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Casc summary

A patient arrives after a high-
speed MBC. The patient has
multiple, simultaneous life-
threatening injuries.

Injuries

His injuries include:

- A bad head injury, with a GCS of 3,
- Challenging facial injuries, which make intubation nearly impossible,
- Massive chest and abdominal injuries.

The Trauma surgeon is present at intubation and arranges for a dual set

up (front of neck prepared and marked just in case a tracheostomy is
required). Surprisingly, intubation proceeds remarkably well.
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The Diagnosis

SupCPn bl

Chest’('ube ILlsﬁ"_rfﬂ
Zndimag

RY

As you will note on the Xray (taken just prior to going to ICU), he has two left
ICC’s, one right ICC and bilateral pulmonary contusions. He also still has a small
left pneumothorax. In addition, there is also a mediastinal haematoma.

Is that all you can see?
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The Message

Some days later in the ICU, it is noted that his left
clavicle is broken and his left glenoid is abnormal.
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Key clinical lessons

It is not uncommon to focus on the ‘big
stuff’ and miss other injuries like these.

Clavicle fractures are a classic, along with high rib fractures, scapula fractures,
scapulothoracic dissociation (look that one up!) and vertebral fractures that
hide behind the cardiac shadow.

We all need to develop good, thorough techniques for interrogating a CXR in
trauma patients... but know that misses like this inform future practice. We are
all less likely to miss the next one because we have looked at this case.

| have attached a really easy to read article on looking at Chest X
rays. Its worth a read.

*No clinical photos are used in Trauma Bulletins *

The Trauma Bulletin
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Cardiopulmonary Imaging = Review
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thoracic pelytrauma. serving to evaluate the extent of injury and facilitate early triage to ob-
servation, further imaging, or immediate surgical intervention. The objective of this article is
to review the spectrum of injuries that occur in the chest and upper abdomen after blunt and
penctrating trauma. Pathophysiology, imaging findings, and management recommendations
will be discussed for injuries to the chest wall, diaphragm. pleura. lungs. mediastinum, heart,
gorta, and great vessels.

CONCLUSIONM. Chest radiography plays an important role in the initial evaluation of
blunt and penetrating chest trauma, providing rapid imaging information to supplement the
history and physical examination. In the emergency department, familiarity with the spec-
trum of injuries that can oceur in the chest and upper abdomen is important for accurate in-
terpretation of chest radiographs as well as establishment of appropriate recommendations for

management and follow-up.

hest radiography is the first-line
imaging examination in paticnts
with thoracic polytrauma. Proper
interpretation 1s essential for ac-
curate diagnosis and treatment and can ren-
der additional studies unnecessary. When
patients are in critical condition, chest radi-
ography may be the enly imaging examina-
tion that can feasibly be performed without
risking further injury or decompensation.
Ideally, chest radiographs should be ob-
tained in the postercanterior and lateral views
with the patient sitting upright and in full
inspiration. However, trauma patients often
must be imaged in the supine position, which
complicates injury visualization and localiza-
tion. Single-view anteroposterior radicgraphs
do not provide the ability to distinguish su-
perimposed soft-tissue and bone leskons from
underlying viscera. Air—flurd levels are not
visible because of the perpendicalar orienta-
tion of the x-ray beam. Poor imspiratory ef-
fort and magnification effects can produce
pseudocardiomegaly and apparent increases
in pulmonary vascularity. Nevertheless, when
analyzed with respect to these limitations,
the chest radiograph can be an invaluable
tool that provides a wide spectrum of infor-
mation regarding a number of organ systems.

The manifestations of thoracic polytrauma
are diverse, depending on both the mecha-
nism of injury and the organ system or sys-
tems affected. Blunt trauma refers to closed,
nonpenetrating physical trauma caused by
impact injury or other compressive and shear
forces. Common examples include decelera-
tion injuries {maotor vehicle accidents, falls)
and blunt force injuries (physical anacks,
crush injuries). Complications include abra-
sions, contusions, organ laceration or rup-
ture, and bone fractures [1-4]. In contrast,
penetrating trauma occurs when an object
prerces the skin and enters the body. Injury
severity is determined by the pathway and
momentum of the object. Low-velocity items,
such as knives, are propelled by hand and
damage only arcas that are in direct contact.
Higher-velocity projectiles, including bullets
and other shrapnel, create pressure waves
that force out adjacent tissue as the projectile
enters the body. This damages regions in di-
rect contact while alse causing cavitation in-

Jury to a large surrounding area [1, 5, &].

This article discusses the utility of chest
radiography in the evaluation of thoracic poly-
trauma. The pathophysiology, imaging mani-
festations, and management recommenda-
tions for injuries to the chest wall, diaphragm,
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pleura, lungs, mediastinum, heart. aorta, and
great vessels will be reviewed. Several clas-
sic trauma-related signs in chest radiclogy
will also be defined and illustrated.

Chest Wall
Soft Tissues

Subcutancous emphysema refers o the
presence of air in the extrathoracic soft tis-
sues, This condition can result from chest
wall infection, blunt trauma with damage to
the respiratory or gastrointestinal systems,
and penetrating injuries that introduce exter-
nal air into the soft tisswes. Chest radiogra-
phy shows air in the subcutaneous tissues,
which may create radiolucent striations out-
lining the individual fibers of the pectoralis
major muscles (“ginkgoe leaf™ sign) (Fig. 1)
Air can spread via fascial planes to the rest of

Fig- 1—37-year-old man 2 weeks after knife wound
to chest. Frontal chest radiograph shows extensive
slibcutaneous emphyeema (arows) and air autlining
fibers of pectoralis muscles bilaterally [ “ginkgo leaf™
sagn] | astensks).

Fig. 3—15-year-old boy with gunshot wound to axilla.
Frontal chest radiegraph shows bullet laséensk) and
surrounding shrapnel in soft tissues of axilla.

Ho and Gutierrez

the chest wall and abdomen and even to the
head, neck, and extremities. The condition 1s
usually self-limiting, but severe cases may
compress the trachea and require interven-
tion. Sources of persistent air leakage will
requirne corrective surgery.

