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 It was only in early January 2011 that a couple of European radiologists sat 
in Munich, Germany, and aimed to propagate an international platform for a 
comprehensive academic, scientifi c, methodologic interdisciplinary commu-
nication in emergency radiology. Eventually, the European Society of 
Emergency Radiology (ESER) was founded under the umbrella of the 
European Society of Radiology (ESR). From the beginning, this society’s 
aim has on the one hand been transformed and highlighted by annual scien-
tifi c meetings throughout Europe, serving the needs for a stringent, continu-
ous education and communication regarding our discipline. 

 On the other hand, it came into light already at an early stage, that annual 
meetings, as a matter of fact, do not entirely cover intrinsic education in all 
fi elds of traumatic as well as nontraumatic emergencies. However, since we 
face potentially life threatening conditions, imaging the emergencies is a 
critical issue. Consequently, radiologists must be aware of the great variabil-
ity of trauma and internal diseases and their adequate characterization in the 
light of clinical information. In order to share the knowledge in emergency 
radiology, we initiated a series of dedicated textbooks in 2012 with a publica-
tion about abdominal emergencies. We were more than happy having brought 
together many experts in the fi eld, and up to now the book succeeds in both 
to immediately resolve diagnostic uncertainties and as a reference source for 
radiologists interested in the broad fi eld of emergency imaging. In addition, 
we just started to offer an ongoing series of webinars and began to develop a 
dedicated European Emergency Radiology training with the aim of offering 
an European Diploma in Emergency Radiology (EDER). 

 We are now ready for the next step. It is our pleasure to introduce this new 
book in your hands about emergent thoracic and cardiovascular disorders to 
an international readership. Once again it is our true belief that this book will 
continue to help organize this distinctive body of knowledge in emergency 
radiology. As compared to its predecessor, this one has an unchanged com-
prehensively structured outline. The book is divided in three parts: blunt chest 
trauma, nontraumatic, nonvascular chest emergencies, and vascular chest 
emergencies which is completed by an emphasis of pulmonary embolism. We 
aimed to bring as many illustrations as feasible to the reader. Moreover, all 
chapters provide refl ections of the authors’ personal insights and opinions 
about complex and sometimes controversially discussed issues. 

  Pref ace   
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 In our opinion, it is not by fortune that in this book most disorders intro-
duced are described and discussed on the basis of computed tomography 
(CT) images. CT has actually changed our insights into emergency-related 
disorders not later as by the advent of multidetector machines. Indeed, this 
book provides latest state-of-the art knowledge of a mindset that is consid-
ered as the result of a shift of paradigm from modality-based approaches to 
process-specifi c practices. In this regard, this book is dedicated to all radiolo-
gists who understand emergency imaging as a continuous training as well as 
an integral part of their highly sophisticated and specialized profession. 

 We truly believe that this new book continues to help fulfi lling the unique 
demands of modern emergency radiology and thus bringing the European 
Community of Emergency Radiology both together and forward.  

    Castel Volturno, Caserta ,  Italy      Mariano     Scaglione  ,   MD   
    Munich ,  Germany      Ulrich     Linsenmaier  ,   MD   
    München ,  Austria      Gerd     Schueller  ,   MD, MBA   
    Amsterdam ,  The Netherlands      Ferco     Berger  ,   MD   
 Munich ,  Germany       Stefan     Wirth  ,   MD, MBA        

Preface
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    Abstract  

  Thoracic trauma is the most common injury in 
polytrauma patients, with an incidence rate of 
45–65%, and  the most common cause of 
trauma deaths (about 20 % of all deaths), sec-
ond  only  to  head  injuries. 

 In the time-sensitive acute care setting, 
effi ciency and rapidity are basic. The Chest-
X-Ray (CXR) may be considered as an adjunct 
to the initial assessment or primary survey of 
unstable traumatic patients. It helps to identify 
a tension pneumothorax (PNX) and pleural 
effusions that may suggest a hemothorax, until 
further evidence. 

 MultiSlice Computed Tomography 
(MSCT) is always the last step of the diagnos-
tic procedures for stable patients, regardless of 
the positive or negative results on CXR, being 
the gold standard for the radiologic evaluation 
of the chest in traumatic patients. 

 This chapter will review the wide spec-
trum of radiographic and MSCT fi ndings in 
patients undergoing a thoracic trauma, both 
blunt and penetrating, with a particular focus 
on the role of the radiologist in the manage-
ment of major trauma, together with the 
“trauma team”.   

mailto:vmiele@sirm.org
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1      Introduction 

1.1     Epidemiology and 
Mechanism of Injury 

 Thoracic trauma is the most frequent injury in 
polytrauma patients, with an incidence rate of 
45–65 %, second only to head injuries. Even 
though some mechanisms of injury may result in 
thoracic penetrating trauma from sharp objects, 
thoracic trauma is more often due to high-energy 
blunt trauma, with a mortality rate approaching 
60 %. According to some statistics, thoracic 
trauma represents the most common cause of 
trauma deaths (about 20 % of all deaths), next to 
head trauma (Gaillard M  1990 ). 

 Among the causes of a high-energy blunt 
trauma (high-height falls, workplace accidents, 
etc.), traffi c accidents account for 70–80 % of the 
patients; moreover, one-third of hospitalized 
patients following a traffi c accident may present 
signs of major thoracic trauma. 

 Several studies have shown that, when a car 
crash occurs, passengers wearing a seat belt may 
sustain signifi cant thoracic injuries at a speed of 
at least 48 km/h, whereas unrestrained passen-
gers may suffer severe injuries even at an impact 
speed of 16 km/h. Therefore, a lot of authors rec-
ommend the use of multi-slice computed tomog-
raphy (MSCT), irrespective of the fi ndings of the 
chest X-ray (CXR), supine anterior-posterior 
projection (AP view) of the thorax, to avoid 
ignoring potentially fatal chest injuries (Traub M 
et al  2007 ; Van Hise ML et al.  1998 ). 

 However, other authors have highlighted the 
importance of not underestimating falls from low 
heights, particularly in the aging population, to 
whom even minor trauma may be fatal. The mech-
anisms of injury of pleuro-parenchymal traumas 
will be treated in the sections concerning the differ-
ent types of injuries: here, it is only pointed out that 
the elastic characteristics of the chest wall, particu-
larly in infants and young children, can frequently 
result in the presence of signifi cant pleuro-paren-
chymal injuries (e.g., hemopneumothorax) associ-
ated with an intact rib cage (about ¼ of cases). 

 As regards lungs and abdominal organs, it is 
available a scientifi c and clinical classifi cation, an 
injury grading system from the American Association 

for the Surgery of Trauma (AAST). However, this 
injury scale will not be reported in this study, because 
there is not much literature available.  

1.2     The Role of the Radiologist 

 The radiologist should always play a central role 
in the management of major traumas (Injury 
Severity Score >15), together with the “trauma 
team” (surgeon, anesthetist, nursing staff, and 
radiographers). Moreover, the radiologist should 
be familiar with the general principles of the state-
of-the-art clinical polytrauma management that in 
many institutions is based on the Advanced 
Trauma Life Support (ATLS) protocols (periodi-
cally updated) from the American College of 
Surgeons Committee on Trauma. Nevertheless, it 
is not stated that the role of the radiologist involved 
in the polytrauma management is unquestionably 
that provided by the ATLS protocols, but that a 
sound knowledge of the general ATLS principles 
is essential to have full awareness of his clinical 
role: only such “self- awareness” will allow him to 
express himself to the best as well as to defend 
himself from undue and unfounded demands. 

 For the radiologist, the key principles of ATLS 
are probably two: “treat fi rst that kills fi rst” and 
“imaging should not intervene with or postpone 
treatment.” Ultimately, this means that any condi-
tion that threatens airway, breathing, circulation, 
and disability (ABCD) is to be treated according 
to priorities for the immediate patient survival, 
using diagnostic imaging if and when very appro-
priate, however, never before the stabilization of 
the patient’s vital signs, knowing that “the lack of 
a defi nitive diagnosis should never delay an indi-
cated treatment.” (Mayberry JC et al.  2000 ) 

 In the following chapter, only limited to con-
sider lungs and pleura, it is suggested that, when 
an appropriate radiological assessment is 
obtained, the radiologist has to evaluate the fi nd-
ings according to the well-known priorities ABC: 
airway, breathing, and circulation. Regarding the 
pleura and lung parenchyma, there are two diag-
nostic high priorities: tension pneumothorax and 
bleeding, particularly active bleeding within the 
parenchyma and the pleural space (pulmonary 
hematoma and hemothorax). 

V. Miele et al.
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 In brief: obtaining diagnostic assessments 
according to ABCD priorities and evaluating 
images according to the same ABCD priorities.  

1.3     Diagnostic Imaging 

 In the emergency setting, the CXR, anteroposte-
rior radiogram of the thorax, acquired with the 
patient in clinostasis, may be considered as an 
adjunct to the initial assessment or primary sur-
vey of trauma patients. An appropriate diagnostic 
imaging cannot interfere with the resuscitation 
process and, if necessary, can and has to be post-
poned until the secondary survey. 

 According to some authors, in the initial 
assessment of trauma patients, CXR should be 
done together with the cervical rachis and pelvis 
X-ray: it should be performed only on unstable 
patients as well as on patients with abnormal 
fi ndings on chest examination. 

 Regarding the pleura and lung assessment, the 
fi rst aim of a radiologist performing a CXR is to 
inspect for evidence of a tension pneumothorax 
(PNX) and pleural effusions that may suggest a 
hemothorax, until further evidence (Ianniello S 
et al.  2014 ). The diagnosis of hematoma is diffi -
cult, and the differential diagnosis for parenchy-
mal contusion essentially remains a prerogative of 
MSCT. (Peters S et al.  2010 ; Rivas LA et al  2003 ) 

 MSCT is always performed in the secondary 
survey of the trauma patients; it is only addressed 
to hemodynamically stable patients or to patients 
already stabilized by the trauma team. 

 An unstable patient should not be moved in an 
MSCT suite in life-threatening conditions. 
Diagnostic assessment should be obtained simul-
taneously with the appropriate therapeutic proce-
dures during the exploratory laparotomy and/or 
thoracotomy. When the patient’s clinical condi-
tions require an immediate surgical intervention, 
CXR closes the chest preoperative diagnostic 
procedures (further assessments are postponed to 
potential postoperative MSCT follow-up), 
remaining, moreover, the imaging modality of 
choice for subsequent assessments. (Roy-
Choudhury SH et al.  2007 ; Ryan MF et al.  2004 ). 

 On the contrary, after the trauma team has 
obtained the patient’s stabilization, it is necessary 

to continue with a second, more accurate diag-
nostic assessment (secondary survey) to be per-
formed on MSCT (Miele V et al.  2015 ). 

 Stabilized patients, with normal physical exam-
ination for thoracic injury, should undergo a 
MSCT scan, regardless the fi ndings on CXR. It 
has been proved that 39–50 % of trauma patients 
with unremarkable CXR may present multiple 
lesions on CT scan, leading to a change in the ther-
apeutic management in 5 % of cases; on the other 
hand, trauma patients with remarkable CXR pres-
ent further lesions on CT in the 66 % of cases, 
resulting in a treatment change in 20 % of cases. 

 In a recent population-based survey of patients 
admitted to ED following a high-energy trauma 
(such as falls from a height exceeding 3 m; traffi c 
accidents at a speed higher than 50 km/h; ejections 
from the vehicle; vehicle rollovers; severe defor-
mity of the passenger compartment; pedestrian 
accidents >10 km/h; bicycle collisions at a speed 
higher than 30 km/h; crush injury), the fi ndings on 
a routine chest MSCT (even with unremarkable 
chest X-ray as well as normal physical examina-
tion) have allowed to diagnose additional fi ndings 
in 43 % of the patients, compared with the conven-
tional chest radiography, and have required a 
change in the management in 17 % of all patients. 

 Finally, some authors suggest to directly per-
form MSCT, which is by far more accurate in the 
detection of silent but potentially life-threatening 
clinical fi ndings on stable patients with normal 
chest examination (such as small fl aps of pneu-
mothoraces, which in case of following intuba-
tion can lead to tension PNX). 

 With regard to the penetrating trauma, the pre-
viously stated principles are valid, but with a dis-
tinction: even if pneumothorax and hemothorax 
may be diagnosed on CXR, the MSCT screening 
is strictly recommended even in patients with an 
unremarkable CXR, in order to rule them out. 
Furthermore, patients with penetrating thoracic 
injuries may be likely to suffer abdominal inju-
ries, until further evidence (Scaglione M et al. 
 2008 ; Scott et al.  2015 ; Sivit CJ et al.  1989 ). 

 In brief: the diagnostic procedures of the tho-
rax for unstable patients fi nish with the execution 
of CXR, as part of the primary survey; the execu-
tion of MSCT is always the last step of the diag-
nostic procedures for stable patients, regardless 
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of the positive or negative results on CXR. Some 
authors suggest the immediate execution of 
MSCT scan in stable patients presenting normal 
thoracic examination; but, according to the stan-
dard practice of many institutions, the CXR 
comes before MSCT anyway.   

2     Pulmonary Contusion 

 Pulmonary contusion is the most common paren-
chymal lung injury seen in blunt thoracic trauma, 
with a prevalence of 30–75 % of cases. Pulmonary 
contusion is a hemorrhagic-edematous focal 
deposit, suggestive of a damage to the capillary- 
alveolar membrane, in the alveolar and interstitial 
space. The parenchymal architecture remains over-
all intact, even if associated parenchymal lacera-
tions can be sometimes detected within the areas 
of contusion (Cohn SM  1997 ; Shanmuganathan K 
et al.  1999 ; Wagner  1988 ). 

 The mechanism of injury of pulmonary contu-
sion is represented by a direct trauma (contusion 
on the lung immediately adjacent to the area of 
impact) or by a contrecoup trauma (contusion at 
the site opposite the impact). In the setting of high-
energy deceleration trauma (i.e., motor- vehicle 
accidents), alveoli are subjected to sudden fric-
tional forces (shear stress) from the bronchovascu-
lar peduncles; direct trauma may disrupt 
pulmonary alveoli (pulmonary contusions associ-
ated with lacerations, as in the case of a fractured 
rib); and the transmitted kinetic energy may 
deposit locally at a liquid-gas interface such as air-
blood relationship in pulmonary alveoli. 

 Clinical symptoms, which about 50 % of 
patients present, include hemoptysis (transuda-
tion of blood within the alveolar spaces and the 
airways), mild fever, tachypnea, hypoxia, bron-
chorrhea, and acute respiratory failure. 

 Reduced lung compliance, reduced ventila-
tion per unit volume, and increased shunt frac-
tion are typical signs of contused pulmonary 
areas; the thickening of the alveolar septa 
reduces the locoregional gas diffusion in the 
contused lung. 

 In severe pulmonary contusion, the local 
response to the injury has systemic consequences, 
being related to a rise of the bronchoalveolar 
lavage (BAL) protein as well as an increase in 
 capillary permeability: macroscopic and micro-
scopic alterations, increased polymorphonuclear 
cells (neutrophils) even within the uninjured lung 
tissue, as well as increased local and systemic 
complement levels. 

 Most severe contusions requiring mechanical 
ventilation are associated with severe rib cage 
injury, although they are not necessarily associated 
with rib or sternal fracture. In particular, fl ail chest, 
the most severe form of blunt chest wall injury 
with mortality rates of 10–20 %, is typically asso-
ciated with signifi cant pulmonary contusion. The 
diagnosis of contusion is associated with the dete-
rioration in the prognosis, above all, in the pediat-
ric population (Trindade LM et al.  2009 ). 

 A strong correlation exists between the size of 
the pulmonary contusions and the mortality rate 
as well as the comorbidities for ARDS or pneu-
monia. Mortality rate for lung contusion varies 
from 14 to 40 %, depending on the severity of the 
extension. It is important to underline that the 
actual extension of a contusion cannot be detected 
at the initial radiologic work-up but it may be evi-
dent by 72 h following injury. 

2.1     Diagnostic Imaging 

 Parenchymal contusion is the most common 
cause of pulmonary opacity on CXR after blunt 
chest trauma, occurring in 30–75 % of patients. 

 Radiographically, pulmonary contusion pres-
ents as focal or multifocal areas of confl uent 
“ground-glass” opacity (Figs.  1  and  2 ) or con-
solidation (Fig.  3 ). Contusions are not limited 
by segmental boundaries and are usually visible 
in the lung periphery adjacent to the area of 
direct trauma. If contusion does not reveal peri-
focal injury site associated with parenchymal 
laceration, its pattern appears homogeneous, 
without any cavitation. Contusions may not be 
radiographically visible within 6 h after the 
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  Fig. 1    ( a ) CXR: pulmonary contusions may appear as 
single or multifocal “ground-glass” area. The ground- 
glass pattern is indicative of an interstitial damage with 

partial alveolar fi lling. ( b ) Axial CT scan and ( c ) coronal 
reconstruction well depict the ground glass       

  Fig. 2    ( a ) CXR, ( b ) axial CT scan, and ( c ) coronal reconstruction demonstrate the presence of contemporary ground- 
glass and parenchymal consolidation pattern       

  Fig. 3    ( a ) CXR, ( b ) axial CT scan, and ( c ) coronal recon-
struction show severe contusion, which can appear as a 
parenchymal consolidation. The consolidation pattern is 

indicative of severe alveolar damage. In this patient it is 
associated with a wide apical ipsilateral pneumothorax       

 

 

 

Lung Injury



8

trauma; they may develop progressively within 
24–72 h, when maximum conspicuity is reached. 
Finally, uncomplicated contusions may resolve 
gradually after 3–10 days: pulmonary opacities, 
which do not clear or increase within such a 
period, raise the suspicion of developing sec-
ondary infection or acute respiratory distress 
syndrome (ARDS).

     CT is highly sensitive in detecting pulmonary 
contusions: in experimental models, CT can detect 
pulmonary contusion in 100 % of cases compared 
with 37.5 % by chest radiographs, and it provides an 
accurate detection of the extent of the injury. 
However, there is a possibility that pulmonary 
 contusions only visible on CT are not clinically sig-
nifi cant. The feature on CT is dependent on the 
injury severity: “ground-glass opacity” is indicative 
of a mainly interstitial damage with partial alveolar 
fi lling, whereas consolidation is indicative of a 
severe alveolar damage, often associated with 
lacerations.  

2.2     Differential Diagnosis 

 It may manifest as pathology of the airspaces, 
and differential diagnosis considers aspiration, 
atelectasis, and pneumonia. They all may have 
identical radiographic fi ndings. Radiographic 
features of atelectasis include triangular shape 
and signs associated with volume loss; those of 
laceration the cavitating pattern within the radi-
opaque area. Lack of contusion clearance within 
7–8 days should raise the suspicion of either 
associated laceration, pneumonia, or ARDS. 

 Air bronchogram sign is rare because distal 
airways are usually fi lled with blood or edema.   

3     Pulmonary Laceration 

 Pulmonary lacerations are evident tears in the 
lung parenchyma, usually resulting either from 
shearing stress forces, secondary to high-energy 
trauma, or from direct puncture, i.e., due to frac-
tured rib fragments. They may be associated with 
contusions that should represent a minor paren-
chymal damage. Clinically, pulmonary lacera-
tions may manifest as hemoptysis. 

 Multiple types of lacerations can be seen in the 
same injured parenchyma simultaneously. They 
are usually benign lesions, although some compli-
cations may arise: infection, bronchopleural fi s-
tula, enlargement and subsequent compression of 
the surrounding parenchyma, and hemorrhage. 

3.1     Diagnostic Imaging 

 The radiographic fi ndings are variable and can 
change after admission to ED in subsequent exam-
inations. The elastic recoil properties of the sur-
rounding lung parenchyma give a round shape to 
the lacerations that are often diffi cult to identify on 
CXR. The space created by the tissue disruption 
may be fi lled with air, blood (hematoma), or more 
often both air and blood, creating air- fl uid levels. 
In the acute stage, the blood, collected in the lac-
eration, shows up a well-defi ned homogenous 
opacity, with density of soft tissue. Lacerations, 
sometimes masked by associated pulmonary con-
tusions, become clearly detectable on serial fol-
low-up examination, thanks to the clearance of the 
contusions. Lacerations, in fact, become more vis-
ible days after the trauma, with the shrinking of the 
edema and the hemorrhage, both associated with 
contusion. On occasion, small and multiple lacera-
tive lesions are visible within areas of parenchy-
mal contusion, in the form of focal uniform 
density, with a “Swiss cheese appearance.” Within 
areas of contusion, the detection of round, homo-
geneously dense focuses, indicative of multiple 
hematomas, is not rare. 

 With time, the hematoma within the lacera-
tion resolves, and it is replaced with a round 
or oval air cavity, referred to as posttraumatic 
pneumatocele. The posttraumatic pneumatocele 
appears within few days from trauma, but, in 
some cases, it can be evident after months; its 
size is usually 2–5 cm. 

 The detection of pulmonary lacerations is 
highly sensitive on MSCT, and, consequently, a 
classifi cation into four types is possible:

   Type 1: it is the most common type, centrally 
located; it results from shearing stress forces, 
developed between the lung parenchyma and 
the tracheobronchial tree (Fig.  4 ).
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     Type 2: often seen as a tubular lesion in the lower 
lobes, resulting from a compression force of 
the parenchyma across the vertebral body (the 
spine) (Fig.  5 ).

     Type 3: it is small, rounded, peripherally located, 
associated with rib fractures and a PNX (Fig.  6 ).

     Type 4: it is a tear in the preexisting pleuropul-
monary adhesions; it is usually diagnosed 
only at surgery or autopsy.    

 Pulmonary lacerations usually resolve over a 
period of 3 weeks to a year; although  uncommon, 

they may indefi nitely persist as pulmonary nodu-
lar opacity; years later, when blood is expec-
torated, they may appear as pulmonary cysts 
(Ulutas H, et al.  2015 ). 

 More rarely, due to the reduced pulmonary 
compliance, the laceration is visible as evident 
gas-fi lled scarring and extrabronchial 
development. 

 Within particularly large lesions, the hema-
toma may have expanding force and may be 
associated with hemodynamically signifi cant 
hemorrhage.   

  Fig. 4    ( a ) Axial CT scan, ( b ) coronal reconstruction: 
 pulmonary laceration, type 1. Large parenchymal lacera-
tions, peripherally located. In this patient, associated are 

pneumopericardium and extensive subcutaneous emphy-
sema of the chest wall       

  Fig. 5    ( a ) Axial CT scan and ( b ) coronal reconstruction: 
pulmonary lacerations, type 2. They appear as tubular 
lesions, more frequent in lower lobes, near the spine. They 

are the result of a compression force of the parenchyma 
across the spine       
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4     Pulmonary Hernia 

 Lung herniation is an uncommon complication of 
blunt chest trauma, whereas it is more common 
with penetrating trauma. 

 It may occur through either a congenital or an 
acquired parietal opening, resulting from rib 
fractures or costochondral or sternoclavicular 
dislocations. 

 The anterolateral chest wall is more suscepti-
ble to traumatic lung herniation (Fig.  7 ), because 
of the minimal muscle thickness (intercostal 
muscles), compared to the posterior wall, rein-
forced by strong muscle planes (trapezius, latis-
simus dorsi, rhomboid).

   The intercostal hernias may be associated 
with a hemothorax or a pneumothorax, secondary 
to strangulation or incarceration of the lung 

parenchyma. In symptomatic cases, a rarely nec-
essary surgical reduction is indicated.  

5     Atelectasis 

 Following a blunt chest trauma, large or small 
parts of the lung parenchyma may present atelec-
tasis, correlated with the following pathogenic 
mechanisms: obstructive, compressive, passive, 
and adhesive atelectasis. 

 The obstructive atelectasis is a consequence of 
either mucous plugging, foreign bodies (i.e., 
 dentures), endobronchial blood clot, bronchor-
rhea, or airway rupture. Large lacerated and/or 
contused areas may cause compressive atelecta-
sis, as a result of passive atelectasis, eliminating 
contact between the parietal and visceral pleurae, 
thereby preventing the natural lung expansion. 

  Fig. 7    ( a ,  b ) Axial CT scan. Traumatic hernia of the left lung. The anterolateral wall of the chest is thinner and more 
exposed to traumatic lung herniation. It often results from rib fractures, as appreciable in this case       

  Fig. 6    ( a ) CXR, ( b ) axial CT: lacerations, type 3. This is the most common type. These lacerations are located cen-
trally, usually in the context of a large contusion area (“Swiss cheese appearance”)       
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 Finally, the so-called adhesive atelectasis is a 
condition of primitive alveoli collapse in associa-
tion with surfactant defi ciency, generally caused by 
concurrent contused phenomena. In the past, atel-
ectasis was associated with dyspnea and fever, but 
recent studies have not suggested that fever should 
be considered a sign of some underlying disorder. 

5.1     Diagnostic Imaging 

 Diagnosis of obstructive atelectasis is based on 
the located reduction of parenchymal volume and 
air: radiological signs include lobar, segmental, 
or subsegmental opacity, without the presence of 
air bronchograms, associated with displacement 
of fi ssures, hilum, mediastinum, and ipsilateral 
hemidiaphragm (Wanek S, Mayberry JC  2004 ). 

 In compressive atelectasis, the atelectatic lung 
becomes visible as radiopaque edge adjacent to 

the contused/lacerated area. In passive atelecta-
sis, the parenchymal opacity may essentially 
remain normal, due to the consensual local- 
regional reduction of air and blood; air broncho-
gram is frequently visible if bronchial vessels are 
not fi lled with secretion or blood, as is the case in 
adhesive atelectasis. 

 It must be pointed out that the different types 
of atelectasis are variously associated in the trau-
matized. The dense,  homogeneous  appearance, 
associated with fi ssure deviation, allows a differ-
ential diagnosis between contusion and pulmo-
nary aspiration. 

 On MSCT, atelectasis usually demonstrates a 
greater enhancement after contrast medium, 
compared to the consolidative lung in contusion, 
due to the associated crowding of pulmonary ves-
sels. Secondary signs of volume loss are clearly 
visible, thanks to the MPR reconstructions 
(Fig.  8 ).

  Fig. 8    ( a ,  b ) Axial CT scans: wide bilateral atelectasis of 
lower lobes. The greater enhancement of atelectasis is due 
to the associated crowding of pulmonary vessels; ( c ) 

 coronal and ( d ) sagittal reconstructions clearly demon-
strate the pulmonary volume loss. In this patient, associ-
ated is an anterobasal bilateral pneumothorax.       
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    Abstract  

  The presence of thoracic injuries in a multisys-
temic trauma can highly increase patient mor-
tality; furthermore, injuries such as “fl ail chest,” 
lung contusion, hemothorax, and  pneumothorax 
can complicate overall case management. 

 Chest-X-Ray (CXR) is the fi rst imaging 
step to perform in a thoracic trauma, to high-
light a possible pneumothorax, hemothorax, 
and other life-threatening conditions. 
MultiSlice Computed Tomography (MDCT) 
is more accurate than CXR for the evaluation 
of pleural injuries, although it is to be per-
formed in stable patients only. 

 In this chapter, pleural abnormalities fol-
lowing blunt thoracic trauma and the role of 
CXR and MSCT will be discussed (pneumo-
thorax, hemothorax), with a small digression 
about pleural drainages and the importance to 
recognize a possible dislocation to prevent 
severe complications.   

1      Introduction 

 Thoracic injuries are the third most common inju-
ries in polytrauma patients, next to head and 
extremities’ injuries (Ahmad et al.  2013 ); they have 
an overall fatality rate of 10.1 %, highest in patients 
with cardiac or tracheobronchial- esophageal inju-
ries (Ahmad et al.  2013 ). Furthermore, the pres-
ence of thoracic injuries in a multisystemic trauma 
can highly increase patient mortality. Injuries such 
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as “fl ail chest,” lung contusion, hemothorax, and 
pneumothorax can complicate overall case 
management (Tocino et al.  1985 ). More than two-
thirds of cases of blunt thoracic trauma are caused 
by motor vehicle collisions in developed countries. 
The remaining cases are due to falls or of blows 
from blunt objects (Ahmad et al.  2013 ; Cothren et 
al.  2007 ; Miele et al.  2015 ). Imaging plays a key 
role in the diagnosis of blunt thoracic trauma. 

 Conventional radiography is typically performed 
as the fi rst imaging investigation, even if computed 
tomography (CT) is to be performed. Chest-X-Rays 
(CXR), when correctly performed, may show a ten-
sion pneumothorax, a large hemothorax, a tube and 
line malpositioning, and other conditions that require 
immediate treatment. Concerning the development 
of CT in this setting, several studies have shown that 
it may demonstrate a life-threatening disease (e.g., 
thoracic aortic injury) in patients with normal radio-
graphs at the beginning (Alkadhi et al.  2004 ). 
Moreover, CT has been demonstrated to change the 
management in up to 20 % of chest trauma patients 
with abnormal initial radiographs (Błasińska- 
Przerwa et al.  2013 ). CT is more accurate than radi-
ography for the evaluation of pulmonary contusion, 
and it is also valuable in the diagnosis of fractures of 
the thoracic spine, especially at the cervicothoracic 
junction, which is diffi cult to evaluate with conven-
tional radiography (Brink et al.  2008 ,  2010 ; 
Detorakis and Androulidakis  2014  ). 

 In this chapter, pleural abnormalities follow-
ing blunt thoracic trauma and the role of CXR 
and multi-slice-computed tomography (MSCT) 
will be discussed (pneumothorax, hemothorax), 
with a small digression about pleural drainages 
and the importance to recognize a possible dislo-
cation to prevent severe complications.  

2     Pneumothorax 

 The term pneumothorax (PNX) refers to the pres-
ence of air in the pleural space: it affects 60 % of 
patients with severe thoracic trauma, and it can be 
rapidly fatal even in the absence of other injuries. 
PNX is open when it communicates with the atmo-
sphere through an open wound; otherwise it is a 
closed PNX, and it may occur due to different 
mechanisms of injuries: fragments of fractured rib 
arches may lacerate the parietal pleura layer; even in 

the absence of rib cage fractures, the intra-alveolar 
pressure, following a thoracic compression, may 
exceed the intrapleural pressure; hence, the passage 
of air into the pleural space may lacerate the visceral 
pleura. Finally, another possible mechanism of 
injury is the laceration of proximal airways. The 
leading causes of iatrogenic pneumothorax include 
central venous catheter insertion, thoracentesis, and 
barotrauma as a result of mechanical ventilator. 

 Simple PNX occurs when the pressure of the 
air in the pleural space does not exceed that of the 
atmosphere; the air pressure increases (tension 
PNX) when a pleural-parenchymal or bronchial 
injury acts as a one-way valve, namely, allowing 
air infl ow into the pleural space on inspiration but 
prohibiting air outfl ow. Tension PNX is the most 
severe form of PNX, which may result in a fatal 
cardiopulmonary failure, and it is a common 
cause of death for thoracic trauma. 

 PNX clinical relevance depends not only on its 
dimensions but also on the hemodynamic  conditions 
of patients; in fact, also a small  pneumothorax can 
become hemodynamically signifi cant on patients 
under mechanical ventilation. Massive PNX and 
tension PNX are life-threatening conditions and 
should be recognized and treated before performing 
any radiological evaluation. In this study, it is 
pointed out that the detection of a PNX requires the 
radiologist to give an immediate communication to 
the trauma leader; this communication must be 
written in the clinical report, as well. 

 Considering the numerous clinical and radio-
logical modalities for the detection of PNX as well 
as the availability of treatment procedures that can 
be adjusted to the context and the health- care pro-
viders’ experience (such as needle decompression at 
the trauma setting, decompression with small-cali-
ber drains, drainage tube placement, decompressive 
minithoracotomy), death due to PNX can be 
regarded as preventable; in trauma patients, death is 
caused by inadequate care and treatment rather than 
by the severity of the injuries sustained. 

2.1     Diagnostic Imaging 

 Many authors have given evidence of the superi-
ority of MSCT for the diagnosis of PNX and have 
recommended its employment. In most cases, the 
diagnosis of PNX on MSCT is easily successful, 
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whereas the diagnosis is considered diffi cult on 
CXR (radiogram on anterior-posterior view with 
patient in supine position): it has been often 
proved that many cases of undetected PNX have 
been only diagnosed on MSCT (Gavelli et al. 
 2007 ). Occult pneumothorax is a pneumothorax 
that is only evident on MSCT (also in MSCT 
abdomen that in trauma patients should be always 
evaluated using the pulmonary window, with the 
scans covering the lung bases): occult PNX is 
recognizable in 40 % of trauma patients. 

 Autopsy experimental studies have highlighted 
that the lateral decubitus projection is the most sen-
sitive in the detection of a PNX (88 % of all cases) 
in comparison with those obtained in upright posi-
tion (59 %) or in clinostasis (38 %); nevertheless, 
they cannot be employed for polytrauma patients. 

 Furthermore, it must be taken into account 
that, while the minimum volume of air detected 
in the pleural space is about 50 ml in orthostasis 
(appreciable in lateral-apical site), at least 500 ml 
of air are needed for the detection of PNX in cli-
nostasis, usually seen in an anteromedial and 
subpulmonary location. 

 The diagnostic diffi culties in recognizing PNX 
are due to the not always excellent technical qualities 
of CXR and pertain to the specifi c semeiological 
characteristics that PNX takes on CXR. In orthosta-
sis, the diagnosis of a PNX is based on the identifi ca-
tion of the visceral pleura seen tangentially from the 
radiant beam (pleural line) better remarkable in the 

external apical/subclavian regions and on the com-
plete absence of pulmonary pattern laterally to the 
“pleural line.” In clinostasis, the semeiotics of PNX 
is completely different (Ianniello et al.  2014 ). 

 The lateral-costal placement of PNX is, in fact, 
quite uncommon, as well as the indication of the 
“pleural line.” In fact, PNX preferably collects in 
the lower-anterior portion of the chest and, above 
all, in the anteromedial and  subpulmonary site, 
where the fl ap, interposed between the base of the 
lung and the diaphragm, can locate both at the front 
and posteriorly. In cases (not uncommon) where 
PNX is located only in the anteromedial and sub-
pulmonary site, the radiant beam does not tangen-
tially detect any visceral pleural border, and the sign 
of the “visceral line” is not appreciable (Fig.  1 ).

   The lung presents compliance alterations 
(contusion, edema) that may prevent a harmonic 
collapse toward the ilium; the presence of lung 
pattern external to the supposed “pleural line” 
does not rule out the diagnosis of PNX. 

 The radiological signs to detect a PNX in cli-
nostasis are:

•    Hyperlucency of the lower part of the chest and 
the upper quadrants of the abdomen (Fig.  2 )

•      Deep sign of the lateral pleural sinus (the deep 
sulcus sign) (Fig.  3 )

•      Double-diaphragm appearance  
•   Sharp appearance of the diaphragmatic out-

line (Fig.  4 )

  Fig. 1    ( a ) CXR: pneumothorax is located only in the 
anteromedial and subpulmonary site. The radiant beam 
does not tangentially detect any visceral pleural border, 

and the sign of the “visceral line” is not appreciable; ( b ) 
axial CT image shows very clearly the PNX located in the 
bilateral anterior-basal site       
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  Fig. 2    ( a ) CXR image shows the hyperlucency of the right basis; ( b ) axial CT scan confi rms the PNX placed in the 
anterior-basal site       

  Fig. 3    ( a ) CXR image: mild deepening of the lateral pleural sinus that allows to suspect the presence of PNX in the 
lower left part of the chest (deep sulcus sign). ( b ) Axial CT image clearly shows the PNX located in anterobasal left site       

  Fig. 4    ( a ) CXR image: bilaterally appreciable is the 
sharp appearance of the diaphragmatic outline; also evi-
dent is a clear demarcation of the profi le of the aortic arch 

and the cardiac silhouette. ( b ) Axial CT scan and ( c ) coro-
nal reconstruction demonstrate the presence of PNX 
localized in the bilateral anteromedial site       
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•      Sharpness of the cardiophrenic fat pad  
•   Sharpness of the inferior surface of the lung  
•   High visibility of the pleural surface of the 

lung (more frequent in apical position)    

 Air can, also, separate the edges of the 
heart, aorta, and vena cava that take an unusual 
sharp appearance. The air, collected in the pos-
teromedial pleural recess, can be recognized 
as radiotransparent paraspinal line, along-
side the descending aorta and in the posterior 
 costophrenic sulcus. It is essential to carefully 
inspect the lower lobes of the lung and the upper 
abdomen to avoid missing such signs. In gen-
eral, if small fl aps of PNX, unrecognized on 
AP view, have no clinical relevance, they may 
rapidly expand in intubated patients on posi-
tive-pressure ventilation, putting the patient’s 
life at risk. In such a scenario, the radiographic 
evidence of rib fractures and homolateral sub-
cutaneous emphysema are considered a sign of 
PNX even in the absence of sharp intrapleural 
gas folds.   

3     Tension PNX 

 Tension PNX is an emergency clinical condition 
that requires an immediate treatment, being asso-
ciated with a reduction of cardiac fi lling and 
compression of the homolateral lung. About one- 
third of the patients with unrecognized PNX 
progress into a tension PNX. 

 If the diagnostic evidence of a simple PNX 
must be communicated to the trauma leader in 
real time (and written in the report), the same is 
even true for the diagnosis of tension PNX 
(Mirvis et al.  2004 ,  2005 ). 

3.1     Diagnostic Imaging 

 The radiological diagnosis of PNX can be guided 
through the following signs:

•    Contralateral dislocation of the mediastinum 
(Figs.  5  and  6 )

•       Flattening/inversion of the diaphragm (Fig.  7 )

  Fig. 5    ( a ) CXR and ( b ,  c ) axial CT images show the pres-
ence of large hydro-PNX on the left site caused by multi-
ple rib fractures, resulting contralateral dislocation of the 

mediastinum. In CXR image, it is also visible the exten-
sion of the intercostal spaces       
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•      Extension of the intercostal spaces (Fig.  7 )  
•   Flattening of the cardiac profi le (Fig.  8 )

      The mediastinal shift is not a specifi c sign of 
tension PNX because it may be visible, to some 
extent, also in simple PNX; on the other hand, 

the fl attening of the cardiac profi le may be the 
sign better related to the cardiovascular and 
respiratory distress that markedly characterizes 
the tension PNX. If tension PNX is persistent 
despite the correct functioning of the drainage, 
it is essential to rule out any injury of the main 
airways.   

  Fig. 6    ( a ) Axial and ( b ) coronal CT images demonstrate 
the presence of large PNX on the right site that causes 
contralateral displacement of the mediastinum. It is also 

visible the presence of a pulmonary contusion in the 
postero- basal right site       

  Fig. 7    CXR: Tension PNX, double-diaphragm sign. 
Contralateral dislocation of the mediastinum; fl attening 
and inversion of the diaphragm and extension of the inter-
costal spaces       

  Fig. 8    CXR: Tension PNX. The image shows the fl atten-
ing of the cardiac profi le; this sign is related to the cardio-
vascular and respiratory distress       
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4     Hemothorax 

 In polytraumatized patients with blunt chest 
trauma, pleural effusion is present in approxi-
mately 30–50 % of cases, and it is usually hematic 
in nature (hemothorax) (Brooks et al.  2004 ). 

 However, in the acute stage, it is also possible 
to detect simple serous effusions (due to a reduc-
tion of the respiratory mechanics and pleural 
reabsorption) often associated with atelectasis or 
homolateral chest wall injuries that reduce the 
respiratory excursion. On the other hand, it is 
quite occasional the detection of chylous effu-
sion, due to the rupture of either the thoracic lym-
phatic ducts (thoracic duct) or of the bile duct, as 
a result of biliopleural fi stula formation that is 
more common in penetrating trauma. 

 Bleeding in the pleural cavity often occurs 
some hours after the trauma; it is sometimes 
bilateral, and it is often associated with a 
PNX. The causes responsible for a hemothorax 
include lacerations of the intercostal vessels, pul-
monary contusions, pleural and pulmonary lac-
erations, and injuries to the diaphragm; iatrogenic 
lesions, for example, those following a central 
venous catheter, are also possible causes. 

 The management of hemothorax depends on 
its initial quantity, on the amount of blood fl ow, 
and on the health condition of the patient. 

