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Diagnostic Imaging Pathways - Chest Trauma

Population Covered By The Guidance

This pathway provides guidance on the imaging of adult patients with chest trauma.

Date reviewed: August 2013

Date of next review: 2017/2018

Published: August 2013 

Quick User Guide

Move the mouse cursor over the PINK text boxes inside the flow chart to bring up a
pop up box with salient points.
Clicking on the PINK text box will bring up the full text.
The relative radiation level (RRL) of each imaging investigation is displayed in the
pop up box.

SYMBOL RRL EFFECTIVE DOSE
RANGE

None 0

Minimal < 1 millisieverts

Low 1-5 mSv

Medium 5-10 mSv

High >10 mSv

Pathway Diagram
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Image Gallery

Note: These images open in a new page

1 Blunt Thoracic Aortic Injury 

Image 1 (Chest radiography): The classical radiographic
signs of a traumatic disruption of the aorta are shown
including a widened mediastinum, depressed left main
bronchus and left apical cap.

2a Blunt Thoracic Aortic Injury 

Image 2a, 2b and 2c (CT Angiography): Evidence of an
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intimal flap and full-thickness rupture of the thoracic aorta at
the level of the aortic isthmus (arrows). Subcutaneous
emphysema is seen bilaterally with contusions to the left
lung.

2b

2c

2d Image 2d and 2e (Aortography): Aortic rupture is confirmed
by evidence of delayed contrast flow in the region of the
aortic isthmus (arrow) which is best seen in image 2e, where
the area of injury retains contrast and appears darker
compared to the rest of the aorta.

2e

Teaching Points

Conventional radiography (CXR) remains the primary diagnostic modality for
all chest trauma patients
Computed tomography of chest has unequalled sensitivity and specificity and
often helps in rapid assessment of emergency chest trauma patients

Computed Tomography (CT). Echocardiography. Cardiac and Pericardial
Injuries

In the setting of acute chest trauma, injuries to the heart and pericardium may
run the gamut from minor arrhythmia (e.g. sinus tachycardia) through to blunt
cardiac avulsion 39
Cardiac contusion is one of the most common cardiac injuries in patients with
blunt chest trauma, affecting 3-56% of patients. 40 It occurs most commonly in
motor vehicle accidents, either from a direct blow to the chest (e.g. chest
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hitting steering wheel) or in rapid deceleration (as the heart strikes the internal
sternum). The right ventricle is more commonly affected, as it is situated more
anteriorly in the chest. Symptoms may range from palpitations or precordial
pain to haemodynamic instability
Other blunt cardiac injuries may include injury to internal cardiac structures
such as the ventricular septum, valves, chordae tendineae, papillary muscles.
Damage to the cardiac musculature or blood vessels may result in a traumatic
pericardial effusion and tamponade. This requires urgent sternotomy 41
Standard screening for cardiac trauma should include a CXR, and serial
echocardiograms (ECG) and serum troponins. A large prospective study by
Velmahos et al. showed that a normal ECG and normal serum troponin I levels
had 100% negative predictive value for excluding blunt cardiac injury 42
Patients with positive findings on examination or screening tests should
undergo morphologic assessment of the heart and pericardium. 40
Echocardiogram is an excellent tool in this regard. Transthoracic
echocardiography (TTE) is non-invasive and can be performed at the bedside
in the ED. It can detect a wide range of cardiac injuries including wall motion
abnormalities, valvular lesions and pericardial effusions. In circumstances
where TTE is unsuitable (e.g. patient has painful chest wall injuries) or
provides poor images, transoesophageal echocardiography (TOE) should be
considered 40
CT is superior to plain chest x-ray in detecting injuries from blunt chest
trauma. 43 In comparison with echocardiogram, it is more limited in its ability
to detect cardiac injury. It may not directly identify cardiac injuries such as
contusion, but can demonstrate associated injuries such as
haemopericardium, contrast extravasation into the mediastinum and injuries to
the great vessels. Vignon et al. compared multiplane TEE to contrast enhanced
helical CT in the detection of cardiovascular injuries from blunt chest trauma
in 110 consecutive patients. 44 TEE was superior at detecting cardiac injuries,
but they showed similar diagnostic accuracy for aortic injuries

