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The advent of multidetector computed tomogra-
phy (MDCT) in recent years has sparked its use as a
principal screening study for polytrauma patients
and is increasingly commonly obtained in non-
traumatic emergency department (ED) patients.
The chest radiograph continues to be performed
as a screening study in the polytrauma setting and
for patients presenting to the ED with complaints
related to the thorax. However, CT provides a sig-
nificant improvement in sensitivity for detection of
both traumatic and nontraumatic acute thoracic
pathologies, which has fostered its common use
in these settings. A thorough knowledge of the
spectrum of pathology, the common and atypical
CT appearances, and the influence of CT observa-
tions on management is required for contemporary
imaging assessment.
In the blunt trauma patient, CT is essential to

directly assess the thoracic vessels, pericardial fluid,
and to potentially demonstrate airway and esopha-
geal injuries. CT is far more sensitive than radiog-
raphy for detection of pneumothorax, pleural fluid,
and lung parenchymal injury. CT can document sites
of active thoracic bleeding or vascular injury to direct
surgical or angiographicintervention. Also, recent
studies have shown that CT can play a valuable
role in delineating the trajectory of penetrating tho-
racic injury and can help determine the need for
further imaging investigation of mediastinal struc-
tures and for surgical exploration. In most poly-
trauma patients multiple CT studies are usually
indicated and inclusion of the chest as part of a
general survey (total body CT) is being increasingly
used in trauma centers. Even when the admission
chest radiograph shows no definitive injury, CT can
confirm the impression of normality with a higher
level of accuracy or detect subtle but important
pathology not revealed on the chest film. Several
articles in this issue focus on traumatic chest pathol-
ogy from both blunt and penetrating mechanisms.
The use of CT for patients presenting with chest

pain to the ED is increasing, because this approach
can diagnose or exclude a wide variety of acute
thoracic pathology. In these patients, MDCT has
reserved. doi:10.1016/j.rcl.2005.12.001
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the potential to assess the aorta, pulmonary arter-
ies, and coronary arteries simultaneously, the so-
called ‘‘triple rule-out.’’ It now appears that 40- or
64-slice units will be required for consistently per-
forming high quality studies for this application.
MDCT has become the definitive test to rapidly
assess for pulmonary embolization being accurate,
rapidly obtained, and cost-effective. Several articles
in this issue discuss specific applications of MDCT
in acute nontraumatic mediastinal and nonme-
diastinal chest pathology.
The opening article is intended to provide the

radiologist with a ‘‘refresher’’ overview of typical
clinical presentations of common nontraumatic ED
emergencies to better integrate these findings with
imaging observations.
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Thoracic aortic dissection
& Summary
& References
Chest pain is one of the most common chief com-
plaints in emergency medicine. During the acute
presentation of a patient who has chest pain, chest
imaging is invaluable, especially in the initial sta-
bilization of a life-threatening cardiac or pulmo-
nary event. The initial approach to evaluating chest
pain includes excluding life-threatening causes, such
as aortic dissection, pulmonary embolism (PE),
pneumothorax, pneumomediastinum, pericarditis,
and esophageal perforation.
The evaluation of an unstable patient who has

chest pain or shortness of breath begins with a pri-
mary medical survey to evaluate airway, breathing,
and circulation. In tandem with this rapid assess-
ment, the emergency physician requests radio-
graphic images of the chest, which provide
visualization of the thoracic anatomy. The first
image obtained is the anteroposterior chest radio-
graph, using portable radiography or fixed equip-
ment, depending on the patient’s presenting
clinical appearance. The initial study is invaluable
in providing clinically relevant information that
directs the patient’s care.
Although technologic advances have improved

diagnostic accuracy greatly in recent years, a thor-
ough history and physical examination remain the
most important components in the evaluation pro-
cess. It is imperative to obtain as many details
about the pain as possible, including its onset,
location, duration, radiation, quality, and exacer-
bating and relieving factors. A detailed history sets
in motion further diagnostic testing and manage-
ment decisions.
Major pathologies that produce chest pain

Pneumothorax

Perfect coupling between the visceral and parietal
pleura is required for effective ventilation. Patients
who have pneumothorax have gas in the intra-
pleural space. This abnormality uncouples the vis-
ceral and parietal pleura and thus elevates the
intrapleural pressure, which affects ventilation, gas
exchange, and perfusion.
Pneumothorax commonly is divided into two

types: primary spontaneous pneumothorax (PSP),
which usually occurs without a precipitating event
in patients who have no clinical lung disease, and
secondary spontaneous pneumothorax, a compli-
cation of underlying lung disease. In actuality, most
patients who have PSP have underlying lung dis-
ease, most commonly rupture of a subpleural bleb
[1]. Iatrogenic pneumothorax is difficult to iden-
tify; its incidence is increasing due to the more
widespread use of mechanical ventilation and
interventional procedures such as central line
placement and lung biopsy [2]. When pneumo-
School of Medicine, Baltimore, MD, USA
cine, University of Maryland School of Medicine,
MD 21201.
r).
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thorax is suspected, correct interpretation of chest
radiographs and knowledge of the benefit of more
complex imaging techniques are essential. The causes
of spontaneous and iatrogenic pneumothorax and
of pneumomediastinum are summarized in Box 1.
The incidence of PSP (age-adjusted) is 7.4 cases

per 100,000 persons per year for men and 1.2 cases
per 100,000 persons per year for women [3,4]. The
incidence of secondary spontaneous pneumotho-
rax (age-adjusted) is 6.3 cases per 100,000 persons
per year for men and 2 cases per 100,000 persons
per year for women [3,4]. The incidence of iatro-
genic pneumothorax is not known, but it probably
occurs more often than do primary and secondary
spontaneous pneumothoraces combined. Pneu-
momediastinum occurs in approximately 1 of
10,000 hospital admissions [5].
Box 1: Causes of pneumothorax

Spontaneous pneumothorax

• Rupture of subpleural apical emphysema-
tous blebs

• Smoking (increases the risk of a first sponta-
neous pneumothorax by more than 20-fold
in men and by nearly 10-fold in women,
compared with the risks in nonsmokers)

• Physical height (taller patients are at risk be-
cause alveoli are subjected to a greater
mean distending pressure over time, which
leads to subpleural bleb formation; because
pleural pressure is more negative at the apex
of the lung, blebs are more likely to rupture
and cause pneumothorax)

Iatrogenic pneumothorax

• Transthoracic needle aspiration procedures
• Subclavian and supraclavicular needlestick
• Thoracentesis
• Mechanical ventilation (directly related to

peak airway pressures)
• Pleural or transbronchial biopsy
• Cardiopulmonary resuscitation
• Tracheostomy

Pneumomediastinum

• Acute production of high intrathoracic pres-
sures (usual cause)

• Asthma
• Smoking marijuana
• Inhalation of cocaine
• Athletic competition
• Respiratory tract infection
• Parturition
• Emesis
• Severe cough
• Mechanical ventilation
Pathogenesis
The pathogenesis of the subpleural blebs that cause
PSP is related to airway inflammation that results
from cigarette smoking. The risk of PSP is related
directly to the level of cigarette smoking (number
of pack years) [6].
Pneumothorax occurs with increasing frequency

in patients who have Marfan’s syndrome and ho-
mocystinuria [7]. Catamenial pneumothorax may
result from thoracic endometriosis and should be
considered in menstruating women who present
with spontaneous pneumothorax [8].
Clinical presentation
PSP usually develops at rest. The peak age is the
early 20s. The disorder is rare after age 40. Patients
usually complain of the sudden onset of dyspnea
and pleuritic chest pain. The severity of symptoms
is related to the volume of air in the pleural space;
dyspnea is more predominant if the pneumotho-
rax is large. In patients who have a large pneumo-
thorax, the physical findings include decreased
chest excursion on the affected side, diminished
breath sounds, and hyperresonant lungs. Many
affected individuals do not seek medical attention
for days after symptoms develop. This sequence is
important, because the incidence of re-expansion
pulmonary edema increases in patients whose chest
tubes were placed 3 or more days after the pneu-
mothorax occurred.
Pneumomediastinum usually occurs when intra-

thoracic pressures become elevated. This elevation
may occur with an exacerbation of asthma, cough-
ing, vomiting, childbirth, seizures, and a Valsalva
maneuver. Patients usually complain of a sudden
onset of chest pain and dyspnea.
Radiographic features
The main radiographic abnormality that is indica-
tive of pneumothorax is a white visceral pleural
line—straight or convex toward the chest wall—
which is separated from the parietal pleura by an
avascular collection of air. In most cases, no pul-
monary vessels are visible beyond the visceral edge.
The size of a pneumothorax is difficult to esti-

mate. The measurement of the distance between
the ribs and the visceral pleura can be used to
decide whether to perform a tube thoracostomy.
If the distance is greater than 3 cm laterally or 4 cm
at the apex, a chest tube may be needed to re-
expand the lung. A pneumothorax of less than
10% will reabsorb on its own and does not require
placement of a chest tube.
In upright patients who have pneumothorax, gas

accumulates primarily in an apicolateral location.
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As little as 50 mL of pleural gas can be seen on chest
film. A lateral chest film with a 1-cm intrapleural
space corresponds to a 10% pneumothorax. The
size of the pneumothorax is accounted for by the
collapsed lung and, to a lesser degree, the expand-
ing chest cage.
The value of expiratory chest radiographs in

detecting pneumothoraces has been overstated. In
a study of 85 patients who had pneumothoraces
and 93 controls, inspiratory and expiratory upright
chest radiographs had equal sensitivity for pneu-
mothorax detection [9]. Because expiratory films
provide no added benefit, only inspiratory films
are recommended as the initial radiograph of
choice for pneumothorax.
In the supine patient, approximately 500 mL of

pleural air is needed for definitive diagnosis of
pneumothorax [10]. The pleural gas accumulates
in the subpulmonic location and outlines the ante-
rior pleural reflection, the costophrenic sulcus, and
the anterolateral border of the mediastinum. The
overall transradiancy of the entire affected hemi-
thorax can be increased on the side of a pneu-
mothorax in the recumbent patient.
Small pneumothoraces can be visualized more

easily in the lateral decubitus view. In this position,
as little as 5 mL of pleural gas is visible on the
nondependent side [10].
Ultrasound detection of pneumothorax
Bedside ultrasound has become standard in most
emergency departments. Focused abdominal so-
nography for trauma has been integrated into the
assessment of the unstable patient. A key element
in ultrasound assessment of the chest for pneu-
mothorax is the presence or absence of the ‘‘sliding
lung sign.’’ On ultrasound of the normal chest, the
lung surface can be seen sliding along the chest wall
during inspiration and expiration. In a patient who
has pneumothorax, this sign is absent, which sug-
gests that the air adjacent to the chest wall is not
contained within the lung.
Ultrasound has proven to be more sensitive

than flat anteroposterior chest radiography in the
diagnosis of trauma-induced pneumothorax. Ultra-
sound provides added benefit by allowing sonolo-
gists to differentiate between small, medium, and
large pneumothoraces, with good agreement with
CT results [11].
Tension pneumothorax
Tension pneumothorax shows a distinct shift of the
mediastinum to the contralateral side and flatten-
ing or inversion of the ipsilateral hemidiaphragm.
This is the result of accumulation of air under
pressure in the pleural space. This emergent condi-
tion develops when injured tissue forms a one-way
valve and allows air to enter the pleural space but
prevents it from escaping naturally. Arising from
numerous causes, this condition progresses rapidly
to respiratory insufficiency, cardiovascular collapse,
and, ultimately, death if it is unrecognized and un-
treated. Favorable patient outcomes require urgent
clinical diagnosis and immediate management.

Conditions that mimic pneumothorax
Large subplural bullae can mimic a loculated pneu-
mothorax. In most cases, the medial border of the
bulla is concave toward the chest wall, whereas a
visceral pleural contour is straight or convex later-
ally. Skin folds can be differentiated from a pneu-
mothorax by density profile: they form a negative
black Mach band instead of the white visceral
pleural line. Skin folds increase gradually in opac-
ity, with an abrupt drop-off at the edge, and
usually extend beyond the ribcage or stop short of
the ribs.
Bilateral pneumothoraces may be seen after

heart/lung transplant surgery. Replacement of the
heart and lungs leaves an open communication
between the two sides of the thorax, which may
allow air or fluid to shift from one side to the other.
Extensive mediastinal dissection can disrupt the
anterior junction line, allowing a unilateral pneu-
mothorax to propagate to the contralateral hemi-
thorax. Placement of a single thoracotomy tube
decompresses and evacuates both pleural cavities.

Treatment of pneumothorax
The treatment of pneumothorax is based on its clas-
sification. A tension pneumothorax usually results in
cardiopulmonary compromise (shock, bradycardia,
hypoxia) and requires immediate needle decom-
pression (thoracentesis), which can be accomplished
by inserting a large-bore (16- or 18-gauge) needle
(smaller needles are satisfactory for premature in-
fants, newborns, and infants) through the second
or third interspace (near the apex of the lung) in
the midclavicular line. Immediate decompression cannot
wait for radiographic confirmation. Tube thoracostomy
may be required after the initial decompression if the
pneumothorax reaccumulates.
Management of a simple pneumothorax de-

pends on its size and cause. A clinically stable pa-
tient who has a small PSP (occupying <15% of the
hemithorax) should be observed in the emergency
department for 3 to 6 hours and discharged home
if a repeat chest film demonstrates no progression
of the pneumothorax. If the patient is to be ad-
mitted to the hospital, oxygen therapy may be ini-
tiated to hasten absorption of the pneumothorax.
Clinically stable patients who have a large PSP should
be admitted to the hospital for tube thoracostomy.
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Pneumonia

Despite advances in diagnosis and treatment, pul-
monary infections remain a major cause of mor-
bidity and mortality in adult patients. An estimated
4 to 6 million cases of community-acquired pneu-
monia occur each year [12]. The spectrum of organ-
isms known to cause respiratory infections is broad
and constantly increasing as new pathogens are
identified and the host immune response is altered
by medications or other diseases or responses. In
the United States, it is estimated that 1.1 million
cases of community-acquired pneumonia require
hospitalization each year, at an estimated cost of
$8 billion [13]. Pneumonia is responsible for more
than 64 million days of restricted activity from
work and is the seventh leading cause of death in
this country, with a mortality rate of 22.4 per
100,000 [14].
Among hospital-acquired infections, nosocomial

pneumonia has the highest mortality [15]. More-
over, since the beginning of the AIDS epidemic,
the lungs are identified increasingly as the source
of infection.
Radiology plays a prominent role in the evalua-

tion of pneumonia. Chest radiography is the most
commonly used imaging tool in pneumonias, be-
cause of its availability and excellent cost/benefit
ratio. CT should be used in unresolved cases or
when complications of pneumonia are suspected
[16]. The main applications of radiology in pneumo-
nia are oriented toward detection, characterization,
and follow-up, especially regarding complications.
The classic classification of pneumonias into

lobar and bronchial types has been abandoned
for a more clinical classification. Thus, bacterial
pneumonias are divided into three main groups:
community-acquired pneumonia, aspiration pneu-
monia, and nosocomial pneumonia. The usual
pattern of community-acquired pneumonia is that
of lobar pneumonia: an air-space consolidation
that is limited to one lobe or segment. Neverthe-
less, the radiographic patterns of community-
acquired pneumonia may be variable and often
are related to the causative agent.
Aspiration pneumonia generally involves the

lower lobes, with bilateral multicentric opacities.
The most valuable information is obtained
when the chest radiographs are negative and ex-
clude pneumonia.
The criterion standard test for the diagnosis of

pneumonia has been the two-view plain chest
film. In a study by Courtoy and colleagues [17],
however, radiologists who were blinded to culture
results could not differentiate viral pneumonia
from bacterial pneumonia by reviewing the chest
films. Several investigative teams have concluded
that no radiologic features exist that can be used
to differentiate between these two major etiologic
classes [17,18].
Radiographic findings that are suggestive of
specific etiologic agents
Pneumococcal pneumonia Lobar consolidation,
involving single or multiple lobes, is the most com-
mon radiographic pattern of community-acquired
pneumococcal pneumonia in patients who require
hospitalization [19]. Pleural effusions also are a
common finding in pneumococcal pneumonia.
The pattern of consolidation is not influenced by
bacteremia or HIV status. The presence of a pneu-
monic process on radiography correlates with iden-
tifiable clinical signs [20,21]. Normal findings on
a chest radiograph virtually exclude a diagnosis of
pneumonia other than in HIV-infected patients
who have Pneumocystis carinii or, rarely, in dehy-
drated, elderly, or neutropenic patients and those
who were examined within 24 hours of the onset
of symptoms.

Mycoplasmal pneumonia The radiographic find-
ings in patients who are infected with Mycoplasma
pneumoniae also are nonspecific, and in some cases,
closely resemble those seen in children who have
viral infections of the lower respiratory tract. Focal
reticulonodular opacification confined to a single
lobe is a radiographic pattern that seems to be
associated more closely with Mycoplasma infection
than with other types of pediatric respiratory ill-
nesses. The diagnosis of Mycoplasma pneumonia
should be considered whenever focal or bilateral
reticulonodular opacification is seen. Hazy or
ground-glass consolidations occur frequently; how-
ever, dense homogeneous consolidations like those
seen with bacterial pneumonias are uncommon.
Often, atelectasis or transient pseudo-consolida-
tions that produce confluent interstitial shadows
are seen. Radiographic findings alone are not suffi-
cient for the definitive diagnosis of Mycoplasma
pneumonia, but in combination with clinical find-
ings, they can improve the accuracy of diagnosis of
this disease significantly.
Guckel and colleagues [22] described three pat-

terns of infiltration in children who have mycoplas-
mal pneumonia, which occur with equal frequency:
peribronchial and perivascular interstitial infil-
trates, patchy consolidations, and homogeneous
acinar consolidations like ground glass. The infil-
trates were seen primarily in the lower lungs. En-
largement of the hilar glands was a common
finding among the 23 children in their series. Pleu-
ral effusion was rare. Diffuse interstitial and bilat-
eral parahilar peribronchial patterns are common
in Mycoplasma respiratory infections.
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Viral pneumonias Viral pneumonias are located
predominantly in spaces along and around the
alveoli. Therefore, these pneumonias appear reticu-
lar on plain radiograph and often are bilateral and
diffuse in distribution. Associated with thickening
of the interlobular septa, viral pneumonias can be
associated with Kerly B lines on chest radiograph.
Rarely associated with complications or even pleu-
ral effusion, viral pneumonia can lead to secondary
bacterial pneumonias. In viral pneumonia, four
radiographic findings are common: parahilar peri-
bronchial infiltrates, hyperexpansion, segmental or
lobar atelectasis, and hilar adenopathy.

Pneumocystis carinii pneumonia Although the
radiographic findings in patients who have Pneu-
mocystis carinii pneumonia (PCP) vary, most chest
radiographs reveal bilateral, symmetric, fine to me-
dium reticular heterogeneous opacities [23–25]. As
the disease worsens, the opacities coalesce and
eventually appear as a bilateral homogeneous con-
solidation. Uncommonly, a more coarse reticular
pattern or a miliary pattern may be noted [25,26].
Unilateral or unilobar involvement may occur,

but the radiographic pattern remains fine reticular
opacities. Predominant upper lobe involvement
occurs with increased frequency in patients who
have used aerosolized pentamidine for prophylaxis
[21,27,28]; however, because the use of this form
of prophylaxis has waned, the incidence of this
appearance has decreased. The presence of hilar
or mediastinal adenopathy as well as pleural fluid
is rare and suggests another disease process. Usu-
ally, these findings are seen in patients who have
been taking aerosolized pentamidine and have
developed disseminated pneumocystosis [29,30].
Cases of pneumocystosis following the use of dap-
sone prophylaxis have been reported [31]. Calcified
hilar and mediastinal lymph nodes have been
reported but are rare [32]. Approximately 10% of
patients who have HIV disease and subsequently
proven PCP have had normal chest radiographs.
In some circumstances, gallium scanning or high-
resolution CT may demonstrate lung abnormal-
ities, particularly ground-glass opacities [33]. In
many institutions, however, treatment is recom-
mended empirically, without a request for further
imaging [34,35].

Legionella Virtually all patients who have Legion-
naire’s disease have abnormal chest radiography
that shows pulmonary infiltrates at the time of
clinical presentation. In a few cases of nosocomial
disease, fever and respiratory tract symptoms have
preceded the appearance of the infiltrate on chest
radiography. Findings on chest films are nonspe-
cific and do not distinguish Legionella from causes
of pneumonia. Pleural effusion is evident in one
third of cases.
In immunosuppressed patients, distinctive, rounded,

nodular opacities may be seen; these lesions may
expand or cavitate. Pulmonary abscesses may occur
in the immunosuppressed host. Infiltration that
progresses on chest radiography, despite appropriate
antibiotic therapy, is common, and radiographic
improvement lags behind clinical improvement
by several days. Complete clearing of infiltrates re-
quires 1 to 4 months.

Acute coronary syndrome

Acute coronary syndrome (ACS) is a spectrum of
acute myocardial ischemia that spans acute myo-
cardial infarction (AMI) and unstable angina [36].
Less than 25% of patients who are admitted with
suspicion of ACS still have this diagnosis at dis-
charge [37].

History and physical examination
Chest pain or discomfort is the most common
presenting complaint in patients who have ACS
[37]. The character and radiation of the pain are
important for the diagnosis [38]. The pain usually
is described as a deep visceral discomfort and may
be difficult to localize to one region of the chest
[38]. The character of the pain often is described as
pressure, a weight on the chest, tightness, constric-
tion about the throat, or an aching feeling. The
pain is not affected by respiration or movement.
Beginning gradually and reaching maximum sever-
ity after 2 or 3 minutes, the pain lasts for minutes
or longer [38]. Physical exertion or emotional stress
may be associated with the onset of pain, and
the pain may subside with rest [36]. Radiation of
the pain to the arm or neck increases the likeli-
hood of AMI [38]. The patient may have associated
symptoms of shortness of breath, nausea, vomiting,
profound weakness, dizziness, palpitations, and
diaphoresis [36].
Chest pain is absent in up to 6.2% of patients

who have ACS and 9.8% of patients who have AMI
[39]. Atypical presentations are more likely in
elderly patients and diabetics, who have an altered
ability to localize symptoms [38], and in women
and younger people [36]. Atypical symptoms
include epigastric pain, indigestion, stabbing chest
pain, pleuritic chest pain, chest pain that is repro-
ducible on palpation, and isolated dyspnea [36].
Risk factors for cardiac disease are elicited during

the history. Traditional risk factors for coronary
artery disease (CAD) include hypertension, hyper-
cholesterolemia, cigarette smoking, diabetes, pe-
ripheral vascular disease, family history of CAD,
personal history of CAD, male gender, and increas-
ing age [36–38]. These are long-term risk factors for
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CAD; the absence of risk factors for CAD should
not be used to exclude the diagnosis of ACS
[37,38].
The physical examination of a patient in whom

ACS is suspected generally is not helpful unless
it reveals an alternate diagnosis [37]. Thus, the
physical examination should focus on excluding
other diagnoses; identifying causes of myocardial
ischemia, such as uncontrolled hypertension or
thyroid disease; and searching for signs of hemo-
dynamic instability [36]. Caution should be taken
in automatically attributing chest pain that is repro-
ducible on examination to musculoskeletal causes,
because 11% of cases of partially or fully reproduc-
ible chest pain may be attributable to ACS [37].
Any degree of pulmonary rales on examination
is associated with ACS; however, an S3 gallop on
cardiac auscultation is nonspecific [37].
Pope and colleagues [37] found that patients who

had a final diagnosis of ACS were more likely to
have a lower pulse rate and higher blood pressure
than patients who had other diagnoses; this prob-
ably is associated with adrenergic excess or lower
compliance of an ischemic left ventricle. The clini-
cian would need to know the patient’s baseline
vital signs; usually, that information is not availa-
ble in the emergency department setting, which
limits the usefulness of this observation [38]. The
probability of AMI is increased if the patient is
diaphoretic and is decreased if the respiratory rate
is normal [37].

Laboratory studies
Because myocytes lose their membrane integrity
in response to ischemia, they release molecules
into the peripheral circulation [36]. These mole-
cules, known as cardiac biomarkers, are useful in
the diagnosis of AMI. The biomarkers that can be
detected do not aid in the diagnosis of unstable
angina, which accounts for roughly half of all cases
of ACS [38,40,41]. The cardiac biomarkers that are
in widespread use are creatinine kinase (CK), cre-
atinine kinase MB fraction (CK-MB), myoglobin,
cardiac troponin I (cTnI), and cardiac troponin
T (cTnT).

Creatinine kinase and creatinine kinase MB
fraction CK and CK-MB are nonspecific biomark-
ers that can be found in any case of muscle damage
[36]. Until recently, CK-MB had been the princi-
pal serum marker of cardiac myocyte damage [36].
The sensitivity of serum CK and CK-MB concen-
trations for detection of ischemia increases with the
duration of the patient’s symptoms [38]. Serial
measurements of both biomarkers increase sensi-
tivity and specificity when performed over 4 to
9 hours [38]. Serial CK-MB has a sensitivity of
87% and a specificity of 96% for AMI [38]. These
serial tests should be performed over 4 to 9 hours.

Myoglobin Serum myoglobin is another non-
specific biomarker that appears in the peripheral
circulation as early as 1 to 2 hours after muscle
damage [36]. Again, the sensitivity of myoglobin
measurements in the diagnosis of AMI increases
with serial measurements [38,41]. Serum myo-
globin levels should not be used in isolation
for the diagnosis of ACS [36]; however, there is
some evidence that a normal myoglobin concentra-
tion 2 hours after presentation can exclude AMI
[38,42].

Troponin cTnI and cTnT are specific for myocar-
dial damage and have supplanted CK-MB as the
preferred biomarker for myocardial ischemia [36].
These biomarkers are not found in the blood of
healthy individuals [36]. As with the other cardiac
biomarkers, the sensitivity of cTnI and cTnT in-
creases with serial measurements and with duration
of symptoms [38]. Elevated levels of cTnI and cTnT
are associated with increased mortality, even when
the ECG is inconclusive for ACS and CK-MB con-
centrations are normal [36,42].

Electrocardiography
Electrocardiography is a safe, inexpensive, and
readily available bedside test that represents the
standard of care for patients who have expected
ACS. When possible, the ECG should be obtained
while the patient is symptomatic [36]. Although the
ECG is highly sensitive for AMI, it is neither highly
sensitive nor specific for ACS in general [38]. Pope
and colleagues [37] found that up to 20% of pa-
tients who had AMI and 37% of patients who had
the diagnosis of unstable angina had a normal ECG
at presentation. The ECG should be interpreted
with consideration of the patient’s presentation.
Thus, in a patient with a clinical picture that is
consistent with ACS and a normal ECG, the proba-
bility of ischemia is not reduced substantially [38].
ST-segment and T-wave abnormalities are the

quintessential electrocardiographic abnormalities
in the diagnosis of ACS [37,38]. ST-segment eleva-
tion indicates transmural ischemia [36], whereas
ST-segment depression indicates subendocardial
ischemia [38]. Inverted T waves indicate acute is-
chemia [38]. Q waves are diagnostic of infarction
but could represent previous infarction [38]. Ob-
taining an old ECG can aid in determining if any
abnormalities have developed acutely.

Radiology
Chest radiography A chest film usually is ob-
tained during the initial assessment of the patient
who has ACS. This imaging study is used to search



Box 2: Risk factors for pulmonary embolism

Inherited hematologic risk factors

• Antithrombin III deficiency
• Factor V Leiden mutation
• Proteins C and S deficiency
• Lupus anticoagulant
• Abnormalities in fibrinolysis

Acquired risk factors

• Advanced age
• Smoking
• Immobilization
• Surgery
• Malignancy
• Trauma
• Oral contraceptives/hormone replacement
• Pregnancy
• Central venous catheters
• Obesity
• Myocardial infarction
• Congestive heart failure

Data from Refs. [44,48,53].
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for other causes of the patient’s symptoms and to
assess for contraindications to heparin therapy
(eg, aortic dissection). The presence of pulmonary
edema, which could indicate acute heart failure,
also is evaluated using plain chest radiography.

Echocardiography For the patient who has a low
risk for ACS, resting echocardiography has a high
sensitivity (93%), although only a moderate speci-
ficity (66%), for diagnosing AMI [43]. Echocardio-
graphy does not distinguish between acute and
chronic abnormalities and requires skilled tech-
nicians and interpreters, which often limits its use
in the acute setting [40]. Echocardiography is useful
in providing information about the patient’s hemo-
dynamic status and may help to identify other
causes of disease, such as PE and pericarditis [40].

Nuclear imaging Thallium-201 (201Tl) and tech-
netium-99m sestamibi (99mTc-sestamibi) are radio-
nucleotides used commonly in nuclear cardiac
imaging. Noninvasive tests based on those isotopes
detect ischemic or infarcted myocardium. Both im-
aging modalities can detect perfusion abnormal-
ities for several hours after the last symptomatic
episode of chest pain [36]. Abnormal results of
myocardial perfusion imaging studies done with
the patient at rest indicate risk for AMI and death
and the need for revascularization, whereas normal
images at rest indicate the patient has a low risk for
cardiac complications [36]. 201Tl images must be
taken within 15 to 20 minutes of injection, which
limits the usefulness of this modality in the acute
setting [40]. Imaging with 99mTc sestamibi is advan-
tageous because serial imaging can be done, and
left ventricular wall motion abnormalities can be
evaluated using gated single photon emission CT
(SPECT) imaging [36]. Nuclear cardiac imaging is
most useful in patients who have low to moderate
risk for ACS and no acute ECG changes [43].

Pulmonary embolism

PE must be considered in every patient who has
chest pain and dyspnea. PE is the third most com-
mon cause of cardiovascular death among Ameri-
cans, accounting for 50,000 to 100,000 deaths per
year [44,45]. Only 30% of PE are diagnosed before
death [46]. Alternatively, less than 35% of pa-
tients who are suspected of having a PE actually
have one [45,47–49]. PE is a challenging diagnosis
to reach, it often is missed, and it often is sought
but not found.

History and physical examination
The history and physical examination are notori-
ously insensitive for PE. The classic presentation of
PE is chest pain, dyspnea, and hemoptysis; how-
ever, this triad is present in less than 20% of
patients [48]. Patients who have significant PE may
remain asymptomatic if the obstruction of pul-
monary circulation is less than 50% [50].
The Prospective Investigation of Pulmonary

Embolism Diagnosis (PIOPED) study found that
in patients who were diagnosed with PE, one or
more risk factors for PE were likely to be present
[47]. Risk factors for venous thromboembolism are
listed in Box 2.
The most common symptom of acute PE is un-

explained dyspnea of acute onset [48,51]. Dyspnea
is present in more than 70% of patients who are
diagnosed with PE [44]. Palpitations, cough, anxi-
ety, lightheadedness, abdominal pain, back pain,
atrial fibrillation, and hiccoughs are nonspecific
symptoms [48,51]. Syncope occurs in 8% to 13%
of patients who have PE [52].
The presentation of the patient who has PE

depends on the degree of obstruction of the pul-
monary circulation, the speed of accumulation of
the clot burden, and the patient’s underlying health
[50]. Three clinical syndromes have been described
in the patient who has PE: pulmonary infarction,
isolated dyspnea, and circulatory collapse [48,53].
Signs and symptoms of PE vary according to the
clinical syndrome that is present. For patients who
have pulmonary infarction, pleuritic chest pain and
hemoptysis may predominate [53]. Patients
who have underlying cardiovascular disease, such
as elderly patients, are more likely to have pulmo-
nary infarction [48].
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For patients who have isolated dyspnea, the de-
gree of dyspnea varies with the degree of pulmo-
nary vascular infarction [48]. For patients who have
no underlying cardiovascular disease, the extent of
embolism correlates with the degree of arterial
hypoxemia [50]. Patients who have circulatory col-
lapse may present following syncope, be hemody-
namically unstable, or present in cardiac arrest [53].
No specific or sensitive physical examination

finding is indicative of PE [53]. The most common
signs of PE on examination are tachypnea and
tachycardia [51]; however, normal vital signs
should not discourage the physician from searching
for a PE [53]. Fever, wheezing, rales, pleural rub,
a loud pulmonic component of the second heart
sound, right ventricular lift, right-sided fourth heart
sound, cyanosis, and evidence of phlebitis may be
present [45,51,53].

Clinical scoring systems
Clinical scoring systems attempt to help the clini-
cian estimate the probability of PE. The best known
of the clinical scoring systems is Well’s criteria for
prediction of PE [Table 1]. This scoring system
combines the assessment of risk factors, presenting
signs and symptoms, as well as the clinician’s sus-
picion of an alternate diagnosis [54]. This scoring
system is vulnerable because it relies heavily on the
subjective judgment of the clinician as to the pres-
ence of alternate diagnoses [53].

Laboratory studies
Although arterial blood gas analysis (ABG) is a
widely available and rapid laboratory study, it
lacks the sensitivity to diagnose or exclude PE
[53,55]. Patients who do not have underlying car-
diopulmonary disease may have normal PaO2, nor-
Table 1: Wells' criteria for assigning pretest
probability for pulmonary embolism

Criteria Points

Clinical symptoms or signs of DVT 3
PE more likely than other diagnosis 3
Heart rate >100 bpm 1.5
Immobilization or surgery within
last 4 wk

1.5

History of DVT or PE 1.5
Hemoptysis 1
Malignancy 1

Clinical probability of PE Points

Low <2
Moderate 2–5
High >6

Data from Refs. [56–58].
mal PaCO2, and normal P(Aa)O2 gradients in the
face of angiographically proven PE [55].
D-dimer, a breakdown product of fibrin, is found

in the blood when plasmin acts on a fibrin clot. As
a marker of clot lysis, D-dimer is found in any
condition in which there is formation or dissolu-
tion of clot. Thus, D-dimer can be found in ele-
vated levels in association with PE, trauma, cancer,
disseminated intravascular coagulation, myocardial
infarction, sepsis, and preeclampsia and following
surgery. Therefore, D-dimer is more useful in
excluding PE than in diagnosing it [53,55,56,58].
Wells and colleagues [56] concluded that in a
patient with a low clinical probability of PE using
the Well’s clinical scoring system and a negative
D-dimer assay, PE can be ruled out safely without
any imaging study [55].

ECG
Most patients who have PE have some abnormality
on ECG, but ECG abnormalities in patients who
have PE are nonspecific [51]. The ECG is most
helpful to exclude other causes of the patient’s
symptoms, such as myocardial ischemia or pericar-
ditis. The characteristic ECG abnormality of PE is
the S1Q3T3 pattern; however, this is found in less
than 20% of ECGs from patients who have proven
PE [53]. T-wave inversion in the precordial leads
is the most common electrocardiographic finding
and is present in 68% of patients who have PE [48].
Tachycardia and incomplete right bundle branch
block also have been found more often in patients
who have PE than in patients who have other
diagnoses [45].

Imaging
Chest radiography Like electrocardiography, chest
radiography often is abnormal, but nonspecific,
and may elucidate other diagnoses. The PIOPED
study found that the most sensitive radiographic
finding for PE is atelectasis or parenchymal ab-
normality, with a sensitivity of 68% [47]. Other
common abnormalities that are found on chest
radiography include pleural effusion, pulmonary
infiltrates, mild elevation of the hemidiaphragm,
enlargement of the pulmonary artery, and cardio-
megaly [51,53]. It is important not to exclude the
diagnosis of PE based on radiographic evidence of
pneumonia or congestive heart failure, because
these entities may coexist with PE [48]. The classic
signs of relative oligemia (Westermark’s sign) and
wedge-shaped pulmonary opacity (Hampton’s
hump) are rare [53].

Ventilation–perfusion scintigraphy Historically,
ventilation-perfusion (V/Q) lung scanning has
been the initial imaging modality of choice in
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patients suspected of having PE. The results of the
V/Q scan are interpreted in association with the
patient’s assigned pretest probability [48,53]. A
high-probability V/Q scan in a patient who has a
high pretest probability has an 85% to 90% posi-
tive predictive value of PE; a normal V/Q scan in a
patient who has a low pretest probability essen-
tially excludes the diagnosis of PE [47,59]. Most
V/Q scans fall into the category of nondiagnostic,
however, which severely limits the usefulness of
this imaging modality [45]. Patients who have
underlying lung disease also have abnormal base-
line studies [48].

Multidetector CT angiography Multidetector CT
angiography (MDCT-A) is becoming the initial
study of choice in the acute setting for the diagnosis
of PE, primarily because of its widespread availabil-
ity, speed, and noninvasive nature. In comparison
with V/Q scanning, CT is more accurate [45] and
is more likely to show another cause of the patient’s
symptoms if PE is not present. There has been some
question as to the sensitivity of CT for PE. Pooled
data show a wide range of sensitivities (53–100%)
and specificities (81–100%) [60]; however, for cen-
tral PE, the sensitivity of CT increases to 94% [45].
Subsegmental emboli and horizontal vessels are
not well visualized on CT [48]. Other drawbacks
of CT imaging include the use of nephrotoxic con-
trast and radiation exposure; in addition, the study
requires a cooperative patient, because motion arti-
fact limits the quality of the images [45].

Magnetic resonance angiography Magnetic reso-
nance angiography (MRA) may be used to visualize
PE and lower extremity deep vein thrombosis
(DVT) and offers the advantages of safer contrast
material, noninvasive nature, and no ionizing ra-
diation [48,53]. MRA is limited in its use by ex-
pense and availability. In addition, MR imaging is
time consuming and allows only limited access to
patients who become unstable [48].

Pulmonary angiography Pulmonary angiography
is considered the gold standard for the diagnosis
of PE [47]. Often, this procedure is not readily
available; requires nephrotoxic contrast; and is in-
vasive, time-consuming, and expensive. In addi-
tion, the patient must be transported away from
the emergency department, and the images rarely
elucidate an alternate diagnosis [53].

Echocardiography Transthoracic echocardiography
(TTE) is noninvasive and can be performed at the
bedside. Findings on echocardiography that suggest
PE include right-sided thrombus; dilation of the
right ventricle, pulmonary artery, or inferior vena
cava; decreased right ventricular function; loss of
right ventricular contractility; tricuspid regurgitation;
and abnormal septal wall motion [53]. Transesopha-
geal echocardiography (TEE) is more invasive—
usually requiring sedation—but is more sensitive
than TTE for detection of these hemodynamic ab-
normalities [51,53].

Ultrasound Lower extremity ultrasound imaging
for the detection of DVT has the greatest usefulness
in the patient who has signs and symptoms of DVT
and PE [45]. This test should not be used as an
initial imaging modality for the patient who has
suspected acute PE [45], but it may be useful as an
adjunct test to detect the source of PE.

Pericarditis

Pericarditis is inflammation of the pericardium, the
fibrous sac surrounding the heart and great vessels
[61,62]. The many causes of pericarditis include
collagen vascular disease, renal insufficiency, neo-
plasm, viral infections, tuberculosis, and bacterial
infections [63]. In many cases, the exact etiology
remains unknown [63,64]. The diagnosis of peri-
carditis is suspected in the patient who has chest
pain, pericardial rub on physical examination, and
characteristic ECG changes [65].

History and physical examination
By history alone, pericarditis may be difficult to
differentiate from myocardial ischemia, because
the patient may complain of retrosternal chest
pain with a radiation pattern similar to that of
myocardial ischemia [65,66]. Classically, pericardi-
tis presents with a retrosternal location of pain, but
the patient may complain of pain anywhere in the
chest [66]. The pain often is described as sharp or
stabbing [61]. A pleuritic component of the pain,
including increasing pain with inspiration, an in-
crease in pain with supine position, and some relief
with upright posture or sitting forward, is described
often [61,65]. The pain may radiate to the neck,
arms, or left shoulder [61]. Pain that radiates to
either trapezius muscle ridge is likely to be pericar-
ditis secondary to phrenic nerve innervation of the
anterior pericardium and both trapezius ridges
[61,65,66]. Onset of pain is sudden and progressive
over hours to days [61,65].
Fever or other features of a nonspecific prodrome

may precede pericarditis of infectious etiology
[65,67]. A medical history of renal failure, known
neoplasm, collagen vascular disease, or thyroid dis-
order may aid in the diagnosis, because these are
common causes of pericarditis [68]. Temperature
higher than 38°C is rare, but when present, may
indicate purulent pericarditis [61].
A pericardial friction rub is pathognomic for

pericarditis and is 100% specific for the disease
[65,66]. The pericardial friction rub may come
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and go with time; thus, the patient should be
examined repeatedly [61,66]. The rub is best
heard at the left lower sternal border with the
patient leaning forward at the end of expiration
[5,6,61]. Generally, the rub is described as rasping,
creaking, harsh, or high pitched. Classically, it is
triphasic, but it may be biphasic or monophasic
[62,65]. The stereotypic triphasic rub that corre-
sponds to the motion of the heart during ventricu-
lar systole, diastolic ventricular filling, and atrial
contraction is present in only half of patients [69].
The presence of muffled heart sounds, tachycar-

dia, distended neck veins, hypotension, and pulsus
paradoxus suggests cardiac tamponade. The patient
may be in acute respiratory distress, but the lungs
generally will be clear [67].

