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IMAGING FOR BLUNT CHEST TRAUMA

The chest radiograph remains the initial study for
assessing patients sustaining blunt trauma to the chest, and
many common injuries can be identified by the chest radio-
graph alone. However, in severely injured patients, the ideal
upright, full inspiratory PA chest radiograph cannot be
obtained. Portable supine radiographs, often suffering from
poor positioning, poor inspiration, or artifact from an un-
derlying backboard or overlying monitoring equipment,
are generally the rule rather than the exception, and
many injuries may be difficult to detect on these suboptimal
studies.

It is essential to identify on the chest radiograph life
threatening conditions such as pneumothorax, hemothorax,
abnormal mediastinum (possibly indicating aortic or
other great vessel injury), and thoracic spine fracture, as
well as malpositioned life support devices. The technical
limitations of a chest radiograph should be declared when
it is difficult or impossible to exclude a life-threatening
injury, and alternative imaging studies should be sug-
gested.'

CT of the chest, particularly with the development
multidetector-row CT (MDCT) scanners, has become a
common examination for imaging the trauma patient with
known or suspected thoracic injury, as CT scanners are
available in almost all trauma centers. The fast scanning time
of MDCT allows for single-breath-hold scanning, fewer
motion artifacts, and improved contrast bolus imaging.
Additionally, thinner collimation provides isotropic voxels,
allowing for multiplanar reformations while maintaining
spatial resolution.

Magnetic resonance imaging (MRI) has many advan-
tages for imaging the chest, including no need for iodinated
contrast material, lack of ionizing radiation, and multiplanar
imaging capabilities. However, scan times can be lengthy, and
monitoring critically ill patients can be difficult, limiting the
role of MRI for evaluating trauma patients.
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This pictorial essay will review the spectrum of injuries
that occur in the chest following blunt trauma, focusing on the
radiographic and CT findings.

LUNG PARENCHYMA

Pulmonary Contusion

Pulmonary contusion is the traumatic extravasation of
blood into the lung parenchyma without significant laceration
and is the most common pulmonary injury resulting from
blunt chest trauma.?

The radiographic findings of pulmonary contusion
(Fig. 1) are non-specific, ranging from irregular confluent or
discrete nodular opacities to large opacities in a non-
anatomical distribution, and are dependent on the site of
injury.® The time course of the development and evolution of
parenchymal opacity is a key to identifying this injury, as
pulmonary contusion typically appears within hours of injury.
Uncomplicated pulmonary contusion begins to resolve on the
chest radiograph after 48 to 72 hours. Complete resolution
usually occurs by 10 to 14 days.*

CT is highly sensitive and is more specific than the chest
radiograph for identifying pulmonary contusion.’ Pulmonary
contusion appears as an ill-defined area of peripheral consolida-
tion on CT. Although chest radiographs are useful, pulmonary
contusion may be obscured earlier on by other thoracic injuries
or complications,® such as pleural fluid collection or lobar
collapse.

Pulmonary Laceration

Pulmonary laceration is a tear of the lung parenchyma.
As a result of the recoil properties of the adjacent lung, the
initial linear parenchymal tear rapidly becomes an ovoid or
round space.”” When the laceration fills with blood, it is
sometimes referred to as a hematoma, and if the space fills
with air, it may be called a traumatic pneumatocele. However,
frequently both blood and air accumulate in these tears, and we
prefer to use the more general term, laceration.

The typical radiographic appearance of pulmonary lacer-
ation is a round air or air and fluid containing lesion. They are
commonly seen as isolated lesions but may be multiple. Most
pulmonary lacerations are 2—5 cm in diameter but can occa-
sionally be extremely large, exceeding 14 cm in diameter.®
Pulmonary lacerations occur at the time of injury but may be
obscured on the chest radiograph by surrounding pulmonary
contusion, hemothorax, or pneumothorax.>® The visibility of
the lesion also depends on the size of the lesion, as well.
Resolution generally takes several weeks to a month, and
sometimes lacerations heal with residual scarring.
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FIGURE 1. A, Supine chest radiograph of a 40-year-old man
who fell approximately 30 feet onto concrete shows peripheral
pulmonary opacity over the right hemithorax adjacent to a ribs
fracture (arrows). CT scan of the chest on the same day (B, C)
shows opacity (asterisks) adjacent to the fractured rib (arrow),
consistent with pulmonary contusion. The right pneumothorax
(asterisk) is not seen on supine chest radiograph.
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FIGURE 2. CT of the chest of a 47-year-old man who fell
approximately 20 feet from a ladder shows type 1 pulmonary
lacerations; one lesion contains blood (white arrow) and the
other contains air (black arrow). Left pneumothorax and
surrounding pulmonary contusion (black asterisk) are also
present.