Subcutancous hematomas are produced
by accumulation of blood in the soft tissues.
This condition may result from damage to
thoracic vessels, muscles, or ribs during
blunt or penctrating chest trauma. On chest
radiographs, nonspecific opacities are visu-
alized in the soft tissues (Fig. 2). Localiza-
tion to the chest wall may not be possible
without lateral radiographs. Most hemato-
mas resolve spontancously, but persistent
bleeding may be seen with severe trauma,

coagulopathies. and vascular malformations.
Forcign bodies, such as knife blades and bullet

Fiig. 2—31-y ear-old woman with superficial anteror
chiest trauma. Frontal chest radiograph shows
radiodense opacity (asteask) overlying right cheat
wall. CT confirmed presence of subcutaneous
hematama.

Fig. 4—~41-year-old woman ingured in motor vehicle
colligion. Frontal chest radiograph shows scapular
body fracture | 2horT smow and multiple left
clawicular fractures {lang amows).

shrapnel, also can become lodged in the soft
tissues afier penctrating trauma {Fig. 3). Op-
erative removal is indicated when surgically
feasible [7-10].

Banes

Blunt chest trauma can result in a variety of
skeletal injuries depending on the mechanism
imvolved. Forceful shoulder mjuries can pro-
duce scapular fractures, which are shown on
chest radiegraphs and scapular views (Fig. 4).
Scapualothoracic dissociation, or flail shoulder,
occurs when strong forces pull the shoulder
girdle away from the thorax. This can predis-
pose to muscle, vascular, and nerve imury.
Scapular dislocation, edema, and hematoma
formation are noted on chest radingraphs.

Clavicle fractures are common in trauma
patients and are generally of minor clinical
significance | Fig. 4). Sternoclavicular dislo-
cations or fractures occur afier severe shoul-
der trauma and may be identified on angled
chest radiographs (Fig. 5). Posterior disloca-
tions may injure the mediastinal organs and
great vessels. These injunies require closed
or surgical reduction.

Fractures to the upper nbs are rare and sug-
gest severe downward trauma with damage to
the great vessels and brachial plexus. Lower
rib fractures may also involve upper abdomi-
nal organs such as the liver, spleen, and kid-
neys, and CT should be ordered if suspicion
for injury is high. Fractured rib ends can lac-
erate the pleura or lung, leading to the forma-
tion of pulmonary hematomas, hemothorax,
or pneumothorax. Most fractures can be viso-
alized on chest radiographs, and a radiodense

fracture callus develops after several weeks

Fip. 5—26-year-ald man with blunt trauma to Aght
shoulder. Frontal chest radiograph shows inferior
displacement of medial end of right clavicle [astenskl
LT revealed posterior sternoclavicular joint
dislocation.

AJR:192, March 2009
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Chest Radiography in Thoracic Polytrauma

Fip. 6—Fractures of the ribs.

e
&
-~
i
B

A, 21-year-old man with remote history of bilateral rib fractures who was injured in motor vehicle crash
Frontal chestradiograph shows radiodense fracture callus [astensks), indicative of healed fracture.

B. 30-year-old man injured in mator vehicle crash. Frontal chest radiograph shows left-sided fractures in
posterior segments of st least seven adjacent nilis (amows), creating flail chest physiology.

Fig. 7—25-year-old men injured in motor vehicle
caollision. Leteral chest radiograph shows fracture
and displacement of sternwm | doubls- hesded amowd.

(Fig. 64). Flail chest ocours when at keast five
contiguous single fractures or three adjacent
segmental rib fractures are present, resulting
in paradoxical motion during the respiratory
cycle (Fig. 6B). Posterior flail segments are
supported by overlying muscles and scapulae,
and therefore may not cause sersous compli-
cations. Anterior and lateral flail segments,
which are free-moving, can severely impair
respiratory  function and predispose to at-
clectasis and infection. Positive-pressure ven-
tilation or surgical fixation may be reguired
for stabilization.

Sternal injuries are seen in anterior chest
trauma. Most fractures occur in the upper
or mid body of the sternum and are seen in
conjunction with retrosternal hematoma and

AJR:192, March 2005

myocardial contusion. These injuries are dif-
ficult to identify on frontal chest radiographs
and often require lateral or sternal views for
enhanced visualization (Fig. 7). Surgical fix-
ation is unnecessary, and healing ocours over
several weeks.

Spinal fractures can result from compres-
sion or whiplash imjury and are associated
with damage to neurologic and wvascular
structures. Optimal evaluation requires dedi-
cated frontal and lateral spine radiographs.
Immaobilization and surgical fixation are
necessary to prevent further damage. Infec-
tion of the intervertebral disks (diskitis) can
produce disk space narrowing and erosion
with adjacent abscess formation. Immaobili-
zation with antibiotic treatment is required
[T-10] (Fig. &).

Diaphragm

[Maphragmatic rupture may be secondary
to blunt or penetrating injury. Hemidiaphrag-
matic elevation may be seen, and upper ab-
dominal organs, including the stomach (col-
lar sign). liver (“cottage loaf™ sign), spleen,
small bowel, and colon, may herniate into the
thoracic cavity. Associated findings include
basilar lung opacities, irregular diaphragmat-
i contours, and lower rib fractures. In addi-
thon, pncumoperitoneum can result from open
thoracoabdominal communication or perfo-
rated abdominal viscera, with air seen accu-
mulating beneath the diaphragm superolater-
ally on erect radiographs or anteromedialby
on supine radiographs (cupola sign). How-
ever, other conditions such as basilar lung

atelectasis, subpulmonic effusion, subphren-
ic ghscess, colonic interposition (Chilaiditi
syndrome), diaphragmatic eventration, con-
genital diaphragmatic hernia, and phrenic
nerve injury can have a similar appearance
on chest radiographs, and CT is required for
diagnosis. Surgical repair is necessary to
prevent late complications such as bowel in-
carceration or strangulation, thoracic organ
compression, and diaphragmatic paralysis.
Splenosis is a rare complication of left-sided
thoracoabdominal trauma in which thoracic
autotransplantation of splenic tissue results in
the formation of lefi-sided chest wall masses.
Heat-damaged RBC scanning is diagnostic,
and no interventions are necessary [7, 8, 11,
12] (Fig- 9.