Laboratory studies
Laboratory studies are obtained to exclude other
causes of chest pain and to elucidate the possible
cause of the pericarditis. Markers of inflammation,
such as leukocytosis, elevated C-reactive protein,
and elevated erythrocyte sedimentation rate, usu-
ally are found in patients who have acute pericar-
ditis [61]. Plasma electrolytes should be measured,
and renal function should be evaluated [65].
The patient’s clinical picture should guide addi-

tional testing, which might include blood cultures,
tuberculin skin test, antinuclear antibodies, rheu-
matoid factor, thyroid function tests, viral throat
swabs, and specific viral and bacterial serologies
[63–65,68].
Pericardiocentesis should be considered in pa-

tients who have tamponade or suspected neoplastic
or purulent pericarditis [61,65]. Routine pericar-
diocentesis for purely diagnostic purposes is not
recommended [70].
Cardiac biomarker levels may be abnormal in

patients who have pericarditis. Specifically, cTnI is
elevated in more than 30% of patients who have
acute pericarditis [71–73]. Men and younger pa-
tients are more likely to have elevated cTnI levels
[71]. Elevation of cTnI is seen only in patients who
have elevated ST segment on ECG and indicates
myocardial cell damage [72]; however, cTnI levels
do not indicate poor prognosis [71,72]. Serum CK
and CK-MB levels also may be elevated [61].

Electrocardiography
Diffuse elevation of the ST segments in the pre-
cordial and limb leads that is associated with PR
segment depression is a classic electrocardiographic
indication of acute pericarditis [74]. Historically,
electrocardiographic abnormalities of acute pericar-
ditis have been said to evolve over time, with
four distinct stages described [75–78]. In stage I,
ST elevation is diffuse, with PR segment depression.
Stage II is normalization of the ST and PR seg-
ments, whereas stage III is characterized by wide-
spread T-wave inversions. The ECG normalizes
again in stage IV. With the exception of purulent
pericarditis, if the patient is treated promptly,
stage I may be the only electrocardiographic abnor-
mality seen [66]. The diffuse ST segment elevation
of pericarditis can be differentiated from myocar-
dial ischemia by the absence of reciprocal ST de-
pression [7] and by the concave shape of the
ST-segment elevations [61]. The presence of cardiac
tamponade is characterized by low-voltage ECG
with electrical alternans [77].

Radiography
Radiologic studies may exclude other causes of
chest pain. Chest radiography for pericarditis is
aimed primarily at evaluation of the mediastinum
and lungs for possible causes of the inflammation
[61]. Cardiomegaly may be seen when an effusion
of more than 250 mL has accumulated [61,65,
67,69].

CT and MR imaging
CT and MR imaging may be used to image the
pericardium and pericardial space but are obtained
most commonly to exclude other causes of chest
pain or shortness of breath. CT and MR imaging
evidence of thickened pericardium, enhancement
of the pericardium that indicates inflammation,
and visualization of pericardial effusion support
the diagnosis of pericarditis [79,80].
Echocardiography
Often, TTE is performed in patients who have sus-
pected pericarditis. The presence of an effusion
will help to confirm the diagnosis [61]. Evidence
of tamponade on echocardiogram indicates the
need for pericardiocentesis.

Thoracic aortic dissection

Thoracic aortic dissection (TAD) is the most com-
mon aortic emergency that requires immediate sur-
gery [81]. A dissection occurs when there is a tear
in the intimal layer of the vessel wall. Blood passes
through the tear, separates the intima from the
vessel media or adventitia, and results in a false
channel. Shear forces lead to dissection propaga-
tion as blood continues to flow through this false
channel [82].
TAD can be difficult to diagnose. In the patient

who presents to the emergency department and
has acute chest or back pain, ACSs are 80 times
more common than are aortic dissections [83].
Given that TADs occur most commonly in men
who are aged 50 to 70 years and have a history of
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hypertension, it is not surprising that myocardial
ischemia is the most common misdiagnosis [84].
Box 3: Common abnormalities found on chest
radiography for aortic dissection

• Widened mediastinal shadow
• Altered configuration of the aorta
• Localized hump on the aortic arch
• Widening of the distal aortic knob past the

origin of the left subclavian artery
• Aortic wall thickness indicated by the

width of the aortic shadow beyond
intimal calcification

• Displacement of the calcification in the
aortic knob

• Double aortic shadow
• Disparity in the sizes of the ascending and

descending aorta
• Presence of a pleural effusion, most

commonly on the left

Data from Refs. [85,94,95].
History and physical examination
The acute onset of severe pain, which is maximal
at symptom onset, is the most common initial
symptom [85]. Usually, the pain is in the midline,
may be present in the back, and rarely radiates [85].
A tearing or ripping quality of pain is classic and
highly specific for TAD [86]; however, the Interna-
tional Registry of Acute Aortic Dissection (IRAD)
found that most often, the pain was described as
‘‘sharp’’ [81]. Migratory pain has been considered
classic for TAD, with pain corresponding to the
propagation of the dissection, but was found in
only 14% of patients in the IRAD [81]. Hyper-
tension is the most common predisposing risk
factor for TAD [81]. Inherited disorders, such as
Marfan’s syndrome and Ehler-Danlos’ syndrome,
associated with abnormal connective tissue struc-
ture have high rates of TAD [87,88]. Among
women who are younger than 40 years who expe-
rience TAD, half are pregnant [85,87]. Cocaine use
has been associated with TAD [89]. A history of
syncope, with or without chest pain, was docu-
mented in 12% of patients who had TAD [81].
Pulse deficits or blood pressure differentials are

independent predictive variables for TAD [83];
however, pulse deficits were documented in only
20% of patients in the IRAD [81]. Shear injury of
the left carotid artery or compression of the aortic
branches that supply the spinal cord may pro-
duce focal neurologic deficits [87,88]. When these
deficits are present on examination, there is an
increased likelihood of TAD [86]. A pulsatile ster-
noclavicular joint is rare but may indicate dissec-
tion [87].
When the dissection is proximal, an aortic regur-

gitation murmur may be heard. The IRAD study
found this murmur in 44% of patients who had
proximal TAD [81]. Cardiac tamponade with re-
sultant physical examination findings of muffled
heart sounds, elevated jugular venous distention,
and narrow pulse pressure may be found when
blood fills the pericardium [82].

Laboratory studies
Generally, routine laboratory studies are not help-
ful in the diagnosis of TAD [87]. Often, laboratory
studies are obtained to assess other causes of chest
pain. Recent studies suggest that D-dimer con-
centration may be useful as a diagnostic tool for
the diagnosis of TAD [90]. Serum biomarkers of
smooth muscle myosin heavy chain and soluble
elastin fragments have been found in higher con-
centrations in patients who had aortic dissection,
but the means of assessing these markers is not
widely available in most clinical settings [91,92].

Electrocardiography
In the patient who has TAD, the ECG may be
normal or show left ventricular hypertrophy from
long-standing hypertension [87]. Changes sugges-
tive of myocardial ischemia related to coronary ar-
tery involvement in the dissection or occlusion of
the artery may be present in up to one third of
patients [87,93]. Two thirds of patients who have
TAD have nonspecific ECG abnormalities of non-
specific ST-segment or T-wave changes [85].

Imaging
Chest radiography Chest radiography is not spe-
cific for aortic dissection but is useful in combina-
tion with the history and physical examination. In
approximately 50% of cases of dissection, the classic
radiographic sign of widened mediastinal shadow
is seen [85]. Some type of chest film abnormality
[Box 3] is present in 90% of patients [86].

CT In the IRAD study, CT often was the initial
imaging test for patients who have suspected aortic
dissection, likely secondary to its widespread avail-
ability and noninvasive nature [81]. CT has a sen-
sitivity of 93.8% and a specificity of 87% for TAD
[96]. A positive contrast CT for TAD shows the
raised intimal flap of the dissection between the
true and false lumens of the aorta [96]. Throm-
bus also may be visualized within the false lumen
[96]. If a dissection is not present, CT images may
identify another cause of the patient’s symptoms.
Drawbacks of CT imaging include relative difficulty
in identifying the origin of the intimal tear, inabil-
ity to assess involvement of the aortic branch ves-
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sels, and lack of information about aortic valve
regurgitation [85,96].

MR imaging MR imaging has a reported sensitivity
and specificity of 98% for TAD [96]. This imaging
modality provides quality images of the entire
aorta, showing extent of the dissection, site of the
tear, involvement of branch vessels, and involve-
ment of the aortic valve [85,97]. However, MR
imaging is expensive, time consuming, and not
widely available and limits access to the potentially
unstable patient [87]. Because of this, MR imaging
rarely is obtained in the emergent setting.

Echocardiography The sensitivity and specificity
of TTE for the detection of TAD vary widely, de-
pending on the location of the dissection [85]. TTE
does not visualize the aortic arch well and is vir-
tually useless for the descending aorta [97]; how-
ever, TTE is useful for detection of tamponade or
aortic insufficiency, which are complications of
proximal dissections [87].
TEE is much better than TTE in the detection

of TAD. TEE has a reported sensitivity of up to
98%, with a specificity of 77% [96]. A positive
TEE may show a double-lumen aorta separated by
the dissection membrane, which moves with the
differential flow through the lumens [87]. TEE also
can identify the site of dissection, sense abnormal
flow, visualize a thrombus, assess for involvement
of aortic valve and aortic branch vessels, and detect
pericardial effusion [85]. The advantages of TEE are
that it can be performed at the patient’s bedside in a
swift manner [85]. In many centers, TEE represents
the noninvasive study of choice for the patient
suspected of having TAD [85]. TEE requires esopha-
geal intubation, which often necessitates sedation,
and may not be available in some centers, espe-
cially in the evening and on weekends.

Aortography Traditionally, aortography has been
considered the gold standard for the diagnosis of
TAD, but it has been replaced by less invasive and
more readily available radiologic studies. Findings
on aortography that are indicative of TAD include
distortion of contrast flow, flow reversal, flow sta-
sis, failure of major vessels to fill with contrast, and
aortic valve insufficiency [85]. Aortography may
underestimate the size of the dissection if a throm-
bus is present [97]. The procedure is invasive and
requires mobilization of an angiographic team.
Aortography rarely is obtained for the acute diag-
nosis of TAD [81].
Summary

The use of radiographic imaging remains vital in the
assessment of patients who present with chest pain.
Despite advances in medical care, cardiopulmonary
emergencies remain a major cause of morbidity and
mortality in the United States. Rapid bedside radio-
graphic detection of intrathoracic disorders is critical
in clinical decision making related to these poten-
tially life-threatening emergencies.
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The role of CT in the diagnosis of traumatic
injury of the thoracic aorta has been debated for
at least 2 decades [1–5]. Thoracic CT has been
applied to diagnose or exclude traumatic aortic
injury from blunt trauma since the middle to late
1980s, and continually has challenged the more
well established use of thoracic angiography as
the ‘‘reference standard’’ for diagnosis [6–9].
Several trends have increased the preference for

CT over angiography: (1) the overall greater re-
liance on CT in the assessment of the patient who
has sustained polytrauma; (2) the steady improve-
ment in the technologic sophistication of CT, first
with the introduction of helical scanning, and later,
multirow detector CT (MDCT); and (3) the devel-
opment of advanced CT workstations that allow
rapid generation of tailored multiplanar, three-
dimensional (3-D) volume, and endovascular pre-
sentations of aortic anatomy to improve diagnostic
accuracy. Over the same period, it has been recog-
nized increasingly that angiography is more time
consuming to perform, less available than CT on
an acute basis, and significantly more expensive
than CT as a screening study. Today, most insti-
tutions that admit numerous patients who have
experienced blunt chest trauma use MDCT with
CT-angiography as the screening study of choice
for aortic injury; it has replaced thoracic angiogra-
phy almost completely for screening patients who
have sustained chest trauma. Angiography remains
a potential problem solver for uncertain CT results,
and for planning and guiding endovascular aortic
stent-graft placement.
MDCT is the diagnostic study of choice for blunt

chest trauma in general. It has far greater accuracy
than does radiography for detecting many thoracic
traumatic injuries, some of which are life threaten-
ing or have a high potential for morbidity if not di-
agnosed and treated acutely. Thin-slice MDCT with
rapid scanning and contrast-bolus timing also
has shown great promise in detecting and localiz-
ing a variety of nonaortic vascular thoracic inju-
ries, including active bleeding, which can lead to
early surgical or angiographic intervention to con-
trol blood loss.
Mediastinal hemorrhage and thoracic
vascular injury

The presence of mediastinal hemorrhage is an im-
portant clue to potential major thoracic vascular
ical Center, Baltimore, MD, USA
rsity of Maryland School of Medicine, Baltimore,

edical Center, 22 South Greene Street, Baltimore,

reserved. doi:10.1016/j.rcl.2005.10.007



Fig. 1. Near normal chest radiograph in a patient who has aortic injury. (A) Anteroposterior supine admission study
shows an essentially normal mediastinal contour. There is slight enlargement of the proximal descending aortic
shadow. (B) MPR through the long axis of the aorta shows pseudoaneurysm (arrowhead) at typical site. Medias-
tinal blood tracks along aorta and around the arch branches.
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injury, which most commonly involves the proxi-
mal descending thoracic aorta at the level of the
left mainstem bronchus and left pulmonary artery.
Chest radiography provides the initial assessment
of mediastinal contour. Although several articles
have described apparently reliable radiographic
signs of hemomediastinum [10–13] and potential
aortic injury, subsequent larger series reported that
many of these signs are less accurate than was sug-
gested originally [14–16]. Although it is true that
most patients who have hemomediastinum display
Fig. 2. Near normal chest radiograph in a patient who h
radiograph in has abnormal mediastinal contours. The d
tube bowing to the right is observed, and there is too mu
(B) CT image shows typical pseudoaneurysm (curved arrow
tube displacement to the right.
a ‘‘widened mediastinum’’ on chest radiography,
this finding does not indicate the presence or ab-
sence of vascular injury. Patients who have nar-
row mediastinal widths or mediastinal/cardiac
width ratios can have traumatic aortic injury [TAI;
Figs. 1 and 2]. Patients who have mediastinal hem-
orrhage have less than a 20% probability of hav-
ing major thoracic vascular injury [8]. The precise
analysis of the mediastinal contour offers the best
chance of diagnosing or excludingmediastinal hem-
orrhage, based upon radiologic screening. Radio-
as aortic injury. (A) Anteroposterior supine admission
escending aortic arch is ill-defined, slight nasogastric
ch soft tissue density in the right paratracheal region.
) in proximal descending aorta with slight nasogastric



Fig. 3. Markedly abnormal mediastinal contour in a
patient who has aortic injury. Supine chest radio-
graphy shows right paratracheal soft tissue density
(arrowhead ), a widened left paraspinal stripe that
extends to the apex of the hemithorax (arrow), tra-
cheal deviation to the right (T) and enlarged, poorly
defined aortic contour.
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logic signs that serve as markers for mediastinal
hemorrhage that is associated with TAI include:

An obscured, abnormal, or absent aortic arch
and descending aorta shadow [Fig. 3]

Right paratracheal soft tissue density [Fig. 3]
Rightward displacement of the esophagus and

trachea in a patient who is nonrotated [see
Fig. 3]

A widened left paraspinal stripe (greater than
half the diameter of the adjacent aorta) or
extension of the stripe above the aortic arch
[see Fig. 3]
Fig. 4. Aortic injury with minimal hemomediastinum. (A) CT
rior proximal descending aorta just beyond arch. (B) Th
hemorrhage (arrow).
Radiographic evaluation often is falsely positive
for evidence of mediastinal blood, and therefore,
for potential great vessel injury. Some causes of
falsely positive diagnoses include:

Supine positioning that often widens and dis-
torts the mediastinal contour

Atelectasis, pleural effusions, lung contusions,
lung hematoma, and other traumatic or non-
traumatic lung pathology that obscures the
mediastinal margins

Limited technical quality of studies, motion arti-
facts, overlying support tubes and lines, and
so forth

Mediastinal lipomatosis or pre-existing medias-
tinal masses

Acquired and congenital vascular anomalies,
marked thoracic scoliosis

Mediastinal hemorrhage without vascular injury

Unless the mediastinal contours can be defined
clearly and unequivocally, mediastinal hemorrhage
cannot be excluded. Given that aortic and other
major thoracic arterial injuries have a high inci-
dence of rupture and mortality within hours to
days of admission, the injury must be excluded
quickly and definitively [17]. Generally, arteriog-
raphy has provided the diagnostic standard for
this purpose, but this study is costly, invasive, and
time consuming, and may delay other diagnostic
or therapeutic procedures. In rare cases of equivo-
cal MDCT results for aortic injury, arteriography or
transesophageal echo may be required. Therefore,
emergency centers must provide immediate diag-
nostic arteriography on a 24-hour basis; however,
in some cases, the results of arteriography are atypi-
cal or nondiagnostic [18].
images shows a pseudoaneurysm (p) arising from ante-
ere is only a small amount of periaortic mediastinal



Fig. 5. Postprocessing of aortic injuries. (A) Volume rendered image of aortic pseudoaneurysm shows relation-
ship to branch vessels. (B) MPR view along long axis of aorta shows pseudoaneurysm and adjacent intimal flaps
in a different patient. (C) Endovascular view of same patient as B showing pseudoaneurysm (arrow) and intimal
flap (F).
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In recent years, the Maryland Shock-Trauma cen-
ter mostly has abandoned thoracic angiography
in favor of MDCT when there is possible medias-
tinal hematoma radiographically. Because aortic
injuries may occur with minimal surrounding me-
diastinal hematoma [Fig. 4], and therefore, with
minimal distortion of the mediastinal contour,
the center is relying increasingly on MDCT as the
major ‘‘screening’’ study for this injury. Although
the author still ‘‘clears’’ many adequate chest radio-
graphs on the supine or erect view, the threshold
has been lowered to proceed to MDCT in any ques-
tionable case.
Fig. 6. Typical aortic pseudoaneurysm. CT shows a
pseudoaneurysm (arrow) arising from the antero-
medial aspect of proximal descending aorta at level
of left mainstem bronchus (L) and left pulmonary ar-
tery (LPA). Mediastinal blood surrounds aorta. An in-
timal flap and adherent thrombus are noted.
Traumatic aortic injury in blunt trauma

Multirow detector CT technique

In general, MDCT is more sensitive than is chest
radiograph for the diagnosis of most traumatic tho-



Box 1: CT signs of traumatic aortic injury

Common

• Aortic pseudoaneurysm
• Periaortic hemorrhage
• Displacement of the trachea and esopha-

gus to the right by hematoma, an irregular
shape of the aortic lumen

• Intimal flaps projecting within the lumen

Uncommon

• Luminal clot at sites of intimal disruption
• Sudden change in caliber of the aorta with-

out intervening branch vessels (coarctation)
• A small aortic caliber in the lower chest

and abdomen
• Peridiaphragmatic hemorrhage

Rare

• Transection of the aorta
• Active bleeding from the aorta into

the mediastinum or pleural cavity
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racic pathology [19], and typically it is indicated
for patients who have experienced blunt poly-
trauma. Using bolus tracking with a threshold of
90 Hounsfield units (HU) set in the proximal as-
cending aorta, the author performs a 16 × 0.75–mm
or 16 × 1.5–mm scan (in large patients) of the
entire chest, and reconstructs data at 3- or 5-mm
intervals. If needed in questionable cases, the raw
data are reconstructed at 1- to 2-mm intervals with
50% overlap. This thin-section reconstructed data
set is used for all multiplanar reformation (MPR),
Fig. 7. Aortic injury with luminal thrombus and embolizat
and pseudoaneurysm with adherent thrombus (arrow). (B
the spleen, most likely from embolized clot.
maximum intenstity projection (MIP), volumetric,
and endovascular reformations [Fig. 5].

CT findings of traumatic aortic injury

Most patients who have TAI have clear and diag-
nostic findings, such as a pseudoaneurysm, typi-
cally in the anterior aspect of the proximal
descending aorta at the level of the left main pul-
monary artery and left mainstem bronchus [Fig. 6]
[20]. The pseudoaneurysm is an incomplete tear
in the wall in which arterial blood is contained
by the adventia of the artery alone, and therefore,
is unstable. Other findings on CT that typically are
seen in TAI include one or more of the features that
are listed in Box 1.
Intraluminal thrombus can develop on intimal

tears and provides a source for distal arterial em-
bolization [Figs. 6 and 7]. Traumatic coarctation of
the aorta, with a resulting decrease in downstream
blood flow and blood pressure, can be caused
by large pseudoaneurysms that compress the aor-
tic lumen or intimal flaps that project into the
lumen and impede flow [Fig. 8] [21]. Rarely, the
aortic wall can dissect as a result of blunt force
injury; this begins at the typical injury site in the
proximal descending aorta with potential propaga-
tion of the tear into the abdominal aorta, as seen
with typical atherosclerotic dissection [Fig. 9] [22].
On rare occasions, the aorta is bleeding actively at
the time of the CT; this is an unstable circumstance
that seldom permits an opportunity for salvage
[23]. In some cases, the injury to the aorta is mani-
fest on CT in more subtle ways, such as an abnor-
mal contour to the aortic lumen, sudden change in
lumen shape, or diameter variation over a short
distance [Fig. 10] [24,25].
ion. (A) CT reveals intimal flap between aortic lumen
) Two well-defined peripheral infarcts are observed in



Fig. 8. Pseudoaneurysm compressing aortic lumen.
MDCT shows a large pseudoaneurysm narrowing
lumen of aorta and decreasing flow distal to nar-
rowed segment.
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In all cases, one must search for other sites of
aortic injury that may be isolated or concurrent
with injury at the proximal descending aorta such
as the ascending aorta [26], the aortic arch, the
peridiaphragmatic aorta, and the great vessel ori-
gins [Figs. 11–13]. In some cases, the aortic injury
may be subtle [Fig. 14], and consist of a small
intimal tear and possible attached thrombus. Use
of MPR, MIP, volumetric, and virtual angioscopic
3-D views can help to convey the precise anatomy
of the aortic injury to the vascular or chest surgeon
Fig. 9. Traumatic aortic dissection. Axial (A) and coronal (B
matic dissection. Tear started in the proximal descendin
and interventional radiologist [Figs. 5, 15 and 16].
Once an aortic injury is diagnosed on CT, it rarely is
necessary to perform angiography; this procedure
introduces an unnecessary delay in treatment when
time is of the essence [27]. Only if the CT study is
equivocal, despite use of thin-slice collimation, a
well-opacified lumen, and use of image reforma-
tions, should thoracic angiography or transesopha-
geal sonography be performed [27]. Information
in positive cases of TAI should include location
and length of the injury; proximity to the nearest
major branch vessel; any anomalies of thoracic
anatomy, particularly vessel branching patterns;
size and orientation of the pseudoaneurysm; pres-
ence of adherent thrombus; and the diameter of
intact aorta above and below the area of injury.
Evidence of active bleeding from the aorta consti-
tutes a ‘‘hyperemergent’’ finding that requires im-
mediate notification of the responsible clinical
service [Fig. 17].
Given the emergence of potential stent-graft place-

ment for aortic injury, characterization of aortic
injury is more crucial than ever to permit the plan-
ning of appropriate therapy [28,29]. In cases of
minor intimal injury, blood pressure regulation
may be most appropriate with regular follow-up
imaging. In other cases, the particular anatomy of
the injury may lend itself to stent-graft management
[Fig. 18] to temporize and treat other injuries before
surgery or as definitive care. In other cases, tradi-
tional thoracotomy may be necessitated by the par-
ticular anatomy or evidence of ongoing hemorrhage.
Further research is needed to correlate the anatomy
of particular aortic injuries with optimal treatment.
) chest CT images show true and false lumens of trau-
g aorta and continued into distal abdominal aorta.



Fig. 10. Sudden variation in aortic diameter—aortic injury. (A and B) Two images of descending aorta show rapid
change in aortic diameter over short distance without intervening vascular branches. This finding suggests a
subtle pseudoaneurysm or flow volume decrease. Mediastinal blood surrounds aorta.

Fig. 11. Ascending aortic pseudoaneurysm. (A) CT shows appearance of three vessels arising from base of the
heart. The middle “vessel” is a pseudoaneurysm (P) of the proximal aorta in this patient who sustained blunt
trauma. (B) Angiogram verifies the diagnosis (arrowhead).

Fig. 12. Aortic arch pseudoaneurysm. (A) CT in a patient who sustained blunt trauma shows defect in aorta arch
adjacent to innominate artery origin with surrounding mediastinal hemorrhage. (B) Volume rendering shows
size of pseudoaneurysm and its relation to branch vessel to better advantage.
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Fig. 13. Ascending aortic pseudoaneurysm. (A) CT shows small pseudoaneurysm arises from proximal ascending
aorta in a patient who fell 75 feet (arrow). (B) Angiogram verifies the diagnosis.

Fig. 14. Intimal defects in aortic injury. Axial (A) and coronal (B) CT views reveal thin lucent intimal flaps indicat-
ing aortic injury. (C) Endoluminal view shows flaps projecting into lumen of aorta.
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Fig. 15. Typical aortic pseudoaneurysm. (A) Axial CT shows pseudoaneurysm projecting anteromedially from
lumen at level of left mainstem bronchus and left pulmonary artery. Mediastinal blood pushes esophagus and
carina to the right. (B) 3-D volume-rendered injury.
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Pitfalls in diagnosis

The variation of normal aortic anatomy must be
well understood when assessing the aorta for po-
tential injuries. As thin-section MDCT has become
performed more routinely on greater numbers of
patients, these normal variants are recognized in-
creasingly, and therefore, become sources of diag-
nostic confusion [30]. This is particularly true when
mediastinal hemorrhage also is present. The aortic
isthmus in adults has a variable appearance on
thoracic aortogram and CT. Its configuration may
show a concavity, a straightening or slight convex-
ity, or a discrete focal bulge. The last finding rep-
Fig. 16. Typical aortic pseudoaneurysm. (A) Axial CT shows
surrounding mediastinal hemorrhage. Carina and nasoga
rendering of injury shows relationship to major arch bran
resents a ductus diverticulum, and was present in
9% of patients in a review of 103 aortograms [31].
The ductus diverticulum and ductus arteriosus

remnant can cause confusion with aortic injury
[Figs. 19 and 20]. Classically, the ductus diverticu-
lum is a smooth, broad-based anteromedial out-
pouching of the aortic isthmus that points toward
the left pulmonary artery–main pulmonary artery
junction. The ductus remnant is a fibrotic cordlike,
possibly calcified, linear structure that may be seen
in the aortico-pulmonary window; it represents a
part of the atrophic ductus arteriosus [Fig. 21]. In
the author’s experience, the remnant usually con-
pseudoaneurysm projecting anteriorly from aorta with
stric tube are displaced to the right. (B) 3-D volume
ches.



Fig. 17. Actively bleeding aortic injury. (A) Admission supine chest radiography of a patient who sustained blunt
trauma shows markedly abnormal mediastinal contour. (B, C) CT images show contrast leaking from pseudo-
aneurysm (arrows) and extensive mediastinal hematoma.
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nects to the thoracic aorta, rather than the left
pulmonary artery, although it extends in that direc-
tion. On occasion, ductus variants may have irregu-
lar contours with a sharp edge or even an acute
margin with the aortic lumen, which makes distinc-
tion from an injury difficult [32,33].
Fig. 18. Stenting aortic injury. (A) Angiogram of typical a
area, and permit contrast to flow into left subclavian arte
In addition, in some patients the contour of the
proximal descending aorta is atypical [Fig. 22].
Some of these cases may represent slight congenital
variations in the formation of the proximal de-
scending aorta, such as a mild pseudocoarctation.
Another normal aortic contour variant in the aorta
ortic injury. (B) Overlapping stent grafts cover injured
ry.



Fig. 19. CT angiography of ductus diverticulum. (A) A smooth outpouching arises from anterior aorta above the
level of the left pulmonary artery and left mainstem bronchus. No mediastinal blood is present. (B) 3-D volume
image shows the smooth outpouching with obtuse margins with aortic lumen is directly opposite the left
subclavian origin, an atypical location for a traumatic pseudoaneurysm.
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is a fusiform enlargement or prominence immedi-
ately beyond the ductus arteriosus. His (Wilhelm
His, Swiss anatomist and embryologist 1831–1904)
named this the aortic spindle: the point of junction
of the two parts is marked in the concavity of the
arch by an indentation or angle. This condition
persists, to some extent, in the adult, where the av-
erage diameter of the spindle exceeds that of the
isthmus by 3 mm. Again, the aortic walls should
have smooth surfaces in these circumstances.
Fig. 20. Atypical aortic contour. (A) A smooth outpouching
mainstem bronchus without adjacent mediastinal blood. (B
smooth internal contours and obtuse margins with aorta.
In approaching these difficult cases, the use of
MPR, 3-D volume, and endovascular views is para-
mount. The MPR and 3-D images help to establish
the exact location and contour of the anatomy that
can assist in the distinction between a ductus vari-
ant and an injury [see Fig. 22]. Also, endoluminal
views can help in showing the presence or absence
of an intimal flap or tear, a component that is
nearly always present in blunt aortic injuries. In
all cases of congenital variants of aortic anatomy,
arises from the anterior aorta at the level of the left
) Volume-rendered image through outpouching shows
No further procedures were performed.



Fig. 21. Ductus remnant. (A) CT shows atypical contour to aortic lumen at level just above carina with linear
density (arrow) arising from focal bulge in aorta. No mediastinal blood is observed. (B) MPR along the long axis of
the aorta shows the calcified ductus remnant (arrow) pointing to the pulmonary artery. (C ) Volume CT view shows
slight focal bulge in aorta and linear structure directed toward pulmonary artery bifurcation. No further
procedure concerning the aorta was performed.
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mediastinal hemorrhage will be absent, which sup-
ports a benign characterization of the anomaly.
Rarely, there is little to no perivascular mediastinal
blood in patients who have acute aortic injury.
In other cases, the CT findings of TAI are subtle.

This has a much greater potential to occur when
using conventional or single-detector helical CT,
or with suboptimal contrast boluses or patient
motion. In general, confusion is likely to be great-
est when relying solely on axial place CT images.
Small pseudoaneurysms are often better observed
using a sagittal or coronal MPR or a plane along
the major axis of the thoracic aorta. Again, the au-
thor has found that in selected cases, the 3-D volume
rendered projection, maximum intensity projection,
and endoluminal views can enhance analysis of the
aorta and lead to a more confident diagnosis.
In cases that remain equivocal despite a complete

CT analysis, or in patients in whom a technically
high-quality study cannot be obtained, other mo-
dalities, such as thoracic angiography or sonogra-
phy, should be performed expeditiously. The choice
of modality should depend on the availability and
expertise of the performing physicians and the over-
all clinical setting.
In some patients who sustain blunt trauma, the

abdominal CT may be obtained and the chest CT
may be delayed or not be performed. It is impor-
tant to appreciate potential signs of thoracic aortic
injury that may be seen on the abdominal study,



Fig. 22. Atypical aortic contour. (A) Axial CT in a patient who sustained blunt trauma shows hemorrhage in the
right paratracheal region. Axial (B), sagittal (C), and 3-D (D) sagittal images show atypical configuration of aorta,
but no irregularities to lumen. Endovascular view (not shown) revealed no intimal defects. Because of the
mediastinal blood, the clinical team obtained angiography of aorta with equivocal result. Transesophageal
sonogram was interpreted as aortic injury. At surgery, the aorta had no injury.
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including a small caliber aorta that results from
coarctation of the lumen by clot, intimal flaps,
or a compressing pseudoaneurysm [see Figs. 8
and 23]. It is the author’s impression that this
phenomenon occurs, to some degree, in up to
Fig. 23. Small aorta sign. Abdominal image in a patient
who sustained blunt trauma shows subjectively small
caliber of aorta that is due to coarctation of thoracic
lumen from injury.
25% of all traumatic aortic injuries. Also, it is
common for mediastinal blood to dissect down
along the aorta and accumulate in the retrocrural
space at the aortic hiatus [Fig. 24] [34].
Penetrating aortic injury

In general, the concepts that apply to CT imag-
ing in blunt aortic trauma are not valid regarding
penetrating injury. The major role of CT (as de-
scribed elsewhere in this issue) is determination of
the presence or absence of mediastinal involvement
along or near the course of the penetrating ob-
ject. In some cases, however, in the pursuit of
this goal, direct findings of injury to major me-
diastinal structures can be diagnosed. Aortic or
major arterial injuries can be detected, and appear
as irregular vascular contours, luminal narrowing
or irregularity, pseudoaneurysms, dissections, and
acute bleeding. In some cases, because of the exter-
nal nature of the injury, the luminal side of the
vessel may appear completely normal by CT or



Fig. 24. Peridiaphragmatic hemorrhage in aortic injury. (A and B) Two different patients who sustained trauma
show retrocrural hemorrhage at the level of the aortic hiatus—an indirect, but important, sign of potential
aortic injury. Also observed in A and B is a smaller than normal caliber of the aorta at level of aortic diaphrag-
matic hiatus.

194 Mirvis
arteriography. Perivascular hemorrhage should be
present in most cases. Following the course of
the missile or knife track also should help to deter-
mine the likelihood of direct vascular involvement
[Fig. 25].
Nonaortic major thoracic arterial injuries

Thoracic aortic branches

Injuries of the primary branches of the aorta are
uncommon relative to the proximal descending
aorta, but represent a significant potential isolated
injury or one that is concurrent with aortic injury
[Figs. 11 and 26] [35]. Chen and colleagues [36]
studied 85 patients who had either aortic, isolated
branch vessel, or both concurrently in 71 (83.5%),
11 (13%), and 3 (3.5%) patients, respectively.
Fig. 25. Penetrating aortic injury. Axial CT (A) and magnif
arch with small amount of blood extravasating from lume
Ahrar and colleagues [37] identified 81 patients
who had angiographic evidence of traumatic injury
to the thoracic aorta or its branches; 66 (81.5%)
had only aortic rupture. Fifteen patients (18.5%)
had injuries of the aortic branch vessels.
These branch injuries are potentially fatal of their

own accord, but their identification also is key
in determining an appropriate approach for surgi-
cal repair. Whereas the more common isolated
proximal descending aortic injury usually is ap-
proached by way of a posterolateral thoracotomy,
a proximal innominate artery injury requires a me-
dian sternotomy. The latter could be used to access
both injuries if concurrent, but adequate expo-
sure to the innominate injury is not be possible
from the left thoracotomy. Thus, all injuries to the
aorta and its proximal branches must be identified
before any surgery is undertaken.
ied axial view (B) show knife track extending to aortic
n (arrows) and surrounding hematoma.



Fig. 26. Aortic branch vessel injury. (A) CT shows pseudoaneurysm arising from proximal innominate artery (arrow)
with surrounding hemorrhage. (B) Angiogram verifies injury (arrow).
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There is little published information on the use or
accuracy of CT for diagnosis of proximal (intra-
thoracic) branch vessel injuries. A careful search
for these injuries must be made. If an injury clearly
involves the major branch vessels this should not
require confirmation. Conversely, if there is blood
around the great vessel origins and superior me-
diastinum without CT evidence of a major branch
artery injury, confirmation by angiogram should be
considered. It is hoped that in the near future, the
published experience with MDCT for primary aortic
branches is adequate to verify its accuracy. The CT
identification of lung and chest wall vascular in-
jures is discussed elsewhere in this issue.
Fig. 27. Superior vena cava injury in blunt trauma. (A) Ax
shows a linear tear in the superior vena cava at level of a
aneurysm. (C ) Appearance of injury after stent placement
Major venous thoracic injuries

Based on a literature review, injuries to the major
thoracic veins from blunt trauma seem to be ex-
tremely rare. Most likely, these injuries often are
fatal, and therefore, rarely are imaged.
Intrapericardial inferior vena cava injury should

be considered in cases of major hepatic injury, par-
ticularly if there is blood around the intrahepatic
inferior vena cava or extravasation of contrast ma-
terial. Superior and inferior vena cava injury also
should be considered in cases of pericardial tam-
ponade when an arterial bleeding site is not identi-
fied. Potential signs of injury include intravenous
ial CT image in a patient who sustained blunt trauma
zygous vein entry. (B) Vena cavagram verifies pseudo-
(arrows).
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thrombus, dissection, contrast extravasation, and
pericaval hematoma [Fig. 27] [38–40].
Summary

The availability of MDCT has increased the use of
CT and its accuracy as a screening study for trau-
matic aortic injuries. In general, CT has become
much more commonly used in screening for
major injuries in patients who have experienced
blunt polytrauma. Therefore, an understanding of
the CT signs of TAI and pitfalls in the diagnosis
need to be well recognized by all radiologists and
other physicians who view this study. Angiography
(see elsewhere in this issue) and transesophageal
sonography provide valuable adjunct studies to
solve problems when the CT study is technically
limited or, in rare cases, equivocal. One or both of
these alternative modalities need to be available
quickly in institutions that receive patients who
have sustained major trauma.
Treatment of TAI by medical management (blood

pressure regulation) or endovascular stenting as a
temporizing or definitive therapy requires excellent
image quality, preferably with display of multipla-
nar and volumetric views. To assist in treatment
planning, details of aortic anatomy (ie, size, exact
location and type [characteristics] of injury; proxi-
mity of branch vessels; proximal and distal aortic
diameter; atypical vascular or thoracic anatomy)
need to be described routinely as part of the ima-
ging report.
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Thoracic injuries and related complications in the
patient who has experienced blunt chest trauma
have a mortality of 15.5% to 25% [1,2]. Once the
hemodynamic stability of the patient is assured, a
portable chest radiograph usually is obtained as the
initial imaging evaluation. This examination is use-
ful to screen for mediastinal hematoma, pneumo-
thorax, pulmonary contusion, and osseous trauma.
Chest radiographs frequently underestimate the se-
verity and extent of chest trauma and, in some
cases, fail to detect the presence of injury. CT is
more sensitive than chest radiography in the detec-
tion of pulmonary, pleural, and osseous abnormali-
ties in the patient who has chest trauma. With the
advent of multidetector CT (MDCT), high-quality
multiplanar reformations are obtained easily and
add to the diagnostic capabilities of MDCT. This ar-
ticle reviews the radiographic and CT findings of
chest wall, pleural, and pulmonary injuries that are
seen in the patient who has blunt thoracic trauma.
Pulmonary trauma

Pulmonary contusion

Pulmonary contusions are the most common lung
injury in blunt chest trauma, and occur in 17% to
75% of patients [3–7]. Injury to the walls of the
alveoli and pulmonary vessels allows blood to leak
into the alveolar and interstitial spaces [4,8]. Con-
tusions can occur when the chest wall is com-
pressed against the lung parenchyma at the time
of impact, by shearing of the lung tissue across
osseous structures, by rib fractures, or from pre-
viously formed pleural adhesions tearing the lung
tissue [3]. The actual underlying mechanisms are
complex: bursting effects at the gas–liquid interface
of the alveolus, inertial effects of differential rates
of acceleration between the low-density alveoli and
heavier hilar structures, and implosion effects that
are due to overexpansion of gas bubbles after pas-
sage of a pressure wave [9].
iversity of Maryland School of Medicine, Balti-
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Fig. 1. Pulmonary contusion in a 26-year-old man who was involved in motor vehicle collision. (A) Admission chest
radiograph demonstrates patchy air space disease throughout the lateral aspect of the left lung which repre-
sents pulmonary contusion. (B) Contrast-enhanced axial CT shows a moderate amount of pulmonary contusion
throughout the lateral aspects of the left upper and lower lobes (arrow). A small amount of contusion, not
visualized on the radiograph, is seen in the left lower lobe (curved arrow).
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The complex pathophysiology of pulmonary con-
tusion is reflected on the chest radiograph and CT
as ill-defined, patchy, ground-glass density regions
of opacification in mild contusion, to widespread
areas of consolidation inmore severe injury [Fig. 1].
Unlike other airspace diseases, such as pneumonia
or aspiration pneumonitis, pulmonary contusions
frequently are geographic or nonsegmental in loca-
tion, and readily cross pleural fissures. Air broncho-
grams can be seen in pulmonary contusion, but may
be absent if the bronchioles have filled with blood
or fluid. On CT, sparing of 1 to 2 mm of subpleural
lungmay be present, especially in the pediatric popu-
lation [10]. Typically, contusions are located adjacent
Fig. 2. Resolution of pulmonary contusion in a 19-year-ol
(A) Admission chest radiograph shows a moderate amoun
aspect of right lung. (B). Follow-up radiograph obtained 4
right pulmonary contusion.
to the osseous structures of the thoracic cage. An
accompanying fracture often is absent, especially in
the pediatric population in which there is greater
musculoskeletal elasticity [11–13].
CT is clearly more sensitive in the detection

of pulmonary injury compared with radiographs
[Fig. 2] [5,14–18]. Radiographs may fail to detect
the presence of pulmonary contusion for up to
6 hours after injury [13,19]. Using a canine model,
Schild and colleagues [18] found that 38% of anes-
thetized dogs that sustained blunt chest trauma
demonstrated a pulmonary contusion on chest ra-
diograph, compared with 100% on CT. On radiog-
raphy and CT, contusions may blossom in the first
d man who was involved in a motor vehicle collision.
t of pulmonary contusion seen throughout the lateral
8 hours after admission shows complete resolution of



215Chest Wall, Lung, & Pleural Space Trauma
24 to 48 hours after injury as edema and hemor-
rhage accumulate in the parenchyma [8,20].
Clearance of contusions on radiographs typically

is seen within 2 to 3 days, but complete resolution
of severe contusion may take up to 14 days [13,21].
Persistence of airspace disease beyond this period
suggests the development of pneumonia, aspiration,
or adult respiratory distress syndrome (ARDS) [22].
Despite advances in diagnostic imaging and criti-

cal care medicine, pulmonary contusion carries a
mortality of 10% to 25% [20,23], and is a predictor
of the development of pneumonia and ARDS
[20,24–26]. Recently, CT has been used to quan-
tify the volume of contusion to predict clinical
course and outcome. Miller and colleagues [20]
used computer-generated measurements from three-
dimensionally reconstructed admission chest CTs in
49 patients who had isolated pulmonary contusion
from blunt trauma. They found that contusion
volume was an independent predictor for the subse-
quent development of ARDS. In that study, patients
who had greater than 20% contusion developed
ARDS 82% of the time, compared with only 22%
of patients who had less than 20% contusion.