Pulmonary lacerations can be categorized into 4 types
based on the mechanism of injury, as described by Wagner
etal.”

Type 1 pulmonary laceration (Fig. 2) results from
sudden compression of the pliable chest wall against the closed
glottis, wherein the air-containing parenchyma ruptures. These
are typically large (2—8 cm.) and are located deep within the
pulmonary parenchyma.

Type 2 pulmonary laceration (Fig. 3) occurs from
shearing forces as the lung is squeezed over the vertebral
bodies from rapid compression of the chest wall. This type of

FIGURE 3. CT of the chest of an 18-year-old man who was hit
by a car while on a motorcycle shows an elliptical-shaped type
2 pulmonary laceration (arrow) in the left paravertebral region.
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FIGURE 4. A, CT of the chest of a 32-year-old man who fell 35
feet shows a type 3 pulmonary laceration at the left lung
periphery (arrow). B, The adjacent rib fracture is better seen
with bone window settings (arrow).

laceration typically occurs in the paraspinal lung parenchyma
and may have an elongated rather than spherical appearance.

Type 3 pulmonary laceration (Fig. 4) is a penetrating
injury caused by puncture from a fractured rib fragment and
typically appears as a small peripheral lucency intimately
associated with an adjacent rib fracture. These types of injuries
are often multiple.

Type 4 pulmonary laceration is the result of a previously
formed, firm pleuropulmonary adhesion causing the lung to
tear when the overlying chest wall is violently compressed
inward or is fractured. This type is almost always identified
only at surgery or autopsy.

PLEURA

Pneumothorax

Pneumothorax is a leakage of gas from the air spaces of
the lung parenchyma or tracheobronchial tree into the pleural
space and occurs in 15-38% of patients suffering from blunt
chest trauma.®'° As pneumothorax is usually associated with
rib fracture, the mechanism of injury is generally a direct
puncture of the visceral pleura.'!

With the patient upright, pneumothorax typically
appears as a crescent-shape radiolucent area, outlined medially
by the sharp white line of the visceral pleura in the upper
hemithorax. However, in the supine patient, gas preferentially

© 2005 Lippincott Williams & Wilkins

FIGURE 5. Supine chest radiograph of a 35-year-old man struck
by a car shows a radiolucent area over the left hemidiaphragm
(arrow), also called the deep sulcus sign, which represents
pneumothorax on the supine radiograph. In this case, despite
the chest tube, the bilateral perihilar opacity likely reflects mild
edema. The side port of the left pleural drain is outside the
pleural space.

collects in the antigravity-dependent portion of the pleural
space, anteromedialy and inferiorly. Consequently, the radio-
graphic findings of pneumothorax in most trauma patients
are different from those seen on upright radiographs. The
radiographic features of pneumothorax on the supine radio-
graph include the deep sulcus sign (prominence of the
costophrenic sulcus) (Fig. 5), basilar hyperlucency, unusual
sharp delineation of the mediastinal or cardiac contour, and
clear visualization of the apical pericardial fat pad.''*!?

CT is the most accurate method for detecting pneu-
mothorax.'* Since the smallest pneumothorax can develop into
a life threatening tension pneumothorax, chest CT should be
considered in patients with no evidence of pneumothorax on
the supine radiograph but who are at risk for pneumothorax
and who will receive positive pressure ventilation.'*!3

Tension pneumothorax is one of the most common life-
threatening intrathoracic injures caused by blunt trauma.'® The
diagnosis in most cases is made from clinical signs and
symptoms. Radiographic findings suggestive of tension
pneumothorax include increased lucency of the affected
hemithorax with contralateral displacement of the mediasti-
num and trachea and flattening or even inversion of the
ipsilateral hemidiaphragm.'!

Hemothorax

Hemothorax is the collection of blood within the pleural
space. Bleeding from low pressure vessels may subside spon-
taneously or following pleural drain placement." However,
massive hemothorax is a life threatening condition because of
potential mass effect on the heart and great vessels from the
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FIGURE 6. CT of the chest of a 34-year-old woman who was an
unrestrained passenger in a high-speed motor vehicle crash
shows marked pneumomediastinum and subcutaneous em-
physema with the deformity of the trachea (arrow). Tracheal
laceration was confirmed at bronchoscopy.

accumulated blood, acute hypovolemic shock, and hypoxia
from lung collapse.'®

The findings of hemothorax on the supine chest
radiograph are often indirect and include diffusely increased
opacity over the affected hemithorax, a homogenous crescent-
shaped opacity interposed between the inner margin of the ribs
and the lung, or an apical cap (a crescent-shaped opacity over
the lung apices on the supine radiograph).'

