similar
to conventional blunt injuries, but their
onset can be much more rapid.

Initial Evaluation and Treatment

A crushed chest can result immedi-
ately in life-threatening injuries. Initial
efforts in the care of the patient with
severe chest injuries follow basic Ad-
vanced Trauma Life Support guidelines
(14). Patients in obvious respiratory dis-
tress or those unable to protect their air-
way should be managed with prompt en-
dotracheal intubation. Common thoracic
injuries, such as rib fractures and pulmo-
nary contusion, are not likely to improve
in the short term and, if required, posi-
tive-pressure ventilation should be initi-
ated early. Breathing is simultaneously
evaluated. The chest wall is palpated for
stability and inspected for any signs of
injury. Evidence of a pneumothorax on
examination should prompt tube thora-
costomy. Given the potential for ongoing
blood loss, large-bore intravenous access
should be secured.

Patients with severe chest injuries of-
ten have an inability to communicate ei-
ther from respiratory compromise or
concomitant neurologic injury. Much of
the information must be obtained from
focused physical examination. If the pa-
tient is hemodynamically unstable or hy-
poxic and has signs of chest injury, bilat-
eral tube thoracostomy should be
considered. Massive hemothorax and he-
modynamic instability prompt explor-
atory thoracotomy. Emergency depart-
ment thoracotomy should be considered

for patients who become pulseless during
the initial resuscitation. Patients under-
going thoracotomy in this setting have a
poor prognosis (15). Open sucking chest
wounds can be managed temporarily and
sometimes definitively with a simple
dressing and chest tube thoracostomy.
Unless life-threatening hemorrhage is
noted, further intervention can be de-
layed until the patient is stabilized. After
the initial evaluation and resuscitation,
severely injured patients should be
treated in the intensive care unit.

Prior Advanced Trauma Life Support
guidelines have recommended chest ra-
diograph for the evaluation of all trauma
patients (Fig. 1). Chest radiographs can
be performed rapidly and can diagnose
potentially life-threatening injuries.
Computed tomography (CT) scans have
consistently been shown to be more sen-
sitive and specific for multiple injuries in
thoracic trauma. Multiple studies have
demonstrated significant management
changes as a result of CT imaging com-
pared with conventional radiographs
(16–18). These series demonstrate signif-
icant findings on CT scan even in the
setting of a normal chest radiograph.
More recent series question the liberal
use of CT scan especially without signs of
injury or findings on plain radiographs
(19). The differences seen in these studies
are largely attributable to patient selec-
tion. Patients with the “crushed chest”
often have severe mechanisms and obvi-
ous injuries. Severely injured patients are
likely to have more significant findings
on CT scan. If the patient is hemodynam-
ically stable, a CT scan can yield valuable
information. Recent epidemiologic stud-
ies (20) have noted a marked increase in
malignancies attributable to CT scans.
Such studies further highlight the need
for sound judgment, especially in pa-
tients with low-risk mechanisms and
negative radiographs.

Specific Injuries

Pulmonary contusion and
ventilator management

Pulmonary contusion represents the
most common internal injury after blunt
thoracic trauma. Pulmonary contusion
results from direct compressive and shear
forces. Animal models have elegantly de-
scribed the many associated derange-
ments (21). The overall effect results in
increased localized and systemic inflam-
mation. Interstitial and alveolar tissues
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are traumatized, resulting in hemorrhage
and later edema. This injury results in
increased permeability of the alveoli and
associated capillaries. The quantity and
quality of surfactant are significantly re-
duced in the setting of pulmonary contu-
sion (22–24). These localized insults re-
sult in ventilation/perfusion mismatch.
Compliance is also adversely affected, re-
sulting in higher airway pressures. Aspi-
ration is also common in the setting of
severe trauma. Aspiration combined with
bleeding into larger airways causes fur-
ther difficulties with plugging and effec-
tively increases intrapulmonary shunt.
Pain from rib fractures and associated
injuries results in splinting, which can
exacerbate atelectasis.

Pulmonary contusions are often not
evident on initial chest radiograph. This
phenomenon can lead to underestima-
tion of injury and delay in treatment of
the patient. The contusion can evolve
over several days on a radiograph. A CT
scan has been demonstrated to have su-

perior sensitivity and specificity for the
diagnosis of pulmonary contusion (Fig.
2). Series have demonstrated that the ex-
tent of pulmonary contusion predicts the
need for ventilatory support (25). Clinical
course, rather than radiologic appear-
ance, however, should drive further treat-
ment decisions.