Pulmonary laceration

A pulmonary laceration is formed when there is
traumatic disruption of the lung architecture that
results in formation of a cavity that is filled with
air or blood [3]. Multiple mechanisms have been
proposed to explain the formation of lacerations,
including (1) rupture or shearing of lung tissue that
is caused by sudden compression of the chest wall,
(2) direct puncture of the lung by a fractured rib,
Fig. 3. Pulmonary laceration in a 24-year-old man who
demonstrates patchy contusion within the right upper
contusion represents a pulmonary laceration. (B) CT image
(arrows) which is surrounded by extensive pulmonary con
because of layering blood. A small right anterior pneumo
(3) tearing of lung tissue adjacent to previously
formed pleural adhesions, (4) rupture of alveoli
due to high intra-alveolar pressures that are gener-
ated at time of trauma from closure of the glottis
or sudden compression of a bronchus, and (5) com-
pression of alveoli against the ribs or spine [3,7,13].
CT is superior to radiography in detecting lacera-

tions [3,14,27]. On plain radiograph, pulmonary
lacerations often are obscured initially because of
the surrounding contusion, and become apparent
over the next 48 to 72 hours as the contusion
resolves. Lacerations are ovoid or round in shape
because of the elastic recoil of the lung tissue, and
have a thin 2- to 3-mm pseudomembrane of adja-
cent compressed lung parenchyma. The laceration
may be lucent and filled with air, completely
opacified as a result of blood accumulation within
the cavity, or demonstrate an air–fluid level that
is due to variable amounts of blood within the
lumen [Fig. 3] [28]. The number and size of lac-
erations may range from a solitary laceration to
numerous small lacerations that produce a ‘‘Swiss
cheese’’ appearance [29].
Unlike pulmonary contusions, lacerations may

take weeks to months to resolve. During this time,
a laceration that is filled with clot may be mis-
interpreted as a lung nodule. Correlation with the
history of recent trauma as well as serial chest radio-
graphs that demonstrate the progressive decrease in
size will help to make the correct diagnosis.
Complications of pulmonary lacerations are un-

common, and are evaluated best by CT. Poten-
tial complications include infection that leads to
pulmonary abscess, enlargement of the laceration,
was admitted following a fall. (A) Chest radiograph
lung. An ovoid lucency (arrows) within the area of
shows a large, right upper lobar pulmonary laceration
tusion. An air–fluid level is seen within the laceration
thorax also is seen (curved arrow).



Fig. 4. Pneumothorax in a 30-year-old woman who
was admitted following a fall. Supine chest radio-
graph demonstrates a moderate-sized left pneu-
mothorax. The visceral pleura is visible at the lung
apex (curved arrow). Hyperlucency (arrows) in the
left lower chest is due to air within the nondependent
portion of the anterior inferior pleural space.
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or formation of a bronchopleural fistula. Super-
imposed infection with abscess formation within
a pulmonary laceration is suggested clinically by
fever and elevated white blood cell count. On CT,
a pulmonary abscess appears as a thick-walled cav-
ity with irregular inner margins, typically with an
air–fluid level. Although most pulmonary abscesses
respond to antibiotic therapy, CT-guided percuta-
neous drainage or endoscopic or surgical drainage
may be required in as many as 11% to 21% of the
patients who fail medical therapy [30,31].
Enlargement of a pulmonary laceration can occur

if there is development of a ball–valve mechanism
that allows expansion of the cavity from progressive
influx of air [28]. The enlarging cavity can compress
adjacent lung and cause impaired pulmonary func-
tion. The last complication, bronchopleural fistula,
is formed when there is communication between
a peripheral laceration, an adjacent bronchiole, and
the pleural surface. This results in a persistent air
leak that is unresponsive to chest tube placement.
Fig. 5. Inferior pneumothorax. Supine chest radiograph
shows a “deep sulcus” sign (arrows) within the right
costophrenic angle from an inferior pneumothorax.
Pleural trauma

Pneumothorax

Pneumothorax occurs in 30% to 40% of patients
after blunt chest trauma. The most common cause
is a rib fracture that lacerates the lung, but it also
may be caused by rupture of a pre-existing bleb at
the time of impact [32]. Clinical signs of pneu-
mothorax can be subtle and difficult to elicit in a
patient who has multisystem trauma. Detection
of even a small, asymptomatic pneumothorax is
important because up to one third can develop
into a tension pneumothorax with potential cardio-
pulmonary decompensation [32–34]. A small pneu-
mothorax also can enlarge during mechanical venti-
lation or general anesthesia [33,35].
CT is more sensitive than radiography for detect-

ing pneumothorax. Ten to 50% of pneumothora-
ces that are seen on CT are not evident on the supine
radiograph or detected clinically [3,14,33,36]. Ra-
diographic signs of a pneumothorax can be subtle,
and the appearance differs based on the patient
position at the time that the radiograph was per-
formed. In the supine position, air collects within
the anterior costophrenic sulcus, which extends
from the seventh costal cartilage to the eleventh rib
at the midaxillary line [37,38]. This appears ra-
diographically as abnormal lucency in the lower
chest or upper abdomen, an abnormally wide and
deep costophrenic sulcus (the ‘‘deep sulcus’’ sign), a
sharply outlined cardiac or diaphragmatic border,
depression of the hemidiaphragm, or as a ‘‘double
diaphragm’’ sign that is seen when air outlines the
dome and anterior insertion of the diaphragm
[Fig. 4]. The tendency of air to collect in the ante-
rior costophrenic sulcus in the supine position can
be used to advantage in the detection of even a
small pneumothorax when evaluating the abdomi-
nal CT, because this region typically is included on
the upper abdominal images [32,33,36].
On the upright chest radiograph, a pneumo-

thorax is seen as a thin, sharply defined line that
represents the visceral pleura. No lung markings
are seen beyond this line. Large bullae, skin folds,
bedding, overlying tubes and catheters, and the
medial scapular border can mimic the appearance
of a pneumothorax. An upright expiratory chest
radiograph or CT can assist in making the correct
diagnosis in these cases.
Generally, patients who are symptomatic or who

demonstrate a greater than 20% pneumothorax are



Fig. 6. Tension pneumothorax in a 22-year-old victim
of assault. Chest radiograph demonstrates a left-sided
tension pneumothorax. The left lung is compressed
towards the hilum (arrows) and the mediastinum is
shifted to the right. Widening of the intercostal spaces
on the left and a sharply outlined, depressed left
hemidiaphragm also is seen.
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considered for chest tube placement [39,40]. Pro-
phylactic insertion of a chest tube also may be
considered in a patient who has a small, asymp-
tomatic pneumothorax who will be placed on a
mechanical ventilator or who will be undergoing
a lengthy operative procedure.
A tension pneumothorax is a life-threatening

condition in which air progressively accumulates
in the pleural space as the result of a one-way valve
mechanism, and causes high ipsilateral intratho-
racic pressures. This can cause compression of the
vena cava, which impairs venous return and de-
creases cardiac output. Radiographic signs of a ten-
Fig. 7. Malpositioned chest tube. (A) Chest radiograph sh
despite placement of a left-sided chest tube. The side
(black arrow). (B) CT image shows placement of chest tu
wall subcutaneous emphysema and a small amount of pn
sion pneumothorax include shift of the medi-
astinum to the contralateral side, abnormal lucency
of the hemithorax with a collapsed lung in the
hilar region, depression of the ipsilateral hemi-
diaphragm, and widening of the intercostal spaces
[Figs. 5 and 6]. Prompt evacuation with needle as-
piration or placement of a chest tube can be life
saving. Tracheobronchial injury, bronchopleural fis-
tula, or malpositioning of the chest tube should be
considered if a pneumothorax does not respond com-
pletely to treatment [Fig. 7].
The phenomenon of re-expansion pulmonary

edema can occur after placement of a chest tube.
This syndrome develops almost immediately after
resolution of the pneumothorax and is seen radio-
graphically by unilateral or bilateral pulmonary
edema [41–43]. The syndrome is more common in
patients who are 20 to 50 years of age. A positive
correlation exists between the development of this
condition and the size of the pneumothorax as
well as with the rapidity with which the pneumo-
thorax is treated. The mortality rate of re-expansion
pulmonary edema can be as high as 20%.

Hemothorax

Hemothorax is seen is approximately 50% of pa-
tients who sustain blunt chest trauma [44]. Bleed-
ing into the pleural space can originate from
injury to the pleura, chest wall, lung, diaphragm,
or mediastinum. The appearance of hemothorax
on a chest radiograph depends on the amount
of blood that has collected in the pleural space
and patient position. A small hemothorax may be
undetected on a supine or upright chest radio-
graph, but a decubitus film can detect as little
as 5 mL of fluid in the pleural space [45]. When
the size of a hemothorax reaches approximately
200 mL, an upright chest radiograph demonstrates
ows a small left pneumothorax (large open arrows),
hole of the chest tube lies within the chest wall
be within the left thoracic wall (arrows). Left chest

eumomediastinum also are seen.



Fig. 8. Hemothorax in a 22-year-old patient who was involved in a motor vehicle collision. (A) Chest radiograph
shows increased opacity of entire left hemithorax, a rim of increased density surrounding left lung (arrows), and
shift of mediastinum to right as the result of a large left hemothorax. (B) CT image shows a large left hemothorax
with shift of mediastinum to right. Multiple foci of high attenuation areas that are seen within compressed left
lung indicate active bleeding (arrowheads) from the lung parenchyma. Transcatheter embolization controlled
active bleeding.

Fig. 9. Active bleeding from intercostal artery. CT
shows a large left extrapleural hematoma displacing
the heart to the right. Active bleeding (arrow) arises
from the chest wall from torn intercostal artery.
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blunting of the costophrenic angle. With progressive
increase in size, a ‘‘meniscus’’ sign will be seen: a
concave upward sloping of fluid in the costophrenic
angle. In contrast, a straight air–fluid level on the
upright chest radiograph indicates a hemopneu-
mothorax. On a supine chest radiograph, a hemo-
thorax layers in the dependent, posterior portion
of the pleural space, and causes increased density
of the entire hemithorax; this is appreciated best
with a unilateral hemothorax. A hemothorax also
may compress the lateral lung parenchyma, which is
seen on the supine radiograph as a rim of density
surrounding the lateral aspect and apex of the lung
[Fig. 8]. A large hemothorax can opacify the hemi-
thorax completely, and cause contralateral shift of
the mediastinum as the result of mass effect.
CT is highly sensitivity in detecting a small

hemothorax. In addition, the Hounsfield unit (HU)
measurement of fluid in the pleural space can be
used to identify the origin of the fluid. Hemo-
thorax measures 35 to 70 HU, depending on the
amount of clot present [28]. In contrast, a sympa-
thetic serous pleural effusion, which can be seen in
patients who have splenic, hepatic, or pancreatic
injuries, typically measures less than 15 HU. Other
causes of pleural effusion in the patient who has
experienced trauma include chylothorax from
injury to the thoracic duct [46]; the uncommon
bilious effusion, which is caused by formation of
a biliopleural fistula in the patient who has injury
to the liver and the right hemidiaphragm [44,47];
and the rare urinothorax, which is caused by for-
mation of a renopleural fistula or by way of lym-
phatic drainage across an intact diaphragm [48,49].
Differentiating among these last four entities is
difficult on CT, and usually requires thoracentesis
for accurate diagnosis.
Clues to the source of the bleeding into the

pleural space can be gleaned from the appearance
on imaging studies. A hemothorax that is due
to bleeding from venous origin typically is self-
limiting because of the tamponade effect from the
lung parenchyma and usually does not increase in
size. Arterial bleeding, such as from an intercostal
artery, can be inferred by progression of size on ra-
diography or CT. CT also may demonstrate active
bleeding within the hemothorax [Fig. 9]. This is
seen as a focus of high density, typically within
10 HU of the nearest large artery. If delayed images



Fig. 10. Tension hemothorax in a 45-year-old woman who was involved in a motorcycle collision. (A) Chest
radiograph shows a large left hemothorax with complete opacification of left hemithorax, mild shift of the
mediastinum to right, and mild widening of intercostal spaces. Extensive pulmonary contusion is seen in the right
lung. (B) CT image shows mixed attenuation hemothorax within left pleural space. (C ) Arteriography of left
intercostal artery demonstrates a large amount of active bleeding (arrow). Embolization was performed to control
hemorrhage. (D) Axial CT image obtained 48 hours following angiography and embolization shows high attenua-
tion area in pleural space representing extravasated intravenous contrast material (arrows) during recent angi-
ography. Extravasated contrast material is much higher in attenuation compared with the attenuation of contrast
material within the aorta.
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are performed, the focus persists as a region of high
density and may increase in size. Multiplanar CT
reformatted images can be especially useful to
demonstrate the site of active bleeding [Fig. 10].
Skeletal trauma

Rib fractures

Rib fractures are the most common skeletal injury
in blunt chest trauma, and occur in approximately
50% of patients [50,51]. Fractures of the first
through third ribs are a marker for high-velocity
trauma because they are mostly protected by the
clavicle, scapula, and upper chest wall musculature
[52]. Although upper rib fractures are not asso-
ciated with an increased incidence of traumatic
aortic injury [53,54], injury to the brachial plexus
and subclavian vessels can be seen in 3% to 15%
of patients who have upper rib fractures [52]. Frac-
tures of the eighth to eleventh ribs should prompt
careful evaluation for upper abdominal organ inju-
ries. Patients who have right-sided rib fractures at
these levels have a 19% to 56% probability of liver
injury, whereas those who have left-sided fractures
have a 22% to 28% probability of splenic injury
[55,56]. In the elderly population, overall morbid-
ity and mortality increases with an increasing num-
ber of ribs fractured [57–59].
A flail chest occurs when there are at least two

fracture sites on each of three or more consecutive



Fig. 12. Chest wall hernia in a 39-year-old woman who
was involved in a motorcycle collision. There is a large
soft tissue and bony defect (arrows) of the ante-
rior left chest with herniation of heart and lung
(curved arrow). Scattered areas of pulmonary contu-
sion are present bilaterally. Thoracotomy was per-
formed to repair chest wall hernia.

Fig. 11. Frontal chest radiograph of a 25-year-old
woman who was involved in motor vehicle collision
shows fractures at two locations in the left posterior
third through to the eighth ribs. Patient required
treatment for a flail chest.
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ribs [Fig. 11]. This condition is seen in 5% to 13%
of patients who have chest wall trauma [60]. In flail
chest, a free-floating segment of ribs results, and
causes focal chest wall instability. The paradoxic
motion of the fracture segment alters normal pul-
monary dynamics and promotes atelectasis, stasis
of secretions, and pneumonia [28,61]; it may re-
quire early intubation for ventilatory support [62].
Traumatic pulmonary herniation can occur in

patients who sustain severe blunt chest injury.
In this rare entity, pleural-covered lung extrudes
through a defect in the thoracic wall, which is
caused by traumatic disruption of the ribs and
chest wall musculature [Fig. 12] [63]. This injury
usually involves the anterior chest wall of a pa-
tient who has sustained severe blunt chest in-
jury [64], but also can be seen at sites of previous,
percutaneously placed chest tubes [65]. The diag-
nosis is made readily by CT, which demon-
strates the extent of chest wall injury and amount
of herniated lung. Smaller herniations may be
managed nonoperatively. Larger chest wall defects
mandate urgent surgical repair to avoid ventilatory
compromise and to prevent strangulation of lung
parenchyma [64,65].

Sternal fracture

Sternal fractures occur in approximately 3% to 8%
of patients who experience blunt chest trauma, and
are seen most commonly in deceleration injuries
or direct blows to the anterior chest wall [66].
Sternal fractures typically occur at the body or

manubrium. Although a sternal fracture can be
detected on a true lateral chest radiograph, in pa-
tients who have sustained trauma, the diagnosis
is made more often on CT. A fracture that is
oriented in the axial plane may be missed on stan-
dard CT images, and multiplanar reconstructed
images in the sagittal and coronal planes may be
needed to detect the fracture.
Historically, a sternal fracture has been con-

sidered a marker for possible underlying cardiac
injury, such as myocardial contusion. Recently,
this view was challenged by several studies that
showed essentially no correlation between a mini-
mally displaced sternal fracture and cardiac injury
[67,68]. A sternal fracture that is displaced signifi-
cantly may warrant evaluation for potential cardiac
trauma [69].
Varying amounts of anterior mediastinal hemor-

rhage are seen almost always with a sternal fracture.
This isolated anterior mediastinal blood should not
be confused with periaortic hemorrhage that is as-
sociated with traumatic aortic injury [66,70–73].

Sternoclavicular dislocation

Sternoclavicular dislocation accounts for 1% to 3%
of all types of dislocations [74–76]. Anterior sterno-
clavicular dislocation is more common, and typi-
cally is evident on clinical examination by palpation
and inspection. Although anterior dislocations typi-
cally have a benign course, they are a marker for
high-energy trauma. Up to two thirds of patients
have other chest injuries, such as pneumothorax,
hemothorax, rib fractures, or pulmonary contusion
[76–78]. Anterior dislocations usually are treated
with conscious sedation and closed reduction.
A posterior sternoclavicular dislocation can be

a cause of serious morbidity, but often it is clini-
cally and radiographically occult. Often, it is de-
tected initially on chest CT that is done for
evaluation of other chest trauma. A posterior dis-
location can result directly from anterior chest wall
trauma or indirectly from force applied to the ipsi-
lateral posterior shoulder, which drives the lateral



Fig. 13. Sternoclavicular joint dislocation in a 21-year-old man who was admitted following a motor vehicle
collision. (A) CT image shows anterior subluxation of the right clavicular head (arrow) with associated soft tissue
deformity of anterior chest wall. (B) Three-dimensional oblique image of sternoclavicular joints shows anterior
subluxation of left clavicular head (arrow) in relation to manubrium (curved arrow).
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end of the clavicle anteriorly and causes the medial
clavicle to dislocate posteriorly [Fig. 13]. Impinge-
ment of the underlying mediastinal vessels; nerves,
such as the brachial plexus and recurrent laryngeal
nerve; esophagus; and trachea can occur by the dis-
Fig. 14. Thoracoscapular dissociation. (A) Admission chest
shows highly comminuted clavicle and scapular fractures
(B) Three-dimensional rendering of injury from posterior
axillary arteries.
placed clavicle, and may require additional evalua-
tion with transcatheter angiography or endoscopy
[78–82]. Open reduction by the orthopedic surgeon
with assistance of a cardiothoracic surgeon may be
required to treat this injury safely.
radiograph in a patient who sustained blunt trauma
with marked lateral displacement of both scapulae.
view. (C ) CT angiography showing occlusion of both
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Scapular fracture and scapulothoracic
dissociation

Scapular fractures indicate high-force trauma, be-
cause the scapula is enveloped and protected by
the large muscle masses of the posterior thorax. Iso-
lated fractures are rare. Typically, scapular fractures
are seen in a patient who has a severe chest trauma
as the result of a motor vehicle accident or a fall
[83–85]. Although most scapular fractures are
treated nonoperatively, any fracture with involve-
ment of the glenoid or scapular neck requires open
reduction and internal fixation to allow normal
scapulothoracic motion and stabilization of the
shoulder girdle [86].
Scapulothoracic dissociation (STD) is a rare injury;

only 62 cases have been described in the medical
literature [87]. It was described originally by Oreck
and colleagues [88] in 1984 as a ‘‘closed forequarter
amputation with complete disruption of the mus-
culotendinous attachments to the chest wall, with
resultant lateral displacement of the scapula.’’ This
injury is seen most commonly in victims of a
motorcycle collision in which there is violent dis-
traction and rotation of the shoulder. Clinically,
there is massive swelling in the region of the
shoulder girdle. The upper extremity may be flaccid
and pulseless as the result of associated subclavian
or axillary artery and brachial plexus injury or avul-
sion [Fig. 14]. Radiographic signs of this injury
include lateral scapular displacement in association
with a clavicle fracture and acromioclavicular or
sternoclavicular dissociation [88,89], presence of
an apicolateral pleural cap, and axillary or superior
mediastinal hematoma [90]. Multiple fractures of
the upper extremity are common. STD can be diffi-
cult to detect on radiograph, and the scapulotho-
racic ratio was created to assist in the detection of
this injury. The ratio is obtained by measuring the
distance from the spinous process to a specific
point on each scapula, such as the medial scapular
border. Ratios that range from 1.07 [91] to 1.15
[90] have been described, and should raise suspi-
cion of an STD in the patient who has sustained
blunt chest trauma.
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Diaphragm injury may result from blunt and pene-
trating trauma. Blunt diaphragm rupture (BDR) is
an uncommon injury with an overall reported in-
cidence of 0.16% to 5% [1–4] in patients who ex-
perience blunt trauma, although it may occur in
up to 8% of patients who have experienced blunt
trauma who undergo emergent celiotomy [5]. BDR
is even less common in the pediatric population;
in one series, it occurred in only 0.07% of patients
who were admitted over a 21-year period [6]. Most
blunt injuries, 77% to 95% [1,3,7,8], result from
road traffic accidents. Penetrating trauma has been
reported to cause 12.3% to 20% [1,9] of diaphragm
injuries, although it has been suggested that pene-
trating trauma causes diaphragm injury more com-
monly than does blunt trauma [5]. Differences in the
reported frequencies of different mechanisms of
injury may reflect varying geographic regions and
socioeconomic strata that are served by the hospital
where the studies were based [10].
Acute diaphragm injury is associated with widely

ranging mortality of 5.5% to 51% [1,3,9,11],
with death typically resulting from associated inju-
ries [1,3,11] or in-hospital complications, such as
adult respiratory distress syndrome [1]. With BDR,
there is a high rate of associated severe injuries,
most commonly splenic and hepatic injuries, as
well as pelvic fractures [1,3,8,11]. Liver and pul-
monary injuries frequently occur in conjunction
with penetrating diaphragmatic injuries (PDIs)
[9]. An animal study that was conducted by Shat-
ney and colleagues [12] suggested that some small
traumatic defects may spontaneously heal without
surgery; however, it is generally believed that over
time, persistent negative intrathoracic pressure
pulls abdominal contents into the thoracic cavity,
and thereby, prevents healing [4,10]. At times, the
delayed diagnosis of diaphragm injury may result
from incidental findings on studies that were per-
formed to evaluate unrelated conditions (eg, ma-
lignancy) [13]. Nevertheless, up to 7.2% [14] of
injuries that are missed acutely may manifest de-
layed complications in a period that ranges from
days [7] to 50 years [15]. Complications usually
relate to visceral herniation through the diaphrag-
matic defect, and include respiratory compromise
that is due to impaired pulmonary inflation
[7,10,15–18] and visceral incarceration with or
without strangulation or perforation [7,14,16–19].
Late presentation of diaphragm injury carries a
dicine, University of Maryland School of Medicine,
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mortality that approaches 30% to 80% in the pres-
ence of visceral strangulation [4,10]. Given the
risks of visceral herniation and strangulation, sur-
gical repair of most diaphragm injuries is standard,
although many cases of penetrating right hemi-
diaphragm injury can be treated nonoperatively,
because of the small defect size, with a low risk
of hepatic herniation and consequent complica-
tions [10].
Anatomy

The diaphragm is a dome-shaped musculoskeletal
structure that partitions the thoracic and abdomi-
nal cavities, and serves as the primary muscle of
respiration [4]. It can be divided into several fibro-
muscular components that converge onto a central
tendon. The anterior part attaches to the posterior
margins of the lower sternum and xiphoid process.
The lateral, or costal, parts attach to the inner
margins of the sixth through twelfth ribs. Finally,
the posterior lumbar part attaches to the medial
and lateral arcuate ligaments. In addition, the
regions of more prominent posterior diaphragm
thickening, the crura, attach to the first through
third lumbar vertebrae on the right and second
lumbar vertebra on the left. The thoracic surface
of the diaphragm is covered by parietal pleura,
whereas the abdominal surface is covered by the
peritoneum, with the exception of the portion that
is in contact with the bare area of the liver. Three
normal openings interrupt diaphragmatic continu-
ity: the aortic hiatus at the thoracoabdominal junc-
tion, the esophageal hiatus at the tenth thoracic
vertebral level, and the inferior vena caval hiatus
at the eighth thoracic vertebral level [4,5,20].
Several normal characteristics may contribute to

difficulties with assessing the diaphragm. Portions
Fig. 1. Incidental Bochdalek hernia. (A) Axial abdominal CT
arrow). (B) Sagittal reconstructed image shows small re
of the diaphragm may abut structures of similar
attenuation (eg, liver, spleen) normally, and thereby,
render direct visualization of diaphragm abnor-
malities difficult [20]. Segments of the diaphragm
dome are parallel to the normal axial planes that
are used in CT [20], the current standard in diag-
nostic imaging of patients who have experienced
blunt trauma. In addition, several normal variants
may lead to diagnostic confusion. Among them
are incidental posterolateral diaphragmatic defects
that are associated with herniation of abdominal
contents (Bochdalek hernias) [Fig. 1] that occur in
0.17% to 6% of otherwise normal patients [4,21].
Next, areas of apparent discontinuity can be seen
where the diaphragm inserts on the costal margins
[Fig. 2] [20]. There may be areas of marked loca-
lized thinning (ie, eventration) with maintenance
of diaphragmatic continuity, or areas of diaphrag-
matic discontinuity [Fig. 3] that can range in size
from 5 mm to nearly the entire hemidiaphragm
[4,22]. These defects are uncommon in younger
age groups, but are progressively more common
after the third decade [22]. In addition to areas
of diaphragm deficiency, advancing age also pre-
disposes to increasing areas of nodularity and con-
tour irregularity [4,22].
Location and mechanism of diaphragm injury

The left hemidiaphragm is injured in 50% to 88%
of patients who have BDR, whereas right-sided
injuries are less frequent and occur in 12% to
40% of cases [1,3,8,11,23–27]. In adults, bilateral
and central tendon injuries are uncommon and are
observed in only 2% to 6% of patients who pres-
ent with BDR [3,5,8,11,27]. Children manifest an
approximately even rate of right- and left-sided
injuries that may be due to the increased mobility
demonstrates a posterior left diaphragm defect (curved
troperitoneal fat herniation (arrow) through defect.



Fig. 2. Normal variant diaphragm insertions. Axial (A) and sagittal (B) reconstructed CT images demonstrate
thinned diaphragm muscle and fat (arrowheads) between costal insertions.
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of the liver that affords less protection to the right
hemidiaphragm than in the adult [6]. In the setting
of penetrating trauma, there is an overall equal
prevalence of injury on each side [1,5], although
it has been suggested that stab wounds are more
common on the left side because of the predomi-
nance of right-handed attackers [4].
The higher frequency of left-sided BDR has been

attributed to an area of congenital posterolateral
weakness [20]. Most injuries occur in this location
and spread centrally in a radial fashion, although
injuries also may occur primarily more centrally
or at the sites of diaphragmatic attachment. The
relative infrequency of right-sided BDR also may
be due to the inherently stronger right hemidia-
phragm [11]. In addition, the mass of the liver
may afford protective effects [11,20] by sealing
the diaphragm defect [24], and thereby, preventing
herniation of viscera into the chest and limiting
specific features of injury that are seen with diag-
Fig. 3. Normal variant focal discontinuity (arrowhead)
interrupts typical normal diaphragm (arrow).
nostic imaging. Moreover, the lower frequency of
right-sided injury may be due to underdiagnosis
[11,28], and therefore, may not reflect the true inci-
dence of injury. Whereas PDI tends to be small
(length ≤1–2 cm) [20,25], BDR tends to be large
(length frequently ≥10 cm) [1,3,8,11,24,29].
Proposed mechanisms for blunt injury include

lateral impact, with the resulting distortion of the
thoracoabdominal wall causing shearing of the
diaphragm or disruption of its attachments, and
sudden increased intra-abdominal pressure that re-
sults from frontal impact [11,20]. The threefold
greater frequency of diaphragm injuries in lateral
impact motor vehicle collisions relative to frontal
impact collisions [11] should increase the radiolo-
gist’s suspicion for BDR in cases of severe side-
impact injury.
Clinical diagnosis

Clinical diagnosis of acute diaphragm injury can
be challenging. Symptoms may be nonspecific and
include dyspnea, chest pain, shoulder pain, and cya-
nosis [4,5]. Typically, symptoms are secondary to
visceral herniation through the diaphragm defect
[5]. Bowel sounds over the hemithorax are sug-
gestive, although other physical findings, such
as decreased or absent breath sounds, contralat-
eral mediastinal shift, abdominal tenderness, and
guarding, are nonspecific and are obscured easily
by signs of other more obvious life-threatening
injuries [5]. Consequently, a high index of suspi-
cion is required.
Although diaphragmatic injuries are diagnosed

readily by celiotomy or thoracotomy, unless needed
for other therapeutic or diagnostic purposes, less
invasive means of diagnosis are more desirable.
Historically, diagnostic peritoneal lavage (DPL)
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has served as a minimally invasive means of diag-
nosing intra-abdominal injury. Whereas DPL re-
sults may be diagnostic for diaphragm injury when
lavage fluid drains from a chest tube [1,11], it is
only 64% to 87% sensitive [1,3,25]. Laparoscopy
and thoracoscopy have been proposed as minimally
invasive means to diagnose and treat diaphragm
injuries, particular in the setting of penetrating
trauma [19,30–32], although their role as first-line
diagnostic tools remains incompletely explored in
the medical literature.
Fig. 5. Left-sided diaphragm rupture. Admission chest
radiograph shows nasogastric tube (arrow) in intra-
thoracic stomach (arrowheads).
Imaging diagnosis

Historically, the imaging diagnosis of diaphragm
injury has proven difficult. Similar to the clinical
setting, imaging signs may be subtle and easily over-
looked in the face of other more obvious injuries.

Chest radiography

Frequently, chest radiographs are the initial diag-
nostic imaging examination that is performed in
patients who have suspected injuries to the thora-
coabdominal region. Although they are useful ini-
tial tools in the evaluation for diaphragm injury,
supine positioning, portable technique, and re-
duced patient cooperation can limit diagnostic
quality [20], and they may prove unreliable when
evaluating the integrity of the diaphragms. The
sensitivity of chest radiography for diagnosing dia-
phragm injury in the setting of blunt trauma has
been investigated more thoroughly than in the set-
ting of penetrating trauma. When limited to BDR,
initial radiographs are diagnostic or highly sugges-
tive in 27% to 73% of patients [3,25–27,33]. With
the addition of serial chest radiographs, an addi-
Fig. 4. Left-sided diaphragm rupture with collar sign.
Admission chest radiograph demonstrates intratho-
racic stomach (arrow) with subtle medial constriction
or “collar” (arrowhead).
tional 8.3% to 25% [3,25] of BDRs may be identi-
fied within the first 24 hours. Serial radiographs
may be particularly useful in ventilated patients in
whom positive-pressure support overcomes the
natural negative pressure gradient that normally
would facilitate herniation of abdominal contents
into the chest by way of the diaphragm defect [3,5].
When limited to diagnosis of left-sided BDR, admis-
sion chest radiographs identify or strongly suggest
52% to 79% of injuries [25–27]. Generally, radio-
graphic diagnosis of right-sided BDR is more difficult,
with radiographs demonstrating 0% to 17% of in-
juries [25,26], although in one study of 16 patients,
BDR was radiographically apparent in 63% [27].
Specific radiographic signs of diaphragm injury

include: intrathoracic location of abdominal viscera,
with or without a site of focal constriction (ie,
‘‘collar sign’’) [Fig. 4], and clear demonstration
of a nasogastric tube tip above the left hemidia-
phragm [Fig. 5] [20,25]. Although the left hemidia-
phragm may be higher than usual in supine
patients, in 90% of normal patients, the left dia-
phragm dome is 1 to 3 cm lower than the right [4];
marked elevation of the hemidiaphragm (>4 cm
than the right) without associated atelectasis is
another highly suggestive sign [25]. Other sensitive,
but nonspecific, findings include obscuration or dis-
tortion of the diaphragm margin and diaphragm ele-
vation with contralateral mediastinal shift [20,25].
Elevation of the right diaphragm apex with shift of
the apex to a point midway between the mediastinal
margin and the lateral chest wall secondary to hepatic
herniation is suggestive of right-sided BDR [Fig. 6]
[27]. This is in contrast to a superolateral shift, which
typically indicates a subpulmonic pleural effusion. In
addition to positive ventilatory support, concurrent
abnormalities, such as pulmonary contusion, atelec-
tasis, and pleural effusion, may mask diaphragm
injury [20,27].



Fig. 6. Right-sided diaphragm rupture. Admission
chest radiograph shows elevated right hemidia-
phragm apex (arrowhead) to left of point midway be-
tween lateral chest wall and right mediastinal margin.
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CT

Helical CT and the newer, increasingly prevalent
multidetector CT (MDCT) techniques are main-
stays in the assessment of the patient who has
polytrauma patient. Mainly because of the high
likelihood of concomitant injuries, at most trauma
centers, CT is used to assess hemodynamically
stable patients who have experienced blunt trauma
with potential diaphragm injury. With the trend
toward nonoperative management of solid organ
injuries, the recognition of other injuries that pre-
viously would have been diagnosed at laparotomy,
including diaphragm injuries, has taken on increas-
ing importance [10,28]. Moreover, nonoperative
management has expanded into the arena of pene-
trating trauma with the advent of CT assessment for
nonflank torso injuries [34] that previously would
have been addressed with exploratory laparotomy
or serial clinical and radiographic examinations.
Helical CT protocols that are described in the

literature routinely incorporated intravenous con-
trast and yielded 5- to 10-mm thick contiguous
images. MDCT allows for greater flexibility in
regards to the choice of optimum image reconstruc-
tion. At the University of Maryland Shock Trauma
Center (STC), routine admission chest–abdomen–
pelvis scans are obtained on a 16-channel MD-CT
(MX8000 IDT, Philips; Best, the Netherlands) with
the following scanning parameters (16 × 0.75 mm
detector configuration, rotation time 0.75 sec, and
pitch 1.2). Typically, 5-mm thick axial images are
reconstructed at 5-mm intervals, although the
recent trend has been to reconstruct 3-mm thick
images at 3-mm intervals. Because associated vis-
ceral injuries are the immediate concern, intrave-
nous contrast is administered routinely (150 mL of
iohexol [300 mgI/mL] at 3 mL/sec with a 45-sec
scan delay). Typically, oral contrast is administered,
although it is not mandatory. When necessary, the
raw data is reconstructed into thin section axial and
multiplanar reconstructed images. Although the
use of multiplanar reconstructions (MPRs) is not
standard at the STC in all patients who have experi-
enced blunt trauma, they are used routinely when
diaphragm injury is a concern. Although the useful-
ness of MPRs in this setting has been questioned
[35], case reports and small series advocate the use
of MPRs to solidify the diagnosis [28,36–38], with
particular value demonstrated when assessing right-
sided injury [28]. To the author’s knowledge, no
large published series supports the routine use of
MPRs to assess for BDR; however, recent work with
40-channel MDCT demonstrates significantly better
visualization of the diaphragm with high-quality
MPRs, relative to axial images [39,40]. The clinical
experience with 16-channel MDCT at the STC sup-
ports the use of MPRs to improve the accuracy
of CT for diagnosing diaphragm injury and the
delineation of injuries that are demonstrated by
axial images.

Blunt diaphragm rupture

Reports of conventional CT diagnosis of BDR yield
sensitivity of 14% to 82% [8,25,26,33,41] and
specificity of 87% [33]. Subsequent studies of heli-
cal CT detection of BDR reveal improved sensitivity
of 71% to 100% [28,35,42] and specificity of 75%
to 100% [28,35]. Sensitivity for left-sided injuries
is greater (78–100%) than for right-sided inju-
ries (50–79%) [28,35]. The diagnostic accuracy of
MDCT, when used to detect diaphragm injury,
remains unexplored; however, MDCT’s advan-
tages over helical CT, including the ability to obtain
thinner images with improved z-axis resolution and
less respiratory motion, suggest that detection of
injury will continue to improve.
Reported CT signs of diaphragm injury include

direct visualization of injury, segmental diaphragm
nonvisualization, intrathoracic herniation of vis-
cera, the collar sign, the dependent viscera sign,
diaphragm thickening, and peridiaphragmatic ac-
tive contrast extravasation. Commonly, hemo-
thorax, hemoperitoneum, atelectasis, and adjacent
visceral injury accompany the CT signs of dia-
phragm injury.

Directly visualization of injury
The sensitivity and specificity of a directly visu-
alized diaphragm tear are 36% to 82.7% and 88.1%
to 95%, respectively [33,35,41,42]. Typically, images
demonstrate the free edge of the disrupted dia-
phragm demarcating the defect [Fig. 7]. This is in
contrast with nonvisualization of the diaphragm
without demonstration of the torn diaphragm mar-
gin. The free margin may be central or peripheral at



Fig. 7. Posttraumatic defect. Margins of diaphragm
tear (arrowheads) demarcate fat-containing defect.
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the site of diaphragm insertion. At times, the mus-
cle edge doubles back upon itself or is thickened by
muscle retraction or hemorrhage [Fig. 8].

Segmental diaphragm nonvisualization
Isolated segmental nonvisualization of the dia-
phragm is up to 85.9% sensitive and 67.7% specific
for BDR [42]; however, this sign must be used
with caution when seen in isolation, especially in
the elderly, in whom it can be a normal variant
[20,28]. In the absence of visceral herniation,
hemothorax and atelectasis may blur the dia-
phragm margins, and thereby, yield a false positive
examination [28]. The usefulness of this sign
increases when other signs of injury are present,
Fig. 8. Right-sided diaphragm rupture. Axial (A) and corona
itself (arrowheads). Segment of colon (arrows) is postero
(curved arrow).
or when there are other local intra-abdominal
abnormalities, such as hemoperitoneum or retro-
peritoneal hematoma [42].

Intrathoracic herniation of viscera
Although the specificity of clearly demonstrated
intrathoracic herniation of abdominal viscera into
the chest is high at 94.1% to 100% [33,35,42],
its sensitivity varies widely from 8% to 81%
[6,23,33,35,41,42]. When limited to left-sided
injury, sensitivity is high at 90.9% [42]. On the
left, the stomach and colon frequently herniate.
Although its size and contour limit the value of
the sign, the liver typically herniates with right-
sided lesions [see Fig. 8]. Other intra-abdominal
contents, including small bowel, omentum [Fig. 9],
and spleen, also may herniate. Factors that may
hinder intrathoracic herniation include the pres-
ence of intrathoracic space-occupying abnormali-
ties, such as a large hemothorax, or increased
intrathoracic pressure secondary to positive pres-
sure ventilation. Consequently, this abnormality
can be recognized on follow-up examinations after
drainage of pleural fluid or discontinuance of posi-
tive pressure ventilatory support.

Collar sign
If an abdominal structure herniates through a dia-
phragm rent, the free edges of the diaphragm can
constrict the herniated organ, and thereby, result in
a ‘‘collar.’’ Even when its relative level does not
clearly suggest so, the collar sign is an indication
of intrathoracic herniation of abdominal contents
[Figs. 10 and 11]. Several organs may combine to
manifest the collar-like constriction [Fig. 12]. This
sign also demonstrates a widely ranging sensitiv-
l (B) MPR CT. Anterior free diaphragm edge curls onto
inferior to the liver, which is herniated into the chest



Fig. 9. Peritoneal fat herniation. Axial (A) and coronal (B) MPR CT images. Atelectatic lung (arrowheads) partially
surrounds peritoneal fat (black arrow) that herniated through a blunt diaphragm tear (white arrows).
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ity, 24% to 85% [28,33,35,41,42], although there
is a consistently high specificity, 80.7% to 100%
[28,33,35,42]. The size and consistency of the liver
make this a less valuable sign for right-sided in-
juries, with sensitivities of 16.7% to 40% [28,42],
although the addition of MPRs can increase sensi-
tivity to 50% [Fig. 13] [28].