On CT, particularly in the acute setting, blood products
in the pleural space may have high attenuation; and when
active bleeding is present, layering of different attenuation
fluids may occur.

FIGURE 8. A, Supine chest radiograph of
a 22-year-old man with diaphragmatic
rupture from a car crash shows oblitera-
tion of the left hemidiaphragmatic out-
line, gas containing lesion in the left
hemithorax (arrow), and mild deviation
of the mediastinum to the contralateral
side. B, Image from a multidetector CT
scan of the chest shows abdominal organ
abutting the posterior ribs (arrows), the
dependent viscera sign. C, D, Coronal
and sagittal reformations clearly demon-
strate upward herniation of the abdom-
inal organs into the left hemithorax.
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FIGURE 7. Image from a CT of the cervical spine of a 23-year-
old woman injured in a motorcycle crash shows a bulging of
the endotracheal tube balloon cuff (arrow), suggestive of
tracheal injury. A disruption of the posterior membranous wall
of the trachea 4 cm above the carina was confirmed at
bronchoscopy.

AIRWAY

Tracheobronchial Laceration

Tracheal rupture from blunt chest injury accounts for
approximately 15-27% of all tracheobronchial lacerations and
is associated with higher overall morbidity and mortality.'” "
The diagnosis of tracheal rupture may be delayed because of

© 2005 Lippincott Williams & Wilkins
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FIGURE 9. Supine chest radiograph of a 60-year-old man who
fell down 10 stairs shows fractures of the left third through the
ninth ribs, representing flail chest deformity. The deep sulcus
sign on the left (arrow) reflects the underlying pneumothorax.

its rarity and its often non-specific clinical and radiographic
manifestations.

The most common radiographic manifestations of
tracheobronchial laceration are pneumomediastinum and
pneumothorax, occurring in approximately 70% of patients.*
The “fallen lung” sign, while diagnostic, rarely occurs, and
represents complete disruption of all anchoring attachment of
the lung to the hilum. The transected lung falls against the
posterolateral chest wall or hemidiaphragm,?'** and there is
a very dramatic hydropneumothorax.**

FIGURE 10. A, Supine chest radiograph
of a 20-year-old man who complained of
sternal tenderness after being involved in
a high speed motor vehicle crash shows
no abnormality. B, The coned down
lateral view shows a displaced fracture
of the sternal body (arrow).

© 2005 Lippincott Williams & Wilkins

CT of the chest with an appropriate window setting can
frequently show the exact site of tear, manifesting as a focal
defect in or circumferential absence of the tracheal or bron-
chial wall, a central airway wall contour deformity (Fig. 6),
abnormal communication of the central airway with other
mediastinal structures,”>2® over-distention of the endotracheal
tube balloon (Fig. 7), herniation of the deformed endotracheal
balloon beyond the trachea, or extraluminal location of the
endotracheal tube.”® Indirect signs, such as deep cervical
emphysema and pneumomediastinum, should raise suspicion
for tracheobronchial injury in the appropriate clinical
setting,'30-32

Diaphragmatic Injury

Diaphragmatic injury occurs in up to 8% of patients
suffering blunt trauma,** occurring most often in young men
injured in motor vehicle crashes.***

Chest radiographic findings specific for diaphragmatic
rupture include intrathoracic herniation of a hollow viscus and
visualization of the nasogastric tube above the left hemi-
diaphragm (Fig. 8).* Other radiographic findings that are
suggestive of but not specific for diaphragmatic injury include
elevation of the hemidiaphragm, distortion or obliteration of
the diaphragmatic outline, and contralateral shift of the
mediastinum.*® Even though chest radiographs are recom-
mended in all patients suffering major trauma, they are
insensitive for identifying diaphragmatic rupture (sensitivity of
46% for the left and 17% for the right).*® Delayed rupture of
the diaphragm has been reported in intubated patients,
occurring when positive pressure ventilation is withdrawn.?’