 The initial, usually decisive treatment is the 
placement of a tube thoracostomy. Patients, who, 
as soon as the drainage is inserted, evacuate more 
than 1500 cc, need a surgical or endovascular 
control of the bleeding. 

 A hemothorax associated with contusion is 
usually self-limiting, whereas it may be massive 
and protracted, when it is associated with pulmo-
nary lacerations or mediastinal lesions. 

 Venous hemorrhages are self-limited and 
without mass effect, whereas arterial hemor-
rhages are under pressure, and they may trigger a 
signifi cant compression of the pulmonary paren-
chyma, mediastinum, and heart. 

 The initial recesses of the pleural cavity fi lled 
with blood effusion are declivitous; they can vary 
according to the decubitus, whereas, with the 
progressive fi lling of the pleural cavity, blood is 
invariably collected in the lateral pleural spaces 

over the apex of the lung (apical cap): they are 
very large pleural effusions, in the order of about 
800–1200 cc. 

4.1     Diagnostic Imaging 

 In orthostatic position, the most declivitous part 
of the pleural space is the subpulmonary space; 
the radiological sign is an apparent elevation of 
the diaphragm which appears fl attened at its 
medial margins. When at least 200 cc of effusion 
are collected, the fl uid, visible tangentially to the 
X-ray beam, has a meniscus shape and obliterates 
the lateral costophrenic sulcus. 

 On the contrary, in supine patient, the blood 
collects posteriorly and along the posterior pleu-
ral space; on CXR, it is acquired “face to face” 
(on the frontal view), not tangentially to the radi-
ant beam. For this reason, the “formation” of 
meniscus sign is not usually visible, and the 
radiological sign is often only a homogeneous 
increased density in the basal medial hemithorax 
with visualization of the parenchymal markings 
associated with the obliteration of the lateral 
costophrenic recess. In clinostatic position, nei-
ther pleural effusions below 200–300 cc nor 
massive effusions collected posteriorly can usu-
ally be detected. The contralateral mediastinal 
shift indicates a hemithorax under pressure, 
probably due to an arterial bleeding (Fig.  9 ). 
Atypical radiological appearances include locu-
lated collections that may mimic a mass in the 
interlobar fi ssures or in the mediastinal pleura 
and lobulated margins of the effusion which is 
collected along the pleural surface, due to the 
advanced coagulation process, however rather 
rare in the acute stage.

   The identifi cation of pleural effusion as well 
as its diversifi cation from abdominal effusion is 
quite easy to acquire on MSCT, thanks to the use 
of multiplanar reconstruction (MPR). The den-
sity of a hemothorax generally varies from 35 to 
70 HU, depending on the hematocrit, the mixture 
of other fl uids (serous) in the pleural space, and 
the potential clot formation. 

 The presence of a liquid-liquid level may fur-
ther enforce the diagnosis for a blood effusion: the 
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blood, in fact, has a layered appearance according 
to its degree of coagulation (“hematocrit sign”). 

 Occasionally, an active extravasation can be 
visible and it should be carefully observed, sug-
gesting urgent hemostasis through surgical or 
endovascular intervention (Fig.  10 ).

   Generally, active extravasation refers to any 
passage of contrast medium out of the arteries, 
veins, bowel, and urinary tract. Active 
 extravasation is seen in a minority of trauma 
patients, in whom MSCT shows a hemothorax, 
whose detection is more accurate with a dual-

phase protocol (Fig.  11 ). The classic pattern of 
active extravasation at dual phase is a “jet” or 
focal area of hyperattenuation within a hematoma 
that, between the initial and the delayed images 
acquisition, shows a visible enlargement (Fig.  12 ).

    This fi nding is indicative of signifi cant bleed-
ing and must be quickly communicated to the 
clinician, since it is an indicator of the need for 
surgical or endovascular intervention (Hamilton 
 2008 ; Kaewlai et al.  2008 ; Kalsow et al.  2013 ). 

 The active extravasation may be recognized 
when the attenuation is greater than clotted blood 

  Fig. 9    ( a ) CXR demonstrates homogeneous increased 
density in the right hemithorax with visualization of the 
parenchymal markings and elevation of the diaphragmatic 

dome. ( b ) Axial CT scan confi rms a huge hemothorax on 
the right side, with fl uid collecting over the pulmonary 
apex       

  Fig. 10    ( a ,  b ) Axial CT scans demonstrate active extravasation in the context of the lung parenchyma. The pattern of 
extravasation is a focal area of hyperattenuation within a hematoma       
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  Fig. 11    ( a ) CXR: homogeneous increased density in the 
right parenchyma. ( b ) Axial CT scan and ( c ,  d ) multipla-
nar reconstructions show massive right hemothorax; 

active bleeding is well appreciable within the hemothorax 
as a focal hyperdensity       

  Fig. 12    ( a ) Axial CT scan in arterial phase shows the 
presence of an active extravasation on the right site. ( b ) 
Axial CT scan in late phase shows the increase in size of 

the hyperdensity area. The hemothorax can sometimes be 
better visible with a dual phase CT protocol       
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presenting a density of about 70–90 HU: most 
active extravasations present an attenuation 
greater than 100 HU. To obtain an optimal scan-
ning of the active extravasation in polytrauma 
patients, it is suggested the use of 150 mL of con-
trast medium 300 mgl/l, administered at a rate of 
3.5 ml/s with the beginning of the acquisition 
about 1 min after the start of the bolus; the delay 
time is slightly longer than that used in standard 
arterial acquisition and its purpose is to assure an 
optimum enhancement of the parenchymal 
organs. Furthermore, a delayed acquisition (for 
example, at a rate of 5 min) can be performed 
with a low-fl ow technique to complete the semei-
otic evaluation of the fi ndings (Lomoschitz et al. 
 2003 , Mayberry  2000 ; O’Connor et al.  2009 ).       

5     Appendix: Pleural Drainages 

 The placement of one or more thoracostomy 
tubes represents the standard procedure for treat-
ing PNX and hemothorax. The tube bore size 
varies from 10 to 40 F, depending on the thick-
ness of the fl uid to be drained and the physician’s 
preference; the course’s tube, inserted in the 
midaxillary line, is anterosuperior for the PNX 
drainage and posteroinferior for the evacuation 
of the hemothorax (McDermott et al.  2012 ). The 
chest tube is appropriately placed when its apex 
is within the pleural space, namely, between the 
parietal and visceral pleurae. The positioning 
procedure can be frequently considered rather 
safe; however, the critical conditions of poly-
traumatized patients are often associated with 
the malfunctioning of the drainage system: the 
chest tube does not drain air or fl uid if connected 
to an aspiration device, or the radiological fol-
low-up shows the persistence of a PNX or hemo-
thorax. Causes of malfunctioning include 
kinking, blocked drain due to clot formation, and 
tube malposition (MP). Malposition of the drain 
is the most common complication in an emer-
gency; it is placed in intrafi ssural and intraparen-
chymal apices, in the mediastinum, or in 
abdominal (through a diaphragmatic tear) and 
extrapulmonary subcutaneous tissues. The MP 
of the chest tube results in a longer length of 

hospital stay and risk of infectious complica-
tions. Moreover, the intraparenchymal drains 
may result in pulmonary abscess or may cause 
parenchymal hemorrhage; besides, the delay in 
the evacuation of hemothorax can lead to empy-
ema (Pastore Neto et al.  2015 ). 

 The clinical recognition of MP is diffi cult. The 
CXR is usually performed as a follow-up exami-
nation, following the insertion of the drainage 
system, to assess the parenchymal expansion and 
the reduction of PNX/hemithorax fl ap as well as 
to identify the apex of the drainage tube; how-
ever, the reliability of MP detection may be con-
sidered poor and limited to ordinary cases (25 % 
of all cases). The identifi cation of MP is easy on 
CT, with an incidence between 15 and 26 % 
(Corcoran et al.  2015 ). 

 A PNX is persistent when it is visible despite 
the drainage placement: a persistent PNX may be 
hypertensive, and its presence must be communi-
cated to the team leader immediately.   
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    Abstract  

  Trauma is very common and has a major 
impact on both mortality and morbidity world-
wide. More than 100,000 people die annually 
from the consequences of trauma in the United 
States. Thoracic trauma occurs in 12 persons 
per 1 million population daily, of which one-
third require hospital admission (Mancini 
et al. 2014). Injuries are complexly associated 
with each other in up to 90 % of the cases 
(Traub et al. 2007) and their occurrence is 
regularly predictable. The following section 
deals with trauma mechanisms of bony and 
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thoracic chest wall injuries, as well as their 
signifi cance for diagnostic workup, treatment 
options and outcome.   

  Trauma is very common and has a major impact 
on both mortality and morbidity worldwide. 
More than 100,000 people die annually from the 
consequences of trauma in the United States. 
Thoracic trauma occurs in 12 persons per 1 mil-
lion population daily, of which one-third require 
hospital admission (Mancini et al.  2014 ). Injuries 
are complexly associated with each other in up to 
90 % of the cases (Traub et al.  2007 ) and their 
occurrence is regularly predictable. The follow-
ing section deals with trauma mechanisms of 
bony and thoracic chest wall injuries, as well as 
their signifi cance for diagnostic workup, treat-
ment options and outcome. 

1      Epidemiology and Aetiology 

 Approximately one out of four trauma fatalities is 
directly caused by thoracic injuries (Calhoon and 
Trinkle  1997 ; Clark et al.  1988 ; Veysi et al.  2009 ). 
Up to 66 % and more of thoracic trauma cases may 
be blunt (Demirhan et al.  2009 ; Shanmuganathan 
and Matsumoto  2006 ) or penetrating. Blunt chest 
trauma is a potential threat to airway, breathing, as 
well as to circulation, and mortality rates can be 
as high as 60 % in the United States and Europe 
(Clark et al.  1988 ; Veysi et al.  2009 ; Calhoon 
and Trinkle  1997 ). As by far the most important 
cause, road traffi c accidents account for 70–80 % 
of all signifi cant blunt chest trauma cases. Falls, 
acts of violence and blasts are also relevant causes 
(Mancini et al.  2014 ). Particularly at risk are 
young adults (15–44 years) constituting 59 % of 
road traffi c fatalities (World Health Organization 
 2015a ). While pedestrians have a greater chance 
to survive a car crash at 30 km/h or less, a decrease 
of speed in general reduces both the likelihood of 
a crash as well as the severity of injuries. 

 Furthermore, ‘drinking and driving’ has a 
major impact on road safety. A blood alcohol 
concentration (BAC) above 0.4 g/l (i.e. 0.32‰) 
signifi cantly boosts the risk of being involved in 

a car crash (World Health Organization  2015a ). 
These facts and numbers illustrate that profound 
knowledge of diagnostics and treatment of 
patients with chest trauma is indispensable to 
guarantee the best possible outcome. 

 Secondary complications arise from blunt tho-
racic trauma, such as atelectasis, pneumonia, pul-
monary effusion, cardiovascular and wound 
problems, and less frequently airway problems, 
emphysema, ARDS, pulmonary embolus, pneu-
mothorax and massive subcutaneous emphysema 
(Clark et al.  1988 ). It is important to stress that 
signifi cant thoracic injuries can be present even in 
the absence of bony fractures in up to 24.7 % of 
blunt chest trauma patients. Among these are hae-
mothoraces or pneumothoraces (62.2 %),  cardiac 
contusions (15.7 %), ruptured diaphragms (7.9 %) 
or aortas (7 %) and other injuries (Shorr et al. 
 1987 ). 

 The Injury Severity Score (ISS) is an indicator 
of trauma severity and correlates with mortality 
in patients with blunt chest trauma (Clark et al. 
 1988 ). Nevertheless, the ISS is not absolutely 
reliable and therefore has to be interpreted in 
relation to other clinical information and fi nd-
ings. Even worse, a correct ISS value can only be 
assessed with known diagnoses and thus is of 
limited use for both the pre-diagnostic phase and 
especially for the diagnostic protocol decisions. 
However, ISS plays a key role in databases for 
retrospective case group evaluation. Paffrath 
et al. found an increasing ISS in combination 
with the prevalence of risk factors, such as high 
age, acidosis, unconsciousness, hypotension and 
coagulopathy, to be associated with an increasing 
mortality. In this study, patients with a median 
ISS of 24.2 and none of these risk factors had an 
associated mortality of 3.1 %, while 16.0 % of 
patients with a median ISS of 27.8 and one risk 
factor died. A median ISS of 35.5 and two risk 
factors correlated with a mortality rate of 46.7 % 
(Paffrath et al.  2014 ). According to a study of 
Emircan et al. including 371 patients with tho-
racic trauma, an ISS over 22 is one of the most 
important factors affecting mortality (odds ratio 
(OR) = 6.27; 95 % confi dence interval (CI) = 2.48–
15.88;  p  < 0.0001) (Emircan et al.  2011 ). Patients 
with an ISS over 16 may have an 8.1-fold 
increased risk of an occult pneumothorax 
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 compared to patients with an ISS under 16 
( p  < 0.0001) (Kirkpatrick et al.  2004 ). 

 Most patients have an excellent outcome and 
prognosis after blunt chest trauma, and more than 
80 % do not require invasive therapy or, at most, 
tube thoracostomy (Mancini et al.  2014 ). 
However, even if many blunt chest trauma 
patients do not necessarily require surgical treat-
ment, they need accurate surveillance to identify 
the ones who do require operative or other inter-
vention (LoCicero and Mattox  1989 ).  

2     Legal Aspects 

 As in every medical discipline, a wrong diagnosis 
in radiology can be of legal medical relevance. 
Even an extremely precautious radiologist may 
overlook an injury or a disease at one point of 
their career. But it is possible to rule out some 
evitable errors. Generally, there are four reasons 
for lawsuits against radiologists:

•    Errors in  perception   
•   Errors in  interpretation   
•   Failure in  communication  of fi ndings in a clin-

ically and timely correct manner  
•   Failure in  management recommendation  for 

the next appropriate step(s)/procedure(s)    

 Among these, perception errors account for the 
highest number of lawsuits against radiologists. 
Whether the error had a harmful effect on the 
patient or not is an important factor when the case 
comes before the court. The legal importance of 
communication failures is increasing, and it is in 
no way suffi cient for the radiologic evaluator to 
solely provide a report. Additionally, important 
fi ndings have to be directly communicated to the 
referring physician (in person or by telephone), 
and this  oral report  should be documented. 

 Moreover, prior radiology reports may infl u-
ence radiologists. 

 If a fi nding was overseen in an old report, the 
next evaluator may miss it as well. Thus, radiolo-
gists should have a look at the fi lms before read-
ing prior reports (Raskin  2001 ). 

 The Institute of Forensic Medicine of the 
Ludwig Maximilian University in Munich, 

Germany, have conducted 2086 post-mortem 
examinations on patients who died from pneu-
mothorax or chest trauma from 1991 until the 
beginning of 2016. In 4.6 % (96) of these cases, 
the cause of death was at least related to medical 
procedures or diagnostics (data with kind assis-
tance of Dr. F. Fischer and kind permission of 
Prof. Dr. M. Graw, Director of the Institute of 
Forensic Medicine, University of Munich). 

 Depending on national law, in case of medical 
malpractice, the burden of proof is usually on the 
patient. They have to not only prove (e.g. with the 
help of a medical expert witness) that malpractice 
was carried out, but also that this malpractice has 
led to the damage of the patient’s health (condicio- 
sine- qua-non-formula or principle of causation). 
If – during the course of the investigation – medical 
documents are found to be missing and were 
manipulated or necessary diagnostic was not 
properly performed, the burden of proof may 
shift onto the physician (Hager  2009 ). Lawsuits 
may be brought against physicians even if there 
was no medical malpractice involved. These stem 
from at least three problem areas:

    1.    The patient or their family is dissatisfi ed with 
a result, even though it is acceptable to the 
medical community, and the outcome was 
even expected.   

   2.    Medical records are incomplete, inappropri-
ate, inaccurate or delayed, even if the patient’s 
care and outcome were excellent.   

   3.    Problems regarding execution and documen-
tation of the informed consent.    

  In the process of the investigation of causes 
and effects of chest injuries involving third parties 
or work-related injuries, a radiologist may be 
asked to write a report or statement (Vevaina et al. 
 2012 ).  

3     Osteoporosis 

 Osteoporosis affects over 65 million people in 
Europe, Japan and the United States. As the 
societies in these countries age, osteoporosis is 
a growing concern. Worldwide, osteoporosis 
causes over 8.9 million fractures annually, 
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which makes it a major cause of bedriddenness 
with serious complications. With 30–40 %, the 
lifetime risk for an osteoporotic vertebral frac-
ture (Fig.  1 ) ranges close to the risk of coronary 
heart disease (World Health Organization  1994 , 
 2004 ). Bony thoracic fractures may be a marker 
for osteoporosis in men and especially in post-
menopausal women, which is why a short excur-
sion is made in order to link it with chest wall 
injuries.

   In a study including 155,031 women in the 
United States, aged between 50 and 99 years, a 
reported rib fracture was related to a 5.4-fold 
raised risk of a future rib fracture, while the risk 
of any future clinical fracture was 2.4-fold 
increased (Sajjan et al.  2012 ). 

 In patients with osteoporosis or those receiving 
a high-dose steroid therapy, even severe cough can 
result in rib fractures (Katrancioglu et al.  2015 ). 

According to the fi ndings of Pluskiewicz et al., a 
prior osteoporotic fracture may be the main prog-
nostic factor for the incidence of future fractures 
(Pluskiewicz et al.  2011 ). According to Neuerburg 
et al., osteoporosis is evident in most men over 60 
(59 %) and women over 50 (56.2 %), who present 
to hospital with an osseous fracture. As a conse-
quence, osteoporosis should generally be evaluated 
in the management of trauma patients with the 
diagnosis of a fracture over 60, respectively, 
50 years of age and treated if necessary to prevent 
future fractures (Neuerburg et al.  2015 ). 
Furthermore, the consideration whether the trauma 
mechanism was adequately to result in the fracture 
the patient presents could be a sign for a possibly 
impaired bone density (Sajjan et al.  2012 ; 
Wuermser et al.  2011 ; Palvanen et al.  2004 ; Barrett-
Connor et al.  2010 ; Watts et al.  2008 ; Mirvis et al. 
 2014 , p. 163).  

a b

  Fig. 1    Osteoporotic thoracic spine fractures in an 86-year-old female. Unenhanced CT in ( a ) axial and ( b ) sagittal plane       

 

S. Wirth and S. Jansen



29

4     Radiologic Equipment 
and Techniques 

4.1     Ultrasound 

 Portable, non-invasive ultrasound (US) diagnostic 
can be performed at any time, in any place and on 
any patient and is thus very suitable for emer-
gency situations (Reissig et al.  2011 ). The focused 
assessment with sonography for trauma (FAST), 
a scan for free abdominal fl uid, is most widely 
accepted (Fleming et al.  2012 ; Rothlin et al.  1993 ; 
Chung et al.  2014 ) and was extended (EFAST) to 
detect pleural pathologies (Fig.  2 ) (Kirkpatrick 
et al.  2004 ; Matsushima and Frankel  2011 ).

   Although some of these conditions are beyond 
the scope of EFAST, multiple thoracic medical 
conditions, such as pulmonary embolism, 
 pneumothorax, haemothorax, pleural effusion, 
cardiac injuries and rib fractures, and sometimes 
even pneumonia can be detected with the help of 
US (Reissig et al.  2011 ). It may be surprising that 
US has proven to be even superior to supine chest 
radiography in ruling out suspected  pneumothorax 
(sensitivity 48.8 % vs. 20.9 %; specifi city 99.6 % 
vs. 98.7 %) (Kirkpatrick et al.  2004 ). This was 
confi rmed for sensitivity in a meta-analysis from 
2010 (86–98 % vs. 28–75 %), while both modali-
ties where comparably specifi c (97–100 % vs. 
100 %) (Wilkerson and Stone  2010 ). US may 
even be superior to chest radiography in the 
detection of rib fractures, but so far clear evi-
dence is missing and further studies with a well- 
established gold standard have yet to be executed 
(Lalande and Wylie  2014 ).  

4.2     Chest Radiography 

 Chest radiography is often a common part of the 
standard trauma workup, even if computed 
tomography (CT) is to be performed later on. 
Even mobile C-arm fl uoroscopy or radiography 
can verify tube and line positioning (Fig.  3 ). In 
many cases pneumothorax, tension pneumotho-
rax, haemothorax, extrapleural haematoma and 
injuries of the aorta (Fig.  4 ), heart, trachea, 
oesophagus, great thoracic vessels, bony chest 
wall and lungs can be detected, helping with 

patient triage without losing much time during 
initial emergency room care. However, in a 
trauma setting, patients are seldom able to stand 
and perform a full inspiration resulting in both 
limitation of chest radiographs to AP direction 
and impaired signifi cance to additional motion 
artefacts and overlying materials (Chung et al. 
 2014 ; Kaewlai et al.  2008 , pp. 1556–1557). 
Therefore, it is not surprising that about half of 
the pneumothoraces and rib fractures detected by 
CT are occult on AP chest radiography. 
Consequently, experts advise against over- 
reliance on chest radiography in patients with 
high-energy blunt thorax trauma (Ball et al.  2005 ; 
Barrios et al.  2010 ; Chung et al.  2014 ). In 
 summary it can be stated that, although chest radi-
ography is less accurate in case of blunt chest 
trauma than CT, it can still provide important 
information and is often faster available in the 
trauma bay. Thus, it can be concluded that the 
utilisation of chest radiography is justifi ed in case 
of minor trauma or in case of high-energy trauma 
if CT is not available in time.

    If CT is available for high-risk patients, the 
CT scout (i.e. topogram or scanogram) (Fig.  5 ) 
provides relevant information (about conditions 
that require intervention before CT) comparable 
to radiography but with less total time consump-
tion (Wirth et al.  2009 ). However, the appropriate 
modality to exclude or diagnose relevant fi ndings 
like pneumothorax may depend on various cir-
cumstances, such as urgency, patient condition, 
local conditions and others (Ball et al.  2005 ; 
Barrios et al.  2010 ; Chung et al.  2014 ; Kaewlai 
et al.  2008 , pp. 1556–1557; Henry et al.  2014 ; 
Traub et al.  2007 ).

4.3        Computed Tomography 

 The invention of CT and CT angiography has 
revolutionised the blunt trauma management, 
allowing rapid diagnosis of complex injuries and 
consequently early therapeutic management like 
embolisation of arterial bleeding and utilisation 
of stents in case of vascular dissection or transec-
tion (Tillou et al.  2009 ). In trauma centres CT is 
usually 24/7 available and able to provide fast 
and high-quality whole body 3D cross-sectional 
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imaging (WB-CT). This results in the highest 
sensitivity (80–100 %) (Magu et al.  2009 ; Bier 
et al.  2015 ) among the techniques for imaging of 
rib fractures. Furthermore, it provides informa-

tion of associated injuries. According to Traub 
et al., CT can reveal signifi cant injury in about 
38 % of patients with bland initial radiographs 
(including fractures of ribs (14.9 %,  p  < 0.001), 

a

b

  Fig. 2    EFAST: rapid ultrasound scan for free intra- 
abdominal and intrapleural fl uids. The numbers on the left 
side of the top of the US pictures correspond to the posi-
tions of the Ultrasound Transducer as depicted in the cen-
tral illustration. ( a ) Normal fi ndings of the heart ( 6 ), the 

Morrison ( 2 ) pouch, the Koller ( 4 ) pouch and the Douglas 
space ( 5 ), here in sagittal orientation. ( b ) Corresponding 
labelling of examples with fi ndings of free abdominal 
fl uid as marked by  arrows  (central illustration from 
springer, der anaesthesist)       
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sternums (7.1 %,  p  < 0.001), scapulae (4.9 %, 
 p  = 0.016) and vertebrae (15.5 %,  p  < 0.001)) or 
can possibly exclude suspected injury in patients 
allowing an earlier discharge (Traub et al.  2007 ). 
CT can even be performed during cardiopulmo-
nary resuscitation (Fig.  6 ) (Wirth et al.  2009 ). 
Counterarguments for the utilisation of CT may 
be, depending on the particular setting, higher 
time consumption compared to radiography, 
higher radiation exposure (chest: average effec-
tive CT dose = 2.86–7.4 mSv vs. 0.1 mSv) and 
higher costs (Mettler et al.  2008 ; Tonkopi and 
Ross  2016 ).

   As specifi ed in the section “ Epidemiology and 
Aetiology ”, a major part of trauma victims are of 
a young age, where the discussion about poten-

tially harmful radiation effects is particularly rel-
evant. This discussion should consider that it is 
known that we are able to save one-fourth of 
polytrauma patient’s lives with the utilisation of 
whole body CT when comparing with ‘dose sav-
ing’ organ-based CT imaging (Huber-Wagner 
et al.  2009 ). Thus, it is of outmost importance to 
decide very quickly whether acute life- threatening 
conditions are given in a patient or not. In cases 
where this is given, the risk of harmful applica-
tion of radiation can be expected to be far beyond 
the possible benefi t. In addition, a polytrauma is 
a once in a lifetime experience for most patients – 
a situation that decides about living or dying. 
However, for children and young women, it 
should remain a very carefully taken case-to-case 

a b

  Fig. 3    Misplaced endotracheal tube. Notice huge amount 
of air in projection of the stomach as well as the endotra-
cheal tube crossing the left tracheal border in AP chest 

projection ( a ) and the sagittal neck view ( b ) proofi ng the 
malpositioning       
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decision, depending on the very individual con-
stellation (Mueck et al.  2016 ). 

 CT characterises pleural fl uids with determi-
nation of their attenuation values, where fresh 
haemorrhage may have an attenuation as low as 
20/30–45 Hounsfi eld units (HU) (Mirvis et al. 
 2014 , p. 178; Feeman  2010 ). During the clotting 
process, the density of blood increases to up to 
50–90 HU (Mirvis et al.  2014 , p. 178). To distin-
guish blood from other fl uids, the reader should 
routinely perform a measurement of pleural fl uid 
attenuation in chest trauma patients (Kaewlai 
et al.  2008 , p. 1558; Feeman  2010 ; Chung et al. 
 2014 ; Brink et al.  2008 ; Traub et al.  2007 ; Tillou 
et al.  2009 ; Mirvis et al.  2014 , p. 178). 

 While the utilisation of CT is discussed con-
tentiously in the literature, many authors con-
sider high-energy mechanisms, chest wall 
tenderness, reduced air entry, abnormal respira-
tory effort, abnormal chest radiographs, reduced 
consciousness and being intubated criteria for a 
selective computed tomography scan (Traub 
et al.  2007 ; Tillou et al.  2009 ; Brink et al.  2008 ; 
Kaewlai et al.  2008 , pp. 1556–1569; Feeman 
 2010 ; Chung et al.  2014 ; Henry et al.  2014 ). In 

a well- structured department, a standard whole 
body reconstruction set of CT images can be 
provided in about 20 min, including an in-room 
time for the patient of less than 10 min. Thus, up 
to six patients may be served per CT scanner 
and per hour in a mass casualty incident (Mueck 
et al.  2016 ; Wirth  2014 ).  

4.4     Magnetic Resonance Imaging 

 In contrast to ultrasound, computed tomography 
and radiography, magnetic resonance imaging 
(MRI) is highly time consuming (studies may 
take up to 1 h). 

  Fig. 4    Unrecognised Stanford A dissection of the aorta 
with secondary fatal haemopericardium. Chest radiogra-
phy (p.a.) of a 46-year-old patient with mild pain after 
weight lifting 4 h ago. The thickening and hampered 
transmission of the anterior mediastinum as well as the 
buckling in projection of the border of the aortic root 
( white circle ) was missed. As no apical cap sign was vis-
ible and there was only mild pain, the patient went home, 
where he died another 4 h later. CT was not performed. 
Autopsy revealed a massive aortic dissection       

  Fig. 5    Topogram of a polytrauma patient for planning the 
exact positioning of CT scanning. Additionally, it holds 
relevant information about serious patient conditions and 
may give hints for extension of scan regions       
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 Patients have to remain motionless and treat-
ment options are limited during that period. Thus, 
the signifi cance of MRI in the emergency workup 
of severely injured trauma patients is very ques-
tionable. Nevertheless, it can be used as a problem- 
solving tool in case of suspected heart, pericardial 
and spinal injuries/acute neurologic defi cit or other 
situations especially in pregnant women and pae-
diatric patients (Chung et al.  2014 ). 

 For the decision for or against MRI in an 
emergency situation, it may be helpful to think 
about the following aspects:
    1.    Is MRI the only available modality to confi rm 

or rule out the suspected injury, or in case of 
approximately equal indication, may MRI be 
favourable due to other reasons (e.g. radiation 
exposure to paediatric patients)?   

   2.    Would the expected fi ndings lead to alterna-
tion of patient management?   

   3.    Would one possible fi nding alter the patient 
management to an immediate procedure that 
is necessary to prevent irreversible harm (e.g. 
refi xation of damaged articular cartilage)?     

 If all these questions can be answered with ‘yes’ 
and thus the decision is made to execute an MRI 
scan, the sequences should be reduced to what is 
necessary to help solve the clinical problem in order 

to save time (Wirth  2016 , pp. 54–55). Conclusively, 
it must be said that especially chest trauma patients 
have a tendency to move (e.g. due to pain) and thus 
have to be highly compliant in addition to the 
aspects above to make an MRI feasible.   

5     Soft Tissue Contusion 
and Subcutaneous 
Emphysema 

5.1     Epidemiology of Soft Tissue 
Contusion and Subcutaneous 
Emphysema 

 Blunt chest trauma may result in soft tissue inju-
ries, such as muscle tears, haematoma, cutaneous 
abrasions, burns, ecchymosis or lacerations 
(Schnyder and Wintermark  2000 , p. 9). These soft 
tissue injuries may be markers for more severe 
associated injuries. Lung contusion (Fig.  7 ) is a fre-
quent injury among blunt chest trauma patients 
(17–70 %) and serves as a predictor of occult pneu-
mothorax (OR = 3.25; 95 % CI = 1.62–6.54; 
 p  = 0.001) (Ball et al.  2005 ; Skinner et al.  2015 ; 
Mirvis et al.  2014 , pp. 172–177; Kaewlai et al. 
 2008 , p. 1558). Subcutaneous emphysema in 
patients after blunt chest trauma (approximately in 

a b d
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  Fig. 6    CT images of a 62-year-old obese female patient 
with LUCAS baseplate. The patient was admitted under 
mechanical CPR with LUCAS. Because she did not fi t into 
the bore of the CT gantry with the whole LUCAS system, the 
compression unit was lifted off for each CT data acquisition. 
( a ) Planning scout for chest/abdomen and pelvis. ( b ,  d ) 
Thorax: CT revealed PE obstructing lobar arteries on both 
sides ( arrows , 50 s delay). ( f ,  g ) Abdomen/pelvis: Because 
images of the abdomen/pelvis with a delay of 120 s had 

insuffi cient venous contrast enhancement (not shown), the 
CT acquisition was repeated with a delay of 210 s. Images 
depicted free peripancreatical air surrounded by small areas 
of contrast media ( arrow  in  f ) as well as thrombosis of the 
right deep femoral vein ( arrow  in  g ). ( c ,  e ) Control study of 
the thorax after return of spontaneous circulation confi rmed 
successful fi brinolysis. Note the differing distribution of con-
trast media even though all scan parameters were identical to 
those of the fi rst study shown in  b  and  d        
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15 % of cases) also serves as a marker of occult 
pneumothorax with a crude risk ratio of 6.78 (95 % 
CI 2.46–18.66;  p  < 0.001) and a specifi city of 98 % 
(Ball et al.  2005 ; Schnyder and Wintermark  2000 , 
pp. 9–10). Ball et al. found subcutaneous emphy-
sema to be present in 7 % of a population of 338 
trauma patients with an ISS ≥12 (Ball et al.  2005 ). 
Turkalj et al. detected subcutaneous emphysema in 
34.4 % out of 61 blunt chest trauma patients ( 2014 ).

   The presence of subcutaneous emphysema 
should also raise concern about osseous injuries. 
From 18.4 % to over 75 % of patients with subcuta-
neous emphysema have at least one associated rib 
fracture (Turkalj et al.  2014 ). The mortality rates of 
patients with soft tissue injuries mainly depend on 
associated injuries. For example, the simultaneous 
incidence of lung contusion and fl ail chest more 
than doubles the mortality from 16 to 42 % (Clark 
et al.  1988 ). Flail chest is a clinical fi nding based on 
osseous fractures and the breathing mechanism. If 
three or more contiguous ribs are broken in at least 
two places, they create a fl ail segment that moves 

paradoxically to the remainder of the chest wall 
while the patient is breathing. Flail chest usually 
occurs in the anterior and anterolateral regions of 
the middle and lower ribs, which are less protected 
by  musculature and surrounding tissue. Compliance 
of the ribs is equally important in the incurrence of 
fl ail chest as the force of impact. Severe pain and 
respiratory insuffi ciency, due to a decreased vital 
capacity and ineffective ventilation, may possibly 
be the consequences. While fractures can be 
detected by imaging, the paradoxical motion is usu-
ally proven by clinical examination (Kaewlai et al. 
 2008 , p. 1567; Bier et al.  2015 ; Sirmali et al.  2003 ).  

5.2     Biomechanics of Soft Tissue 
Contusion and Subcutaneous 
Emphysema 

 Soft tissue contusion may lead to emphysema, 
swelling, pain and hematoma from arterial or 
venous vessels. While arterial hematoma can 
enlarge rapidly, venous haematoma is often self- 
limiting and enlarges rather slowly. In this context, 
patients under anticoagulation therapy are more 
likely to develop complications (75 % vs. 41 %) 
(Ball et al.  2005 ) with a complication OR of 2.3 
(95 % CI 1.1–4.8;  p  < 0.05) calculated for the pre-
injury use of anticoagulants (Mirvis et al.  2014 , 
p. 179; Battle et al.  2013 ). Fractured ribs may pos-
sibly lead to subcutaneous emphysema and pneu-
mothorax due to air leakage by tearing the pleura 
and pulmonary parenchyma. Tracheobronchial 
injuries can induce pneumomediastinum and sub-
cutaneous emphysema as well. According to the 
fact that adipose tissue is not compartmentalised, 
subcutaneous emphysema of thoracic origin can 
possibly extend to the abdomen, scrotum, limbs, 
mediastinum, retroperitoneum or face/skull (Fig.  8 ) 
(Schnyder and Wintermark  2000 , p. 10).

  Fig. 7    Pneumothorax ( A ), pulmonary laceration ( B ), pul-
monary contusion ( C ) and aspiration ( D ). Axial image of 
a contrast-enhanced CT of the chest, lung window 
settings       

  Fig. 8    Tension pneumothorax with air distribution 
through the abdomen extension to subcutaneous spaces. 
Bronchial carinoma restricting the left main bronchus 
( arrow ) of a 65-year-old female patient in CE axial CT ( a ) 
and FDG- PET- CT ( b ). One week later the same patient 
presents with complete atelectasis of the left lung (sec-
ondary to complete restriction of the left main bronchus 

by  bronchial carcinoma) and tension pneumothorax on the 
right side ( c ,  arrows ), air distribution to the abdomen ( d , 
 arrows ) and pelvis ( e ,  right arrow ). The sagittal view ( f ) 
demonstrates the whole extension of the abdominal 
emphysema portion feeding subcutaneous compartment 
through inguinal pathways ( e ,  left arrow )       
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5.3        Main Part 

 Minor soft tissue contusion is usually occult on 
plain chest radiography. Especially, in obese 
patients, a haematoma or emphysema can be 
obscured. Increased density and asymmetry of 
the soft tissue are hints to a contusion (Mirvis 
et al.  2014 , p. 179). Even small haematoma, 
appearing unimpressive, can be a marker for seri-
ous underlying injury. In up to 32 % of the cases, 
subcutaneous emphysema can be the fi rst sign of 
an occult pneumothorax (Ball et al.  2005 ) which 
itself might become life threatening, especially 
during aeromedical transport at altitude or when 
positive pressure mechanical ventilation is used 
(Kirkpatrick et al.  2004 ). As Rothlin et al. 
detected subcutaneous emphysema by US in 
17 % of 70 patients with thoracic pathologic enti-
ties, US may also be a reasonable screening tool 
for this condition ( 1993 ). 

 Tracheobronchial injuries are only found 
in 1–2 % of blunt chest trauma room patients 
(Welter and Hoffmann  2013 , p. 113) because 
many patients will already have died from asso-
ciated injuries before reaching the hospital. The 
overall estimated mortality is 30 % (Burke  1962 ; 
Chesterman and Satsangi  1966 ; Ecker et al.  1971 ; 
Kirsh et al.  1976 ). Deep cervical emphysema 
(100 %), paratracheal air (94 %) and pneumo-
thorax (36 %) are radiological manifestations of 
possible tracheobronchial (Fig.  9 ) or oesophageal 
(Fig.  10 ) injuries. Tracheobronchial ruptures typi-
cally proceed transversally, parallel to the carti-
lage rings (74 %) (Welter and Hoffmann  2013 , 
p. 114) and are usually located within a distance 
of 2.5 cm from the carina (Welter and Hoffmann 
 2013 , p. 114; Kaewlai et al.  2008 , pp. 1559–1561). 
Consequently, the region around the carina should 
be a particular reading focus. A persistent pneu-
mothorax in a patient with tube placement and 
suction indicates a possible injury of the tracheo-
bronchial tree, which should be investigated. The 
‘fallen lung’sign (Fig.  11 ), where a lung postero-
laterally falls away from the hilum if the patient is 
supine and inferiorly if the patient is upright, indi-
cates a complete ipsilateral transection of a main 
bronchus with its accompanying blood vessels. 
In such cases  pneumomediastinum and cervical 

subcutaneous emphysema are typical additional 
fi ndings (Ball et al.  2005 ; Kaewlai et al.  2008 , 
pp. 1559–1561). Furthermore, alveolar ruptures 
can also produce a pneumomediastinum (Fig.  12 ) 
via the Macklin effect (Fig.  13 ), fi rst described by 
Macklin and Macklin in  1944 , where air dissects 
into the mediastinum along the bronchovascu-
lar sheaths. Streaks of air can be seen along the 
bronchovascular bundles. Most cases of tracheal 
laceration can be identifi ed with CT (70–100 %) 
(Kaewlai et al.  2008 , pp. 1559–1561; Welter and 

  Fig. 9    Bronchial rupture ( arrow ). Axial CT, lung 
window       

  Fig. 10    Oesophagus rupture. Axial CT, lung window       
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Hoffmann  2013 , p. 114). However, the diagnosis 
of a tracheobronchial tree injury should be con-
fi rmed by bronchoscopy. With respect to outcome, 
airway obstruction, bronchiectasis, pneumonia, 
abscess and empyema are potential complications 
(Kaewlai et al.  2008 , pp. 1559–1561; Welter and 
Hoffmann  2013 , p. 114).

       A high-energy deceleration during a car acci-
dent may result in a hematoma of the lower neck 
and central chest in approximately 16 % of the 
cases. The presence of such a haematoma, called 
‘seatbelt sign’, may be an indication for neck CT 
with intravenous contrast to evaluate possible 
cervical blood vessel injuries (carotid artery inju-
ries 3 %) (Mirvis et al.  2014 , p. 179; Rozycki 
et al.  2002 ). Vertebral artery injuries occur in 
about 0.5 % of blunt trauma patients (Nedeltchev 
and Baumgartner  2005 ). Especially the combina-
tion of a ‘seatbelt sign’ with a Glasgow Coma 
Scale <14, an ISS >16 and a fracture of the clav-
icle and/or fi rst rib should raise particular con-
cern for vascular injuries (Mirvis et al.  2014 , 
pp. 179–183; Rozycki et al.  2002 ).  

5.4     Summary 

 Even small and unimpressive soft tissue injuries 
and subcutaneous emphysema can be a marker 
for serious underlying injuries (e.g. occult pneu-
mothorax in 32 % of patients with subcutaneous 
emphysema). 