Dependent viscera sign
Normally, the intact diaphragm prevents the upper
abdominal viscera from contacting the posterior
chest wall in the supine patient. When the dia-
phragm is torn, its constraints are released, and
the viscera may lie ‘‘dependent’’ against the poste-
rior chest wall. On the left, this sign is present when
the stomach [Fig. 14] or bowel abuts the posterior
ribs or is situated posterior to the spleen; on the
right, it is present when the upper third of the liver
contacts the posterior chest wall [43]. In the initial
Fig. 10. Axial CT shows gastric collar sign (arrows).
reporting of this sign by Bergin and colleagues [43],
an overall sensitivity of 90% was reported; how-
ever, subsequent studies [35,42] yielded lower sen-
sitivity (46.6%–52%), with high specificity (71%–

96.5%) [35,42]. At times, a large pleural effusion or
hemothorax may hinder the dependent migration
of viscera in the presence of BDR, and the depen-
dent viscera sign should be sought on follow-up
examinations after fluid drainage [35].

Abnormally thick diaphragm and active
diaphragmatic hemorrhage
The diaphragm is considered abnormally thickened
by subjective comparison with the contralateral
side [44]. To limit the influence of normal varia-
bility in diaphragmatic crus thickness, the point of
reference should be 10 mm from the midline [42].
In the presence of injury, intramuscular hematoma
Fig. 11. Coronal CTMPR shows splenic collar sign (arrows).



Fig. 12. Axial CT shows collar sign involving small bowel
(white arrowhead) and stomach (white arrow). Note
contiguous small bowel (black arrowhead).

Fig. 14. Dependent viscera sign. The stomach (arrow-
heads) abuts the posterior chest wall on axial CT.
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or edema or muscle retraction accounts for the
abnormally thick diaphragm [42,44]. An abnor-
mally thickened diaphragm was reported to be
100% [42] sensitive for right-sided diaphragm inju-
ries, although overall sensitivity is only 36% to
60% [35,42]. Specificity also is low, 58.4% to
77% [35,42]. One of the sign’s limitations is that
it does not allow the radiologist to distinguish a
full-thickness diaphragmatic rupture that warrants
repair from a partial-thickness tear [Fig. 15] that
does not merit surgery [42,44]. Moreover, hemor-
rhage secondary to injuries to adjacent structures
can track to the diaphragm and mimic intrasub-
stance diaphragmatic hemorrhage [42,44]. There-
fore, although it may prompt rigorous investigation
for BDR, an abnormally thick diaphragm should
Fig. 13. Right-sided collar sign. (A) Axial CT demonstrates
arrow), and subtle abnormal liver contour (curved arrow
hepatic collar sign (white arrows) due to blunt diaphragm
not be used as the sole criterion to diagnose dia-
phragm rupture.
Active contrast extravasation (hemorrhage) at the

diaphragm is another nonspecific sign that can be
the only indication of injury [35]. Like diaphragm
thickening, the use of this sign as the sole indicator
of injury should be made with great caution. The
site of hemorrhage may not be the diaphragm, and,
in fact, it may be related to injury to adjacent or-
gans, such the liver, spleen [42], or intercostal arteries.

Multiple signs of injury
Frequently, multiple signs of injury are present in
the same patient [Fig. 16], and, when used to-
gether, can elevate the sensitivity of CT to 100%
[42]. Nevertheless, the luxury of multiple signs of
liver laceration (black arrowheads), atelectasis (black
). (B) Coronal volume rendered MPR reveals obvious
rupture.



Fig. 15. Thickened diaphragm. (A) Admission CT demonstrates anterior diaphragm thickening (arrow) compared
with normal posterior diaphragm (white arrowhead) thickness. (B) CT obtained 3 days later shows prominent focal
thickening (black arrowhead) that is due to organized hematoma in intact diaphragm.
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injury is not universal. In their review of the accu-
racy of helical CT for the detection of diaphragm
injury (blunt and penetrating), Larici and col-
leagues [35] found that CT was 84% sensitive,
although no individual sign of injury exhibited a
sensitivity that was greater than 52%; this clearly
demonstrates the importance of each manifestation
of injury.

Penetrating diaphragm injury

Little has been reported about the accuracy of CT
in diagnosing penetrating diaphragmatic injury. In
their series of 14 patients who had PDIs, Larici and
colleagues [35] reported that helical CT’s sensitivity
Fig. 16. Multiple signs of blunt diaphragm rupture.
Coronal MPR CT demonstrates intrathoracic herniation
of stomach (black arrow) and colon (white arrow), gas-
tric collar sign (curved arrow), and free edge of rup-
tured left hemidiaphragm (arrowhead).
and specificity were 86% and 79%, respectively. In
their series of patients who had suffered penetrating
trauma to the torso, Shanmuganathan and col-
leagues [34] suggested that helical CT may be an
accurate means of diagnosing PDI, although only
34% of subjects had surgically documented injuries.
Because the signs of BDR generally result from

the large defect size, they are less helpful when
assessing potential PDI. Nevertheless, the signs of
BDR remain valuable in the setting of PDI. For
example, despite the small size of injuries, hernia-
tion of abdominal contents, especially fat [Fig. 17]
Fig. 17. Penetrating diaphragm injury from stab to lat-
eral left thoracoabdominal region. Coronal MPR CT
image reveals omental fat (arrow) herniating through
a small diaphragmatic hole. Note the free diaphragm
edge (black arrowhead), air in knife tract (white
arrowhead), and cutaneous defect (curved arrow)
that delineate the tract.



Fig. 18. CT of inferred penetrating diaphragm injury
in victim of single left subcostal stab wound. Hema-
toma (black arrowhead) and gas (white arrowhead)
anterior to the diaphragm and a contiguous liver
laceration (white arrow) indicate that the knife pene-
trated the diaphragm. Hemoperitoneum (black arrow)
and hemothorax (curved arrow) result from violation
of the peritoneal and pleural diaphragmatic surfaces.
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[34], can occur early, and is a specific sign of PDI.
Clearly, familiarity with subtle signs of diaphragm
injury is particularly important in this challenging
clinical setting.
A wound tract (from knife, bullet, and so forth)

that extends along both sides of the diaphragm is a
sign of diaphragm injury that is specific to pene-
trating trauma [Fig. 18] [34,35]. This sign has a
sensitivity of only 36% but a specificity of 100%
[35], even without demonstration of the actual
defect. In such cases in which PDI is inferred, its
characteristically small size hinders visualization of
the defect. When combined with diaphragmatic
motility, it is unlikely that the hole will align with
the trajectory during CT scanning, unless hernia-
tion already has occurred. Given the reliability of a
wound tract as an indicator of injury and the pro-
pensity for delayed complications in untreated PDI,
Shackleton and colleagues [23] recommend follow-
up imaging of patients who do not undergo open
or videoscopic exploration, and who have previous
CT scans that show a wound trajectory that in-
volves the diaphragm.

Diagnostic pitfalls of CT

Causes of confusion and misdiagnosis include fail-
ure to recognize normal variations, overemphasis
of nonspecific signs of injury, failure to recognize
subtle signs of injury, and scanning artifacts. When
nonspecific signs of injury or suspected normal
variants are present, the liberal use of multiplanar
reconstructions can be helpful. At times, repeat
scanning with oral contrast and thinner image
reconstruction, or follow-up scanning after several
days, may improve diagnostic confidence. Occa-
sionally, motion artifacts can degrade study quality.
If there are no signs of thoracoabdominal injury,
the likelihood of a diaphragm injury is miniscule
and the injury can be excluded confidently; how-
ever, when signs of injury are evident, repeat scan-
ning with a greater pitch may be required.
MR imaging

Through its ability to provide direct sagittal and
coronal images, MR imaging is well suited to im-
aging the entire diaphragm. Moreover, its excellent
contrast resolution typically allows clear discrimi-
nation between the diaphragm and adjacent struc-
tures, such as the liver and atelectatic lung [20].
Despite its benefits, the MR environment intro-
duces difficulties into the management of patients
who have polytrauma who may harbor diaphragm
injury; among them, the strong magnetic field is
incompatible with some monitoring devices, and
poor access to the patient may hinder treatment of
hemodynamic instability. At some institutions,
staffing issues may limit scanner availability.
Nevertheless, in hemodynamically stable pa-

tients, rapid and focused scanning protocols can
facilitate fast scanning. Shanmuganathan and col-
leagues [45] use a simple protocol that consists of
sagittal and coronal spin-echo T1-weighted images;
they no longer include gradient echo sequences in
their protocol because of potential chemical shift
artifact that may mimic an intact diaphragm.
Iochum and colleagues [20] advocate a protocol
that includes a single-shot fast spin-echo sequence
that uses a short echo time and half-Fourier acqui-
sition, as well as a fat-suppressed gadolinium-
enhanced fast spoiled gradient-echo sequence.
Regardless of the sequences, cardiac gating and
respiratory gating are mandatory to limit motion
artifacts [46].
Because of its fibromuscular composition, the nor-

mal diaphragm is demonstrated as a continuous
hypointense band on T1 and spoiled gradient-echo
images [20,45]. Signs of injury are comparable to
those on CT [13,45,46]. Specifically, there typically
is demonstration of abrupt discontinuity of the nor-
mal low-signal diaphragm that can be associated
with herniation of abdominal fat or viscera into
the chest [Fig. 19].
Its advantages not withstanding, the limitations

of MR imaging in the setting of acute trauma, in
addition to currently available MDCT technology
and videoscopic techniques, have relegated it to
ancillary status at the STC. In cases of suspected
delayed presentation or equivocal diagnosis by CT,
MR imaging can play a valuable role as a noninva-
sive means to assess diaphragm integrity.



Fig. 19. MR imaging of blunt diaphragm rupture.
Coronal T1-weighted spin echo image demonstrates
omental herniation (arrowheads) through a large pe-
ripheral tear (arrow) at the lateral diaphragm insertion
(Courtesy of Charles White, MD, Baltimore, MD.)
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Other imaging modalities

Hepatobiliary scanning, barium studies, and fluo-
roscopy have been described as means to diagnose
diaphragm injury [7,11,14,24]. Given current CT
and MR imaging technology, none plays an active
role in the acute management of the patient who
has experienced blunt trauma or the diagnosis of
diaphragm injuries.
Sonographic diagnosis of diaphragm injury has

been described [47–49]. Sonographic signs of in-
jury include herniation of viscera through the dia-
phragm [47,48], diaphragm disruption, diaphragm
nonvisualization [48], and absent diaphragm
excursion during the respiratory cycle [49]. Ultra-
sound had a positive predictive value of 88%
among the eight patients who were described by
Kim and colleagues [48]. Nevertheless, in addition
to the congenital and developmental diaphragm
variations that may limit other imaging examina-
tions, ultrasound assessment of the diaphragm can
be compromised by pulmonary aeration, gastric
and colonic gas, subcutaneous emphysema, ban-
dages and support appliances, abdominal pain,
and obesity [48,50].
Given its limitations, ultrasound is not rec-

ommended as a primary tool for diagnosing dia-
phragm injuries. Yet, at many institutions, focused
abdominal sonography for trauma (FAST) is an
integral part of the initial diagnostic evaluation of
patients who have experienced trauma. The FAST
technique involves scanning the dependent perito-
neal reflections for fluid (ie, hemoperitoneum)
[50]. Several of these areas, including the right
and left subphrenic spaces, are bounded by the
diaphragm. At some institutions, other areas that
are bordered by the diaphragm, including the peri-
cardial sac [50] and the pleural spaces [49], are
scanned. Recognition of sonographic signs of dia-
phragm injury while surveying these regions during
the initial FAST examination may facilitate more
rapid diagnosis of injury, although a normal
appearance should not eliminate diaphragm injury
as a potential diagnostic consideration.
Summary

Because of potentially devastating delayed compli-
cations, early diagnosis of diaphragm injuries
should be an important goal for radiologists who
are involved in the care of patients who have
experienced trauma. Despite the increasing avail-
ability of MR imaging and advancing videoscopic
techniques, routine chest radiography and helical
thoracoabdominal CT usually lead to the correct
diagnosis, as long as the radiologist maintains a
high index of suspicion and recognizes the subtle
signs of diaphragm injury.
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Firearm-related injuries have become a public
health problem that has a devastating impact on
American society; as a result of their frequency and
lethality, they inflict substantial emotional and
financial costs. For every firearm death it is esti-
mated that there are three to five other nonfatal
firearm injuries [1]. There has been a steady in-
crease in the number of patients who are admitted
with penetrating injuries to urban trauma centers
throughout the United States [2,3].
Basic ballistics

Penetrating injuries to the chest can result from
stabbing or gunshot wounds. All stab wounds are
considered low-energy injuries. Gunshot wounds
can be divided into high- and low-energy injuries.
High-energy gunshot wounds have a muzzle veloc-
ity greater than 1000 to 2500 feet per second. Most
penetrating chest injuries that are seen in the ci-
vilian environment are the result of knife or low-
energy handgun wounding.
The extent of tissue damage that is caused by a
projectile is more severe for high-energy missiles
[4,5]. Permanent and temporary cavities form from
high-energy injuries that result in substantial tissue
damage along the wound tract and in surrounding
tissues. The temporary cavity formed is insignifi-
cant and does not contribute to the amount of tis-
sue damage in long- or intermediate-range civilian
gunshot wounds. Low-energy weapons, such as a
knife or ice pick, which are hand driven, damage
tissue only from the sharp cutting edge or point.
Imaging of penetrating chest trauma

Approximately 4% to 15% of admissions to major
trauma centers are attributable to penetrating tho-
racic injuries [6]. Most penetrating injuries to the
chest are caused by knives or handgun bullets [7,8].
Unlike injury to the chest wall, pleura, and lung,
transmediastinal knife and gunshot wounds that
enter within the tight confines of the mediasti-
num are associated with injuries to vital structures,
ryland School of Medicine, Baltimore, MD, USA
, St. Marianna University School of Medicine, Kana-

iology, University of Maryland School of Medicine,
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Fig. 1. Wound track outlined by bullet fragments in
a patient who has transmediastinal gunshot wound.
Sagittal multiplanar reformatted MDCT image shows
a bullet track extending from posterior mediastinum
adjacent to the thoracic spine into the middle medi-
astinum, outlined by bullet fragments (arrowheads).
Note proximity of bullet track to the posterior arch
of the thoracic aorta.
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including the heart, great vessels, esophagus, and
trachea [6,9,10]. Injuries to vital vascular structures,
such as the heart, aorta and its major branches,
and the pulmonary artery and veins, are likely
to cause rapidly fatal injures. Chest radiographs
are the most common imaging study performed
to evaluate these patients.
Fig. 2. Subtle wound tract in a 47-year-old woman who w
(A and B) Axial MDCT images show entry site (white arro
hemorrhage (black arrowhead) along subtle knife trac
hemothorax (curved arrow) indicate violation of pleura an
Wound tracks

The presence of air, hemorrhage, and bone or bul-
let fragments along the wound track allows identi-
fication of the course of the bullet or knife on
multidetector row CT (MDCT). Usually, as com-
pared with low-energy stab wounds, gunshot tracks
create larger amounts of hemorrhage, air, bone,
and metal fragments [Fig. 1] that enable the bullet’s
course to be demonstrated more clearly by MDCT.
Even low-energy knife wound tracks through the
lung may be well demonstrated by MDCT because
of hemorrhagic cavitation that occurs from the
elastic recoil property of lung parenchyma; how-
ever, detecting the extension of knife wound tracks
to the mediastinum and their precise relationship
to the vital mediastinal structures may be challeng-
ing [Fig. 2]. It is important to know the wound
entry site and use optimal MDCT windows and
levels (window=550, level = 75) to improve iden-
tification of wounds that may reach the mediasti-
num. Images also should be reviewed in bone and
lung window settings to aid in determining the
precise extent of the wound and its relationship
to the mediastinum.
Injury to chest wall, pleura, and lung

From 88% to 97% of patients who are admitted
with penetrating injuries to the chest have involve-
ment of the chest wall, pleura, or lung [6,11].
Up to 62% of patients who are admitted follow-
ing civilian penetrating injuries to the chest are
asymptomatic and have normal chest radiographs
as stabbed in the juxtacardiac region of the left chest.
whead) with a small amount of anterior mediastinal
k. The presence of hemopericardium (arrows) and
d pericardium by the knife.
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[12]. A hemopneumothorax occurs in 41% to
45% of symptomatic patients, and most of these
patients require immediate intercostal tube drain-
age [13,14]. Patients who have isolated pneu-
mothorax or hemothorax diagnosed on admission
chest radiographs are less likely to need inter-
costal tube drainage, and usually do not dete-
riorate clinically compared with patients who
have hemopneumothorax.
Delayed complications from chest stab wounds

are well recognized and occur in from 8% to
12% of asymptomatic patients with normal chest
radiographs, usually from 2 to 5 days after injury
[6,13,14]. The appropriate in-hospital observation
time to detect potential delayed complications
is controversial. Ordog and colleagues [8] reported
the initial chest radiograph was 92.5% sensitive
and had a negative predictive value of only 87%
in detecting injuries. The negative predictive value
of chest radiographs for thoracic injury increased
Fig. 3. Stab wound to left thoracoabdominal region w
(B), and sagittal (C ) multiplanar reformatted MDCT imag
lower chest wall along wound track with a small hemotho
(white arrows).
to 99.9% at 6 hours after injury and allowed sub-
sequent outpatient management. Follow-up chest
radiographs are obtained after a 4- to 6-hour pe-
riod of observation at our institution to detect de-
layed complications.
Pneumothorax is a common complication of pene-

trating thoracic trauma. The location of the pneu-
mothorax depends on patient position, the amount
of pleural space air, the presence of pleural adhe-
sions, and regions of atelectasis. Typically, air in the
pleural space collects in the apicolateral aspect of
the hemithorax in the erect or semierect patient.
Air within the pleural space is diagnosed by visual-
izing the visceral pleura as a thin sharp line with
the absence of lung markings peripheral to this
line. In the supine position, the most nondepen-
dent part of the hemithorax is the anterior costo-
phrenic sulcus, which extends from the seventh
costal cartilage laterally to the eleventh rib in the
midaxillary line [Fig. 3] [15,16]. Prompt diagno-
ith active bleeding in chest wall. Axial (A), coronal
es show active bleeding (arrowheads) within the left
rax (black arrows) and anterior inferior pneumothorax
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sis, even of a small pneumothorax, is important,
because significant respiratory and cardiovascular
embarrassment may develop, especially for pa-
tients who have impaired pulmonary function or
are receiving mechanical ventilation. The literature
indicates that small pneumothoraces are not recog-
nized initially by clinical examination or by admis-
sion chest radiography in 30% to 50% of trauma
patients, and are only diagnosed after thoracic CT
[17,18].
Hemothorax and pleural effusions

Hemothorax is a common occurrence in penetrat-
ing trauma [see Fig. 3]. It may be the result of a
laceration/contusion of lung parenchyma, or injury
to the visceral pleura, diaphragm, internal mam-
Fig. 4. Massive hemothorax in a young woman who was s
sagittal (B ) three-dimensional images show a massive he
from the tenth right intercostal artery. (C ) Delayed three
active bleeding. Right thoracotomy was performed to
mary, intercostal arteries [Fig. 4], heart, or great
vessels [Figs. 5 and 6]. When more than 1500 mL
of blood accumulates in the pleural space it is
called a massive hemothorax [see Fig. 4]. Indica-
tions for thoracotomy include the immediate drain-
age of 1000 mL of blood from the pleural cavity,
on-going hemorrhage that results in thoracostomy
tube output of 200 mL/h or greater for 4 hours, or
the presence of a large amount of clotted blood in
the pleural space that prevents complete evacuation
of blood. Clotted blood provides an ideal nidus
for secondary infection and later development of
empyema. Residual blood in the pleural cavity may
entrap a significant portion of normal lung with
subsequent loss of function from the ensuing
fibrothorax and adhesions. To prevent or minimize
these complications, surgeons have started using
tabbed bilaterally in the lower chest. Coronal (A) and
mothorax (arrows) with active bleeding (arrowheads)
-dimensional sagittal image shows increase in area of
control hemorrhage and evacuate the hemothorax.



Fig. 5. Pulmonary artery branch pseudoaneurysm in a 37-year-old man who was stabbed in the right chest. Follow-
up MDCT. (A and B) Axial images show a high attenuation rounded lesion (curved arrow) in the posterior superior
segment of the lower lobe and end of the wound track (arrow). Sagittal multiplanar reformatted (C ) and three-
dimensional coronal oblique (D) images show a pseudoaneurysm arising from a peripheral posterior branch of
the right superior pulmonary artery. A moderate amount of hemothorax (arrows) is seen in the posterior right
thorax. (E) Pulmonary angiogram confirms the pseudoaneurysm (arrow). (F) Posttranscatheter embolization
images confirm successful treatment of pulmonary artery branch pseudoaneurysm.
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Fig. 6. Subclavian artery injury following a gunshot wound to the right thoracic inlet in an 18-year-old man. Three-
dimensional coronal MDCT (A) and arch aortogram (B) images show an injury (arrow) to the subclavian artery
posterior to the first rib.
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minimally invasive surgical techniques, including
video-assisted thoracoscopy, to evacuate retained
hemothorax [6,19].
MDCT attenuation values help to distinguish

serous effusion (low attenuation) from hemo-
thorax, which has an MDCT attenuation of 35 to
70 Hounesfield units, depending upon the degree
of clot retraction. Also, active hemorrhage [see
Figs. 3 and 4] into the pleural space can be delin-
eated directly by MDCT by use of power-injected
intravenous contrast and contrast bolus timing
techniques. The optimumwindow for thoracoscopy
is between days 2 and 5 after injury (ie, before clot
organization and adhesion formation) [20]. Al-
though chest radiographs are the most frequently
obtained imaging study that is used to follow
hemothoraces, they are unreliable in diagnosing
and precisely determining the amount of retained
blood clot in the thoracic cavity [19]. A prospective
study by Velmahos and colleagues [19] that evalu-
ated the accuracy of chest radiographs for judging
the amount of residual hemothorax, found that
radiography was misleading in 48% of patients.
In this study, chest radiographs identified only 10
of the 20 patients who were diagnosed initially
by CT as having residual hemothorax of more
than 300 mL. Seven patients who were believed
to have intraparenchymal injury by chest radiog-
raphy actually had retained hemothorax on CT.
CT was required to select appropriate patients
for thoracoscopy.
Bilious pleural effusion is rare and results from

concomitant laceration of the right lung, right
hemidiaphragm, and liver which permits forma-
tion of a biliary–pleural fistula [21]. Another etiol-
ogy of pleural fluid that should be considered in
the setting of penetrating chest trauma is chylo-
thorax secondary to interruption of the thoracic
duct, which is suggested by low or negative fluid
attenuation values. Most thoracic duct injuries
(88%) occur from superior mediastinal wounds
at the junction on the thoracic duct and left sub-
clavian vein (Porier’s triangle) and require early
surgical intervention [6].

Pulmonary contusion

Pulmonary contusion is a common primary lung
injury after penetrating chest trauma [22,23]. Direct
injury to the interstitium and alveoli occurs along
the wound track and temporary cavity. Disruption
of small blood vessels and damage to the alveolar
capillary membrane lead to hemorrhage into the
parenchyma at the time of trauma, followed in 1 to
2 hours by interstitial edema, which peaks 24 hours
after injury [22,24]. The extent of parenchymal
damage depends on the energy of the projectile.
The lung injury creates ventilation/perfusion mis-
match, intrapulmonary shunts, decreased lung com-
pliance, and increased lung water [25].
MDCT is superior to supine chest radiographs

in diagnosing pulmonary contusion [26,27]. On
MDCT, pulmonary contusions appear as unilateral
or bilateral, patchy or diffuse air space filling that
tends to be peripheral, nonsegmental, and geo-
graphic in distribution [Fig. 7]. Air-bronchograms
frequently are not seen within contusion because of
blood filling the adjacent small airways. Multipla-
nar reformatted (MPR) and minimum–maxiumum
intensity images (MiniMIP) in the sagittal and coro-
nal planes are optimal to display the extent and
distribution of injury and the relationship between
the lung injury and airways [see Fig. 7].
Pulmonary contusion usually is seen on admis-

sion MDCT or those that are performed within
6 hours after admission. Typically, pulmonary con-
tusions begin to resolve on chest radiographs
within 48 to 72 hours, but may not appear to be
clearing for 5 to 7 days. Complete clearing of con-
tusions usually occurs by 10 to 14 days after injury
[28]. Superimposed pathologic processes, includ-
ing infection, aspiration, atelectasis, or adult re-
spiratory distress syndrome (ARDS), may result



Fig. 7. Pulmonary contusion and laceration following gunshot wound to right anterior thoracic inlet in an 18-year-
old man. Coronal (A) and sagittal (B) miniMIP images show an area of pulmonary contusion (white arrows) in right
upper lobe. Small pulmonary lacerations (arrowheads) are seen within the area of contusion. Bullet track (black
arrows) is outlined by air.
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in failure of the lung density to resolve in this time
period [26].

Pulmonary lacerations

Lung laceration is a common injury after penetrat-
ing chest trauma [23,26,29]. Because lung lacera-
tions are surrounded by pulmonary contusions [see
Fig. 7], they frequently are overlooked on initial
chest radiographs, and in the past, were considered
to be an uncommon result of blunt chest trauma.
MDCT is far more sensitive than chest radiography
in detecting lung laceration and any associated
complications [29,30]. Because of the elastic recoil
of the lung, lacerations typically are ovoid or ellip-
tical in shape and are seen along, or adjacent, to
wound tracts [Fig. 8]. An air–fluid level may be
seen with hemorrhage into the cavity, or hemor-
rhage may fill the cavity completely and create a
Fig. 8. Iatrogenic lung laceration. (A) Axial MDCT image
surrounded by pulmonary contusion (arrowheads). (B) Ax
chest tube shows lung laceration (arrows) with hemorrhag
mass-like uniform density. A crescent of air may
occur when a clot forms within the laceration,
and result in an ‘‘air-meniscus’’ sign. Unlike pul-
monary contusions, lung lacerations resolve slowly
over a period of 3 to 5 weeks. Patients who have
ARDS or who receive positive pressure ventila-
tory support may have lacerations that persist for
months [31]. Usually, posttraumatic pneumato-
celes resolve without prophylactic antibiotics or
surgical intervention [32].
Lacerations of the lung generally are benign

lesions, but occasionally, complications can occur.
The presence of secretions or blood within the
posttraumatic pneumatocele and endotracheal in-
tubation provide a nidus and route for infection
and abscess formation. A bronchopleural fistula
may result from communication of a pulmonary
laceration with a bronchus and the pleural surface.
shows a right intraparenchymal chest tube (arrow)
ial MDCT image obtained following removal of right
e within chest tube track.
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A persistent air leak into the pleural space may
not respond to chest tube placement, and may re-
quire pulmonary surgical resection to close the
fistula. A ball-valve mechanism also may develop
in posttraumatic pneumatoceles, which permit ele-
vated pressure and expansion of the cavity with
compression of adjacent normal lung. Such a devel-
opment creates a large ventilatory dead-space with
the potential for significant impairment of pul-
monary function.

Transmediastinal gunshot wounds

Civilian patients who are admitted with poten-
tial transmediastinal gunshot wounds and who
maintain a systolic blood pressure greater than
100 mm Hg in the absence of obvious bleeding
do not warrant immediate surgery [9,10,33]. Pre-
Fig. 9. Transmediastinal gunshot wound with major vascu
upper mediastinal hematoma (arrows) displacing the trac
head) is seen arising from the right common carotid artery
arrow) is seen anterior to the pseudoaneurysm. (C ) Three
arising from the proximal right common carotid artery. Ba
the pseudoaneurysm.
hospital mortality from transmediastinal penetrat-
ing injury may be as high as 86% for cardiac
injuries, 92% for thoracic vascular injuries, and
11% for pulmonary injuries [6,7]. Most pa-
tients (60%) who have transmediastinal gunshot
wounds, who do not require immediate surgery
will need imaging studies to diagnose injuries
and plan treatment [6–10,34,35]. Occult injuries
to mediastinal structures are not uncommon, and
any possible transmediastinal trajectory must be
assumed to have created life-threatening injuries
[Figs. 1 and 9–14] [9,10,33]. A significant increase
in morbidity and mortality is associated with de-
layed recognition of such injuries [35].
MDCT is optimally suited to visualize wounds

that penetrate the great vessels see [Figs. 6, 9, and
10] pericardium [see Fig. 11], thoracic esophagus
lar injury. (A and B) Axial MDCT images show a right
hea to the left side. A large pseudoaneurysm (arrow-
(solid curved arrow). A bullet fragment (open curved

-dimensional image shows a pseudoaneurysm (arrow)
sed on MDCT findings, surgery was performed to treat



Fig. 10. Transmediastinal stab wound with major vascular injury in a 58-year-old man. Axial (A) and MPR (B) MDCT
images show a large mediastinal hematoma (arrows) with active bleeding (arrowheads) from the right common
carotid artery. At thoracotomy following MDCT, the right common carotid artery was found to be transected.
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[see Fig. 14], trachea [see Figs. 13 and 14], and
thoracic spine. This capability arises from the capac-
ity to obtain volumetric data at peak contrast
enhancement and with minimal misregistration
and motion artifact. MDCT is readily available
in most institutions in the United States, and is
less expensive, time-consuming, and invasive than
angiography or endoscopy. Traditionally, radiogra-
phy, echocardiography, angiography, esophago-
scopy, brochoscopy, and contrast barium swallow
have been considered the required studies to evalu-
ate the mediastinal for vascular and aerodigestive
injuries. These investigations often remove the
patient from an environment of ideal clinical sup-
port and monitoring. If, by MDCT, the wound track
does not traverse the mediastinum or is demon-
strated not to be in close proximity to vital struc-
Fig. 11. Pericardial stab wound. Axial (A) and MPR (B) M
(white arrowheads). A moderate-sized anterior mediastin
(arrows) also is seen. The presence of a small amount of he
to the pericardium.
tures, the traditional work-up of these patients is
unnecessary [10]. A prospective study by Hanpeter
and colleagues [10] evaluated 25 gunshot wounds
to the chest with potential violation of the medias-
tinum as determined by chest radiographs and the
entry and exit sites of bullet wounds using single-
slice helical CT. Routine work-up of these patients
would have required angiography, endoscopy, and
contrast swallow. Proximity injuries to the me-
diastinum required further diagnostic studies, in-
cluding angiography (n =8) and contrast swallow
(n = 9) in 12 patients. Thoracotomy was performed
based on CT findings in one patient to remove a
bullet that was lodged within the myocardium.
Eleven patients did not need further diagnostic
studies, because CT demonstrated the wound tract
was well away from any vital mediastinal structure.
DCT images show a stab wound track outlined by air
al and extraperitoneal anterior abdominal hematoma
mopericardium (black arrowheads) indicates an injury



Fig. 12. Pericardial tamponade in an 18-year-old man who was stabbed in the precordium. Coronal (A) and sagittal
(B) three-dimensional MDCT images show a large amount of hemopericardium (black arrowheads). Periportal
lymphedema (white arrowheads) resulting from cardiac tamponade is seen.
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MDCT provided valuable and accurate information
to plan further work-up and therapy. At our institu-
tion, MDCT also helps to reduce the number of
routine, invasive time-consuming angiographic and
endoscopic studies [see Figs. 9 and 10] in patients
who have penetrating chest injury. Further studies
with larger numbers of patients are needed to
define further the accuracy of MDCT for mediasti-
nal violation as well as injury to particular me-
diastinal structures.

Cardiac and pericardial injuries

Injuries to intrapericardial structures have a mortal-
ity of approximately 60% to 80% [9,10,33,36,37].
Patients who have entrance wounds in a juxtacar-
Fig. 13. Tracheal injury following a gunshot wound in a 54-
notch. Sagittal (A) and coronal (B) MDCT MPR images sho
lateral to trachea with a defect (arrow) in the anterior wal
the airway and is lodged in a branch of left lower lobe br
diac location—defined by the area between the
midcalvicular lines laterally, the clavicles supe-
riorly, and the costal margin inferiorly—are likely
to have injuries to the heart, intrapericardial aorta,
pulmonary arteries, or veins [see Figs. 2 and 11]
[36]. Demetriades and Van Der Veen [37] reviewed
532 penetrating cardiac injuries, including 125 pa-
tients who were admitted to the hospital with vital
signs and 407 who died before hospital arrival. The
distribution of injuries involved a ventricle (right,
35%; left, 25%), atrium (right, 33%; left, 14%), or
aorta (14%).
The clinical presentation of patients who have

penetrating cardiac wounds is determined by the
location of any cardiac injury, the rate of bleeding
year-old man. Entry wound was at the anterior sternal
w paratracheal air (arrowheads) tracking anterior and
l of trachea. The bullet (curved arrow) has fallen down
onchus. Bronchoscopy was used to retrieve the bullet.



Fig. 14. Transmediastinal gunshot wound with tracheal and esophageal injury. (A and B) Axial MDCT images show
an abnormal contour and an anteroposterior diameter of the tracheal balloon (black arrow), a defect in the right
tracheal wall (white arrow), and paratracheal air (black arrowheads) indicating a tracheal injury. On inferior
images, the esophageal wall is thickened (white arrowheads) and bullet fragments are seen adjacent to the
esophagus. At surgery, tracheal and esophageal injuries were confirmed.
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from the cardiac wound, and the size of the peri-
cardial rent [38]. Most patients who have penetrat-
ing cardiac injuries present with unstable vital
signs. Up to 80% of patients who have cardiac
stab wounds present with tamponade [see Fig. 12]
[38]. A small group of patients is relatively asymp-
tomatic and maintains stable vital signs.
Echocardiography is the preferred method of

diagnosing cardiac injuries in stable patients who
have proximity injuries to the heart [38–41]. Nagy
and colleagues [42] substituted conventional chest
CT when echocardiography was not available to
diagnose hemopericardium. The study included
45 patients who had precordial stab wounds and
15 patients who had transmediastinal gunshot
wounds. None of the 56 patients who did not
have evidence of pericardial fluid by CT had car-
diac injury. This group of patients was observed
in-hospital for a minimum of 24 hours. Three pa-
tients had pericardial fluid and one patient had
an indeterminate CT for pericardial fluid. A sub-
xiphoid pericardial window was performed in all
four patients and was positive in two; both had
cardiac injury. The other two patients had a nega-
tive subxiphoid pericardial window and required
no further studies.
MDCT findings of cardiac and pericardial injuries

include wound tracks that extend to the pericar-
dium, a defect in the pericardium or myocardium,
hemopericardium or pneumopericardium, hernia-
tion of the heart or a portion thereof through a
pericardial rent, and intrapericardial or intracardiac
bullets [see Figs. 2, 11, and 12] [43]. Faster MDCT
scanners with the capability of obtaining 40 or
64 slices per subsecond rotation using cardiac gat-
ing techniques will reduce cardiac and respira-
tion motion significantly, and produce consistently
high-resolution images of the heart and intraperi-
cardial vascular structures. Use of these scanners
with gating techniques for penetrating trauma near
the heart will permit diagnosis of the exact location
and extent of injury and provide valuable informa-
tion about cardiac function.

Tracheobronchial injuries

Tracheobronchial injury (TBI) has been reported in
2.8% to 5.4% of autopsy series of trauma victims
[44–46]. Isolated tracheal injury accounts for 25%
of all TBIs [44]. Penetrating trauma is less likely to
injure the trachea (incidence of blunt trauma:pene-
trating trauma, 8:5) and generally involves the cer-
vical trachea [46]. These injuries are uncommon
and often go unrecognized because of a lack of visi-
ble external signs of injury. Early symptoms may
be nonspecific and minimal and result in diagnosis
only when late symptoms develop that suggest TBI,
or the diagnosis may be established only at surgery
or autopsy. TBI should be suspected in all patents
who have penetrating wounds that enter the chest
or neck [47]. A retrospective review of tracheal in-
juries over a 5-year period by Chen and colleagues
[46] revealed that penetrating injuries most com-
monly involved the anterior aspect of the cervical
trachea, with injuries to the rings and the ligamen-
tous portion between the tracheal cartilages. A high
incidence (31%) of concurrent esophageal and
major vascular injuries is seen with penetrating
TBI [46].
CT has an overall sensitivity of 85% in detecting

tracheal injury [46]. MDCT volumetric data, with
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less partial volume averaging and motion artifact,
produce high-resolution MPR and Mini MIP coro-
nal and sagittal images of the trachea and main-
stem bronchi [see Figs. 7 and 13] [48] that might
help to delineate airway injury in cases of delayed
presentation of subacute or chronic airway injury.
Compared with chest radiography, MDCT is sensi-
tive to less pneumomediastinum, and this may be
the only sign of TBI. On MDCT, extrapulmonary
air in direct contact with the trachea (paratracheal
air) [see Figs. 13 and 14] and pneumomediastinum
are not significant or pathognomonic findings of
TBI [46]. Direct MDCT signs of airway injury in-
clude an overdistended endotracheal tube balloon
with a transverse diameter measuring more than
2.8 cm [see Fig. 14], herniation of the endotracheal
balloon outside of the walls of the airway [see
Fig. 14], an endotracheal tube projecting outside
of the airway, fracture or deformity of the cartilagi-
nous rings of the airway, and airway wall discon-
tinuity [Figs. 13 and 14] [46,49].
Bronchoscopy is the diagnostic modality of choice

to confirm TBI, and early diagnosis is essential to
obtain successful primary reanastamosis and op-
timal long-term results [50]. Although complete
transection of the trachea usually is diagnosed dur-
ing the initial admission, partial tears of the tra-
chea and complete or partial tears of the bronchi
may be detected only as a late sequela of TBI, in-
cluding tracheal stenosis, tracheoesophageal fis-
tula, empyema, mediastinitis, or bronchiectasis.