In relatively stable patients, the early
goals of therapy should include maintain-
ing lung volume and preventing further
collapse and atelectasis. Incentive spi-
rometry has been utilized to counter the
collapse associated with blunt chest
trauma. Underlying reactive airway dis-
ease should be optimized as well. Another
treatment option involves patient initi-
ated positive airway pressure therapy.
With the use of a valve, patients can in-
duce periods of positive airway pressure
in an effort to recruit the collapsed lung.
This method has been utilized at various
institutions as part of a clinical pathway.
A prospective cohort study recently inves-
tigated the use of a multidisciplinary

pathway, including positive airway pres-
sure therapy. This trial (26) demon-
strated reduced intensive care unit length
of stay, pneumonia, and mortality in pa-
tients with rib fractures. These therapeu-
tic modalities are often limited secondary
to the requirement of an awake, cooper-
ative patient. The use of any method of
positive airway pressure does carry a the-
oretical risk of increasing the size of a
pneumothorax or even creating a tension
pneumothorax. Few data exist on the po-
tential risks in this setting. Positive-
pressure therapy (invasive or noninva-
sive), however, is often essential for
maintaining adequate oxygenation and
should not be withheld for this concern
alone. If concern exists, the patients
should be followed closely clinically and
radiographically.

Patients with pulmonary contusion
present with hypoxia, hypercarbia, and
increased work of breathing. By the time
the trauma victim has respiratory dis-
tress, his/her pulmonary reserve is ex-
ceedingly low. Noninvasive ventilation is
a reasonable option in select patients
with thoracic injuries. A small random-
ized trial (27) examined the utility of
noninvasive ventilation in the treatment
of trauma patients with acute lung in-
jury. In selected patients, noninvasive
ventilation was found to reduce the intu-
bation rate and hospital stay significantly.
No determinants on mortality could be
made. Patients with frank shock or head
injuries do not make good candidates for
noninvasive ventilation and are at high
risk for aspiration. In severe chest inju-
ries, adequate pain control may be ex-
ceedingly difficult. Patients with high
narcotic requirements are also poor can-
didates for noninvasive ventilation. These
patients with severe injuries have the po-
tential to dramatically worsen in the
hours after admission. If noninvasive
ventilation is attempted, close follow-up
is essential as many patients will fail and
require endotracheal intubation.

During rapid sequence intubation, de-
lays in endotracheal tube placement
quickly result in severe hypoxemia. Pos-
itive-pressure ventilation usually rapidly
improves respiratory function. Increasing
the positive end-expiratory pressure
(PEEP) can aid in recruitment of previ-
ously collapsed alveoli. PEEP does have
numerous physiologic effects relevant to
the traumatized patient. Most notably,
PEEP can significantly reduce venous re-
turn in the hypovolemic patient. This can
worsen hemodynamics in the setting of

Figure 1. This patient presented after a motor vehicle collision. Note the multiple left lateral rib
fractures and unilateral pulmonary contusion.

Figure 2. Elderly man struck by automobile while in a wheelchair. The figure demonstrates the
admission chest radiograph and corresponding chest computed tomography (CT) scan. Note the
extensive right-sided rib fractures. On CT scan, there is evidence of significant contusion and collapse.
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hemorrhagic shock. PEEP can also exac-
erbate ventilation/perfusion mismatch in
patients with asymmetric pulmonary
contusion. The increased pressure is dis-
tributed to the more compliant normal
lung, which redistributes blood flow from
the normal lung to the abnormal lung.

Patients with severe pulmonary con-
tusion have a high risk for developing
ARDS. A randomized controlled trial (28)
has demonstrated improved mortality
with low-volume ventilation in the set-
ting of ARDS. Many centers now use low-
volume strategies in traumatized patients
at risk for ARDS. This strategy, although
not clearly proven in the setting of pul-
monary contusion, is aimed at reducing
further ventilator trauma. Commonly,
patients with severe injuries progress to a
clinical picture consistent with ARDS.
These patients may have predominantly
unilateral injuries and, therefore, may
not meet the criteria for ARDS. However,
management strategies are often similar.