 Deep cervical emphysema, paratracheal air, 
pneumomediastinum and pneumothorax (espe-
cially persisting pneumothorax after chest tube 

a b

  Fig. 11    Fallen lung sign. Polytraumatised patient of 
unknown age. AP chest radiogram directly after admis-
sion ( a ). Note the dorsal position of the lung and the mas-
sive tension component to the left side. Axial CE CT with 

soft tissue window settings ( b ) proofi ng tension haemo-
pneumothorax, massive bleeding due to complete avul-
sion of the right hilus and subcutaneous emphysema. 
Efforts had to be terminated       

  Fig. 12    Pneumomediastinum in AP chest radiogram 
( arrows )       
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placement) are markers for tracheobronchial 
injuries. These are highly life-threatening condi-
tions (mortality rate 30 %) that mostly appear 
within a distance of 2.5 cm from the carina. 

 Tracheal lacerations can be identifi ed with CT 
in 70–100 % of the cases. However, diagnosis 
should be confi rmed by bronchoscopy. 

 A ‘seatbelt sign’ indicates possible cervical 
blood vessel injuries, which should be ruled out 
by contrast-enhanced neck CT.   

6      Rib Fractures 

6.1     Epidemiology of Rib Fractures 

 Rib fractures are the most common skeletal 
injury in blunt chest trauma patients. They appear 
in about 50 % of patients after such an event and 
in about 10 % of patients after trauma in general 
(Ziegler and Agarwal  1994 ; Mirvis et al.  2014 , 
pp. 179–182; Shorr et al.  1987 ; Henry et al. 

 2014 ). Fractures of the fi rst two ribs are  associated 
with thoracic aorta and other thoracic vascular 
(about 13 %) injuries (Clark et al.  1988 ; Magu 
et al.  2009 ). According to Shalhub et al., arterial 
haemorrhage after blunt chest trauma is associ-
ated with rib fractures in up to 44 % of the cases 
(Shalhub et al.  2011 ). Up to 50 % of rib fractures 
are multiple and, out of these, 8 % are bilateral 
(Shorr et al.  1987 ). 

 The rate of complications, such as pneumo-
thorax, haemothorax, pulmonary contusion, fl ail 
chest, pneumonia and atelectasis, rises with the 
number of fractured ribs (16.4 % for 1–2 frac-
tures, 33.6 % for 3–5 fractures, 52.7 % for 6 or 
more fractures), according to a study performed 
by Sirmali et al. ( 2003 ). 

 Flail chest is present in up to 7 % of blunt 
trauma patients. This condition may induce major 
haemorrhage or seriously impaired ventilation, 
and mortality rates – although varying in litera-
ture – can be as high as 33 % (Clark et al.  1988 ; 
Mirvis et al.  2014 , pp. 179–183; Sirmali et al. 

  Fig. 13    Macklin effect. Axial and frontal CT reforma-
tions, lung window. A rib fracture (not shown) induced 
distal pulmonary laceration with air dissecting along the 

bronchovascular sheaths into the mediastinum. Same 
patient as Fig.  12        
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 2003 ; Veysi et al.  2003 ; Kaewlai et al.  2008 , 
p. 1567). Scapula fractures, when detected, should 
raise awareness of rib injuries, because their pres-
ence increases the likelihood of rib fractures (rela-
tive risk 3.1;  p  < 0.01) and fl ail chest (relative risk 
8.8;  p  < 0.001) (Weening et al.  2005 ). Moreover, 
rib fractures are predictors for occult pneumotho-
rax (OR = 2.65; 95 % CI = 1.34–5.24;  p  = 0.005) 
(Ball et al.  2005 ). The overall mortality rate for 
patients presenting to hospital with rib fractures is 
approximately 6 % (Sirmali et al.  2003 ).  

6.2     Biomechanics of Rib Fractures 

 While rib fractures among young adults mainly 
result from high-energetic trauma, they are often 
caused by falls from standing height and every-
day activities in older adults. For this second 
group, fall preventing strategies are appropriate 
and suitable to lower the number of future inci-
dents. Due to the chest wall architecture and the 
decreased support from muscles and other soft 
tissue, ribs fracture most often at the lateral 
aspects (Mirvis et al.  2014 , pp. 179–183). The 
pain experienced from fractures of the bony chest 
wall, as well as combined direct lung injuries 
(e.g. pulmonary contusion) or haemorrhage (e.g. 
from intercostal arteries) may compromise venti-
lation. These injuries induce shunting and dead 
space ventilation, which additionally impair oxy-
genation (Mancini et al.  2014 ).  

6.3     Main Part 

 Blunt chest trauma is regularly associated with 
fractures of the bony thorax, which refl ect a large 
amount of energy having been imparted to the 
chest (Shorr et al.  1987 ; Henry et al.  2014 ). 
Nevertheless, we have to keep in mind that gener-
ally and particularly in children, serious trauma 
can be present in the absence of rib fractures. 
Skinner et al. investigated the morbidity of chil-
dren and adults after blunt chest trauma. Compared 
to adults, children suffered less frequently from rib 
fractures (20.2 % vs. 42 %) and fl ail chest (2.4 % 

vs. 26.3 %), but more often from pulmonary contu-
sion (79.8 % vs. 65.6 %) or associated head inju-
ries (61.9 % vs. 42.3 %) (Skinner et al.  2015 ). 

 Isolated rib fractures are rarely life threaten-
ing, but bilateral or multiple rib fractures are 
 indicators of severe chest injury with signifi cant 
morbidity and mortality (Ziegler and Agarwal 
 1994 ; Kaewlai et al.  2008 , p. 1567). Rib fractures 
may affect ventilation through laceration of 
underlying lung parenchyma, paradoxical chest 
wall motion and pain (Shorr et al.  1987 ; Henry 
et al.  2014 ). A fracture of the fi rst three ribs is an 
indicator of high-energy trauma since these ribs 
are short, broad and well-protected by the scap-
ula, clavicles and musculature. The brachial 
plexus and subclavian blood vessels are located 
close by and may possibly be injured. On the 
other hand, fractures of the lower three ribs are 
associated with trauma of the liver, spleen 
(Fig.  14 ), kidneys and lungs (Kaewlai et al.  2008 , 
p. 1567). According to a study performed by Lee 
et al. including 105,683 trauma patients having 
been admitted to hospitals in the United States 
during the years 1984–1986, the presence of 
three or more rib fractures increased the relative 
risk of haemothorax/pneumothorax (18.4), spleen 
injury (6.2) and liver injury (3.6) (Lee et al. 
 1990 ). Therefore, rib fractures might be indica-
tors of coexisting thoracic or abdominal trauma 
(Ziegler and Agarwal  1994 ; Kaewlai et al.  2008 , 
p. 1567). US and, if the circumstances require, 
abdominal imaging should be performed to rule 
out associated injuries if one of the lower three 
ribs is fractured. If the trauma has not signifi -
cantly affected the lower three ribs, abdomen or 
pelvis, a suspicious result in physical exam, labo-
ratory studies or urinalysis will be required to 
justify the use of advanced imaging of this region, 
as stated in current guidelines (Henry et al.  2014 ).

   Sirmali et al. developed a rule of thumb for 
blunt chest trauma patients: according to their 
fi ndings, three or more rib fractures are an indica-
tion for the hospitalisation of patients. Elderly 
with six or more fractured ribs should be treated 
in intensive care units (Sirmali et al.  2003 ). Ball 
et al. found that 59 % of a group of trauma 
patients in whom an occult pneumothorax 
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(Fig.  15 ) was evident had coexisting rib fractures, 
while only 27 % of patients without pneumotho-
rax had rib fractures (Ball et al.  2005 ). Bulger 
et al. reported that, according to their fi ndings, 
the clinician should pay close attention to the 
number of rib fractures to stratify the expected 
mortality and morbidity, as the odds ratio rose by 
1.19 per fractured rib for death and by 1.16 per 
fractured rib for pneumonia (Bulger et al.  2000 ). 
Pain control is a vital part in patient management 
to prevent respiratory depression, as well as the 
development of atelectasis and pulmonary infec-
tion. If indicated, epidural analgesia may be 
superior to intravenous and oral analgesia. Pain 
from multiple rib fractures can also inhibit wean-
ing a patient from mechanical ventilation (Bulger 
et al.  2000 ; Sirmali et al.  2003 ).

   The standard initial, and often the only 
required, imaging test for disclosing rib fractures 
in patients after minor trauma is chest radiogra-
phy in two planes (Henry et al.  2014 ). It is crucial 
to weigh up the pros and cons of the available 
radiological equipment in terms of additional 
information and specifi city against time, radia-
tion burden and costs. Although rib fractures can 
lead to signifi cant morbidity, it is more important 

to detect associated complications such as hae-
mothorax (Fig.  16 ), pneumothorax, pulmonary 
contusion, fl ail chest, atelectasis, cardiovascular 
injury and injuries to solid and hollow abdominal 
organs. According to the American College of 
Radiology, chest CT without or with contrast is 
appropriate for patients with rib or sternal frac-
tures plus at least one of these associated 
 complications identifi ed by clinical examination 
or other imaging (Henry et al.  2014 ). When iso-
lated, single fractures, multiple fractures or non-
acute fractures have a relatively low morbidity 
and mortality and are not an indication for chest 
CT unless malignancy is suspected in the aetiol-
ogy, and a gain of additional information is 
expected. Failure to identify isolated rib fractures 
in uncomplicated cases does not automatically 
change outcome or patient management. Thus, 
there is little data to support the use of advanced 
imaging, even if CT is superior to radiography 
for detection of these fractures because of its sen-
sitivity of 80–100 % (Henry et al.  2014 ; Traub 
et al.  2007 ; Magu et al.  2009 ; Bier et al.  2015 ). 
However, physicians should always keep in mind 
that only up to 50 % of rib fractures can be 
detected with chest radiography (Bulger et al. 

  Fig. 14    Splenic haemorrhage ( arrow ) induced by laceration secondary to rib fracture in US and axial CT       
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 2000 ). CT provides signifi cantly more informa-
tion than chest radiography alone if the patient 
shows chest wall tenderness, abnormal respira-
tory effort or reduced air entry. Traub et al. sug-
gest that intubated patients should receive a 
routine CT chest scan at their fi rst evaluation, as 
the survey of clinical information is restricted. 
For a fi nal decision about the use of chest CT, the 
clinician should consider all clinical features and 
prior radiological information (Traub et al.  2007 ).

   Fractured ribs may possibly produce a delayed 
haemothorax (DHX) due to intercostal artery 

haemorrhage (Fig.  16 ). DHX is described to 
appear in 2.1–7.4 % of blunt chest trauma 
patients. Curfman et al. reported a case of a 
patient who lost 6500 ml of blood out of one sin-
gle intercostal artery, 10 days after a traumatic rib 
fracture while still being in the hospital (Curfman 
et al.  2015 ). Pleura-covered parts of the lung may 
extrude through the chest wall at a locus of trau-
matic defect, like a rib fracture, causing a trau-
matic lung herniation. Treatment should be taken 
into consideration before intubation because 
positive pressure ventilation can increase this 

a

c

b

  Fig. 15    Pneumothorax extension over the course of time. 
Initial chest radiogram of a patient with hardly visible 
pneumothorax ( a ,  arrows ). The patient developed a seri-
ous mediastinal shift indicating a tension component with 

now clearly visible border of the pneumothorax ( b , 
 arrows ). A cutout from a lower rib-targeted radiogram 
revealed a rib fracture ( c ,  arrow ) as the most reasonable 
cause of the pneumothorax       
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condition (Kaewlai et al.  2008 , p. 1567). In case 
of pneumothorax and haemothorax caused by rib 
fractures, tube thoracostomy can be suffi cient as 
treatment as the pressure from the expanding 
lungs may possibly stop the bleeding from small 
loci. Bleeding from major intrathoracic vessels or 
intercostal arteries usually requires balloon 
occlusion and thoracotomy (Sirmali et al.  2003 ). 

 The infantile chest wall is more elastic than 
the adult chest wall. 

 In children, ribs consequently need a higher 
level of energy transferred to the thorax to fracture. 
Therefore, children with rib fractures suffer more 
often from associated haemothorax, pneumotho-
rax, brain injuries, spleen injuries and liver injuries 
than adults with rib fractures (Kessel et al.  2014 ). 
Bulger et al. reported a doubled mortality and tho-
racic morbidity after blunt chest trauma for elderly 
patients (65 years and older) in comparison to 
younger patients, regardless of similar injury pat-
terns and injury severity (Bulger et al.  2000 ). 

 Detecting rib fractures in CT can be a quite 
challenging task. Each rib has a complex shape 
and extends across numerous sections, while 

twisting along its longitudinal axis. The sequen-
tial rib-by-rib evaluation traversing the whole tho-
rax is tedious and time consuming. Furthermore, 
fractures can be hard to identify, especially if they 
are parallel to the section or not dislocated (Ringl 
et al.  2015 ). Coronal imaging is more sensitive to 
detect fractures parallel to axial sections (Cho 
et al.  2012 ). Fractures of the ribs are periodically 
overlooked in radiologic imaging and their detec-
tion can be of medical-legal relevance. The major 
part of the rib fractures missed in CT is located at 
the anterior arc and over 50 % of missed rib frac-
tures have a buckled shape. They appear equally 
on both sides of the thoracic cage. Frequently, 
missed fractures are on the same rib or the neigh-
bouring rib of fractures that have been detected 
(Cho et al.  2012 ; Ringl et al.  2015 ). 

 Due to often being associated with more 
severe injuries, the evaluation of rib fractures 
should take as less time as possible in acute 
trauma management. Post-processing software 
for CT data provides an automated recognition 
and numbering of all ribs, which are displayed – 
unfolded and rotatable – in one single plane 

  Fig. 16    Active arterial bleeding secondary to a rib frac-
ture, which itself is not shown. The axial images of the 
chest CT in arterial phase reveal active contrast agent 

extravasation ( arrows ) leading to a haemothorax of the 
right side ( left  axial slices;  right  coronal MIP)       
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(Fig.  17 ). ‘The unfolded rib display signifi cantly 
reduces reading time for detection of rib frac-
tures in acute thoracic trauma and does not sig-
nifi cantly compromise the diagnostic accuracy’ 
(direct citation Bier et al.  2015 ). Moreover, the 
diagnostic accuracy of inexperienced readers 
(approximately 80 % for multiplanar reformat-
ted images vs. approximately 92 % for unfolded 
rib images) may even be increased (Bier et al. 
 2015 ). Corresponding results were published 
for the detection of multiple myeloma and 
metastases from lung cancer (Homann et al. 
 2015a ,  b ). Bier et al. documented a possible 
reduction of reading time by approximately 
67–80 % (Bier et al.  2015 ) and a signifi cant 
enhancement of inter-reader agreement. Manual 
correction is necessary in cases of incomplete or 
inaccurate recognition of ribs (Ringl et al. 
 2015 ). Furthermore, the utilisation of this tech-
nology involves the risk of false- positive fi nd-
ings because of two reasons: fi rst, motion 
artefacts are harder to identify due to the miss-
ing correlation with surrounding tissue and, sec-
ond, artifi cial curves caused by the software can 
be mistaken for buckled fractures (Bier et al. 
 2015 ; Homann et al.  2015a ). However, these 
may be easily recognised after completing a 
short training (Ringl et al.  2015 ). If included in 
the standard calculation process of CT imaging, 
the unfolded rib display may be noticeably 

 useful in the evaluation of the acute trauma 
patient when saving time is crucial.

   Intercostal arteries are regularly exposed 
between the ribs within the fi rst 6 cm lateral to 
the spinous process. From this point on, 97 % of 
intercostal arteries proceed in close local relation 
to the lower margin of the superior ribs. These 
ribs serve as shields for intercostal arteries due to 
their proximity but constitute a threat in case of a 
fracture (Helm et al.  2013 ). Rib fractures may 
tear intercostal, subclavian, axillary and internal 
mammary arteries and may cause life-threatening 
intrathoracic bleeding (Fig.  18 ) with a possible 
compression of heart and lungs. As a conse-
quence of the increment of the blood density dur-
ing the clotting process, active haemorrhage 
usually presents in CT as layers of different 
attenuation (Mirvis et al.  2014 , p. 178). An 
extravasation of contrast material (attenuation 
value close to that of an adjacent artery) in CT is 
evidence of active bleeding (Fig.  19 ) (Kaewlai 
et al.  2008 , pp. 1561–1565). Treatment can be 
endovascular (balloon occlusion/covered stent) 
or open repair. Shalhub et al. found endovascular 
therapy in case of blunt traumatic injuries to the 
thoracic outlet arteries to be superior to open 
repair in terms of operation time (149 min vs. 
230 min,  p  = 0.03), blood loss (50 ml vs. 1.225 ml, 
 p  = 0.03) and morbidity (not statistically signifi -
cant) (Shalhub et al.  2011 ).

  Fig. 17    Unfolded rib display (R1-12 = right ribs, L1-12 = left ribs) of an 88-year-old male patient with traumatic frac-
tures of the sixth, seventh and eighth right rib ( arrows )       
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6.4         Summary 

 Rib fractures are frequent injuries in patients 
after blunt chest trauma (50 %) and often associ-
ated with injuries to deeper structures. However, 
such deeper injuries may also be present in the 
absence of rib fractures. 

 Fractures of the upper ribs may be associated 
with injuries of the brachial plexus or subclavian 
blood vessels, and fractures of the lower ribs are 
more likely associated with injuries of abdominal 
organs. 

 Eighty percent to hundred percent of rib frac-
tures can be identifi ed with CT, and an unfolded 
display created with post-processing software 
helps to reduce the reading time by 67–80 % 
without compromising accuracy.   

7     Sternal and Clavicular 
Fractures 

7.1     Epidemiology of Sternal 
and Clavicular Fractures 

 In contrast to rib fractures, sternal fractures are 
rather seldom, appearing in 3–8 % of patients 
after severe blunt chest trauma (Veysi et al. 
 2009 ; Mirvis et al.  2014 , p. 183). They should 
always be interpreted as a sign of a large amount 
of energy having been transmitted to the chest 
wall and deeper structures, particularly in com-
bination with a fracture of the scapulae. Seventy 
percent of sternal fractures affect the body, 
16.5 % the manubrium and 12.7 % of fractures 
are oblique (Schulz-Drost et al.  2015b ; Schnyder 
and Wintermark  2000 , pp. 17–20). Among the 
injuries associated with sternal fractures, which 
occur in 55–77 % of those patients, are rib frac-
tures (up to 14 %), cardiac contusion (1.5–6 %), 
cervicothoracic spine injuries (up to 23 %), lung 
contusion (up to 12 %), fl ail chest, pericardial 
effusion and injuries of the internal mammary 
vessels and their branches, such as the musculo-
phrenic or pericardiophrenic vessels (Schnyder 
and Wintermark  2000 , pp. 17–20; Mirvis et al. 
 2014 , p. 183; Mancini et al.  2014 ; Knobloch et al. 
 2006 ). Due to these grave associated injuries, 
sternal fractures are related to quite a high mor-
tality of up to 22 % (Schnyder and Wintermark 
 2000 , pp. 17–20). Clavicle fractures account 
for 2.6–5 % of all fractures (Scheurecker  2015 , 
p. 831). They commonly result from falls or 

  Fig. 19    Intra-mammarian bleeding. Massive soft tissue 
injury and contrast agent extravasation ( arrow ) as a sign 
of active haemorrhage of an intercostal artery, axial CT in 
arterial phase, soft window settings       

  Fig. 18    Traumatic intrathoracic haemorrhage ( arrow tip ) 
of right internal mammary artery and ipsilateral rib frac-
ture ( arrow base ) in axial CT, bone window settings       
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 traffi c accidents and about half of them occur in 
children under the age of 10 years (Mirvis et al. 
 2014 , pp. 468–469).  

7.2     Biomechanics of Sternal 
and Clavicular Fractures 

 Sternal fractures are usually the result of high- 
energy deceleration or direct blow (up to 84 %) 
to the anterior chest wall (Kaewlai et al.  2008 , 
p. 1569, Schulz-Drost et al.  2015b ). The most 
common mechanism is the impact of a steer-
ing wheel (information of deformity of steering 
wheel or steering column is valuable), seat belt 
or airbag to the chest in a motor vehicle colli-
sion (Mirvis et al.  2014 , p. 183). Other mecha-
nisms may be indirect fractures secondary to a 
fall on the back or spontaneous fractures as a 
result of muscle spasms (Schulz-Drost et al. 
 2015b ). Sternal fractures may impair ventilation 
by contributing to paradoxic chest wall motion 
in combination with rib fractures (fl ail chest) 
(Shorr et al.  1987 ). Either a blow to the medial 
clavicle or a blow to the shoulder can lead to 
 sternoclavicular dissection. Whereas a posterior 
blow to the shoulder often leads to a posterior 
sternoclavicular dissection, an anterior blow to 
the shoulder is the appropriate mechanism for an 
anterior dissection (Kaewlai et al.  2008 , p. 1569).  

7.3     Main Part 

 In sternal fractures, the body (70 %) and the 
manubrium (16.5 %) are most commonly 
involved (Schulz-Drost et al.  2015a ,  b ; Schnyder 
and Wintermark  2000 , pp. 17–20; Kaewlai et al. 
 2008 , p. 1569). Simple sternal fractures can be 
seen as isolated injuries that rarely have any 
consequence, while displaced sternal fractures 
or sternal fractures with manubriosternal joint 
disruption regularly are associated with other 
thoracic, cardiac and spinal injuries. Sternal 
fractures are best displayed in sagittal or coronal 
CT because fracture lines are commonly paral-
lel to axial sections. Supine chest radiography 
often only demonstrates signifi cantly displaced 

 fractures and shows no sign of an existing frac-
ture in up to 84 % of patients (Schnyder and 
Wintermark  2000 , pp. 17–20). 

 As nearly all of the sternal fractures are 
accompanied by a hematoma, anterior mediasti-
nal or retrosternal haemorrhage may be the clue 
to the diagnosis in cases when the fracture is not 
clearly discernible. The CT density of such a hae-
matoma is close to the value of unenhanced blood 
and aorta, information in the literature ranges 
from +20 to +70 HU (primarily depending on the 
stage of the clotting process). Commonly, there is 
a preserved fat plane evident between the 
retrosternal haematoma and the aorta. If the fat 
border delineation is missing and the retrosternal 
blood has direct contact to the aortic wall, a trau-
matic aortic injury is most likely the source of the 
haematoma. As previously mentioned, sternocla-
vicular dislocations can occur after blows to the 
clavicle or to the shoulder. While anterior dislo-
cations are usually evident on palpation and 
inspection, posterior dislocations may be occult 
in conventional radiography and clinical exami-
nation. CT with contrast can confi rm the diagno-
sis of a suspected posterior sternoclavicular 
dislocation and evaluate the vascular status. This 
is obvious in case of aortic injury but also valu-
able in posterior sternoclavicular dislocations 
because they are frequently associated with inju-
ries of adjacent blood vessels, trachea and 
oesophagus. If a sternal fracture is evident, a car-
diac evaluation including ECG, cardiac enzymes 
and troponin should be done to rule out cardiac 
injury. Most sternal fractures are treated conser-
vatively. In case of nonunion, severe pain or 
instability, open reduction and internal fi xation 
may be required (Kaewlai et al.  2008 , pp. 1561–
1562; Feeman  2010 ; Knobloch et al.  2006 ,  2008 ; 
Mancini et al.  2014 ; Mirvis et al.  2014 , pp. 178–
183; Schnyder and Wintermark  2000 , pp. 17–20). 
The recognition of sternal fractures and associ-
ated aortic, vascular, pericardial (Fig.  20 ), car-
diac and other thoracic injuries is often crucial in 
the management of patients with blunt thoracic 
trauma (Shorr et al.  1987 ).

   Clavicle fractures are categorised with the 
Allman classifi cation (Allman  1967 ) in fractures of 
the proximal third (5 %), middle third (80 %) and 
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distal third (15 %) (Mirvis et al.  2014 , pp. 468–
469). They are usually evaluated with AP and 15° 
to 25° cephalic tilt apical oblique clavicular radio-
grams. Complicated and dislocated fractures may 
need surgical treatment. Preoperative sagittal, coro-
nal and 3D CT reformations are very helpful in this 
case (Scheurecker  2015 , pp. 831–832). 

 Intravascular aortic stents have revolutionised 
the treatment of traumatic aortic injury and par-
tially replaced open reduction. This procedure 
comes along with decreased mortality, complica-
tions, operation time and length of stay. The initial 
CT angiogram is used for the stent-graft placement 
planning (Mirvis et al.  2014 , pp. 204–208). 
Interventional radiology is a substantial part of 
radiologic practice. For more information on this 
topic, we refer to the chapters ‘Aortic Injuries’ and 
‘Vascular Chest Emergencies’ in this book and the 
section “The Role of Interventional Radiology” 
(pp. 235–267) from the book  Emergency Radiology 
of the Abdomen :  Imaging Features and Differential 
Diagnosis for a Timely Management Approach  
(Wirth and Treitl  2012 ). Furthermore, the book 
 Problem Solving in Emergency Radiology  (Mirvis 
et al.  2014 ) provides a good overview.  

7.4     Summary 

 Sternal fractures are a sign of high-energy decel-
eration or impact and regularly associated with 
cardiac and aortic injuries. 

 Eighty-four percent of sternal fractures are 
occult on chest radiograms and even with CT 
non-dislocated fractures can be hard to identify. 
Retrosternal haemorrhage can be the clue to a 
sternal fracture. 

 Clavicle fractures account for 2.6–5 % of all 
fractures with a portion of 50 % occurring in 
patients under the age of 10 years. Complicated 
and dislocated fractures may need surgical treat-
ment, in which case preoperative sagittal, coronal 
and 3D CT reformations are very helpful.   

8     Fractures and Dissection 
of the Scapula 

8.1     Epidemiology of Fractures 
and Dissection of the Scapula 

 Fractures and dissection of the scapula are a 
rather rare condition, occurring in approximately 
4–7 % of polytraumatised patients (Kaewlai 
et al.  2008 , pp. 1568–1569; Veysi et al.  2003 ; 
Weening et al.  2005 ). The mean age of the 
patients ranges from 35 to 45 (Mirvis et al.  2014 , 
pp. 470–471) years and about three out of four 
patients are male (Weening et al.  2005 ). The rate 
of related injuries is very high (75–100 %) 
(Mancini et al.  2014 ). Patients with scapula frac-
ture show an average of 3.5 associated injuries, 
such as rib fractures (27–54 %), cerebral injuries 
(up to 42 %), clavicle fractures (23–27 %), pul-
monary injuries (16–23 %), brachial plexus inju-
ries (8–11 %), arterial injuries (3–11 %), injuries 
of the thoracic spine (3 %) and adjacent injuries 
of the shoulder girdle (Schofer et al.  2009 ; 
Imatani  1975 ; McGahan et al.  1980 ; Salimi et al. 
 2008 ; Veysi et al.  2003 ; Weening et al.  2005 ; 
Thompson et al.  1985 ). According to Schofer 
et al., scapula fractures may be associated with 
ipsilateral rib fractures in up to 44 % of the cases 
(Schofer et al.  2009 ). In a study including 1164 
polytraumatised patients, Veysi et al. found out 
that the ones presenting with scapula fractures 
had more severe underlying chest injuries and a 
signifi cantly higher overall ISS compared to 
patients without scapula fractures (27.12 ± 15.13 
vs. 22.8 ± 14.4,  p  = 0.01). 

  Fig. 20    Traumatic pericardial tamponade ( arrow ). 
Twenty fi ve-year-old female, axial CT in arterial phase, 
soft window settings       
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 However, this did not correlate with an 
increased mortality (Veysi et al.  2003 ). Weening 
et al. found the presence of either a pneumotho-
rax (relative risk 3.7;  p  < 0.001) or a pulmonary 
contusion (relative risk 3.5;  p  < 0.001) to be sig-
nifi cantly more likely in patients with scapula 
fractures than in control patients (Weening et al. 
 2005 ). Data about mortality rates ranges from 2 
to 14.3 % (Veysi et al.  2003 ; Salimi et al.  2008 ; 
McGahan et al.  1980 ; Thompson et al.  1985 ; 
Armstrong and Van der Spuy  1984 ).  

8.2     Biomechanics of Fractures 
and Dissection of the Scapula 

 The scapula can sustain a high amount of 
energy in case of an axial compression through 
the humerus without fracturing, because the 
energy is distributed via the ‘recoil mecha-
nism’, described by Rowe (scapula recoils on 
thoracic cage) (Rowe  1963 ; Wiedemann  2004 ). 
A  fractured scapula is defi nitely a sign for a 
high-energy transfer, commonly due to motor 
vehicle collisions (automobile 48–52 %, motor-
cycle 11–25 %, pedestrian 18–46.7 %) or falls 
from great heights (12–17.1 %), and one must 
suspect injuries of deeper structures. Direct 
force to the scapula (75 % of cases) or indirect 
transmission of axial force through the humerus 
are typical mechanisms (Shorr et al.  1987 ; 
Kaewlai et al.  2008 , pp. 1568–1569; Schofer 
et al.  2009 ; Mirvis et al.  2014 , pp. 470–471; 
Imatani  1975 ; McGahan et al.  1980 ; Salimi 
et al.  2008 ). 

 Scapulothoracic (ST) dissociation due to 
major musculoskeletal trauma is a closed com-
plete traumatic forequarter amputation, diag-
nosed by a pulseless arm and specifi c radiographic 
fi ndings. The avulsion of the subclavian, axillary 
or brachial artery, as well as the avulsion of the 
brachial plexus can cause major haemorrhage, 
making the ST dissociation a life-threatening 
condition (Ebraheim et al.  1987 ). Furthermore, 
scapula fractures may be caused by a sudden con-
traction of the muscles during a seizure or in an 
electrical accident (Cser and Vajda  1976 ; 
Mathews et al.  1983 ; Wiedemann  2004 ).  

8.3     Main Part 

 There are various classifi cation systems for scap-
ula fractures. Each one has its raison d’être and 
provides advantages for specifi c purposes, but at 
the same time it has its limitations. The inclusion 
of a prediction of outcome and treatment option 
is diffi cult as they also depend on other factors 
like fracture displacement, patient-associated 
conditions or injury of nerves, blood vessels and 
soft tissue (Harvey et al.  2012 ; Audige et al. 
 2014 ; Bartonicek et al.  2014 ; Euler et al.  1992 ; 
Friederichs et al.  2014 ; Neuhaus et al.  2014 ; 
Schofer et al.  2009 ; Wiedemann  2004 ). 

 The New International Classifi cation of 
Scapula Fractures (Fig.  21 , Table  1 ), developed 
by the Orthopaedic Trauma Association (OTA) 
Classifi cation Committee and the AO 
Classifi cation Advisory, is a system adjusted to 
an emergency trauma setting, where clinical 
communication, documentation, low time con-
sumption and inter-reader agreement are impor-
tant. The scapula is divided into three segments: 
processes, fossa and body. Process fractures are 
subdivided into fractures of the coracoid or acro-
mion. Fossa fractures may be fractures of the rim 
(1), simple split fractures (2) or complex joint 
fractures (3). Body fractures are subdivided into 
simple fractures with one fracture line and either 
one/no border exit points (1) or two border exit 
points (2) and fractures with multiple fragments 
presenting three or more border exits (3) (Harvey 
et al.  2012 ; Alton and Gardner  2015 ).

    The utilisation of the Euler and Rüedi classifi -
cation enables radiologists to give a more detailed 
characterisation of the morphology, severity and 
prognosis of scapula fractures. This may be 
important for decisions between either conserva-
tive or operative treatment (Fig.  22 , Table  2 ). 
Fractures are divided into fi ve groups, three (A, 
B, C) being extra-articular and two (D, E) being 
intra-articular. The severity of fracture increases 
from type A to E and within a specifi c type with 
increasing numeric value. Isolated or multifrag-
mentary fractures of the scapula body are classi-
fi ed as type A, fractures of the processes as type 
B and type C refers to fractures of the scapular 
neck. Type B fractures are subdivided into 
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 fractures of the spine (B1), coracoid (B2) and 
acromion (B3). Neck fractures are rarely located 
at the anatomical neck (C1) but more frequently 
at the surgical neck (C2). If a fracture of the sur-
gical neck is associated with another injury of the 

superior shoulder suspensory complex, it is clas-
sifi ed as type C3. These fractures may be accom-
panied by a fracture of the clavicle and acromion 
(C3a) or by torn coracoclavicular and coracoac-
romial ligaments (C3b). The ‘coracogleniodal 

a b

c d

  Fig. 21    New International Classifi cation of Scapula 
Fractures. Dorsal view of fracture areas ( a ):  uncoloured  
body,  green  processes,  red  fossa. Glenoidal view of 

 fracture areas ( b ):  uncoloured  body,  green  processes,  red  
fossa. Exemplary fracture lines in dorsal view ( c ) and gle-
noidal view ( d )       
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block’ is separated from all stabilising structures 
in both cases. This condition may clinically pres-
ent itself as an instable ‘fl oating shoulder’. The 
suprascapular nerve is particularly in danger 
when the patient presents with a C2 or C3 frac-
ture, due to the anatomical relation to the incisura 
scapulae (scapular notch) at the upper margin of 
the surgical neck. Intra-articular fractures are 
classifi ed as type D, further subdivided into frac-
tures of the glenoid rim (D1), glenoid fossa (D2) 
and neck or body fractures with articular 
 involvement (D3). Intra-articular fractures with 
an associated fracture of the humeral head repre-
sent a separate group (type E) (Euler et al.  1992 ; 
Wiedemann  2004 ).

   Table 1    New international classifi cation of scapula 
fractures   

 Fossa 

   1. Rim 

   2. Simple split fractures 

   3. Complex joint fractures 

 Body 

   1.  Simple with a single fracture line and one or no 
border exit 

   2.  Simple with one fracture line and two border exit 
points 

   3.  Multifragmentary with three or more border exit 
points 

 Processes 

   1. Acromion 

   2. Coracoid 

a

c b

  Fig. 22    Euler and Rüedi classifi cation of scapula fractures. Dorsal ( a ), glenoidal ( b ) and ventral ( c ) view       
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    Body (49–89 %) and neck fractures (10–60 %) 
are more common than glenoid, coracoid or acro-
mion process fractures. A coexisting hematoma 
may be very small in patients with scapula frac-
tures since the closed fascial compartments can 
prevent extension (Wiedemann  2004 ). Thus, the 
clinical inspection has to be executed carefully 
not to overlook a scapula fracture. Furthermore, 
the absence of pain is no exclusion criterion for 
the existence of a scapula fracture, as a substan-
tial part of patients presents without any pain 
(28 %) or with only mild pain if the shoulder is 
heavily stressed (18 %) (Schofer et al.  2009 ). 

 The detection of scapula fractures on plain 
radiographic fi lms can be diffi cult, and more 
severe coexisting injuries often disguise clinical 
symptoms. Thus, these fractures are regularly 
(more than 30 %) overlooked in the initial trauma 
workup. CT can reveal intra-articular extension 
of fractures more precisely. Bartonicek et al. 
reported that 3D CT reconstructions (Fig.  23 ) 
enable the most accurate diagnosis of fractures of 
the scapula neck (Bartonicek et al.  2014 ). The 

   Table 2    Euler and Rüedi classifi cation of scapula 
fractures   

 A. Fractures of the scapular body 

   A1 Isolated 

   A2 Multifragmentary 

 B. Fractures of the scapular processes 

    B1 Spina scapulae 

    B2 Coracoid 

    B3 Acromion 

 C. Fractures of the scapular neck 

   C1 Anatomical neck 

   C2 Surgical neck 

   C3 Surgical neck with 

     (a) Fractured clavicle and acromion 

     (b) Torn CC and CA ligaments 

 D. Articular scapula fractures 

    D1 Glenoid rim 

    D2 Glenoid fossa with 

     (a) Inferior glenoid fragment 

     (b) Horizontal split of scapula 

     (c) Coracoglenoid block formation 

     (d) Comminuted fractures 

   D3 Combination of neck and body fracture 

 E. Fracture combination with humeral head fractures 

a b

  Fig. 23    Scapular fracture. Combined A2 fracture ( arrow ) and B1 fracture (Euler and Rüedi classifi cation) or type 3 
body fracture (new international classifi cation,  arrow ) in radiography ( a ) and 3D CT rendering ( b )       
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transspinous neck fractures described by 
Bartonicek are body fractures in keeping with the 
new international classifi cation of scapula frac-
tures. Displaced glenoid intra-articular fractures 
and displaced juxtaarticular fractures often 
require surgical treatment. Nevertheless, up to 
88 % of scapula fractures may be treated conser-
vatively with good results in patient outcome. To 
prevent a loss of shoulder immobility, range-of- 
motion exercises should be started as soon as 
possible (Salimi et al.  2008 ; Mancini et al.  2014 ; 
Kaewlai et al.  2008 , pp. 1568–1569; Schofer 
et al.  2009 ; Wiedemann  2004 ). According to 
McGahan et al., up to 50 % of patients with scap-
ula fractures with an indication for operative 
treatment may have such grave associated inju-
ries that no open reduction can be carried out 
(McGahan et al.  1980 ).

   Scapula fractures are associated with arterial 
injuries in 3–11 % of the cases (McGahan et al. 
 1980 ; Thompson et al.  1985 ). As previously men-
tioned in the section “ Rib Fractures ”, arterial inju-
ries due to blunt trauma can be treated with 
endovascular approach and by open repair. The 
endovascular approach is highly successful (for the 
subclavian artery 94–100 %) and procedure- related 
complications occur relatively rare (for the subcla-
vian artery 0–22 %) (Shalhub et al.  2011 ). Mixed 
procedures may sometimes also be attractive like in 
the case of fast bleeding control by using a tempo-
rary proximal balloon occlusion and subsequent 
operative refi xation of a ruptured artery.  

8.4     Summary 

 Scapula fractures regularly appear after high- 
energy transfer and are often initially overlooked 
due to other grave associated injuries. 

 Scapulothoracic dissociation is a major trau-
matic injury with the avulsion of the brachial 
plexus and brachial, axillary or subclavian blood 
vessels and is life threatening for this reason. 

 Two examples for common classifi ca-
tion systems for scapula fractures are the new 
international classifi cation and the Euler and 
Rüedi classifi cation: The New International 
Classifi cation of Scapula Fractures divides the 

scapula into fossa, body and processes with 
further subdivision regarding precise location 
and severity. In the Euler and Rüedi classifi ca-
tion, the scapula is divided into body, processes, 
neck and articular region. Compared to the new 
international classifi cation, it is more complex 
but provides more detailed information and also 
includes combined fractures.   

9     Injuries of the Vertebral 
Column and Spinal Cord 

9.1     Epidemiology of the Vertebral 
Column and Spinal Cord 

 Fractures of the thoracolumbar spine occur in up to 
18 % of blunt trauma patients (Mirvis et al.  2014 , 
p. 154). Fractures of the cervicothoracic spine may 
also be associated with sternal fractures as a result 
of an over-fl exion of the trunk (e.g. against a seat-
belt) (Fig.  24 ) (Schnyder and Wintermark  2000 , 
pp. 17–20; Mirvis et al.  2014 , p. 183). Turkalj et al. 
detected vertebral fractures in 27.9 % out of 61 
patients with blunt chest trauma (Turkalj et al. 
 2014 ). Approximately 16–30 % of all spine frac-
tures are thoracic spine fractures, and about 50 % of 
patients presented with associated focal neurologic 
defi cits (Lomoschitz et al.  2003 ).

   Worldwide, between 250,000 and 500,000 
people suffer a spinal cord injury annually (World 
Health Organization  2015b ). Stephan et al. found 
spinal cord injury with neurologic defi cit to be 
present in every 13th patient with polytrauma, of 
which over 50 % suffered from complete cord 
lesion (Stephan et al.  2015 ). Such an injury 
comes along with a two- to fi vefold increased 
risk of dying prematurely, compared with people 
without spinal cord injuries. Spinal cord injury 
may be traumatic (90 %) and supported by a pre- 
existing disease (e.g. cancer) or degeneration. 
Possible symptoms are the loss of motor or sen-
sory function and more severe failure in the regu-
lation systems of bowel, bladder, blood pressure, 
heart rate or breathing. In adolescence (15–
19 years), females are more at risk, whereas 
males account for most cases of spinal cord 
injury in young adulthood (20–29 years). In total, 
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the male to female ratio is at least 2:1. Among the 
possible complications are multi-organ failure, 
deep vein thrombosis, urinary tract infections, 
sepsis, muscle spasms, osteoporosis, pressure 
ulcers, chronic pain, respiratory complications 
and extended length of hospital stay (Stephan 
et al.  2015 ; World Health Organization  2015b ). 
Appropriate rehabilitation therapy is aimed to 
prevent or alleviate these complications. 
Approximately 20–30 % of spinal cord injury 
patients show clinically signifi cant signs of 
depression, which in turn may reduce the therapy 
effect. Adequate psychiatric therapy may assist 
in prevention of the evolution of a vicious circle 
(World Health Organization  2015b ).  

