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Management of severe chest wall trauma
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Abstract: Injuries to the chest wall remain common and are attributable for 20-25% of all trauma deaths.
In the most severe forms of chest trauma derangements of oxygenation and ventilation, severe inflammatory
response, musculoskeletal structural compromise, aspiration and subsequent pneumonia often result from the
physiologic insult. In addition, this severe complex of injury is often not in isolation and may be compounded
with traumatic brain injury, cervical and thoracic spinal fractures, long bone injury and solid organ injuries.
Since the first description of thoracic injury management in 3000 BC, chest wall trauma has proven to be a
challenge to clinicians for millennia. The goal of this review article is to review contemporary management
and options for severe blunt chest trauma. We will review operative and non-operative management,
discuss the principles of chest wall fixation as well as elucidate strategies for respiratory support both with

mechanical ventilation and extracorporeal assistance.
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Anatomy and physiology of chest trauma

The skin and soft tissue overlie the musculature of the
bone-foundation creating the barrel-like structure of the
chest wall. The bony thorax is comprised of the sternum,
12 ribs, the clavicles, the scapulae, and the vertebrae.
Aiding in respiration and stabilizing the chest wall are
the intercostal muscles and diaphragm, and the latissimus
dorsi, serratus anterior and pectoralis major and minor
muscles. This design protects the thoracoabdominal viscera
and allows for efficient volumetric changes in the chest
dimension. The thoracic “cage” moves in conjunction
with the musculature of the chest wall changing dimension
with each breath to alter the intrathoracic pressures with
inspiration and expiration. The inspiratory and expiratory
pressure gradients assist the ventilation of the lungs, which
are mechanically in series with the chest wall.
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The intimate association of the chest wall structure
with the functional mechanics of the thorax underlies the
pathophysiology of chest trauma. Injury to the chest can
affect respiratory function in two capacities:

() Deformity of the chest wall may alter respiratory
mechanics leading to hypercarbia, respiratory
failure and respiratory acidosis;

(II) Increased shunt fraction (Qs/Qt) via pulmonary
contusion, hemorrhage or edema from energy
transfer or shear-type forces at the inertial
interfaces causing hypoxemia.

More often chest wall trauma encompasses both
physiologic insults, and can be compounded by resuscitation
efforts, volume overload, and systemic inflammation.
Furthermore, pneumothorax, hemothorax, tension
physiology and cardiac tamponade compromise gas
exchange and lead to circulatory dysfunction.
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In the severely injured patient, damage control
resuscitation with aggressive correction of acidosis,
hypothermia, and coagulopathy is tantamount to patient
treatment. Judicious fluid administration must be carefully
delivered to avoid hypoperfusion while minimizing
lung edema and blossoming of pulmonary contusions.
Furthermore, up to 15 % of polytraumas will require
massive transfusion (>10 units of red blood cell transfusion)
with potentially additive complications of transfusion-
related acute lung injury (TRALI) and transfusion
associated circulatory overload (TACO) seen in 15% and
8% of blood transfusions, respectively (1-4). Each of these
physiologic insults adds to the morbidity and mortality of
the patient’s injury.

Initial trauma bay management is in support of
cardiopulmonary circuit per the airway, breathing, and
circulation (ABC)’s of trauma management. Recognition
of the need for ventilator support and the use of
thoracostomy tubes to decompress hemorrhage and tension
pneumothoraxes is essential to early management.

Airway: tracheobronchial injuries (TBIs)

Severe acceleration/deceleration injuries may be associated
with TBI. Manifestations may vary from incidental
mediastinal air to respiratory collapse. TBIs are typically
found within 2 cm of the carina with a higher likelihood
of occurrence on the right bronchus or distal trachea from
shearing of the inertial interfaces.

Tracheal-bronchial disruptions should be suspected in

the following circumstances:

(I) Mediastinal air in isolation (without associated
pneumothorax or lung laceration, no evidence for
an aerated tract from a soft tissue injury nor infra-
diaphragmatic source);

(II) Respiratory distress made worse with positive
pressure ventilation;

(III) Continued and sustained air leak on well-placed
chest tube;

(IV) Severe subcutaneous emphysema (35-85% of
cases);

(V) Blood within the airway/hemoptysis (25%) (3,5).