Pleura

After chest trauma, air may enter the pleu-
ral cavity from the outside emvironment
{open pneumothorax) or from within the
body (closed pneumothorax). Open or com-
municating pneumothorax, alse  called
“sucking chest wound,” develops when the
skin and pleura are injured by penetrating
trauma. Immediate closure and chest tube
placement are indicated. Closed, or simple,
pneumothorax develops after blunt trauma,
usually doe to pleural laceration by fractured
ribs. Conservative management is recom-
mended, and tube thoracostomy should be
performed only if the patient is symptomatic.
Diagnosis of pneumothorax requires visual-
ization of the “visceral pleural line sign,”
which represents separation of the visceral
and parietal pleura. On supine radiographs,
anterocaudal movement of pleural air may
produce hyperlucent lung bases, a deep and
radiolucent costophrenic sulcus (deep sulcus
sign), and outlining of the anterior and poste-
rior portions of the hemidiaphragm (double
diaphragm sign). Tension pneumothorax oc-
curs when a pneumothorax permits entry
into but not exit of air from the thoracic cav-
ity. Increasing intrathoracic pressure leads to
collapse of the ipsilateral lung, followed by
compression of the contralateral lung and
mediastinum. Associated findings include
unilateral hyperucent lung, widened inter-
costal spaces, hemidiaphragmatic depres-
sion, and tracheal deviation. However, diag-
nosis is primarily clinical because of the
emergent nature of the condition and the lack
of specificity of early imaging findings. Sus-
pected tension pneumothorax should be im-
mediately decompressed with  large-bore
ncedle thoracostomy before radiographs are
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Fig. B—Injuries of the spine.

Ho and Gutierrez

A znd B, 22-year-old man after motor vehicle collision. Fromtel chest radisgraph (A} shows widening of
left and right paraspinal lines [amoiws], suggestive of paraspinal hematoma. Lateral chest radiograph (B)
identifies acute angulation of thoracic spine, indicating fractune [armowl, 2= well &2 adjacent vertebral wedge

compression fracture [ astensk].

C, 2%-year-old woman 2 weeks after penetrating injury to back. Fronial chest radiograph identifies focal disk
space narrowing (amows) and large paraspinal opacities (astensie). MR showed digkitis with surrounding

abscess formation.

A

obtained. A postprocedure radiograph is ob-
tained to verify subsequent tube placement
and to assess the effectivencss of therapy
iFig. 10).

Simple hemothorax can result from vascu-
lar rupture or laceration in blunt and penetrat-
ing trauma. On chest radiographs, the appear-
ance 15 similar to serous pleural effusion
{hydrothorax), with layering of fluid and
blunting of the costophrenic angles. Rarely,
effusions can be subpulmonic, loculated, or
lamellar. Small hemothoraces usually resolve
spontaneously, and drainage is rarely required.
Hownever, & large hemothorax can fill the entire
pleural space and present radiographically as
an opacified hemithorax. Chronie hemothorax
can be complicated by infection (empyema or
pyothorax) with chest wall erosion (empye-
ma necessitatis) or fibrosis (fibrothorax) re-
quiring decortication. Tension hemothorax
can result from massive intrathoracic bleed-
ing causing ipsilateral lung compression and
mediastingl displacement. Emergent explor-

602

atory thoracotomy 15 indicated to wdentify
and repair the site of bleeding (Fig. 11).
Chylothorax results from damage to the
thoracic duct, with chylous fluid recovered
through thoracentesis. Lefi-sided chylothorax
is seen in ruptures of the upper thoracic duct,
whereas right-sided chylothorax is produced
by lower-level injuries 1in which the thoracic
duct has crossed the midline (Fig. 12). CT of-
fers enhanced contrast resolution that 1s use-
ful for distinguishing chylothorax, hydrotho-
rax. pyothorax, and hemothorax as well as

other causes of radiographic density [7, 8, 10].

Lungs

Lung protrusion or herniation can occur
through trauma-induced weakening or tears
of the cervical, intercostal, and diaphragmat-
ic fascia. Chest radiography identifies regions
of lung extending beyond the thoracic cage
(Fig. 13). Conservative management is ad-
visable unless respiratory distress, incarcera-
tion, or strangulation ocours.

Lobar atelectasis or collapse may result
from foreign body obstruction, aspiration, or
bronchial rupture. Any bobe can be involved,
and classic chest radiographic signs have
been described for upper and middle Iobe
(“juwxtaphrenic peak™ sign or “Katten™ sign),
left upper lobe (lufisichel sign). left lower
lobe (*flat waist™ sign, “vory heart™ sign),
and right kower lobe (superior triangle sign)
collapse. Pneumothorax ex vacuo is a rare
complication of acute lobar collapse that in-
creases the negative intrapleural pressure
around the collapsed lobe. This selectively
draws gas into the space surrounding the col-
lapsed lobe without affecting the visceral and
parictal pleura of adjacent lobes. The pneu-
mothorax resolves spontancously after relief
of the bronchial obstruction with reexpansion
of the corresponding lobe. ldentification of
this condition is important for directing treat-
ment toward the affected bromchus rather
than inserting a chest tube into the pleural
space [ Fig. 14).

AJR:192, March 2009
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Chest Radiography in Thoracic Polytrauma

Fig. %—Injuries to the diaphragm and abdominal organs.

A, 24-year-old man after motor vehicle crash. Fromtal chest rediograph shows intrethoracic herniation of stomach (thick arews) through ruptured lefi hemidiaphragm,

along with internal air—fuid level {thin amows).

B, 37-year-old man after fallinjury. Fromtal chest radiograph shows focal rounded opacity |astensk) aniging from left hemidiaphragm (coller gign). €T confirmed herniation

of stomach throwgh ruptured hemidiaphragm.

€, 27-year-old woman injured in motor vehicle crash. Frontel chest radiograph shows focal rounded opacity | 2stenzk) anizing from right hemsdiaphragm (" cottage losf™
sign). CT confirmed herniation of liver through ruptured hemidizphragm.
D, 18-year-old woman injured in motor vehicle erash. Erectfrontal chest radisgraph shows bilateral preumaperitonsum {amows] in superalateral abdominal region.
E, 32-year-old man injured in matos vehicle crash. Supine frontal ehest radiograph shows pneumoperitonsum with anteromedial accumulation of air {cupols signl |2 mows)
F. B1-year-old woman with remote history of chesttrauma and diaphragmatic rupture. Frontal chest radiograph shows multiple left-sded rib masses [astenizks) and
irregularties |bracket) Heat-damaged RBC seintigraphy was disgnostc for splenosis.