9.2      Biomechanics of the Vertebral 
Column and Spinal Cord 
Injuries 

 Vertebral column and spinal cord injuries may be 
caused by road traffi c accidents, falls, crash, acts 
of violence or related to work or sports (World 

Health Organization  2015b ). Falls (OR, 2.81), 
crash (OR, 2.80), motor vehicle collision with roll-
over and/or ejection (OR, 1.11) and unenclosed 
vehicle crash (OR, 1.08) are the four injury mech-
anisms that can be seen as high-risk mechanisms 
for signifi cant spinal injury as they are accountable 
for 67.4 % of these injuries (Inaba et al.  2015 ). 
After vertebral augmentation (e.g. vertebroplasty), 
a new vertebral fracture is most likely to occur in 
nearby vertebrae. A connection to osteoporosis is 
presumable, as vertebral fractures are very com-
mon among older men and postmenopausal 
women (Melton and Kallmes  2006 ). 

 Spinal epidural hematoma, associated with 
coagulopathy, vascular malformations, neoplasms 
and pregnancy, may occur after spinal trauma and 
lead to neurologic defi cit (Cha et al.  2011 ).  

9.3     Main Part 

 Clinical fi ndings and radiologic imaging indi-
rectly predict the stability of thoracic and lumbar 
spine injuries. Widely accepted for this purpose is 

  Fig. 24    Vertebral burst fracture of Th3 and Th4 ( white arrows ). Sagittal CT reformation and 3D CT rendering of a 
polytraumatised patient and an associated sternal fracture ( red arrows ). CT autopsy       
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the utilisation of the three-column theory, which 
orthopaedic surgeon Francis Denis publicised in 
1982, based on Holdsworth’s two- column theory 
(Denis  1983 ). The anterior vertebral body, ante-
rior annulus fi brosus and the anterior longitudinal 
ligament form the anterior column; the middle 
column includes the posterior wall of the verte-
bral body, the posterior annulus fi brosus and the 
posterior longitudinal ligament. The posterior col-
umn includes the posterior bony arch and the pos-
terior ligamentous complex (including the 
interspinous ligaments, the supraspinous liga-
ments, the capsule and the ligamentum fl avum) 
(Fig.  25 ). Spinal injuries can be considered as 
unstable if two or three of these columns are dam-
aged (Fig.  26 ) with a focus on the middle column 
(Denis  1983 ). Denis categorised spinal injuries 
into four major modes, namely, compression frac-
tures, burst fractures, seat belt-type fractures and 
fracture dislocation (see Table  3 ) (Denis  1983 ). 
The classifi cation of spinal fractures into stable or 
unstable can be conducted with the utilisation of 
multiplanar reformations in computed tomogra-
phy. Nevertheless, complex fractures or uncertain 
fi ndings should be evaluated in coronal images 
(Begemann et al.  2004 ).

     The missed or delayed diagnosis of a spinal 
injury can result in a disastrous situation and 
even under strictly precautious management iat-
rogenic worsening may happen (Mirvis et al. 
 2014 , p. 154; Inaba et al.  2015 ). Pain (sensitivity 
63.3 %, specifi city 82.0 %), tenderness to palpa-
tion (sensitivity 67.4 %, specifi city 77.6 %), defor-
mity (sensitivity 5.3 %, specifi city 99.6 %) and 
neurologic defi cit (sensitivity 6.8 %,  specifi city 

99.1 %) are  predictors for clinically signifi cant 
spinal fractures. Nevertheless, these should not 
be the only criteria to rule out a possible injury, 
as approximately 21.6 % of patients with clini-
cally signifi cant spinal injury show no suspicious 
fi nding in the physical examination (Inaba et al. 
 2015 ). In order to develop a clinical decision rule 
for advanced imaging of the thoracolumbar spine 
after blunt trauma like the NEXUS and Canadian 
C-Spine Rules for the cervical spine, Inaba et al. 
added a high-energy mechanism (see section 
“ Biomechanics of the Vertebral Column and 
Spinal Cord Injuries ”) and a patient age ≥60 years 
to a positive fi nding in the clinical exam. The 
combination of these three criteria is 98.9 % sen-
sitive and 29 % specifi c for clinically signifi cant 
thoracolumbar spine fractures in blunt trauma 
patients, and the authors consider the presence of 
any one of these criteria on its own an indication 
for advanced imaging (Inaba et al.  2015 ). 

 According to the American College of 
Radiology, a precise evaluation of spinal cord 
injuries should be performed with the utilisation 
of MRI if possible, since it is the most accurate 
tool to display compression of the cord by disc 
herniation, bone fragments or hematoma (ACR 
A. C. o. R.  1999 ). 

 Little data is available on defi nite indications 
for operative treatment of thoracolumbar burst 
fractures. In their review on existing literature, 
Pneumaticos et al. consider patients with proven 
or questioned instability as well as incomplete 
neurologic defi cit and even complete paraplegia 
to be those who will profi t from surgical treat-
ment. Based on the fracture type and the patient’s 

  Fig. 25    Denis classifi cation of vertebral fractures.  A  anterior column,  M  middle column,  P  posterior column       
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neurological status, anterior, posterior, combined 
or minimal invasive approaches can be performed 
(Pneumaticos et al.  2013 ). 

 Most patients experience chronic pain after an 
injury of the spinal cord. In case of a traumatic 
spinal cord injury, the management of bladder 
and bowel function is important (World Health 
Organization  2015b ).  

9.4     Summary 

 An important point for treatment and outcome of 
fractures of the thoracolumbar spine is stability, 
which is predictable with the utilisation of the 
three-column theory according to Denis. An 
injury is considered unstable if two or three col-
umns are involved. 

   Table 3    Major types of spinal injuries according to Denis   

 Type of fracture 

 Column 

 Anterior  Middle  Posterior 

 Compression  Compression  None  None or distraction (severe) 

 Burst  Compression  Compression  None 

 Seat belt type  None or compression  Distraction  Distraction 

 Fracture dislocation  Comp./rotation/shear  Dist./rot./shear  Dist./rot./shear 

  Fig. 26    Vertebral L4 fracture. A 32-year-old woman, CT reformations. The fracture is presumably unstable because of 
the involvement of the anterior and middle column (three-column theory, Denis)       

 

S. Wirth and S. Jansen



55

 Spinal fractures can be distinguished between 
compression, burst, seat belt-type and dislocated 
fractures. 

 High-energy mechanism, a patient age 
≥60 years and a positive fi nding in the clinical 
exam (pain, tenderness to palpation, deformity or 
neurologic defi cit) are criteria for a clinical 
 relevant spine fracture, which should be ruled out 
with the help of CT or MRI.      
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    Abstract  

  Tracheobronchial injuries are an unusual clini-
cal entity accounting for 0.2–8 % of all cases of 
blunt chest trauma. Actually, most patients die 
before arriving at the emergency department, 
from either associated injuries to vital struc-
tures, hemorrhage, tension pneumothorax, or 
respiratory insuffi ciency from an airway injury. 
Signs and symptoms may be very subtle or 
nonspecifi c and therefore clinical diagnosis is 
easily overlooked. In this chapter, the authors 
will review the radiological and CT signs of 
acute tracheobronchial injuries. Furthermore, 
mechanism of injury, terminology, and clinical 
issues will be discussed. Finally, management 
notes and treatment will be illustrated.  

1       Introduction 

 Acute tracheobronchial injury is a rare injury 
usually related to blunt trauma that involves a 
partial or complete laceration or puncture of the 
tracheal or bronchial wall. Death occurs in 
approximately 30 % of patients with tracheo-
bronchial tears, with 50 % of fatalities occurring 
within the fi rst hour (Scaglione et al.  2006 ). 

 Delayed or missed diagnosis can result in 
death or severe complications including airway 
stenosis, atelectasis, pneumonia, bronchiectasis, 
mediastinitis, sepsis, and decreased pulmonary 
capacity (Baugartner et al.  1990 ). 
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 Tracheal trauma can result from external or 
internal injuries. External or penetrating injuries 
can have devastating effects (Fig.  1 ), including 
perforation or transection of the tracheobronchial 
tree and the esophagus. Penetrating injuries to the 
thoracic trachea are often associated with heart 
and great vessel trauma. More than 50 % of gun-
shot wounds and 10 % of stab wounds involving 
the tracheobronchial tree distal to the cervical 
trachea are rapidly fatal (Scaglione et al.  2006 ).

   Internal or non-penetrating injuries may occur 
secondary to inhalation of noxious fumes or gases, 
tracheal compression on the rigid vertebral column, 
or due to aspiration of liquids or foreign bodies. 
When the tracheobronchial tree is occluded by for-
eign bodies or there is a sudden chest compression 
with closed glottis, as in crush or steering wheel inju-
ries, an explosive rupture may occur (Stark  1995 ). 

 During recent years, an increase in traffi c acci-
dent has caused an increase in blunt tracheobron-
chial injuries, and the most common non- penetrating 
injury mechanism is the motor vehicle accident. 
The exact mechanism of intrathoracic, tracheobron-
chial disruption from non- penetrating trauma is 
unknown, but these injuries include longitudinal 
lacerations of the distal trachea or near the carina 
(usually within 2.5 cm), with complete or partial 
disruption of the main bronchus (more common, 
right bronchus) and other lobar bronchi.  

2     Mechanism of Injury 

 The causes of airway injuries are divided into 
blunt trauma, penetrating trauma, or iatrogenic 
rupture and into neck (larynx and cervical trachea) 
or thoracic lesions (chest trachea and bronchi). 

 Blunt trauma at the neck can cause a hyperex-
tension mechanism that results in tracheal tears 
and paramedian vertical fractures of the larynx 
and trachea or lead to complete laryngeal–tra-
cheal separation (Dougenis  2002 ; Milner  2008 ); 
another mechanism is direct blow to the neck 
injuring the thyroid or cricoid cartilages but also 
the tracheal rings due to compression against the 
vertebral column. In a vehicle accident, both 
mechanisms happen: neck hyperextension from 
sudden deceleration and direct impact of the neck 
to the steering wheel or the dashboard: this is the 
“padded dashboard syndrome” (Nelson  2007 ) 
(Fig.  2 ). Other mechanisms are consequent to 
improper use of seat belts as a direct blow to the 
neck in front-on collision or by the sudden 
increase of intratracheal pressure while the glot-
tis is refl exively closed (Rathlev et al.  2007 ).

  Fig. 1    Penetrating tracheal injury secondary to intubation. 
Supine chest radiograph shows overdistention of the endo-
tracheal cuff ( dashed line ). Furthermore, left pneumomedi-
astinum ( arrows ), right heart contour outline ( arrowheads ), 
and bilateral pulmonary contusions are also evident 
(Reproduced with permission from Elsevier)         Fig. 2    Cervical tracheal injury secondary to blunt trauma. 

Parasagittal reformatted 16-row MDCT image depicts dis-
placement of the endotracheal cervical tube ( arrowheads ) 
through a wall defect consistent with a cervical tracheal 
injury. This fi nding was confi rmed by bronchoscopy  
(Reproduced with permission from Elsevier)       
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   The usual mechanisms of tracheobronchial 
disruption are (1) excessive pressure in the bron-
chial tree when the glottis is closed, causing air-
way blowout at the point of the greatest diameter, 
i.e, the carina (Laplace’s law); in this case, the 
rupture occurs when the intraluminal pressure 
exceeds the elasticity of the membranous trachea 
and bronchi; (2) decrease in the anterior–poste-
rior chest diameter with increase in the lateral 
diameter; when the lungs are pulled out laterally, 
the main bronchi and carina become disrupted; 
and (3) severe and sudden deceleration giving 
rise to sheer forces that disrupt the airway at the 
points of relative fi xation such as the cricoid car-
tilage and the carina, similar to the mechanism of 
traumatic injuries of the thoracic aorta (Huth 
et al.  1997 ). In most of cases, probably a combi-
nation of these three mechanisms causes the air-
way lesion (Kiser et al.  2001 ). 

 Tracheobronchial injuries are rare in the 
pediatric population, because the pediatric 
patient’s chest wall is more elastic than the 
adult’s chest wall (Balci et al.  2004 ). This elas-
ticity decreases when the age increases due to 
the progressive ossifi cation of the rib cage and 
the development of increased intercostal muscle 
tone (Grant et al.  1998 ). Spontaneous tracheal 
rupture in a pediatric patient can be secondary 
to paroxysmal coughing or pernicious vomit-
ing. Non- penetrating tracheobronchial injuries 
less commonly are secondary to fractures of the 
regional skeleton of the upper thorax, particu-
larly of the fi rst three ribs. 

 According to data published by Burack et al., 
even though only 1 of 188 patients who did not die 
rapidly on the scene or after the admission to the 
emergency department had sustained a tracheal 
injury, it is important for the radiologist to identify 
this kind of lesion, since missed diagnosis may 
have fatal consequences (Burack et al.  2007 ). 

 Acute injuries of the tracheobronchial tree 
may be iatrogenic in origin: tracheal intubation, 
tracheotomy, bronchoscopy or other per-oral 
intervention (tracheal or esophageal stent place-
ment), and surgery (Paraschiv  2014 ). The most 
common cause of iatrogenic tracheobronchial 
rupture is tracheal intubation, especially when it 
is performed in stressful, emergency conditions. 

The site of injury is, preferentially, the posterior 
membranous wall (Massard et al.  1996 ; Marty- 
Ane et al.  1995 ). 

 Post-intubation tracheobronchial rupture is an 
emergency condition, secondary to tube tips 
placed excessively, cuff over infl ation that pro-
duces excessive stretching of the membranous 
wall or by endotracheal tube-repositioning maneu-
vers without defl ating the cuff (Figs.  1  and  3 ).

   Bulging of tracheal wall until tracheal rupture 
can be a complication of hyperinfl ated cuff that 
can lead to ischemic necrosis and subsequent tra-
cheomalacia or strictures, particularly if its diam-
eter exceeds 1.5 times the tracheal diameter 
(Chen et al.  2001b ). 

 Factors favoring post-intubation tracheal rupture 
are the lack of experience of the anesthetist; use of 
double-lumen endotracheal tubes, or a too- thick 
endotracheal tube; presence of chronic pulmonary 
disease; and congenital tracheal anomalies. 

 The conditions most commonly associated 
with injuries of the trachea in intubation proce-
dure are female gender, age over 50 years old, 
double-lumen tube, and excessive pressure in the 
endotracheal cuff (Paraschiv  2014 ). 

 A rare complication of blunt chest trauma is 
the tracheoesophageal fi stula that may occur to 
focal necrosis of the esophageal wall and lead to 
perforation into the trachea (Stark  1995 ).  

3     Terminology and Clinical 
Issues 

 The natural history of blunt tracheobronchial inju-
ries may vary from one patient to another. Many 
patients immediately die at the trauma scene for 
acute respiratory insuffi ciency or within 2 h for 
associated injuries. A small proportion of patients 
may present in a delayed fashion, usually within 
4 weeks of injury, with hemoptysis, pneumonitis, 
or both, complicating an obstructed airway 
(Scaglione et al.  2006 ). Only rarely do patients 
present with a healed airway injury years later, 
typically with dyspnea or the diagnosis of asthma. 

 Tracheal or main stem bronchi injuries are 
often not recognized initially, due to its rare 
 incidence, lack or subtle clinical manifestations, 
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and the much more overt clinical signs of other 
more common associated injuries (Wiot  1983 ). 

 After an acute airway injury, the common 
symptoms are dyspnea and respiratory distress, 
hoarseness, or dysphonia. The most common 
signs of airway injuries are subcutaneous emphy-
sema, pneumomediastinum, pneumothorax, 
and hemoptysis. These symptoms and signs are 
nonspecifi c for this kind of injury. Cervical– 
thoracic subcutaneous emphysema is the most 
common fi nding (65–87 %) (Paraschiv  2014 ). 
Pneumothorax, due to the splitting of the medias-
tinal pleura, occurs in 17–70 %, and the most spe-
cifi c characteristic is the inability to re-expand 
the lung after chest tube positioning. 

 A rare clinical manifestation is Hamman’s 
sign, a crackling sound, synchronous with 

 heartbeats, may be heard over the precordium 
produced by the heart beating against air-fi lled 
tissues (Wong and Knight  2006 ).  

4     Imaging 

4.1     Radiological Signs 

 Radiological studies improve the diagnosis of 
tracheobronchial injuries, especially when the 
clinical fi ndings are subtle and in the fi rst hours 
after the injury. 

 Standard or supine chest and cervical X-rays 
may reveal early suggestive signs as deep cervi-
cal or mediastinal emphysema (92–100 %), pneu-
momediastinum (85 %), or pneumothorax (40 %). 

a

c

b

  Fig. 3    Penetrating tracheal injury after intubation. ( a ) At 
the level of the thoracic inlet, chest CT scan shows overdis-
tention of the endotracheal cuff ( arrowheads ). ( b ) 
Corresponding chest radiograph clearly depicts the same 

CT fi nding ( arrowheads ). ( c ) Surgical specimen shows 
endotracheal cuff herniation through the injured tracheal 
wall ( arrows )  (Reproduced with permission from Elsevier)       
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These are the most common fi ndings in radio-
graphs. When the pneumomediastinum or pneu-
mothorax is conspicuous, in supine position, the 
signs of “continuous diaphragm” or “deep costo-
phrenic sulcus” can be appreciated (Fig.  4 ) due to 
the redistribution of the air preferentially accu-
mulated over the diaphragmatic structure and 
anterior to the lungs, respectively (Scaglione 
et al.  2002 ).

   Other signs suggestive for tracheobron-
chial injuries include tracheal deformity and 
 overdistended endotracheal balloon cuff (Figs.  1  
and  3 ). On lateral radiographs of the cervical 
spine, a high position of the hyoid bone asso-
ciated to deep cervical emphysema can be an 
important indication of tracheal transection 
(Polansky et al.  1984 ). 

 Defect in tracheal contour, deviation of the 
endotracheal tube tip, and tube’s cuff overdisten-
tion or protrusion beyond the edge of the tracheal 
wall (Chen et al.  2001b ) are more specifi c signs 
of tracheobronchial rupture. 

 In some cases, the overdistention of balloon 
precedes the pneumomediastinum of several 
hours and may be the fi rst and “small” signs of 
tracheobronchial injury. A cuff diameter greater 
than 2.8 cm is an indirect sign of tracheal tear 
(normal diameter of trachea is 2.7–2.8 cm), 
excluding other causes: balloon is located in the 
esophagus, patient is chronically intubated, or 
preintubation of tracheal enlargement (Rollins 
and Tocino  1987 ). 

 A tracheobronchial lesion may be also seen as 
a “bayonet sign” when a sharp angulation of the 
normal tracheal column or of the bronchial lumen 
occurs (Scaglione et al.  2002 ). 

 The “fallen lung” sign may be appreciated 
when the air leak through the injured tracheo-
bronchial wall leads to lung collapse below the 
hilus, indicating complete rupture or transection 
of the main bronchi. This sign was fi rst described 
by Oh et al. in  1969  and Kumpke in 1970. 

 A bronchocele/pneumatocele may also be 
detected after blunt trauma as a consequence of 
compression–decompression trauma of the 
chest causing rupture of the small airways and is 
seen as round radiolucent areas on a chest X-ray 
(Scaglione et al.  2002 ; Barbick et al.  2005 ) 
(Table  1 ).

4.2        CT Signs 

 Chest X-ray may miss some signs of tracheo-
bronchial injuries as about 40 % of pneumotho-
rax or a small amount of extrapulmonary soft 
tissue air, whereas the CT scan represents the 

  Fig. 4    Blunt bronchial injury ( a ) CT scan shows right- 
sided subcutaneous emphysema, pneumothorax ( white 
asterisks ), and pneumomediastinum. The right lung, which 
is partially collapsed, is detached from the main bronchus 
( arrow ) and drops posteriorly ( black asterisk ) in the right 
hemithorax—the “fallen lung” sign. ( b ) Supine chest 
X-ray shows the “deep costophrenic sulcus” sign ( arrows ) 
and the “continuous diaphragm sign” ( arrowheads )  
(Reproduced with permission from Elsevier)       
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gold standard with a sensibility of more than 
85 % for diagnosis of injuries and rupture of 
the tracheobronchial wall. CT allows the direct 
visualization of the site of tracheobronchial 
injury, showing focal defects (Fig.  5 ) or the 
absence of the wall with “bayonet” or “fallen 
lung” signs contour deformity or abnormal 
communication with other mediastinal struc-
tures (Lupetin  1997 ; Baumgartner et al.  1997 ), 
overdistention or herniation of the endotra-
cheal cuff (Figs.  6  and  7 ) with the appearance 
of “mickey-mouse head” when it occurs 
through the anterolateral walls of the trachea, 
displacement of the endotracheal tube, and 
bronchocele (Figs.  8 ,  9 ,  10 , and  11 ) (Chen 
et al.  2001b , Scaglione et al.  2002 ).

         These fi ndings are not specifi c for tracheo-
bronchial injuries but are helpful to identify the 
site of the tracheobronchial tear that needs to be 
confi rmed at bronchoscopy or surgery. 

 Associated fi ndings, highly suggestive for tra-
cheobronchial injury, are pneumothorax or pneu-
momediastinum, soft tissue emphysema, and “air 
leak,” particularly if detected at the level of the 
carina is consistent with main bronchus injury 
(Scaglione et al.  2006 ; Savas and Alper  2008 ) 
(Table  2 ).

   Table 1    X-ray fi ndings   

  Specifi c  

 Defects in tracheobronchial contours 

 Deviation of the endotracheal tube tip 

 Tube’s cuff protruding beyond the edge of the tracheal 
wall 

 “Bayonet” sign 

 “Fallen lung” sign 

 Bronchocele/pneumatocele 

  Suggestive  

 Tracheal deformity 

 Overdistended endotracheal balloon cuff (>2.8 cm) 

 Subcutaneous cervical or mediastinal emphysema 

 High position of the hyoid bone associated to deep 
cervical emphysema 

 Pneumothorax with “deep costophrenic sulcus” and 
“continuous diaphragm” signs 

 Pneumomediastinum 

 Ingravescent pulmonary atelectasis 

  Fig. 5    Cervical tracheal injury secondary to blunt trauma. 
( a ) 16-Section MDCT axial source image of the neck (wide 
window) shows lateral cervical tracheal wall discontinuity 
( dashed line ). ( b ) More caudally, “air leak” is clearly evi-
dent ( arrows )  (Reproduced with permission from Elsevier)       

  Fig. 6    Blunt tracheal injury after motor vehicle crash. CT 
demonstrates posterior herniation of the endotracheal cuff 
( black arrow ). Furthermore, CT shows diffuse subcutane-
ous emphysema, right pulmonary contusion ( white arrow ), 
small pleural effusion ( black asterisks ), pneumomediasti-
num ( arrowheads ), and left pneumothorax ( white asterisk )  
(Reproduced with permission from Elsevier)       
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  Fig. 8    Blunt bronchial injury after motor vehicle accident. 
( a ) At the level of the thoracic carina, in the posterior medi-
astinum, axial CT scan shows “air leak” ( thick arrow ) in 
direct connection to the right main bronchus consistent of 
bronchial injury. This fi nding was confi rmed by bronchos-
copy. Associated fi ndings as subcutaneous emphysema, right 
rib fracture ( small arrow ), pleural effusion ( black asterisks ), 
small pulmonary contusion ( white arrowhead ), bilateral 
pneumothorax ( white asterisks ), and pneumomediastinum 
( black arrowheads ) are also visible. ( b ) A contiguous, more 
caudal CT scan also depicts direct “air leak” ( arrow ) and the 
associated fi ndings (except for the rib fracture) (Reproduced 
with permission from Elsevier)       

  Fig. 7    Tracheal injury after blunt trauma (motor vehicle 
crash). ( a ) 16-Section MDCT axial source image of the 
neck (lung window) shows overdistention of the endotra-
cheal tube cuff herniated through a tracheal wall defect 
( arrow ). Note also massive subcutaneous emphysema and 
left pneumothorax. ( b ) Coronal reformatted 16-row 
MDCT scan shows herniation of the endotracheal cuff 
( arrow ) and provides a comprehensive evaluation of the 
spread of the subcutaneous emphysema and the left pneu-
mothorax (Reproduced with permission from Elsevier)       
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5         Delayed Presentation 
Injuries 

 From 5 to 80 % of the tracheobronchial injuries 
can be missed during the fi rst 72 h after the 
trauma. With time, the bronchus will be fi lled 
with fi bro-granulation tissue and organizing 
hematoma resulting either an airway stenosis or a 
complete obstruction. Tracheal or bronchial ste-
nosis increases the susceptibility to recurrent 
lung infections leading to bronchiectasis and 
parenchymal destruction. In the complete airway 

obstruction, the lung is fi lled with mucus but pro-
tected by infections. Once a delayed tracheobron-
chial injury is diagnosed, they should be referred 
to surgery, with different modalities (Chen et al. 
 2001a ; Demir et al  2006 ).  

6     Management and Treatment 

 After a possible tracheobronchial injury, immedi-
ate intubation should be avoided, as attempt to 
blindly overpass an upper airway injury may 

  Fig. 9    Blunt bronchial injury after motor vehicle crush. ( a ) 
Supine chest radiograph shows enlargement of the right main 
bronchus ( arrows ). ( b ) Axial CT scan confi rms the enlarge-
ment of the right main bronchus ( arrow ). ( c ) Frontal MIP CT 

reformation image shows longitudinal extension of injury 
and also depicts a bronchial pseudodiverticulum ( arrow ). ( d ) 
SSD reformation image gives optimal representation of the 
injury surface  (Reproduced with permission from Elsevier)       
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worsen the laceration and/or create false passage 
of the tube (Baumgartner et al.  1997 ). Therefore, 
spontaneous breathing of the patient should be 
preferred until safe airway has been achieved. As 
bronchoscopy represents the procedure of choice 
to fi nd the site of the rupture and to make sure 
that the tube’s cuff is infl ated beyond the site of 
the injury, endobronchial intubation over a fl exi-
ble bronchoscope is the preferred method for 
diagnosis and management of a tracheobronchial 
injury (Riley et al.  2004 ; Karmy-Jones and Wood 
 2007 , Cassada et al.  2000 ). The rationale for sur-
gery is closing of the airway defect to improve 
ventilation, preventing mediastinal spillage and 
infection, and avoiding spontaneous healing 
complications. Small tears and lacerations should 
be closed with direct sutures, while complete or 
partial transections require debridement of the 
infected and devitalized tissues, trimming of the 
edges of the injured airway, and end-to-end 
anastomosis. 

 Many studies have described the possibility 
for nonoperative management in patients with 
post-intubation tracheal lacerations (Conti et al. 
 2006 ; Schneider et al.  2007 ; Jougon et al.  2000 ; 

Lamp  2004 ). The indications for such manage-
ment are small lacerations (<2 cm), a tube’s cuff 
infl ated distally to the site of the injury, adequate 
ventilation, reduction or solving of pneumo-
thorax once a chest tube is placed, not increas-
ing subcutaneous emphysema, and absence of 
infection. 

  Fig. 10    Bronchial injury after blunt trauma after motor 
vehicle accident. Coronal reformatted 16-row MDCT 
scan shows left main bronchus discontinuity ( arrows )  
(Reproduced with permission from Elsevier)       

  Fig. 11    Penetrating trauma after bronchoscopy. ( a ) CT 
scan shows right middle bronchus defect ( arrow ) in direct 
communication with an air-leveled area indicating hydro-
pneumothorax ( arrowhead ). In addition, bilateral pulmo-
nary atelectasis ( asterisks ) is also visible. ( b ) Frontal MPR 
reformation shows the right middle bronchial discontinuity 
and the longitudinal extension of the hydropneumothorax 
( white asterisk ). Pulmonary atelectasis ( blackasterisk ) 
(Reproduced with permission from Elsevier)       
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 Even if the prognosis of conservative manage-
ment is favorable, the patients should be under 
strict follow-up, and surgery is necessary if air-
way loss, inadequate ventilation, or signs of 
infection and sepsis arise.     
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     Esophageal Injuries                      
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    Abstract  

  Esophageal injuries are uncommon but should 
be considered in accident victims with pene-
trating wounds; lower cervical or upper tho-
racic trauma, following instrumentation; 
foreign body ingestion; or heavy emesis. 

 Esophageal injuries may coexist with 
important associated airway or vascular inju-
ries that should be actively excluded. 

 Traditionally, water-soluble contrast 
medium esophagography has been considered 
a crucial procedure for diagnosing esophageal 
rupture. Recently, multidetector-row com-
puted tomography (MDCT) is often used as 
the fi rst imaging modality to identify esopha-
geal trauma and to map contained esophageal 
injuries that will be treated conservatively.  

1       Introduction 

 Esophageal injuries include penetrating injuries, 
blunt traumatic perforation, iatrogenic perfora-
tion, foreign body impaction or perforation, as 
well as spontaneous perforation. 

 Patients usually present with vomiting, chest 
pain, and subcutaneous emphysema, but these 
signs occur late in the disease, and when present, 
they are not easily recognized due to the low 
prevalence of the condition (Backer et al.  1990 ). 
Prompt evaluation is vital as mortality rates 
exceed 90 % in cases of unrecognized perforation 
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(Goudy et al.  2002 ). Iatrogenic causes of perfora-
tion are most common accounting for 33–75.5 % 
of cases (Duncan and Wong  2003 ). 

 Early and accurate diagnosis of esophageal 
trauma is critical, because the consequences of 
missed esophageal injury are devastating with 
potential progression to fulminant mediastinitis 
and septic shock. Delay in treatment beyond 24 h 
after onset may adversely affect prognosis (De 
Lutio di Castelguidone et al.  2006 ). 

 Evaluation of injuries of the esophagus may 
include chest and/or lateral neck radiograph, 
water-soluble contrast esophograms, fl exible 
pharyngoscopy/laryngoscopy (Goudy et al. 
 2002 ), and MDCT. Particularly, emergent fl exi-
ble endoscopy has been used for the assessment 
of traumatic injury of the esophagus in patients 
with penetrating injury to the thorax or neck 
(Srinivasan et al.  2000 ). 

 Computed tomography (CT) is considered the 
most accurate method for detecting paraesophageal 
manifestations of traumatic injury of the esophagus 
including mediastinal collections, abscesses, and 
effusions (Rubesin and Levine  2003 ).  

2     Mechanism of Injury 

 Esophageal tears resulting from blunt chest 
trauma are extremely rare since the esophagus is 
well protected in the mediastinum, occurring in 
less than 1 % of blunt trauma cases (Lee et al. 
 1996 ). Blunt esophageal injuries may result from 
a blow to the neck or a burst-type force (Strauss 
et al.  2007 ). Injuries to the thoracic esophagus are 
associated with a far higher mortality than injuries 
of the cervical esophagus (Makhani et al.  2014 ). 

 Esophageal lesions resulting from blunt trauma 
include mucosal dissection, intramural hema-
toma, full-thickness laceration with perforation, 
and complete rupture or transaction (Ghahremani 
 1994 ). If perforation occurs, mortality can exceed 
50 % due to mediastinal and pleural infection 
leading to sepsis and multiorgan failure (Griffi ths 
et al.  2009 ). This is especially due to the charac-
teristics of the esophageal wall. The thin wall, 
lack of supporting adventitia, and relatively poor 
blood supply make the esophagus exceedingly 

susceptible to perforation (Young et al.  2008 ). 
Furthermore, the loose areolar connective tissue 
and lack of serosa make it unable to prevent the 
spread of infection and infl ammation (Onat et al. 
 2010 ). This unique anatomical confi guration also 
allows bacteria and digestive enzymes easy access 
to the mediastinum, leading to mediastinitis, 
empyema, sepsis, and multiorgan failure. Cultures 
from the mediastinum in the case of transmural 
perforations are polymicrobial containing strepto-
coccus, staphylococcus, bacteroides, and pseudo-
monal species (Burnett et al.  1990 ). 

 Esophageal injury should be suspected in 
cases of penetrating transmediastinal injury in 
which the wound trajectory or a projectile frag-
ment is found to be close to the esophagus. 
Firearms are responsible for the majority (~80 %) 
of esophageal injuries, with knife wounds 
accounting for most of the remaining injuries. 
The cervical esophagus is most commonly 
involved (56 % of cases), followed by the tho-
racic (30 %) and abdominal (17 %) esophagus. 
Combined injuries to multiple segments of the 
esophagus are rare in transmediastinal injury 
(3 % of cases) (Gunn et al.  2014 ). 

 Intramural hematoma of the esophagus can 
develop spontaneously or can result from hypo-
coagulable states or as a complication of direct 
injury during endoscopic procedures or as conse-
quence of direct trauma or ingested matter (De 
Lutio di Castelguidone et al.  2005 ). Dissecting 
intramural hematomas are considered part of the 
range of emetogenic esophageal injury between 
the superfi cial Mallory–Weiss tears and the com-
plete esophageal perforation in the Boerhaave 
syndrome (Grassi et al.  1995 ). 

 A blow to the neck typically results in cervical 
esophageal injuries, whereas a burst-type force 
may cause distal esophageal injuries. The latter 
mechanism is similar to that which causes a pos-
temetic esophageal rupture. Distal esophageal 
tears usually occur along the left side of the 
esophageal wall, where less protection is afforded 
by the pleural lining and the heart (Kaewlai et al. 
 2008 ). Intraluminal pressure increase is a fre-
quent cause of esophageal perforation. This 
increase may occur for iatrogenic causes, such as 
during stricture dilation as in achalasia or, 
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 spontaneously, as in Boerhaave syndrome. In 
these cases, the distal left posterior wall is the 
most common site of rupture, which results in a 
pneumomediastinum and left pleural effusion 
(Gagliardi et al.  2015 ).  

3     Imaging 

3.1     Radiological Signs 

 Radiographic detection of esophageal injuries relies 
on the presence of indirect radiological signs includ-
ing subcutaneous or muscular, thoracic or cervical 
emphysema, a widened mediastinum, pneumome-
diastinum, pneumopericardium, left-sided pneumo-
thorax, pleural effusion, an abnormal course of a 
nasogastric tube when it is inserted, and a left lower 
lobe atelectasis (Ghahremani  1994 ). Water- soluble 
contrast medium esophagography is very useful for 
detecting the presence of leakage of orally adminis-
tered contrast material (Fig.  1 ).

   In patients with penetrating transmediastinal 
injury, the most common chest radiographic fi nd-
ings of esophageal perforation are left pleural 
effusion and cervical or mediastinal soft tissue 
emphysema. Because the radiographic signs of 
esophageal injury lack sensitivity and specifi city, 
evaluation with CT, esophagography, or esopha-
goscopy is necessary (Gunn et al.  2014 ). 

 In patients with perforation caused by endos-
copy or intubation, chest and lateral neck radio-
graphs may show the presence of linear air 
collections in the mediastinum, fascial planes of the 
neck and supraclavicular regions, as well as soft tis-
sue swelling in the retropharyngeal region due to 
hematoma, edema, or abscess (Ghahremani  1994 ). 

 The esophagus is a common site for impaction 
of foreign bodies that are accidentally or purpose-
fully swallowed. Patients who have esophageal 
foreign bodies can be classifi ed into four groups: 
pediatric patients, psychiatric patients and prison-
ers, patients who have underlying esophageal dis-
ease, and edentulous adults (Pinto et al.  2012 ). 

 Foreign bodies can sometimes be demon-
strated with plain radiographs of the neck or con-
ventional barium esophagogram, but these 
procedures may fail to show the foreign bodies if 
they are thin, small, or only faintly radiopaques. 
Fish bones and chicken bones are the most com-
monly ingested sharp foreign bodies causing 
problems in their detection with plain radio-
graphs being obscured by overlying tissues (Pinto 
et al.  2004 ). 

 According to some authors (Flynn et al.  1989 ), 
the gold standard for diagnosing an esophageal 
rupture is iodine, water-soluble contrast medium 
esophagography, which has a specifi city close to 
100 % but only a moderate sensitivity of approxi-
mately 75 %. In addition to diagnosis, this method 
helps to determine the location of the perforation 
but has some disadvantages, such as being operator- 
dependent and unusable in critically ill patients.  

3.2     CT Signs 

 In patients with clinically suspected esophageal 
injuries, CT displays the same indirect signs as 
conventional radiology and more specifi c signs, 

  Fig. 1    Thoracic esophageal injury. Water-soluble con-
trast medium esophagography: leakage of orally adminis-
tered contrast material ( arrow )       
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such as a localized esophageal wall thickening, 
mucosal hyperemia, mucosal dissection, an 
esophageal hematoma, as well as periesophageal 
air, edema, and fl uid (De Lutio di Castelguidone 
et al.  2005 ) (Figs.  2 ,  3 ,  4 , and  5 ). In patients with 
suspected perforation caused by foreign body 
ingestion (Fig.  6 ), CT can demonstrate such for-
eign bodies and exhibit superior images com-
pared to plain radiographs, can visualize 
secondarily induced infl ammatory changes in the 
adjacent structures, and can suggest the site of 
esophageal perforation.

       In cases of traumatic esophageal perfora-
tion, MDCT is very useful for detecting the 
presence of pneumomediastinum, mediastini-
tis,  hydropneumothorax, or leakage of orally 

administered contrast material (Fig.  5 ) into the 
mediastinum or pleural space. Moreover, in 
cases of injury caused by fi rearms, at MDCT, 
air bubbles, bullet fragments, or bone frag-
ments located adjacent to the esophagus in the 
mediastinum suggest esophageal perforation. 
Thickening or discontinuity of the esophageal 
wall and extravasation of oral contrast material 
into the mediastinum are direct MDCT signs of 
esophageal perforation that have a higher speci-
fi city (Dosios et al.  2000 ). 

 Due to particular anatomic direction of the 
esophagus, multiplanar reformatted images allow 
a better identifi cation of the extent of perforation 
and their complications and also the possible 
involvement of adjacent structures.   

4     Management and Treatment 

 Review of the literature revealed that esophageal 
perforations are frequently diagnosed late and 
that the associated mortality is high (Brinster 
et al.  2004 ). Early diagnosis reduces mortality. 
However, suspicion is fi rst necessary for early 
diagnosis. When esophageal rupture is suspected, 
diagnosis is often determined with contrast 
esophagography, chest radiograph, MDCT, or 
upper gastrointestinal system endoscopy. 

  Fig. 4    MDCT demonstrates the presence of periesopha-
geal fl uid and small bubble gas       

  Fig. 3    MDCT examination showing esophageal wall 
thickening associated with periesophageal edema and 
fl uid ( black arrow )       

  Fig. 2    MDCT demonstrates extensive cervical esopha-
geal wall injury ( rectangle ) with soft tissues emphysema 
localized at the level the left submandibular space ( arrow ) 
and of the right cervical lateral wall ( arrows )       
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 Imaging algorithms and the decision for surgi-
cal exploration depend on the stability of the 
patient, on the region of the cervicothoracic 
injury, and on the presence of minor or  signifi cant 

signs of vascular, airway, or digestive trauma 
(LeBlang and Nunez  1999 ). 

 The treatment for esophageal perforation has 
been traditionally immediate surgery. 

 However, much attention has focused on con-
servative therapeutic options, especially with the 
development of effective antibiotics, improved par-
enteral alimentation, nonoperative methods of irri-
gation and drainage, and a stronger emphasis on 
early diagnosis. Overall early diagnosis and appro-
priate treatment with either conservative or aggres-
sive surgical therapy may account for the improved 
outcomes in a potentially fatal condition. 