Chest Wall Trauma

Rib fractures are the most common lesion in chest wall trauma. 2
Multiple rib fractures are a marker for serious associated injuries, including
abdominal injuries. 12,13 Many trauma surgeons believe that patients with
multiple rib fractures should be referred to a trauma centre for evaluation. 12
Plain chest films , including, rib views offer limited information. 2,14Screening
CXRs miss rib fractures in around 50% cases, in particular, rib radiography in
addition to chest radiography is deemed unnecessary for the diagnosis of
fractures because CT is almost always used to evaluate potential organ injury
in patients with significant chest and upper abdominal trauma. 15
Compared to plain chest radiography, a CT scan is able to differentiate chest
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wall from parenchymal or mediastinal injury. 14
Multidetector computed tomography (MDCT) is increasingly used as the
method of choice for the radiologic evaluation of traumatized patients. It
provides an accurate assessment of fractures and associated internal injuries. 
16 It also provides an accurate means of assessing cartilage fractures, which
are typically missed on radiography. 17,18
In a study by Traub et al., CT chest scan was shown to be significantly better
at detecting fractured ribs, scapulas, sternums and vertebrae than a chest x-
ray. 18

Computed Tomography (CT)

Computed tomography is the modality of choice for rapid assessment of
emergency chest trauma patients though chest radiograph (CXR) remains the
initial screening modality 3-7
A CT scan is significantly more likely to yield additional information than a
CXR alone, especially in the presence of chest wall tenderness, reduced air-
entry and abnormal respiratory effort 2
CT of chest, usually performed in conjunction with abdominal CT, in trauma
patients has unequalled sensitivity and specificity. It provides great diagnostic
information which can compliment the admission chest X-ray and further films.
2 However there are concerns regrading its overutilization and thus
implications on radiation exposure, cost and time 8-10

Chest Wall Trauma

Rib fractures are the most common lesion in chest wall trauma 2
Multiple rib fractures are a marker for serious associated injuries, including
abdominal injuries. 12,13 Many trauma surgeons believe that patients with
multiple rib fractures should be referred to a trauma centre for evaluation 12
Plain radiographs including rib views offer limited information. 2,14 Screening
chest radiographs miss rib fractures in around 50% cases. 15 Rib radiography
in addition to chest radiography is deemed unnecessary for the diagnosis of
fractures because CT is almost always used to evaluate potential organ injury
in patients with significant chest and upper abdominal trauma 16
Compared to plain chest radiography, a CT scan is able to differentiate chest
wall from parenchymal or mediastinal injury 14
Multidetector computed tomography (MDCT) is increasingly used as the
method of choice for the radiologic evaluation of traumatized patients. It
provides an accurate assessment of fractures and associated internal injuries. 
16 It also provides an accurate means of assessing cartilage fractures, which
are typically missed on radiography 17,18
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In a study by Traub et al., CT chest scan was shown to be significantly better
at detecting fractured ribs, scapulas, sternums and vertebrae than a chest
radiograph 18

Injury to Pleura

A sufficiently high proportion of pneumothoraces are missed on chest
radiography. This advocates for a low threshold to CT in the early assessment
of blunt trauma patients, especially if mechanical ventilation is required for
ongoing management 19
CT can detect pneumothoraces missed by ultrasonography and supine AP
chest radiograph. 21 Several studies have documented much higher sensitivity
of CT for pneumothorax when compared with supine chest radiograph 6,22-25
Chest ultrasound is also sensitive in detecting, characterising and quantifying
pleural fluid collections. However small collections in the dependent part of
the pleural space are difficult to access in a supine trauma patient 2

Lung Injury

The most common lung lesions resulting from blunt trauma are pulmonary
contusions, pulmonary lacerations, atelectasis and aspiration of gastric
content, blood or foreign bodies. 2 Pulmonary contusions and lacerations are
also quite common after a penetrating injury 1
Pulmonary lacerations very frequently accompany pulmonary contusions and
are much better seen with CT than on chest radiography 1,2,12,18,21
In general, lung lacerations are benign, but complications can occur and are
best shown by CT. 6 Complications include infection, bronchopleural fistula,
enlargement with compression of adjacent normal lung, and haemorrhage 22
Rarely, a lung segment may herniate through a flail segment. Conditions that
may increase the likelihood of this occurring are positive-pressure ventilation
and rupture of the internal thoracic fascia, parietal pleura, and pectoral &
intercostal musculature. The diagnosis may be made with radiographs, but
lung herniation is easier to detect with CT 6

Computed Tomography (CT). Diaphragmatic Injury. Magnetic Resonance
Imaging (MRI)