Pulmonary contusions occur when injury
to the hungs results in leakage of blood and
edema into the interstitial and alveolar spaces.
On chest radiographs, contusions appear as
geographic arcas of peripheral air-space opac-
ity or ground-glass opacification, usually ad-
jacent to bony structures. Lesions are evident
within 6 hours after trauma and generally re-
solve within 5-7 days. Pulmonary lacerations
are more severe injuries involving disruption
of the lung architecture. Organ ruptures and
foreign body trauma may mtroduce air (pneu-
matocele), blood (hematoma), and infection
(abscess) into the lung parenchyma. On chest
radiographs, localized air collections are
scen within areas of air-space opacity. Inju-
riecs take weeks or months to resolve, and

chronic scarring may develop (Fig. 15).

AJR: 192, March 2005

Acute respiratory  distress  syndrome
(ARDS) can develop secondary to a variety
of insults, including trauma, infection, shock,
aspiration, transfusion, and drugs. After 12—
48 hours, damage to the alveolar—capillary
barrier allows influx of fluid mio the alveolar
space, which manifests radiographically as
diffuse bilateral patchy lung opacities (Fig.
16). The imaging differential diagnosis in-
cludes atelectasis, aspiration, fat embolism,
abveolar pulmonary edema, pneumonia, and
hemorrhage. Therapy involves treatment of
the underlying condition and supportive care
over weeks to months [7, 8, 10].

Mediastinum
Preumomediastinum, or mediastinal em-

physema, refers to the presence of air in the

miediastinal structures, which can result from
penetrating injury or blunt pharyngeal, tra-
cheobronchial, or esophageal injury. Air
freely tracks throughout the mediastinum
and communicating spaces via wvascular
sheaths and readily ruptures through fascial
planes to affiect adjacent anatomic compart-
ments. Several chest radiographic signs have
been described. including air superior to the
diaphragm {continuous disphragm sign, con-
tinuous left hemidiaphragm sign, extrapleu-
ral air sign), surrounding the right pulmo-
nary artery (“ring-around-the-artery™ sign),
lateral to the descending sorta (“Naclerio’s
V™ sign), and superior to the brachiocephalic
veins (*%" sign at confluence of brachio-
cephalic veins) (Fig. 17). In children, eleva-
tion of the thymic lobe (thymic sail sign) can
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A
Fig. 10—FPreumathorax injuries.

Ho and Gutierrez

A, 18-year-obd woman injured in mator vehicle crash. Erect frontal chest radiograph shows lefr-sided pneumathorax | “viscersl pleural line™ sign] [amows).

B. 16-year-old boy injured in mator vehicle crash. Supine frontal chest radiograph shows pneumothorax in costophrenic sulcus {deep suleus sign) (astenisk).

€, 24-year-old man with penetrating knife wound to right chest. Fronital chest radisgraph shiows complete right lung collapee (uniateral hyperucent lungl [astensk) with
ipsilateral hemidiaphragmatic depression, widened intercostal spaces, and contralateral medizstinal shift {amows] indicative of tension pneumaothorax. Patient was
immediately decompressed using large-bore needle thoracostomsy.

A

Fig. 12—15-year-odd girl with blurt injury 1o lower
thorax. Frontal chestradiograph shows plewral
effusion { asteask) opacifying entire right hemithoras.
CT attenuation was -30 HU, and thoracentesis
confirmed chylothorax.

be seen. Identification and repair of the af-
fected organs are indicated.

Mediastinal bleeding (mediastinal hema-
toma) can result from vascular injury. Large

L
.
3

e

Fag. 13—64-year-old man injured in motor vehicle
caollision. Frontal chest radiegraph shows left-sided
lung hesniztion (#erensk].

hematomas can produce radiographic irregu-
larity and enlargement of the mediastinum.
Proposed criteria for mediastinal widening
include a width greater than 8 cm and a me-

Fig- 11—Complicated pleural injuries.

A, 45-year-obd man with stab wound to left chest
[Fronital chest radiograph shows plewral effusion
|agranisk] opacifying entire left hemithorax jopacified
hemitharax) with contralateral mediastinal ahift
l|amows). CT attenuation was 50 HU, confirming
tension hemathona.

B, 42-year-old man with chronic empyemsa and
apening in right chestwall Fromtal chest radiograph
shows right-sided pleural effusion {asteask) and
chestwall defect {amow). CT confirmed smpyema
necesstatis.

diastinal to chest width ratio greater than
0.25 (Fig. 18A).

Esophageal rupture and foreign body in-
Jury can lead to mediastinal infection {medi-
astinitis). Radiography may show edema,
hemorrhage, and gas production in the medi-
astinal and cervical soft tissuwes, as well as
pleural effusions and lower-lobe consolda-
tion [7, 8, 13, 14] (Fig. 188).

Trochea and Bronchi

Tracheobronchial injury includes lacera-
tions due to penctrating trauma and ruptures
from blunt airway injury, particularly when
the glottis is closed. Generally, concomitant
injury to the chest wall, lungs, and great ves-
sels is also present. Transverse tears usually
occur between cartilaginous tracheal rings,
whereas longitudinal tears are seen in the pos-
terior tracheal membrane. This results in mas-
sive pneumomediastinum and possible airway
edema, hemorrhage, and pneumothorax. On

AuR:192, March 2009
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Chest Radiography in Thoracic Polytrauma

A

chest radiographs, endotracheal tube overdis-
tension may be seen. with hermiation through
the ruptured tracheal wall In bronchial
transections, the involved lung may be visual-
ized falling inferiorly away from the hilom on
erect radiographs and posterolaterally in the
supine position (fallen lung sign) (Fig. 19).
Surgical repair s requined to maintain airway

AJR:182, March 2009

continuity and to prevent complications such
as tracheobronchial stricture [7, 8, 13, 14].

Esophagus

Esophageal injury may be caused by vio-
lent vomiting (Boerhaave's syndrome). pene-
trating injury, or compressive bone forces in
blunt trauma. The esophagus runs to the left

Flg. 19—Lobar collapse injuries.