Esophageal injury

All forms of trauma account for only 10% to 19% of
esophageal perforations [51,52]. Any case of pene-
trating trauma that traverses the mediastinum
with the wound tract extending in proximity to
the esophagus on MDCT requires definitive exclu-
sion of esophageal injury [see Fig. 14]. In a review
of 77 patients who had penetrating esophageal
injuries, physical findings were present in only
34%. A multicentric retrospective study by Asensio
and colleagues [53] on 405 patients who had pene-
trating esophageal injury reported a statistically
significant, high incidence of morbidity and mor-
tality when surgical repair was delayed. The uncom-
mon nature of this injury, lack of specific clinical
signs or chest radiographic findings, and the neces-
sity for early diagnosis to avoid complications war-
rant a high index of clinical suspicion.
Most penetrating injuries involve the cervical

esophagus and are associated with injuries to the
respiratory tract (81%) [see Fig. 14], central ner-
vous system (23%), and vascular system (21%)
[53]. The most common presenting symptom is
chest pain, followed by fever, dyspnea, and chest
wall crepitus [54]. Other signs and symptoms in-
clude dysphagia, odynophagia, hematemesis, stri-
dor, abdominal tenderness, and a mediastinal
crushing sound (Hamman’s sign). The most com-
mon chest radiographic signs are cervical and medi-
astinal emphysema (60%) and left pleural effusion
(66%) [55]. Other radiologic signs of esophageal
disruption include alteration of the mediastinal
contour that is due to leakage of fluid, associated
mediastinal hemorrhage, or inflammatory reaction.
In the authors’ practice, esophagography is the

initial study that is used to evaluate suspected
esophageal injury in patients who have transme-
diastinal penetrating injuries. Contrast esophago-
gram is performed first with water-soluble contrast,
and, if negative, it is performed with barium sulfate
contrast. Fluoroscopic guidance is ideal, but if it
is not possible because of the patient’s condition,
contrast can be instilled into the upper esophagus
with chest radiographs performed during injection
of water-soluble contrast after the position of the
nasogastric tube is verified as appropriate.
The role of MDCT scanning in the diagnosis of

traumatic esophageal perforation is not established.
The demonstration of air bubbles, bone, or bul-
let fragments [see Fig. 14] in the mediastinum
which are localized adjacent to the esophagus sug-
gests esophageal perforation. Direct MDCT findings
of esophageal injury include wall thickening [see
Fig. 14], a defect in the esophageal wall adjacent to
the wound tract, and extravasation of oral contrast
material into the mediastinum. MDCT of the chest
is used to verify the presence or absence of me-
diastinal involvement [10,56]. Demonstration of a
ballistic tract that unequivocally does not involve
the mediastinum avoids the need to evaluate the
esophagus, aorta, and mainstem bronchi. Knife
wounds to the chest tend to have a less predict-
able course because of minimal hemorrhage and
air along the wound tract, and thus, are likely
to require more extensive imaging assessment if
there is any doubt regarding the course of pene-
trating trauma.
Summary

Chest radiograph is the most common imaging
study that is performed in patients who have pene-
trating thoracic injury. With the introduction of
MDCT technology, significant advances have been
made in the ability to obtain high-resolution volu-
metric data during peak vascular contrast enhance-
ment in patients who have penetrating chest
injuries. This development has resulted in a marked
increase in the number of hemodynamically stable
sustaining penetrating chest traumas that are imaged
with MDCT. The volumetric data that are acquired
can be used to perform high-resolution axial, MPR,
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MIP, and three-dimensional color images. Improved
image quality and manipulation of volumetric data
allow a more accurate diagnosis of the extent and
course of penetrating injury, and often allow delin-
eation of the precise injuries that have been sus-
tained. The need for further diagnostic work-up or
intervention frequently can be determined from the
MDCT results.
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Angiography and intervention in patients who
have sustained thoracic trauma has evolved signi-
ficantly in the past decade. The widespread avail-
ability of multidetector-row CT (MDCT) and the
continuing development of minimally invasive tech-
niques for the treatment of patients who have tho-
racic vascular injury have changed patient care and
physician practice significantly. In the late 1980s,
for example, thoracic angiographywas a first-linemo-
dality for the diagnosis of thoracic aortic injury
(TAI), andwas performed based onmechanism of in-
jury, clinical signs, and chest radiographic findings.
TAI most often required emergent surgery, which

carried significant morbidity and mortality, par-
ticularly in older patients. By the mid-1990s, ad-
vances in technology allowed spiral CT to act as the
first-line diagnostic modality in thoracic trauma.
Controversy ensued over the validity of a ‘‘negative’’
CT scan; however, within a short time in the late
1990s, the weight of clinical experience—together
with rapid, continued improvements in technology
—allowed CT to take the initial, and the definitive,
role in the evaluation of the patient who had sus-
tained trauma [1–5]. Aortography, at this time, was
used only as a problem solver when the results of
MDCT were ambiguous because of technical factors
or the lack of dynamic flow information. Current
trauma practice using multichannel scanners often
allows for rapid, isotropic imaging during peak aor-
tic enhancement, which permits accurate three-
dimensional reconstruction and definitive diagnosis.
These advancements in imaging have effected a sig-
nificant shift in clinical practice.
Mechanism of arterial injury in thoracic
aortic trauma

The mechanisms of injury in chest trauma are di-
vided into two main categories: penetrating and
land Medical System, Baltimore, MD, USA
iology, University of Maryland Medical System,
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blunt chest trauma. Most patients who present
with thoracic great vessel injury have sustained
penetrating trauma and have a dire prognosis;
most die before they reach medical care [6,7].
Aortic injuries that are due to blunt trauma are

increasing in incidence [8]. Aortic injury that re-
sults from blunt trauma may range from intimal
injury to medial disruption and contained extrava-
sation. TAI from blunt chest trauma occurs most
frequently as the result of motor vehicle collisions,
and is estimated to account for as many as 10%
to 15% of vehicular collision–related deaths. Ap-
proximately 70% to 90% of patients who sustain
this injury die at the accident scene. Of the 10% to
30% of patients who survive, the prognosis is dis-
mal in the absence of definitive repair; up to 50%
succumb within 24 hours and 90% die within
4 months. More than 90% of patients have as-
sociated injuries that require a major operation
that may impact the timing of definitive aortic
repair [8].
The mechanism of injury in blunt traumatic aor-

tic injury involves high-speed deceleration. In mo-
tor vehicle collisions, the typical injury occurs as
the chest strikes the steering wheel, which transmits
decelerating forces across the mediastinum. In ad-
dition, the sudden deceleration may induce injury
from vascular compression between the sternum
and thoracic spine, and by the sudden induction of
severe intraluminal hypertension [9,10]. The area
of the aorta that is most susceptible to injury is the
transition point from the transverse arch—which is
stabilized by the arch great vessels—to the descend-
ing thoracic aorta—which is fixed by the ligamen-
tum arteriosum and intercostal arteries. At this
point, the aorta is mobile and continues to move
forward as the tethered portions decelerate with the
remainder of the chest, and results in aortic injury.
Thoracic angiography in trauma

Technique

The technique that is used in thoracic aortography
and selective angiography often is dictated by clini-
cal history, including mechanism of injury, physi-
cal findings, and findings on contrast-enhanced
MDCT. Arterial access is obtained most often
from the common femoral arteries, although the
brachial or axial approach may be used. Generally,
femoral approaches are preferred because of a
slightly lower incidence of puncture site complica-
tions and wider experience with closure devices in
femoral access sites. These devices may play an
important role in the patient who has sustained
trauma, particularly in the acute setting; rapid
blood loss and hemodilution may lead to a sig-
nificant acute coagulopathy, and increase the risk
of arterial puncture site complications.

Thoracic aortography

Thoracic aortography requires the rapid delivery of
contrast to nearly completely replace the volume
of flowing blood with rapid, high-detail imaging.
This requires the use of high-pressure injectors
that are capable of injecting at 1050 psi or greater,
and digital angiography systems that are capable of
imaging a 15-inch or greater field-of-view at up to
15 frames per second, using a 1024 × 1024 image
capture device, with appropriate postprocessing
capabilities. After thoracic trauma, patients often
exhibit hyperdynamic flow in the thoracic aorta.
Absence of proper technique and equipment may
lead to ambiguous imaging or excessively high
amounts of iodinated contrast.
A 5- or 6-French pigtail catheter is inserted into

the ascending thoracic aorta under fluoroscopic
guidance. The use of endhole catheters or the injec-
tion of large-caliber sheaths for thoracic angiogra-
phy is inadvisable. The lack of ability to achieve
sufficient injection volumes and propensity for
catheter ‘‘whip’’ at high flow rates in a large vessel
can lead to vessel trauma and inadvertent injections
of high contrast volumes into branch vessels. A test
injection confirms placement of the catheter, and
allows for assessment of flow within the aorta. This
is particularly essential in cases of traumatic dissec-
tion (see elsewhere in this issue) where flow char-
acteristics in the aorta may be altered significantly.
In aortic root injections, contrast generally is
injected at a rate of 25 to 30 mL/s, for a total of
50 to 60 mL of contrast. For imaging of the de-
scending thoracic aorta, the pigtail catheter is placed
with its tip just caudal to the origin of the left
subclavian artery. Contrast is injected at a rate of
15 to 20 mL/s, for a total of 30 to 40 mL of con-
trast. Images may be acquired at rates that range
from 5 to 15 frames per second. Generally, the
higher rates are required for the acutely injured
patient in whom it may be inadvisable to attempt,
or impossible to achieve, success using motion
suppression and suspended respiration. It is essen-
tial to obtain two or more views of the aorta at
orthogonal angles that are separated by at least 30°.
For thoracic arch imaging, the left anterior oblique
(LAO) projection is used most widely, because this
view ‘‘unfolds’’ the arch and profiles the expected
position of insertion of the ligamentum arterio-
sum, the most common site of injury in initial sur-
vivors of blunt chest trauma. In blunt chest trauma,
two orthogonal views may be sufficient to exclude
significant aortic injury. At least three views are
required in penetrating trauma, because a small
pseudoaneurysm may be missed as a result of over-
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lap with the aortic lumen. Although in most cases
the initial diagnosis will be made by earlier CT,
familiarity with these principles guides the proper
depiction of arterial pathology during endovascular
interventions, and helps to improve procedural
success and outcomes.

Selective arteriography

In the clinical situation of suspected or confirmed
thoracic aortic branch vessel injury, selective angio-
graphy may be required to evaluate the flow char-
acteristics of the injury and to treat the injury
primarily. A variety of catheter shapes is available
that can be divided into curved tip and reverse
curve types. Although the selection of any individual
catheter may be dependent on the individual oper-
ator’s experience and preference, several general
points are worthy of mention. Use of catheters with
inner diameters of 0.038 inches allows coaxial place-
ment of a 3-French microcatheter, which may be
useful later for superselective coil or particulate embo-
lization, as in the case of acute intercostal, internal
mammary, or other thoracic aortic branch vessel
injury. In addition, the use of reverse curve catheters
may be particularly helpful in selective catheterization
of the middle to lower thoracic intercostal arteries,
particularly if they are of narrow caliber. Care should
be taken in reforming the reverse curve catheter,
because older individuals who have preexistent ath-
erosclerotic disease of the proximal aorta are at risk
for embolic stroke from catheter manipulations.

Radiation protection

The opportunity to treat an arterial injury primarily
through a small skin nick in the groin is compel-
ling, but carries the risk for excessive radiation
exposure to the patient and operator. As endovas-
Fig. 1. AP (A) and LAO (B) aortograms demonstrate an aor
in both views.
cular techniques evolve, the opportunity to treat
these lesions and the attractiveness of the approach
will continue to increase. With greater technical
complexity, however, comes the potential for expo-
sure issues that result from prolonged fluoroscopy
times. To mitigate this risk, interventionalists are
advised to follow the following techniques: (1)main-
tain and inspect fluoroscopic equipment regularly
to ensure that the equipment stays within the U.S.
Food and Drug Administration maximum fluo-
roscopic output of 10 R/min; (2) minimize the
use of electronic magnification whenever possi-
ble; (3) avoid fluoroscopy of the same anatomic
area in the same projection for prolonged periods
(ie, rotate tube to different obliquities if possible
to vary peak skin entrance site); (4) keep image
intensifier as close to the patient as possible;
(5) use operator barriers properly, including regu-
larly inspected aprons, proper eye protection, and
under and over table shields; and (6) minimize
angiographic acquisition with the operator and
staff at tableside.
Vascular anatomy and findings

Traumatic pseudoaneurysm in blunt chest
injury

The typical site of injury is the proximal descending
thoracic aorta at the insertion of the ligamentum
arteriosum just distal to the left subclavian artery.
This region represents a mobile segment of aorta
interposed between the fixed transverse arch and
descending thoracic aorta. Upon impact, the trans-
verse and descending aorta decelerate with the
chest, whereas the interposing segment continues
to move forward which causes the injury. Inju-
tic pseudoaneurysm (arrows). Note the contour defect
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ries may range in severity from focal intimal dis-
ruption, partial rupture that involves the intima
and media, to transection involving full-thickness
aortic injury, which may be partial or circumfer-
ential [11,12].
Pseudoaneurysm with an epicenter at or near the

expected site of insertion of the ligamentum arteri-
osum is the classic aortographic finding of TAI that
is due to blunt chest trauma [Fig. 1]. The pseudo-
aneurysm appears as a double-density outpouching
that typically is seen best in the LAO view. Al-
though small pseudoaneurysms only may be seen
as a double density on views that do not profile the
contour of the injury [Fig. 2], most traumatic pseu-
doaneurysms are of sufficient size to be visualized
readily on standard anteroposterior (AP), LAO, and
right anterior oblique (RAO) views. Typically, the
pseudoaneurysm has acute margins with the aortic
wall on at least one view, demonstrates a double
density with respect to the aortic lumen, and may
display delayed washout. The pseudoaneurysm
may be confined to the anteromedial region of the
thoracic aorta at the level of the ligamentum arte-
riosum or it may extend circumferentially. Active
extravasation of contrast typically is not seen be-
cause the patient likely would have impending
cardiovascular collapse and would be too unstable
to undergo angiography. Less typical findings at
angiography include a focal irregularity or filling
defect along the anteromedial surface of the aortic
lumen that is due to intimal disruption and a
partial thickness tear.
Traumatic dissection

A focal intimal injury may appear as a linear
mobile filling defect at the site of trauma. Other
findings include a focal globular filling defect that
presumably is caused by focal clot that is due to
Fig. 2. AP (A), right posterior oblique (B), and left post
pseudoaneurysm (arrows). The contour defect is seen best
localized intimal injury. True traumatic aortic dis-
section, which represents a longitudinal separation
of the media along the long axis of the thoracic
aorta, is rare [12].
Penetrating trauma to the aorta

Penetrating aortic trauma represents a special chal-
lenge to traditional aortography. Most survivors of
penetrating aortic trauma show contained pseudo-
aneurysms angiographically that may vary widely in
size. Small pseudoaneurysms may not be detected
using the standard two orthogonal view–angio-
gram. Simple geometric modeling demonstrates
the fallibility of conventional aortography in the
detection of subtle traumatic injury. For exam-
ple, in a patient who has a thoracic aortic cross-
sectional diameter of 2.5 cm, a pseudoaneurysm of
up to 10 mm may appear only as a subtle double
density, rather than a contour abnormality. There-
fore, three or more views with a total angular sepa-
ration of at least 120° should be obtained to avoid
missing subtle findings [Fig. 3].
A typical finding on thoracic aortography, in the

setting of penetrating injury, is a small pseudo-
aneurysm at the site of vessel injury (also see else-
where in this issue). Unlike blunt chest trauma,
where the mechanism of injury makes the site of
injury more predictable, findings in penetrating
trauma may be highly variable, and dependent on
the trajectory of the bullet, knife, or other object
that caused the injury. The epicenter of the pseu-
doaneurysm may be seen at any point along the
circumference of the aorta at any level in the chest.
MDCT with optimal contrast bolus timing is supe-
rior to angiography in this setting, and avoids the
above limitations. MDCT further offers the option
for multiplanar reconstruction, which may enhance
erior oblique (C ) aortograms demonstrate an aortic
in the AP and left posterior oblique views.



Fig. 3. AP (A) and LAO (B) aortograms demonstrate a traumatic aortic pseudoaneurysm (arrow) in this patient
who suffered a gunshot wound to the thorax. The contour defect is seen only in the AP view.
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visualization of the small pseudoaneurysms that
are common in penetrating trauma.
Fig. 4. LAO thoracic arch aortogram demonstrates a
prominent ductus bump (arrow).
Thoracic anomalies and normal variants

Imaging of the thoracic aorta in trauma requires a
full understanding of nontraumatic developmental
and pathologic anatomy. Because trauma is an epi-
sodic and essentially random event, over time the
trauma radiologist will encounter most forms of
anomalies, normal variants, and stable chronic dis-
ease, some of which may mimic traumatic injury.
Ductus diverticulum often is referred to as ‘‘duc-

tus bump’’; it is located at the expected insertion of
the ligamentum arteriosum on the anteromedial
portion of the thoracic aorta at the point of transi-
tion from the transverse arch to the descending
thoracic aorta. It is characterized by an eccentric
contour abnormality with a smooth, continuous
interface with the transverse arch and the descend-
ing thoracic aorta. There is rapid flow of contrast
without stasis or a double density. The anomaly is
seen best on the LAO view, and often is obscured
by overlap with the aorta on RAO or AP views (also
see elsewhere in this issue) [Fig. 4].
Coarctation of the aorta refers to a developmental

anomaly of the proximal descending thoracic aorta
located at, or just distal to, the insertion of the
ligamentum arteriosum. Coarctation represents a
spectrum of anomalies that is characterized by var-
iations in the degree of narrowing of the thoracic
aorta. The most severe anomalies are symptom-
atic and usually are detected in early childhood,
whereas the least severe remain asymptomatic and
only may be discovered serendipitously [Fig. 5].
A diverticulum of Kommerell is characterized by

an ectatic infundibulum at the origin of an anom-
alous right subclavian artery that originates distal to
the left subclavian artery in a left-sided arch con-
figuration. In this anomaly, the infundibular origin
may become aneurysmal, and often exhibits cir-
cumferential atherosclerotic changes. The vessel,
which most often courses posterior to the esopha-
gus, may create an extrinsic compression on the
esophagus and result in the clinical syndrome of
‘‘dysphagia lusorum’’ [Fig. 6]. A diverticular origin
of the bronchial artery refers to an anomaly in
which there is an infundibulum at the origin
of the bronchial or intercostobronchial trunk
from the anteromedial portion of the proximal de-
scending thoracic aorta. The anomaly can be dis-
tinguished from a true aortic injury by its location
caudal to the expected site of the ligamentum arte-
riosum, small size, smooth contour and interface
with the aorta, lack of stasis or double density, and



Fig. 5. Right posterior oblique (A) and left posterior oblique (B) aortograms demonstrate chronic coarctation
of the thoracic aorta (arrow). Large well collaterals are seen in the region of the left subclavian artery (opposite
the arrow).
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the identification of a small vessel extending from
the apex of the infundibulum [Fig. 7].
Aortic branches

Intercostal, inferior phrenic, subcostal, and internal
mammary arteries are the parietal branches of the
thoracic aorta. Usually, nine pairs of intercostals
arteries arise from the posterior aorta. The first
two intercostal arteries are supplied from the high-
est intercostals arteries, typically branches of the
costocervical trunk of the subclavian arteries.
The subcostal arteries run below the twelfth ribs.
The inferior phrenic arteries arise from the thoracic
aorta and supply the posterior part of the upper
surface of the diaphragm. The intercostal arteries
have anterior and posterior rami. The anterior rami
are supplied by the internal mammary or musculo-
Fig. 6. Aortogram demonstrates an aberrant origin of
the right subclavian artery (arrow).
phrenic arteries. The internal mammary arteries
arise from the subclavian arteries and supply
the first six intercostals arteries, whereas the mus-
culophrenic arteries supply the caudal intercos-
tal arteries.
The internal mammary and intercostal arter-

ies lie just inside the rib cage and outside the
pleura. They may be injured by blunt or penetrating
trauma to the chest wall. With blunt trauma, these
vessels usually are injured as the result of fractures
of adjacent bones. Alternatively, there may be direct
injury by penetrating trauma. When injured, there
can be active extravasation, vessel occlusion, arte-
riovenous fistulization, or dissection.
These injuries can present as an expanding hema-

toma in the chest wall, but also decompress into
the pleural space and cause a hemothorax and as-
sociated respiratory embarrassment. The obvious
findings of chest wall hematoma on physical exam-
Fig. 7. LAO thoracic aortogram demonstrates a promi-
nent diverticular origin of the bronchial arteries (arrow).
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ination and hemothorax on chest radiography sup-
port the presence of chest wall vascular injury.
MDCT units often can diagnose the presence of
pseudoaneurysms. Selective angiography should
allow for definitive diagnosis and management of
these lesions [Fig. 8].
The great vessels arise from the ascending aorta.

They comprise the innominate (or brachioce-
phalic), left common carotid, and left subclavian
in the classical branching pattern. These vessels usu-
ally originate from the highest point on the arch.
They may arise slightly more toward the ascending
arch. The number of vessel origins can be variable,
and decrease to two or even one as an anatomic
variation. The right subclavian arises from the in-
nominate artery and the left arises from the aorta.
Hence, the right subclavian has a shorter course.
It rises upward and laterally to the medial aspect
of the scalene anterior muscle. It ascends slightly
above the clavicle. The left subclavian travels
through the mediastinum to the medial aspect of
the scalene anterior. It also rises above the level of
the clavicle. The innominate artery and its con-
tinuation as the right common carotid artery and
the left common carotid artery arise from the aortic
arch and travel through the superior mediastinum.
The great vessels lie in the superior mediastinum

where they can be injured by penetrating trauma.
Blunt trauma that produces fracture of the sternum
or clavicle also can result in injury to the great
vessels. When injured, there can be active extrava-
sation, secondary to vessel laceration, arteriovenous
fistulization, or vessel truncation. Vessel laceration
can result in a pseudoaneurysm or contained
hematoma in the superior mediastinum or, in the
case of the subclavian, in the base of the neck
(zone one). The hematoma can result in compres-
sion of the trachea and respiratory embarrassment.
Fig. 8. (A) Initial selective angiogram of the right interna
(arrow). (B) This lesion was repaired with microcoil embol
In addition, the vessels can have intimal injury that
results in arterial dissection and hemodynamically
significant stenosis. Patients who have fracture of
the first or second ribs, sternum, or clavicle as de-
tected on physical examination or chest radiograph
are at risk for these injuries. Current generation
MDCT can diagnose mediastinal hematoma as
blood surrounding the great vessel origins in the
superior mediastinum. Reformatted evaluation of
the great vessels can demonstrate narrowing of
these vessels, which raises suspicion for injury.
Definitive depiction of injuries can be obtained
with aortography and selective angiography of the
great vessels.
Thoracic venous injuries

Injuries to the superior vena cava or suprahepatic
inferior vena cava are reported infrequently. Injury
at either location carries a mortality of more than
60% [13]. The right and left brachiocephalic and
subclavian veins make up the large thoracic veins.
Although these structures are more superficial than
are their accompanying arteries, they are injured
less frequently. The venae comitantes to the inter-
costal, internal mammary, and subcostal veins are
among the smaller veins in the thorax. Injuries to
these vessels can produce hematoma, hemothorax,
or hemomediastinum. The imaging findings on
chest radiography and CT mirror those that are
seen accompanying the corresponding arterial in-
jury. Often, the definitive diagnosis of thoracic
venous injury is obtained by direct visualization
at thoracotomy. Because the differential consider-
ations include arterial injury, negative findings on
angiography can suggest venous injury as a diag-
nosis of exclusion.
l mammary artery demonstrates active extravasation
ization.
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Interventions

The classic approach to the repair of contained
rupture that is due to blunt thoracic trauma is
open surgical repair. In young patients without
comorbidities or other significant injury, this is
the procedure of choice because of its durability
and acceptable morbidity and mortality in this
population. In older patients, and in the presence
of other significant trauma (ie, pelvic, head, spine,
extremity trauma) or significant comorbidities, the
risk of open surgical repair in the setting of acute
trauma is high. Open surgical repair in a stable
patient who has a traumatic pseudoaneurysm is
associated with a mortality 5% to 18%; most deaths
are due to renal failure, blood loss, or congestive
heart failure. Open repair in the acute setting and in
the presence of comorbidities can increase the mor-
tality significantly [13,14]. Therefore, the recent
commercial availability of stent grafts that are
designed for the thoracic aorta may be an attractive
option for selected patients.
Endovascular treatment for traumatic aortic in-

jury and aortic branch vessel injury is gaining in-
creasing popularity as evidenced by the number
of case reports and case series that have appeared
in the literature over the past several years [15–25].
The potential advantages of this technique include
speed; potential decreased morbidity, such as para-
plegia, blood loss, and level of invasiveness; and
potential decreased mortality. Dotter [18] reported
the first use of endovascular stent grafts in a canine
model in 1969. Stent grafting of the thoracic aorta
for treatment of aneurysms occurred soon after the
initial report on the treatment of an abdominal
aortic aneurysm by Parodi and colleagues [19].
Dake and colleagues [20] at Stanford performed
the initial work that validated the safety and feasi-
Fig. 9. (A) Initial thoracic arch aortogram demonstrates
repaired with placement of a covered stent. (B) Note the
the level of the left subclavian artery (arrow).
bility of the procedure for aneurysm disease in the
thoracic aorta. Their successful use of the ‘‘elephant
trunk’’ technique was translated to the use of stent
grafts in the treatment of thoracic aortic aneurysms
[Fig. 9] [21–23].
The use of endovascular techniques in blunt and

penetrating trauma is likely to expand because of
the significant advantages that these techniques
offer over open repair. Endovascular techniques
are associated with decreased anesthetic time and
blood loss [24]. Penetrating and blunt trauma, in
addition to vascular injury, may result in significant
tissue damage and site contamination, which makes
a remote entry site for repair attractive [25]. De-
spite the success of endovascular techniques in the
treatment of thoracic aortic aneurysms, significant
questions remain about the application of these
techniques to the treatment of aortic injury. In par-
ticular, this cohort of patients is likely to include
significant numbers of young individuals who
would bear the anticipated potential longitudi-
nal risk of endoleak and device fatigue or failure.
Endovascular treatment has been used as a de-
finitive treatment and as a bridge to open surgical
repair. The initial results have been promising; how-
ever, long-term data are needed to validate the
durability of the technique in traumatic injury,
because this subset of patients would be expected
to include adults of all ages. Hoffer and colleagues
[15] reported a case of endovascular stent graft-
ing that served as a successful bridge to open re-
pair in a young patient. Kasirajan and colleagues
[16] reported a series of 27 patients who had TAI;
10 patients underwent open surgical repair and
5 patients had endovascular stent grafting. Overall
mortality was lower in the group that had stent
grafting (20% versus 50%). There was no paraple-
gia in any of the survivors. Amabile and colleagues
a traumatic pseudoaneurysm (arrow). This lesion was
noncovered stent apposing the thoracic aorta wall at
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[17] reported a series of 20 patients who had acute
blunt traumatic aortic rupture over a 5-year period.
Eleven patients underwent open surgical repair and
9 had endovascular stent grafting with commer-
cially available devices. In the group that had sur-
gery, one patient died; there were three cases of
significant morbidity, including left phrenic nerve
palsy, left recurrent laryngeal nerve palsy, and
hemopericardium. In the group that had stent
grafting, there were no significant periprocedural
complications, including paraplegia, and no
patient required conversion to open repair. Pseu-
doaneurysm exclusion was documented in all
patients with a mean follow-up of 15.1 months
(range 3–41 months).
Intercostal, internal mammary, and subcostal

arteries injuries can result in significant chest wall
hematoma and hemothorax. These lesions can be
suspected based on mechanism of injury and clin-
ical findings. Usually, tube thoracostomy is the
initial procedure that is performed in the resuscita-
Fig. 10. (A) Initial selective angiogram of the subclavian art
arrows). (B) This lesion was repaired with placement of
fractured clavicle.
tion unit. Patients who have hemothorax who lose
more than 1500 mL of blood are considered can-
didates for thoracotomy [26]. In some patients who
have significant comorbidities or who are hemody-
namically stable with lesser amounts of hemor-
rhage, selective angiography and embolization is a
therapeutic option. Alternatively, patients who con-
tinue to have significant bleeding after thoracot-
omy may benefit from selective angiography and
embolization [27].
The internal mammary artery supplies the ante-

rior intercostals arteries and should be evaluated
in cases of suspected anterior chest wall injuries
[Fig. 10]. In addition, the internal mammary artery
can suffer iatrogenic injury in conjunction with
placement of subclavian central lines [28]. Injuries
of the great vessels can result in significant medi-
astinal hematoma. These lesions require thoracot-
omy for surgical management. In patients who
have significant comorbidities, selective angiogra-
phy and covered stent placement is a therapeutic
ery demonstrates a traumatic pseudoaneurysm (curved
a covered stent (Wallgraft). (C ) Note the bullet and



Fig. 11. (A and B) Vascular stent for intimal injury.
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option. Intimal injuries of the great vessels can
result in dissections. These injuries can be observed,
and if feasible, the patient can be placed on anti-
coagulation. Alternatively, vascular stents can be
used to repair these vessels [Fig. 11].
Summary

The diagnosis and treatment of traumatic thoracic
vascular injury has undergone significant evolution
in the past decade, and, in particular, over the past
several years. Significant advances in CT provide a
rapid, accurate diagnosis in seconds. Continued
improvements in stent graft technology have facili-
tated the use of endovascular techniques for de-
finitive repair of branch vessel and traumatic aortic
injury. Angiography, although most often second-
ary to CT in the diagnostic evaluation, plays a sig-
nificant role during endovascular repair. In-depth
understanding of the technical factors of thoracic
angiography is essential to optimize results in the
diagnostic and therapeutic settings. Despite the ini-
tial optimism over the use of endovascular stent
grafts, long-term data on these techniques are lack-
ing. Device size, vascular access, cholesterol embo-
lization, contrast-induced renal failure, radiation
injury to patient and operator, endoleak, late rup-
ture, and neointimal hyperplasia are some of the
issues that require further investigation and refine-
ments in clinical engineering and management.
Despite these obstacles, the use of endovascular
techniques in thoracic vascular trauma is likely to
continue to expand.
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This article discusses the radiologic and clinical
features of nonvascular mediastinal trauma, and
focuses on the tracheobronchial tree, the esopha-
gus, and the thoracic duct. Blunt chest and pene-
trating trauma account for most of the causes of
such nonvascular injuries, but iatrogenic and inha-
lation injuries are other well-known causes. The
injury distribution and clinical manifestations are
different for each structure. In our combined expe-
rience at a level 1 trauma center, the overall preva-
lence of injury in each organ is low compared with
vascular injuries. As such, and given the frequent
nonspecific nature of clinical signs and symptoms
of nonvascular mediastinal injuries, the diagnosis
often is delayed and results in poor treatment out-
come [1].
Tracheobronchial injury

The trachea can be divided arbitrarily at the tho-
racic inlet into two parts: the cervical trachea and
the intrathoracic trachea. The intrathoracic trachea
courses in the midline with a slight deviation to the
right, which is caused by the aortic arch. It bifur-
cates into the left and right main bronchi at the
tracheal carina at approximately the T4 vertebral
body level [Fig. 1]. Both main bronchi are consid-
ered mediastinal structures before exiting by way of
each hilum to divide into the major lobar bronchi.
Tracheobronchial injury (TBI) is reported to occur
in only 1% to 3% of patients who have blunt chest
trauma, and in 2% to 9% of those who suffer pene-
trating chest injuries [2,3]. The tracheobronchial
tree is protected from injury to some extent by sur-
rounding structures, including the sternum, both
lungs, and the great vessels anterolaterally, and the
thoracic vertebrae and esophagus, posteriorly. As
such, injuries to these surrounding structures are
seen in association with TBI. Similarly, given poten-
tially violent injury mechanisms, TBI is associated
with closed head injury, spinal cord injury, facial
fractures, lung injury, aortic traumatic injury, chest
niversity of Washington School of Medicine, Seattle,

epartment of Radiology, University of Washington
.

reserved. doi:10.1016/j.rcl.2005.10.001



Fig. 1. Coronal reconstruction of the chest CT scan
shows normal course of the trachea deviation to the
right from the aortic arch (*) and division into the left
and right main bronchus at the T4 vertebral level.
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wall injury, and abdominal injuries in from 40% to
100% of cases. Combined esophageal and tracheal
rupture is seen in approximately 20% of cases of
TBI [4].
The two primary causes of trauma to the tracheo-

bronchial tree are penetrating injuries (in ~70% of
cases) and blunt trauma (in the remainder) [5]. The
other causes of injury, such as foreign body aspira-
tion, inhalation, and iatrogenic injuries from intu-
bation or tracheostomy, are uncommon.
Penetrating trauma is seen more commonly in

the cervical, rather than the intrathoracic, trachea
[2,6,7], and usually involves the anterior portion of
tracheal cartilage and intercartilaginous ligament.
For the intrathoracic airway, the distal trachea,
just above the carina, and the right lower bronchus
are the regions that are involved most com-
monly [7].
In contrast to penetrating injuries, 80% of cases

of blunt TBI occur within 2.5 cm of the carina
[7,8]. The right main stem bronchus tends to be
injured more commonly than the left because there
is less protection from surrounding structures [7,8].
Mechanisms of blunt tracheal injury include the

following [7,9,10]:

• Rapid increased intraluminal tracheal pressure
from sudden chest compression against a closed
glottis, typically during high-speed crashes. In
these cases, rupture usually occurs in the mem-
branous portion.

• Separation and stretching of the tracheobron-
chial tree due to anteroposterior chest compres-
sion and hyperextension of the neck or direct
crushing of the trachea between the sternum
and thoracic vertebrae, causing tracheobron-
chial disruption.

• Rapid deceleration with shearing forces passed
to the relative fixed cricoid cartilage and ca-
rina, resulting in rupture of the trachea and
bronchi, especially near the lower tracheal–
carinal junction.

A single, transverse rupture of the tracheobron-
chial tree is seen much more commonly than a
longitudinal or complex tear. Iatrogenic tracheal
rupture from intubation commonlyoccurs at the pos-
terior membranous wall. Inhalation injury, such as
inspired hot gases, steam, or toxic fumes (eg, chlorine
gas), can result in severe damage to the tracheal
mucosa, starting with edema and followed by necro-
sis, ulceration, scar formation, and finally, tracheal
stenosis [7].

Clinical findings

Diagnosis of TBI is delayed in up to two thirds of
patients because the airway column is maintained
by intact peritracheobronchial tissue [7,8]. Com-
mon symptoms of TBI are nonspecific and in-
clude dyspnea, cough, hoarseness, and hemoptysis.
Clinical signs also are nonspecific and include sub-
cutaneous emphysema, hemoptysis, respiratory dis-
tress, and hypoxia. Persistent pneumomediastinum;
pneumothorax; subcutaneous emphysema, despite
treatment; fractures of the first three ribs; or pos-
terior dislocation of sternoclavicular joint are
suggestive of, or associated with, TBI [10]. Endo/
bronchoscopy can confirm the diagnosis when the
clinical and radiologic features are suspected. Late
effects of undiagnosed TBI may be tracheobron-
chial stenosis from granulation tissue and fibrosis
that leads to chronic airway obstruction.

Radiologic findings of tracheobronchial injury

The most direct radiologic sign of tracheal rupture
is demonstration of a tracheal wall defect or tra-
cheal deformity. These findings are seen far more
readily using CT than conventional radiography. In-
direct signs of injury include an airway leak into the
surrounding mediastinal tissue, an abnormal con-
figuration of the endotracheal tube balloon cuff,
and distal lung parenchymal abnormalities (eg, per-
sistent atelectasis). The most common radiologic
features of TBI are pneumomediastinum (60%)
and pneumothorax (≤70%) that result from air
escaping through a tracheal tear into the mediasti-
num and pleural space [11]. Persistent subcuta-
neous emphysema, pneumothorax, or atelectasis,
despite appropriate therapy, should be considered
suspicious for TBI in the proper clinical setting.
Deviation of an endotracheal tube from its ex-

pected course, and focal overdistension of the en-
dotracheal tube balloon cuff or protrusion of the
balloon through a tracheal laceration are highly
suggestive radiologic findings for tracheal injury
[Figs. 2 and 3] [9]. The lung distal to the injury



Fig. 2. Tracheal rupture from a high-speed vehicle accident. (A) The axial CT scan of the cervical spine shows
the focal left posterolateral protrusion of the endotrachial tube balloon cuff (arrow). (B) The sagittal CT scan of
the cervical spine again shows the focal protrusion of the balloon cuff (arrow). (C ). With the three-dimensional
reconstruction, the abnormal figure of the balloon cuff is demonstrated well (arrow).
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can be atelectatic, especially with complete disrup-
tion of the airway. The distal collapsed lung will
‘‘fall’’ to the most dependent portion of the pleural
space, which produces the so-called ‘‘fallen lung
sign.’’ Although essentially pathognomonic for the
diagnosis of TBI, it is a rare finding [10,11].
Whereas conventional chest radiograph is the

initial imaging study for the evaluation of blunt
chest trauma, and typically establishes the diag-
noses of pneumothorax and pneumomediastinum,
the direct diagnosis of TBI is made more much
confidently and commonly with CT [9]. Multi-
detector CT (MDCT) has improved markedly our
ability to make this diagnosis, particularly when
supplemented by the use of thin-slice collimation,
multiplanar reformation, mini–maximum intensity
projection rendering, and virtual CT bronchoscopy.
The increasing use of screening chest CT in patients
who have blunt chest trauma should increase the
number of patients who have TBI who are diag-
nosed in the acute trauma setting.
Esophageal injury

The esophagus can be divided into three portions:
cervical, thoracic, and intra-abdominal. The intra-
thoracic esophagus is located along the right lateral
descending aorta in the middle mediastinum, be-
hind the trachea and in front of the thoracic spine.
Protected by the thoracic cage, the incidence of
esophageal injury from external chest trauma is
rare, typically less than 1% [4,12,13]. The most
common cause of esophageal perforation is medi-
cal procedures [14,15], such as endoscopy and
dilation procedures. Typically, these procedures
are performed for esophageal pathology that results
in a weaker wall that is more prone to perforation.
The remaining causes of esophageal injury include



Fig. 3. Tracheal rupture after blunt trauma. (A) Admission chest radiograph of elderly woman shows diffuse soft
tissue air and huge hiatal hernia. (B) CT shows air surrounding thoracic trachea with apparent bulging of
endotracheal balloon posteriorly. (C and D). Coronal and sagittal volume rendered images confirm endotracheal
balloon bulging through membranous tracheal tear (arrow in C).
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certain toxic ingestions, emetic injury (Boerhaave’s
syndrome), and external penetrating trauma.
Penetrating esophageal injuries result mainly from

gun shot, shotgun, and stab wounds [16]. Penetrat-
ing and blunt esophageal ruptures often are asso-
ciated with injury to the surrounding organs, such
as heart, great vessels, trachea, and spine [17].
Clinical findings

Esophageal injuries have a high morbidity and mor-
tality, and early diagnosis and treatment improve
outcome. Symptoms and signs of esophageal in-
jury are dependent on the depth of esophageal
wall involvement. The most common symptom of
esophageal injury is retrosternal chest pain. Other
nonspecific symptoms include dysphagia, odyno-
phagia, pleuritic chest pain, and dyspnea. Signs of
full-thickness tear without tracheal trauma include
subcutaneous emphysema, pneumomediastinum,
pneumothorax, and demonstration of gastric con-
tents in pleural fluid. Most cases of blunt or pene-
trating esophageal injury are delayed in diagnosis,
which leads to a poor outcome [4,16].
Radiologic findings of esophageal trauma

Patients who have a penetrating injury track
through the mediastinum should be evaluated by
esophagography, starting with water-soluble con-
trast media, and if negative, followed by barium
swallow; the higher density contrast allows detec-
tion of smaller lesions or contrast leaks. Flexible
fiber optic or rigid esophagoscopy also can be per-
formed with a diagnostic sensitivity that ranges
from 50% to 90% [4].
The depth of esophageal penetration directly

affects radiologic findings. In superficial penetrat-
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ing injury, esophagography will not demonstrate
a tear easily; however, if the injury extends to
the lumen, a full-thickness perforation potentially
produces pneumomediastinum, pneumothorax,
pleural effusion, and leakage of contrast medium
during a swallowing study. Malposition of a surgi-
cal appliance (eg, stent) or demonstration of a
foreign body in or near the course of the esopha-
gus on radiography indicates a potential esopha-
geal perforation. Progressive leakage of esophageal
fluid content with superimposed inflammation
and infection gradually alters the mediastinal con-
tour and produces widening and indistinct bor-
ders. The anatomic position of the esophagus in
the thorax results in preferential injury patterns;
injury to the superior two thirds usually results in
Fig. 4. Esophageal rupture from an all-terrain vehicle acc
thorax (arrowheads) with the chest tube. The lung contus
the chest shows air leakage around the esophagus (arrow
ture (arrowhead) also are demonstrated. (C ) The esophag
junction (arrow).
right pleural effusion, whereas injury of the lower
one third results in a left pleural effusion [18].
The chest radiograph, as the usual initial imaging

examination to evaluate suspected esophageal per-
foration, is used to demonstrate air collections in
the mediastinum and subcutaneous soft tissues
[Fig. 4]. For confirmation and localization of
the site of rupture, contrast study of the esophagus
can be performed under fluoroscopy with compli-
mentary conventional radiographs. CT can readily
show a small leak of contrast material from the
esophagus that may be difficult to visualize on
conventional radiography, and can detect a small
metallic foreign body from accidental ingestion
[17]. Other CT abnormalities include extraluminal
air, periesophageal fluid, and esophageal thicken-
ident. (A) Chest radiograph shows the right pneumo-
ion at the right lung apex also is noted. (B) CT scan of
s). The right pneumothorax (*) and the right rib frac-
ography confirms the leakage at the esophagogastric



Fig. 5. Esophageal contrast leak. CT was performed
after esophagram for penetrating mediastinal injury
and shows leak of contrast from the esophagus (ar-
row). Pneumomediastinum is observed and the tra-
chea had a full-thickness injury at surgery. (From
Mirvis SE. Diagnostic imaging of thoracic trauma. In:
Mirvis SE, Shanmuganathan K, editors. Imaging in
trauma and critical care. 2nd edition. Philadelphia:
WB Saunders; 2003. p. 297–367).
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ing that can be clues to esophageal perforation [see
Figs. 4 and 5]. Recently, CT has played an increas-
ing role in evaluating esophageal injury because it
has come into general use as a common method to
evaluate patients who have acute chest pain. CT
techniques include imaging with and without intra-
venous contrast medium injection and, when pos-
sible, distending the esophagus with water and
ingestion of effervescent granules [19,20].
Tracheoesophageal fistula

Acquired tracheoesophageal fistula after chest
trauma is rare, and occurs in just 0.2% of patients
who have blunt chest injury [7,21]. Most cases
involve young adult patients. In cases of penetrat-
ing trauma, injury usually involves the trachea and
esophagus [22].
Typically, the mechanism of the blunt traumatic

tracheoesophageal fistula is a compression of the
trachea and esophagus between the sternum and
the vertebrae, which results in injury to the mem-
branous portion of the trachea and the anterior
esophageal wall. Because most young patients
have a highly elastic chest wall, concurrent fracture
of the thoracic cage is infrequent. The most com-
mon traumatic cause of tracheoesophageal fistula
is long-term use of an endotracheal tube and naso-
gastric tube, with esophageal and tracheal wall is-
chemia producing focal necrosis of the esophageal
and tracheal walls and subsequent formation of
a fistula [21,23].

Clinical and radiologic findings of
tracheoesophageal fistula

The most common site of a tracheoesophageal fis-
tula is at or just above the carina. Classic symptoms
and signs are evidence of pneumonia or coughing
after swallowing that occur in the 3 to 10 days after
chest trauma [23,24]. Esophagography and CT can
diagnose and demonstrate the fistula location
directly. Otherwise, radiologic findings are indi-
rect, and include pneumonia, gaseous dilatation
of the esophagus, pneumomediastinum, and sub-
cutaneous emphysema.
Thoracic duct injury

The thoracic duct is a lymphatic drainage system
that arises from the cisterna chyli, passes into the
thoracic cavity by way of the aortic hiatus, and
courses to the right side of the spine between the
azygos vein and the aorta. At the carinal level, the
course of the thoracic duct changes to the left—
just lateral to the left side of the trachea—and is
directed between the esophagus and the left sub-
clavian artery, where it drains into the venous sys-
tem at the junction of the left brachiocephalic and
internal jugular veins. Understanding this course
helps to locate the points of potential injury,
because the lower third of the duct lies mainly to
the right of midline and leads to right-sided chylo-
thorax, as opposed to injury to the upper tho-
racic portion, which causes a left-sided chylothorax
[25,26]. Bilateral chylothoraces may be seen when
injury occurs near the carina. Isolated external pene-
trating and nonpenetrating thoracic duct injuries are
rare and usually occur in association with the vas-
cular or tracheoesophageal injury [27].
Proposed mechanisms of blunt thoracic duct rup-

ture include shearing of lymphatic channels from
hyperflexion and extension of the vertebral col-
umn, and disruption of the chyle-containing lym-
phatic system from stretching and tearing motion
during acute compression [28].