With the advent of helical and now MDCT technology,
the diagnostic accuracy of CT for diaphragmatic injury
has improved.*® CT has reported sensitivity and specificity
of 61-71% and 87-100%, respectively, for acute traumatic
diaphragmatic rupture.***° CT findings suggestive of hemi-
diaphragmatic rupture include discontinuity of the hemi-
diaphragm (73% sensitivity and 90% specificity),***!
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intrathoracic herniation of abdominal contents (55% sensitiv-
ity and 100% specificity),” the collar sign (a waist-like
constriction of the herniated hollow viscus at the site of the
diaphragmatic tear with 63% sensitivity and 100% specific-
ity),” and the dependent viscera sign (herniated viscera
layering dependently in the hemithorax against the posterior
ribs). One series reported a positive dependent viscera sign
with 100% of left and 83% of right diaphragmatic injuries.**

FIGURE 11. A, Supine chest radiograph of 25-year-old man
who was involved in a motor vehicle crash shows fracture of the
left scapular spine with displacement of a bony fragment
(arrow). B, Fractures of the scapular body (double arrows)
and scapular spine (arrows) are well demonstrated on the
3D-rendered image from the CT scan.
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CHEST WALL INJURY

Rib Fractures

Rib fractures are the most common injury following
blunt chest trauma.*** The most common site of rib fractures
are the lateral aspect of ribs 4-9 where there is less overlying
musculature.'>* However, fracture of the first and/or second
rib is a marker of high energy trauma since these ribs are short,
thick, and relatively well-protected by the thoracic muscles.**
Injuries associated with first and second rib fractures include
pulmonary and cardiac contusion, neck injuries, and severe
abdominal injuries.**** Isolated first rib fractures are also
associated with whiplash injuries.*® Lacerations of the liver,
spleen, and kidney are associated with fractures of ribs 9-12.**

FIGURE 12. A, Supine chest radiograph of a 19-year-old man
who was involved in a snow-boarding accident shows
subcutaneous emphysema in the soft tissues of the left chest
wall without evidence of scapular fracture. B, CT scan. The
scapular fracture (arrows) is well demonstrated with multi-
planar reformatted CT images.

© 2005 Lippincott Williams & Wilkins
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While a common injury, not all rib fractures are
identified on the initial chest radiograph, particularly when
they are not displaced.*” CT has proven to be useful in the
setting of rib fractures not only because it can show non-
displaced fractures, but also it can help identify injuries
associated with rib fractures, such as pulmonary laceration or
abdominal visceral injuries.

Flail chest deformity is a serious manifestation of rib
fracture and is defined as 5 or more adjacent rib fractures or
more than 3 segmental rib fractures.”'****® Flail chest
deformity can lead to respiratory failure from the direct effect
of lung and pleural injury as well as impaired ventilation due to
dysfunction of normal chest wall mechanics (Fig. 9).

Sternal Fracture

Sternal fracture occurs in about 8% of patients admitted
for blunt chest injury,* and the majority occur in elderly
patients. Motor vehicle crashes are the cause of about 80% of
sternal fractures.'' Sternal fracture is generally a marker for
high energy trauma and is associated with injuries to
mediastinal structures including the heart, great vessels, and
tracheobronchial tree.

Sternal fractures cannot be seen on a frontal chest
radiograph. A lateral view may help identify a sternal fracture
(Fig. 10), but CT is the examination of choice, especially
because it can show associated mediastinal injuries.*?

Scapular Fracture

The scapula is a well-protected structure, and, therefore,
a scapular fracture is a marker of high energy trauma. On the
chest radiograph, scapular fracture is typically overlooked in
up to 43% of patients. Moreover, 72% of these unobserved
fractures are visible in retrospect on the initial radiograph.*

CT is more sensitive than radiography for detecting the
fracture site and its associated injuries, which include rib
fractures, pneumothorax, hemothorax, and pulmonary contu-
sion (Figs. 11 and 12).*?

Thoracic Spine Fracture

Fracture of the thoracic spine accounts for approxi-
mately 25-30% of all spine fractures.®' It usually occurs
with motor vehicle crashes or with fall from great height.
Thoracic spine fractures or dislocations have the highest
incidence of associated neurologic deficits as compared to
fractures elsewhere in the spine.’*

The chest radiograph is not an adequate study to
completely evaluate the thoracic spine. Dedicated frontal and
lateral radiographs centered on and collimated to the thoracic
spine are necessary to provide the minimally acceptable
radiologic evaluation. Radiographic signs of thoracic spine
fracture include cortical disruption, vertebral body height loss
or deformity, abnormal vertebral alignment, focal mediastinal
contour abnormality, and focal lateral displacement of the
paravertebral stripe from paraspinal hematoma.'=