As in ARDS, patients with significant
pulmonary contusions can have severe
difficulties with oxygenation and ventila-
tion. No randomized trials have demon-
strated a mortality benefit to a particular
mode of ventilation in the setting of pul-
monary contusion. Several newer modes
of ventilation have been utilized with the
goal of improving physiology in the set-
ting of injury. ARDS is theorized to be
exacerbated or even caused by ventilator-
induced lung injury. This phenomenon is
thought to be secondary to alveolar col-
lapse and reopening, or “atelectrauma.”
Injury secondary to high pressures in the
alveoli or “barotrauma” also plays a role.
The newer methods of ventilation are
similar in that they attempt to minimize
both of these phenomena. High-fre-
quency oscillatory ventilation (HFOV)
was initially described in a small series of
neonates but has gained wider acceptance
recently (29). HFOV achieves oxygen-
ation and ventilation through atypical air
transfer. Most of the air movement is not
dependent on bulk flow. Multiple combi-
nations of convection and diffusion are
theoretically responsible for air move-
ment (30). As a result of this atypical air
flow, higher airway pressures are main-
tained consistently without cyclic alveo-
lar collapse. More recently, a randomized
trial demonstrated a more rapid improve-
ment in oxygenation with HFOV com-
pared with conventional ventilation (31).
The difference in oxygenation and other
outcome measures were not durable.
Smaller series (32) have been published

on the utility and safety of HFOV in the
setting of pulmonary contusion.

Airway pressure release ventilation
(APRV) is another ventilator strategy that
has been recently popularized in the
treatment of ARDS. APRV was originally
described in the 1980s by Stock et al (33).
In APRV, patients are exposed to periods
of positive pressure during relatively long
inspiratory phases (Fig. 3). Brief expira-
tory releases occur during each cycle.
Spontaneous breathing can occur during
any phase of the cycle; this is a major
advantage of this mode. Spontaneous
ventilation provides more active dia-
phragm movement and may help prevent
dependent atelectasis improving ventila-
tion/perfusion matching. Furthermore,
APRV requires fewer sedative medications
than aggressive conventional ventilation.
The decreased narcotic and sedation re-
quirement was demonstrated in a large
observational series (34).

Patients with multitrauma often re-
quire significant fluid resuscitation. Inad-
equate initial resuscitation may result in
hypotension and inadequate perfusion,
and may contribute to multiple organ
failure. In the setting of hemorrhage and
shock, resuscitation should not be with-
held for the risk of worsening the respi-
ratory status of patients with pulmonary
contusion. However, overzealous use of
fluids can contribute to worsening
edema, especially in patients with cardiac
dysfunction. No human randomized tri-
als exist that demonstrate a clear benefit
to fluid restriction in the setting of pul-
monary contusion and other chest inju-
ries. A subgroup of surgical patients with
acute lung injury did have fewer ventila-
tor and intensive care unit days with a
conservative fluid strategy (35).

Special circumstances in thoracic
trauma can have significant implications
for ventilator management. Unilateral in-
juries can result in a severely dysfunc-
tional lung on the affected side and rela-
tively normal lung on the contralateral
side. Methods of high-pressure recruit-
ment that are successful in acute lung
injury and ARDS can be counterproduc-
tive in this setting. The two lungs can
have markedly different compliances. The
uniformly applied higher pressure will
not reach the collapsed injured alveoli.
Instead, the pressure is applied to nor-
mal, healthy uninjured alveoli. This can
lead to overinflation and barotrauma.
Furthermore, the higher pressures can
cause decreased blood flow to the healthy
lung. This increases perfusion to the
poorly ventilated lung and, thereby, in-
creases the total shunt. Applying ever
higher pressures can lead to worsening
oxygenation. In patients with little re-
serve, each lung can be independently
ventilated with synchronized ventilators.
With this system, higher pressure is ap-
plied to the injured lung. This redistrib-
utes blood flow from the injured lung to
the healthy lung, improving ventilation/
perfusion matching. Small series (36)
have demonstrated safety and improve-
ment in oxygenation in patients suffering
thoracic trauma, using dual lung ventila-
tion. This method does have serious logistic
drawbacks. Patients require a dual lumen
endotracheal tube and two synchronized
ventilators. These patients require signifi-
cant sedation and often neuromuscular
blockade. Separate monitoring must be
performed on each individual lung. No ran-
domized trials exist, demonstrating a clear
benefit in mortality. A simple temporizing
method to achieve the same goal is to place

Figure 3. Airway pressure release ventilation. The set variables include Time High (THigh), Time Low
(TLow), Pressure High (PHigh), and Pressure Low (PLow). Note the extended period of time spent at
higher pressures and the resulting elevated mean airway pressure. The patient can perform sponta-
neous breaths throughout the pressure curve.
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the patient in the decubitus position with
the normal lung down. This improves per-
fusion of the healthy lung.