Clinical and radiologic findings of thoracic duct
injury

Thoracic duct injury results in a chylothorax or
chylopericardium. Prolonged leakage of lymph may
lead to nutritional deficiencies, respiratory dysfunc-
tion, and immunosuppression with a mortality of
up to 50% [29]. Chylous effusions contain a high
triglyceride content—greater than 110 mg/dL—that
produces a milky appearance [25]. Demonstration



257Nonvascular Mediastinal Trauma
of a chylothorax or chylous fluid from a surgical
wound is most likely due to thoracic duct perfora-
tion [26]. If chylothorax is noted after blunt chest
trauma, esophageal injury should be sought care-
fully [4].
Lymphangiography is the imaging procedure of

choice to diagnose and localize a laceration point.
Abnormal lymphangiography shows leakage of con-
trast from the thoracic duct, a lymphocele, or lym-
phatic obstruction. An indirect sign of leakage that
is seen on CT is a low-attenuation (negative Houns-
filed units) intrathoracic fluid collection [1].
Miscellaneous

The remaining traumatic nonvascular mediastinal
structural injuries are seen rarely, except as case
reports. Phrenic nerve injury may be seen after
chest surgery, especially cardiac surgery, thoracot-
omy, or laparotomy [30,31].
Summary

Although nonvascular mediastinal injuries are
rare, they are associated with a high morbidity
and mortality and always should be considered
in the appropriate clinical setting. Although chest
radiographic screening may permit detection of
indirect signs of injury to the nonvascular medias-
tinal structures, CT, particularly MDCT, may allow
definitive diagnosis which leads to earlier treat-
ment, and should be obtained with a low threshold
in major blunt trauma or penetrating injury that
may or definitely involves the mediastinum.
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Venous thromboembolic disease (VTE) repre-
sents a continuum of disease from deep venous
thrombosis (DVT) to pulmonary embolism (PE).
PE is a common and deadly illness with a reported
annual U.S. incidence of between 0.7 and 1 case/
1000 population [1,2]. PE continues to affect hos-
pitalized patients, with an estimated 170,000 cases
of DVT or PE per year [3]. Autopsy studies have
shown that up to 10% of in-hospital deaths are
caused by PE [4,5]. All-cause mortality of patients
with the diagnosis of PE was reported to be as high
as 17.4% at 3 months [6], and likely accounts for
100,000 to 200,000 annual deaths. Treatment with
unfractionated or low molecular weight heparin
reduced mortality from PE to as low as 0.6% to
1.0% [7]; this makes accurate diagnosis a matter of
life or death.
Despite its high prevalence, acute PE is difficult

to diagnose. It was reported that 62% to 83% of
autopsy-proven PEs were not diagnosed clinically
[4,8]. History and physical examination findings
for PE or DVT are neither sensitive nor specific
[9,10]. For instance, one study revealed that as
few as 19% of those who had autopsy-proven PE
had symptomatic DVT [5]. Currently, the diagnos-
tic work-up of PE uses a combination of clinical
scoring algorithms, serum tests, ECG, chest radiog-
raphy (CXR), and further diagnostic imaging stud-
ies. Current imaging modalities include nuclear
ventilation-perfusion (V/Q) scanning, lower ex-
tremity ultrasound, CT pulmonary angiography
(CTPA), and, less frequently, echocardiography,mag-
netic resonance and conventional pulmonary angi-
ography (PA).
Chest radiography

A common misconception is that the CXR fre-
quently is normal in PE. On the contrary, in the
Prospective Investigation of Pulmonary Embolism
Diagnosis [PIOPED] study, only 12% of the radio-
graphs from nearly 400 patients were interpreted
as normal [11]. A prospective observational study
by Elliott and colleagues [12] further characterized
the radiographic abnormalities that are seen in PE.
Cardiomegaly was the most common finding (oc-
curred in 29% of patients), and was followed by
pleural effusion, elevated hemidiaphragm, pul-
nd, Baltimore, MD, USA
ryland School of Medicine, Baltimore, MD, USA
iology, University of Maryland School of Medicine,

reserved. doi:10.1016/j.rcl.2005.10.004



Fig. 1. Posteroanterior upright CXR revealing focal pe-
ripheral consolidation in the right lower lobe (arrow).
This is the classic “Hampton’s hump” sign that is seen
in a minority of patients who have PE, and is sugges-
tive of pulmonary infarction in the lung parenchyma
supplied by the artery occluded by embolus.
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monary arterial enlargement, and parenchymal
pulmonary infiltrates. Each of these findings is
nonspecific. The classic CXR findings of PE include
focal subpleural density (Hampton’s hump)
[Fig. 1] and regional oligemia (Westermark’s
sign); however; these signs also suffer from poor
specificity and even worse sensitivity. Despite being
a poor screening test for PE, CXR continues to be
used as a preliminary diagnostic test. The examina-
tion is safe and inexpensive and may identify unre-
lated and possibly deadly causes of chest pain, such
as pneumothorax. Additionally, CXR should be
used for proper interpretation of nuclear V/Q
scans if that examination is indicated.
Serum markers

A key component of the diagnostic work-up for PE
involves the use of blood tests. Traditionally, arte-
Fig. 2. High-probability V/Q scan obtained with dual head
intravenous injection of 4 mCi of technetium–99-m mac
geneous; however, left posterior oblique (LPO) and posterio
in the lateral basal and posterior basal segments of the le
MD, Baltimore, MD.)
rial blood gas measurements were obtained to assess
for an increase in the alveolar–arterial oxygen gra-
dient. A review of several studies that analyzed this
test showed it to be insensitive and nonspecific
[13,14]. More recently, the D-dimer test has be-
come a viable screening tool for VTE disease.
D-dimer is a by-product of fibrinolysis that is sen-
sitive for VTE with a high negative predictive value
[15,16]. Additionally, one study suggested that a
quantitative D-dimer level, as well as other clinical
signs, can predict the extent of perfusion defects on
VQ, and thus, the size of PE [17]. The D-dimer
assay has been used in combination with pretest
clinical scoring models (eg, Well’s criteria), which
assess a patient’s risk of PE using history and physi-
cal examination findings (eg, history of malignancy
or recent surgery, heart rate, and evidence of DVT).
The use of an accurate and reproducible D-dimer
assay with a pretest clinical scoring model, like the
Well’s criteria, had a negative predictive value as
high as 99.5% and can safely rule out VTE with-
out subsequent imaging studies [18,19].
Nuclear ventilation-perfusion scintigraphy

Historically, the V/Q scan has been an important
tool in the diagnosis of PE. Typically, V/Q scan
results are classified as normal, low, intermedi-
ate, and high probability for PE. Patients with
high-probability VQ scans warrant anticoagulation
[Fig. 2]. Although only a minority of scans are inter-
preted as normal, this category has excellent nega-
tive predictive value; only 0.3% of patients had
recurrent PE according to a recent meta-analysis
[20]. Furthermore, withholding anticoagulation in
those with normal VQ scans was safe [21]. In con-
trast, the clinical significance of low-probability
scans is less certain. Whereas several investigators
reported morbidity and mortality from undiag-
single-photon emission CT using xenon-133 gas and
roaggregated albumin particles. Ventilation is homo-
r projections of the perfusion scan reveal large defects
ft lower lobe (arrows). (Courtesy of Faazia Mahmoud,



Fig. 3. Intermediate-probability V/Q scan obtained with dual head SPECT using xenon-133 gas and intravenous
injection of 4 mCi of technetium–99-m macroaggregated albumin particles. (A) Anterior projection of single
breath ventilation scan reveals mild decreased ventilation at the bases. (B) Right posterior oblique projection of
perfusion scan shows multiple defects in the right lung (arrows). CXR revealed a right lower lobe infiltrate. This
combination was read as intermediate probability. (Courtesy of Faazia Mahmoud, MD, Baltimore, MD.)

Fig. 4. Conventional invasive PA. Anteroposterior pro-
jection of pulmonary angiographic image is coned
down to the left lung revealing intraluminal defect
and vessel cutoff at the central and segmental portion
of the left pulmonary arterial circulation (arrow).
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nosed PEs in this group [22,23], a more recent
series reported no deaths attributed to PE in
536 patients with low-probability scans [24]. Until
a greater consensus is reached, it seems evident that
a low-probability scan, in the presence of cardio-
pulmonary disease or high clinical suspicion for
PE, should be evaluated further. The intermediate
(indeterminate) probability category is the most
problematic [Fig. 3]. In the PIOPED study, nearly
40% of results were classified as indeterminate. PE
was present in 33% of this group [10], which man-
dates further study for those with intermediate VQ
results. Some investigators support the use of CTPA
after indeterminate or inconclusive VQ scans [25].
The high percentage of intermediate studies is a
major limitation of V/Q scanning.
Like any imaging modality, sensitivity and spe-

cificity of nuclear VQ scanning depends on the
technology that is being used. More recent studies
that used advanced nuclear imaging, demonstrated
improved sensitivity and specificity for VQ scanning
[26]. A recent study by Reinartz and colleagues [27]
revealed that VQ scans using single-photon emis-
sion CT (SPECT) with ultrafine aerosol was com-
parable to four-slice tomographic imaging, and
exceeded CT in sensitivity, but not in specificity.
The investigators noted that the more commonly
available conventional planar lung scintigraphy
does not compare favorably with CT.
Interobserver agreement has been fair for VQ

scans; however, interpretation of nuclear medicine
studies can be made more reproducible by using
predefined criteria. A 2003 study by Hagen and
colleagues [28] found that interobserver agreement
was in the 0.65 to 0.79 range; the highest agree-
ment used a predefined interpretation criterion that
was developed by Hull.
Despite improvements in technology and inter-

pretation, the VQ scan is limited by indeterminate
results, long scan times, and the need to assemble a
team to perform the study. The combination of
a high number of indeterminate VQ scans and
the ability of CTPA to pick up alternative diagnoses
has led some investigators to conclude that CTPA
confidently establishes a diagnosis more often
[26,29,30]. Nonetheless, VQ scanning has a role
in the diagnosis of PE. The British Thoracic Society
recently recommended that VQ scanning is a rea-
sonable alternative to CTPA if CXR is normal, there
is no cardiopulmonary disease, the readers use
predefined criteria, and a nondiagnostic result is
followed up by further studies [31].
Conventional pulmonary angiography

Conventional PA identifies PE by observation of a
filling defect or vessel cutoff [Fig. 4]. Conventional
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angiography is less attractive than other modalities
because it is invasive, expensive, regarded by some
as dangerous, and requires a team to assemble.
Advances in the use of nonionic contrast media
and technique have improved the safety of the
procedure [32,33]; however, it remains a time con-
suming examination with a small risk of significant
morbidity. Despite long being considered the gold
standard for detection of PE, the accuracy of PA
continues to be scrutinized. PA lacks sensitivity for
detecting subsegmental PE, with reported interrea-
der agreement as low as 66% using data from the
PIOPED study [34]. Furthermore, a recent study on
porcine models revealed that the sensitivity of PA
for subsegmental clot was only 87%, which is simi-
lar to that for CT [35]. Although many investigators
question the usefulness of conventional PA in the
evaluation of acute PE, the technique may play a
role in critically ill patients in whom CT has been
reported to be less accurate [36]. Additionally, PA
offers the advantage of intervention by way of
direct thrombus fragmentation in the setting of
massive PE [37], but this requires special training
and is not available in all settings. As noninvasive
modalities improve, the indications for diagnostic
conventional angiography are likely to narrow.
CT pulmonary angiography

CTPA is rapidly becoming the first-line imaging
modality for PE. Reports of increased use of CTPA
for PE in emergency room and in-patient settings
confirm the recognition of this modality as an
important diagnostic tool for PE [38]. CTPA offers
many advantages over competing modalities, in-
cluding availability, cost-effectiveness, volumetric
data acquisition, identification of alternate diag-
noses, and the ability to image pelvic and lower
extremity veins in the same study. Additionally, CT
Fig. 5. Contrast-enhanced 16-detector CTPA with maxim
projections. Clot is visualized directly in the left lower lo
area of consolidation in the corresponding left lower lobe
the CT version of “Hampton’s hump.”
can be used in the setting of an abnormal CXR
or underlying cardiopulmonary disease, which can
make interpretation of nuclear studies challenging.
The accuracy and interobserver agreement of CT
are well described and compares favorably with
other modalities.
CTPA directly visualizes emboli by observation

of a filling defect within the enhanced pulmonary
arteries [Fig. 5]. Precise techniques reported for
CTPA in the literature vary. Our CT protocol uses
100 mL to 150 mL of contrast material with an
injection rate of 3 mL/sec. The authors use multi-
slice scanners (16-slice) for evaluation of PE with a
protocol that consists of 1- to 2-mm collimation
and 50% overlap. We routinely obtain thin-
slab reformations in axial and coronal planes. The
multidetector CT (MDCT) scanners are capable of
bolus timing, using a region of interest on the
pulmonary arteries. Scanning is initiated automati-
cally when a preselected threshold attenuation
value (usually 150 HU) is reached in the pulmo-
nary arteries after contrast injection. Further modi-
fications are necessary for the new generation of
40- and 64-slice scanners.
The advantage of volumetric data acquisition can

be realized by using several reformations, including
sagittal and coronal planar, curved planar, volume,
maximal intensity projection, and paddle wheel
views. In particular, the paddle wheel reformation
may lead to increased sensitivity for PE [Fig. 6].
In paddle wheel views, planar slab reformations are
obtained in multiple planes around a selected hor-
izontal axis pivot point [39]. In a small retrospec-
tive study of five patients with known PE, Chiang
and colleagues [40] reported that the paddle wheel
reformations had a significantly higher percent-
age of overall detection of PE than did coronal
reformations that were obtained with equivalent
slab thickness. Further research is needed to de-
al intensity projection in axial (A) and coronal (B)
be pulmonary artery (small arrows). A wedge-shaped
(large arrow, B) is consistent with pulmonary infarct—



Fig. 6. Contrast-enhanced CTPA using paddle wheel
reformation reveals PE in the right segmental pulmo-
nary arterial tree (arrow). The paddle wheel view can
depict branching structures like the pulmonary arter-
ies in a more continuous manner from hilum to pleura.
(Courtesy of Philippe Boiselle, MD, Boston, MA.)

Fig. 7. Axial projection of contrast-enhanced 16-detector
CTPA reveals PE in the left segmental pulmonary cir-
culation (white arrow). An important benefit of CTPA
is the identification of alternate or additional diag-
noses; in this case, aortic dissection was identified
(black arrow).
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termine the optimal reformation that will pro-
vide the highest sensitivity for PE in the most effi-
cient manner.
Interobserver reliability of CTPA is good with an

agreement rate of 74% to 77% [41]. In a 1999
review by Holbert and colleagues [42], this com-
pared favorably with agreement rates of 39% and
46% for V/Q and conventional PA, respectively. In
terms of accuracy, CTPA exhibited excellent sensi-
tivity and specificity for central and segmental PE
[43,44]; however, like PA and magnetic resonance
PA (MRPA), CT is least sensitive in the assessment
of small emboli that are isolated to the subsegmen-
tal vessels [45]. Baile and colleagues [35] compared
PA with spiral CT with 1-mm collimation using a
porcine model as the gold standard. In this study,
the overall sensitivities of CT and PA were equal,
and it was concluded that CTPA is comparable to
PA for the detection of emboli. There was no dif-
ference between the two techniques in the detec-
tion of subsegmental emboli. Further validity of the
accuracy of CTPA in the detection of PE is forth-
coming with the PIOPED II trial. Rather than using
conventional PA as a gold standard, this trial is
using a combination of multiple imaging modali-
ties to determine whether patients have PE [46].
The fact that PA and CT lack sensitivity for iso-

lated subsegmental emboli has raised the question
of the clinical relevance of these findings. To eluci-
date this, recent studies have focused on outcome-
based measures. Multiple studies using 3- and
6-month follow-up after negative CT showed that
the incidence of VTE or PE in those patients is low.
Negative predictive values from these studies have
been in the 96% to 99% range [47–51]. In a study
by Goodman and colleagues [21], the follow-up
results for CT were not significantly different from
low-probability and normal VQ scans. In addition,
unlike VQ scans, underlying pulmonary disease
does not seem to affect the negative predictive
value of CTPA [52]. Musset and colleagues [53]
added pretest clinical probability to their algorithm
for withholding anticoagulation. For patients with
low or intermediate clinical probability, negative
CT, and negative ultrasound of lower extremities,
only 1.8% had VTE at 3-month follow-up. A multi-
center prospective trial by van Strijen and col-
leagues [54] assessed 3-month clinical follow-up
after negative CT and serial compression ultra-
sound. The incidence of VTE in this group was
only 0.4%. These data compare favorably with PA
outcome data from 1-year follow-up which re-
vealed a 1.6% rate of PE in those not who were
anticoagulated after normal angiography [55].
Many investigators believe that there seems to be
adequate support to withhold anticoagulation after
a negative CT scan in the absence of signs or symp-
toms of DVT.
A further advantage of spiral CT over traditional

techniques for evaluation of PE is its ability to
suggest an alternative diagnosis [Fig. 7]. Kim and
colleagues [56] found CT useful in suggesting a
different etiology in 57 of 85 (67%) patients who
did not have PE. Other investigators cited alter-
native diagnosis rates of between 25% and 53%
[29,47,54]. A recent multicenter study by Richman
and colleagues [57] looked at the clinical signifi-
cance of alternative diagnoses. Seven percent of
patients that were seen in the emergency depart-
ment with CT scans that were negative for PE had
an alternate diagnosis that required ‘‘specific and
immediate action.’’ Diagnoses included infiltrate or
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consolidation that suggested pneumonia (81%),
aortic aneurysm or dissection (7%), and mass that
suggested undiagnosed malignancy (7%). If these
data are generalized, CTPA may have the ability to
discover aortic aneurysm or dissection in 1 out of
every 200 negative PE studies that are performed
in the emergency setting. The incidental finding of
clinically relevant disease is a powerful benefit to
this modality.
Cost is a concern when attempting to find the

ideal test for a disease entity. Recent studies sug-
gested that CT is the most cost-effective modality to
diagnose PE. For instance, after a careful cost analy-
sis of several diagnostic algorithms, Doyle and col-
leagues [58] reported that CT scanning is the least
expensive imaging technique for the diagnosis of
PE per life saved.
An additional use of spiral CT is its ability to im-

age the deep venous system to detect thrombus—
a procedure that is termed CT venography (CTV).
Fig. 8. Axial projections of contrast-enhanced 16-detecto
area of the popliteal fossa. CTV identifies clot by direct
Like ultrasound evaluation of the lower extremities,
the presence of thrombus indicates a high risk that
PE has or will occur [Fig. 8]. This evaluation is
performed with the same bolus as the pulmonary
artery study after a delay of approximately 2 min-
utes. CTV has the added benefit, over ultrasound, of
imaging the pelvic veins [Fig. 9]. Multiple studies
showed good sensitivity of CTV when compared
with ultrasound of the lower extremities [59–61].
Additional studies are warranted to determine
whether combined CTPA/CTV can improve the
diagnostic yield of CTPA alone.
Despite its many benefits, CTPA has several lim-

itations. Many interpretation pitfalls [Figs. 10
and 11] require considerable expertise in CTPA
interpretation [62]. The impact of expertise is not
trivial; one study reporting that the interobserver
agreement between general radiologists and experi-
enced chest radiologists was 0.76 and 0.93, respec-
tively [63]. Technical hurdles that are caused by
r CTV reveal bilateral deep venous thrombosis in the
visualization (arrows) in the same manner as CTPA.



Fig. 9. Axial image of contrast-enhanced 16-detector CTV
reveals pelvic venous thrombosis in the left iliac venous
circulation (arrow). The evaluation of pelvic veins is a
significant advantage of CTV over ultrasonography.
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respiratory motion artifact; intrathoracic hardware,
including mechanical valves and pacemakers; bolus
timing; and scanning artifacts also must be consid-
ered. Additionally, CTPA requires a large-bore pe-
ripheral IV that can be problematic in obese patients
or those who use intravenous drugs. Finally, patients
who have renal insufficiency or contrast allergies
may not be good candidates for CTPA.
Fig. 10. Axial views of contrast-enhanced 16-detector
CTPA coned down over the right lung reveals what
appears to be a filling defect (arrow, A) in or near a
right-sided segmental vessel using tissue windows.
On lung windows, the abnormality is seen again
(arrow, B); however, on the adjacent axial slice, con-
tinuity of the abnormality with an airway (arrow, C )
reveals that the finding is a mucous plug.
Magnetic resonance pulmonary angiography

MRPA and magnetic resonance perfusion [Fig. 12]
are other noninvasive imaging modalities that show
promise in the evaluation of acute PE. MRPA shares
with CT the ability to acquire volumetric data of
the lung vasculature with subsequent reconstruc-
tion and visualization in multiple planes. Unlike
CT, MRPA provides no ionizing radiation to the
patient. In addition, the use of gadolinium pro-
vides a less nephrotoxic alternative to iodinated
contrast material, and seems to produce fewer al-
lergic reactions. The examination also can include
lower extremity and pelvic vasculature for the as-
sessment of DVT, and can identify alternative di-
agnoses. Drawbacks to MRPA, as compared with
CT, include limited availability, longer acquisition
time, poor signal-to-noise ratio, respiratory and
cardiac motion artifacts, and limited spatial reso-
lution. In addition, the examination is contra-
indicated for some patients with older metallic
hardware because of the powerful field strength of
MR magnets. Finally, patients who are claustropho-
bic may need to be sedated to complete the study.
Initial studies of MRPA were disappointing, and

revealed reasonable sensitivity but poor specificity
for proximal and segmental clots [64,65]. Advances
in MR hardware and gadolinium intravenous con-
trast enhancement have provided better results.
Meaney and colleagues [66] reported that three
independent reviewers had sensitivities of 75%
to 100% and specificities of 95% to 100% in a
30-patient prospective study that compared MRPA
with conventional PA. However, there were no
patients in the series with small, more difficult-to-
detect subsegmental PE. Multiple studies have
documented the difficulty of using MRPA to assess
distal segmental and subsegmental emboli. A 1994
study by Loubeyre and colleagues [67] reported
that all six patients who had emboli in distal
arteries were missed by MRPA when compared
with conventional PA. A study by Gupta and col-



Fig. 11. Axial view (A) of a contrast-enhanced 16-detector CTPA reveals what appears to be a filling defect (white
arrow) in the right main pulmonary artery. Careful examination of this study in axial and coronal (B) projections
reveals that the abnormality is hilar lymphadenopathy (black arrow), another common CTPA pitfall.
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leagues [68] revealed that four of five subsegmental
clots were missed when compared with conven-
tional PA. More recently, a prospective study of
141 patients by Oudkerk and colleagues [69]
reported accuracy approaching that of CT for gado-
linium-enhanced MRPA in the identification of
proximal and segmental PE. In this study, sensitiv-
ity for subsegmental, segmental, and central PE was
40%, 84%, and 100% respectively, which again
highlights the difficulty of this modality in detect-
ing subsegmental clot. The accuracy of MRPA, like
that of CT, is dependent on the radiologist’s train-
ing. In one study, the sensitivity and specificity of
MRPA improved from 46% to 71% and 90% to
97%, respectively, when interpreted by a vascular
MR-trained radiologist as compared with a general
radiologist [70].
In addition to the evaluation of pulmonary ar-

teries, MR imaging of the veins of the pelvis and
lower extremities has been described [65]. Sensi-
Fig. 12. Coronal view of contrast-enhanced MR per-
fusion study obtained using a three-dimensional fast
low-angle shot sequence with ultrashort repetition
time and echo time on a 1.5-Tesla magnet reveals ves-
sel cutoff and loss of vascularity in the right upper
lung zone (arrow). This finding is consistent with PE.
(Courtesy of Robert C. Gilkeson, MD, Cleveland, OH.)
tivity and specificity of MRA for proximal DVT
and extension into the pelvis was reported to be
between 94% and 100% and 90% and 100%, re-
spectively [71–73]. Research into newer contrast
agents that have longer intravascular half-lives
also is promising. The use of these agents may
allow for better concentration of contrast in the
pulmonary vasculature, which provides better reso-
lution. The newer contrast also may permit the
simultaneous imaging of lungs and the pelvic/
lower extremity system, much like the combined
CTA/CTV. Other advances in MRPA, including
functional MR (fMR) imaging V/Q scanning [74],
blood-pooling contrast agents (eg, gadomer [75]),
and real-time true fast imaging with steady-state
precession (TrueFisp) [76], are promising areas of
research for MRPA in the evaluation of PE.
Although prospective data on the accuracy of

MRPA for PE are limited, existing studies have
shown that sensitivity and specificity of this mo-
dality approach that of CTPA when compared with
conventional PA. Like earlier studies of CT, MRPA
suffers most in the detection of subsegmental
emboli. With the increasing availability and sophis-
tication of MR scanners, this modality may become
more useful for the detection of PE, particularly in
pregnant patients and those who have renal insuf-
ficiency or iodinated contrast allergies.
Ultrasound

The use of lower extremity ultrasound in the eval-
uation of PE is limited. Although the examination
is insensitive for asymptomatic DVT [77], a positive
result can be used to institute anticoagulation. In
addition to its poor sensitivity for lower extremity
thrombus in asymptomatic patients, only approxi-
mately half of patients with known PE have DVT
[17,78], which may be secondary to the majority of
the thrombus migrating proximally to the lungs. By
itself, lower extremity ultrasound is not sensi-
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tive enough for the evaluation of PE; however, it is
a reasonable preliminary study in pregnant pa-
tients or when other modalities are not available.
Additionally, several investigators have included se-
rial ultrasound of the lower extremities to diagnos-
tic algorithms that are aimed at screening patients
who remain at elevated risk after a PE work-up
[53,79]. It must be emphasized that evaluation can-
not stop after an isolated negative ultrasound of
the extremities.
Echocardiography in the unstable patient

Whereas echocardiography is of limited use in the
standard work-up of PE, there are some unique
benefits to this study. Because of its speed and
portability, bedside echocardiography can be useful
in patients who are suspected of having PE and are
who are too unstable for CT scan or further evalua-
tion [80]. Transesophageal and transthoracic echo
were reported to visualize the clot directly [81];
however, it is far more likely that indirect evidence
of PE will be seen in the form of right ventricu-
lar (RV) dilation and septal bowing. Echocardio-
graphic evidence of PE in the acutely unstable
patient is a compelling reason to consider throm-
bolytic therapy.
Evidence of RV strain also may offer prognos-

tic information for the hemodynamically stable
patient who has PE. Although controversial, right
heart strain that was visualized on echocardiogra-
phy was reported to increase the risk of PE-related
mortality as much as twofold [82]. Some studies
reported that thrombolytic therapy in hemody-
namically stable patients with known PE who
show echocardiographic evidence of RV strain can
improve RV function rapidly, and may lead to a
lower rate of recurrent PE [83,84]. Aggressive man-
agement with thrombolytics in stable patients who
have PE is controversial, and several investigators
reported a lack of sufficient evidence to support this
approach [85,86].
Because of the possible role of RV strain on pa-

tient management, investigators have looked at
CTPA’s ability to assess RV function in patients who
have documented PE. In a retrospective study by
Contractor and colleagues [87] in 2002, CT had a
positive predictive value of 100% for RV dysfunc-
tion as defined by RV:left ventricular ratio of greater
than 0.6 or septal bowing. More recently, Schoepf
and colleagues [88] demonstrated that enlargement
of the RV on CT helps to predict early death in
patients who have PE. In a CTPA study that is
positive for PE, it may add important clinical infor-
mation to include a description of RV size and
septal anatomy.
Special considerations

Pregnancy

Pregnancy is a known risk factor for thromboem-
bolic disease. Diagnosis of PE in the pregnant
patient is a challenge because there is concern
about iodinizing radiation to the developing
fetus. It is generally agreed that the risk of misdiag-
nosis of PE outweighs the risk of radiation. In a
2002 study of 120 pregnant women who were
imaged with VQ scans, there were no adverse effects
on 110 live births that were followed to a median
of 20.5 months of age [89]. Although the concern
for fetal radiation has led some investigators to
dismiss CT as a diagnostic tool in pregnancy, a
2002 study found that the average fetal radiation
dose for CTPA was less than VQ scans during all
trimesters [90]. Despite limited data on CT scan
radiation in pregnant women, a survey of thoracic
radiologists reported that more than 75% of prac-
tices use CTPA in pregnant patients for the diagno-
sis of PE. Of those, 53% perform CTPA without a
nuclear study first [91]. The use of MR imaging
has been considered for the pregnant patient be-
cause of its lack of radiation; however, until MR
imaging improves in availability and accuracy, it
seems that helical CTPA with adequate shielding
and dose-reduction protocols is likely to be used.
Further study is warranted in the diagnosis of PE
in the pregnant patient.
Increased use

With the increasing availability of CT scanners and
the acceptance of CTPA by emergency departments
and referring physicians, there is a risk that CTPA
will add a significant strain to radiology depart-
ments that already are struggling to keep up with
demand. The use of CT for diagnosis of PE was
examined recently by Prologo and colleagues [38].
They reported that CTPA volume has increased
from 1997–1998 to 2002–2003, whereas the rates
of CT-detected PE and ancillary findings have
decreased. Although much of this likely is second-
ary to the greater availability of CT scanning as well
as movement away from V/Q scanning, the judi-
cious use of CT would be optimal. Use of CT scan-
ning is most appropriate when indicated after
clinical pretest probability and D-dimer evaluation.
Using clinical tools, such as the Wells criteria and
sensitive D-dimer assays, it was shown that imaging
can be reduced substantially while maintaining
patient safety [18,92]. Regardless of what clinical
algorithm is instituted, all patients with concern for
PE must have pretest probability assessed. It even
was suggested that clinical probability be included
on every CTPA request in order for the CT to be
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completed [93]. Despite the continued acceptance
of CTPA for diagnosis of PE, nuclear VQ scanning
still makes up a large percentage of studies for PE
[94], and when indicated, can help to decompress
the strain on CT resources.
Summary

There continue to be great advances in imaging
technologies for the diagnosis of PE. Improvements
in noninvasive imaging techniques, including CT
and MR and nuclear V/Q scanning, have decreased
the indication for conventional PA. In particular,
the increasing availability, speed, and accuracy of
multi-detector CT has led to growing acceptance
of this modality as the primary diagnostic study
of choice. The increasing sensitivity of CT and
other modalities for isolated subsegmental em-
boli require continued investigation into the clini-
cal significance of these findings. Preliminary data
question the clinical relevance of these small
subsegmental emboli. Patients who present with
pregnancy, renal insufficiency, or claustrophobia
require that the radiologist be familiar with the
strengths and weaknesses of the current imaging
arsenal so that the safest and most accurate study
can be performed. Further prospective studies,
such as the PIOPED II trial, are warranted, and
will continue to allow us to optimize our approach
to the diagnosis of PE.
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Acute chest pain is one of the most common
complaints of patients who present to an emergency
department (ED), and accounts for up to 5% of all
visits [1]. It also is one of the most complex issues
in an emergency setting because, although clinical
signs and symptoms often are nonspecific, rapid diag-
nosis and therapy are of great importance. Accuracy
in the diagnosis and treatment of chest pain remains
a challenging task for the emergency physician.
The chest radiograph (CXR) remains an impor-

tant component of the evaluation of chest pain, and
usually is the first examination to be obtained.
Nevertheless, cross-sectional imaging has added
greatly to the ability to characterize the wide con-
stellation of clinical findings into a distinct etiology.
The potential for an ‘‘all-in-one’’ test for the work-up
of these patients has led to the increasingly predomi-
nant role of CT imaging in defining nontraumatic
thoracic emergencies. This article reviews how the
various entities that can present as nontraumatic
chest pain can manifest radiographically.
Cardiac assessment

The clinical scenarios of unstable angina, non ST-
segment elevated myocardial ischemia, and ST-
segment elevated myocardial ischemia make up
the acute coronary syndrome (ACS) [2]. These enti-
ties encompass the most significant and potentially
lethal causes of chest pain in the ED. In 2005, the
estimated direct and indirect costs of coronary heart
disease are $142 billion.
More than 335,000 people die of heart disease

in an ED or before reaching a hospital every year.
Of patients who die suddenly because of coronary
heart disease, 50% of men and 64% of women have
no previous symptoms. Patients who have classic
symptoms of ischemia are stratified quickly and
receive reperfusion therapy, including thrombolysis
and coronary angioplasty. Patients who have unsta-
ble angina and atypical chest pain present a greater
diagnostic dilemma because they may be at risk for
a lethal event, despite symptoms that seem to be
less critical.
The CXR usually is the first imaging technique

that is used in assessing the patient who has cardiac
disease in the ED. Although it remains sensitive for
various noncardiac causes of chest pain (eg, pneu-
monia or pneumothorax), direct evidence of myo-
cardial ischemia often is absent. Indirect signs
include atherosclerotic calcifications in the coro-
nary vessels and in the aorta, calcification of the
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iology, University of Maryland School of Medicine,
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heart borders that may represent previous infarc-
tion, or mediastinal widening [Fig. 1]. Cephalization
and an enlarged cardiac silhouette suggest congestive
heart failure. The rapid availability of the CXR and
quick exclusion of many noncardiac causes of chest
pain make it unlikely that the CXR will be sup-
planted for the initial imaging assessment.
New frontiers in cardiac imaging may open

because of recent advances in multidetector CT
(MDCT) technology. Thin section imaging with
spatial resolution of approximately 1 mm and tem-
poral resolution of less than 100 milliseconds have
enabled imaging with cessation of heart motion.
This has allowed sufficient anatomic detail to dis-
cern coronary stenoses secondary to calcified and
noncalcified plaque [Fig. 2]. Current clinical guide-
lines dictate that patients who have classic signs
of cardiac ischemia and additional EKG changes
should undergo immediate catheterization with
intervention as needed. Many clinicians look to
the promise of a noninvasive technique with an
Fig. 1. Patient who had chronic chest pain and renal diseas
calcification (arrowhead) and calcification in the distributio
sum image better displays the attenuation difference betw
on the CXR (arrow). (C ) Caudal oblique view of the aortic r
distributions. (D) Another patient who had pericardial calc
suggests the diagnosis of constrictive pericarditis, and w
equivalent clinical impact as an attractive alterna-
tive. The added power to elicit secondary or alter-
native diagnoses creates the potential for a
comprehensive evaluation of chest pain.
The ACS refers to sudden rupture of vulnerable

plaque with occlusion of a coronary vessel. The
consequence is myocardial ischemia or infarction
that may be transmural or subendocardial [Fig. 3].
Approximately 10% to 30% of such patients have
normal coronary angiograms [3].
Effective imaging of the coronary arteries re-

quires, at minimum, a multidetector scanner with
cardiac gating capability. A retrospective technique
is used with segmented reconstruction of the dia-
stolic phase of the cardiac cycles [4]. Overlapping
axial sections also are reconstructed with a mini-
mum slice thickness of as little as 0.75 mm and a
maximum in-plane spatial resolution of approxi-
mately 0.4 mm × 0.4 mm [5].
Temporal resolution is optimized by scanning at

heart rates of 50 to 65 beats per minute, with the
e. (A) Lateral radiograph demonstrates extensive aortic
n of the right coronary artery (arrow). (B) Sagittal ray-
een tissues, and highlights the calcification that is seen
oot displaying dense calcifications in all three coronary
ification seen on the lateral radiograph (arrow), which
hich was confirmed on later cardiac catheterization.



Fig. 2. Patient who had recurrent episodes of chest pain and family history of coronary artery disease.
(A) Postprocessed two-dimensional view of the coronary arteries demonstrates extensive calcified plaque and
subtle noncalcified plaque in the left main and anterior descending (LAD) coronary arteries. CRX, lateral circum-
flex artery; RCA, right coronary artery. Curved multiplanar reformat (B) and globe view (C ) of the LAD confirm the
presence of plaque and approximately 50% stenosis of the LAD (arrowheads). The stenosis was confirmed on
cardiac catheterization and the patient received a coronary artery bypass.