CT is the modality of choice for evaluating spinal
fracture because of its high sensitivity and the ability to
reformat images in multiple planes, particularly with MDCT
(Fig. 13).%

© 2005 Lippincott Williams & Wilkins

FIGURE 13. A, CT scan of the chest of a 19-year-old male who
was injured from skiing shows comminuted fracture of the
thoracic spine (long arrow) surrounded with paraspinal hema-
toma. A type 2 pulmonary laceration (short arrow) and pulmo-
nary opacity abutting a right posterior rib (likely pulmonary
contusion or aspiration) are also present. B, Sagittal reforma-
tion better delineates the severity of the fracture (arrow).

MRI is a useful adjunct imaging modality to evaluate
spinal soft tissues, including the intervertebral discs, spinal
ligaments, paravertebral soft tissues, spinal cord, and nerve
roots, and also early detection of the bone marrow contusion or
so called “bone bruise,” which is radiographically occult.
However, MRI does not demonstrate actual fractures as well as
do conventional radiography or CT,”**° and due to imaging
time and difficulty with life support equipment, MRI is not
generally used in the primary imaging evaluation.
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FIGURE 14. A, Supine chest radiograph of a 36-year-old woman

abnormal contour of the mediastinum, haziness of the left hemithorax, and rightward deviation of the trachea. B, Image from a CT
scan of the chest shows an incomplete, low attenuation linear band in the aortic lumen (arrow), consistent with aortic injury. C, 3D
shaded surface display reconstruction from the same CT better shows the aortic pseudoaneurysm (arrows).

TRAUMATIC AORTIC INJURY

Thoracic aortic injury (TAI) (Fig. 14) is one of the most
life threatening injuries and usually occurs in the setting of
high energy trauma to the chest and abdomen.! Clinical
indicators of TAI are not reliable, and the diagnosis almost
exclusively depends upon imaging.

The chest radiograph is a good screening examination,
but remains a poor diagnostic tool as it has high sensitivity but
low specificity. The following signs are suggestive of medias-
tinal hematoma, and, therefore, further imaging is warranted to
evaluate for possible aortic rupture:

1. Abnormal mediastinal contour.

2. Blurring of aortic arch contour and opacity in the aorto-
pulmonary window.>’

3. A left apical pleural cap, and possibly a left pleural effusion.>”

4. Deviation of the trachea or enteric tube to the right and
displacement of the right paratracheal stripe and paraspinal
line.>%¢°

5. Widening of the right paratracheal stripe more than 5 mm.°"

While no single finding is diagnostic, the negative predic-
tive value of a normal frontal chest radiograph for TAI is 98%.%

Catheter aortography has a very high sensitivity and
specificity for TAI. Traditionally, it followed radiography in
investigating TAIL. The development of MDCT has improved
the ability to image the thoracic aorta non-invasively and has
led to CT becoming the primary imaging modality for TAI at
many institutions following chest radiography.**¢*

In addition to evaluating the thoracic aorta, CT
aortography has the ability to image other structures, such
as the lungs, pleura, heart, and chest wall.

CT findings of TAI are classified into direct and indirect
signs.®* Direct signs include pseudoaneurysm (most common),
abnormal aortic contours or abrupt caliber change, pseudo-
coarctation, occlusion of a segment of aorta, and intimal flap.
Mediastinal and retrocrural hematoma are considered indirect
signs. Hematomas that obliterate fat planes surrounding the
otherwise normal appearing aorta or other great vessels are
suggestive of occult injury and may need further investigation
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with catheter aortography. In contrast, mediastinal hematoma
that does not directly contact the aorta or great vessels usually
represents mediastinal venous bleeding, and aortography is not
generally indicated.®

One study by Gavant and coworker showed that helical
CT has 100% sensitivity and at least 83% specificity for detect-
ing TAL® Although results regarding the use of MDCT for
evaluating TAI are not yet available, they are expected to
be equal to or better than those obtained with single slice
helical CT.

CONCLUSION

Chest imaging plays an important role in the diagnosis
of blunt chest trauma, as the history and physical examination
are often unreliable. However, the radiologist should be aware
of the limitations of the supine chest radiograph to minimize
“over” or “under” interpretation. CT has become a central
imaging modality used to evaluate patients suffering from
blunt injury to the chest, and MDCT has allowed for better
spatial resolution and decreased scan time.
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