Patients presenting with severe tho-
racic trauma are at risk for bronchopleu-
ral fistulas. With proper drainage, smaller
fistula may be asymptomatic. The clinical
picture can change remarkably in the set-
ting of positive-pressure ventilation. Tra-
ditional bulk flow ventilation can result
in loss of significant tidal volume
through the fistula. Furthermore, the
path of least resistance through the fis-
tula may create difficulties with oxygen-
ation and ventilation. A great majority of
blunt trauma-induced bronchopleural
fistulas heal spontaneously. Conservative
management of the patient on positive-
pressure ventilation is aimed at minimiz-
ing airway pressures. An animal model of
bronchopleural fistulas has demonstrated
that increased PEEP results in increased
leak rate (37). In the same model, HFOV
was more successful in ventilating the
animals, at the same time minimizing
the leak rate. Case reports (38) have dem-
onstrated success in the treatment of
HFOV after the failure of conventional
ventilation. Failure of conservative man-
agement resulting in a persistent leak or
inability to ventilate may prompt surgical
intervention.

Occasionally, after blunt chest trauma,
patients develop cavitary lesions of the
chest. The exact pathophysiology of this
process is unclear but involves air leakage
from pulmonary parenchyma combined
with large-scale tissue disruption. The pro-
cess has been described as posttraumatic
pulmonary pseudocyst but is also referred
to as traumatic pneumatocele. The current
literature only consists of small case series
(39). A proposed mechanism for a recent
increased incidence is the higher utiliza-
tion of CT scans. These lesions can be man-
aged conservatively if the patient is stable
and not demonstrating signs of infection.
Antibiotics and CT-guided drainage can be
utilized if infection is suspected. Compli-
cated cases are more likely to occur in se-
verely injured patients. If conservative and
minimally invasive methods fail, thoracot-
omy and lobectomy may be required.

Rib fractures and flail chest

Rib fractures are a very common trau-
matic injury. In a review of 7,000 consec-
utive trauma patients, 10% had rib frac-
tures (40). This rate has been confirmed
in epidemiologic studies, using the Na-
tional Trauma Data Bank (41). The sen-

sitivity of a chest radiograph for rib frac-
tures is low, and fractures are thought to
be significantly underreported. Rib frac-
tures have a high association with more
severe underlying injuries. Conversely,
given the low sensitivity of chest radio-
graphs, the absence of rib fractures does
not rule out significant underlying inju-
ries (42). This is especially true in the
pediatric population. Due to their high
chest wall compliance, pediatric patients
can have massive compression of their
chest wall without developing fractures
(43). Significant internal injuries can oc-
cur despite a lack of bony injury. There-
fore, rib fractures in the pediatric popu-
lation are a marker of tremendous force
and are markers of morbidity and mor-
tality.

At the other end of the age spectrum,
elderly patients are at higher risk for poor
outcomes in the setting of rib fractures.
Holcomb et al (44) found that age �45
yrs and greater than four rib fractures
were predictors of morbidity. Bulger et al
(45) found that patients �65 yrs had
twice the mortality with rib fractures and
that each additional rib fracture carried
additional risk of death and pneumonia.
These elderly patients have more comor-
bidities and less pulmonary reserve. Any
insult can have magnified effects in this
patient population.

The overall mortality of patients pre-
senting with rib fractures has been re-
ported to be �10% (40, 45). The major
determinants of mortality seem to be re-
lated to associated injuries. In a recent
review (46) of patients with rib fractures,
extremity, pelvic, hepatic, splenic, dia-
phragmatic, cardiac, and head injuries
were all independent predictors of death.
Furthermore, a study (44) of patients
with rib fracture, excluding severe ab-
dominal and head trauma, found that the
mortality rate was only 2% to 4%. Age,
number of rib fractures, and underlying
injuries should all be determinants of ad-
mission level of care.