Diaphragmatic injuries (DI) can be a diagnostic challenge. Up to 8% of patients
may develop some form of DI after major blunt trauma to the lower chest or
abdomen. 32 The majority (75%) of DI involves the left hemidiaphragm, and left
sided abdominal organs (particularly stomach & spleen) are most commonly
found herniating into the chest. 33 DI rarely occurs in isolation, and is often
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accompanied by more serious injuries to other organs. This may delay
diagnosis of DI and affects up to 66% of patients at initial presentation. 34 Due
to the progressive herniation of visceral organs and potential strangulation,
delayed diagnosis is associated with 50% morbidity and mortality rate 34
Plain chest radiographs may sometimes demonstrate obvious DI (e.g.
presence of herniated viscera within the chest cavity), although signs can be
subtle. The accuracy for diagnosis of DI is relatively low - 27-60% of left-sided
injuries and 17% of right-sided injuries. 35 Sensitivity is reported around
24-50%
Improvements in CT have improved the diagnosis of injuries in trauma
patients. Standard axial CT has a reported sensitivity of 14-61% & specificity of
76-99%. 35 Helical CT (which allows for coronal/sagittal reconstructions) has a
sensitivity of 71% and specificity of 100%. 35 With the latest MDCT machines
(which allow for complete imaging of the chest within a single breath-hold), the
sensitivity is improved to 77% 36
In order to improve diagnosis of DI, multiple CT signs have been described.
These include visceral herniation, collar sign, dependent viscera sign 34, and
dangling diaphragm sign 36. In one retrospective series of 179 patients,
Nchimi et al. found that the best signs of DI were diaphragmatic discontinuity,
diaphragmatic thickening, segmental nonrecognition of the diaphragm,
intrathoracic herniation of abdominal viscera, elevated diaphragm, and
haemothorax/haemoperitoneum. The sensitivity was reported to be 100% for a
combination of these signs. 37 A more recent and smaller series of 43 patients
found that herniation of abdominal organs was highly predictive of DI 38
On MRI sequences, the normal diaphragm presents as a continuous
hypointense band. Signs of DI may include any abrupt disruption to that band
and intrathoracic visceral or omental herniation. Unfortunately MRI is not well
suited to the acute trauma setting and should only be considered when there
is uncertainty as to the diagnosis of DI on CT 35

Lung Injury

The most common lung lesions resulting from blunt trauma are pulmonary
contusions, pulmonary lacerations, atelectasis and aspiration of gastric
content, blood or foreign bodies. 2 Pulmonary contusions and lacerations are
also quite common after a penetrating injury. 1
Pulmonary lacerations very frequently accompany pulmonary contusions and
are much better seen with CT than on CXR. 1,2,12,18,21
In general, lung lacerations are benign, but complications can occur and are
best shown by CT. 6 Complications include infection, bronchopleural fistula,
enlargement with compression of adjacent normal lung, and haemorrhage. 22
Rarely, a lung segment may herniate through a flail segment. The conditions
increasing this likelihood are positive-pressure ventilation and rupture of the
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internal thoracic fascia, parietal pleura, and pectoral & intercostal musculature.
The diagnosis may be made with radiographs, but lung herniation is easier to
detect with CT. 6

Computed Tomography (CT)

Computed tomography is the modality of choice for rapid assessment of
emergency chest trauma patients though chest radiography remains the initial
screening modality 3-7
A CT scan is significantly more likely to yield additional information than a
chest radiograph alone, especially in the presence of chest wall tenderness,
reduced air-entry and abnormal respiratory effort 2
CT of chest, usually performed in conjunction with abdominal CT, in trauma
patients has unequalled sensitivity and specificity. It provides great diagnostic
information which can compliment the admission chest radiograph and further
films. 2 However there are concerns regrading its overutilization and thus
implications on radiation exposure, cost and time 8-10

Injury to Oesophagus

Injury to the oesophagus is often accompanied by injury to adjacent
structures, including trachea and vascular structures
Both plain films and CT are unable to demonstrate direct signs of oesophageal
rupture, although they show indirect signs like mediastinal haematoma,
pneumomediastinum, and pneumothorax 2
When injury to the oesophagus is suspected, both contrast oesophagography
and endoscopy can be used 1,2,6,,25,26