Bronchoscopy is both diagnostic and therapeutic, often

allowing passage of the endotracheal tube beyond the injury
or into the unaffected bronchus to stabilize the airway.
Definitive surgical repair is critical for large or symptomatic
injuries. Strategies to support ventilation and oxygenation
are discussed later
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Breathing: disruption of the bony thorax and
pulmonary injury

Disruption of the thoracic “cage”
p g

Rib fractures are common in chest trauma and are present
in upwards of 10-20% of trauma patients. Children and
young adults have more compliant, cartilaginous chest wall
structures and therefore may sustain major intrathoracic
injury in the absence of rib fractures. Underlying lung
injury with pulmonary hemorrhage and contusions are the
prominent cause of respiratory failure in this age group (6,7).

Low energy fractures of the ribs disproportionately affect
the elderly owing to a frail and brittle bone structures (6,7).
Nonetheless, profound morbidity is observed in the aged
from loss of efficient respiratory mechanics, pain-related
chest wall splinting, and underlying lung injury. For each
additional rib fracture in the elderly, mortality increases by
19% and the risk of pneumonia by 27% (8). These patients
also have a higher incidence of chronic lung disease and
cardiovascular disease that can worsen outcomes (8,9). An
oxygen saturation <92% on room air, a tidal volume under
1.4 L and an incentive spirometry volume under 15 cc/kg
are markers of pending respiratory compromise.

In any patient with rib fractures or chest wall injury,
the main goal in management is to minimize the sequelae
of impaired chest wall mechanics. Pain from fractures
and muscular injury to the chest wall leads to splinting,
decreased inspiratory capacity, and decreased sputum
clearance. In the acute period, this is done by providing
adequate analgesia to maintain the patient’s ability to
cough, take adequate tidal volumes, and mobilize. Oral and
intravenous opioid analgesia are commonly used for patients
with simple rib fractures. These therapies can be used as
an adjunct to centrally acting non-opioid analgesia and
anti-inflammatory medications when not contraindicated.
To avoid the systemic effects of opioid analgesia, other
modalities such as intercostal nerve blocks, paravertebral
blocks, and epidural analgesia have been used. Intercostal
nerve blocks have shown benefit in patients with rib
fractures and involve the injection of local anesthetic agents
near the neurovascular bundle. The advantage to this is the
avoidance of opioid analgesia and less risk of central nervous
system depression but typically lasts only 8-12 hours
and need to be repeated to provide adequate long-term
analgesia. Paravertebral nerve blocks are another option that
can provide pain control without systemic effects of opioid
analgesia. A catheter is inserted into the paravertebral space
on the ipsilateral side as the fractures, which is then infused
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first with dilute bupivacaine with epinephrine and then a
continuous infusion with bupivacaine. This provides a viable
option for patients who have multiple rib fractures that may
not be amenable to intercostal nerve blocks, or those who
are coagulopathic or have vertebral fractures that preclude
placement of an epidural catheter (10,11).

Epidural anesthesia is widely used in the treatment of
pain from rib fractures. Epidural anesthesia agents include
a local anesthetic, such as bupivacaine, with or without
an opioid, administered into the thoracic epidural space.
Disadvantages include potential hypotension, injury to
the spinal cord, epidural hematoma, urinary retention and
infection (12).

In instances of more severe trauma, the presence
of multiple rib fractures should clue the clinician into
higher energy transfer to the body. Rib fractures are an
independent predictor of other abdominal solid organ
injury associated with an odds ratio of 3.5 increased risk
of liver or splenic trauma (13). Severe chest trauma is
predominately from vehicle crashes and pedestrian trauma.
Fracture patterns may involve multiple or bilateral ribs
with displacement or comminution. Radiographically, a flail
chest is defined as 3 or more consecutive ribs, each broken
in two locations. The diagnosis of a flail segment, however,
is a clinical diagnosis, if the flail segment displays exam
findings of paradoxical motion with the respiratory cycle.

Diagnosis

Chest wall injuries may be diagnosed with an expeditious
and thorough physical exam.