Flail chest occurs when multiple ribs
are fractured in multiple places, creating
a section which moves independently
from the remainder of the chest wall. On
spontaneous inspiration, the affected seg-
ment is pulled inward by the negative
intrathoracic pressure. This theoretically
can lead to recirculation of inspired air to
the contralateral lung, although the ac-
tual clinical implications are unclear. The
displacement of the chest wall during
breathing is reduced. Therefore, the force
of inspiration and expiration is also re-

duced. Multiple definitions have been put
forward for the term flail chest involving
specific numbers of ribs. However, this is
a clinical diagnosis, and a variety of frac-
ture patterns can result in flail. The pro-
duction of a flail segment is dependent on
a number of factors, including the extent
of adjacent soft tissue support. Ribs can
separate from their cartilaginous attach-
ments to the sternum, causing a sternal
flail. Two adjacent fractures laterally can
cause a lateral flail segment. Flail chest is
a clinical diagnosis made by carefully ob-
serving the patients’ chest. Occasionally,
muscle splinting can mask the flail early.
Once patients begin having respiratory
compromise, the flail segment becomes
more evident (47).

The mortality of flail chest is signifi-
cantly higher than that of simple rib frac-
tures. Compared with patients with sim-
ple rib fractures, flail chest is an
independent predictor for the require-
ment of mechanical ventilation and respi-
ratory complications (48). Borman et al
(49) demonstrated that the mortality of
patients with flail chest is 20%, which is
nearly double the rate of simple rib frac-
tures. When taking into account isolated
unilateral flail, the mortality decreased to
6%. This evidence suggests that, like rib
fractures, most of the mortality with flail
chest is secondary to associated injuries.

Pain is the primary symptom suffered
by those with rib fractures. Splinting
from pain contributes to further respira-
tory decline and dysfunction. Tradition-
ally, intravenous narcotic pain medica-
tions are used in an attempt to control
the pain of rib fractures. Narcotic medi-
cations are effective for pain but have
numerous side effects. Oversedation can
result in hypoventilation, atelectasis, and
aspiration. Furthermore, patients on
heavy doses of narcotics are not able to
participate in active lung expansion exer-
cises. These drawbacks have prompted in-
vestigations into alternate therapies for
the pain of rib fractures.

Early therapies for management of rib
fractures included chest wall fixation
with belts. The rib belts would theoreti-
cally decrease motion and therefore pain.
Two small studies (50, 51) were con-
ducted on the use of such devices. Both
studies found an increase in complica-
tions in groups using the belt, whereas
only one study demonstrated a benefit in
terms of pain relief. External fixation and
binding of ribs have generally fallen out
of favor as a treatment for rib fractures.
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Multiple studies have been published,
examining the use of localized pain strat-
egies in the management of rib fractures.
These techniques are varied and include
intrapleural blocks, intercostal blocks,
paravertebral blocks, epidural blocks, and
transdermal local anesthetics. Two small
studies (52, 53) with a total of 36 patients
compared epidural catheters with in-
trapleural catheters for patients with
chest wall trauma. The findings were not
conclusive due to small numbers. Carrier
et al (54) performed a recent meta-
analysis of studies on epidural catheters
for thoracic trauma; they concluded that
there was no overall benefit based on the
current literature. This meta-analysis,
however, included multiple very small
trials with varied study designs. A benefit
in duration of mechanical ventilation was
noted with the use of epidural catheters
dosed with local anesthetics. The largest
randomized trial of epidural catheters vs.
intravenous opioids enrolled 46 patients
and did demonstrate a significant de-
crease in pneumonia rates and ventilator
days in the epidural group (55). With the
proper patient selection, there is a prob-
able benefit to the use of epidural cathe-
ters. Associated injuries of the trauma-
tized patient present hurdles to their use.
Coagulopathy can prevent their safe
placement. Vertebral fractures, which can
be quite common in the setting of tho-
racic trauma, can also prevent catheter
placement. Most published studies do
note a prevalence of hypotension in pa-
tients with local anesthetic epidurals.

These complications and contraindica-
tions limit the number of eligible pa-
tients.