 Under this context, MDCT may play a signifi -
cant role in therapeutic decisions by mapping the 
air and fl uid leaks resulting from esophageal per-
foration and by demonstrating non-contained air 
or fl uid leaks and foreign bodies (Reeder et al. 
 1995 , Asensio et al.  1997 ).     

a

c d

b

  Fig. 5    Perforation of the thoracic esophagus. MDCT 
shows the presence of pneumomediastinum ( a ,  large 
arrow ), left pleural effusion, periesophageal air ( a – d , 

 small arrow ), and leakage of orally administered contrast 
material ( c ,  d ,  black arrow )       

  Fig. 6    MDCT shows a foreign body (chicken bone, 
 arrow ) impacted at the level of cervical esophagus with-
out signs of esophageal perforation       
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    Abstract  

  Blunt or penetrating trauma to the chest can 
cause injury to the aorta and its major branch-
ing arteries. These injuries are still the second 
most lethal condition in blunt trauma patients, 
after head injuries, and need urgent detection 
and treatment. In this chapter, we will specifi -
cally discuss aortic and proximal branch vessel 
injuries resulting from blunt trauma mecha-
nisms. These are almost invariably resulting 
from high-impact trauma, usually with rapid 
deceleration forces. Patients sustaining blunt 
traumatic aortic injury (BTAI) usually have 
many concomitant injuries, that will distract 
from scrutinizing the aorta. This chapter will 
help radiologist understand BTAI and be a 
valuable partner in the resuscitation team, both 
in diagnosis and treatment of BTAI.   

1      Introduction 

 Blunt or penetrating trauma to the chest can cause 
injury to the aorta and its major branching arteries. 
These potentially life-threatening conditions need 
urgent detection and treatment. In this chapter, we 
will specifi cally discuss aortic and major vessel 
injuries resulting from blunt trauma mechanisms. 
Thousands of peer-reviewed scientifi c publica-
tions are available, indicating the interest and 
debate on a very dynamic topic. Many terms are 
used in literature to indicate traumatic injury to the 
aorta, including but not limited to: blunt aortic 
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injury (BAI), traumatic thoracic aortic injury 
(TTAI), acute traumatic aortic injury (ATAI), acute 
thoracic aortic trauma (ATAT), traumatic aortic 
rupture (TAR) and blunt traumatic aortic rupture 
(BTAR). We elect to use  blunt traumatic aortic 
injury  (BTAI), since it indicates blunt trauma as 
the mechanism and encompasses all injuries 
within the spectrum. We will give an overview of 
important issues and our experience with BTAI. 

 Blunt traumatic injury to the aorta and/or 
major branching vessels almost invariably results 
from high-impact trauma, usually with rapid 
deceleration forces, further detailed in the next 
section on mechanisms of injury. A well- 
documented study by Parmley et al. in 1958 dem-
onstrated that around 85 % of victims sustaining 
BTAI die on the scene or shortly thereafter 
(Parmley et al.  1958 ). Improvements in vehicle 
safety profi les, prehospital care and rapid diagno-
sis may have improved survival rates. However, 
this cannot defi nitively be concluded from the 
literature over the past six decades. In a study on 
881 blunt traumatic fatalities performed in Los 
Angeles, USA, in 2005, in 304 victims undergo-
ing full autopsy, BTAI was present in 104 (34 %) 
(Teixeira et al.  2011 ). Unfortunately, this study 
does not state the total number of polytrauma 
patients to give the incidence of BTAI in a popu-
lation including victims deceased on scene. 

 A fairly recent large study performed on data 
collected in the National Trauma Databank in the 
USA from 2000 to 2005 does have relevant fi g-
ures on trauma victims transported to hospitals 
(thus excluding death on scene) (Arthurs et al. 
 2009 ). In this study, 3.114 out of 1.1 million 
trauma patients had BTAI, resulting in an inci-
dence of BTAI in patients alive on scene of 0.3 %. 
In keeping with literature, the mean age was 41 
(±20) and 72 % were males, and the mean injury 
severity score was 40 (±17). Of this cohort, 113 
(4 %) died during transportation to and 599 (19 %) 
died during triage in the hospital. Of the 2.402 
patients surviving transportation and triage, 31 % 
had major concomitant head injury and 29 % had 
major abdominal injury (Arthurs et al.  2009 ). 

 A meta-analysis with a total of 7258 patients 
from 90 articles found the following rates of con-
comitant injuries: orthopaedic fractures in 70 %, 
thoracic injury in ~50 %, abdominal injury in 

40 % and head injury in 37 % (Antonopoulos et al. 
 2014 ). In the study by Arthurs et al., two- thirds of 
patients could not undergo attempts to repair the 
injury, mostly due to other injuries, and BTAI was 
found to be an independent prognosticator for 
poor outcome (Arthurs et al.  2009 ). The fi gures in 
this large study are in keeping with literature in 
the fact that BTAI despite its relative rarity is still 
second only to head injury as a cause of death in 
polytrauma patients. Even compared to matched 
cohorts with comparable concomitant injuries, 
BTAI increases risk of mortality fourfold, overall 
mortality being 55 % (Arthurs et al.  2009 ). 

 In patients reaching the hospital with BTAI that 
can actually receive treatment for their aortic 
injury, survival rates thereafter are high, in some-
what dated reports form 2008 being estimated in 
the range of 70–90 % (Steenburg et al.  2008 ; 
Demetriades et al.  2008 ). Further improvement 
may have occurred since, although, given the con-
comitant injuries, it is unlikely that survival will 
ever be close to 100 %. Recent decades have seen 
important changes in treatment of BTAI, which we 
will address in a later section. Part of these changes 
have to do with much more sensitive imaging 
modalities and more aggressive imaging strategies 
after trauma, depicting aortic injuries that in more 
remote decades would not have been picked up. 

 Despite the fact that patients may survive, 
associated morbidity will infl uence most patients’ 
lives after the traumatic incident. Fully indepen-
dent feeding will be achieved by 72 %, locomo-
tion by 33 % and expression by 80 %, lower 
numbers than in cohorts matched for other inju-
ries (Arthurs et al.  2009 ). This is another indica-
tion of the severity of trauma and its impact on 
life after such an injury.  

2     Mechanism of Injury 

 Since Parmley et al. fi rst published a large cohort 
of patients in 1958, studies have consistently 
shown BTAI to be the result of high-impact 
trauma. Motor vehicle accidents (MVAs), motor-
cycle and airplane crashes, pedestrians struck by 
vehicles and falls from height make up the vast 
majority of cases (Parmley et al.  1958 ; Teixeira 
et al.  2011 ; Antonopoulos et al.  2014 ; Challoumas 
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and Dimitrakakis  2015 ; Lin et al.  2016 ; Fabian 
et al.  1997 ; Burkhart et al.  2001 ). 

 Injury to the aortic wall is likely a result of any 
or a combination of the following potential mecha-
nisms, as described by Parmley et al. and others 
(Parmley et al.  1958 ; Burkhart et al.  2001 ; 
Mosquera et al.  2013 ; Crass et al.  1990 ; Cohen 
et al.  1992 ; Lundevall  1964 ; Baqué et al.  2006 ) 
(Fig.  1 ). Direct compression or the so-called osse-
ous pinch may result from the aorta being pinched 
between the vertebrae and the anterior thoracic 
skeleton (sternum, clavicles and ribs) (Crass et al. 
 1990 ,  1992 ). Direct penetration from fractured 
ribs, sternum or vertebrae may also occur. Other 

mechanisms have their effect in a more indirect 
manner. Stretching of the aorta from displacement 
of vertebrae may cause aortic wall injury more 
remote to the osseous injury site, the so-called 
‘stretch’ injury. Extreme pressure in the aortic 
lumen by compression on the abdomen or lower 
chest may also cause injury, a mechanism known 
as the ‘water-hammer’ effect. The water-hammer 
effect, proposed by Lundevall, results when the 
fl ow of a noncompressible fl uid is occluded dra-
matically, which leads to high- pressure waves 
being refl ected back along the vessel wall 
(Lundevall  1964 ). At the aortic root, the ligamen-
tum arteriosum attachment and the diaphragmatic 

  Fig. 1    Theories of blunt traumatic aortic injuries (From 
‘Blunt Aortic Injury’ Neschis DG et al. (2008) NEJM 
359:1708–1716. Copyright © (2008) Massachusetts 

Medical Society. Reprinted with permission of the 
Massachusetts Medical Society)       
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crus, the aorta is connected to other tissues, 
increasing regional strain by different deceleration 
characteristics of the joined tissues. The fi nal 
mechanism potentially contributing to injury is 
torsion, which indicates rotational forces of the 
aorta along its  longitudinal axis. A theory about 
elevated aortic pressure due to compression of the 
left ventricle that was proposed in the fi rst decades 
of the twentieth century has since been dismissed 
by other scientists (Baqué et al.  2006 ).

   Depending on the forces in play, the aorta injury 
site can be the root, ascending aorta, arch, isthmus, 
descending aorta or even abdominal aorta (less 

common). Multiple studies in deceased and surviv-
ing patients show the aortic isthmus is the most 
common location of injury. However, since studies 
are not inclusive of all blunt trauma- related fatali-
ties, there may be a shift in numbers with more 
injuries potentially occurring at the aortic root. A 
considerable number of patients has aortic injury at 
multiple sites, in the autopsy series by Teixeira 
et al. amounting up to 18 % (Teixeira et al.  2011 ) 
(Fig.  2 ). In that study, 2 % of injuries were located 
at the aortic root, 3 % at the ascending aorta and 
11 % at the arch. Mention is warranted for the other 
upper thoracic major vessels, especially the aortic 

  Fig. 2    Example of multilevel blunt traumatic aortic 
injury on sagittal CTA ( a ) with corresponding axial CTA 
slides ( b ,  c ). The proximal intimal injury ( solid white 
arrow ) was most likely caused by a stretch mechanism; 

the distal intimal fl ap ( open white arrow ) may have been 
caused by stretch and/or direct impact from the nearby 
vertebral fracture ( arrow head )       
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arch branches, which can be injured in isolation. In 
a small sample study by Chen et al., 38 % of inju-
ries involved the proximal aortic arch branching 
vessels (Chen et al.  2001 ). Even though the per-
centage likely is lower, injury to these vessels is 
important to diagnose and treat if necessary.

3        Terminology and Clinical 
Issues 

 The diagnostic and treatment process in polytrauma 
patients usually takes place in multidisciplinary 
teams with members of varying level of experience. 
In combination with stress because of time con-
cerns and multitude of injuries, clear communica-
tion is paramount. Therefore, the most important 
point to make about terminology is that all members 
of the resuscitation team, including radiology staff, 
should align the vocabulary used throughout the 
institution. This also includes which of the many 
classifi cation schemes is used to grade the injury. 

 As described in the introduction, many differ-
ent terms are used in literature to indicate trau-
matic injury to the aorta after blunt trauma. 
Further confusion may arise with other terminol-
ogies in this setting. Specifi c terms to be aware of 
with regard to diagnosis and treatment are medi-
astinal haematoma, peri-aortic haematoma, mini-
mal aortic injury, pseudo-aneurysm and 
secondary signs of injury (SSI). We will describe 
these terms here to minimize confusion. 

  Mediastinal haematoma  is used to describe 
haematoma within the mediastinum with a fat 
plane preserved around the aortic adventitia. 
These haematomas are not considered to be asso-
ciated to aortic injury, but originate from other 
sources of bleeding, like mediastinal veins or 
fractures of vertebrae or sternum (Forman et al. 
 2013 ; Raptis et al.  2015 ) (Fig.  3 ).

    Peri-aortic haematoma  is used to describe 
haematoma directly bordering the aortic adventi-
tia (i.e. loss of peri-aortic fat plane) and either 
confi ned to the direct peri-aortic region or 

  Fig. 3    Example of mediastinal haematoma ( a ) due to 
thoracic vertebral body fracture dislocation ( b ). Note the 
fat plane between the aorta and mediastinal haematoma 

( arrow ). The fat plane allows to differentiate more distant 
mediastinal haematoma from peri-aortic haematoma       
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extending beyond into the mediastinum (Fig.  4 ). 
Although previously reported to occur as a false- 
positive indirect sign of aortic injury (Steenburg 
and Ravenel  2008 ), advances in modern CT tech-
niques pick up previously undetected small inju-
ries. If peri-aortic haematoma is present, the aorta 
should be scrutinized for presence of injury. If 
peri-aortic haematoma is absent, this nearly 
excludes higher-grade aortic injury. However, 
lesser grade injury is still possible if peri-aortic 
haematoma is absent, around 21–22 % of such 
cases occurring without surrounding haematoma 
(Forman et al.  2013 ; Aladham et al.  2010 ).

    Minimal aortic injury  (MAI, also known as 
 minor aortic injury ) is a term used to describe a 
lesser grade of aortic injury that may resolve with 
conservative measures, including monitoring, 
blood pressure control and repeat CT. However, 
multiple groups that publish on the topic defi ne the 
term differently. The defi nition ranges from inju-
ries in which outer aortic wall contour is preserved 
to those including pseudo-aneurysms of up to 
50 % of the normal aorta diameter (Forman et al. 
 2013 ; Caffarelli et al.  2010 ; Rabin et al.  2014a ). 

  Pseudo-aneurysm  relates to an aortic injury in 
which there is (near) complete loss of aortic wall 
integrity resulting in a regular or an irregular 
deformity of the outer wall of the aorta (Fig.  5 ). 
Especially if there is surrounding haematoma 

with mass effect on the mediastinum, there is a 
high chance of rupture (Rabin et al.  2014a ,  b ).

    Secondary signs of injury  (SSI) were recently 
defi ned in a study that sought parameters for suc-
cessful nonoperative management of BTAI as 
pseudo-coarctation, extensive mediastinal haema-
toma (with mass effect) and large left haemotho-
rax (Rabin et al.  2014a ,  b ) (Fig.  6 ). They concluded 
that grade 3 aortic injuries (pseudo- aneurysms 
involving more than 50 % the circumference of the 
aorta in their study) with SSI needed urgent repair, 
whereas those without SSI could undergo delayed 
repair (Rabin et al.  2014a ). The use of SSI there-
fore seems to aid management decisions.

3.1       Classifi cation of BTAI 

 To grade blunt traumatic aortic injury, several 
classifi cation systems have been published, the 
fi rst of which was by Parmley et al. in 1958 on 
the basis of a large autopsy study (Parmley et al. 
 1958 ). Gavant et al. published the fi rst classifi ca-
tion system based on CT images in 1999, very 
comprehensive but somewhat diffi cult to use 
(Gavant and Helical  1999 ). In 17 years since, six 
more groups published classifi cation systems 
with different degree of variation, namely, 
Simeone et al. ( 2006 ), Azizzadeh et al. ( 2009 ), 

  Fig. 4    Axial ( a ) and sagittal-oblique ( b ) CTA demonstrating peri-aortic haematoma ( solid white arrow ) directly abut-
ting the aortic adventitia (loss of peri-aortic fat plane), caused by a long, bilobar pseudo-aneurysm ( solid black arrows )       
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Caffarelli et al. ( 2010 ), Lamarche et al. ( 2012 ), 
Starnes et al. ( 2012 ) and Rabin et al. ( 2014a ). The 
multitude of different classifi cation systems 
likely refl ects local experiences with treatment 
choices, as well as the rapid improvement of CT 
technology and endovascular stent grafts used for 
treatment. In 2011, the Society for Vascular 
Surgery published clinical practice guidelines for 
endovascular repair of BTAI (Lee et al.  2011 ), 
using the classifi cation system by Azizzadeh 
et al. ( 2009 ). However, this was before other clas-
sifi cation systems were published. The Vancouver 
Simplifi ed classifi cation system in the study by 
Lamarche et al. found better interobserver agree-
ment than the Simeone and Gavant classifi ca-
tions, the reason for which we like to use it 
(Lamarche et al.  2012 ). As mentioned before, the 

  Fig. 5    Axial ( a ,  b ), sagittal ( c ) and coronal ( d ) CTA of a 
57-year-old man involved in an MVA. Images depict a 
proximal thoracic aortic pseudo-aneurysm ( arrows ). 

Moderate peri-aortic haematoma and extensive subcuta-
neous emphysema are also present (not marked)       

  Fig. 6    Example of BTAI with peri-aortic haematoma 
bordering the ascending ( solid white arrow ) and descend-
ing thoracic aorta with large left-sided haemothorax, 
caused by BTAI at the aortic isthmus. Note the different 
densities indicating cloth formation ( solid black arrow )       
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most important issue for all team members 
involved in caring for BTAI patients remains to 
make sure to use the same terminology and 
classifi cation. 

 The Vancouver classifi cation, like most other 
classifi cations, has four grades (Fig.  7 ). Grade 1 
and grade 2 essentially have preserved outer aortic 
contours and consist of luminal thrombus, intimal 
fl ap and/or intramural haematoma, these lesions in 
grade 1 being smaller than 1 cm and in grade 2 
larger than 1 cm. Grade 3 and grade 4 lesions dem-
onstrate abnormality of the outer wall of the aorta, 
with grade 3 lesions being pseudo- aneurysms of 
any size and grade 4 lesions showing frank con-
trast extravasation. Given the fact that some publi-
cations show good results of conservative 
management as treatment for smaller pseudo-

aneurysms, caregivers may elect to use other clas-
sifi cation systems.

3.2        Clinical Issues 

 Clinical symptoms and signs are non-specifi c for 
BTAI, nor sensitive. Patients may have chest pain, 
back pain or diffi culty breathing, and signs 
include external chest wall injuries, systemic 
hypotension, concomitant upper limb hyperten-
sion with lower limb hypotension or a substantial 
difference in blood pressures between the right 
and left brachial arteries (present in up to 50 % of 
patients with BTAI). Some patients may present 
initially with no clinical signs but rapidly develop 
hemodynamic instability (Steenburg et al.  2008 ; 

  Fig. 7    Vancouver classifi cation of blunt traumatic aortic 
injury. Grade 1 injuries (luminal thrombus, intimal fl ap or 
intramural haematoma) are less than 1 cm; if larger than 
1 cm, injuries are grade 2; aortic pseudo-aneurysms are 

grade 3; and grade 4 are injuries with active contrast 
extravasation indicating ongoing haemorrhage (From 
Lamarche et al. ( 2012 ), Reply to the Editor, copyright 
2012. Reprinted with permission from Elsevier)       
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Raptis et al.  2015 ). Factors negatively infl uencing 
prognosis are a systolic blood pressure <90 mmHg 
and hypothermia with  T  < 35 °C and injury sever-
ity score (ISS) >25 (Arthurs et al.  2009 ). 

 As stated before, blunt traumatic aortic injury 
invariably is the result of high-energy trauma to 
the chest and most often is not confi ned to this ana-
tomic area. In most cases, signifi cant concomitant 
injuries are present. Depending on the severity of 
the aortic injury, the hemodynamic stability of the 
patient and the severity of the other injuries, treat-
ment priorities have to be decided. If possible, 
repair of BTAI should be delayed for favourable 
outcome, especially in concomitant head injuries 
(Fox et al.  2015 ; Rabin et al.  2014b ). This will also 
increase the time to carefully evaluate the extent of 
other injuries. If aortic injury and traumatic brain 
injury coexist, research has shown that the most 
unstable injury should be prioritized to immediate 
care. It also suggests that intracranial haemorrhage 
is not a contraindication to endovascular aortic 
stenting or an absolute contraindication to sys-
temic anticoagulation during this procedure (Fox 
et al.  2015 ; Kitagawa et al.  2013 ). 

 To predict which patients need urgent repair 
instead of delayed repair, Harris et al. proposed a 
new aortic injury score to predict early rupture 
(Harris et al.  2015 ). From their study, they con-
clude that a patient is at high risk of early rupture 
if any two of the following three factors are pres-
ent: lactate >4 mM, posterior peri-aortic haema-
toma >10 mm or lesion/normal aortic ratio >1.4 
(meaning an aortic diameter more than 40 % 
increased compared to the nearest normal aortic 
diameter). Whether these criteria are better predic-
tors of the need of urgent repair of grade 3 injuries 
than the secondary signs of injury (SSI) defi ned by 
Rabin et al. ( 2014a ,  b ) (see before) remains to be 
seen. Likely, the criteria of both study groups over-
lap, but these fi ndings will help select patients that 
need urgent instead of delayed treatment.   

4     Imaging 

 Post-intravenous contrast CT angiography (CTA) 
is the standard diagnostic test for detection of tho-
racic aortic and branch vessel injury (Fox et al. 
 2015 ). The sensitivity is 96 %, specifi city is 100 % 

and negative predictive value 99.9 %. These per-
centages are by far superior when compared to 
plain chest radiography, transoesophageal echog-
raphy (TEE) or conventional arch aortography 
(Steenburg and Ravenel  2008 ). Furthermore, CTA 
is very accurate in detection of most other chest 
injuries, which exist with or without the presence 
of BTAI. However, other imaging modalities can 
be useful, so we will discuss strengths, weak-
nesses and fi ndings of those as well. 

4.1     Radiography 

 Although CT is increasingly being used as the pri-
mary imaging modality in trauma resuscitation, 
chest radiography (CXR) in many centres is still 
used as the fi rst adjunct to the primary survey. 
Signs seen on plain fi lms are either sensitive or 
specifi c, but never both; therefore, utility of CXR 
in the setting of suspected BTAI is low (Nagy et al. 
 2000 ; Cook et al.  2001 ; Gutierrez et al.  2016 ). 
Especially in the case of MAI, modern CTA can 
demonstrate BTAI without changes to the outer 
wall of the aorta and even without bordering hae-
matoma, further underscoring the potential to miss 
these injuries on CXR. However, signs can still be 
present on a conventional chest X-ray and, if so, 
prompt for further evaluation with CTA (Fig.  8 ).

   Signs in decreasing order of sensitivity accord-
ing to Cook et al. are as follows: mediastinal 
width >8 cm (sens 90 %, spec 30 %), mediastinum- 
to- chest width ratio >0.25 (sens 90 %, spec 6 %), 
opacifi ed AP window (sens 90 %, spec 51 %), 
irregular aortic knob (sens 80 %, spec 68 %), 
blurred aortic contour (sens 70 %, spec 53 %), 
nasogastric tube deviation (sens 50 %, spec 91 %) 
and trachea shifted to patient’s right (sens 40 %, 
spec 86 %) (Cook et al.  2001 ). 

 Signs in decreasing order of specifi city are as 
follows: thoracic spine fracture (spec 93 %, sens 
11 %), fi rst rib fracture (spec 91 %, sens 10 %), NG 
tube deviation (spec 91 %, sens 50 %), depressed 
left main bronchus (spec 90 %, sens 10 %), wide 
left paraspinal line (spec 90 %, sens 29 %), clavicle 
fracture (spec 87 %, sens 0 %), trachea shift to 
patient’s right (spec 86 %, sens 40 %), left apical 
cap (spec 80 %, sens 20 %) and pulmonary contu-
sion (spec 72 %, sens 30 %) (Cook et al.  2001 ). 
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 Rather than spending a lot of time analysing 
all separate fi ndings and measurements, a general 
assessment of the mediastinum and decision to 
‘normal’ or ‘abnormal’ results in better sensitiv-
ity and interobserver agreement (Ho et al.  2002 ). 
If the only abnormality seen on an initial screen-
ing supine anteroposterior CXR is mediastinal 
width more than 8 cm, it can be worthwhile 
repeating the CXR standing and posteroanterior, 
in which case, 38 % of exams will be normal 
(Schwab et al.  1984 ). However, we fully agree 
with Raptis et al. and others that patients with an 
abnormal CXR, patients with high index of sus-
picion for BTAI or patients with chest pain out of 
proportion to their known injuries after appropri-
ate trauma need to proceed to CTA of the chest 
(Raptis et al.  2015 ; Fox et al.  2015 ).  

4.2     Angiography/Aortography 

 The publication of the Eastern Association for 
the Surgery of Trauma (EAST) practice manage-
ment guideline for the diagnosis and manage-

ment of blunt aortic injury in 2000 still defi ned 
angiography as the ‘gold standard’ for the diag-
nosis of BTAI. However, the workgroup already 
acknowledged that ‘CT scanning is taking more 
of a role, especially for screening’ (Nagy et al. 
 2000 ). Since their publication, rapid develop-
ments of CT techniques have rendered CTA more 
sensitive than conventional angiography, mostly 
due to the detection of extra-luminal abnormali-
ties, either confi ned to the aortic wall or beyond. 
This has caused the same society to revise their 
guidelines, which in their publication in 2015 
strongly recommend CT with intravenous con-
trast for the diagnosis of BTAI (Fox et al.  2015 ). 
Angiography is of course still used if endovascu-
lar treatment for BTAI is undertaken (Fig.  9 ).

4.3        Abdominal and Transthoracic 
Ultrasound 

 During trauma resuscitation, many centres will 
include an ultrasound scan according to the 
focussed abdominal sonography in trauma 

  Fig. 8    A 27-year-old woman struck by a car while on 
moped. Supine AP chest X-ray taken during resuscitation 
with unsuspected fi ndings consistent with aortic injury 
( a ): indistinct aortic contour ( white solid arrows ), 
depressed left main bronchus ( open black arrow ) and api-
cal cap consistent with haemorrhage extending to the 
pleural space ( solid black arrows ). Injury was proven with 

CT ( b ): aortic arch ( open white arrow ) demonstrates frank 
extravasation ( solid white arrows ) into the pleural cavity 
( white asterisks ), consistent with grade 4 injury. Note the 
homogenous low density of the haemothorax, indicating 
hyperacute exsanguination with lack of time to form 
cloth. Patient did not survive to treatment       
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(FAST) as an adjunct to the primary survey. A 
FAST examination essentially is a quickly per-
formed ultrasound to demonstrate the presence or 
absence of free intraperitoneal fl uid by evaluating 
the four abdominal quadrants. In addition, one 
can look for presence of pericardial effusion, 
pleural effusion and/or pneumothorax in a rea-
sonably quick and reliable fashion, the so-called 
extended FAST (e-FAST). Although e-FAST 
could demonstrate a secondary sign of injury in 
BTAI, notably large left haemothorax, or demon-
strate pericardial effusion, the aorta itself usually 
is poorly visualized and can only be examined 
below the diaphragm. The same holds true for 
transthoracic ultrasound.  

4.4     Transesophageal 
Echocardiography (TOE or TEE) 

 Already in 2008, Demetriades et al. found that 
between 1997 and 2007, there had been a near 
elimination of transoesophageal echocardiography 
for the diagnosis of BTAI, dropping from nearly 
12 % of BTAI patients receiving TOE in 1997 to 
1 % in 2007 (Demetriades et al.  2008 ). The primary 
use currently is to evaluate cardiac dysfunction and 
injury or hemodynamic state and response to treat-

ment. TOE can be used to evaluate the descending 
aorta, being reasonably sensitive for traumatic aor-
tic injury in that location but overall only moder-
ately sensitive (Patel et al.  2003 ; Rippey and Royse 
 2009 ). In hemodynamically unstable patients, tran-
soesophageal echocardiography can be used as 
bedside test, and the probe can remain in place 
even in the operating theatre.  

4.5     Intravascular Ultrasound (IVUS) 

 In two papers by Williams et al. in the early 1990s, 
the use of IVUS is discussed as a tool to be used in 
equivocal angiographic results for BTAI (Williams 
et al.  1992 ; Williams et al.  1993 ). The limitation of 
this technique as an initial diagnostic test due to 
practical restrains was already discussed in their 
second paper and has not been altered since. 
Malhotra et al. as well as Patel et al. demonstrated 
better sensitivity compared to angiography espe-
cially for picking up MAI, before the era of CTA 
as a gold standard (Patel et al.  2003 ; Malhotra 
et al.  2001 ). A more recent paper again proved 
IVUS to be better than angiography in patients 
where CTA fi ndings were equivocal. Therefore, 
the authors advocated the use of IVUS in potential 
TAI patients in whom angiography is being 

  Fig. 9    Thoracic aorta angiogram in left anterior oblique view before ( a ) and after TEVAR ( b ) for aortic pseudo- 
aneurysm at the isthmus ( arrow )       
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considered (Azizzadeh et al.  2011 ). However, the 
nature of the procedure requires vascular access, 
with another option to rule out aortic injury being 
a repeat CTA, with or without ECG triggering. If a 
patient is managed with endovascular stent-graft 
placement, IVUS has been shown to be useful for 
selection of stent- graft size (Wallace et al.  2015 ; 
Shi et al.  2015 ). Compared to the acute CTA, 
IVUS during the procedure of stent placement 
demonstrates a larger aortic diameter, possibly 
refl ecting intravascular hypovolemia during resus-
citation at initial imaging, necessitating preopera-
tive reassessment of aortic lumen diameter 
(Wallace et al.  2015 ).  

4.6     Magnetic Resonance Imaging 
(MRI) 

 Length of examination time, limited accessibil-
ity, non-compliant materials and relatively small 
bore sizes render MRI unfeasible in the initial 
assessment of patients with multiple injuries. In 
patients with equivocal CTA fi ndings for BTAI, 
an MRI study can be considered if they are 
hemodynamically stable and also otherwise able 
to undergo the examination. Fattori et al. pub-
lished two papers in the mid- to late 1990s on the 
use of MRI for the diagnosis of acute BTAI and 
for follow- up in the delay to treatment, demon-
strating its feasibility (Fattori et al.  1996 ; Fattori 
et al.  1998 ). The paucity of results when per-
forming literature searches to fi nd the use of 
MRI in BTAI indicates the limited role for this 
modality especially in the acute phase, despite 
the well- documented use in other aortic and 
major vessel diseases.  

4.7     Computed Tomography 
Angiography (CTA) 

 As stated before, CTA now is the gold standard 
for the evaluation of BTAI, given its high accu-
racy and near-perfect negative predictive value. 
In these usually severely injured polytrauma 
patients, the chest will oftentimes be imaged in 
conjunction with the abdomen and pelvis.  

4.8     CT Technique 

 Different protocols exist to administer iodinated 
intravenous (IV) contrast material, with either 
single-bolus, split-bolus or triple-bolus adminis-
tration being used. To avoid streak artefacts from 
high concentrations of iodine in the left brachio-
cephalic vein, IV contrast material should prefer-
ably be administered via the right arm whenever 
possible. Depending on scanner manufacturer 
and type, an empirically fi xed delay or a bolus- 
triggering mode can be used. The administration 
of a separate timing bolus before the defi nitive 
scan is not commonly chosen in current practice, 
mostly due to time constrains. Furthermore, with 
current technical advances in multi-detector 
computed tomography (MDCT) resulting in high 
spatial resolution, vascular injuries will be 
detected even if acquisition phase is past proper 
arterial phase, which still is the preferred phase 
of acquisition (Raptis et al.  2015 ). In our opinion, 
the radiologist should be present at the acquisi-
tion to decide if image quality is satisfactory and 
to instantaneously order repeat scan or extra 
phases, especially for the abdomen and pelvis. 

 When evaluating the aorta, care should be 
taken to adjust window and level settings as to not 
mask minimal luminal or mural abnormalities. 
Specifi c Hounsfi eld unit (HU) settings are diffi -
cult to give, since the correct window/level setting 
varies with attenuation values in each scan 
(depending on kVp, iodine concentration and 
fl ow rate of IV contrast administered). In some 
institutions, a non-contrast scan is obtained prior 
to the scan with IV contrast to rule out intramural 
haematoma (IMH), which in our experience is not 
as important as with aortic dissection protocols. If 
during the evaluation at the scanner console there 
is doubt about the presence of IMH, a late-phase 
CT after 10–15 min can be obtained to evaluate 
for increased aortic wall attenuation; this however 
is rarely needed. If uncertainty of aortic injury is 
caused by artefacts, a repeat scan can be obtained, 
applying ECG triggering if caused by cardiac pul-
sation (Fig.  10 ). Positioning of external lines and 
arms may further alter image quality.

   It is paramount to use thin slices of the origi-
nal axial dataset for evaluation, and multiplanar 
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  Fig. 10    Initial routine CTA without ECG triggering ( a , 
 b ) and follow-up ECG-triggered CTA ( c ,  d ). Small, <1 cm 
intimal fl ap with thrombus is identifi ed in the ascending 
aorta just distal to the origin of the left coronary artery 

( arrows ). Although this clinically signifi cant fi nding was 
suspected on the initial CTA without ECG triggering, it is 
appreciated far superiorly on the ECG-triggered CTA       
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reformations (MPRs) should be made, preferably 
interactively at a workstation or similar server- 
based software or by MPRs made by technicians 
according to preset protocols. A sagittal-oblique 
reconstruction, also referred to as ‘candy stick’ 
reconstruction, is especially useful since it shows 
the entire length of the thoracic (and possibly 
abdominal) aorta (Fig.  11 ). Interventional radi-
ologists and surgeons will like the view for the 
fact that it resembles the oblique view obtained 
when performing angiography.

4.9        Imaging Findings 

 Since CT in nearly all cases will be the chosen 
modality to detect BTAI, we will describe the 
features of aortic injury here. However, fi ndings 
on other imaging modalities will be very similar 
to those seen on CT. After blunt trauma, CT signs 
of aortic injury can be located at any section of 
the aorta and can even be present at multiple 

sites, especially after stretch mechanisms. The 
most common location to fi nd BTAI on imaging 
is the aortic isthmus. Signs can be divided in 
direct and indirect signs of BTAI. 

  Direct signs  are very sensitive and specifi c for 
BTAI; however, false positives and false negatives 
do occur, either caused by technical issues (arte-
facts) or misinterpretation. Direct signs demon-
strate aortic wall changes and make up the grades 
of aortic injury, irrespective of which classifi ca-
tion system is used. Luminal thrombus abutting 
the intima, an intimal fl ap and intramural haema-
toma (IMH) can be seen and depending on size 
smaller or larger than 1 cm will be grade 1 or 
grade 2 injuries, respectively (Vancouver classifi -
cation) (Lamarche et al.  2012 ). Luminal thrombus 
abutting the intima oftentimes is demonstrated as 
a small, round contrast-fi lling defect on the axial 
images; however, it can have a more oblong con-
fi guration, especially on MPRs (Fig.  12 ). An inti-
mal fl ap is a more linear hypodense structure 
projecting into the lumen of the aorta, connected 

a b

  Fig. 11    Axial ( a ) and sagittal-oblique ( b ) or ‘candy stick’ MPR of the thoracic aortic in the plane along the aortic arch 
( white line in   a )       
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to the wall (Fig.  13 ). One very specifi c and more 
severe form of intimal fl ap is circumferential 
dehiscence of the intima, creating intimo-intimal 
intussusception, which is demonstrated by a more 
or less regular circular and linear hypodense line 
within the aortic lumen (Fig.  14 ). IMH can be 
seen as thickening of the aortic wall, separating 
the intima and adventitia by haematoma in the 
media. IMHs can be focal or rather long and usu-
ally are not circumferential (Fig.  15 ). If a non-

contrast enhanced CT is performed, this portion 
of the aortic wall will demonstrate increased 
attenuation (around 40–60 HU), a feature that is 
less obvious if contrast was given. However, in 
our experience, the non-contrast scan is not 
needed to make a confi dent diagnosis of IMH, 
given modern-day MDCT resolution.

      Grade 3 injuries demonstrate outward contour 
deviations of the aorta, so-called pseudo- 
aneurysms, that can be relatively regular or 

  Fig. 12    Coronal ( a ) and axial ( b ) CTA demonstrating a small traumatic aortic intimal injury with thrombus abutting 
thrombus in the distal descending thoracic aorta ( arrows )       

  Fig. 13    34-year-old male involved in MVA. Axial ( a ) 
and sagittal ( b ) CTA reformats show two small intimal 
fl aps at the aortic isthmus ( arrows ) with minimal throm-

bus at the tips. The injuries healed without invasive ther-
apy (follow-up CTA not shown)       
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irregular, the latter likely being more unstable 
than the former (Figs.  4  and  5 ). If pseudo-aneu-
rysms are small, they can be diffi cult to pick up 
given the orientation in a curved plane in three 
dimensions, rendering the use of MPRs even 
more important (Fig.  16 ). In grade 4 injuries, 

active extravasation of IV contrast is seen, either 
from an otherwise fairly normal aorta, or at the 
site of a (usually irregular) pseudo-aneurysm 
(Figs.  8  and  17 ) Needless to say, this is an indica-
tion for urgent repair, either by endovascular 
stent graft or open thoracotomy procedure.

  Fig. 14    Pedestrian struck by a car. Axial ( a ) and coronal CTA ( b ) depict an intimo-intimal intussusception at the level 
of the infra-renal abdominal aorta ( arrow ). Note the peri-aortic haematoma and loss of peri-aortic fat plane ( arrows )       

  Fig. 15    Long traumatic intramural haematoma ( white arrows ) of the descending thoracic on axial ( a ) and coronal ( b ) 
CTA. Concomitant thoracic vertebral body fracture and dislocation ( black arrow )       
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     Indirect signs  of aortic injury mostly relate to 
the bleeding from the aortic injury in the immedi-
ate peri-aortic region or beyond. Peri-aortic hae-
matoma, as described before, is haematoma that 
abuts the aortic adventitia and obliterates the 
peri-aortic fat plane (Fig.  4 ) Larger haematomas 
will extend further into the mediastinum and are 
slightly hyperdense (40–70 HU). Bleeding from 
the aortic injury can extend into the pleural space 
or pericardium, depending on the location of the 
injury, giving rise to haemothorax or haemoperi-
cardium. Usually haemopericardium is homoge-

nously hyperdense, whereas haemothorax can 
have mixed densities with more hyperdense areas 
indicating cloth (Fig.  6 ). However, if pleural effu-
sion has densities similar to fl uid (0–20/30 HU), 
it can be diffi cult to differentiate hyperacute hae-
matoma from reactive effusion (Fig.  8 ). 

 Two  indirect signs  can be seen on abdominal 
CT and should mandate further investigation of 
the thoracic aorta. These are obliteration of the 
retro-crural peri-aortic fat (possibly indicating 
caudal extension of more cranially located peri-
aortic haematoma) (Fig.  18 ) and otherwise 

  Fig. 16    Small traumatic pseudo-aneurysm ( arrows ) of the thoracic aorta which is harder to detect on axial ( a ) than on 
the sagittal ( b ) CTA reformat, stressing the need to evaluate all reformats       

  Fig. 17    Axial ( a ) and coronal ( b ) CTA showing trau-
matic aortic rupture at the level of the arch with active 
contrast extravasation ( arrow , same patient as Fig.  8 ). 

Large mediastinal haematoma and large left-sided haemo-
thorax. Patient deceased prior to treatment       
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 unexplained acute renal infracts, especially if 
bilateral, that can originate from luminal throm-
bus of more cranially located BTAI.

5         Differential Diagnosis 
and Pitfalls 

 In the setting of sustained high-energy trauma, a 
high index of suspicion for BTAI is warranted. 
Differential diagnoses that can be mistaken for 
BTAI mainly reside around the level of the isth-
mus, namely, a ductus diverticulum, patent ductus 
arteriosus and aortic spindle. Confusion may also 
arise more proximally from the nearby  superior 
intercostal vein if opacifi ed by contrast and in 
younger patients from remaining thymic tissue. 
Knowing normal anatomy will help discerning 
these entities from BTAI. A ductus diverticulum 
is located at the aortic attachment of the ligamen-
tum arteriosum, the former entry to the ductus 
arteriosus. In contrast with BTAI, a ductus diver-
ticulum has smooth, obtuse angles with the aortic 
wall, whereas BTAI usually is more irregular and 
steeply angled and oftentimes has abutting peri-
aortic haematoma (Fig.  19 ) A patent ductus arte-
riosus is a rarity in itself and therefore a fairly 
remote option as a differential diagnosis. It can be 
recognized as a tubular structure with regular 
 contours, where the differential of active contrast 

extravasation in BTAI usually is irregular and sit-
uated within haematoma. Aortic spindles are 
located just distal to the isthmus and are smooth, 
regular fusiform mild dilatations of the aorta, 
again without peri-aortic haematoma (Fig.  19 ).

   Issues related to imaging technique may also 
cause diffi culty in image interpretation, pitfalls 
mostly being related to artefacts caused by motion 
and pulsation or due to beam hardening (if the 
acquisition was performed with arms down). As 
mentioned before, if IV contrast was administered 
via the left arm, high concentration of iodine in 
the left brachiocephalic vein may cause streak 
artefacts that can hamper assessment of especially 
the proximal branching vessels. Artefacts can 
oftentimes be distinguished by evaluation of other 
structures, such as other vessels or the skin. 
However, if artefacts are a major concern, a repeat 
examination with arms up and ECG triggering 
where possible should be obtained (Fig.  10 ).  