Fig. 3. Patient who had a history of substernal chest pain and increasing anginal symptoms. Contrast-enhanced
axial (A) and (B) reformatted coronal CT images demonstrate a focal zone of myocardial thinning and decreased
attenuation (arrowheads) within the anteroapical portion of the heart, compatible with ischemia, that was con-
firmed with nuclear stress testing.
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additional administration of oral or intravenous
β-blockers as necessary to control rate. The breath-
hold requirement on 16-channel MDCT is 16 to
20 seconds, on average, and less than 10 seconds
on a 64-channel MDCT.
Intravenous injection of contrast medium can be

optimized by using a test bolus or an automatic
bolus-triggering technique. Approximately 150 mL
of iodinated contrast is injected at 4 to 5 mL/s
through an antecubital vein. With optimal en-
hancement, noncalcified and calcified plaque in
the coronary artery wall can be identified.
Studies comparing 4-channel MDCT and con-

ventional coronary angiography found that 30%
to 32% of vessels depicted by MDCT were unable
to be analyzed; the proximal coronary segments
were visualized adequately most often. The sensi-
tivity for analyzable segments were 83% to 85%
and specificities ranged from 76% to 93% [6,7].
More recent studies that examined the capability of
16-channel MDCT to evaluate the coronary vessels
demonstrated improved spatial and temporal reso-
lution that resulted in more analyzable segments
compared with 4-channel detector scans, and better
correlation with conventional angiography [8,9].
Ropers and colleagues [8] correctly detected 73%
of significant stenoses in their study group, and
determined an absence of stenosis with a sensitivity
of 92%, specificity of 93%, and accuracy of 93%.
Their positive and negative predictive values were
79% and 97%, respectively. Nieman and colleagues
[9] found similar results, with sensitivity, specificity,
and positive and negative predictive values of 95%,
86%, 80%, and 97%, respectively.
Electron beam CT (EBT) has been used to as-

sess cardiac risk by demonstrating coronary cal-
cium. Quantification can be achieved by using
Fig. 4. Patient who had acute tearing chest pain and prev
CXR is unrevealing for specific abnormalities. (B) Contr
of the descending aorta and intimomedial rupture of a d
fect is observed in the left lower lobe pulmonary artery th
the method of Agatston and colleagues [10],
which accounts for the amount and density of the
calcium. In the ED setting, several studies have
evaluated EBT as a means to stratify risk among
patients who present with chest pain and have
an indeterminate initial work-up [11,12]. A sensi-
tivity of 98% to 100% has been found using coro-
nary calcium as a marker. EBT also has a high
negative predictive value. Laudon and colleagues
[12] found no patient with a negative EBT who
had a cardiac event in the 4 months after presen-
tation to the ED. Georgiou [13] studied 192 pa-
tients who underwent EBT as part of their ED
evaluation, and noted a strong correlation between
coronary calcium score and a subsequent cardiac
event. On average, patients were followed for
50 ± 10 months.
The increasing capabilities of MDCT and its

already established indications for many other
causes of chest pain have created interest in provid-
ing a comprehensive evaluation of cardiac and
noncardiac chest pain. The term ‘‘triple rule-out’’
has been used to encompass contrast-enhanced
MDCT evaluation of coronary artery disease, pul-
monary embolism, and aortic dissection; however,
the examination also may assess occult pneumonia
or pneumothorax, rib fractures, and mediastinal
disease (eg. esophageal perforation) [Fig. 4] [14].
Using 16-channel MDCT, a complete evaluation

for chest pain requires a protocol compromise.
Typically, ECG gating is not used to assess for pul-
monary embolism, but is necessary for delineation
of the coronary arteries. A wide field-of-view (FOV)
is used for pulmonary embolism and aortic dis-
section evaluation, whereas a narrow FOV that
is centered on the heart provides the best spatial
resolution for the coronary arteries.
iously had intermittent shortness of breath. (A) Initial
ast-enhanced axial CT reveals aneurysmal dilatation
issection flap (arrowhead). An intraluminal filling de-
at is compatible with pulmonary emboli (arrow).
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In the authors’ practice at University of Maryland,
they have studied patients who presented to the ED
with chest pain and an intermediate level of suspi-
cion for cardiac ischemia after initial evaluation
[13]. The authors’ 16-channel MDCT protocol
consisted of 16 × 0.75 mm retrospectively ECG
triggered acquisition with reconstruction at 1 mm,
pitch of 0.25, and a contrast bolus of 120 to
150 mL injected intravenously at 4 mL/s using
bolus tracking. Initially, images were reconstructed
at 75% of the R-R interval using a large FOV to as-
sess noncardiac causes of chest pain. Subsequently,
10 equal phases were reconstructed at 10% inter-
vals using a narrow FOV to assess the coronary
arteries and heart. Phases between 40% and 90%
and curved planar reconstructions of the three
major coronary arteries were produced. Two radi-
ologists evaluated each reconstructed image for
significant coronary stenosis. Ground truth was
defined by relevant imaging studies, such as cardiac
catheterization when available or final clinical im-
pression. Of 69 patients who met the criteria for
enrollment, 13 (18%) had significant CT findings
that were confirmed by a standard reference tech-
nique, of which 10 were cardiac and three were
noncardiac. There were two false positive and two
false negative results. Overall, sensitivity and speci-
ficity were 83% and 96%, respectively.
Although the study showed the feasibility of a

comprehensive MDCT evaluation for chest pain
in the ED, which may be especially useful to ex-
clude significant disease, substantial limitations
must be overcome. Each examination in the au-
thors’ protocol required 30 to 35 seconds to com-
plete, so that most patients could not maintain
a breathhold. Reconstruction of the 10 cardiac
phases, consisting of 2500 to 3000 images, re-
quired 20 to 30 minutes and postprocessing often
Fig. 5. Patient who had increasing chest discomfort and
demonstrates aneurysmal dilatation of a saphenous vein
serting on a diagonal branch of the left anterior descendin
saphaneous vein graft to the posterior descending artery
required more than 30 minutes. Many of these
difficulties can be solved with the use of 64-channel
MDCT in conjunction with faster reconstruction
and postprocessing capabilities. Nevertheless, the
precise role of CT for a comprehensive evaluation
of chest pain in the ED remains to be defined.
Coronary CT angiography also has other clinical

applications. Its role in verifying coronary artery
bypass graft patency has been well demonstrated
[Fig. 5] [15–19]; however, imaging of internal
mammary grafts is more challenging because of
their small size. Visualization of in-graft steno-
ses within stents also is difficult because of metal-
lic artifact. Cardiac functional analysis and plaque
characterization are other potential applica-
tions, although their use may be limited in the
acute setting.
Radiation exposure is one of the most controver-

sial issues that is related to MDCT. Retrospective
cardiac ECG gating—the imaging reconstruction tech-
nique of choice to acquire coronary artery data—
results in higher radiation doses to the patient as
compared with an uncomplicated coronary angio-
gram. Current scanners permit modulation of the
radiation dose given during systole to reduce expo-
sure to the patient; however, this limits the evalua-
tion of systolic cardiac phases that may contain
useful diagnostic information. Dosimetry will con-
tinue to be an important factor because the future
generation of scanners with thinner collimation
may require higher radiation doses to maintain
an appropriate contrast to noise ratio.
Multiple studies have validated the usefulness

of radionuclide myocardial perfusion imaging for
providing diagnostic and prognostic information
[19–22]. Sestamibi (Bristol-Myers Squibb, North
Billerica, Massachusetts) and Tc99m have been the
most common agents used in these studies. Among
a history of coronary artery bypass. (A) Contrast CT
graft (arrow) originating from the aortic arch and in-
g coronary artery. Note limited patency (B) of a second
branching from the right coronary artery (arrowhead).
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patients who have ACS with ST elevation myo-
cardial ischemia, non-ST elevation myocardial is-
chemia, or unstable angina, the typical role for
radionuclide imaging is to identify the location
and extent of myocardial injury early in the disease,
and to quantify final infarct size and extent of
myocardial salvage later. In patients who have sus-
pected ACS but no definite ECG changes, the
primary role for radionuclide imaging is risk strati-
fication. Observational studies have demonstrated
a negative predictive value of close to 100% for
excluding myocardial ischemia in these patients
[19]. The American College of Cardiology/American
Heart Assocation/American Society of Nuclear Car-
diology Radionuclide Guidelines classify myocar-
dial perfusion imaging in this setting as a class I,
level A indication—a designation of strong clinical
evidence and general agreement for its usefulness
and benefit [14]. Investigators have attempted to
apply these findings in a clinical setting. Two pro-
spective studies showed that when radionuclide
imaging is added to the diagnostic algorithm,
patients incurred lower hospital costs and shorter
lengths of hospital stay without adverse clinical
outcome, as compared with usual ED evaluation
strategies [21,22].
Aorta/vascular

Acute aortic syndrome describes the subset of aortic
emergencies that is characterized by the symptoms
of chest pain and hypertension [23]. These entities
include aortic dissection (AD), intramural hema-
toma (IMH), and penetrating atherosclerotic ul-
cer. Aortic aneurysm leak and rupture have been
included in this categorization [24]. Although the
pathogenesis of each entity varies, the unifying
Fig. 6. Patient who had tearing chest pain. Axial CT (A) a
onstrate a dissection flap starting from the origin of the le
aorta, which is compatible with type B dissection.
theme is a disruption of the medial layer of the
aorta that can extend circumferentially or longitu-
dinally along the vessel. This leads to a predisposi-
tion to further disrupt the remaining layers of the
aortic wall.
Aortic dissection

Acute AD is a cardiovascular emergency that re-
quires prompt diagnosis and treatment [25]. AD
usually occurs in the presence of hypertension. The
event arises as an intimal tear of the aorta, and
blood later dissects into the aortic media to form
a false and true lumen. Tears that develop in the
descending aorta (Stanford type B) are managed
pharmacologically with antihypertensive therapy
[Fig. 6]. The primary aim is to reduce blood pres-
sure, and thereby, decrease the force of left ven-
tricular contraction and vessel wall tension [26].
Intimal tears that involve the ascending aorta,

whether or not there is extension into the descend-
ing aorta (Stanford type A), are associated with a
higher mortality that necessitates emergent surgical
repair [Fig. 7]. One of the most life-threatening
complications that leads to this increased mortal-
ity is dissection into the pericardial space that
may lead to rapid hemorrhagic extravasation, car-
diac tamponade, and death. Up to 50% of patients
who have dissection that involves the ascending
aorta, have complicating aortic regurgitation. Coro-
nary artery dissection or obstruction is another
ominous complication that can lead to myocardial
ischemia [26].
The survival for patients who have uncompli-

cated distal AD is approximately 75%, whether
they are treated medically or surgically. The addi-
tional risk of surgery and paraplegia from interrup-
tion of the spinal arteries makes surgical repair of
nd sagittal multiplanar reconstruction (MPR) (B) dem-
ft subclavian artery and extending into the descending



Fig. 7. Patient who had an acute onset of chest pain. (A) Plain radiograph demonstrates mild pulmonary edema
and bilateral pleural effusions. Mild prominence is suggested along the contour of the ascending aorta. Contrast-
enhanced CT (B) and T1-weighted axial MR imaging (C ) demonstrate aneurysmal dilatation of the aorta (arrow)
as well as an intimomedial flap that are compatible with a type A dissection.
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the descending aorta a less attractive approach [27].
Surgical management for type B dissections is re-
served for complications, such as rapidly expanding
aortic diameter, acute or impending aortic rupture,
intractable pain, ischemia of limbs and organ sys-
tems, and uncontrolled hypertension [28].
Plain CXRs, although not specific, usually are ab-

normal in cases of dissection. An abnormal aortic
or mediastinal contour is seen most commonly. Up
to 59% of patients demonstrate mediastinal widen-
ing [29]. Pleural effusion is another frequent find-
ing; however as many of 12% of patients have
normal CXRs [28,29]. Other imaging options that
are available for the diagnosis of AD include con-
ventional angiography, CT, MR imaging, and trans-
esophageal echocardiography (TEE) [30–32].
CT is the most widely used modality, particularly

if sited in or near the ED, and it has a sensitivity
and specificity of nearly 100% [33,34]. The primary
finding on a contrast-enhanced CT is the identifica-
tion of the intimomedial flap that separates the true
and false lumens. Dissection usually originates at
points of maximal hydraulic stress, commonly in
the descending aorta just proximal to the ligamen-
tum arteriosum or at the right lateral wall of the
ascending aorta [24]. In 8% of patients, direct vi-
sualization of the intimomedial entrance tear is
identified in which the free edges are seen pointing
toward the false lumen [Fig. 8] [35]. Additional
findings include displacement of intimal calcifica-
tions that is caused by the false lumen dissecting
through the media, and compression of the true
lumen by the larger false lumen.
Although CT typically provides sufficient di-

agnostic information, lack of availability of CT
or equivocal imaging findings may dictate another
diagnostic approach. In such cases, TEE and MR
imaging may prove valuable. In some institutions,
TEE is used as a primary technique for the evalua-
tion of AD. Because of the high sensitivity of this
triad of noninvasive techniques, conventional aor-
tography is used infrequently. Another factor that
limits invasive angiography’s use is its insensitiv-
ity for the presence of IMH.
MR imaging of the aorta plays a lesser role in the

evaluation of acute AD because it is available less



Fig. 8. Patient who had acute chest pain due to type A dissection. (A) The communication between true and false
lumen is illustrated by the site of intimomedial rupture (arrowhead). Contrast-enhanced CT (B) and obliqued-
sagittal volume-rendered (C ) images demonstrate IMH that extends to the aortic root (arrows) and pericardium,
an often life-threatening complication of type A dissection.
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widely and is more cumbersome in critically ill
patients [36]. In select patients, such as those who
have renal insufficiency or contrast allergy, MR im-
aging can identify the dissection flap and the extent
of dissection, and provide functional informa-
tion regarding valvular insufficiency. With develop-
ments in fast-imaging MR techniques, MR imaging
may play an increased diagnostic role in the future
[Fig. 9] [37–39]. TEE is used as a secondary imag-
ing study in as many as one third of patients. The
presence of an undulating intimomedial flap that
separates the true and false lumens is the primary
finding that is sought. The different flow patterns of
the true and false lumen also can be illustrated with
color Doppler techniques. The functional informa-
tion that is gained from TEE also is valuable. This
includes assessment of aortic valvular disturbance,
aortic rootdilatation,coronaryinvolvement,andperi-
cardial effusion [28]. Strong dependence on perfor-
mance and interpretation by an experienced opera-
tor remain major disadvantages of the technique.
Intramural hematoma

IMH represents a clinically indistinguishable vari-
ant of AD in which no discrete intimal flap is
identified, and no flowing blood is observed within
the false channel. Spontaneous hemorrhage of the
vasa vasorum weakens the media without an inti-
mal tear [40]. The resultant hemorrhage can extend
longitudinally along the aorta and may progress to
frank dissection [41]. IMH is classified in a manner
similar to conventional AD; involvement of the
ascending aorta is considered a Stanford type A
lesion. Increasingly, surgery is being recommended
for type A IMH [41].
The primary finding of IMH on noncontrast CT

is a crescentic region of increased attenuation, which



Fig. 10. Patient who had a history of tearing chest pain. Noncontrast (A) and contrast-enhanced (B) images, at the
level of the aortic arch, demonstrate intramural soft tissue density starting just beyond the origin of the left
subclavian artery. The noncontrast image illustrates the increased attenuation of the IMH compared with intra-
luminal blood (asterisks) and represents a key element when making the diagnosis. (C and D) Obliqued-sagittal
MPR image shows the extent of IMH and relative conspicuity of the extent of IMH on contrast enhanced images.

Fig. 9. Patient who had chest pain. Axial (A) and sagittal (B) T1-weighted fat-saturated images with gadolinium
enhancement show type B dissection. Note the differential of flow seen in true and false lumens (arrowheads).
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Fig. 11. Patient who had tearing chest pain and renal insufficiency. T1- (A) and T2-weighted (B) MR images
demonstrate the characteristic crescentic appearance of IMH (arrows) within the descending aorta.

Fig. 12. Patient who had acute onset of sharp back pain. (A) Contrast-enhanced axial CT image demonstrates
atherosclerosis and a small area of contrast that extends outside the true lumen of the descending aorta, which
is compatible with a small penetrating ulcer (arrow). (B) Eccentric high-attenuation density is seen surrounding
the lumen, which represents the resultant IMH (arrow). Note the focal intimal calcification (arrowhead) that
identifies the density as an intramural process as opposed to mural thrombus. (C and D) Patient who had new
onset chest pain. (C ) Contrast CT image shows an eccentric rim of soft tissue density that involves the descending
aorta. Intimal atherosclerotic calcifications are observed anterior to soft tissue density, which suggest an intra-
mural component instead of mural thrombus. The arrow points to a small outpouching that passes beyond the
expected intima, which is compatible with a small penetrating atherosclerotic ulcer. (D) Sagittal MPR shows the
small penetrating ulcer and adjacent IMH (arrow).
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represents a hematoma in an intramural location
[Fig. 10]. The potential for this finding to be occult
and overlooked on contrast enhanced CT imaging
necessitates the addition of a noncontrast study
when an acute aortic syndrome is suggested [42].
Additional findings include displacement of inti-
mal calcifications that aids in distinguishing IMH
from mural thrombus, lack of intramural enhance-
ment excluding free flow from classic acute dissec-
tion, and compression of the true aortic lumen by
the hematoma. IMH can be identified on MR imag-
ing as crescentic thickening of the aortic wall with
increased signal on T1-weighted images, often in
the subacute phase [Fig. 11]. Slow flow of an acute
dissection and absence of flow in an IMH also can
be shown using gradient echo or phase-contrast
techniques [43]. IMH associated with ulceration
tends to predominate in the descending aorta.
One series showed the distribution of all IMHs to
be 48% in the ascending aortic, 8% in the aortic
arch, and 44% in the descending aorta [32,44].
Many investigators have examined the usefulness

of CT to predict progression from IMH to AD.
Type A IMH is more likely to progress to dissection
Fig. 13. Patient who had intermittent chest pain. (A) Che
the aortic contour. (B) A tortuous aorta is seen with aneu
left subclavian artery. (C) Obliqued-sagittal thick slab MPR
if the initial CT demonstrates an aortic diameter
of more than 5 cm [45,46]. The thickness of the
hematoma also may be indicative of the amount of
intramural bleeding, which leads to increased inti-
mal weakness and risk for rupture [41]. Measure-
ments of aortic root movement and aortic wall
stiffness also may play a prognostic role for stratify-
ing risk for dissection in the future [47].

Penetrating ulcer

Stanson and colleagues [48] first described pene-
trating atherosclerotic aortic ulcer (PAU) as a dis-
tinct entity in 1986, and over the last 2 decades
investigators have continued to provide a more com-
plete characterization of the condition. PAU is re-
garded as an entity of aging that may precipitate AD,
particularly IMH. Penetrating ulcer usually occurs in
the elderly with concomitant severe atherosclerosis.
A calcified atheromatous plaque, easily identified

on unenhanced CT images, ulcerates and disrupts
the internal elastic lamina and then penetrates the
underlying intimal and medial layers [Fig. 12].
A contrast-filled outpouching often extends beyond
the plaque and wall of the aortic lumen. The resul-
st radiograph demonstrates a marked abnormality of
rysmal dilatation occurring beyond the origin of the
shows the extent of aneurysmal dilatation.
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tant hemorrhage in the media leads to IMH [49].
Thickening and enhancement of the involved aor-
tic wall also can be seen [44]. Additional compli-
cations include focal dissection, disruption of the
adventitia that leads to pseudoaneurysm, or aor-
tic rupture.
Two controversies surrounding this entity in-

clude the timing of intervention, and the ability
to identify those who are at risk for complications
of a PAU. Investigators have described an increased
risk for aortic rupture in patients who have PAU as
compared with patients who have a Stanford type A
or B AD [49,50]. Endovascular stent placement
has become a widely accepted method of treatment
in these patients; however, these patients tend to
have comorbid medical problems that place them
at high surgical risk [51]. Because these patients
also have atherosclerosis of the aorta, management
often is conservative with close follow-up, and sur-
gery is reserved for complications (eg, aortic rup-
ture) or if medical therapy has failed.
Some investigators consider the development

of the IMH to be the first complication of PAU;
however, few studies have demonstrated findings
that are prognostic factors for fatal complications.
Some studies showed that aortic diameter or ul-
cer size was a predictor of clinical behavior, but
other studies have not found such an association
[45,51–53].

Aortic aneurysm

A true aortic aneurysm involves all three layers
of the aortic wall and most commonly is due to ath-
Fig. 14. Patient who had intermittent chest pain. (A and B
and at the level of left ventricle demonstrate a markedly d
and descending portions. (C ) Three-dimensional volume
aneurysmal dilatation and comparison with adjacent anat
erosclerosis. False aortic aneurysms (pseudoaneu-
rysms) often are the result of trauma to the intimal
wall and containment of the resultant hemorrhage
by the outer layers of media or adventitia. Infection
can lead to a mycotic aneurysm that also may form a
pseudoaneurysm (see later discussion).
Thoracic aortic aneurysm (TAA) occurs most fre-

quently in men who are between 50 and 70 years
of age. Of these, approximately 50% originate in
the ascending aorta, 10% originate at the aortic
arch, and 40% originate in the descending aorta
[54,55]. TAA has been estimated to expand at a
rate of 0.5 cm per year, with a significant increased
risk for rupture when greater than 5 cm in diame-
ter [56,57]. Although many aortic aneurysms are
asymptomatic, approximately one third of patients
who are diagnosed with an intact TAA experience
an aortic rupture within a month of diagnosis
[58]. Other patients who are at risk present with
pain that is related to mass effect or enlarging size
[Fig. 13].
Imaging of thoracic aneurysms has been ex-

tremely helpful to distinguish patients who are at
risk for rupture from those who can be followed
more conservatively. Initial radiographic findings
may demonstrate enlargement of the thoracic
aorta. CT imaging, with sensitivity and specificity
that is comparable to conventional aortography,
offers the best evaluation because it is noninva-
sive, readily available in most EDs, and allows
for detailed assessment of the aorta with three-
dimensional reconstruction techniques [Fig. 14].
Most aneurysms are followed sequentially with
) Contrast-enhanced CT at the level of the aortic arch
ilated and tortuous aorta, that involves the ascending
-rendered image demonstrates the extent of aortic
omic structures.



Fig. 15. Patient who had a history of aortic valve replacement and recurrent intravenous drug use. (A and B)
Axial contrast-enhanced CT images demonstrate extravasation of contrast and hemorrhagic collection below
the root of the aorta (arrows). Periaortic soft tissue density represents inflammation and infection that is due
to endocarditis. Note the mass effect on the left atrium. (C ) Sagittal multiplanar reformatted image demon-
strates the point of extravasation (arrow) and anatomic relationship of the subsequent collection with the
aorta. (D and E ) A different patient who had a history of coronary artery bypass grafts. (D) Chest radiograph
shows mediastinal widening and lucency surrounding the aortic arch (arrowhead). (E ) Contrast CT shows
extension of sternal infection into the mediastinum (arrowhead ) which led to the development of a mycotic
aneurysm of the aorta.
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cross-sectional imaging to document rapid changes
in diameter. Endovascular stent-graft placement
usually is timed to occur when the risk of rupture
outweighs the potential risk of intervention [51].
Infectious vascular process (mycotic aneurysm)

Mycotic aneurysm, originally a term for fungal vas-
cular infection, is now used generally to describe
aneurysms that result from bacteremia and embo-
lization of any infectious material, with superinfec-
tion of an atheromatous plaque [59]. Bacteria also
may seed the intact vascular wall through hema-
togenous spread to the vasa vasorum, where the
resultant focal suppurative process weakens the ar-
terial wall and allows formation of an aneurysm.
Alternatively, direct extension from an extravascular
infectious focus, such as vertebral osteomyelitis,
may penetrate into an adjacent vascular structure
Fig. 16. Patient who had intermittent chest pain that b
axial CT images demonstrate aneurysmal dilatation o
changes (asterisk). High-attenuation periaortic fluid and p
(C ) Coronal MPR further illustrates the level of acute dilat
and lead to necrosis, bleeding, and pseudoaneu-
rysm formation [Fig. 15] [60].
Staphylococcus and Salmonella species are the or-

ganisms that are implicated most commonly in
the development of a mycotic aneurysm [60,61].
Several other organisms, including Streptococcus spe-
cies, Mycobacterium tuberculosis, fungi, and various
gram-negative and positive-bacteria, occasionally may
cause a mycotic aneurysm in immune-competent
and immune-suppressed patients [61–63].
Patients present with nonspecific symptoms,

and thus, a diagnosis of infected aortic aneurysm
may not be suspected during the initial clinical
evaluation. Usually, CT is the initial imaging tech-
nique because of its availability, rapid imaging
capabilities, and ability to uncover alternative diag-
noses in the setting of a nonspecific clinical sce-
nario. Characteristic findings include a periaortic
soft tissue mass, stranding, and fluid [64]. TEE im-
ecame acutely severe. (A and B) Contrast-enhanced
f the aorta with extensive surrounding infiltrative
leural fluid is confirming aortic rupture (arrowheads).
ation and level of the periaortic collection.



Fig. 17. Patient who had severe chest pain and tachy-
cardia. On the obliqued-axial volume intensity projec-
tion, multiple “cords” of thrombus are seen extending
into all vessels branching off from the main pulmo-
nary trunk.
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ages heart valves, and thus, is helpful in ruling out
bacterial endocarditis as a precipitating etiology.
Disadvantages that are inherent to the technical
limitations and aspects of this modality, such as
patient body habitus, overlying bowel gas, and
operator-dependent examination quality, limit the
usefulness of this modality in the diagnosis of
mycotic aneurysm [64].
Spontaneous aortic rupture

Rupture of the aorta often is the fatal natural his-
tory of any aortic syndrome. Periaortic hematoma
is one of the hallmark findings. Another sign of
impending rupture is hyperdense mediastinal, peri-
cardial, or pleural fluid that is compatible with
hemorrhage on unenhanced CT of the chest. The
presence of IMH, focal defect in a calcified aortic
wall, and extravasation of contrast material also
are ominous signs on a contrast-enhanced study
[Fig. 16] [65].
Fig. 18. Patient who had chest pain and shortness of
breath. Wedge- shaped parenchymal density in left
lower lobe (arrow), which is compatible with Hamp-
ton’s hump, is seen commonly on plain radiographs.
Pulmonary embolism

Pulmonary embolism (PE) is the third leading
cause of death in the United States, with approxi-
mately 50,000 to 100,000 deaths per year—an in-
cidence that exceeds 1 per 1000 and a mortality
of greater than 15% in the first 3 months after
diagnosis [66,67]. CT pulmonary angiography has
become the primary method by which PE is evalu-
ated in most institutions. The primary imaging
feature of PE is identification of an intralumi-
nal full or partial pulmonary arterial filling defect
[Fig. 17]. Other findings include pleural-based,
wedge-shaped consolidation; oligemia; and pleural
effusion [Fig. 18]. PE is discussed in detail else-
where in this issue.
Pleuroparenchymal lung disease

Pleural and parenchymal lung disease commonly
manifest with symptoms of chest pain. Usually, a
typical history and corroborating clinical findings
discriminate pulmonary entities from cardiac or
vascular pathology. The CXR often permits refine-
ment of the differential diagnosis, but CT scan-
ning often is obtained early in the evaluation.
Two common pulmonary entities that can present
as nontraumatic emergencies include spontane-
ous pneumothorax or pneumomediastinum and
esophageal rupture. Spontaneous pneumothorax
occurs in the absence of trauma, and is classified
as primary or secondary, depending on the precipi-
tating cause. Primary spontaneous pneumothorax
usually presents in young adults and is caused most
commonly by apical blebs [68]. Smoking seems to
play a considerable role in the development of
these blebs [69]. Secondary causes include chronic
obstructive pulmonary disease, metastases (primary
sarcomas, particularly osteogenic sarcoma) [70], in-
fectious etiologies (tuberculosis, Pneumocystis jiroveci
infection), cystic lung disease (pulmonary Langer-
hans cell histiocytosis and lymphangiomyomato-
sis), and endometriosis.
The classic radiographic sign is identification

of the pleural line separated from the chest wall,
which leaves an area of lucency absent of paren-
chymal vessels. Recumbent patients also can de-
velop a deep sulcus sign as air layers anteriorly and
projects as an area of increased lucency that out-
lines the costophrenic sulcus [Fig. 19]. CT scan
provides a more thorough assessment of the dis-



Fig. 19. Patient who had chest pain and desaturation
on pulse oximetry. Portable CXR demonstrates
increased lucency at the base of the left chest, which
is compatible with a deep sulcus sign of pneu-
mothorax (arrow). Typically, this is seen in a patient
in the recumbent position.

Fig. 20. Young male patient who had a history of recurren
left apical pneumothorax (arrowheads). (B) One month lat
Small blebs are observed at the right lung apex (arrow), whi
mal intensity projection images demonstrate increased s
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tribution of pleural air. CT may show apical blebs
or subpleural metastases as the etiology of the
pneumothorax [Fig. 20]. Life-threatening tension
pneumothorax occurs if intrapleural pressure in-
creased to a point where gas exchange and cardiac
function become affected adversely. Imaging find-
ings include contralateral mediastinal shift and dia-
phragmatic depression.
Pneumomediastinum or migration of air into the

mediastinum generally results from extrathoracic
(ie, iatrogenic, penetrating trauma) or intratho-
racic causes (ie, alveolar rupture, Valsalva maneu-
ver, tracheal rupture, esophageal rupture, or blunt
trauma). Spontaneous pneumomediastinum has
been described with rupture of pleural blebs, mari-
juana or cocaine inhalation, labor, respiratory in-
fection, emesis, and athletic competition [71–73].
The most common symptoms are chest pain
and dyspnea, and subcutaneous emphysema is the
most common clinical finding. The radiographic
signs are a depiction of air outlining the nor-
t pneumothoraces. (A) Chest radiograph demonstrates
er, the patient developed a right-sided pneumothorax.
ch suggest the underlying the causative factor. (C ) Mini-
ensitivity when identifying small blebs (arrowheads).
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mal mediastinal anatomy. Such signs include
the continuous diaphragm sign, air surrounding
the pulmonary artery, double bronchial wall sign,
and air around the pulmonary ligament [Fig. 21]
[73]. Rarely, pneumomediastinum may progress
Fig. 21. Patient who had acute chest pain. (A) Chest radi
to the left heart border (arrowheads). (B and C ) Axial CT
all of the mediastinal structures (asterisk) and both main
num. (D and E ) Coronal MPR further illustrates how the
explains the appearance on plain radiographs. (F ) Sagittal
ligament (arrow).
to tension pneumomediastinum, which may be
life threatening. This occurs most often in mechani-
cally ventilated patients with positive pressure
in whom pneumopericardium also is visible on
the CXR.
ograph demonstrates a thin area of lucency adjacent
images with lung windowing reveal gas surrounding
bronchi, which is compatible with pneumomediasti-
mediastinal anatomy is outlined by gas (arrow) and
MPR demonstrates gas outlining the right pulmonary



Fig. 22. Patient who had several bouts of retching and recent TEE. (A) Axial CT image with lung windows
demonstrates significant subcutaneous emphysema in the anterior mediastinum (arrow) and anterior chest
wall. (B and C ) Similar images with mediastinal windows reveal a large collection of extraluminal contrast in
the posterior mediastinum—which extended from the root of the neck to the diaphragm—that was compatible
with an esophageal perforation. (D) Coronal MPR further illustrates the extent of the extraluminal extravasa-
tion (arrow).

Fig. 23. Patient who had a history of gastric bypass procedure presented with increasing chest pain. (A) Chest
radiograph demonstrates an abnormal right heart border and mediastinal contour. (B) Contrast-enhanced
axial CT demonstrates a wall-enhancing complex fluid collection in the right anterior mediastinal space. These
features, plus the presence of small foci of gas in the collection, are compatible with a mediastinal abscess that
was drained percutaneously.
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Esophageal rupture

Perforation can occur from violent retching (Boer-
haave’s syndrome) or from trauma (including
iatrogenic causes, such as endoscopy). Prompt rec-
ognition and proper clinical management are neces-
sary to reduce morbidity and mortality. Esophageal
perforation should be suspected on the basis of
the history in association with vomiting, chest
pain, fever, and subcutaneous emphysema. Patients
do not always appear ill on presentation. Sub-
cutaneous emphysema is uncommon within the
first 12 hours, and fever may occur in only 50%
of presenting patients [74]. Radiographic studies
may reveal mediastinal emphysema, mediastinal
widening, left-sided pleural effusion, pneumomedi-
astinum, or pneumothorax [Fig. 22] [61]. Fluo-
roscopic evaluation of the esophagus is the
examination of choice; water-soluble contrast is
used initially, with the subsequent administration
of barium for a more definitive assessment [75].
MDCT has played a greater role in evaluating

esophageal rupture because of the ability to elicit
an alternative diagnosis while looking for primary
and secondary signs of rupture. Findings that raise
suspicion for esophageal injury include mediastinal
gas or fluid, esophageal thickening, or pleural effu-
sion, particularly left-sided effusion [75,76]. Me-
diastinitis and mediastinal abscess formation were
reported in 1% of patients who had esophageal
perforation. CT findings of acute mediastinitis sec-
ondary to esophageal perforation may include
esophageal thickening, extraluminal gas, pleural
effusion, single or multiple abscesses, and extra-
luminal contrast medium [Fig. 23] [76].
Summary

Acute chest pain in the absence of trauma remains
a diagnostic challenge because it encompasses a
wide spectrum of cardiac and noncardiac disease.
Although accurate clinical history and physical
examination are essential, diagnostic imaging con-
tinues to be indispensable in helping physicians
to navigate nonspecific signs and symptoms and
reach a more refined assessment. With newer tech-
nologic advancements on the horizon, the role of
imaging is likely to play an even greater role in
the clinician’s diagnostic armamentarium.
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Pulmonary infections are among the most com-
mon causes of morbidity and mortality worldwide
and contribute substantially to annual medical ex-
penditures in the United States. Despite the availabil-
ity of antimicrobial agents, pneumonia constitutes
the sixth most common cause of death and the
number one cause of death from infection [1]. Pneu-
monia can be particularly life-threatening in the el-
derly, in individuals who have pre-existing heart and
lung conditions, in patients who have suppressed
or weakened immunity, and in pregnant women.
Many of these patients present for emergency care,
and radiologic imaging is critical in making the ap-
propriate diagnosis, suggesting an etiologic micro-
organism, and monitoring response to therapy.
Microorganisms gain access to the respiratory
system and cause infection in a variety of ways.
The most common route of entry is inoculation
of the tracheobronchial tree by the inhalation of
aerosolized respiratory droplets. Other routes in-
clude aspiration of oropharyngeal secretions; hema-
togenous dissemination, such as in endocarditis;
and contiguous extension of infection from adja-
cent areas, such as the abdomen [2].
Knowledge of the patient’s underlying immune

status is critical in arriving at an appropriate radio-
graphic differential, and in some cases, suggesting a
specific etiology. This article discusses some of the
important causes of acute lung infections in normal
and immunocompromised hosts.
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Fig. 2. Streptococcus pneumonia. CT scan of the chest
in another patient demonstrates a classic appearance
of lobar pneumonia with confluent homogenous opa-
cification of the right middle lobe. Air-bronchograms
are noted (arrow).
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Pneumonia

Community acquired

Community-acquired pneumonia (CAP) is the most
common cause of acute lung infection in immu-
nocompromised and immunocompetent patients.
Despite being common and potentially lethal, its
importance is often underappreciated. Estimates of
the incidence of CAP range from 4 to 5 million
cases per year [3,4]. Eighty percent of patients are
treated as outpatients, and their mortality is less
than 1%. The remaining 20% of patients require in-
patient management, and the overall mortality is
approximately 12%. Risk factors for CAP include ad-
vanced age, chronic obstructive pulmonary disease,
renal insufficiency, congestive heart failure, malig-
nancy, diabetes, and alcoholism [5]. The etiologic
organism in CAP is undetermined in 50% of cases
[6]. Some of the more common organisms that
cause CAP and the radiographic appearances are
discussed below.
Streptococcus pneumoniae, a gram-positive coccus,

is the most common bacterial cause of CAP. Classi-
cally, it causes a lobar pattern of consolidation that
is characterized by the initial development of a
peripheral opacity that rapidly becomes confluent.
Air- bronchograms are common. Inflammation
occurs predominantly at the level of the alveolar
sac when the organism is inhaled. There is alveolar
spread and the inflammatory response spreads
throughout the lung through small channels—the
canals of Lambert and the pores of Kohn. The
spread of this process through collateral channels,
rather than bronchioles, explains why this pattern
of pneumonia often does not follow a segmental
distribution. The infection easily crosses pulmo-
nary segments and inflammation is limited by
Fig. 1. Streptococcus pneumonia. Chest radiograph
demonstrates classic lobar pneumonia in the right
upper lobe. Air space disease is homogeneous and
confluent and there is no evidence of volume loss.
pleural boundaries. In addition to localized lobar
consolidation, Streptococcus pneumoniae-associated
pneumonia also has atypical appearances, such as
bronchopneumonia or an interstitial pattern [2].
One study that investigated the radiographic appear-
ances in 81 in-patients with culture-documented
pneumococcal pneumonia demonstrated a lobar
pattern of consolidation in 81% of the patients.
Lobar consolidation was focal in 48% of patients
and multifocal in 33%. A bronchopneumonia/
lobular pattern of consolidation, often with peri-
bronchial thickening, occurred in 19%. A broncho-
pneumonia pattern results when infections begin
in bronchi and bronchioles and then extend into
the contiguous airspace. It usually is patchy, multi-
focal, bilateral, heterogeneous, and nonconfluent.
The radiographic pattern is not influenced by
HIV status. Pleural effusions are uncommon, and
in this study, were found in 11% of patients
[Figs. 1 and 2] [7].
Staphylococcus aureus, another gram-positive coc-

cus, is a less common cause of CAP and more
often is acquired in the hospital. The frequency of
Staphylococcus aureus infection ranges from 1% to
more than 22% in severe CAP cases, and up to
5% of all CAP cases. Risk factors include intra-
venous drug abuse, diabetes, renal failure, and
recent infection with viral influenza [5]. It usually
causes a bronchopneumonia pattern that often pre-
dominates in the lower lobes. Volume loss is com-
mon. Pneumatoceles may occur and may contain
air–fluid levels. Pleural effusions are found in more
than 50% of cases, and can become superinfected
[Figs. 3–5]. Abscesses are another common com-
plication of bronchopneumonia [Fig. 6].
Haemophilus influenzae, a gram-negative cocco-

bacillus, is another recognized cause of CAP. This
organism frequently colonizes the upper respiratory
tracts of individuals who have predisposing condi-
tions, such as chronic obstructive pulmonary disease



Fig. 5. Staphylococcus pneumonia. CT scan of the
chest demonstrates multifocal inhomogeneous opaci-
ties consistent with bronchopneumonia (arrows) in ad-
dition to bilateral pleural effusions and secondary
relaxation atelectasis.

Fig. 3. Staphylococcus aureus pneumonia. Chest radio-
graph demonstrates multifocal opacities (arrows) pre-
dominantly in the left lung.
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[5], and typically causes bronchitis. It usually pro-
duces a nonspecific bronchopneumonia pattern.
Pleural and pericardial involvement is said to be
common and affects up to 50% of patients [8].
Klebsiella pneumoniae, a gram-negative rod, is an

important pathogen in nursing home–acquired
pneumonia and in alcoholics. It is known for pro-
duction of exudates that cause lobar consolidation
and volume expansion that occasionally results in
bowing of the fissures, although this appearance is
seen less commonly with antibiotic use.

Atypical pneumonia

The term ‘‘atypical pneumonia’’ was coined in 1938
to describe cases of pneumonia without an obvious
etiologic agent and with atypical signs and symp-
toms that failed to respond to standard treatments
of that era [9]. Mycoplasma pneumoniae is the most
common pathogen of this group. It also is one of
the most commonly identified agents in CAP and
Fig. 4. Staphylococcus aureus bronchopneumonia.
CT scan of the chest in another patient demonstrates
bilateral multifocal opacities. Bronchopneumonia of-
ten is associated with pleural effusions as seen in
this patient.
causes 20% to 30% of infections [6]. Mycoplasma is
the smallest free-living culturable organism and
shares some similarities with bacteria; however, it
lacks a cell wall. It causes infection by cytotoxicity
and damage that is incurred from the host inflam-
matory response. Upper respiratory tract symptoms
may precede overt M pneumoniae infection. Patients
classically develop nonproductive cough, headache,
malaise, fever, rhinorrhea, and chest pain.
Mycoplasma pneumonia has been known to pro-

duce segmental consolidation, sometimes with air
trapping and mosaic perfusion. Pleural effusion
and lymphadenopathy are uncommon. Using CT,
Reittner and colleagues [10] demonstrated that
79% of patients who had mycoplasma pneumonia
had consolidation and 86% had centrilobular nod-
ules (as compared with 17% in bacterial pneu-
Fig. 6. Staphylococcus pneumonia. CT scan of the
chest through the upper lobes of the same patient
as in Fig. 5 demonstrates dense consolidation in the
left upper lobe containing a focal region of low at-
tenuation and gas (arrow) that is consistent with ne-
crosis and abscess formation.



Fig. 7. Mycoplasma pneumoniae. CT scan of the chest demonstrates foci of ground glass attenuation (arrow, A).
More inferiorly, CT scan of the chest demonstrates centrilobular nodules in a “tree-in-bud” pattern (circles,
A and B).
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monias). Focal areas of ground glass attenuation
often were seen in association with these nodules
[1,10]. Another retrospective study by Tomiyama
and colleagues [11], using CT imaging, demon-
strated centrilobular nodules in a patchy distribu-
tion in 96% of 13 patients who had mycoplasma
infections versus 61% of patients who had bacterial
pneumonia. Among patients in this study, 88% of
patients had airspace consolidation, 100% had
areas of ground glass attenuation, and 69% had
centrilobular branching ‘‘tree-in-bud’’ structures
compared with 34% in bacterial pneumonia. The
‘‘tree-in-bud’’ appearance represents dilated and
fluid-filled (pus/mucus/inflammatory exudates)
centrilobular bronchioles. It is characterized by a
knobby bulbous appearance (the ‘‘bud’’) at the tip
of branching impacted bronchioles (the ‘‘tree’’).
Overall, the combination of airspace consolidation,
centrilobular nodules, and heterogeneous segmen-
Fig. 8. Legionella pneumonia in a patient who presented
demonstrates multifocal bilateral air space disease. (B) Wit
to decline and he developed a left-sided pneumothorax.
tal distribution was found in 85% of patients who
had mycoplasma pneumonia [Fig. 7] [11].
Chlamydia pneumoniae, another atypical patho-

gen, is an obligate intracellular parasite that is the
etiologic agent in 2% to 16% of cases of CAP [6].
The illness usually is self-limited and rarely is fatal.
It has the highest prevalence in the elderly, whereas
M pneumoniae has the highest prevalence in the
young [5]. The imaging appearance is nonspecific
and includes a combination of consolidation and
linear opacities. The radiographic appearance may
progress to a multilobar distribution over time [2].
Legionella pneumophila resides in natural water

sources and is indigenous to freshwater lakes and
streams. Infection can occur when Legionella con-
taminates water systems such as air conditioners
and condensers. Infections tend to be more se-
vere than most infections with mycoplasma and
Chlamydia pneumoniae, and it is estimated that
with severe respiratory distress. (A) Chest radiograph
hin 2 weeks, the patient's respiratory status continued
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L pneumophila accounts for up to 6% of pneumo-
nia that requires in-hospital management. The
overall mortality in CAP that is attributed to Legio-
nella is 14% [5]. Legionella often causes peripheral
focal consolidation that rapidly progresses to in-
volve an entire lobe or several lobes ipsilateral to
the initial presenting site. Consolidation becomes
bilateral in most patients, even with appropriate
therapy. Pleural effusion occurs in 30% to 60% of
patients and clears slowly compared with other
bacterial pneumonias. Cavitation is common in
immunocompromised patients [Fig. 8].
Aspiration pneumonia

Aspiration pneumonia is another important cause of
consolidation in patients whopresent for emergency
care. It characteristically occurs in dependent por-
tions of the lung and is frequently bilateral. Material
that is aspirated while the patient is upright tends to
Fig. 9. Aspiration pneumonia in a 65-year-old alcoholic w
graph demonstrates a right pleural effusion and multiple
of the right middle lung zone (arrows). (B) Lateral view loc
lower lobe (arrow). (C ) CT scan of the chest demonstrates
aspect of the superior segment of the right upper lobe. (
middle lobe consolidation and nondependent parapneum
localize to the right lower lobe. In supine patients,
aspirated material collects in the posterior segments
of the upper lobes. Alcoholic patients and persons
who have poor oral hygiene are at increased risk and
these patients are particularly prone to develop in-
fections after aspiration. Anaerobic organisms cause
90% of aspiration pneumonias. Radiologic find-
ings vary depending on the material aspirated and
the causative organism. Aspiration of infectious ma-
terial often manifests as necrotizing consolidation
and abscess formation [Fig. 9].
Viral pneumonia

Viral pneumonias are another important cause of
lower respiratory tract infections in adults that may
present acutely. Responsible viruses include influ-
enza, adenovirus, measles, varicella zoster, and cyto-
megalovirus (CMV). Influenza viruses types A and B
account formost viral pneumonias in immunocom-
ho had respiratory distress. (A) Admission chest radio-
cavities containing air–fluid levels in the medial aspect
alizes the cavities to the superior segment of the right
multiple cavities in a dependent location in the medial
D) Images through the lung bases demonstrate right
onic effusion.