Vital signs with evidence of tachycardia, hypotension,
tachypnea, cyanosis, pallor, and poor oxygenation saturation
are signs of shock and harbingers of severe physiologic
disturbance. Inspection of the chest may reveal chest
wall asymmetry, open wounds, subcutaneous emphysema
and crepitus, rib step offs, and flail segments. Relying
on auscultation and percussion may be unreliable amidst
the noise of the trauma bay, however, flow of air and the
presence of breath sounds bilaterally are important findings
to note. The absence of breath sounds should prompt the
clinician to evaluate the depth of the endotracheal tube
(if present) to assure a tracheal, not main stem intubation.
If breath sounds are absent with hemodynamic instability,
an intervention to decompress the chest should be made
without imaging. Other classic signs of cardiac trauma such
a muffled heart sounds or Hamman’s sign are difficult to
assess in the initial workup of the patient.
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The extended focused assessment with sonography
for trauma, or e-FAST, has been increasingly utilized as
an extension of the physical exam. The exam is a quick,
bedside test that uses ultrasonography of the inter-
rib space to evaluate pleural apposition. The absence
of pleural apposition diagnoses the presence of a
pneumothorax and/or effusion. The extended views of the
chest are utilized in conjunction with the classic FAST
exam which evaluates the pericardium, the right upper
and left upper quadrant recesses and the pelvis for free
fluid. These ultrasonographical detect 92-100% of all
pneumothoraces (14,15).

Chest radiographs are crucial to the diagnosis of chest
trauma and should be obtained and interpreted before the
patient is transported from the trauma bay. A methodical
approach to the radiograph is necessary to evaluate the
airway and bilateral hemithoraces, the cardio-mediastinal
silhouette, the diaphragmatic contours. Bony disruption
and subcutaneous emphysema are readily diagnosed
on anteroposterior (AP) radiograph. The appropriate
placement of the endotracheal tube and access lines must
be confirmed and the presence of foreign bodies identified.
The portable chest X-ray is easily obtained in the trauma
bay and is the first-line diagnostic study, However, chest
radiographs may miss non-displaced rib fractures, vertebral
fractures, aortic trauma, and up to 20% of pneumothoraces.

In hemodynamically stable patients, chest CT offers
higher resolution imaging and is far more sensitive in
diagnosis of small anterior pneumothoraxes, lung contusions
and lung lacerations, as well as bony injury of the sternum,
scapula, ribs and spine. The increased diagnostic yield
however, may only matter to clinical management in a few
instances. CT remains is the gold standard in the evaluation
of the cervico-thoracic spine. Additionally, in patients with
a severe energetic mechanism or widened mediastinum, CT
may help definitively diagnose aortic injury (6,7). Lastly, for
stable patients with extensive chest wall injuries the use of
3D reconstruction is often helpful to operative planning for
potential rib fixation.

Rib fixation

Operative reduction and fixation (ORIF) of the chest
wall has been evolving as an additional method of chest
wall stabilization. The revised Eastern Association for the
Surgery of Trauma (EAST) guidelines, “conditionally
recommend ORIF in adult patients with flail chest to
decrease mortality, shorten duration of mechanical
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ventilation, incidence of pneumonia and need for
tracheostomy” (level III evidence) (16). Those who are
candidates for operative fixation generally have significant
pain that is difficult to control, and respiratory impairment
from the impact of the flail segment on the mechanics of
the chest wall.

Over the years, many attempts have been made to
fashion devices to stabilize the chest wall. These devices
have evolved from simple silk suture fixation to measured
plates in anatomical configuration and bracketed fixators.
The simple idea behind these devices has been to stabilize
the chest wall to improve pain and respiratory mechanics.
Multiple randomized controlled trials have indicated
decreased rates of pneumonia and shorter time on the
ventilator when patients with rib fractures are treated with
surgical fixation (16-30).

Two randomized controlled trial deserve mention.
Tanaka er al. performed a prospective study of 37
patients matched by injury severity score (ISS), severity
of pulmonary contusion and admission P/F ratio. The
control group was managed with internal stabilization with
positive end-expiratory pressure (PEEP), synchronous
intermittent mandatory ventilation (SIMV) and pressure
support. The results reached statistical significance favoring
operative fixation with 8 days less of mechanical ventilation,
10 fewer intensive care unit (ICU) days and 50% reduction
in pneumonia. Long-term outcomes for return to work
also heavily favored operative stabilization (28). A more
contemporary study by Marasco et 4/. randomized 46
patients to surgical stabilization with resorbable plates
versus mechanical ventilation also significantly favored
surgical stabilization, although less dramatically that the
Tanaka study, with a 26% reduction in pneumonia and
a 3-day decrease in ICU stay (27). Two recent a meta-
analysis has evaluated surgical fixation. The first by
Leinicke, included nine studies with 538 patients reported
a significant decrease in primary outcome, which was
duration of mechanical ventilation [pooled effect size (ES),
-4.52 days; 95% confidence interval (CI), -5.54 to -3.50).
For secondary outcomes which included ICU length of
stay (ICULOS), hospital length of stay (HLOS), mortality,
pneumonia, and tracheostomy, pooled analysis showed
significantly decreased incidence in the operative fixation
group; ICULOS (pooled ES, -3.40 days; 95% CI, -6.01,
-0.79), HLOS (pooled ES, -3.82 days; 95% CI -7.12,
-0.54), and decreased mortality [pooled relative risk (RR),
0.44; 95% CI, 0.28, 0.69], pneumonia (pooled RR, 0.45;
95% CI, 0.30, 0.69), and tracheostomy (pooled RR, 0.25;
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95% CI, 0.13, 0.47) (16,18-20)].