6     Delayed Presentation 
Injuries 

 Blunt traumatic injuries to the thoracic aorta and 
its branch vessels are rare and seldom occur as the 
sole traumatic entity (Antonopoulos et al.  2014 ). 
As mentioned before, patients usually suffer 
many concomitant injuries and will almost always 

  Fig. 18    Example of a retro-crural peri-aortic haematoma 
( white arrow ) as can be seen on an abdominal CT as a 
sign of more proximal BTAI ( a ). In this patient it resulted 

from peri-aortic haematoma ( solid black arrow ) due to an 
aortic pseudo-aneurysm (partially shown,  open black 
arrow ) in ( b )       
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undergo whole-body MDCT. This  modality has 
an extremely high negative predictive value for 
blunt traumatic aortic injuries. Although inci-
dence of delayed presentation injuries is unknown, 
false-negative studies can occur, with missed tho-
racic aortic injuries following their natural course. 
Pseudo-aneurysms can be detected incidentally 
after remote trauma, or they can cause clinical 
symptoms due to mass effect on surrounding tis-
sues (Fig.  20 ) or potentially rupture.

7        Proximal Aortic Branch 
Vessel Injury 

 In the late 1990s, research demonstrated injuries 
to the major thoracic branches of the aorta in a 
considerable number of patients, either with 
presence of aortic injury, or in isolation. In a well- 
documented study by Ahrar et al. in 89 patients 
undergoing angiography for expected BTAI, 17 
patients (19 %) had 24 injuries to the aortic arch 

  Fig. 19    Anatomic variants that can mimic BTAI; Aortic ductus diverticulum ( arrows ) on sagittal ( a ) and axial CTA ( b ) 
and aortic spindle ( arrowhead ) on sagittal CTA ( c )       

  Fig. 20    Partly thrombosed pseudo-aneurysm at the aortic 
isthmus ( arrow ) compressing the oesophagus ( a ,  b ), with 
peripheral calcifi cations as a sign of long-standing entity. 

This was detected during workup for diffi culties swallow-
ing. On questioning, the patient confi rmed an MVA in the 
remote past       
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branches. In 14 of these 17 patients, the aorta was 
intact, whereas three patients also had aortic rup-
ture, resulting in 16 % of patients having isolated 
branch vessel injury (Ahrar et al.  1997 ). The study 
by Chen et al. revealed aortic branch vessel inju-
ries in one-third of patients who sustained vascu-
lar injury from blunt trauma and underwent 
aortography (Chen et al.  2001 ). Despite these fi g-
ures, proximal brachiocephalic arterial injuries 
due to blunt trauma remain quite rare (Galan et al. 
 1992 ; LoCicero and Mattox  1989 ; Prêtre and 
Chilcott  1997 ; Shorr et al.  1987 ). The innominate 
artery accounts for 50 % of these injuries and is 
the second most common injured vessel after the 
thoracic aorta (Prêtre et al.  1997 ). The left com-

mon carotid and left subclavian artery account for 
the remaining injuries. 

 Vessel injuries of the innominate and left com-
mon carotid artery tend to occur proximal at the 
vessel origin (Rosenberg et al.  1989 ; Karmy- 
Jones et al.  2003 ; Symbas et al.  2005 ). 
Anatomically this is where the vessel is tightly 
fi xed onto the aortic arch, whereas the distal part 
is more mobile and fl exible. 

 In contrast, blunt subclavian artery injuries are 
located more distally (Costa and Robbs  1988 ; 
Cox et al.  1999 ). These can be explained by add-
ing the direct force of posterior dislocated clavi-
cles. This mechanism might also explain proximal 
right common carotid artery injury (Fig.  21 ).

  Fig. 21    Axial ( a ) and coronal CTA ( b ) depict a traumatic 
pseudo-aneurysm of the proximal right common carotid 
artery ( white arrows ). Mechanism of injury was a poste-
rior dislocation of the medial right clavicle. The pseudo- 

aneurysm was successfully treated with a covered stent; 
procedural angiograms show stent placement ( c – e ) to 
exclude the pseudo-aneurysm ( black arrows )       
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   Given its proximity to the aortic arch, most 
injuries are treated surgically, either by primary 
repair or prosthetic graft interposition. 
Endovascular management however should 
always be considered, whether being defi nite or 
as a bridge to surgery (Shalhub et al.  2011 ). 

 Venous injuries are rarely encountered in iso-
lation after blunt traumatic injuries to the chest.  

8     Management and Treatment 
for BTAI 

 In the era of arch aortography as the gold stan-
dard for diagnosing traumatic injury to the tho-
racic aorta and its branch vessels, detected 
injuries were managed surgically or by medical 
treatment. In the late 1990s, thoracic endovas-
cular aortic repair (TEVAR) was added a third 
treatment option for BTAI (Semba et al.  1997 ; 
Kato et al.  1997 ; Rousseau et al.  1999 ). Despite 
a lack of randomized controlled trials, the avail-
able literature demonstrates a superiority of 
TEVAR in aortic injury-related mortality, stroke 
and spinal cord injury as compared to open sur-
gical repair (Azizzadeh et al.  2013 ; Takagi et al. 
 2008 ; Pang et al.  2015 ; Tang et al.  2008 ). In 
2011, the Society for Vascular Surgery pub-
lished clinical practice guidelines for the treat-
ment of BTAI in which a TEVAR fi rst policy is 
advocated based on those studies (Lee et al. 
 2011 ). They supported the already ongoing shift 
in management from open surgical repair to 
TEVAR. However, despite promising short-term 
outcomes, questions remain regarding long-
term durability of TEVAR in the often reason-
ably young polytrauma patient. Therefore, 
several trauma centres still perform open repair 
awaiting long-term outcomes. 

 With modern CT picking up subtle injuries 
that went undetected before, many surgeons have 
now adopted a management approach of BTAI 
tailored to the specifi c aortic injury. Minimal aor-
tic injury possibly does not require immediate 
endovascular or open surgical repair (Malhotra 
et al.  2001 ). These patients are managed with 
aggressive blood pressure control with systolic 
blood pressure <100 mmHg and heart rates of 
60–80 bpm. These aortic injuries are closely fol-

lowed with serial CTA at 24 h, every 48–72 h for 
7 days and after 4 weeks (Fig.  22 ).

   The vascular injuries that require immediate 
intervention have been clustered in the term 
severe aortic injury (SAI). Traditionally these 
included traumatic aortic pseudo-aneurysms and 
contrast extravasation on CTA. There is however 
a wide variety on the defi nitions of MAI and 
SAI. Consequently, the management of BTAI 
varies per operator and amongst trauma centres. 
Recent research shows that an expectant approach 
is also justifi ed for patients with small traumatic 
pseudo-aneurysms, previously considered SAI 
(Caffarelli et al.  2010 ; Rabin et al.  2014a ). 

 Once the decision for TEVAR is made, thin- 
slice CTA with multiplanar and three- dimensional 
reconstruction allows for appropriate visualiza-
tion of the vascular injuries and planning for 
TEVAR (Fig.  11 ). Diagnostic arch aortography in 
TEVAR planning is obsolete with modern CTA 
and only performed as part of the TEVAR proce-
dure. Pre-procedure CT images should be 
assessed for TEVAR eligibility, with absolute 
contraindication for TEVAR being anatomic 
ineligibility, mostly due to luminal diameter 
issues. 

 The commercially available, on-stock stent 
grafts require a minimum and maximum diame-
ter and length of the proximal and distal landing 
zones of the aorta. The diameters vary per manu-
facturer, but typically range from around 
16–46 mm. Under-sizing can lead to failure of 
proximal and/or distal seal, leading to a type I 
endoleak. Oversizing also increases the risk of 
inappropriate sealing due to infolding of the stent 
graft. A severe complication of oversizing is 
stent-graft collapse with acute aortic occlusion. 
Most manufacturers recommend oversizing by 
10–20 %. 

 The diameter of the aorta is infl uenced by the 
hemodynamic status of the patient (Chandra 
et al.  2012 ; Jonker et al.  2010 ). Hemodynamically 
unstable patients have smaller diameters and 
require more oversizing than hemodynamically 
stable patients. Care should be taken that the 
abdominal aorta, iliac and common femoral 
arteries are of suffi cient diameter to deliver the 
stent graft. The profi le of the delivery systems 
continues to decrease in size, but a minimum of 
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6–7 mm is recommended. In case of severe aorto- 
iliac stenosis or occlusions, an abdominal con-
duit can be used to deliver the stent graft to the 
thoracic aorta. 

 Obtaining suffi cient proximal seal can require 
covering of the left subclavian artery (LSA). In 
the emergency setting, complex endovascular 
solutions with branched or fenestrated devices 
are not possible. Re-vascularising the LSA sub-
sequent to covering by TEVAR has long been 
subject to debate. For TEVAR of aortic aneu-
rysms and dissections, covering of the LSA with-
out revascularization used to be liberally 
performed. However, more recent published data 
on TEVAR for aneurysm and type B aortic dis-
section repair reveal a favourable stroke rate if 
revascularization is performed prior to TEVAR 
(Waterford et al.  2016 ). The Society of Vascular 
Surgery advocates routine revascularization in 

elective TEVAR. In patients who need urgent 
TEVAR with LSA covering, revascularization 
should be individualized and addressed expec-
tantly on the basis of anatomy, urgency and avail-
ability of surgical experience (Lee et al.  2011 ). 

 Follow-up imaging after TEVAR aims to diag-
nose potential adverse events such as device 
migration, disconnection or endoleak, which 
might need additional treatment. These have 
been reported to occur; however, there are no 
guidelines regarding follow-up imaging after 
TEVAR for BTAI. Imaging strategies often con-
sist of serial CTA, commonly before discharge 
for baseline and then at 1, 6 and 12 months fol-
lowed by annual control. This strategy induces 
high radiation exposure in a generally young 
patient population. Long-term data are needed to 
identify risk factors for potential adverse affects 
in order to limit this radiation exposure. If 

  Fig. 22    46-year-old male involved in MVA. Initial CTA 
( a ,  b ) demonstrates a small pseudo-aneurysm of the prox-
imal descending aorta ( solid white arrows ) with peri- 
aortic haematoma. This was treated conservatively with 
controlled hypotension and close CTA follow-up. CTA at 

1-day follow-up (not shown) revealed no interval change. 
However, CTA at 7 days follow-up ( c ,  d ) showed an 
increase in size of the pseudo-aneurysm ( open white 
arrows ). Patient underwent subsequent TEVAR ( e ,  f )       
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patients received an MRI-compatible stent graft, 
MRI can be used for follow-up, decreasing radia-
tion dose.     
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     Cardiac Injuries                      

     Ulrich     Linsenmaier       and     Lucas L.     Geyer     

    Abstract  

  Cardiac injury due to penetrating or blunt tho-
racic trauma is relatively rare but associated 
with signifi cant morbidity and mortality. 
Many of these injuries have not been charac-
terized fully by diagnostic imaging so far. 
With the introduction of fast MDCT an estab-
lished emergent diagnostic modality is now 
available for heart imaging, that allows the 
detection and characterization of a large vari-
ety of myocardial, pericardial, vascular and 
mediastinal injuries. Beside the established 
methods, like cardiac ultrasound and cardiac 
angiography, it allows now in the emergency 
setting a thorough morphologic characteriza-
tion of injuries and its’ potential bleeding 
dynamics. This article reviews the spectrum of 
blunt and penetrating heart injuries as well as 
the imaging modalities commonly used in the 
acute trauma setting.   

1      Introduction 

 Cardiac injury is rare and is related with signifi -
cant mortality and morbidity. Radiological imag-
ing of cardiac injuries is relatively new, and the 
majority of the imaging features have not yet 
been fully evaluated. With the introduction of fast 
multidetector CT (MDCT), these injuries have 
increasingly come into the focus of radiology, 
and CT can now identify a large spectrum of 
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injury patterns. In the acute trauma setting, it is 
crucial to recognize these fi ndings and to initiate 
appropriate treatment (Mattox et al.  2012 ). 

 Cardiac injuries are caused by work accidents, 
explosions, falls from height, and also from CPR 
and assaults. In communities where there is a 
higher ratio of fi rearm ownership among the pub-
lic, the likelihood of penetrating injuries to the 
heart is higher (Table  1 ) (Parmley et al.  1958 ; 
Tenzer  1985 ).

   In many cases, injuries to the heart lead to 
immediate death. Typically, the myocardium, 
pericardium, and the coronary arteries are 
affected. In blunt trauma, the heart can be com-
pressed between a fl exed spine and the sternum; 
however, shearing forces, twisting, and decel-
eration trauma have also been described. The 
mechanically injured heart can be further dam-
aged by hypovolemic shock, arterial hypotension, 
and resulting myocardial ischemia. In addition, 
heart function may be impaired by hypoxia from 
other injuries such as pulmonary contusions, pul-
monary lacerations, and  pneumothorax as well as 
multi-organ failure (MOF) (Parmley et al.  1958 ; 
Fulda et al.  1991 ; Orliaguet et al.  2001 ). 

 Up to 25 % of deaths from traumatic events are 
associated with cardiac injuries. The incidence of 
blunt cardiac injury has risen during the last 
decades, but early diagnosis and effi cient, specifi c 
treatment are mandatory and are correlated with 
increasing survival rates. A major proportion of 
patients with manifest cardiac injuries die on the 
scene before they can reach medical treatment. In 
cardio surgery, new technologies are infl uencing 
outcomes, as bypass surgery and the use of intra-
aortic balloon devices can assist the cardiac func-

tion and thus may help to improve the outcome 
(Table  2 ) (Mattox et al.  2012 ; Co et al.  2011 ).

2        Imaging Modalities 

2.1     Cardiac Ultrasound (US) 

 Echocardiography (cardiac US) provides precise 
evaluation of the existence of pericardial effusions. 
In addition, small volumes of not more than 25 ml 
can be detected. Myocardial wall motion and the 
valvular structures can also be assessed, as well as 
the left ventricular function. Transesophageal 
echocardiography (TEE) can also be used to assess 
the ventricular function in cases of myocardial 
contusion and was deployed to evaluate the aorta 
for signs of aortic injury (AI) before reliable CT 
angiography (CTA) from advanced MDCT scan-
ning became available (Restrepo et al.  2007 , 
 2012 ). However, TEE is more time-consuming 
and invasive and is diffi cult to perform with con-
comitant injuries, e.g., to the face and cervical 
spine. Additionally, it is not always available and 
is operator dependent. Therefore today TEE plays 
only a minor role in the acute trauma setting. 

 US fi ndings of acute cardiac injury comprise 
cardiac wall compression and pulmonary artery 
compression as well as paradox fl ow patterns, 
abnormalities of the ventricular septum, and 
abnormal swinging motion of the heart itself 
(Restrepo et al.  2007 ,  2012 ). 

 Alternatively, transthoracic cardiac US can be 
performed. It is rapid, noninvasive, and effi cient. 
It is reported that even limited training in cardiac 
US techniques may provide an effi cient means of 
detecting pericardial hemorrhage. Sensitivity is 
reported to be 90 %, specifi city 97 %, and accu-

   Table 1    Cardiac injury – mechanism of injury   

 In principle, any mechanism with kinetic energy to the 
thoracic cage may cause blunt cardiac trauma 

 Typical examples: 

 Motor-vehicle accident (>20 mph) with compression 
by the steering wheel 

 Deceleration trauma 

 Accidental falls from great heights 

 Objects of great weight falling directly onto the sternum 

 Blast and direct forces applied to the chest 

 Increased abdominal pressure 

 Cardiopulmonary resuscitation 

   Table 2    Cardiac injury – clinical presentation   

 Acute fi ndings  Subacute fi ndings 

 Complete hemodynamic 
instability 

 Tenderness and pain 
along the anterior chest 
wall 

 Congestive heart failure  Dysrhythmias 

 Cardiopulmonary arrest  New heart murmur 

 Cardiogenic shock  Pericardial friction rub 

 Symptoms of pericardial 
tamponade 
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racy 96 %. Pericardial emergency ultrasound of 
the heart is an important component of FAST 
ultrasound (focused assessment with sonography 
in trauma) (Mattox et al.  2012 ; Co et al.  2011 ).  

2.2     Conventional Radiography 
(CR) of the Chest 

 Supine conventional radiography (CR) of the chest 
is still a component of the initial trauma workup in 
the emergency room. However CR is limited to 
delineate the full spectrum of injuries to the thorax 
and heart as well. In many cases, however, signs of 
pneumopericardium, hematothorax, pneumotho-
rax, and mediastinal widening, due to mediastinal 
hematoma, can be detected. Imaging quality of 
supine CR of the chest in the emergency setting is 
often limited and most of the important cardiac 
injury patterns cannot be detected (Mattox et al. 
 2012 ; Co et al.  2011 ).  

2.3     Cardiac Angiography 

 Angiography of the coronary arteries (syn. car-
diac angiography) is not an established compo-
nent of a typical trauma-imaging workup in the 
emergency room. However, it is very sensitive 
and specifi c in imaging coronary artery injuries, 
and it can detect even subtle vascular lesions. In 
addition, it offers the entire spectrum of opportu-
nities for immediate interventional treatments of 
vascular lesions. It is indicated in all cases of sus-
pected vascular injury and also when ischemia is 
suspected with ECG changes after trauma, to 
evaluate patients for traumatic aneurysms, intima 
dissections, and vascular thrombosis after trauma. 
Most of these lesions can be detected and can 
undergo intermediate interventional treatment.  

2.4     Multidetector CT (MDCT) 

 Many patients with suspected multiple trauma 
undergo a MDCT from head to toe, so-called 
whole-body CT (WBCT). MDCT is the imaging 
modality of choice for the evaluation of all kinds of 
chest trauma and is highly sensitive and specifi c for 

the evaluation of lung injuries, pneumothorax, 
active hemorrhage, pericardial or myocardial injury, 
pleural and pericardial effusions, hematothorax, 
and also cardiac herniation and cardiac luxation. 
MDCT can also depict valvular injuries and papil-
lary muscle rupture as well as avulsion of the aortic 
and mitral valve (Linsenmaier et al.  2002 ;  Mirvis ). 

 High-quality MDCT is today available in all 
major trauma centers, it is widely accepted, and 
MDCT is today the core imaging modality in 
the major trauma setting. In thoracic and cardiac 
imaging, MDCT can detect penetrating foreign 
bodies, it also depicts the track of penetrating 
objects, and it allows for initiation of a targeted 
treatment. MDCT has a high sensitivity and 
accuracy in the detection of pleural and pericar-
dial effusions or pericardial hemorrhage and 
tamponade. It detects pericardial and myocar-
dial lacerations and also active hemorrhage 
from the heart. It also depicts luxation and dis-
placement of the heart and has also a high sensi-
tivity for concomitant mediastinal vascular and 
lung injuries. Due to its high spatial and timely 
resolution, it delivers isotropic voxel allowing 
for the calculation of high-resolution multipla-
nar reconstructions (MPRs). Today small 
motion and fl ow artifacts are now much reduced 
from prior scanner generations. ECG-gated 
MDCT scanning is an adjunct to the initial 
whole-body CT (WBCT) in the acute trauma 
setting. Contrast medium (CM) is administered 
in all studies, and an extended CM bolus allows 
for a contrast fi lling of the right and left heart 
and the vascular in- and outfl ow at the same 
time. Primary axial reconstruction is performed 
with the thinnest possible slice thickness (ST) of 
0.5–0.625 mm; diagnostic axial images are 
reconstructed at 1–1.5 mm and coronal and sag-
ittal MPRs at 2–3 mm and VRT as well (Fig.  1 ) 
(Mirvis; Korner et al.  2009 ).

2.5        Cardiac Magnetic Resonance 
Imaging (MR) 

 Cardiac magnetic resonance imaging (MR) has the 
ability to assess cardiac anatomy as well as cardiac 
function; it can visualize signs of myocardial isch-
emia and myocardial infarction (MI). In myocar-
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dial contusions, it can depict abnormal cardiac wall 
motion and abnormal valve function and can detect 
edema and ischemia of the myocardium. MRI is 
not useful in the early and acute trauma workup as 
availability of 24 h/7 days is limited, the exam is 
complex to be performed, and the patient monitor-
ing is diffi cult at the same time. However, if indica-
tions are given, it is a valuable noninvasive imaging 
method in addition to MDCT of the acute setting 
(Co et al.  2011 ; Korner et al.  2009 ).   

3     Blunt Cardiac Injuries 

 Minor injuries are so-called myocardial contusions 
(syn. cardiac contusion); more severe injuries com-
prise ruptures of the pupillary muscles, valve inju-
ries, injuries to the coronary arteries, and septal and 
myocardial injuries as well as cardiac rupture. 
Most common causes of blunt cardiac injury are 
high-speed motor-vehicle accidents (MVAs), crush 
or blast injuries, falls from height, and less com-
mon, direct violence or direct impact to the chest or 
abdomen. Also iatrogenic injuries are reported due 
to cardiopulmonary resuscitation (CPR). A clinical 
algorithm is available for management of patients 
after blunt cardiac trauma (Fig.  2 ).

3.1       Myocardial Contusion 

 Myocardial contusion is best defi ned as motion 
changes of the cardiac wall when myocardial 

infarction (MI) could be ruled out. Clinically it 
can be suspected in cases of signifi cant chest 
trauma and persistent arterial hypotension despite 
volume therapy (Embrey; Kaye and O’Sullivan). 

 Myocardial contusion has to be differentiated 
from myocardial infarction which can be 
 clinically diffi cult to distinguish. In myocardial 
infarction (MI), symptoms are related to a vascu-
lar territory, and the tissue at the risk shows a 
transition zone when in myocardial contusion the 
tissue at risk is more confi ned and has a distinct 
edge. The incidence of myocardial contusion is 
reported in a wide range with 10–75 %, probably 
due to inconsistent fi ndings, and a scientifi c stan-
dard for diagnosis is still missing (Mattox et al. 
 2012 ; Co et al.  2011 ; Symbas; Tenzer). 

 These injuries are also named under the term 
myocardial contusion (alternatively, myocardial 
concussion) and are usually best diagnosed by 
laboratory testing of isoenzyme MB of creatine 
phosphokinase (CPK-MB), echocardiography, 
and ECG. The troponin test is an additional 
 laboratory test (CTNI and CTNT >0.1 μg/l), with 
increased levels of the protein troponin usually 
observed in patients with cardiac contusions. 
Typically, patients only undergo monitoring on 
intermediate care units (Table  3 ) (Mattox et al. 
 2012 ; Co et al.  2011 ; Symbas; Tenzer).

   The introduction of the diagnosis cardiac con-
tusion is controversial as clinical importance, 
incidence, and morbidity and mortality remained 
controversial. It is accepted that younger patients 
with ECG abnormalities after trauma should 

  Fig. 1    CT anatomy of the heart ECG-gated cardiac CT in a volume-rendering technique (VRT) for radial display       
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Patient with suspected blunt trauma to the chest/heart

Major isolated chest trauma
= high clinical suspicion

Multiple trauma
= high clinical suspicion

ECG
Troponin

FAST

Whole-body
MDCT

ICU monitoring

Minor isolated chest trauma

Low 
clinical suspicion

Intermediate
clinical suspicion

ECG
Troponin
Telemetry 24−48 h
TTE

Chest x-ray

ECG

Normal Abnormal

Abnormal
Chest x-ray

Stop
investigation

Troponin
Telemetry 24−48 h

Chest x-ray

surgical
treatment

Thoracic (ECG-
gated) MDCT

  Fig. 2    Clinical algorithm for management of patient with suspected blunt trauma to the heart. The algorithm distin-
guishes minor isolated chest trauma from major isolated chest trauma and multiple trauma (El-Chami et al.  2008 )       

   Table 3    Cardiac injury – laboratory and ECG diagnosis   

 Laboratory fi ndings/cardiac enzymes  ECG fi ndings 

  Cardiac markers  are biomarkers measured to assess heart 
dysfunction: 

   Myoglobin, LDH-1 isozyme, glycogen phosphorylase 
isoenzyme BB (GPBB), creatine kinase MB, troponin 
T and I 

  Creatine kinase  MB (CK MB) has turned out to be 
nonspecifi c 
  Troponin T : very specifi c marker for cardiac injury 
(91 %), but with low sensitivity (31 %) 
  Troponin I  shows the best correlation of sensitivity and 
specifi city in different trials. In combination with EKG 
abnormalities, it exhibits 100 % sensitivity for detection 
of clinically signifi cant blunt cardiac trauma such as 
cardiogenic shock, dysrhythmias requiring treatment, or 
structural cardiac abnormalities related to trauma 
   Levels <1.05 μg/L in asymptomatic trauma patients, 

indicative of cardiac injuries 
   Levels >1.05 μg/L associated with ventricular 

dysrhythmias and left ventricular dysfunction 
 The remaining cardiac parameters are not relevant for 
trauma monitoring 

 The important role of ECG bases on the fact that 
electrical instability is an important indicator for blunt 
cardiac trauma 

 ECG is a quickly available tool for the fi rst survey: 
   Hemodynamically stable patients with normal EKG 

need no further monitoring 
   Signifi cant electrical disorders are suggestive of 

cardiac injuries especially the presence of any new 
bundle branch block 

   Other typical fi ndings: persistent sinus tachycardia 
(most often), atrial fi brillation, ST depression, ST 
elevation 

 Limitation: present abnormalities are not 
pathognomonic markers for diagnostic correlations 
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undergo further evaluation. ECG is a clinical 
indicator in multiple injured patients as signifi -
cant cardiac disease is relatively rare in young 
patients after trauma. 

 When ECG abnormalities occur, they are sig-
nifi cant and need further evaluation. Clinical rec-
ommendations comprise that patients after 
thoracic trauma, as long as they are symptom- free, 
do not need any surveillance or monitoring; in 
symptomatic patients, intermediate care or telem-
etry monitoring is considered to be suffi cient 
(Cachecho et al.; Fabian et al.; McLean et al.). 

 Pathophysiologically there is a wide range of 
tissue damage in myocardial contusions, from 
transmural hemorrhage and tissue necrosis to 
superfi cial contusions with different extend of 
tissue loss. The resulting perfusion defects and 
myocardial dysfunction most likely result from 
focal contusion and tissue edema when coronary 
artery disease is not present. The right heart is 
more affected due to its position next dorsal to 
the sternum. Clinical fi ndings comprise ECG 
changes and elevated cardiac enzymes (creatine 
phosphokinase and serum cardiac troponin) 
(Allen and Liedtke; Ghersin et al.). 

 Clinical symptoms can mimic myocardial 
infarction, including dyspnea and chest pain; the 
ECG changes are variable and most cases are 
uncomplicated. However, a progress to an 
arrhythmia, cardiac dysfunction, hypotension, 

and low-output failure as well as myocardial rup-
ture can be observed leading to life-threatening 
cardiac failure. 

 Abnormal cardiac wall motion is best diagnosed 
with echocardiography. In the setting of whole-
body computed tomography after trauma (WBCT), 
there are no specifi c imaging features reported for 
myocardial contusion so far. Advanced ECG-gated 
MDCT enables an anatomic workup including CT 
angiography (CTA) of the coronary arteries. In 
addition, it allows for a functional assessment of 
the heart including assessment of the cardiac wall 
motion in 4D technique and initial reports on myo-
cardial perfusion. Concomitant injuries of the tho-
rax and  mediastinum are present in many cases and 
can deteriorate the clinical situation (Fig.  3 ) 
(Embrey; Kaye and O’Sullivan).

   Cardiac MR and positron emission tomogra-
phy (PET) can delineate the possible extend of 
the hypoperfused myocardium and can be used 
for further workup if myocardial contusion is 
suspected (Co et al.  2011 ; Kaye and O’Sullivan).  

3.2     Injuries to the Pericardium 

 Pericardial tears can differ in size from millime-
ters to an extent over the entire pericardium. They 
are most common at the diaphragmatic surface 
and the left-sided pericardium. Typically they are 

  Fig. 3    Myocardial contusion: ungated MDCT of the 
whole body showing heart dilatation of the right atrium 
and ventricle, pulmonary contusion and hematothorax, 

and atelectasis of the left lower lobe. A contrast refl ux 
with retrograde paradox fl ow in the inferior vena cava 
(IVC)       
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result of an increased intra-abdominal pressure or 
the direct impact to the chest and mediastinum 
(Fulda et al.  1991 ; Parmley et al.). 

 Conventional radiography (CR) may show air 
in the pericardium (pneumopericardium); peri-
cardial injuries can be complicated by diaphrag-
matic rupture and cardiac herniation from 
resulting in severe cardiac failure. However CT 
fi ndings are by far more sensitive and specifi c. 

 Pericardial tears and ruptures are rare inju-
ries, with an incidence of only 0.3–0.5 %. They 
occur with severe deceleration forces or are due 
to osseous fragment perforation by fractures to 
the sternum or the ribs. Pneumopericardium is a 
complication of pericardial rupture; an air collec-
tion is located ventral to the myocardium in the 
pericardial sac. Pneumopericardium is a sign for 
pericardial injury. The tear itself can be detected 
by irregular margins of the pericardium, disconti-
nuity, and interposition of fat or long parenchyma. 
This can be further complicated by cardiac tam-
ponade and compression. Pneumopericardium is 
always a sign for pericardial injury; the pericar-
dial tear itself can be detected by irregular margins 
or discontinuity of the pericardium, but also by 
interposition of fat or lung parenchyma (Restrepo 
et al.  2007 ; Farhataziz and Landay) (Fig.  4 ).

   After pericardial injury MDCT can be used to 
depict pericardial effusions. In the acute trauma 
setting, every pericardial effusion has to be evalu-
ated for hemorrhage; MDCT can measure the 
density of effusions in Hounsfi eld units (HU) and 
confi rm pericardial hemorrhage and tamponade 
(Restrepo et al.  2007 ). 

 Further complications include the displace-
ment of the heart through the pericardial rupture 
into the mediastinum or thoracic cavity, showing 
an empty air-fi lled pericardium on MDCT. As 
the vascular structures are stretched or also 
rotated (also described as volvulus), this can 
lead to immediate compression of the heart and 
obstruction of the vascular system. Cardiac luxa-
tion describes herniation and compression of the 
heart, which can result in obstruction of the upper 
venous infl ow over the superior vena cava (SVC). 
Luxation can occur in up to 28 % of pericardial 
ruptures, and there is a high associated mortality 
rate of up to 67 %. An ECG allows observation of 
a change of the heart axis. Cardiac US is of lim-
ited value only. MDCT can be used to diagnose 
heart displacement as well as the compression 
and deviation of the myocardium and the heart 
chambers (Fig.  5 ) (Moront et al.; Bruschi et al.).

3.3        Injuries to the Heart Valves, 
Papillary Muscles, Chorda 
Tendinea, and Septum 

 Blunt cardiac trauma can result in ruptures of the 
myocardial septum, the valves, and the papillary 
muscles. Patients with preexisting heart disease 
and disorders of these structures are more prone 
to this type of trauma. 

 Clinically, these injuries can be associated 
with acute left ventricular failure and atypical sys-
tolic murmurs. Systolic murmur is a sign of valve 
injury and papillary muscle injuries. In the case of 

  Fig. 4    Pneumopericardium: ungated MDCT showing a 
pneumopericardium on post-mortem CT (PM CT). There 
is pathological air collection in the chambers of the heart, 

pneumomediastinum, soft tissue emphysema, pneumo-
thorax, gastric hyperinfl ation, and hematothorax       
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severe ventricular failure, operative treatment is 
mandatory. Injuries to the septum can also result 
in atypical murmurs. Ruptures of the septum can 
result in left-right blood shunts, with the clinical 
symptoms dependent on the extent of the lesion 
caused. Operative interventions with regard to 
these injuries are determined by the individual 
case. Small septal injuries may be treated conser-
vatively; larger defects are subject to surgical 
repair (Mattox et al.  2012 ; Moront et al.). 

 Moront et al. reported a case of injury of the 
tricuspid valve and the intraventricular septum 
days after blunt injury, and the patient underwent 
operative treatment. The ventricular septum rup-
tures were observed in the muscular septum close 
to the apex of the heart (Moront et al.). 

 Parmely et al. reported a series of 546 cases of 
blunt cardiac trauma and described a 9 % inci-
dence of injuries to the valves. In their series 

mitral, aortic, and tricuspid valves were involved 
(Parmley et al.  1958 ). 

 An injury of the heart valve and traumatic val-
vular dysfunction is rare. It can be suspected if 
pulmonary edema is present after chest trauma. 
Commonly affected is the aortic valve as com-
mon as the mitral and tricuspid valves. The 
underlying mechanism is an excessive elevation 
of blood pressure in the heart, but also an  elevated 
intra-abdominal pressure can be transmitted to 
the heart and affect the cardiac valve and papil-
lary muscles. Commonly observed are injuries of 
the mitral valve, including rupture of the chorda 
tendinea and the papillary muscles and aortic 
valve injuries (Bruschi et al.; Kan and Yang). 

 Imaging workup comprises usually echocar-
diography, TEE, and cardiac angiography. But 
early reports also suggest that MDCT can detect 
some of these injuries (Lee et al.).  

  Fig. 5    Cardiac luxation: ungated MDCT case of cardiac 
herniation where the heart is dislocated from its anatomi-
cal position into the left thoracic cavity, lateral to the 

spine. The so-called black hole in the soft tissue window 
and “kissing lungs” due to the displacement of the entire 
heart can be observed in the lung window       
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3.4     Injuries to the Coronary 
Arteries 

 Intima dissection of the coronary arteries can 
result in thrombosis and occlusion and subse-
quent myocardial ischemia. In an elder popula-
tion with preexisting coronary artery disease 
(CAD), it may be diffi cult to distinguish a 
 traumatic occlusion from a non-trauma-associ-
ated arteriosclerotic occlusion of the vessel. As a 
complication arteriovenous (AV) fi stulas as well 
as atrioventricular fi stulas of the coronary arteries 
were described as result of blunt injury; however 
they are very rare (Mattox et al.  2012 ). 

 Diagnostic imaging with MDCT is now possi-
ble, and even in non-gated MDCT after trauma, 
the occlusions of the left coronary artery could be 
depicted. This is much dependent on the heart fre-
quency and the timely resolution of the non- gated 
MDCT scanner. And not always the coronary 
artery main stems can be depicted on non-gated 
MDCT. The addition of ECG-gated MDCT stud-
ies and contrast CTA of the coronary arteries may 
be an option. However in the emergency setting, 
gated MDCT of the chest is not a primary choice. 

 Diagnostic imaging typically comprises card 
angiography, and interventional recanalization 
can be intended; revascularization and stent 
implantation are interventional treatment 
options. 

 Coronary artery injuries are relatively rare and 
account for 2 % of all thoracic injuries. As multi-
ple injuries have been described, the left anterior 
descending artery (LAD) is most likely affected, 
also due to its immediate retrosternal location. 
Clinically signs of myocardial infarction (MI) can 
be observed in ECG, which can result in hypoten-
sion and arrhythmia. Intima  dissection and throm-
bosis are more common, but vascular ruptures 
with free hemorrhage have also been reported. In 
ungated MDCT imaging using high spatial and 
timely resolution, diagnosis can be made; however 
this is based on single-case reports. If injuries to 
the coronary arteries are suspected, ECG-gated 
MDCT with CTA of the coronary arteries is indi-
cated and also the use of triple rule out (TRO) pro-
tocols can be used. Immediate interventional 
treatment is carried out by coronary angiography 
recanalization and stent treatment (Pretre and 
Chilcott; Sheikh et al.) (Figs.  6  and  7 ).

  Fig. 6    Injury to the left coronary artery: Dissection of the 
LAD. Ungated MDCT/WBCT in a patient after poly-
trauma. Two centimeters from the main stem, an  occlusion 

of LAD can be observed; the interruption of the 
CM-enhanced LAD with little downstream effusion, coro-
nary angiography confi rmed the diagnosis       
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  Fig. 7    Recanalization of LAD and stent-graft placement in the LAD, and follow-up CT with hypodense subendocardial 
rim of the myocardium which is as a correlate of myocardial infarction       

    Penetrating injuries of the coronary arteries 
most likely occur in the left anterior descending, 
coronary artery (LAD) resulting in myocardial 
dysfunction. However, the majority of coronary 
artery injuries are more distal. Proximal injuries 
can be treated by emergent coronary artery bypass 
surgery and smaller vessels with diameters of less 
than 1 mm and can result in small infarcts.  

3.5     Cardiac Rupture 

 Cardiac rupture is typically the result of the 
severe thoracic trauma mostly associated with 
MVA as well as falls from height and direct blast 
injuries to the chest. The underlying mechanism 
of injury has been described as direct force to the 
chest with increased thoracic pressure and trans-
mission to the heart. Decelerating forces typi-
cally affect the borders of mobile and fi xed 
anatomic structures of the heart, also explaining 
arterial and caval tears. Additionally, severe 

trauma to the abdomen can be transmitted via 
vascular structures such as the inferior vena cava 
(IVC) to the right heart, causing rupture of the 
heart. Cardiac rupture also occurs as a result of 
myocardial contusion, traumatic myocardial 
necrosis, and formation of pseudoaneurysms. 
Direct force from sternal or costal fractures with 
penetrating bone fragments can directly perforate 
the cardiac walls (Mattox et al.  2012 ). 

 Many patients have no cardiac function on 
admission, due to cardiac tamponade, severe 
hemorrhage, or pericardial tamponade. Diagnosis 
can be delayed in patients who are stable, and in 
a series of 24 cases, 16 were delayed by up to 1 h 
(Patton et al.). In addition, polytrauma and asso-
ciated injuries make the diagnosis diffi cult. ECG 
can show a bundle branch block or deviation of 
the heart axis in cases of cardiac herniation. 

 Echocardiography (syn. cardiac ultra-
sound) can depict pericardial hemorrhage, and 
it is recommended to decompress the pericar-
dium immediately even under cardiac arrest. 
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Ultrasound-guided pericardial puncture is an 
option to confi rm the diagnosis. 

 Clinical treatment is comparable to that for pen-
etrating cardiac injuries. Pericardial decompres-
sion is followed by sternotomy, and insertion of an 
intra-aortic balloon pump is a treatment option 
(Fulda et al.  1991 ;  Calhoon et al. ; Kato et al.  1988 ; 
Mattox et al.  1992 ). It should be considered that in 
these cases associated injuries are common, and 
the entire torso and skeleton should be diagnosed 
by whole-body CT (WBCT). Common associated 
injuries include aortic injuries, abdominal injuries 
(up to 43 %), head injuries (up to 51 %) and skeletal 
injuries (up to 40 %). The outcome is limited; Fulda 
et al. (Fulda et al.  1991 ) describe a mortality rate of 
48 % in patients with cardiac arrest, and the overall 
mortality is reported to be up to 76 %. Kato et al. 
(Kato et al.  1988 ) report a mortality rate of more 
than 90 % in a cohort of 63 patients. 

 Myocardial rupture (cardiac rupture) is rare, and 
the incidence is reported as 0.1–0.3 % in patients 
with severe chest trauma. However, it is associated 
with a high mortality, accounting for 36–56 % of 
blunt thoracic injuries. Again, the right heart is more 
prone to injury due to its retrosternal position and the 
thinner myocardial wall of the right ventricle. In 
gross hemorrhage it can lead to pericardial tampon-
ade and immediate cardiac arrest, and patient 
deserves cardiopulmonary resuscitation (CPR) (Co 
et al.  2011 ; Kato et al.  1988 ; Van Horn  2007 ). 

 Depending on the presence of a pericar-
dial injury, the hemorrhage is contained in the 
 pericardial sac or can procreate to the medias-
tinum and the thoracic cavity. The extent of the 
 hemorrhage in an intact pericardium can lead 
to tamponade. Blunt myocardial rupture occurs 
with increased central venous pressure (CVP) 
in the diastole, leading to increased pressure 
in the ventricle when the atrioventricular valve 
is closed. Myocardial rupture is lethal in many 
cases, e.g., in a patient presenting with refrac-
tory hypotension and tachycardia (Figs.  8 ,  9 , 
and  10 ) (Van Horn  2007 ).

     The mortality of patients undergoing sur-
gery is reported as high as 33 %, but where 
treatment is successful, a good long-term out-
come is reported. MDCT has proven to be able 
to show complete and incomplete myocardial 

rupture, while active hemorrhage can be 
observed by the extravasation of contrast-
enhanced blood into the pericardium, mediasti-
num, or thoracic cavity. Additional use of MR 
can depict myocardial  disorders such as mus-
cular thinning, formation of myocardial scars, 
and ischemia in cases of  infarction more sensi-
tively, but this is not appropriate in the acute 
setting (Mirvis; Zoni et al.).   