A, 11-year-odd patientwith asthma with left upper
lobe collapse. Frontal radicgraph shows
compensaiory hyperexpangion of superior segment of
lefi lower lobe creating pareaoriic crescent of
hyperlucency (lufisichel sign} (asiensks).

B, 36-year-old patientwith history of interstitial lung
disease and new left upper lobe collapse. Frontal
radiograph shows tenting of ipsilateral
hemidiaphragm with visualization of inferior
accessory fissure | “juxtaphrenic peak™ or “Katten®
sagnl | 2.

i€, 51-year-cld mechanically ventilated patient with
hiatary of smoking and bronchogenic earcinoma
presenting with right upper and left kower lobe
collapse. Frontal radiograph shows denge
opacification of heart silhovette | “vory heart™ sign)
and loss of coneavity of left heart border [*flat waist™
sagnl |2,

D, 31-year-old patient after abdominal surpeny with
right lcwier lobe collapae. Fromtal radiograph shows
triangular opacity |amow) representing traction on
superior mediastinum (superior triangle sign).

E, 48-year-old patient in intensive care unitwith acute
bronchial ohatruction from mucus plugging. Frontal
radiograph shows pneumathorax ex vacuo developing
arourd collapsed right upper lobe { srrows], which
resolved after bronchoscopy.

Fig- 15—Pulmaonary parenchymal injuries.

A, 48-year-old woman 1 hour after motar vehicle
codision. Frontal chest radiograph shows diff use
bilateral opaeities, suggestive of pulmanery
COMNELSHONE.

B, 37-yesr-old man 1 week after blunt chest trauma.
Frontal chest radiograph shows diffuze bilateral
opacities and right-gided cavitany lung lesion
|asrensk], reflecting sequela of prior lung laceration.

of the trachea at the level of the thoracic inlet,
moves to the nght at the level of the carina,
and crosses back to the left as it enters the
stomach. Most esophageal tears are located
in the cervical and upper thoracic regions and
present with lefi- and right-sided plewral effu-
sions, respectively. Occasionally, gastroeso-
phageal junction lesions are seen, typically in

605



Dl osded from ayronlme.org by 200 RO0G 9] She ] diibA063 7061 : 3232 2d% ] on (K] 824 trom | P address 2601 HEES A3 She] dibkdoh3 T ] 30 32:2d9] . Copympght ARRS. For personal usz only; all nghts reserved

Fip. %6—35-year-okd woman 24 howrs after motor
vehicle collision. Frontal chest radiograph shows
diffuse patchy lung opacities, suggesting acuie
respiratory distrese syndrome.

conjunction with left-sided effusions. Other
radiographic findings include pneumomedi-
astinum, widened paraspinal lines, and retro-
cardiac lung opacification (Fig. 204). CT or
upper gastrointestinal studies can show oral
contrast extravasation and esophageal thick-
ening. Corrective surgery should be per-
formed immediately because of the nsks of
edema, infection, and fistulization.

Hiatal hernias can form after blunt or pen-
etrating trauma, with the stomach prolapsing
through the diaphragmatic esophageal hiatus,
Chest radiographs show a retrocardiac struc-
ture filled with gas and/or fluid, representing
the intrathoracic stomach (Fig. 208). Mo in-
tervention 1s necessary unbess Incarceration
and strangulation occur [7, 8, 13, 14].

Heart
Pericardium

Pericardial tears can result from severe
blunt injury or penetrating trauma. On chest
radiographs, irregular convexities of the heart
border may be observed (“snow cone™ sign)
along with cardiac injury, pneumomediasti-
num, and preumothorax. Large pleuroperi-
cardial or diaphragmatic pericardial ruptures
can result in cardize hemiation, with marked
shift of the cardiac silhouette. This condition
predisposes to cardiac volvulus with obstruc-
tion of the great vessels and requires immedi-
ate surgical repair (Fig. 21).

Organ and vascular ruptures may intro-
duce fluid (pericardial effusion) or air {pneu-
mopericardium) into the pericardial cavity.
Pertcardial effusions can contain transuda-
tive (hydropericardium), exudative {pyoperi-
cardium). lymphatic {chylopericardium), or
hemorrhagic (hemopericardium) fluid. In ad-
ditson, organ rupture and foreign body injury
can result in pericardial inflammation and

Ho and Gutierrez

c

Fig. 17—Pneumomediastinum.

A, 30-year-old woman with pneumomediastinum. Frontal chest radiograph shows air in mediastinem outlining
ceniral portion of diaphregm {continwous diaphragm sign) | amows).

B, 25-year-old man with preumomediastinum. Lateral ehest radiograph shows sirin medizetinum outlining left
hemidiaphragm {*continuwous left hemidiaphragm® sign] |amrows).

i€, 32-year-old woman with esophagesl napture after blunt trauma. Fromtal chest radiograph shows triangular
radiolucency in left cardiophrenic angle (*Naclerio's V" sign) (astensk).

D, &1-year-old woman with pneumamediastinum. Lateral chest radiograph shows air surmounding right
pulmonary artery | “ring-anound-the-artery™ sign] | armows].

infection (pencarditis). Radwgraphic signs
of effusion, which are very rare, include
global enlargement of the cardiac silhouette
(*water-bottle™ sign) on frontal radiographs
and wide separation of the epicardial and ret-
rosternal fat (“epicardial fat-pad,” “Oreo
cookie,” sandwich, or stripe sign) on lateral
radiographs (Fig. 22). CT can aid greatly in
the characterization of pericardial lesions
and effusion contents.

Pneumopericardium is air located within
the pericardial cavity and external to the rest
of the heart. Loculation within the pericardial
sac can be shown by nondependent shift on

decubitus radiographs. On erect chest radio-
graphs. a radiolucent band of air surround-
ing the heart (habo sign) and air in the trans-
wverse pericardial sinus (“transverse band of
air” sign) can be seen. Lateral radiographs
may show retrosternal hypolucency antenor
tor the cardiac base and aortic root (“triangle
of air”™ sign). In tension pneumopericardium,
marked compression of the heart with a de-
creased cardiothoracic ratio may be wisible
(“small heart™ sign} {Fig. 23).