Injury to Pleura

A sufficiently high proportion of pneumothoraces are missed on CXR. This
advocates for a low threshold to CT in the early assessment of blunt trauma
patients, especially if mechanical ventilation is required for ongoing
management. 19
CT can detect pneumothoraces missed by ultrasonography and supine AP
CXR. 21 Several studies have documented much higher sensitivity of CT for
pneumothorax when compared with supine CXR. 6,22-25
Chest ultrasound is also sensitive in detecting, characterising and quantifying
pleural fluid collections. However small collections in the dependent part of
the pleural space are difficult to access in a supine trauma patient. 2
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Predictors of Chest Injury

Due to concerns of overutilisation of CT in chest trauma patients, there has
been an interest in creating predicting which trauma patients would benefit
from chest CT. Brink et al. performed a prospective study of 1047 adult
patients with blunt chest trauma in order to derive clinical predictors of chest
injury 8
They found several independent predictors of the presence of any chest
injuries (“positive predictors”) are 8

Age ?55 years
Abnormal physical examination chest
Abnormal physical examination of the thoracic spine
Altered sensorium
Abnormal conventional chest radiography
Abnormal thoracic spine radiograph
Abnormal radiograph of pelvis and abdominal ultrasonography
Base excess <-3 mmol/L
Haemoglobin <6 mmol/L

The above independent predictors significantly contributed to the presence of
chest injuries on CT in their study. The authors suggest that although their
absence can be used as a guide against the use of a CT chest, their presence
necessitates careful clinical judgement to decide which patient really needs CT
Further investigations for clinically stable patients having normal chest
radiograph should be dependent on pre-test probability. Unfortunately, a
method to assess the pre-test probability is not well defined. For example, a
dangerous mechanism of injury does not correlate significantly with traumatic
aortic injury but speed of collision does (if >60 mph or >100kph) 8,11
These positive predictors are yet to be externally validated in other
populations and settings

Mechanism of injury

Mechanism of injury was not considered a positive predictor for the presence
of a chest injury on CT in the recent study by Brink et al (2010). 8 So in the
absence of positive CXR findings in stable patients with a low pretest
probability (excluding motor vehicle accidents with speed >60 mph), a thoracic
aortic injury can be excluded and thus a CT can be avoided. 11 The findings
from the chest radiograph incorporated in the study were left paraspinous line
displacement, obscured aortic knob, and mediastinal widening. It showed a
negative predictive value of 99.6% in excluding Thoracic Aortic Injury 11

Computed Tomography (CT)
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Computed tomography is the modality of choice for rapid assessment of
emergency chest trauma patients though chest radiography remains the initial
screening modality 3-7
A CT scan is significantly more likely to yield additional information than a
chest radiograph alone, especially in the presence of chest wall tenderness,
reduced air-entry and abnormal respiratory effort 2
CT of chest, usually performed in conjunction with abdominal CT, in trauma
patients has unequalled sensitivity and specificity. It provides great diagnostic
information which can compliment the admission chest X-ray and further films.
2 However there are concerns regrading its overutilization and thus
implications on radiation exposure, cost and time 8-10

 Injury to the Trachea and Bronchi. Bronchoscopy

Tracheobronchial injuries (TBI) are relatively uncommon and often go
unrecognized as a result of lack of visible external signs of injury 23
Rapid detection depends on a high suspicion of injury. TBI should be
suspected if the patient has severe dyspnoea, haemoptysis, subcutaneous
emphysema, mediastinal or cervical air on radiograph, or a persistent
pneumothorax or air leak following chest tube insertion 12
The hallmark of the intrathoracic tracheal injury is persistent, progressive, and
severe pneumomediastinum, unrelieved by tube thoracostomy 6
Chen et al. showed that the overall sensitivity of CT for the diagnosis of
tracheal rupture was 85% 24
Any blunt trauma patient presenting with persistent pneumothorax despite
adequate chest tube insertion, or persistently enlarging
pneumomediastinum/subcutaneous cervical emphysema should have a
bronchoscopy irrespective of x-ray or CT findings 2
Bronchoscopy is the diagnostic modality of choice to confirm TBI 1,12,27,29,
30

Plain Radiography

Conventional radiography remains the primary diagnostic modality for all
chest trauma patients. It gives precise diagnosis for most life-threatening
lesions involving the chest wall, pleura, lung, mediastinum and diaphragm 2,3
Plain radiographs should be used as the initial screening examination in the
patient who has sustained chest trauma
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