4     Penetrating Cardiac Injury 

 The spectrum of penetrating injuries includes 
injuries to the atrium and the ventricle, injuries to 
the vascular structures, injuries to the trachea, 
bronchi, esophagus, as well as of the bony cage 
and the thoracic spine. Penetrating transmediasti-
nal injury (TMI) is defi ned injury that transverses 
the mediastinum. 

 In a recent series of 532 penetrating injuries, 
the right ventricle was involved (35 %), less com-
mon are the left ventricle (25 %), right atrium 
(33 %), left atrium (14 %), and the aorta (14 %) 
( Demetriades and van der Veen ). The right heart 
is more prone to injury due to its location dorsal 
to the sternum. In penetrating injuries, the extent 
and severity of injury depend on the caliber of the 
penetrating objects. The clinical symptoms can 
change from asymptomatic and normal ECG to 
unstable vital signs, hypotension, and cardiac 
arrest due to cardiac tamponade or active hemor-
rhage (Elie; Gasparri et al.; Thourani et al.). 

 Penetrating injury is mostly based on fi rearms 
and knives; less common is perforation by bone 
fragments from sternum or rip fractures. Iatrogenic 
injury is rare but can be related to accidental car-
diac puncture, interventional procedures, or central 
venous access devices (Mattox et al.  2012 ; Asensio 
et al.  1996 ). As the right ventricle is in direct con-
tact with the interior chest wall, it is more prone for 
cardiac injury. In a series of 711 patients, the 
authors reported a distribution of injuries to the 
right ventricle (40 %) and left ventricle (40 %) 
being more common than injuries to right atrium 
(24 %) and left atrium (3 %) (Wall et al.  1997 ). 

 The pathophysiology and the clinical outcome 
are infl uenced by two main factors, the severity 
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  Fig. 9    Cardiac rupture: ungated MDCT whole-body CT of a patient showing a septal injury with septal rupture. The 
discontinuity of the cardiac septum and the transseptal hemorrhage is depicted       

  Fig. 8    Cardiac rupture: ungated MDCT with a cardiac cham-
ber rupture. Missing delineation of the myocardium of the right 
cardiac chambers can be seen, as well as active  hemorrhage 

from the heart to the pericardium with a compression of the 
heart. The corollary is that hemopericardium- associated 
injuries comprise hematothorax and acute aortic rupture       
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and rate of bleeding and the involvement and 
extend of pericardial tamponade. Penetrating 
injuries with small knives are self-limited and 
can often result uncomplicated with self-healing 
of the laceration. Up to 90 % of patients with 
small object-penetrating injuries show pericar-
dial tamponade (Symbas). 

 Clinically, patients present with tachycardia 
and increased pressure in the ventricular fi lling as 
well as paradox pulse, a high drop in systolic 
blood pressure during inspiration, and increased 
myocardial contractility. They also exhibit 
extended neck veins, as well as paradox inspira-
tion and increased CVP; however, the latter can 
also be associated with pneumothorax, which is a 
differential diagnosis. 

 This can result in a compensated status of 
tamponade; however, under volume replacement 
the cardiac function and systemic blood pressure 
can still be kept within the limits. However, even 
a slight deterioration in pericardial tamponade 
can result in severe left ventricular-fi lling defects, 
immediate systemic hypotension, and cardiac 
output failure. The myocardial compression also 
results in ischemia due to compression of the 
coronary artery fl ow – leading to an uncompen-
sated cardiac tamponade (Mattox et al.  2012 ). 

 Larger wounds or gunshot injuries result in 
hemorrhage from the cardiac chambers and, in 
many cases, associated injuries causing further 
blood loss and leading to clinical deterioration. 
Myocardial injuries to the left ventricle or right 

  Fig. 10    ECG-gated MDCT of the heart, axial reconstruc-
tions, and VRT. The fi gure shows ( a ) a discontinuity of the 
intraventricular septum with intraseptal bleeding as a sign of 
incomplete rupture ( green arrows ) and ( b )  intramyocardial 

bleeding on the apex of the left ventricle ( yellow arrows ) as 
a sign of traumatic cardiac aneurysm displaying in the VRT 
reconstruction       
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ventricle can be self-sealing, but the atrium is in 
greater danger, as there is less muscular substance. 
Direct injuries to the coronary artery can result in 
rapid pericardial tamponade. Penetrating injuries to 
the septum or the heart valves are less common. 

 Patients suffering from penetrating cardiac 
trauma who can be brought directly to the operat-
ing theater have a survival rate of 97 % for stab and 
71 % for gunshot injuries. Of patients undergoing 
emergency thoracotomy, only 14 % survive; for 
those arriving at the hospital without cardiac func-
tion, the survival rate is only 7.8 %. Milham et al. 
report an overall mortality rate of 47 % in a sample 
of 2,253 patients (Mattox et al.  2012 ). 

 Imaging is often limited to CR of the chest if 
patients are hemodynamically unstable. CR can 
depict foreign bodies, pneumopericardium, an 
enlarged heart fi gure, and mediastinal widening, as 
well as concomitant lung injuries (Gunn et al.  2014 ). 

 Cardiac US is the most established imaging 
method; it can be quickly performed and it is repeat-
able to monitor hemorrhage to establish an early 
and quick diagnosis of penetrating cardiac injury. 
Cardiac ultrasound can demonstrate  hemorrhage to 
the pericardium with or without cardiac tamponade 
by a subxiphoid view. Ultrasound signs of cardiac 
tamponade include pericardial effusion, cardiac 
tamponade, and diastolic compression of the atrium 
due to the increased pericardial pressure, dilatation 
of the inferior vena cava, and right ventricular dia-
stolic collapse (Gunn et al.  2014 ; Gunn  2012 ). 

 In a study of 225 patients, US showed a sensi-
tivity of 100 %, a specifi city 96 %, and accuracy 
was 97.3 %. The average time from fast ultra-
sound to surgery was 12.1 ± 5 min, highlighting 
the importance of early and fast ultrasound in this 
group of patients (Rozycki et al.). 

 MDCT is performed whenever possible; it can 
show directly the entry point and the wound track of 
projectile-specifi c organ injury fi ndings. It allows 
for a thorough diagnosis of the mediastinal organs 
including the esophagus, trachea, and the arterial 
and venous system as well as direct heart and lung 
injuries. MDCT can locate the position of foreign 
bodies and allow for an assessment of active bleed-
ing in imaging (Gunn et al.  2014 ; Gunn  2012 ). 

 MDCT is indicated in patients who are hemo-
dynamically stable or who recompensate after 
fl uid resuscitation. The detection of active bleed-

ing is usually an immediate indication for surgi-
cal treatment. In subacute fi ndings, patients can 
also be further evaluated by bronchoscopy and 
esophagography. 

 Penetrating vascular injuries are located fre-
quently in the ascending aortic arch and proximal 
great vessel. The mortality rate after penetrating aor-
tic injury is 90–100 %. Patients typically undergo 
immediate surgery. MDCT fi ndings include active 
vascular hemorrhage, formation of pseudoaneu-
rysms, and vascular occlusions (Gunn  2012 ; Dosios 

a

b

  Fig. 11    Ungated MDCT of the heart, axial reconstruc-
tions. The fi gure shows ( a ) a stab wound to the left ven-
tricle with perforation of the myocardium and ( b ) the 
bleeding site at the apex of the heart and a large left-sided 
hemopneumothorax (Images are courtesy of Professor 
Stuart Mirvis MD, University of Maryland, R Adams 
Cowley Shock Trauma Center, Baltimore, MD, USA ©)       
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et al.  2000 ). Gunn et al. recommend correlating all 
bullet entry points with the exit points and the num-
ber of visible bullets in the body (Gunn et al.  2014 ). 

 Projectiles can also embolize and transverse 
vascular structure and airways, the esophagus, 
and pleural cavity. Smaller projectiles have been 
reported to enter the aorta and embolize in the 
systemic circulation. Penetrating cardiac injury is 
often lethal, with mortality rates ranging from 3 
to 81 % (Kang et al.  2009 ; Schmelzer et al.  1989 ). 
Again, the right heart is more prone to injury due 
to its anterior position. 

 MDCT has a reported sensitivity of 76.9 % 
and specifi city of 99.7 % for penetrating cardiac 
injury where hemopericardium and pneumoperi-
cardium were observed as signs of injury; sensi-
tivity is up to 100 %. MDCT can depict injuries to 
the coronary arteries, cardiac veins, valvular 
complex extravasation of blood, and mediastinal 
and lung injuries. There is evidence that MDCT 
is useful in the evaluation of penetrating cardiac 
injury (Figs.  11  and  12 ) (Gunn et al.  2014 ; 
Mollberg et al.  2012 ).

a b

c

  Fig. 12    Ungated MDCT of the heart, axial, and sagittal 
reconstructions. The fi gure shows ( a ,  c ) a stab wound 
through the sternum into the right ventricle with large 
pericardial hematoma and ( b ) active bleeding from the 

right ventricle and a heart compression by pericardial 
hemorrhage (Images are courtesy of Professor Stuart 
Mirvis MD, University of Maryland, R Adams Cowley 
Shock Trauma Center, Baltimore, MD, USA ©)       

 

Cardiac Injuries



120

    MR imaging has been used in stable patients 
to distinguish ventricular aneurysms for fl ow 
quantifi cation of septal defects (Co et al.  2011 ; 
Plurad et al.  2013 ). Emergency thoracotomy 
should be performed in cases of prolonged resus-
citation and a lack of response to volume therapy 
(Mattox et al.  2012 ).  

5     Trauma Scoring 

 To date, no MDCT or imaging-based trauma 
score exists for the grading of cardiac injury. 

 To assess the severity of cardiac injury, 
clinical and anatomic parameters are evalu-
ated, with various scoring systems in clini-

cal practice. The most common is CVRS 
(cardiovascular- respiratory score), which is a 
predictor for the probability of survival and 
correlates with the severity of injury (Asensio 
et al.  1996 ; Asensio et al.). A further scoring 
system is the Organ Injury Scale developed 
by the AAST (American Association for the 
Surgery of Trauma), which provides a scaling 
of injury (severity scores) for individual organs 
(Table  4 ) (Mattox et al.  2012 ).

   Associated injuries such as coronary artery 
dissections, active bleeding, and involvement of 
more than one heart chamber – or a delay in 
diagnosis and treatment – worsen the probabil-
ity of survival (Table  5 ) (Mattox et al.  2012 ; 
 Mattox et al. ).

   Table 4    Cardiac injury – cardiac injury organ scale   

  Grade I  

 Blunt cardiac injury with minor ECG abnormality (nonspecifi c ST- or T- wave changes, premature atrial or 
ventricular contraction or persistent sinus tachycardia) 

 Blunt or penetrating pericardial wound without cardiac injury, cardiac tamponade, or cardiac herniation 

  Grade II  

 Blunt cardiac injury with heart block or ischemic changes without cardiac failure 

 Penetrating tangential cardiac wound up to but not extending through the endocardium without tamponade 

  Grade III  

 Blunt cardiac injury with sustained or multifocal ventricular contractions 

 Blunt or penetrating cardiac injury with septal rupture, pulmonary or tricuspid incompetence, papillary muscle 
dysfunction, or distal coronary artery occlusion without cardiac failure 

 Blunt pericardial laceration with cardiac herniation 

 Blunt cardiac injury with cardiac failure 

 Penetrating tangential myocardial wound up to but not through the endocardium with tamponade 

  Grade IV  

 Blunt or penetrating cardiac injury with septal rupture, pulmonary or tricuspid incompetence, papillary muscle 
dysfunction, or distal coronary artery occlusion producing cardiac failure 

 Blunt or penetrating cardiac injury with aortic or mitral incompetence 

 Blunt or penetrating cardiac injury of the right ventricle, right or left atrium 

  Grade V  

 Blunt or penetrating cardiac injury with proximal coronary artery occlusion 

 Blunt or penetrating left ventricular perforation 

 Stellate injuries <50 % tissue loss of the right ventricle, right or left atrium 

  Grade VI  

 Blunt avulsion of the heart 

 Penetrating wound producing >50 % tissue loss of a chamber 

  Developed by the American Association for the Surgery of Trauma (AAST) ( 1994 ) (Mattox et al.  2012 )  
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   Table 5    Cardiac injury – concomitant injuries in multiple trauma   

 Pleural space: pneumothorax, hematothorax 

 Lungs: pulmonary contusion, pulmonary laceration, traumatic lung herniation 

 Mediastinum: pneumomediastinum 

 Airways: bronchial laceration, tracheal lacerations, Macklin effect 

 Esophagus tear 

 Thoracic vessels: injuries to the aorta, great thoracic vessels, and internal mammary artery 

 Diaphragm rupture 

 Chest wall: sternal, clavicular or rib fracture, fl ail chest, sternoclavicular dislocations 

 Fractures of the thoracic spine 
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    Abstract  

  Diaphragmatic injuries are uncommon inju-
ries in the chest, thus they can easily be missed 
by the radiologist and surgeon. Therefore, a 
high index of suspicion is important for an 
early diagnosis and to avoid any complica-
tions. Multidetector computed tomography is 
the modality of choice for the diaphragmatic 
injuries. On MDCT, there are direct and indi-
rect signs of diaphragmatic injuries.  In this 
chapter we discuss the fi ndings associated 
with blunt as well as penetrating diaphrag-
matic injuries with an emphasis on the role of 
the radiologist in making the diagnosis.   

1      Introduction 

 Traumatic injuries to the diaphragm are caused by 
blunt or penetrating trauma, either to the chest or 
abdominal wall. Regardless of the etiology, these 
injuries require treatment to avoid the serious com-
plications of obstruction or strangulation of herni-
ated viscera. As nonoperative management 
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increases and fewer initially occult cases of dia-
phragmatic injury are diagnosed intraoperatively, 
the imaging diagnosis of these injuries has become 
increasingly more important (Fair et al.  2015 ). 
Despite the importance of recognizing these inju-
ries, detecting diaphragmatic injuries is still a diag-
nostic challenge for many radiologists and trauma 
surgeons (Reber et al.  1998 ; Hanna et al.  2008 ). 

 Penetrating diaphragmatic injuries are com-
monly caused by gunshot or stab wounds. There 
is no defi nite predilection for the side of dia-
phragmatic injury among victims of gunshot 
wounds (Patlas et al.  2015 ). Serious injuries from 
stab wounds are more common on the left than 
on the right, which is probably due to protective 
effect from the liver on the right hemidiaphragm, 
a greater proportion of right-handed assailants, 
and a relative underdiagnosis of subtle right dia-
phragmatic injuries (Patlas et al.  2015 ). 

 Surgery has long played a signifi cant role in 
the management of patients presenting with pen-
etrating thoracoabdominal injuries; however, 
selective nonoperative management is increas-
ingly recommended for these patients, with good 
outcomes in the setting of both blunt and pene-
trating traumas (Croce et al.  1995 ; Iochum et al. 
 2002 ; Como et al.  2010 ; Dreizin et al.  2015 ). 
There is a growing trend for conservative man-
agement of blunt traumatic patients. As nonop-
erative management of traumatic patients 
increases, it is possible that some diaphragmatic 
injuries which were once only identifi ed intraop-
eratively will only be detected radiologically or 
after complications of diaphragmatic injury arise. 
This trend in the shift of the management strategy 
will require a need for greater vigilance by radi-
ologists for subtle signs of diaphragmatic injury. 

 The radiologic detection of diaphragmatic 
injuries is diffi cult because many physicians are 
unfamiliar with the scope of diaphragmatic inju-
ries and their imaging fi ndings (Hanna et al.  2008 ; 
Desir and Ghaye  2012 ). Many imaging signs have 
been described for the detection of these injuries; 
however, some patients present with only one or a 
few of the many known signs. As such, being 
familiar with the radiologic signs of diaphrag-
matic injury is essential for the practicing radiolo-
gist, especially in the emergency setting. 

 Frequently, signifi cant or life-threatening tho-
racic and abdominal injuries can distract the radiolo-

gist from the more subtle fi ndings of diaphragmatic 
injuries. The key to a successful radiologic diagnosis 
of diaphragmatic injury is to have a high degree of 
suspicion based on clinical setting and to develop a 
familiarity with the classic imaging fi ndings of trau-
matic diaphragmatic injury (Guth et al.  1995 ). 

 Although some animal models suggest spon-
taneous healing of small diaphragmatic defects, 
there are no published reports of a human dia-
phragmatic injury healing without surgery 
(Shatney et al.  2003 ; Desir and Ghaye  2012 ). 
Physiologic negative intrathoracic pressures dur-
ing unassisted ventilation and the constant motion 
of the diaphragm likely impede healing of dia-
phragmatic injuries and can result in delayed her-
niation of intra-abdominal contents (Desir and 
Ghaye  2012 ). In cases of missed diaphragmatic 
injury, reports indicate potential for delayed com-
plications of visceral herniation with potential for 
obstruction or strangulation, with mortality of 
approximately 30–60 % in cases of visceral stran-
gulation (Murray et al.  1996 ; Desir and Ghaye 
 2012 ; Panda et al.  2014 ; Dreizin et al.  2015 ). 
Therefore, it is essential that these injuries be 
detected as early as possible.  

2     Anatomic 
and Developmental 
Considerations 

 The diaphragm is a thin musculotendinous sheet 
with a concave undersurface and apertures allow-
ing passage of transdiaphragmatic structures. 
The largest of these are the hiatuses of the infe-
rior vena cava, esophagus, and aorta. The caval 
hiatus is located at the T8–T9 intervertebral disk 
level to the right of the central tendon. The infe-
rior vena cava is adherent to its margin (Standring 
 2016 ). The esophageal hiatus is at the level of the 
tenth vertebral body. The esophagus is not 
directly continuous with the muscle of the esoph-
ageal hiatus (Standring  2016 ). The aortic hiatus 
is an osseo-aponeurotic aperture at the lower 
level of the twelfth vertebral body, passing out-
side of the diaphragmatic muscle fi bers adjacent 
to the vertebral column, and is not affected by 
their contraction (Standring  2016 ). 

 Congenital areas of weakness may be present 
between diaphragmatic muscle fi bers that insert on 
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the sternum and the ribs (sternocostal triangles) and 
between the fi bers that insert on the ribs and the 
lumbar vertebrae (lumbocostal triangles). These 
areas of weakness are likely responsible for non-
traumatic Morgagni and Bochdalek hernias 
(Thomas Sadler et al.  2003 ). In addition, the inter-
face between the embryologic septum transversum 
(originating anteriorly) and the pleuroperitoneal 
folds corresponds to potential areas of inherent 
weakness in the posterolateral diaphragm, which 
may be predisposed to rupture in the setting of high-
energy abdominal trauma (Desir and Ghaye  2012 ).  

3     Mechanism of Injury 

 In the USA, penetrating diaphragmatic injuries 
are twice as common as blunt diaphragmatic 
injuries (Fair et al.  2015 ). Penetrating injuries are 
due to knife and gunshot wounds and tend to 
result in smaller diaphragmatic injuries, typically 
on the order of 1 or 2 cm in length (Iochum et al. 
 2002 ; Desir and Ghaye  2012 ). The small size of 
the corresponding diaphragmatic defect may also 
lead to diffi culty directly appreciating these inju-
ries on imaging studies (Desir and Ghaye  2012 ). 
Because of the small size of defects generally 
seen in penetrating diaphragmatic injuries, her-
niation of abdominal contents is uncommon after 
penetrating diaphragmatic injury (Dreizin et al. 
 2015 ). Penetrating injuries may injure any organs 
or structures in line with the trajectory of the 
wound and as such may vary widely in  distribution 
(Iochum et al.  2002 ) but commonly involve liver 
and hollow viscus (Fair et al.  2015 ). 

 Penetrating diaphragmatic injuries from stab-
bings occur more frequently on the left than the 
right (Patlas et al.  2015 ). This is theorized to 
result from the higher number of right-handed 
assailants who face their victim at the time of 
injury (Panda et al.  2014 ). Another factor that 
may contribute to the relative frequency of left- 
sided penetrating diaphragmatic injuries is the 
protection which the liver provides and whose 
absence on the left results in areas of weakness in 
the left hemidiaphragm (Panda et al.  2014 ). 

 Blunt diaphragmatic injuries are most com-
monly the result of motor vehicle accidents, but 
other causes include falls and severe blows to the 
body. It has been proposed that multiple mecha-

nisms of injury may be involved in a blunt dia-
phragmatic injury, which may be differentiated 
by the direction of greatest impact at the time of 
injury. A frontal impact on the abdomen is pro-
posed to increase intra-abdominal pressure, 
resulting in subsequent upward force from intra- 
abdominal contents moving toward the relatively 
low-pressure thorax (Iochum et al.  2002 ; Desir 
and Ghaye  2012 ). Lateral impacts have been pro-
posed to injure the diaphragm through shear 
forces (Iochum et al.  2002 ; Desir and Ghaye 
 2012 ). Other factors such as fractured ribs or the 
phase of the respiratory cycle may also play a 
role in the mechanism of blunt diaphragmatic 
injury (Rees et al.  2005 ; Desir and Ghaye  2012 ). 
In contrast to the small size of penetrating dia-
phragmatic injuries, blunt diaphragmatic injuries 
tend to be large (>10 cm) (Iochum et al.  2002 ). 
Perhaps not surprisingly, left hemidiaphragmatic 
injuries are associated with splenic injuries, and 
right hemidiaphragmatic injuries are associated 
with hepatic injuries. 

 Diaphragmatic injury will essentially never 
occur in isolation. Penetrating diaphragmatic 
injuries are associated with liver injury (53.6 %), 
splenic injury (29.1 %), pulmonary injury 
(28.1 %), stomach injury (26.6 %), hemothorax 
(26.2 %), and pneumothorax (20.4 %) (Fair et al. 
 2015 ). Blunt diaphragmatic injuries are associ-
ated with pulmonary injury (48.7 %), splenic 
injury (44.8 %), liver injury (39.7 %), pneumo-
thorax (30 %), and hemothorax (21.5 %) (Fair 
et al.  2015 ). Other injuries commonly associated 
with blunt diaphragmatic injury include renal, 
aortic, cardiac, and osseous injuries, such as spi-
nal, pelvic, and rib fractures (Iochum et al.  2002 ; 
Desir and Ghaye  2012 ; Fair et al.  2015 ). The 
coincident injuries seen in association with blunt 
diaphragmatic injury, for instance, result in mor-
tality of approximately 12–42 % (Iochum et al. 
 2002 ; Desir and Ghaye  2012 ). 

 The proportion of left-sided to right-sided dia-
phragmatic injuries is higher after blunt trauma 
with frontal impact; however, relative numbers of 
right and left diaphragmatic injury are similar 
after posterior impacts (Desir and Ghaye  2012 ). 
Side impacts typically result in injury on the side 
of impact (Desir and Ghaye  2012 ). The increased 
frequency of left-sided blunt diaphragmatic inju-
ries is attributed to the protective effect of the liver 
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on the right hemidiaphragm and the vulnerability 
of an unprotected area of congenital weakness of 
the left diaphragm (Desir and Ghaye  2012 ). Some 
of the difference in frequency of left and right 
injuries may also be due to underdiagnosis of sub-
tle right-sided injuries (Killeen et al.  1999 ; Patlas 
et al.  2015 ). The left hemidiaphragm runs next to 
abdominal fat that makes its contour more visible, 
while the right hemidiaphragm may be diffi cult to 
distinguish from the higher- attenuation hepatic 
parenchyma (Killeen et al.  1999 ; Iochum et al. 
 2002 ; Desir and Ghaye  2012 ).  

4     Epidemiology 

 The relative frequency of penetrating and blunt 
diaphragmatic injuries varies, with signifi cantly 
higher numbers of penetrating injuries seen in 
several large studies (Hammer et al.  2014 ; Fair 
et al.  2015 ; Gao et al.  2015 ). Some smaller 
studies have included a greater number of blunt 
diaphragmatic injuries than penetrating dia-
phragmatic injuries, which may be due to their 
small sample size or possibly because the fre-
quency of gunshot wounds and stabbings is 
proportionally lower in their study populations 
(Panda et al.  2014 ; Leung et al.  2015 ). 

 Penetrating diaphragmatic injuries are more 
common among young men, with males making 
up 91.4 % of cases in the USA (Fair et al.  2015 ). 
The average age of US patients diagnosed with 
penetrating diaphragmatic injuries is 31 years 
(standard deviation of 13 years) (Fair et al. 
 2015 ). The relatively high proportion of men 
presenting with penetrating diaphragmatic 
injury is probably due to the fact that men are 
more likely than women to be involved in stab-
bings and shootings (Hanna et al.  2008 ). 
Penetrating diaphragmatic injuries are reported 
in 10–42 % of penetrating thoracoabdominal 
traumas (Spann et al.  1995 ; Bodanapally et al. 
 2009 ; Yucel et al.  2015 ). 

 Blunt diaphragmatic injuries are also more 
common among men (Fair et al.  2015 ). Men 
comprised 67.9 % of blunt diaphragmatic inju-
ries in a recent study of over 3700 diaphrag-
matic injuries in the USA, with an average age 
of 44 years (standard deviation of 19 years). 

Blunt thoracoabdominal trauma results in dia-
phragmatic injury in 0.8–8.0 % of cases 
(Iochum et al.  2002 ; Desir and Ghaye  2012 ). 
When compared to patients with penetrating 
diaphragmatic injuries, patients with blunt dia-
phragmatic injuries have longer stays in inten-
sive care, longer ventilator requirements, and 
higher mortality (19.8 % vs. 8.8 %) (Fair et al. 
 2015 ).  

5     Radiographic Evaluation 

 Even with the increasing use of MDCT imag-
ing, fi rst-line trauma imaging is usually a por-
table chest radiograph. There are numerous 
limitations of chest radiographs such as lack of 
patient cooperation, the use of portable equip-
ment, and suboptimal patient positioning 
(Iochum et al.  2002 ). Despite these factors, ini-
tial radiographic evaluation may successfully 
render a diagnosis of diaphragmatic injury. 
The sensitivity of initial radiographs has a 
wide range of reported values, from 17 to 65 % 
(Iochum et al.  2002 ; Patlas et al.  2015 ). The 
reported sensitivity of chest radiograph for 
right-sided diaphragmatic injuries (approxi-
mately 17 %) is lower than for left-sided inju-
ries (approximately 27–60 %) (Iochum et al. 
 2002 ). 

 The most valuable signs of diaphragmatic rup-
ture seen on chest radiography are defi nite visual-
ization of abdominal viscera above the diaphragm 
(with or without a focal constriction of herniated 
viscera as they pass through the violated dia-
phragm, the collar sign) and visualization of the 
tip of a nasogastric tube above the diaphragm 
(Gelman et al.  1991 ; Desir and Ghaye  2012 ). The 
sensitivity for an NG tube crossing the left dia-
phragm on chest radiograph has a sensitivity of 
approximately 44–64 % (Gelman et al.  1991 ; 
Guth et al.  1995 ). 

 Another fi nding that is highly suggestive of 
diaphragmatic injury is the unexplained elevation 
of a hemidiaphragm. In the setting of blunt 
abdominal trauma, a 4 cm elevation of either 
hemidiaphragm is correlated with injury to that 
hemidiaphragm; however, some authors suggest 
a higher cutoff of 6 cm from the contralateral 
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 diaphragm (Gelman et al.  1991 ; Guth et al.  1995 ; 
Desir and Ghaye  2012 ). 

 Unfortunately, most patients with a trau-
matic diaphragmatic injury present with non-
specifi c fi ndings on chest radiography, such as 
obscured outline of the injured hemidiaphragm, 
mild elevation of the affected hemidiaphragm, 
mediastinal shift to the contralateral side, and 
sequela of trauma such as effusions, pneumo-
thorax, or rib fractures (Gelman et al.  1991 ; 
Guth et al.  1995 ; Desir and Ghaye  2012 , Patlas, 
Leung et al.  2015 ). 

 If a patient cannot be imaged by CT (either 
because their condition is too unstable to allow 
transport to the scanner or due to a lack of avail-
ability of CT scanning), serial chest radiographs 
may be useful, especially after extubation (Gao 
et al.  2015 ). Because of the artifi cially increased 
intrathoracic pressures while undergoing positive 
pressure ventilation, herniation of intra- abdominal 
contents into the thorax may be delayed or pre-
vented until after extubation. For this reason, com-
parison between radiographs should be made from 
before and after cessation of positive pressure ven-
tilation when possible in patients unable to be 
imaged by CT (Gao et al.  2015 ). 

 Although chest radiographs may be diagnostic 
for diaphragmatic injuries, they are generally infe-
rior to CT images in their evaluation, with sensitiv-
ity not greater than 65 % (Gelman et al.  1991 ; Patlas 
et al.  2015 ). One potential pitfall in the diagnosis of 
diaphragmatic injuries by chest radiography is a 
normal-appearing (false- negative) radiograph in the 
setting of acute diaphragmatic injury, which may be 
present in 15 % of patients presenting with dia-
phragmatic rupture (Guth et al.  1995 ). 

 Differential considerations must be kept in 
mind when nonspecifi c fi ndings are present in the 
setting of acute thoracoabdominal trauma. 
Congenital hernias can also mimic traumatic her-
niation. Eventration of abdominal contents into 
the thoracic cavity can be mistaken for an acute 
fi nding if not recognized as nontraumatic. Other 
differential considerations for subtle abnormali-
ties on chest radiographs may include atelectasis, 
pleural effusion, hemothorax, pulmonary contu-
sion, pulmonary laceration, or phrenic nerve 
palsy (Gelman et al.  1991 ; Guth et al.  1995 ; 
Iochum et al.  2002 ).  

6     CT Evaluation 

 Evaluation with MDCT is increasingly common, 
as are powerful workstations which allow review 
of reformatted images in a timelier manner. The 
maturation of CT technology, including MDCT, 
has improved CT scan sensitivity for blunt dia-
phragmatic injury from approximately 60 % 
with conventional CT scans to 77–100 % with 
MDCT, with MDCT specifi city of approxi-
mately 93–98 % (Desser et al.  2010 ; Magu et al. 
 2012 ). The sensitivity of MDCT for penetrating 
diaphragmatic injuries is approximately 
73–100 %, with specifi city of approximately 
50–92 % (Bodanapally et al.  2009 ; Dreizin et al. 
 2015 ).  

7     CT Signs of Blunt 
Diaphragmatic Injury 

 Regarding blunt diaphragmatic rupture, Desir 
and Ghaye have classifi ed signs into three groups: 
direct, indirect, and signs of uncertain or contro-
versial origin (Desir and Ghaye  2012 ). Signs of 
blunt diaphragmatic injuries are described below 
using this classifi cation. 

  Direct signs of blunt diaphragmatic rupture 
include the following :

•     Visualized diaphragmatic defect  – A visualized 
defect of the diaphragm may demonstrate mus-
cular retraction and thickening of diaphragmatic 
muscular fi bers near the defect. A diaphrag-
matic injury is most easily visualized directly 
when air or fat abuts the diaphragm. This sign’s 
reported sensitivity and specifi city range from 
approximately 17 to 90 % and 90 to 100 %, 
respectively, in the setting of blunt trauma 
(Desir and Ghaye  2012 ; Hammer et al.  2014 ):

 –     Pitfalls : Eventration of the diaphragm may 
make the diaphragm imperceptible in some 
individuals (Desser et al.  2010 ). Fluid or 
soft tissue attenuation material (hemotho-
rax, pleural effusion, ascites, lung consoli-
dation, etc.) in contact with the diaphragm 
may obscure a true diaphragmatic injury; 
however, this may be less common when 
scanned by MDCT with a greater number 
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of detectors (Chen et al.  2010 ; Patlas et al. 
 2015 ). Additionally, approximately 6 % of 
asymptomatic adults will have evidence of 
nontraumatic diaphragmatic defects, which 
mimic a focal injury in the setting of acute 
trauma (Iochum et al.  2002 ).     

•    Dangling diaphragm sign  (Desser et al. 
 2010 ) – The appearance of this sign overlaps 
with visualization of a diaphragmatic defect, 
as described above. This less commonly 
described sign refers to visualization of the 
free edge of the torn diaphragm curling 
inwards on itself, which appears as a comma- 
shaped soft tissue structure. Thickening of this 
free fl ap of the diaphragm has also been 
reported. Sensitivity and specifi city of the 
dangling diaphragm sign are reported as 54 
and 98 %, respectively (Desser et al.  2010 ):
 –     Pitfalls : This sign’s pitfalls are similar to 

those of the visualized diaphragmatic defect.     
•    Absent diaphragm  – The diaphragm may be 

absent in the area of a diaphragmatic injury. 
When the diaphragm or a portion of the 
 diaphragm is not visualized after acute injury, 
abdominal contents are commonly herniated. 
Absence of the visualized diaphragm has a 
reported sensitivity and specifi city of 18–43 % 
and 91 %, respectively (Desir and Ghaye  2012 ):
 –     Pitfalls : This sign’s pitfalls are similar to 

those of the visualized diaphragmatic 
defect.    

  Indirect signs of blunt diaphragmatic rupture  
may be the only evidence to suggest a blunt dia-
phragmatic injury:  
•    Herniation through a defect  – Herniation of 

abdominal contents into the abdomen may 
occur in the setting of trauma or as the result 
of either congenital or acquired diaphragmatic 
hernias. Abdominal contents may herniate 
into either the pleural or, less likely, the peri-
cardial space. Reported sensitivity of herni-
ated abdominal contents after blunt trauma is 
higher on the left than on the right (42–91 % 
on the left, 8–50 % on the right), while speci-
fi city is reportedly at 98–100 % (Desir and 
Ghaye  2012 ):
 –     Pitfalls : Diaphragmatic hernias (e.g., 

Bochdalek or Morgagni hernias) are poten-

tial mimics of this sign, especially if prior 
imaging is not available to demonstrate the 
stable nature of the hernia.     

•    Collar sign  – This sign refers to a waist-like 
band constricting herniated abdominal con-
tents as they pass from the abdomen to the 
thoracic cavity through the sometimes-not- 
visualized diaphragmatic defect. This sign 
may be best appreciated on reformatted sagit-
tal or coronal images. Overall sensitivity and 
specifi city for blunt diaphragmatic injury are 
reported as 44–63 % and 98–100 %, respec-
tively, with sensitivity lower on the right 
(50 %) than on the left (78 %) (Killeen et al. 
 1999 ):

 –     Pitfalls : Prior trauma or diaphragmatic 
slips may result in atypical contours of 
abdominal organs and may be mistaken for 
a collar sign (Desir and Ghaye  2012 ). The 
collar sign may also be present in congeni-
tal or acquired hernias. Motion artifact has 
caused an artifactually narrowed appear-
ance of upper abdominal organs and the 
diaphragm, though this motion artifact is 
less likely with faster scan times.     

•    Hump and band signs  – These signs are a sub-
set of the collar sign, primarily used in evalu-
ating the right diaphragm. The “hump” being 
referenced is a focal outpouching of the liver 
which has herniated above the injured right 
diaphragm. The “band” refers to an area of 
hypoattenuation within the liver at the level of 
the diaphragmatic defect on contrast-enhanced 
studies (Rees et al.  2005 ). It is hypothesized 
that compression from the rim of the damaged 
diaphragm results in a rim of relative hypoper-
fusion of the liver at the site of herniation 
(Rees et al.  2005 ). Both the hump and band 
signs are best appreciated on coronal and sag-
ittal reformatted images. While specifi city for 
these signs has not been determined, sensitiv-
ity of the hump sign is reported to be 50–83 %, 
and sensitivity of the band sign is reported to 
be 33–42 % (Rees et al.  2005 ; Chen et al. 
 2010 ):
 –     Pitfalls : Similar to the collar sign, prior 

hepatic laceration or fracture or diaphrag-
matic slips may be mistaken for a positive 
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hump sign (Desir and Ghaye  2012 ). Also, 
because of their subtle nature when com-
pared to the collar sign, these signs may be 
missed if only axial views are reviewed. 
They are more apparent on sagittal and 
coronal reformatted images. A congeni-
tally high right hemidiaphragm may also 
mimic a hump sign.     

•    Dependent viscera sign  – When supine, the 
left hemidiaphragm normally suspends the 
stomach, spleen, and bowel above the poste-
rior chest wall, while the right hemidiaphragm 
normally suspends the liver away from the 
posterior chest wall, each separated by pos-
teroinferior portions of the lungs. When 
abdominal viscera are herniated into the pleu-
ral space, this support is no longer present, 
and the herniated abdominal contents can fall 
against the posterior chest wall (Cantwell 
 2006 ). In the setting of blunt trauma, sensitiv-
ity for this sign is reported as 54–90 %, with a 
reported specifi city of practically 100 % 
 (Bergin et al.  2001 ; Desser et al.  2010 ; Desir 
and Ghaye  2012 ):

 –     Pitfalls : Patients with congenital or hiatal 
hernias may demonstrate this sign without 
acute injury. This sign has been reported to 
have a low sensitivity for small ruptures, 
atypically confi gured or anteriorly located 
ruptures or when pleural effusion is present 
(Bergin et al.  2001 ; Cantwell  2006 ; Desir 
and Ghaye  2012 ).     

•    Abdominal contents peripheral to the dia-
phragm or lung  – When the normal contour of 
the diaphragm is well visualized, abdominal 
contents may be seen outside this contour. If 
abdominal contents are seen outside the nor-
mal contour of the diaphragm, they will have 
herniated into the thoracic cavity. Sensitivity 
and specifi city are not reported for this sign 
(Desir and Ghaye  2012 ):
 –     Pitfalls : In the unlikely situation that the 

diaphragm was inverted (such as from a 
large effusion), this relationship may be 
abnormal (Desir and Ghaye  2012 ).     

•    Elevated abdominal organs  – Because many 
processes may result in discrepancies of the 
apparent heights of the right and left hemidia-

phragm, unilateral elevation of abdominal 
organs into the thoracic cavity is insuffi cient 
to diagnose diaphragmatic rupture. When seen 
in conjunction with other features suggesting 
diaphragmatic rupture, elevation of abdominal 
organs into the thoracic cavity may help reas-
sure the correct diagnosis. Although other val-
ues have also been suggested, a signifi cant 
correlation has been shown between a 4 cm 
elevation of the right relative to the left hemi-
diaphragm and right-sided rupture. Overall 
sensitivity and specifi city for a 4 cm diaphrag-
matic asymmetry are reported to be 50–83 % 
and 89–99 %, respectively (Desir and Ghaye 
 2012 ):
 –     Pitfalls : Mimics of this sign may include 

phrenic nerve injury, atelectasis, or subpul-
monic effusion.     

•    Concomitant pneumothorax with pneumo-
peritoneum or hemothorax with hemoperito-
neum  – With the presence of either air or 
blood in both the thoracic and abdominal cavi-
ties, one should strongly consider diaphrag-
matic injury in the setting of trauma. Effusion 
or ascites may also pass between the thoracic 
and abdominal cavities in the setting of a dam-
aged diaphragm (Desir and Ghaye  2012 ):

 –     Pitfalls : It may be diffi cult to prove that the 
combination of pneumothorax with pneu-
moperitoneum or hemothorax with hemo-
peritoneum does not represent synchronous 
injuries within both cavities (Desir and 
Ghaye  2012 ).    

  Signs of uncertain or controversial origin:   
•    Thickening of the diaphragm  – Muscular 

fi bers of the diaphragm may retract and 
thicken after diaphragmatic injury. The thick-
ening of the diaphragm can vary in appear-
ance, and no standard measurements for 
diaphragmatic thickness are established. In 
the setting of blunt diaphragmatic injury, over-
all sensitivity has been reported as 56–75 %, 
and specifi city is reported to be approximately 
95 % (Desir and Ghaye  2012 ):
 –     Pitfalls : The diaphragm may be congeni-

tally thickened due to unequal distribution 
of muscular fi bers during embryologic 
migration. Additionally, blood or fl uid 
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accumulated near the diaphragm such as a 
retroperitoneal hematoma may mimic 
thickening of the diaphragm and incorrectly 
suggest a diaphragmatic injury (Nchimi 
et al.  2005 ; Desir and Ghaye  2012 ).     