Because of pericardial compliance, gradu-
ally developing effusions may not cause notice-
able symptoms. However, rapid accumulation
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Fig- 18—Mediastinal bleeding and infection.

A, 43-year-obd man with penetrating injury to chest.
Frontal chest radiograph sentifies mediastinal
widering |doutie -hesded amowl, suggestive of
wagcular imjury. CT confirmed mediastinal hematoma.
B, 2B-year-old man with history of mediastinal
infection. Frontal chest radiograph identifies
mediazstinal widening (dowbile-haaded amow] and
pulmonary edema. CT confirmed prezence of
mediastinitia.

A B

Fip. ¥—Tracheabronchial injuries.

A, 38-year-old man injured in motor vehicle crash. Fromtal chiest radiograph shows irregularity of left main bronchus {arew) and mediastinal widening | dowble- headed
armow], indicative of paratrachesl hematoma.

B, 21-year-old woman 1 week after trachesbronchial injury. Frontal chest radiograph shows collapse of beft lung with inferolateral dizplacement (fallen lung sign}
{astensk).

€, 40-year-obd man 4 months after tracheobronchial injury. Fromtal chest radiograph shows diffuse tracheal stenosis |amows).

Fig. 20—Eaaphageal injuries.

A, 31-year-old man with Boerhasve's ayndrome.
Frontal chest radiograph shows bilateral
pireLi T ediastinm | srowael

B, 3d4-ypar-old woman with hiatal hermia. Frontal
chest radeograph shaws large retrocardise opacity
|arows).
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A

Fig. N—Pericardial teare and ruptures.

Ho and Gutierrez

A, 32-year-old waoman injured in mator vehicle erash. Frontal chestradiograph shows eonwvexity at normal loeation of main pulmonary arery [amowd. CT confirmed

pericardial tear with foeal cardiae herniztion.

B. 24-year-old man injured in modos wehicle crash. Frontal chestradiograph showes leftward shift of heart shoustte |astenzkl. CT confirmed left-sided pericarndial rupture.
€, 36-year-old man injured in motor wehicle erash. Frontal chest radiograph shows complete rotation of heart silhovette | ssterdsk] with apex pointing toward right. CT
confirmed disgnosie of right-sided pericardial rupture with resulting cardiac volvulus.

Fig. 22—Pericardial effusion.

A, 33-year-old wioman with pericardial effusion.
Frontal chestradiograph shiows globular bilateral
enlargement of cardiae silhovetie (“water-botile”
sign) (asfensks].

B. 27-year-old man with pericardial effusion. Lateral
chest radiograph shows separation of retrosternal
and epicardial fat|“epicardial fat-pad,” “Oreo
cookie,” sandwich, or stripe sign] lamnws].

of even small amounts of fluid or air can pro-
duce cardiac tamponade, in which increased
pericardial pressure causes significant hema-
dynamic compromise. On CT, distention of
the venae cavae and hepatic and renal veins is
seen, indicative of severe cardiac congestion.
Immediate pericardiocentesis is indicated
for recovery of normal cardiovascular func-
tion [T, 8, 15].

Cardigc Trauma

Myocardial contusions are caused by rup-
ture of intramyocardial vessels after severe
cardigc trauma. On chest radiographs, chest
wall hematomas and cardiomegaly due to
hemopericardium may be seen. Myocardial
stunning may lead to congestive heart failure,
with pulmonary edema visualized on radio-
graphs. Associated findings include skeletal
fractures and pulmonary contusions.

Cardiac ancurysms, which are focal out-
pouchings in the septal or free walls of the
cardiac chambers, can result from severe
blunt trauma. They are most commonly seen
in the left ventricular anterior wall or apex.

B8

True aneurysms can be managed conserva-
tively, but should be monitored carefully
because of the increased nisk of rupture.
Cardiac pseudoaneurysms, which form when
wall ruptures are contained by epicardial he-
matoma and pericardial tissue, are typically
sequelac of penetrating trauma. They are
usually located in the posterolateral wall of
the left ventricle. Immediate surgical repair
is necessary to prevent complete rupture
(Fig. 24A).

Complete cardiac rupture can be seen in
severe blunt and penctrating trauma. The
right ventricle is often involved because of its
thinner walls and anterior location in the
chest. The left ventricle, nght atrium, and
left atrium are less frequently affected. Rup-

tures of the free wall and fistulization to ad-
jacent organs can produce hemopericardum
and pericarditis. Ruptures of the interven-
tricular septum, papillary muscles, and
wvalves also may ocour (Fig. 24B). Severe tor-
sional stresses can produce cardiac avulsion,
with separation of the heart from the great
vessels. Chest radiography reveals an en-
larged or irregular heart shadow, often in
conjunction with pulmonary edema and
pleural effusions. Immediate surgical cor-
rection is indicated.

Myocardial infarction 15 seen with in-
creased frequency in trauma patients because
of coronary artery injury and occlusion.
Chest radiography can reveal complications
such as pulmonary edema secondary to heart
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failure. Thrombolysis, percutaneous como-
nary intervention, or coronary artery bypass
grafting may be required in severe cases.
Chronic sequelas include myocardial thin-
ning, fibrosis, and calcification (Fig. 24C).
There 1s an increased nisk of cardiac aneu-
rysm and pseudoancurysm formation with
subsequent rupture [7, 8, 15].