Smaller observational studies have
demonstrated the safety and efficacy of
paravertebral and more distal intercostals
blocks in the treatment of thoracic
trauma patients (56, 57). A more recent
randomized study (58) compared epi-
dural and paravertebral catheters. The
authors found equivalent outcomes in
the two groups, although there were
fewer hypotensive episodes in the para-
vertebral group. The paravertebral block
can be administered through a catheter
and left in place for days. More study is
needed in this area as the potential ben-
efits for patients with thoracic trauma are
great.

Surgical repair of chest wall
injury

The mainstay of treatment of chest
wall lesions causing respiratory compro-
mise involves prolonged positive-pres-
sure ventilation. Historically, there has
been varying enthusiasm for the surgical
fixation of rib fractures and flail chest.
External binding hardware was promoted
in the early part of the century but even-
tually abandoned. Rib fixation theoreti-
cally can aid in a patient’s recovery by
allowing them to mobilize and ventilate
comfortably. Associated injuries are the
primary cause of morbidity and mortality
in patients with rib fractures and flail
chest. Therefore, to provide a theoretical

benefit, patients need to be chosen very
selectively. This was demonstrated in a
retrospective review by Voggenreiter et al
(59). In this study, patients undergoing
operative stabilization for flail chest were
compared with patients managed without
surgery. In terms of ventilator weaning,
the surgical group only benefited if no
pulmonary contusions were present. A
trial by Tanaka et al (60) randomized a
small group of patients between mechan-
ical ventilation and surgical stabilization.
The surgical group demonstrated a de-
creased rate of pneumonia, intensive care
unit days, and ventilator days. These re-
sults have not been duplicated in a larger
trial, however.

Multiple encouraging case reports do
exist regarding surgical fixation and rapid
improvement in select patients. Figure 4
demonstrates a chest radiograph of a
trauma patient presenting after a fall
from a horse. The patient could not mo-
bilize 10 days after injury and operative
repair was performed. Figure 5 demon-
strates his postoperative chest radio-
graph. The patient mobilized well postop-
eratively and was discharged after
surgery. Nirula et al (61) commented on
potential indications for rib fracture re-
pair. These indications include flail chest
with failure to wean from the ventilator,
painful and mobile ribs, chest wall defor-
mity, symptomatic nonunion, and inci-
dental repair when performing thoracot-
omy for another reason. More serious
life-threatening injuries are a clear con-
traindication. Larger multicenter trials
are required to investigate the specific
indications and the overall benefit of
these operations.

Chest wall hernia

Chest wall disruption with herniation
is a rare injury that develops in the set-
ting of massive forces. Automobile acci-
dents are the most common cause of
modern traumatic chest hernias. These
injuries can present acutely or in a de-
layed fashion. High-energy motor vehicle
collisions, particularly with the use of
shoulder harnesses, may subject victims
to particular forces responsible for chest
wall disruption (62). With rib fracture
and sternal disruption, sudden decelera-
tion can cause lung tissue to herniate
from the chest cavity. The acute condi-
tion can be temporized with chest tube
thoracostomy. If the patient is not com-
promised by the chest wall mechanics,
operative fixation can be delayed until the

Figure 4. This patient presented after falling off a horse while jumping. This chest radiograph
demonstrates multiple posterior rib fractures and a left clavicle fracture. He had an unstable segment
of chest wall, and his injuries prevented mobilization. After 10 days of conservative management, he
underwent operative repair.
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patient is more stable. The goal of sur-
gery should be to restore physiologic pul-
monary function and restore the volume
of the chest cavity. Case reports (63–65)
have described fixation with muscle flaps,
plates, wire, and mesh. Pneumonia and
empyema are not uncommon complica-
tions of severe chest trauma, and place-
ment of implants should be considered
carefully. Biological mesh can be consid-
ered in select cases, although long-term
follow-up data do not exist. Figure 6 dem-
onstrates a CT scan of a patient present-
ing 1 month after a fall from a ladder. He
was repaired with a biological mesh in an
elective fashion. His surgical repair is
demonstrated in Figure 7.

CONCLUSION

The care of the patient with a “crushed
chest” can be challenging. These victims
have a high number of associated inju-
ries, leading to a significant overall mor-
tality rate. A systematic approach is cru-
cial in order to treat the acute life-
threatening complications of this
process. These patients often require pro-
longed intensive care support and thus
many resources. Further research is
clearly warranted in the areas of ventila-
tory strategies, pain control, and opera-
tive fixation.
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