The second meta-analysis by Kasotakis et a/. was utilized
for the basis of the EAST guidelines evaluated 22 studies for
a total of 986 patients of which 334 underwent rib ORIFE.
This included both retrospective and three randomized
controlled trials (including Tanaka and Marasco). The
data had a wide variety of surgical techniques including
struts, wires and plates; as well as, significant heterogeneity
in the conservative management strategies of intubation,
tracheostomy and fluid management. Only one study
evaluated pain as an outcome and incorporated 37
patients. Surgical rib stabilization demonstrated consistent
improvement in duration of mechanical ventilation,
ICU and HLOS, pneumonia rates and need for
tracheostomy (19). Although the available evidence
is not without its limitations, there is randomized
controlled prospective data supporting surgical fixation
in appropriately selected patients (13,14,16,19-25,27,28)
(see Table 1)

There have been several techniques described to stabilize
the rib, and currently there is no evidence to support one
method of fixation over another. Previously, wire cerclage
was used to secure anterior metal plates to bridge the
fracture. Given the propensity for fracture of the wire itself
and subsequent dislodgement of the plate, uni- and bi-
cortical screws have now replaced wire cerclage as fixation
points for the anterior plate. Bi-cortical screws are generally
sized for the thickness of the rib, and care is taken to
avoid placing screws through the posterior cortex and into
the pleura. Judet struts, which are placed without screw
fixation and similar U-plates with locking screws provide
similar fixation without the need for a long span of healthy
rib to anchor the device, but carry a theoretical risk of
intercostal nerve impingement from the inferior portion of
the hardware locking around the rib. Fixation should aim
to immobilize the fracture enough to allow pain relief and
healing, but leave room for micromovement at the fracture
site to promote osteoclast activity and callous formation.
Fractures of ribs 3-10 are considered for repair due to the
difficulty in reaching ribs 1 and 2, and minimal contribution
of these and ribs 11 and 12 to respiratory mechanics.
Attempts should be made to stabilize both fracture lines,
however, if additional exposure is necessary it may be
sufficient to stabilize one fracture line without impairment
in pain control or pulmonary function (30). Posterior
fractures within 2.5 cm of the transverse process should not
be repaired due to inadequate bone length to secure a plate
or strut. Furthermore, the generation muscular support
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Table 1 Indications for rib fixation
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Recommendation Clinical condition

Recommended (conditionally)  Blunt chest trauma with flail chest

Symptomatic non-union

Severe displaced rib fractures in a hemodynamically stable patient undergoing thoracotomy for another

indication

Consider

Severely displaced rib fracture; =3 ribs

Flail chest not requiring ventilator support; =3 ribs

Displaced rib fractures; =3 ribs with 50% reduction in forced vital capacity (FVC) despite pain regimen

No recommendation

Contraindicated
ventilation Contaminated field

Adult trauma patients with non-flail rib fractures after blunt trauma for the outcome of pain control

Patient with traumatic brain injury or cervical spine injury that will require prolonged mechanical

Figure 1 CXR of an 18-year-old trauma patient who sustained
severe blunt trauma to the chest requiring ECMO. CXR, chest

X-ray; ECMO, extracorporeal membrane oxygenation.

and stability afforded in this region usually obviates the
need for fixation close to the spine. Additionally, techniques
have been described to fix anterior fractures to the costal
cartilage or sternum but are currently off label uses of the

available products (Figures 1,2).