Aorta

Traumatie aortic injury (TAI) refers to a
spectrum of njuries caused by blunt acrtic
trauma, which produces differential decelera-
tion of thorack structures with associated
solid and fluid mechanical effects. The aortic
isthmus is most frequently involved, followed
by the aortic root and diaphragmatic aorta.
Forces affecting the sortic isthmus include
shearing stress, in which the freely movable
aortic arch separates from the fixed descend-
ing aoria; bending stress, with flexion of the
aorta over the left pulmonary amery and
mainstem bronchus; and osseous pinch, in-
volving compression of the aora between the
spine and anterior bony structures. In the as-
cending aorta, torsion stress occurs at the
level of the aortic valve because of cardiac
displacement, and the water-hammer effect is
produced by abrupt increases in intraacrtic
pressure with possible pericardial rupture
and cardiac tamponade. Possible injuries in-
clude aortic tearing or laceration, in which
sections of the aorta are forcibly pulled apart;
transection or transverse circumferential di-
vision of the aorta; and rupture, with massive
disruption of tissue. Any or all layers of the
arterial wall may be affected, with resultant
hematoma formation in a variety of locations.
Survival in complete ruptures requires pseu-
doaneurysm formation with containment of
active bleeding by adventitia, thrombus, or
mediastinal structures. Immediate open sur-
gical repair or endovascular stent-grafting is
advised. Indirect radiographic signs of TAl
include mediastinal widening, irregulanty or
ohscuration of the aortic contour, opacifica-
tion of the aortopulmonary window, depres-
sion of the left mainstem bronchus, nghtward
tracheal and esophageal deviation, widened
paratracheal and paraspinous stripes, and he-
mothorax or left apical capping (Figs. 254
and 25B).

Traumatic aortic dissection 1s character-
ized by an mtimomedial tear, which allows
bleeding into the medial wall layer and for-
mation of a false lumen. Chest radiography 1s
nonspecific and may show an irregular acrtic
silhouette, discontinuous caleification of the

AJR:192, March 2009

A

Fig. 23—FPrieumopericardium.

A, 43-year-old woman with preumopericardium. Fromtal chest radiograph shows band of air cutliming heart

[mala sgn) inferiordy | amows).

B, 34-year-old manwith gunshot wound to chest. Frontal ehest radiograph shows lefi-sided pneumothorax
|astenizk) and bilateral pneumopericardium compreseing heart (*amall heart” sgn] |amows].

c

gortic knob (*“broken halo™ sign), or intralu-
minal displacement of a calcified aortic in-
tima (ring sign) (Fig. 25C). Type B (de-
scending aortic) dissections can be managed
conservatively, whereas type A (ascending
gortic) dissections require immediate sur-
gery because of the nisks of pericardial bleed-
ing, coronary artery laceration, and aortic
valve rupture.

Fig. 24— Cardiac injuries.

A, 28-year-old woman irgured in motor vehicle erash.
Fromtal chest radiograph shows rounded opacity
continuous with cardiac silhouette (astensk). CT
confirmed left ventricular aneurysm.

B, 35-year-old man injured in motor vehicle crash.
Frontal chest radiograph shows pulmonary edema
pre-dcaminarithy in right upper lobe |astenskl. CT
confirmed rupture of mitral vakve.

€. 61-year-old wiman 2 years after myocardial
infarction. Frontal chest radiograph shows
caleification of left ventricular wall { srows).

Traumatic acrtic aneurysms represent lo-
calized dilatation of the aorta involving all
three arterial wall layers and are susceptible
to rupture. An enlarged and irregular aortic
silhouette 15 seen on chest radiographs (Fig.
25[0). Open surgery is recommended for as-
cending aortic ancurysms that are sympto-
matic, rapidly expanding. or greater than
50-55 cm in diameter. Descending aortic
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A

Fig. 26— Subelavian artery injuries.

Ho and Gutierrez

Fig. 25—fuortic injuries.

A, AZ-year-obd womanwith traumatic aortic injury. Frortal chest radiograph shows medisstinal widening
[doutle-headed amrow), obacuration of sortic contour and opacification of sortopulmonary window (asTenisk),
depression of left mainstem bronchus | thiek amowd, and rightward tracheal and esophageal deviation [thin
BTDWE].

B, 37-year-old man 1 year after iraumatic aortic injury. Frontal chest radiograph shows rounded opacity with
peripheral ealeification (astensk) that arises from aortopulmanary window and exeris mass effect ontraches.
CTconfirmed presence of peeudoaneurysm.

L, 43-year-ald woman with traumatic sortic imjury. Frontal chest radisgraph shows intraluminal displacement
of calcified aortic intima (ring sign} lamows]. CT confirmed dissection at level of sortic anch

D, 2-year-old woman with postiraumatic sortic anewrysm. Frontal chest rediograph shows markedly enlarged
and tortusus sortic silhouette | double -hesded amows).

A, 33-year-old man injured in motor vehicle collision. Frontal chest radiograph shows widening of superior
mediastinum | armows), suggestive of hematoma. CT confirmed |eft subelavian anery ranssection.

B. 18-year-old man with knife wound to chest. Frontal chest radiograph shows right superior medizstinal
opacity [astensk), supgestive of hematoma. CT confirmed right subelavien artery iranssection.

ancurysms exceeding 6.0 cm can usually be
repaired by endovascular stent-grafting,
Penetrating aortic injuries depend on the
mechanism of trauma and thus vary widely
in size and location. Vessel laceration, trun-
cation, or arteriovenous fistulization may re-
sult. Most survivors show a small pseudoan-
curysm at the site of vessel injury. Irregular

E10

gortic contours and luminal narrowing may
also be seen [7, 8, 16-21).

Vascular Trauma
Great Vessels

Moare than 90% of injuries to the great ves-
sels are caused by penctrating trauma. The
gortic branch vessels, venae cavae, and pul-

D

maonary veins are also susceptible to blunt in-
Jury via mechamisms similar to those of TAL
Formation of bocal hematomas and hemoperi-
cardium are noted complications (Fig. 26). If
bleeding cannot be controlled, surgical nter-
wvention is indicated to maintain the integnty of
the cardiovascular circulation [7, 8, 16-20].

Pulmonary Arteries

In trauma patients, hypercoagulability and
immobilization predispose to deep venous
thromboses, which can circulate to the pul-
monary arteries and produce pulmonary em-
bolism (PE). This results in inflammeation,
hypoxemia, hemodynamic compromise with
right heart strain {cor pulmonale), and pulmo-
nary infarction with regional loss of surfac-
tant. Chest radiography findings are largely
nonspecific and include cardiomegaly, at-
electasis, pulmonary edema, pleural effu-
sion, and hemidiaphragmatic elevation. Clas-
sic imaging signs include regional oligemia
{Westermark sign), central pulmonary artery
enlargement (Fleischner sign), right descend-
ing pulmonary artery enlargement {“Palla”™
sign), and abrupt pulmonary artery tapering
{“knuckle™ sign). In the presence of acute in-
farction, focal subpleursl opacities { Hampton

AJdR:192, March 2009
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D

Fig. 27—Pulmaonary embalism.