Fig. 11. Influenzae pneumonia. CT scan of the chest
demonstrates patchy multifocal ground glass attenua-
tion opacities (arrows).
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petent adults. Immunocompromised patients are
susceptible to CMV and other herpesvirus. Viruses
can result in several forms of lower respiratory tract
infections, including tracheobronchitis, bronchioli-
tis, and pneumonia.
Viral pneumonia is particularly severe in elderly

and immunocompromised patients. Overall, pa-
tients who have viral pneumonia tend to have less
severe illness than patients who have bacterial pneu-
monia, and they may complain of a dry hacking
coughwithminimal radiographic findings. Cultures
often are necessary to make a definitive diagnosis.
The radiographic findings of viral pneumonia are

nonspecific. Chest radiograph (CXR) can demon-
strate reticular opacities that often are bilateral and
diffuse in distribution. CT scan may show poorly
defined air space nodules, patchy areas of peri-
bronchial ground glass opacity, and consolidation.
Hyperinflation commonly is present secondary to
bronchiolitis. Uncommonly, viral pneumonias can
be associated with thickened interlobular septa that
results in Kerley B lines on CXR. Viral infections
rarely are associated with complications or pleural
effusion, but can lead to secondary bacterial pneu-
monia [Figs. 10–12] [12,13].

Fungal pneumonia

The endemic fungi, Histoplasma capsulatum, Blas-
tomyces dermatitidis, and Coccidioides immitis, are
regionally common causes of CAP in healthy indi-
viduals. These fungi reside in the soil where organic
nitrogen allows optimum growth. Following inha-
lation of the infecting particles, a small area of
pneumonitis develops. Only a minority of patients
becomes symptomatic, and only a small fraction
of symptomatic individuals visits a physician or
requires treatment. The natural history of endemic
Fig. 10. Viral pneumonia. CXR demonstrates a diffuse
bilateral reticular pattern consistent with viral infec-
tion. Note the presence of Kerley lines (circle), an
uncommon feature in viral pneumonia.
fungal pneumonia is spontaneous resolution unless
the inhaled infective dose is overwhelming or the
patient is an abnormal host. Immunocompromised
patients who present with the acute form of the
disease require immediate treatment because of the
high risk of progression that leads to ventilatory
compromise and extrapulmonary dissemination.
Histoplasma capsulatum normally lives in soil that

is contaminated with guano from bats or birds.
Infection is endemic in the Ohio and Mississippi
River valleys, and more than 70% of the population
shows positive skin tests [2]. The initial polymor-
pholeukocytic response to the inhaled organism is
ineffective in killing it, and lymphocytes andmacro-
phages are recruited. Early in the disease, spread to
lymph nodes is common and extrathoracic spread
is frequent. Healing with formation of a fibrous
capsule around the inflammatory focus frequently
occurs with calcification. Symptomatic patients of-
ten present with respiratory problems, pulmonary
opacities, hilar lymphadenopathy, and possibly,
Fig. 12. Influenzae pneumonia. CT scan of another
patient who has influenza pneumonia demonstrates
areas of bronchial wall thickening (arrow) and air-
way disease.



Fig. 13. Fibrosing mediastinitis in a 54-year-old man
who had chronic histoplasmosis. CT scan of the chest
demonstrates calcified mediastinal and hilar adenopa-
thy. Note the narrowing of the left main pulmonary
artery. The right main pulmonary artery is truncated
and no right pulmonary veins are patent on imaging
(incompletely seen).
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organomegaly. In severe cases, the organism may
cause overwhelming infection with hemoptysis,
pericarditis, acute respiratory distress syndrome
(ARDS), and death.
In most patients with histoplasma infection, the

CXR is normal. It can manifest with a nonspecific
pattern of multifocal air space consolidation or as
multiple small nodules. Another pattern is that of a
discrete pulmonary nodule, a histoplasmoma,
which mimics carcinoma. These nodules can be
large (≤ 3 cm). Adjacent ‘‘satellite’’ nodules are com-
mon, as is adenopathy that can be calcified. Occa-
sionally, adenopathy may be the only finding
which may cause atelectasis by compression of ad-
jacent bronchi.
Chronic histoplasmosis can cause upper lobe lin-

ear opacities and fibrocavitary consolidation that
Fig. 14. Coccidiodes immitis was isolated at bronchoscopy i
emergency department with mild respiratory symptoms.
demonstrates multiple nodular areas of consolidation in t
resemble postprimary tuberculosis (TB). Infection
of mediastinal lymph nodes can result in necrosis
and fibrosis of the affected lymphnodes—‘‘fibrosing
mediastinitis’’—with subsequent venous obstruc-
tion, bronchial stenosis, and narrowing of the pul-
monary arteries. Fibrosing mediastinitis probably
occurs most often in a genetically susceptible popu-
lation [Fig. 13] [14]. The disseminated form of his-
toplasmosis usually occurs in very young children or
in severely immunocompromised individuals, such
as patients who have AIDS or transplant recipients.
The radiographic appearance is a miliary pattern
that can affect extrathoracic organs.
Coccidiomycosis immitis is a fungus that is endemic

in the southwestern United States. Inhalation of the
organism canproduce varied appearances, including
multifocal consolidation and multiple pulmonary
nodules, sometimes with cavitation. Disseminated
coccidiomycosis also can occur, which manifests in
the chest as a miliary pattern that usually is asso-
ciated with adenopathy [Fig. 14].
Blastomyces dermatitidis is an endemic fungus in

the central and southeastern United States. As with
the other endemic fungi, initial infection may be
asymptomatic; symptomatic infection presents as a
flu-like illness. Infection can be rapidly progressive
with the development of multifocal bilateral air
space opacities or even ARDS. Miliary disease also
has been reported.
Pneumonia in immunocompromised patients

Immunocompromised patients frequently present
to the emergency department with pneumonia. The
etiologic agents that cause infections in immuno-
compromised hosts often are different from those
that are found in immunocompetent individuals.
Furthermore, the pattern of disease with the same
organism often varies, depending on the immune
n a 34-year-old Mexican patient who presented to the
(A and B) CT scan at two levels through the bases

he left lower lobe.
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status of the infected individual. An organized
approach to the imaging evaluation of immuno-
compromised patients is critical to ensure an accu-
rate and timely diagnosis. In patients who have
AIDS, the pattern and progression of abnormality
should be correlated with the clinical scenario, in-
cluding the CD4 count; in patients who have un-
dergone transplants, the amount of time that has
elapsed since institution of chemotherapy or trans-
plant is important.
Imaging of immunosuppressed patients usually

starts with chest radiography. Although radio-
graphic findings often are nonspecific, they play
an important role in triage. Follow-up radiography
can help to monitor response to treatment. Recog-
nizing basic patterns may help to establish the
differential diagnosis.

Imaging patterns of infection

Infected immunosuppressed patients with focal air
space opacities are most likely to have a bacterial
infection. TB also should be a consideration in
patients who have low CD4 levels. Multifocal air
space opacities have a broader differential diagnosis
and include bacterial infections, Pneumocystis jiroveci
(PCP), and fungi (eg, Cryptococcus and Aspergillus).
Mycobacterial infection is less likely. A pattern of
nodular densities suggests fungal or mycobacterial
infections. Cavitation usually is not found in viral
infections. Franquet and colleagues [15] analyzed
high-resolution CT (HRCT) scans in 78 immuno-
compromised patients with nodules and found that
only 15% of the patients with nodules had a viral
infection. Nodules were always multiple, 83% were
less than 1 cm, and none was cavitary [15]. A diffuse
or interstitial pattern is particularly concerning for
viral infections and PCP. Less frequently can appear
in this fashion bacterial infections, mycobacterium,
or fungi [16].

AIDS

Respiratory disease is an important cause of mor-
bidity and mortality in HIV-infected individuals;
most patients encounter a pulmonary complication
during the course of their illness. A variety of these
infections has been classified as AIDS-defining ill-
nesses, including cryptococcus, CMV, PCP, non-TB
mycobacterium,mycobacteriumTB, recurrent pneu-
monia, and disseminated histoplasmosis [17]. The
epidemiology of thoracic manifestations of AIDS
has changed because of antibiotics, with a reduc-
tion in the number of cases of PCP and an increase
in the number of cases of Mycobacterium avium
complex (MAC) and CMV. Because there is con-
siderable overlap between the radiologic findings
of numerous infections and neoplastic entities that
are known to occur with increased frequency in
patients who have AIDS; clinical information, in-
cluding the acuity of the illness, CD4 count, and
current drug therapy, is valuable in limiting the
differential diagnosis.
Regardless of the radiologic appearance, op-

portunistic infections generally do not occur be-
fore a decrease in the CD4+ count to less than
200 × 106 cells/L. Several other disease processes
tend to be encountered only when the CD4+ count
decreases to less than certain threshold levels as
listed below [17]:

CD4+ greater than 200 × 106 cells/L: bacterial
pneumonia, TB (reinfection)

CD4+ 50 to 200 × 106 cells/L: bacterial pneumo-
nia, primary TB, PCP, fungal infections

CD4+ less than 50 × 106 cells/L: bacterial pneu-
monia, atypical appearances of TB, PCP, fun-
gal infections, MAC, CMV

Pneumocystis jiroveci

Pneumocystis jiroveci, previously known as P carinii,
was initially classified as a protozoan but is now
believed to be a fungus. The prevalence of PCP has
been decreasing with antibiotic prophylaxis. The
diagnosis is suggested strongly by typical history,
low CD4 count, and hypoxia. Induced sputum can
establish the diagnosis, or alternatively, bronchos-
copy with bronchoalveolar lavage can be used in
patients who are at risk but who have a negative
sputum induction result.
The radiographic appearance of PCP demon-

strates considerable variation. The CXR can be
normal; typical radiographic findings include bilat-
eral perihilar air space disease or reticular mark-
ings [Fig. 15]. On CT, acute infection classically
results in perihilar ground glass opacification, often
in a geographic distribution with areas of affected
lung interspersed by normal lung parenchyma. A
linear or reticular pattern is demonstrated fre-
quently with thickening of the interlobular septa
causing a ‘‘crazy paving’’ pattern [Fig. 16] [18–20].
Some patients develop thin-walled cystic areas
(pneumatoceles) that have an upper lobe distribu-
tion. Typically, these cysts do not contain fluid or
other material. The exact etiology of pneumatoceles
is unclear although a variety of mechanisms has
been suggested, including check valve obstruction
of small airways, pulmonary infarction, and produc-
tion of proteases or elastases with lung digestion.
Pneumatoceles may predispose to pneumothorax
or pneumomediastinum [Fig. 17]. Atypical mani-
festations of PCP include focal consolidation, mass
lesions, cavitation, and adenopathy [Fig. 18]. Multi-
focal air space consolidation can be seen if the pa-
tient has been ill for some time. Characteristically,
pleural effusions are absent [2]. HRCT is highly sen-



Fig. 15. PCP pneumonia in a young HIV-positive pa-
tient. CXR demonstrates predominantly central air-
space disease with peripheral sparing.

Fig. 17. PCP pneumonia. CT scan of the chest demon-
strates cystic air spaces of varying sizes that are con-
sistent with pneumatoceles.
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sitive and in a study by Hidalgo and colleagues [21],
10% of HIV-positive patients who had PCP and
a normal CXR had an abnormal HRCT. Ground
glass areas were found in all of the patients. A nor-
mal HRCT is said to rule out PCP pneumonia [22].

Bacterial pneumonia in AIDS patients

Although the major immune deficiency in AIDS
patients impacts T-cell function, B-cell and anti-
body production are also affected and increase
the susceptibility to pyogenic organisms. Bacterial
pneumonia tends to occur throughout the course
of HIV illness and becomes increasingly common
with a decreasing CD4+ count. Two or more epi-
sodes of bacterial pneumonia within a 1-year period
constitute an AIDS-defining illness. The prevalence
of bacterial pneumonia is six times greater than
in the general population, and the development
of pneumococcal septicemia is 100-fold greater
[23]. Similar to that in the general population, bac-
terial pneumonia in HIV-infected individuals is usu-
Fig. 16. PCP pneumonia in another young HIV-positive
patient. CT scan demonstrates a mixed pattern of
ground glass attenuation and superimposed promi-
nent septal lines in a “crazy-paving” pattern.
ally community acquired. Streptococcus pneumoniae
is the most common infecting organism; Haemo-
philus influenzae, Staphylococcus aureus, Escherichia
coli, and Pseudomonas account for the majority of
remaining cases. The clinical presentation of pneu-
monia is generally the same as in the HIV-negative
population; however, there is an increased tendency
for rapid progression, cavitation, parapneumonic ef-
fusion, and empyema formation.
The most common radiographic finding in bac-

terial pneumonia in AIDS patients is focal consoli-
dation, and the combination of focal consolidation
and clinical symptoms of fewer than 7 days’ dura-
tion is highly specific for the diagnosis of bacterial
pneumonia. Almost one half of cases demonstrate
a radiographic pattern other than focal consolida-
tion that can mimic infections by nonbacterial
pathogens such as PCP [23]. Bacterial infections
also can present as nodules that can cavitate. A
study of cavitary nodules in HIV patients by Aviram
and colleagues [24], found a bacterial cause in
85% of the cases; more than one pathogen was
Fig. 18. PCP pneumonia in an HIV-positive patient
who had hypoxia. CT scan of the chest demonstrates
an atypical pattern with scattered irregular heteroge-
neous densities and areas of bronchial wall thickening.
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identified in most patients. The most frequently
identified organisms were Pseudomonas aeruginosa
and Staphylococcus aureus. In most bacterial infec-
tions, mildly enlarged lymph nodes are seen fre-
quently on CT imaging but usually not on CXR.
Visibly enlarged nodes on CXR in HIV-positive pa-
tients with CD4 counts of less than 200 × 106 cells/L
suggests TB. Pleural effusions are uncommon in pa-
tients who have PCP, but are seen more typically
in patients who have pyogenic bacterial infections.
Pyogenic airway disease in AIDS

HIV-infected patients are at an increased risk for
developing airway disease such as bacterial tracheo-
bronchitis, in addition to pneumonia. The most
common infectious organisms include Haemophilus
influenzae, Pseudomonas aeruginosa, and Streptococcus
pneumoniae. Airway infection leads to inflammation
with subsequent bronchial wall thickening and dila-
tation. These changes can be irreversible if they
are not treated early with antimicrobial agents.
Bronchiolitis may create an interstitial pattern of
reticulonodular opacities that represent impacted
bronchioles; however, the CXR can be normal.
The characteristic findings of infectious bron-
chiolitis are centrilobular nodules and ‘‘tree-in-
bud’’ structures. Focal regions of air trapping may
be evident on expiratory CT scans [17,23].
Cryptococcus

Cryptococcus is the most common fungal pulmo-
nary infection in patients who have AIDS, and it
usually coexists with cryptococcal meningitis. Infec-
tion may be asymptomatic, but clinically apparent
Fig. 19. (A) Cryptococcus infection in an HIV-positive pat
multiple bilateral foci of consolidation (arrows), some of
changes are identified at the apices, especially on the rig
upper lobe cystic air space disease. Bilateral upper lobe nod
pneumonia occurs in approximately 30% of pa-
tients. It tends to affect patients who have CD4
counts that are less than 100 × 106 cells/L [17].
In healthy patients, cryptococcal infection usually
manifests as one or more peripheral circumscribed
nodules, usually without cavitation [25]. In patients
who have AIDS, cryptococcal pneumonia may have
a variety of appearances. It has been known to
demonstrate a diffuse reticular or reticulonodular
pattern that resembles PCP, lobar or segmental con-
solidation, or multiple nodules that have a propen-
sity to cavitate [26]. Disseminated disease can occur
and manifests as a miliary pattern that may be as-
sociated with lymphadenopathy or pleural effusion
[Fig. 19] [2].

Mycobacterial infections

Mycobacteria are aerobic, nonspore-forming rods
with unusually long doubling times. Two broad
groups cause human disease: TB complex and the
non-TB/atypical mycobacteria complex (NTMB).

Tuberculosis
TB has been an infection of importance throughout
human history and can be a serious diagnostic
dilemma in the emergency department setting. It
has become increasingly important with the emer-
gence of HIV and is one of the leading causes of
death among HIV-infected individuals. Numerous
factors influence the likelihood of contracting TB.
Homeless individuals, intravenous drug users, and
immunocompromised patients are at an increased
risk compared with the rest of the population. TB
becomes increasingly common in patients toward
the later stages of immunosuppression, but as with
ient who had respiratory distress. CXR demonstrates
which appear nodular and cavitary. Emphysematous
ht. (B) Accompanying CT coronal image demonstrates
ules, cavitary in the left upper lobe, are demonstrated.
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bacterial pneumonia, infection may occur at rela-
tively high CD4 counts. Very young and elderly pa-
tients also are at higher risk of infection. Infection
begins with the inhalation of airborne respiratory
droplets that contain the organisms. Person-to-
person contact is more likely if exposure occurs in
a poorly ventilated area, or if contact with the in-
fected person is prolonged.

Primary tuberculosis Primary TB is said to occur
when clinical infection occurs after the first expo-
sure to the organism. TB is able to survive dormant
within host macrophages for long periods of time
and incite a delayed hypersensitivity response by
the infected host. Under normal circumstances, the
host sequesters the organism by forming caseating
granulomas. This initial infection has been termed
the ‘‘Ghon focus’’ and usually heals by developing a
fibrous capsule around the focus of infection which
often calcifies. Organisms may spread through the
lymphatics to hilar and mediastinal lymph nodes
where a similar reaction occurs; the combination of
lung and hilar infection is called the ‘‘Ranke com-
plex.’’ Usually, host defenses are sufficient to pre-
vent overt infection. Organisms remain viable and
may serve as the nidus for reactivation when con-
ditions become more favorable [2].
Most often, patients who have primary TB show

no radiologic abnormalities. If there is overt infec-
tion, the pattern is one of air space consolidation
with no zonal predominance. Cavitation is uncom-
mon. Adenopathy is common in children and can
be striking; occasionally, it causes atelectasis by
airway compression. Usually, hilar lymph nodes
are involved, and mediastinal lymph nodes, par-
ticularly in the right paratracheal region, may be
enlarged as well. Unilateral adenopathy is more
common than bilateral disease. After administra-
Fig. 20. Primary TB. (A) CXR demonstrates prominent unila
necrotic subcarinal and right hilar adenopathy.
tion of intravenous contrast, enlarged lymph nodes
may have central areas of low attenuation with
peripheral enhancement, which reflect the presence
of necrosis [Fig. 20]. Unilateral pleural effusion is
another less common presentation and these effu-
sions can be large [27].

Progressive and postprimary tuberculosis Primary
TB infection can progress rapidly and cause ex-
tensive consolidation and cavitation at the site of
the initial pulmonary parenchymal focus of infec-
tion or in the apical and posterior segments of the
upper lobes. This pattern of progression of pri-
mary TB is called progressive TB and radiographi-
cally resembles postprimary TB infection.
Postprimary (reactivation) TB occurs as a result of

previously latent infection. During the initial infec-
tion, organisms may be transported by the blood-
stream to the apical and posterior segments of the
upper lobes and to the superior segments of the
lower lobes. Reactivation in these regions may be
favored by high oxygen tension and tends to occur
when host defenses become impaired. Latent organ-
isms become active and overt infection develops.
Unlike the healing that commonly occurs with pri-
mary Mycobacterium tuberculosis (MTB) infection,
postprimary TB infection is often associated with
progressive disease. As inflammation mounts, tissue
destruction occurs, caseous material liquefies, and
communication with the tracheobronchial tissue
can ensue. This produces cavitation, the characteristic
pathologic and radiologic finding of postprimary
MTB. Cavitation creates the opportunity for endo-
bronchial spread of infection and communication
to other individuals. If host defenses triumph, these
cavities usually heal by scar formation with bron-
chiectasis, volume loss, and areas of emphysema.
Chronic thin-walled cavitiesmay persist. Typical clini-
teral right hilar adenopathy. (B) CT scan demonstrates
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cal manifestations of postprimary TB include failure
to thrive, fatigue, night sweats, weight loss, and low-
grade fever. Bronchiectasis may result in hemopty-
sis [2].
Radiographic findings of postprimary TB include

consolidation in apical and posterior segments of
the upper lobes, and, to a lesser extent, the superior
segments of the lower lobes. Areas of cavitation
develop in 20% to 45% of patients. Often small,
poorly defined ‘‘satellite’’ nodules are seen at the
periphery of the dominant foci of consolidation.
Commonly there are poorly defined nodules in a
centrilobular location and branching structures in a
‘‘tree-in-bud’’ pattern. Lymphadenopathy and effu-
sions are uncommon [Fig. 21].

Miliary tuberculosis In fewer than 5% of patients
who have TB, the mycobacterial infection spreads
hematogenously and causes a ‘‘miliary’’ pattern of
nodularity on CXR. It can occur with primary
or postprimary TB infection. HIV-positive indi-
viduals have a higher frequency of miliary and
extrapulmonary disease [28]. The characteristic ra-
diographic findings of miliary TB consist of innu-
merable 1- to 3-mm noncalcified nodules that are
scattered throughout both lungs. Associated radio-
graphic findings, which may suggest the diagnosis
of TB and are present in up to 30% of affected
persons, include consolidation, cavitation, calcified
lymph nodes, and lymphadenopathy. On thin-
section CT nodules are found in a diffuse, random
fashion. After acute infection, the radiograph may
return to normal rapidly or scattered residua of
the nodules may persist [Fig. 22].
In general, previous radiographs are needed for

comparison to determine disease activity. Stability
for longer than 6 months suggests inactivity. Other
Fig. 21. Postprimary TB in an immunocompromised pati
demonstrates biapical cavitary consolidation. (B) CT scan
findings that are associated with inactive disease
include bronchiectasis, linear opacities, and calci-
fied nodules [28]. Consolidation, endobronchial
spread, a miliary pattern, and cavities suggest active
disease. The ‘‘tree-in-bud’’ pattern is the most char-
acteristic CT feature of active endobronchial spread
and can be found in 72%of patients who have active
disease. In a study of patients who had active TB
(based on acid-fast bacilli in sputum), Im and col-
leagues [29] found centrilobular lesions (nodules or
a ‘‘tree-in-bud’’ pattern) in 95% of patients. Most of
these nodules disappeared with treatment.

Tuberculosis in AIDS patients The radiographic
manifestation of TB in AIDS patients depends on
the patient’s CD4 count. Patients who have pre-
served immunity and CD4 counts greater than
200 × 106 cells/L usually present with a pattern
of disease that resembles postprimary MTB infec-
tion. Patients with CD4 counts that are less than
200 × 106 cells/L present with a pattern of disease
that resembles primary MTB infection with lymph-
adenopathy, pleural disease, and a tendency for
dissemination [17]. Culture-positive pulmonary
TB with a normal CXR is not uncommon and in
a study by Greenberg and colleagues [30], 21% of
48 patients with active TB and CD4 counts less
than 200 × 106 cells/L had a normal CXR. Extra-
pulmonary dissemination is more frequent in
immunocompromised patients than in immuno-
competent patients.

Nontuberculosis mycobacterial pneumonia
NTMB includes at least 20 organisms, of which
only a fraction is important in causing lung infec-
tion. They are classified by pigment production and
growth rate. NTMB pulmonary infections in immu-
ent who had weight loss and night sweats. (A) CXR
confirms the cavitary nature of upper lobe opacities.



Fig. 23. Mycobacterium avium–intracellularae pneumonia in a middle-aged man who had fever. (A) CXR demon-
strates cavitary consolidation in the left upper lung zone (arrow). (B) Coronal CT confirms the presence of a thick-
walled cavitary lesion in the left upper lobe. Imaging is indistinguishable from postprimary TB.

Fig. 22. Miliary TB. Culture proven miliary TB in an HIV-positive patient with several weeks
,
duration of constitu-

tional symptoms, fever, and weight loss. (A) CXR demonstrates biapical cavitary lesions and superimposed
innumerable diffuse well-defined subcentimeter nodules. (B and C ) CT scan confirms presence of upper lobe
consolidation and innumerable randomly distributed subcentimeter nodules consistent with a miliary distribution.
Some nodules (arrows, C ) are on pleural surfaces, an important differentiation from airway nodules which are
separate from the pleura.
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Fig. 25. Mycobacterium avium–intracellularae pneumo-
nia in another patient. CT scan of the chest demon-
strates bronchiectasis and bronchial wall thickening
in the right middle lobe (arrow) and “tree-in-bud”
structures in the lower lobes.
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nocompetent hosts have two distinct radiologic
manifestations: an upper lobe cavitary form and a
nodular bronchiectatic form.
The characteristic findings of the upper lobe cavi-

tary form are heterogeneous nodular and cavitary
opacities. Often there is a combination of consoli-
dation, cavities, and scar formation that is indis-
tinguishable from postprimary TB. This form is
encountered most often in older men who have
mild immunocompromised states, such as chronic
obstructive pulmonary disease, and is seen most
often in infection by M avium–intracellulare com-
plex [Fig. 23].
The second pattern is a nodular bronchiectatic

form which often occurs in middle-aged women
who do not have underlying lung disease called
‘‘Lady Windemere syndrome.’’ This pattern consists
of bronchiectasis and centrilobular nodules that
predominate in the right middle lobe and lingula.
A study by Jeong and colleagues [31], of 22 pa-
tients who had NTMB pulmonary infection, found
that 87% had nodules that were smaller than
10 mm, 58% had a branching centrilobular ‘‘tree-
in-bud’’ pattern, and 81% had cylindrical bronchi-
ectasis. Large nodules (>1 cm) were seen in some
patients. Findings often can be extensive and a
study by Koh and colleagues [32] demonstrated
that 34% of 105 HIV-negative patients who had a
combination of bilateral multifocal bronchitis (cen-
trilobular nodules and ‘‘tree-in-bud’’ structures)
and bronchiectasis had a subsequent positive diag-
nostic work-up for NTMB [Figs. 24 and 25].
The prevalence of NTMB infection increases as

the CD4 count decreases and most patients who
have clinically overt infection have CD4 cell counts
that are less than 50 cells/μL. The immunocom-
promised patient who has NTMB presents in a
Fig. 24. Mycobacterium avium–intracellularae pneu-
monia in a middle-aged woman. CT scan demonstrates
evidence of small airway disease with scattered bilateral
centrilobular “tree-in-bud” structures (circle). Bronchial
wall thickening is seen in the right middle lobe.
manner that is entirely different from the patterns
described above. They may have no radiographic
abnormalities, presumably because of inadequate
inflammatory response.When present, radiographic
findings include small, usually centrilobular, nod-
ules combinedwith air space consolidation. Lymph-
adenopathy and pleural effusions may be the only
abnormalities with no evidence of parenchymal
disease. Mediastinal lymph node enlargement may
show central areas of low attenuation, although
this finding is seen more commonly in patients
who have TB [33].
Atypical organisms, such as Nocardia, always

should be considered in HIV-infected individuals
who have advanced immune suppression. Cavitat-
ing masses, consolidation, and pleural effusions are
common features [17].
Non-HIV immunocompromised patients

Bone marrow transplant

Patients who are immunocompromised secondary
to chemotherapy and bone marrow transplant re-
cipients are susceptible to different organisms than
are HIV-infected patients. Bone marrow transplant
(BMT) or hematopoietic stem cell transplantation
involves the intravenous infusion of hematopoietic
progenitor cells to replace the malignant or ablated
bone marrow cells. It is used in the treatment of
hematologic malignancies and certain solid tumors.
Allogeneic transplantation refers to the transfer of
marrow from a donor to a recipient who is not an
identical twin, whereas autologous transplantation
involves the use of the patient’s own marrow. Pul-
monary complications occur in 40% to 60% of pa-
tients who undergo BMT and are a common cause
of morbidity and mortality [34].
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There is a predictable time course of neutropenia,
immunosuppression, and recovery that allows for
the development of a post-BMT timeline in pa-
tients who receive allogeneic transplants. Knowl-
edge of this timeline is of critical importance
when confronted with an abnormal CXR in a pa-
tient who has undergone BMT. This issue is es-
pecially important as the prognosis is grim for
immunosuppressed patients who have pulmonary
complications. The mortality in immunosup-
pressed patients who require mechanical ventila-
tion exceeded 80% [35]. A study of 200 non-HIV
immunocompromised patients demonstrated that
a delay of greater than 5 days in identifying the
etiology of infectious ‘‘infiltrates’’ was associated
with a more than threefold risk of death [36]. The
radiologist’s role in helping to narrow the differ-
ential diagnosis in these patients is critical. Pulmo-
nary complications can be classified chronologically
as occurring in the neutropenic or pre-engraftment
period (0–30 days after BMT), in the early post-
engraftment period (31–100 days after BMT), or in
the late post-engraftment period (>100 days after
BMT). CMV and Aspergillus were the most common
pathogens overall in one study [37].
Neutropenic phase complications after bone
marrow transplant
During the neutropenic phase, patients are particu-
larly susceptible to bacterial and candidal infec-
tions and invasive aspergillosis [37]. Bacterial
infections during this time period are related to
severe granulopenia and often are caused by gram-
negative bacteria. Usually the appearance is simi-
lar to that in an immunocompetent patient, with
focal or multifocal consolidation. Candida pneumo-
nia manifests as a focal or multilobar consolidation
Fig. 26. Acute aspergillus infection in a neutropenic p
consolidation with “shaggy” borders in the right lung.
consolidation in the right upper lobe with surrounding h
consistent with a “halo” sign.
occasionally with a linear interstitial component.
Cavitation and adenopathy are not features. Patients
also may have multiple nodules with areas of
ground glass opacity [2].
Aspergillus pneumonia

Aspergillus is a ubiquitous fungus, found throughout
nature which may cause disease in susceptible hosts
when inhaled. The risk groups for invasive aspergil-
losis are patients who have severe, prolonged granu-
locytopenia secondary to hematologic malignancy;
hematopoietic stem cell/solid organ transplant re-
cipients; and patients who are taking high-dose corti-
costeroids. Rarely, persons who have HIV infection
develop aspergillosis. Aspergillus fumigatus is the most
important species that causes infection in humans.
Angioinvasive aspergillosis results when Asper-

gillus invades the pulmonary vasculature and causes
thrombosis, pulmonary hemorrhage, and infarc-
tion. It is characterized at histologic analysis by
the invasion and occlusion of small- to medium-
sized pulmonary arteries by fungal hyphae that
lead to the formation of necrotic hemorrhagic
nodules or pleural-based, wedge-shaped, hemor-
rhagic infarcts [38]. CXRs often are abnormal, but
nonspecific, and reveal patchy segmental or lobar
consolidation or multiple, ill-defined nodular opac-
ities. Characteristic CT findings consist of nodules
that are surrounded by a halo of ground glass
attenuation (‘‘halo sign’’) or pleural-based, wedge-
shaped areas of consolidation. These findings cor-
respond to hemorrhagic infarcts. In severely neu-
tropenic patients, the halo sign is highly suggestive
of angioinvasive aspergillosis; however, a similar
appearance has been described in several other
conditions, such as candida, mucor, herpes sim-
plex, CMV, and Kaposi’s sarcoma [Fig. 26] [39].
atient. (A) CXR demonstrates large foci of nodular
(B) Corresponding CT scan confirms large nodular

eterogeneous ground glass attenuation. Findings are



Fig. 27. (A) CXR of the patient in Fig. 26 a couple of weeks later demonstrates that the previously identified
nodules are better defined and have developed a peripheral crescent of air (arrows). (B) Corresponding CT scan
demonstrates cavitary consolidation containing air-bronchograms and an “air crescent” sign (arrow). The
“air crescent sign” results when air fills the space between devitalized tissue and surrounding parenchyma. In
the appropriate clinical setting, this finding is specific for aspergillus infection.
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As the patient’s immune system recovers, about
2 weeks after the onset of infection, CXR or CT
may demonstrate an ‘‘air crescent sign,’’ corre-
sponding to necrotic lung around retracted in-
farcted lung. Although this finding is not specific
for angioinvasive aspergillosis, it is highly charac-
teristic in the proper clinical setting, especially
when the initial lesion is consolidation or a mass
[38]. Air crescent formation was shown to be asso-
ciated with improved survival [Fig. 27] [40].
Predominant airway involvement by Aspergillus

organisms, termed ‘‘airway-invasive aspergillosis,’’
occurs most commonly in immunocompromised
neutropenic patients and in patients who have
AIDS [38,41]. Radiologic findings include patchy
centrilobular nodules, ‘‘tree-in-bud’’ centrilobular
structures, and a bronchopneumonia pattern. Bron-
chial wall thickening also may occur [38].
Early-phase complications after bone marrow
transplant

Later, in the postengraftment or early phase, the
predominant infectious risk is viral, most com-
monly from CMV. Respiratory syncytial virus and
parainfluenza commonly cause upper respiratory
symptoms during this time as well and progress
to clinically significant pneumonia in 30% to
40% of cases [34,42]. CMV pneumonia occurs in
approximately 15%–30% of patients who receive
allogeneic BMT, usually between 6 and 12 weeks
after transplantation [34]. Infection most com-
monly occurs from reactivation of latent endoge-
nous virus [34,43]. It is uniformly fatal if not
treated [43].
The radiographic manifestations of CMV are non-
specific and can be normal. CT may reveal multifocal,
bilateral ground glass opacities and foci of air space
consolidation accompanied occasionally by small
centrilobular nodules. Franquet and colleagues [44]
demonstrated areas of ground glass opacities on
CT in 66% of 32 HIV-negative immunocomprom-
ised patients who had CMV pneumonia. Multiple,
subcentimeter nodules were identified in 59% of
the cases, and a halo of ground glass attenuation
was seen in 37% of the cases. Fifty-nine percent
of the patients also had areas of air space con-
solidation. A study by Gasparetto and colleagues
[45], of 13 patients who had undergone BMT and
who had CMV pneumonia, similarly demonstrated
ground glass opacities as the predominant ab-
normality in 69% of patients. Small centrilobular
nodules were found in 69% of patients and air
space opacities were found in 54% of patients. In
both studies, findings were almost always bilateral
[Fig. 28].

Late-phase complications after bone marrow
transplant

Late-phase complications occur 100 days or more
after BMT, and the patient’s immune system is near
normal by 1 year. The most common infections in
this phase are bacterial, although mycobacterial
infections also should be considered.

Solid organ transplant infections

Solid organ transplant recipients are susceptible
to infections similar to those following BMT. In
organ transplant patients there are three important
periods. In the first month, infections are second-



Fig. 28. CMV pneumonia in a bone marrow transplant recipient. CT scan of the chest demonstrates ground glass
attenuation and consolidation (arrow, A and B). Centrilobular air space nodule consistent with an airway
distribution is identified in the lingula (circle, B). CMV was isolated at bronchoscopy.
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ary to nosocomial bacteria. At 1 to 6 months after
transplantation, viruses, such as CMV, Epstein-Barr
virus, and herpes simplex, become more important
potential causes of lung infection. In addition,
because these viruses can impair immunity, they
can predispose the host to opportunistic pneumonia
by PCP or Aspergillus fumigatus. Beyond 6 months
after transplantation, patients with adequate graft
function develop infection only occasionally, and
the infecting organisms tend to be those of the non-
transplant population [16].

New/emerging infections

Anthrax and severe respiratory syndrome (SARS)
cause acute respiratory distress and are emerging
conditions the emergency radiologist needs to
recognize in order to assist referring clinicians in
making an appropriate diagnosis.

Anthrax

Anthrax is caused by the bacterium Bacillus anthracis.
It is a gram-positive aerobic spore-forming micro-
organism. Infection occurs by three different por-
tals of entry: the skin, the gastrointestinal tract, and
the lungs. The inhalational form has the highest
mortality. When dispersed in the air and inhaled,
anthrax spores are deposited into the alveolar ducts
or alveoli where they are engulfed by macrophages
that carry them to peribronchial and mediastinal
lymph nodes. They germinate in the lymph nodes
and cause a large amount of toxin production
and secondary edema, necrotizing lymphadenitis,
hemorrhagic mediastinitis, mediastinal enlarge-
ment, and bacteremia [46,47]. The bacillus does
not cause a true pneumonia in most cases; how-
ever, retrograde migration through lymphatics can
occur resulting in an interstitial perihilar pneumo-
nia [47].
Anthrax was largely unknown in the United
States until shortly after the terrorist attacks on
the World Trade Center and Pentagon on Sep-
tember 11, 2001. In late 2001, 23 cases of anthrax
were reported, 11 of which were inhalational. Five
of the patients who had the inhalational form
died [46]. The possibility of terrorism still exists
and, it is important for health care providers to
consider anthrax in the appropriate differential
diagnosis because the clinical manifestations of
early disease are nonspecific and the predicted
case fatality of inhalational anthrax, based on his-
torical data, is approximately 90% [48]. Timely
diagnosis can reducemortality substantially and ini-
tiate public health and law enforcement measures.
All recent patients who had inhalational anthrax

had abnormal findings on CXR. Manifestations
include mediastinal widening due to bulky lymph-
adenopathy and pleural effusions. Hilar adenopa-
thy also may be present. Consolidation can be
present often secondary to pulmonary hemorrhage
[49]. CT findings include high attenuation medias-
tinal and hilar adenopathy, pleural effusions that
can be hemorrhagic, and mediastinal widening.
Ring-like nodal enhancement also is described
[Fig. 29] [47,49].
Anthrax should be considered in the differential

diagnosis of a patient with possible exposure and
the above radiographic findings in the absence of
trauma, dissection, or bleeding diathesis.

Severe acute respiratory syndrome

SARS is an infectious pulmonary disease that seems
to have originated in southern China in the fall of
2002. Sophisticated isolation methods demon-
strated that the causative agent is a coronavirus
that is spread by respiratory droplets. It spread to
other parts of Asia, Europe, and North America;
more than 8422 cases were reported fromNovember



Fig. 29. Anthrax. Blood culture confirmed case of inhalational anthrax in a 61-year-old postal worker who
presented to the emergency room after 3 days of experiencing general malaise and chills. (A) Contrast-enhanced
CT scan demonstrated diffuse mediastinal infiltration and large bilateral pleural effusions. Right pleural effusion
has a fluid-fluid level with layering high attenuation fluid; consistent with hemorrhage (black arrows, A and B).
(B and C ) Delayed CT scan of the chest demonstrates high attenuation mediastinal and hilar adenopathy;
consistent with hemorrhage (white arrow, C ). Anthrax infection should be considered in cases with high-
attenuation adenopathy without intravenous contrast administration. (Courtesy of Jeffrey Galvin, MD, Balti-
more, MD and the Armed Forces Institute of Pathology).
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2002 to August 2003 and the death toll reached
916 (11%) individuals [50]. As of this writing, the
world is in an interepidemic period and the last
human chain of transmission has been broken [51].
The clinical presentation of SARS includes fever,

dyspnea, nonproductive cough, chills or rigors,
malaise, and myalgias. The natural clinical history
ranges from febrile respiratory symptoms without
hypoxemia to fatal respiratory distress. The World
Health Organization defines SARS as ‘‘suspect’’ or
‘‘probable.’’ Clinical presentation and the patient’s
level of contact with a SARS person who has SARS
define a ‘‘suspect’’ case [52]. A ‘‘probable’’ case in-
volves a ‘‘suspect’’ case with the additional finding
of ‘‘infiltrates’’ on radiography.
Radiographically, abnormalities appear approxi-

mately 12 days after viral exposure or 5 days after
the onset of fever. In a study of 40 patients in
Canada, Grinblat and colleagues [52] found that
40% of patients initially had a normal CXR. In
a report by Hui and colleagues [50], 78.3% of
138 patients presented with consolidation. In both
series, all patients ultimately developed consoli-
dation. Usually consolidation is peripheral and dis-
tributed in the lower lung zones. Hui and colleagues
[50] found that patients who had more extensive
consolidation, including bilateral distribution at
presentation, were more likely to have an adverse
outcome, including death and ICU admission, than
were those who had unilateral pneumonia. The dis-
ease can progress rapidly. SARS is not associated with
adenopathy or pleural effusion.
In one CT study of patients who had SARS, an

area of ground glass opacification with or without
consolidation was seen in 83.2% of patients. Con-
solidation without ground glass opacity was
uncommon (16.8%). Affected segments were pre-
dominantly in the lower lobes (61.1%). Consolida-
tion tended to be peripheral (71.8%) or central and
peripheral (19.5%). Other findings included thick-
ening of interlobular septa, which occurred only
when superimposed on ground glass opacification



Fig. 30. SARS in a 54-year-old Asian physician who was living in Toronto, Canada. (A) Initial radiograph demon-
strates foci of consolidation in the left upper lobe. (B) Within 3 days there was marked progression with diffuse
bilateral air space disease, and the patient required mechanical ventilation. A rapid progression is typical of
SARS pneumonia. (Courtesy of Jeffrey Galvin, MD, Baltimore, MD and the Armed Forces Institute of Pathology).
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to produce a ‘‘crazy-paving pattern.’’ None of the
CT features of SARS is diagnostic [Fig. 30] [53].
Summary

Although imaging in patients who have acute lung
infections rarely is specific, the combination of
clinical information and input regarding the radio-
graphic appearance can help the emergency room
physician to refine the differential diagnosis, and in
some cases, suggest a specific etiology.
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