Ventilator modes/lung isolation

The treatment of the unstable chest injury has evolved
significantly. Positive pressure ventilation physiologically
acts as an internal “splint” against unstable chest wall.
Termed “internal pneumatic stabilization” historic
treatment of unstable chest segment was directed at early

intubation and ventilatory support. However, this did not

© Journal of Emergency and Critical Care Medicine. All rights reserved.

consider the patient’s baseline pulmonary function, and
fell out of favor in the 1970s to 1980s after it was found
to be associated with increased mortality due to ventilator
associated complications (31,32). Mandatory mechanical
ventilatory support solely for chest wall stabilization
has been abandoned. The EAST guidelines state that
“obligatory mechanical ventilation should be avoided (33).
Increased use of noninvasive strategies involves intensive
pulmonary toilet and involvement of respiratory therapy for
volume expansion with incentive spirometry, noninvasive
positive airway pressure, and cough-assist. High flow nasal
cannula oxygen alone may be able to allow patients to
avoid or delay mechanical ventilation. Two meta-analyses
supported the use of noninvasive ventilation (NIV) in chest
trauma. Roberts et /. performed a meta-analysis of 17
studies and Duggal ez 4/. included nine studies on the use of
to evaluate the safety and efficacy of NIV in chest trauma.
Both included three randomized controlled trials. Although
there was significant heterogeneity in terms of injury
severity, level of hypoxemia and timing of intervention,
NIV was safe with no increased morbidity and mortality.
The rate of intubation, hospital and ICULOS in a patient
population where 20% eventually required invasive
ventilation (34,35). Chiumello et 4/. also evaluated ten
studies with 386 patients meeting inclusion criteria. Overall
arterial oxygen saturations were significantly higher with
a significant reduction in intubation (36). Interestingly, no
meta-analysis has shown a significant reduction in mortality
with NIV (34-37).

If patients are requiring high flow oxygen or non-invasive
ventilation close observation should be undertaken in the
intensive care setting to monitor for acute decompensation
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Figure 2 Intraoperative photograph of operative reduction and
internal fixation of the right chest. Rib fixation allowed stabilization
of his chest wall and weaned from ECMO immediately post

operation. ECMO, extracorporeal membrane oxygenation.

or need for invasive ventilation. Attention to patients
with concomitant intracranial injuries is required as these
patients necessitate a higher arterial oxygen levels and
hypoxemia should not be tolerated in this population.

The most severe forms of chest trauma warrant
endotracheal intubation and mechanical ventilation
for impending or manifest hypoxemic or hypercapnic
respiratory failure. The insult of pulmonary contusion
and subsequent alveolar-capillary leak can lead to poor
lung compliance. The use of PEEP to recruit alveoli and
decreased shunting is advised, and continuous positive
airway pressure can be used to improve compliance. Several
modes of ventilation have been studied, and no single mode
has been proven more effective for patients with flail chest
or pulmonary contusion (38,39). Management of ventilator
modes should be left to provider comfort and familiarity.

Independent lung ventilation can be useful in the
situation where a patient has a discrepant injury burden to
each side of the chest resulting in a severely injured lung
and a relatively normal contralateral lung. This allows lower
tidal volumes and lung rest for the injured lung, which
optimizing gas exchange with the healthy lung. There
are few well-established indications for independent lung
ventilation for trauma as the incidence is relatively rare. One
such indication is the demonstration of paradoxical PEEP,
which is hyperinflation of the healthy lung causing a fall in
PaO, and increased shunting to the injured lung. In such a
situation, optimization of ventilation for the healthy lung
could provide adequate gas exchange while allowing for
recovery of the injured lung. Independent lung ventilation
can be achieved through a single lumen endotracheal tube

© Journal of Emergency and Critical Care Medicine. All rights reserved.
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placed in the main-stem bronchus or by using a bronchial
blocker.

Alternatively, dual-lumen endotracheal tubes are now
widely available and can be used with two ventilators to
provide separate ventilatory modes to each lung. If a dual-
lumen endotracheal tube is being used, initial ventilator
settings should correspond to equivalent ARDSNet
protocols, adjusted for lung size. The clinician should keep
in mind that high tidal volumes and airway pressure can
themselves damage the already tenuous lung parenchyma.
To decrease the incidence of ventilator associated lung
injury, plateau pressures (Pplat) should be no greater than
30 cmH,0 in the diseased lung. When managing the
separate ventilators in independent lung ventilation, it is
important to keep in mind the tidal volumes and airway
pressures of each lung and to adjust accordingly to avoid
barotrauma and optimize gas exchange. Transitioning
from dual lumen to a single lumen endotracheal tube and
conventional ventilation can be performed when lung
compliance has allowed for equalization of tidal volume and
gas exchange between the two lungs.