A, 42-year-old man with pulmonary embolizm and infarction. Frontal chest radiograph shows pleura-based wedge-shaped opacity with apex pointing toward hilum

{Hampiton hump) |astenzk).

B. 57-year-old man with massive pulmonary embalizm. Frontal ehest radiograph shows enlargement of main [Fletzehners sign) P and right deseending (*Palla® sign)
{svrows) pulmonary arieries as well 88 sbrupt tapering of right pulmonary artery (“knuckle” sign) (astensk).
C, 44-year-obd woman with ssptic embokism_ Frontal chestradiograph shows diffuse patchy noduler opacities of vanous sizes.

D, 25-year-old woman wha has femoral fracture from mator vehicle collision. Fromtal chest radiegraph obiained 1week after collision shows diffuse patehy lung

opacities, suggestive of far embolism.

E, 31-year-old pregnant woman with acute drop in axygen saturation during labos. Frontal chest radiograph shows diffuse bilateral lung opacities, suggestive of amniotic

fluid embalizm.

F. 35-year-old man 1 dey after gunshol wound to chest. Pelvic radiograph shows massive foreign body embolizm in left lower quadrant of abdomen.

hump) may be seen, whereas linear fibrosis
(Fleischner lines) and centripetal infarct res-
olution (“melting ice cube™ sign) occur in
later stages (Figs. 27A and 27H). More defini-
tive tests for PE include nuclear ventilation—
perfusion (V/(}) scintigraphy, CT angiogra-
phy (CTA), and pulmonary angiography.
Mevertheless, radiographs are still routinely
used to screen for other sources of chest
pain and to aid in the proper interpretation of
W) scans. Immediate anticoagulation ther-
apy is recommended for suspected PE.
Septic embolism occurs when infected
material from organ rupture or foreign body
injury travels to the lungs. Chest radiographs

AJR:192, March 2009

show diffuse bilateral nodules of vanous
sizes and stages of cavitation, reflecting mul-
tiple embolic showers. Over time, lesions can
progress to wedge-shaped peripheral opaci-
ties (Fig. 27C). Treatment requires antibiotic
therapy and possible thoracentesis.

Aidr embolism is caused by organ rupture or
penetrating mjury affecting the systemic ve-
nous circulation. It also can be caused by
barotrauma. Mortality depends on the amount
and rate of gas entry. Chest radiographs may
show hyperlucent arcas in the right heart, pul-
monary arteries, and systemic veins. Signs of
pulmonary oligemia, edema. or right heart
congestion may also be seen.

Fat embolism results from trauma to the
lomg bones and pelvis, which can release fat
particles and occlude capillaries. Production
of free fatty acids causes a chemical pneu-
monitis within 12-72 hours of injury. Radio-
logic manifestations are similar to those of
ARDE—that 15, diffuse parenchymal opaci-
ties (Fig. 27D). Management is supportive,
and the condition takes 7-100 days to resolve.

15 a knowmn nsk factor for throm-
boembolic disease. The nsk of radiation expo-
sure to the fetus should be weighed against the
clinical suspicion for PE. Affected patients
should be treated with heparin because of the
teratogenic effects of warfann. In addition,
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there is a sk of amniotic fluid embolism
{AFE), in which ammiotic fiud enters the wer-
ine veins during labor or placental manipula-
ton. Radiographically, this condition presents
with diffuse bilateral opacities indistinguishable
from PE, hemorrhage, and pneomonia (Fig.
27E). The prognosis is poor, and management
is supportive. Immediate cesarean delivery
should be performed in patients with cardiac
arrest who are unresponsive to resuscitation.

Foreign body embolism can occur with
fragmentation of foreign bodies. Matenial
may travel through the arterial or venous cir-
culations and become lodged in distal sites
iFig. 27F). Mortality depends on the loca-
fion, duration, and severity of emboli. Car-
diopulmonary injuries are commaon, and
other risks include perforation, thrombosis,
and infection [7, 8, 19, 21-23].

Conclusion

Chest radiography plays an important roke
in the initial evaluation of blunt and penetrat-
ing chest trauma, providing rapid imaging
information to supplement the history and
physical examination. In the emergency de-
partment, familiarity with the spectrum of
injurics that can eccur in the chest and upper
abdomen is important for sccurate interpreta-
tion of chest radiographs as well as establish-
ment of appropriate recommendations for
management and follow-up. An understand-
ing of trauma pathophysiology and related
imaging findings for injuries to the chest wall,
diaphragm, pleura, lungs. mediastinum, heart,
aorta, and great vessels will enable radiolo-
gists to micract rapidly and effectively with
the other members of the health care team.
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	Case summary
	A patient arrives after a high-speed MBC. The patient has multiple, simultaneous life-threatening injuries.

	Injuries
	His injuries include:
	- A bad head injury, with a GCS of 3,  - Challenging facial injuries, which make intubation nearly impossible,  - Massive chest and abdominal injuries.
	The Trauma surgeon is present at intubation and arranges for a dual set up (front of neck prepared and marked just in case a tracheostomy is required). Surprisingly, intubation proceeds remarkably well.

	The Diagnosis
	As you will note on the Xray (taken just prior to going to ICU), he has two left ICC’s, one right ICC and bilateral pulmonary contusions. He also still has a small left pneumothorax. In addition, there is also a mediastinal haematoma.
	Is that all you can see?
	STATE MAJOR TRAUMA UNIT


	The Message
	Some days later in the ICU, it is noted that his left clavicle is broken and his left glenoid is abnormal.
	Did you see those injuries?
	STATE MAJOR TRAUMA UNIT


	Key clinical lessons
	It is not uncommon to focus on the ‘big stuff’ and miss other injuries like these.
	Clavicle fractures are a classic, along with high rib fractures, scapula fractures, scapulothoracic dissociation (look that one up!) and vertebral fractures that hide behind the cardiac shadow. We all need to develop good, thorough techniques for interrogating a CXR in trauma patients... but know that misses like this inform future practice. We are all less likely to miss the next one because we have looked at this case.
	I have attached a really easy to read article on looking at Chest X rays. Its worth a read.
	* No clinical photos are used in Trauma Bulletins *