Extracorporeal membrane oxygenation (ECMO)

The first report of ECMO utilization in a trauma patient
was put forth by Hill ez /. (40) in 1972 with subsequent
studies supporting the use of venovenous (V-V) ECMO in
trauma patients. A relatively new mechanism for delivering
ventilatory support, ECMO may be used in the setting of
pulmonary failure when the lungs are so severely injured
that mechanical ventilation has failed. Limited to case series
reports, the reported survival ranges between 35-90%
with large differences between published case series in
trauma (2,41-49). V-V ECMO serves as temporary lung
replacement in the setting of acute pulmonary failure with a
reversible cause. ECMO effectively diverts blood flow to an
extracorporeal membrane used for gas exchange, removing
carbon dioxide outside the body, allowing mechanical
ventilation to be delivered at minimal settings, or in some
cases, not at all. This minimizes the chance for worsening
damage to the lung parenchyma due to barotrauma, and
allows a period of “lung rest” the lungs to recover while
still providing gas exchange. ECMO is labor intensive and
requires a highly skilled critical care team, and therefor is
currently limited to specialized ECMO centers. Additionally,
the diversion of blood flow to a mechanized environment
is not without its own complications, and can be prone to
thrombosis or the circuit. Circuits are typically run with
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systemic anticoagulation which may be contraindicated in

trauma patients with concomitant injuries. In the acutely

bleeding patient some centers will forego anticoagulation
in patients undergoing V-V ECMO to minimize
bleeding risk. Arlt ez al. reported their experience with

ten patients (mean ISS, 74+4) with percutaneous V-V

and venoarterial (V-A) ECMO for pulmonary failure

defined as (PaO,/FiO, <100 mmHg) despite peep and
advanced respiratory management. Patients were defined
as meeting criteria for shock if they required >10 units
transfusion or required vasopressor support despite
fluid resuscitation. Overall survival was 60% with no
thromboembolic events noted, nor decrease in ECMO
function. Although limited in patient numbers, this small
series gives equipoise to supporting appropriately selected
patients who were previously contraindicated by bleeding
risk, to an attempt at a heparin free circuit to support
cardiopulmonary mechanics. Taking into consideration the
often-fatal outcome of pulmonary failure in the setting of
ISS score in the 1970’ any survival benefit from ECMO
may be an improvement. Currently in trauma, ECMO is
used as a bridge to allow time for pulmonary recovery
in the setting of severe injury that is expected to resolve
with time and lung rest to a potentially survivable
outcome (2). The July 2016 International Summary

ECLS Registry Report from the Extracorporeal Life

Support Organization has shown for all patients with

acute respiratory distress syndrome (ARDS) 58%

survive to hospital discharge (45). Multi-institutional

registry data is needed to fully expand the safety and
utility of ECMO in trauma patients.

In summary, the management of chest wall trauma
has evolved as we have made advances in surgical and
critical care.

% A thorough initial diagnostic evaluation of severe
chest trauma is essential to diagnosing major injury
and advising therapeutic options;

% E-FAST may complement chest radiograph increase
the detection of injury in the trauma bay;

% CT of the thorax is a useful adjunct to identifying
vertebral injury, aortic injuries. Thoracic CT may
clarify rib fracture anatomy and pulmonary injury in
patient with significant chest trauma or in those who
would benefit from surgical rib fixation;

% NIV may help bridge patients with some level of
hypoxemia from chest injury, but should be carefully
applied with close monitoring with clearly defined,
patient specific thresholds for intubation should they
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deteriorate;

% Critically injured patients with hypoxemia and
respiratory failure should be managed with
mechanical ventilation;

% In patents with flail chest, fracture non-union, or >3
displaced rib fractures requiring mechanical
ventilation or with 50% reduction in pulmonary
function testing, rib fixation should be strongly
considered;

% Finally, the use of ECMO in trauma recoverable
patients that cannot be oxygenated and ventilated by
traditional mechanical ventilation is in its infancy but
is a promising treatment strategy to recuperate the
lungs of the most severely injured patients.
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