•    Diaphragmatic and peridiaphragmatic 
extravasation of contrast  – Arterial contrast 
extravasation from the diaphragm is highly 
specifi c for diaphragmatic injury. Although 
sensitivity is low (reported between 0 and 
12 %), specifi city is reported between 93 and 
98 % (Nchimi et al.  2005 ; Desser et al.  2010 ):

 –     Pitfalls : This sign is nonspecifi c because 
extravasation of contrast can be diffi cult to 
localize to the diaphragm (and to exclude 
bleeding of adjacent organs) (Desir and 
Ghaye  2012 ).     

•    Fractured rib or ribs  – Rib fractures can sug-
gest injury to the diaphragm by their size, 
position, and location. The relative location of 
a rib fragment may indicate it has crossed the 
surface of the adjacent diaphragm. Sensitivity 
and specifi city of rib fractures in diagnosing 
diaphragmatic injury are unknown (Desir and 
Ghaye  2012 ).     

8     CT Signs of Penetrating 
Diaphragmatic Injury 

 In the setting of penetrating trauma, contiguous 
injury to organs above and below the diaphragm 
is the most useful and accurate sign, with sensi-
tivity and specifi city of 82–100 % and 82–83 %, 
respectively (Bodanapally et al.  2009 ; Panda 
et al.  2014 ; Dreizin et al.  2015 ). 

 Direct visualization of a diaphragmatic defect in 
the setting of penetrating trauma has a broad range 
of reported sensitivities (7–100 %) (Panda et al. 
 2014 ; Dreizin et al.  2015 ); however, specifi city is 
consistently high, reported in the range of 90–100 % 
(Bodanapally et al.  2009 ; Dreizin et al.  2015 ). 

 Thickening of the diaphragm near the area of 
penetrating injury, presumably due to retraction 
of muscle fi bers from the site of injury, has a 
reported sensitivity of approximately 48–83 %, 
with specifi city reported near 70 % (Bodanapally 
et al.  2009 ; Panda et al.  2014 ). 

 Although penetrating diaphragmatic injuries 
typically result in small diaphragmatic defects, a 
penetrating injury may result in a large diaphrag-
matic defect based on its trajectory. Any of the 
signs related to the larger blunt diaphragmatic 
injuries can be seen in the setting of a large 
defect. Because of this, signs related to hernia-
tion (collar sign, dependent viscera sign, hernia-
tion of abdominal contents into the thoracic 
cavity) tend to have low sensitivities and high 
specifi cities in the setting of penetrating trauma, 
as discussed below. 

 The collar sign also has low sensitivity in the 
range of 0–24 %, with specifi city reported near 
100 % (Bodanapally et al.  2009 ; Panda et al. 
 2014 ; Dreizin et al.  2015 ). 

 The dependent viscera sign may theoretically 
be seen in large defects associated with penetrat-
ing trauma, but was not reported in two recent 
studies (Bodanapally et al.  2009 ; Dreizin et al. 
 2015 ). 

 Sensitivity of herniation of abdominal fat or 
viscera into the thoracic cavity in the setting of 
penetrating trauma is approximately 7–17 %, and 
specifi city approaches 100 % (Bodanapally et al. 
 2009 ; Patlas et al.  2015 ). 

 Concurrent hemothorax and hemoperitoneum 
have a sensitivity of 50 % and a specifi city of 
95 % for penetrating abdominal injuries (Nchimi 
et al.  2005 ). 

 The reported sensitivity for the dangling dia-
phragm sign is 0–17 %, without reported speci-
fi city (Panda et al.  2014 ; Dreizin et al.  2015 ). In 
describing the dangling diaphragm sign, Desser 
et al. acknowledged that it would be less likely in 
penetrating trauma (Desser et al.  2010 ). 

 Active extravasation of contrast in or along the 
diaphragm has a sensitivity of 8 % and a specifi c-
ity of 100 % (Dreizin et al.  2015 ).  

9     Additional Pitfalls in CT 
Imaging 

 Although herniation of intra-abdominal contents 
is not needed to diagnose diaphragmatic injury, it 
does represent a potential complication of both 
blunt and penetrating diaphragmatic injuries. As 
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was previously mentioned, herniation of abdomi-
nal viscera into the thoracic cavity can be pre-
vented or delayed due to positive pressure 
ventilation. Positive pressure ventilator assis-
tance is commonly needed as part of the support-
ive measures implemented after major trauma. 

 Additionally, herniation or eventration of 
abdominal organs such as the liver, spleen, or 
bowel through a thinned diaphragm may mimic a 
traumatic injury and should be correlated to prior 
imaging if available (Iochum et al.  2002 ). In 
cases of eventration, close examination of the 
margins of the diaphragm may demonstrate a 
faint line that corresponds to the thinned dia-
phragm overlying the eventrated organs.  

10     MRI Evaluation 

 The use of MRI in an acute trauma setting is usu-
ally impractical because of patient hemodynamic 
instability and resuscitative medical equipment 
incompatibility. MRI can be successfully used in 
cases of equivocal initial imaging in hemody-
namically stable patients, late presentation of a 
diaphragmatic injury, or suspicion of a chronic 
diaphragmatic injury (Killeen et al.  1999 ; 
Barbiera et al.  2003 ). 

 One benefi t of using MRI to evaluate the dia-
phragm is the ability to image directly in coronal 
and sagittal planes without needing to rely on 
reconstructions, as is the case with CT (Killeen 
et al.  1999 ; Iochum et al.  2002 ). Directly imaged 
sagittal and coronal planes allow appreciation of 
the contrast between the mediastinal or the 
abdominal fat and the low-signal band of the dia-
phragm itself. Diaphragmatic injuries can be 
diagnosed by visualization of diaphragmatic 
defects directly or by visualizing herniation of fat 
across the diaphragm. It has been suggested that 
T1 imaging in sagittal and coronal planes may be 
enough to clearly contrast the fat of the mediasti-
num and abdominal cavity to the hypointense 
band of the diaphragm and may be suffi cient to 
diagnose defects of the diaphragm 
(Shanmuganathan et al.  1996 ; Killeen et al.  1999 ). 

 As with CT, MR imaging signs of diaphrag-
matic injury include disruption of the diaphrag-

matic contour or intrathoracic herniation of 
abdominal contents, such as viscera or fat 
(Iochum et al.  2002 ; Barbiera et al.  2003 ). At 
least one small series has demonstrated the abil-
ity to diagnose diaphragmatic injuries as small as 
1 cm (Barbiera et al.  2003 ). 

 Many of the same fi ndings described in the 
above CT signs of diaphragmatic injury may 
apply equally well to MR imaging. Diaphragmatic 
discontinuity and herniation of fat or viscera have 
been commonly reported together in cases 
detected with MR imaging (Shanmuganathan 
et al.  1996 ; Barbiera et al.  2003 ). Any of the signs 
which rely on the physical relationships of the 
thoracic and abdominal organs (e.g., the collar 
sign, directly visualized defect of the diaphragm, 
herniation of abdominal viscera into the thoracic 
cavity, or diaphragmatic extravasation of con-
trast) may be equally applicable to MR and CT 
imaging; however, the sensitivity and specifi city 
of these signs in MR imaging have not yet been 
clarifi ed. In a small series of patients with equiv-
ocal imaging fi ndings, the sensitivity and speci-
fi city of MRI in detecting diaphragmatic injuries 
were both 100 % (Shanmuganathan et al.  1996 ).  

11     Ultrasound 

 Little has been published on the sonographic diag-
nosis of diaphragmatic rupture; however, there are 
case reports that suggest its potential during 
focused assessment with sonography in trauma 
(FAST) exams (Blaivas et al.  2004 ; Kirkpatrick 
et al.  2006 ; Gangahar and Doshi  2010 ). Findings 
during FAST or modifi ed FAST exams which have 
been demonstrated in the setting of proven trau-
matic diaphragmatic injuries include elevation of 
the diaphragm, poor diaphragmatic excursion, 
replacement of the expected sliding of the lung by 
the liver in the lower chest (liver sliding sign), or 
organs being either obscured or apparently absent 
on FAST exam due to anatomic distortions in the 
setting of herniation (Rip’s absent organ sign) 
(Blaivas et al.  2004 ; Kirkpatrick et al.  2006 ; 
Gangahar and Doshi  2010 ). No signifi cant statisti-
cal data on the sonographic diagnosis of diaphrag-
matic injury is available. 
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 Potential pitfalls with sonographic evaluation 
of the diaphragm in the acute setting include non- 
acute causes of diaphragmatic dysfunction and 
eventration of the diaphragm (Blaivas et al.  2004 ; 
Kirkpatrick et al.  2006 ). The nonvisualization of 
organs is also a nonspecifi c fi nding in ultrasonog-
raphy and can be attributable to other causes such 
as COPD, obesity, or dextrocardia (Gangahar and 
Doshi  2010 ). 

   Conclusion 

 Diaphragmatic injuries are caused by pen-
etrating and blunt trauma, both of which 
are frequently associated with additional 
traumatic injuries. Both radiologists and 
surgeons, especially in the setting of life-
threatening injuries, miss diaphragmatic 
injuries. A missed diaphragmatic injury puts 

a patient at risk of delayed injury and com-
plications such as strangulation, with poten-
tially disastrous consequences. Selective 
nonoperative management is becoming more 
common in management of both blunt and 
penetrating trauma. In order to ensure that 
diaphragmatic injuries are not missed, radi-
ologists should be familiar with the signs or 
diaphragmatic injury and should have a high 
degree of suspicion in the setting of blunt 
or penetrating trauma. Comparison to prior 
imaging may help differentiate chronic or 
congenital mimics of diaphragmatic injury. 
The proliferation of MDCT and increasing 
use of multiplanar reconstructions have also 
made the evaluation for diaphragmatic inju-
ries more accurate and reliable and should 
always be employed.

   

a b

  

    A 62-year-old man who was struck by a car: 
Computed tomography (CT) images demon-
strate the absence of the interposition of lungs 
between the upper abdominal contents and the 
chest wall consistent with the  dependent vis-
cera sign  (arrow). There is  intrathoracic her-

niation  of abdominal viscera as demonstrated 
by visualization of abdominal organs within the 
pleural space (circle). Additionally, coronal 
reconstructions demonstrate  elevation of left-
sided abdominal contents  above the left dia-
phragmatic dome (line)
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    A 62-year-old man who was struck by a car: 
Computed tomography (CT) image demonstrates 
the tear in the diaphragm results in a waist-like 
constriction of the stomach (image C arrow-

heads). These fi ndings are representative of the 
 collar sign . The patient’s CT fi ndings of a left 
diaphragmatic rupture were confi rmed at 
surgery

     

   

a b

  

    A 25-year-old who suffered a motor vehicle 
collision: CT images demonstrate a linear band 
of hypoattenuation through the liver, the  band 
sign  (images A and B, dashed line). Once again, 
we see abdominal organs located within the left 
pleural space (image A, circle) and the  dependent 
viscera sign  (image A, arrow). Abdominal con-
tents are located  above the level of the diaphragm  

(image B, arrowheads). The patient’s CT fi ndings 
of bilateral diaphragmatic rupture were con-
fi rmed at surgery. Bilateral diaphragmatic injury 
can occur in 5–8 % of cases of blunt trauma with 
diaphragmatic injury. Consequently, a careful 
inspection of the contralateral hemidiaphragm 
should be pursued once a diaphragmatic injury is 
found
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a b

  

    A 33-year-old in motor vehicle collision: 
Axial CT images demonstrate the  dangling dia-
phragm sign  as evidenced by the inward curling 
of the diaphragm from its normal course (images 

A and B, arrows). Additionally, there is  thicken-
ing  of the injured diaphragm (images A and B, 
arrows). The  collar sign  is also present (images A 
and B, arrowheads)

   

c d

  

    A 33-year-old in motor vehicle collision: The 
topogram demonstrates apparent elevation of the 
left hemidiaphragm (image C, dashed line). The 
coronal CT reformations confi rm  elevated 

abdominal organs  within the left thorax ≥4 cm 
above the level of the level of the right diaphrag-
matic dome (image D, dashed line). 
Diaphragmatic rupture was confi rmed at surgery
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a b

  

    A 47-year-old man stabbed in the left fl ank: 
Axial CT images demonstrate  contiguous injuries 
above and below the diaphragm  which raise the 
suspicion of diaphragmatic injury. There is a left 

hemothorax (image A, arrow), hemoretroperito-
neum with blood tracking along the gastrosplenic 
ligament (image B, arrow), and a focus of free gas 
abutting the spleen (image A, arrowhead)

   

a b

  

    A 34-year-old man with gunshot wound to the 
right chest: Axial CT images demonstrate a pul-
monary contusion (image B, circle), hemothorax 

(image A, arrow), and hepatic laceration (image 
A, arrowhead).  Contiguous injury  on both sides 
of the diaphragm suggests diaphragmatic injury
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    A 34-year-old man with gunshot wound to the 
right chest: Multiplanar reconstruction demon-
strates the  wound tract  (image C, dashed line) 
traversing the right hemidiaphragm with injuries 

on both sides of the diaphragm. This case illus-
trates the value of coronal images to fi nd the 
wound tract. The patient’s diaphragmatic injury 
was confi rmed at surgery

   

a b c

  

    A 21-year-old man with gunshot wound to the 
right chest: Axial CT image shows a liver laceration 
with active extravasation of contrast (image A, 
arrow) and an associated subcapsular hematoma. 
Axial lung windows demonstrate a pulmonary con-

tusion (image A, arrowhead) and trace pneumotho-
rax. Illustrative  wound tracts  of metallic shot pellets 
traverse the right hemidiaphragm. No diaphrag-
matic discontinuities are seen on CT, but these fi nd-
ings are consistent with diaphragm laceration
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    A 21-year-old man with gunshot wound to the 
right chest: Once again we see the benefi t of 
multiplanar reformations. Coronal images show 
that the  wound tract  (dashed line) courses 
through the right hemidiaphragm.  Contiguous 
injury  above and below the right hemidiaphragm 

was also demonstrated as lung injury from the 
bullet tract can be seen above the diaphragm 
(arrow) and active extravasation within the liver 
is seen along the path of the shot (arrowhead). 
Right diaphragmatic injury was confi rmed at 
surgery

   

a

c d

b
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    A 28-year-old man with a gunshot wound to 
the left upper quadrant: Axial images demon-
strate pulmonary contusion. The  bullet tract  
(images A and B, dashed line) traverses the left 
hemithorax and left upper quadrant. The  wound 
tract  (image C, dashed line) also courses inferi-
orly through the abdomen, and there is evidence 

of hemoperitoneum (arrowhead).  Contiguous 
injuries  above and below the diaphragm are con-
cerning for diaphragmatic injury. Sagittal refor-
mations show the  wound tract  (image D, dashed 
line) coursing from above the diaphragm into the 
abdomen. Left diaphragmatic injury was con-
fi rmed at surgery

     

    GSW with tract through the upper abdomen; 
image shows active extravasation from hepatic 

laceration (arrow) and below the left hemidia-
phragm (arrowhead)

     

    MVC with large right diaphragmatic defect, 
herniation of the liver into the left thorax, band, 
and collar signs      
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1        Community-Acquired 
Pneumonia 

1.1     Introduction 

 Community-acquired pneumonia (CAP) is a 
 frequent lower respiratory tract infection. 

 It is highly infl uenced by the geographic area 
and the population. 

 The microorganisms may reach the lower 
respiratory tract from inhaled air or from infected 
oropharyngeal secretions (Vincent et al.  1995 ). 
Droplet transmission from human to human is 
another usual mode of spread of the pulmonary 
infection, especially in immunocompetent 
patients and young children. 

 Clearance by mucociliary system can fi l-
ter infective organisms 5–10 nm in diameter, so 
that microorganisms between 1 and 2 nm can 
reach the alveolar tissue. The alveolar infection 
depends on the balance between the virulence 
of the microorganism and body defenses due to 
cellular  phagocytosis. There are several factors 
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 predisposing to the development of CAP as car-
diovascular diseases, diabetes, uremia, immunode-
fi ciency, obstructive pulmonary chronic disorders 
with mucociliary clearance insuffi ciency, and age. 

 Alcoholic patients and people with poor oral 
hygiene are particularly sensitive to develop pul-
monary infections (Barlettand Finegold  1974 ). 

 The clinical presentation of pneumonia is fre-
quently represented with sudden symptoms as 
high fever, cough, purulent expectoration, and 
deep chest pain. Neutrophilia is common. 

 CAP is classifi ed into three main groups: lobar 
pneumonia, bronchopneumonia, and interstitial 
pneumonia (Bhalla and Mc Loud  1998 ). 

 Lobar pneumonia appears in the lung paren-
chyma periphery and then diffuses up to the 
hilum. It is generally limited to one pulmonary 
segment or lobe. 

 Bronchopneumonia occurs when infectious 
microorganisms produce acute bronchial muco-
sal infl ammation and spread through the airway 
into the alveolar spaces determining pulmonary 
consolidation. 

 Interstitial pneumonia is determined by the 
infection of pulmonary interstitium and is mainly 
caused by viral organism. 

 The same organism may produce several dif-
ferent patterns that depend on the balance 
between the microorganism charge and the body 
immunity defenses. 

 The spectrum of bacteria responsible for CAP 
includes  Streptococcus pneumoniae ,  Haemophilus 
infl uenzae ,  Staphylococcus aureus, Mycoplasma 
pneumoniae, Chlamydia pneumoniae, Legionella 
pneumophila,  and  Klebsiella pneumoniae  
(American Thoracic Society  1995 ; Marom et al. 
 1999 ; De Paso  1991 ). 

 Among the types of CAP,  S. pneumoniae  is 
the most frequent causing bacteria, and it is asso-
ciated with a high mortality rate in the elderly 
and childhood. 

  Haemophilus infl uenzae  also is one of the 
most frequent bacteria causing CAP, because it 
frequently colonizes the human upper respiratory 
tract, especially the nasopharynx, and is consid-
ered to form part of the normal respiratory fl ora. 
It is also an important cause in the acute exacer-
bation of chronic obstructive pulmonary infec-
tious disease (Kofteridis et al.  2009 ). 

 The viruses that most commonly cause pneumo-
nia are respiratory syncytial virus, herpes simplex, 
parainfl uenza virus, infl uenza virus, adenovirus, 
and cytomegalovirus. 

 The funguses that most commonly cause pneu-
monia are  Pneumocystis ,  Aspergillus , and  Candida . 

 Pulmonary emphysema and bronchiectasis are 
frequently seen in patients with CAP because 
chronic obstructive pulmonary disease is a pre-
disposing factor for developing pulmonary infec-
tion (Reittner et al.  2000a ) (Fig.  1 ).

1.2        Lobar Pneumonia 

 Depending on the severity of the pulmonary alve-
olar tissue involvement, the pattern of the infec-
tion may be patchy or homogeneous. The 
consolidation is usually confi ned to one lobe, 
although multilobar involvement is not uncom-
mon (Fig.  2 ). Because the bronchial tree is not 
involved, there is no volume loss of the infl amed 
pulmonary segment or lobe.

   Lobar pneumonia is characterized by the fi lling 
of alveolar spaces by edema full of white and 
infl ammatory cells. The infl ammation generally 
begins at the lung mantle and then diffuses to the 
entire lobe through Kohn pores and peripheral small 

  Fig. 1    Fungal abscess ( white arrow ) in diffuse pulmo-
nary emphysema. Post-contrast CT axial scan demon-
strates large air-containing dishomogeneous focal area, 
with peripheral-enhanced irregular wall, characteristic of 
fungal abscess, with underlying pulmonary emphysema       
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airways; usually it is limited by an interlobar fi ssure. 
The air bronchograms within the consolidation area 
are preserved (Fig.  2 ). Nodular pneumonia is fre-
quently caused by fungal infections and is prevalent 
in young or immunocompromised patients. 

 The pneumonia could be complicated with 
cavitation and abscess (Fig.  3 ), necrosis of the 
infl amed lung parenchyma, and loculated empy-
ema (Muller et al.  2007 ).

   Abscesses develop in up to 30 % of cases, are 
usually solitary, and typically have an irregular 
wall. They could rupture into the pleural space 

with the development of pneumothorax and empy-
emas (Fig.  4 ). Abscesses may also erode into bron-
chial tree and produce air-containing cavities with 
fl uid levels. The consequent  bronchial aspiration 
and diffusion of infection can determine patchy 
consolidation or nodules in dependent portions of 
both the lungs (Fig.  5 ). The consolidations are usu-
ally multilobar and bilateral in distribution.

    A large solitary abscess or primary lung 
abscess can develop in a patient without underly-
ing lung infl ammation as a consequence of aspi-
ration of oropharyngeal secretions in combination 
with impairment of systemic defense condition. 

 Necrotizing pneumonia, generally determined 
by Gram-negative bacteria, produces exfoliated 
pulmonary tissue within a cavity or diffuses 
microabscesses secondary to thrombosis of the 
vessel that supply the consolidation. Sometimes 
necrotizing pneumonia consists of a fulminant 
process associated with focal areas of necrosis 
that results in abscesses that can coalescence, 
resulting in large cavities that may exhibit thick 
fi brotic walls if they are chronic. There are large 

  Fig. 2    Bilateral pneumonia. CT coronal scan demonstrates 
lobar consolidation of  right upper  and  lower lobes  with no 
volume loss and bulging of interlobar fi ssure. On the other 
side, there are lobular areas of consolidation. Air broncho-
grams within the consolidation areas are preserved       

  Fig. 3    Lung abscess. Post-contrast CT axial scan demon-
strates large focal area of decreased attenuation with air- 
fl uid level, with rim enhancement, characteristic of lung 
abscess ( arrow ) of the left upper lobe       

  Fig. 4    Post-contrast CT axial scan demonstrates a small 
air-containing pulmonary cavity with fl uid level ( arrow ) 
ruptured into the pleural space ( arrow tip ) with a small left 
pneumothorax       
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cavities with concomitant small cavities fre-
quently associated with empyema (Winer-Muram 
et al.  1993 ). This feature is frequent in immuno-
compromised patients.  

1.3     Bronchopneumonia 

 Bronchopneumonia or lobular pneumonia is 
characterized by a peribronchiolar infl ammation 
with thickening of peripheral bronchial wall, the 
diffusion of infl ammation to the centrilobular 
alveolar spaces, and development of nodules 
(Fig.  6 ). From the centrilobular tissue, the infl am-
mation can spread to lobular (Fig.  7 ) or subseg-
mental areas giving a consolidation. The areas of 
consolidation may be patchy or confl uent, multi-
lobar, unilateral, or bilateral (Fig.  8 ). Because the 
process involves the airways, it can determine a 
loss of volume of the affected pulmonary seg-
ment (Ito et al.  2009 ).

1.4          Interstitial Pneumonia 

 Interstitial pneumonia is frequently caused by 
virus. 

 The viral pneumonia begins with the destruc-
tion and exfoliation of the respiratory ciliated and 

  Fig. 5    CT sagittal scan demonstrates multiple nodules in 
dependent portions of the lung       

  Fig. 6    Bronchopneumonia. CT coronal scan demon-
strates multiple, bilateral, centrilobular nodules       

  Fig. 7    Bronchopneumonia. CT axial scan demonstrates 
multiple, lobular ( arrow ), patchy, confl uent consolidation 
areas of the left lower lobe       
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mucous cells. The interstitial septa and the bron-
chial and bronchiolar walls become thickened for 
the infl ammation process and lymphocyte inter-
stitial infi ltrates (Fig.  9 ). The consequent 
 interstitial pneumonia has often a patchy appear-
ance, frequently with coalescence, involving pre-
dominantly the peribronchial portions of the 

pulmonary lobules (Shiley et al.  2010 ). With the 
progression of infl ammation, the alveolar sacs fi ll 
with exudate that could be hemorrhagic. As con-
sequence a hyaline membrane can develop in 
alveolar spaces.

   The pneumonia can heal completely, but some-
times a chronic interstitial fi brosis can occur.  

1.5     Radiographic Features 

 Chest radiography represents an important initial 
examination in all patients suspected of having 
pulmonary infection and for monitoring response 
to therapy. 

 Its role is to identify the pulmonary opacities 
(Fig.  10 ), their internal characteristics and distri-
bution, pleural effusion, and presence of other 
complications as abscesses and pneumothorax.

   Radiographic manifestations depend on the 
immune status of the patient and the presence of 
preexisting lung chronic alterations as emphy-
sema, chronic bronchitis, and bronchiectasis and 
vary somewhat among the various species of 
causing microorganisms. 

 The most common radiographic fi ndings 
include hazy ground-glass opacities, confl uent or 
patchy airspace consolidations, cavitations, and 

  Fig. 8    Bronchopneumonia. CT axial scan demonstrates 
multiple confl uent areas of consolidation ( arrow ) of the 
right lower lobe and patchy lobular areas of consolidation 
of the left lower lobe ( arrow tips )       

  Fig. 9    Interstitial pneumonia. CT axial scan evidences 
that the lingular interstitial septa, bronchial and bronchio-
lar walls are thickened for an infl ammation process 
( arrows ). There is also a central lobular consolidation 
with patchy appearance       

  Fig. 10    Chest radiograph shows a right upper lobe opac-
ity ( arrow tip ) and a nonhomogeneous consolidation of 
the right lower lobe ( arrow )       
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poorly defi ned linear or reticular-nodular opaci-
ties (Chastre et al.  1998 ). 

 These alterations may involve mainly the peri-
hilar regions, lower lung zones, or upper lung 
zones. They are usually unilateral but may 
involve both lungs. Other fi ndings are pleural 
effusion and hilar adenopathy. 

 In some cases, the radiographic fi ndings are 
suggestive or consistent with the diagnosis of 
pneumonia and are suffi ciently specifi c in proper 
clinical context to preclude the need for addi-
tional imaging (Fig.  11 ) (Franquet  2001 ).

   However, the bedside plain fi lm, the projection 
effects, and the poor density resolution frequently 
limit the value of radiography as a diagnostic tool. 
Radiographic features are sometimes nonspecifi c, 
and the relatively low diagnostic accuracy of chest 
radiography can be improved with CT.  

1.6     Computed Tomography 
Findings 

 CT has been shown to be more sensitive than 
x-ray plain fi lm and provide additional 
 information that affects diagnosis or manage-
ment in up to 70 % critically ill patients (Heussel 
et al.  1997 ). 

 High resolution CT allows accurate assess-
ment of airspace infl ammation (Okada et al. 
 2012 ). 

 The distribution of parenchymal alterations is 
based on the evidence of their localization at CT 
scan. If the primary opacity is predominantly 
located in the inner third of the lungs, the pathol-
ogy is classifi ed as having a central distribution. 
A peripheral opacity is defi ned as a lesion local-
ized in the outer third of the lungs. Zonal pre-
dominance is classifi ed as either upper or lower. 
In the upper lung zone predominance, the altera-
tion is located above the level of the tracheal 
carina, whereas in the lower zone predominance, 
it is located below the upper zone. 

 The CT fi ndings include nodules, interlobular 
septal thickening, intralobular reticular opacities, 
ground-glass opacities, tree-in-bud pattern, lobar- 
segmental consolidation, lobular consolidation, 
abscesses, pneumatocele, pleural effusion, peri-
cardial effusion, mediastinal and hilar lymphade-
nopathies, airway dilatation, and emphysema. 

 Nodules measure from 3 to 10 mm and are 
divided into three types: centrilobular nodules 
that are small nodules in centrilobular location, 
peribronchovascular nodules that are relatively 
larger nodules associated with the peribroncho-
vascular bundle, and “random nodules” that are 
not associated with centrilobular structures or 
bronchovascular bundle. 

 The centrilobular nodules refl ect a peribron-
chial infl ammation with a centrilobular distribu-
tion (Fig.  12 ).

   They are defi ned as a dot-like opacities local-
ized inside the center of a secondary pulmonary 
lobule. They are present around the peripheral 
pulmonary arterial branches or 3–5 mm from the 
pleura, interlobular septa, or pulmonary veins. 

 Nodules that are present in the bronchovascu-
lar bundle are called peribronchovascular nod-
ules (Fig.  13 ).

   Hemorrhagic pulmonary nodules have a central 
area of soft tissue attenuation surrounded by a halo 
of ground-glass attenuation (Primack et al.  1994 ). 

 Pulmonary hemorrhage in association with 
nodules occurs in patients with herpes simplex 
virus, candidiasis, and cytomegalovirus pneumo-
nia (Thurlbeck et al.  1991 ) 

  Fig. 11    Posteroanterior chest radiograph shows dense 
left lower lobe airspace consolidation ( arrow ) with pleural 
fl uid       
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 Interlobular septal thickening are defi ned as 
abnormal widening of the interlobular septa. 
Intralobular reticular opacity is considered to be 

present when interlacing line shadows are sepa-
rated by a few millimeters (Fig.  9 ) (Austin et al. 
 1996 ). 

 It is frequently associated with bronchial wall 
thickening. Thickening of the bronchovascular 
structures is defi ned as an apparent thickening of 
the bronchovascular bundle in comparison with 
the unaffected lung parenchyma (Fig.  14 ).

   Ground-glass opacity was defi ned as hazy 
increased opacity with preservation of bronchial 
and vascular markings (Fig.  15 ). It is present par-
ticularly in pneumocystis and cytomegalovirus 
infections (Fig.  16 ).

    Tree-in-bud pattern may be seen in a variety of 
bacterial, mycobacterial, fungal, and viral infec-
tions and consists of centrilobular branching 
tubular structures, bronchovascular bundle 

  Fig. 12    CT axial scan evidences multiple centrilobular 
nodules and peribronchial infl ammation with centrilobu-
lar distribution       

  Fig. 13    Peribronchovascular nodules. CT sagittal scan 
shows small nodules ( arrow tips ) in the bronchovascular 
bundle and peribronchial infl ammation ( arrows )       

  Fig. 14    CT sagittal scan shows small nodules ( arrow 
tips ) associated with thickening of the bronchovascular 
structures ( arrow )       
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 thickening, and nodules and refl ects the presence 
of bronchiolar infl ammation and fi lling of the 
bronchiolar lumen by infl ammatory exudate 
(Fig.  17 ) (Aquino et al.  1996 ).

   Airspace consolidation is considered to be 
present when homogeneous increases in pulmo-
nary parenchymal attenuation obscured the mar-
gins of vessels and airway walls (Fig.  2 ) (Hansell 
et al.  2008 ). 

 The CT fi ndings in viral pneumonia are based on 
the evidence of small patchy opacities that can 
coalescence (Fig.  18 ), composed of multiple, poorly 
defi ned 2–3 mm nodules; multilobar involvement is 
frequent. Bronchial wall and peribronchial thicken-
ing frequently spread outward from the hila. Hilar 
adenopathy and pleural effusion are common.

   The abscess can drain into a bronchus that 
leads to the classic air-fl uid level, present in up to 
72 % of cases (Fig.  3 ). The complete drainage of 
the cavity can lead to a pneumatocele. 

 Pneumatocele is a frequent consequence of an 
abscess drained in the lumen of a bronchus; it is a 
gas-fi lled area with a thin wall that may increase 
and can get ruptured into the pleural space, caus-
ing a pneumothorax. It can also heal completely, 
fading from the periphery to form a tiny thin- 
walled air-cyst or a linear scar. 

 Pleural effusion is better detected with CT 
than with radiography and is often associated 
with a high risk of empyema that requires prompt 
early drainage. 

  Fig. 15    Ground-glass opacity. CT axial scan evidences a 
lingular ground-glass opacity ( arrow ) with preservation 
of bronchial and vascular markings       

  Fig. 16    CT axial scan demonstrates multiple, confl uent, 
bilateral ground-glass opacities with preservation of bron-
chial ( arrow tip ) and vascular ( arrow ) markings       

  Fig. 17    Tree in bud. CT axial scan demonstrates centri-
lobular branching tubular structures, bronchovascular 
bundle thickening, nodules that refl ect the presence of 
bronchiolar infl ammation, and fi lling of the bronchiolar 
lumen by infl ammatory exudate       
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 Purulent pericarditis is a relatively rare and a 
rapidly fatal complication of pneumonia. The 
consequent development of cardiac tamponade 
may be rapid. At the beginning, heart size may be 
normal at chest radiograph, whereas CT can 
demonstrate early the pericardial effusion that 
requires prompt drainage for avoiding cardiac 
compression (Fig.  19 ) (Naidich et al.  1983 ).

   Mediastinal and hilar lymphadenopathies are 
evaluated when the minimal diameter of a lymph 
node is larger than 10 mm. Lymph node enlarge-
ment is very frequent in pneumonia and generally 
involves the paratracheal, tracheobronchial, and 
subcarinal mediastinal chains. 

 Airway dilatation predisposes to pneumonia 
and is considered to be present if the bronchial 
size exceeded that of the near pulmonary artery. 

 Pulmonary emphysema is frequently associ-
ated with pneumonia and is defi ned as scattered 
or diffuse areas of low attenuation without inter-
nal vascular structures in comparison with nor-
mal pulmonary parenchyma (Fig.  1 ).  

1.7     Conclusion 

 Pneumonia is the fi rst leading cause of death due 
to infection worldwide (Vilar et al.  2004a ). 

 Many Gram-positive, Gram-negative bacte-
ria, funguses, and viruses can cause the infec-
tious pulmonary disease, and the severity of 
pneumonia depends on the balance between the 
microorganism charge, the body immunity 
defenses, and the quality of the underlying pul-
monary tissue. 

 Among the types of CAP,  S. pneumoniae  is 
the most frequent causing bacteria, has a ten-
dency to develop antibiotic resistance, and is 
associated with a high mortality rate in the elderly 
and childhood (Musher et al.  2002 ). 

 Radiographically pneumonia is divided into 
three patterns: lobar pneumonia, bronchopneu-
monia, and interstitial pneumonia (Muller et al. 
 2007 ). 

 Chest x-ray fi lm is routinely performed for the 
initial evaluation of patients with suspect pulmo-
nary infection, and it is considered the recom-
mended tool for the diagnosis of CAP. However, 
chest x-ray fi lm not always evidences all the fi nd-
ings of pneumonia, and it is limited by the 
interobserver variability in interpretation. 

 Especially in not clear or even negative chest 
radiography pattern, in patients with clinical 
symptoms, CT is recommended, for its high 

  Fig. 18    Viral pneumonia CT axial scan evidences small 
patchy opacities of the left lower lobe       

  Fig. 19    Pulmonary abscess associated with purulent peri-
carditis. Post-contrast CT axial scan demonstrates a pre- 
pericardial lung abscess ( arrow tip ) of the left lower lobe 
associated with thickening of the pericardium and pericar-
dial effusion ( arrow )       
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 spatial resolution and the ability to evidence very 
early and minimal pulmonary alterations indica-
tive of pneumonia.   

2     Atypical Infections 

2.1     Defi nition 

 Community-acquired pneumonias have been tra-
ditionally divided into “typical” and “atypical” 
pneumonias. The main aim of such a classifi ca-
tion was to help the clinician narrow the differen-
tial diagnosis and choose an appropriate therapy 
based on the likely offending organism (Murray 
and Mason  2010 ). 

 Typical pneumonia is characterized by infec-
tion with bacteria such as  Streptococcus pneu-
moniae ,  Klebsiella pneumoniae , and 
 Haemophilus infl uenzae . It presents with symp-
toms such as acute onset of high grade fever with 
chills, cough with purulent expectoration, and 
pleuritic chest pain. Further evaluation of these 
patients reveals an elevated white blood cell 
count, elevated CRP, and lobar or segmental con-
solidation on imaging studies (Murray and 
Mason  2010 ). 

 Atypical pneumonia, as the name explains, 
does not show these  typical  features. An early use 
of this term in the literature dates back to 1938 
when cases of patients who presented with milder 
symptoms and protracted course came to notice 
(Reimann  1938 ). These patients had more gener-
alized symptoms like malaise, body pains, and 
low-grade fever with dry cough and fl u-like 
symptoms. The causative organism could not be 
cultivated on regular media or stained with regu-
lar staining methods. Mycoplasma was fi rst iso-
lated in 1944 and was attributed as the etiology of 
primary atypical pneumonia (Eaton et al.  1944 ). 
However, several other organisms cause atypical 
symptoms. 

 Although originally used to signify any infec-
tion that was unusual in presentation, atypical 
pneumonia is now a broad term that includes 
infections caused by common organisms like 
 Mycoplasma pneumoniae ,  Chlamydia pneu-
moniae , and  Legionella pneumophila  and viruses 

(Marrie et al.  1981 ). Atypical, however, does not 
mean that they are rare; they account for almost 
15–20 % of the cases of CAP (Arnold et al.  2007 ). 
 Mycoplasma pneumoniae  is the most common 
cause of atypical pneumonia followed by 
 Chlamydia pneumoniae  and  Legionella pneu-
mophila  (Arnold et al.  2007 ). Apart from these 
conventional pathogens, there are emerging 
infections with newer organisms like  Hantavirus , 
human metapneumovirus that can also cause 
atypical pneumonia. In view of the current radio-
logical discussion and similar radiological 
appearances shared by mycoplasma and various 
viruses, we will also be discussing some addi-
tional infections in this chapter, which, although 
not considered routinely under the heading of 
“atypical pneumonia,” are atypical enough to jus-
tify their inclusion here.  

2.2     General Features 

 Infections with many, if not all, atypical organ-
isms share some common features. Mycoplasma, 
chlamydia, and viruses have many similarities 
in their pathology, clinical, and radiological 
features. Grossly, these pathogens cause pre-
dominant histological changes in the respira-
tory epithelium and in the peribronchial 
interstitium (Müller et al.  2007 ; Müller  2003 ). 
The ensuing bronchiolitis and alveolitis are 
characterized by infi ltration of the epithelium 
with mononuclear cells and presence of neutro-
philic exudate in the lumen of the airways. 
These changes are predominantly seen in the 
terminal and respiratory bronchioles and mani-
fest radiologically as peribronchial nodules 
(Müller et al.  2007 ; Müller  2003 ). 

 Bronchiolitis with exudate in the lumen of the 
airways is seen on radiographs as reticulonodular 
pattern and on CT as tree-in-bud nodules. As the 
nodules enlarge, they involve the entire second-
ary pulmonary lobule and are seen as “lobular” 
consolidation: these features are typical of bron-
chopneumonia pattern. Further extension into 
segmental and patchy lobar consolidation may be 
seen in advanced stages, and this may be diffi cult 
to distinguish from bacterial infection. Partial 
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fi lling of the airways gives rise to ground-glass 
opacities (Müller et al.  2007 ). 

 Some infections like infl uenza and hantavirus 
cardiopulmonary syndrome, on the other hand, 
cause rapidly progressive pneumonia with dif-
fuse alveolar damage (Kim et al.  2002 ). 

 The clinical course of atypical pneumonias is 
generally subacute, the WBC counts are gener-
ally normal, and the imaging features are hetero-
geneous and nonspecifi c.  

2.3     Radiological Aspects 

 Diagnosis of pneumonia requires a combination 
of clinical, microbiological, and radiological fea-
tures. Chest radiograph is usually suffi cient to 
confi rm the diagnosis. It also helps in follow-up 
of the patients and evaluation of the response to 
treatment. CT scans are not routinely 
 recommended but are helpful in case of doubtful 
features on chest radiographs, when no adequate 
response to the treatment is noted and when com-
plications or underlying pathology is suspected 
(Vilar et al.  2004b ). CT scan can be further help-
ful in suggesting an etiological diagnosis. In inde-
terminate cases, CT-guided procedures come in as 
problem-solving tools for the correct diagnosis.  

2.4     Bacteria 

2.4.1     Mycoplasma Pneumonia 
  Mycoplasma pneumoniae  is a common cause of 
community-acquired pneumonia, particularly in 
young children. It is the smallest free-living 
organism, measuring approximately 125–150 
microns in size which is similar to that of myxo-
virus (Marrie et al.  2012 ). Lack of cell wall makes 
them highly pleomorphic. 

  Mycoplasma pneumoniae  was fi rst isolated 
from the sputum of a patient with “atypical pneu-
monia” by Eaton et al .  and was initially consid-
ered to be a virus due to its ability to pass through 
bacterial fi lters. Subsequent studies led to its 
identifi cation as bacteria (Cunha  2010 ). 

 Mycoplasma pneumonia is commonly seen in 
young children and adolescents and shows a 

declining incidence in adults (Meyer Sauteur 
et al.  2016 ). It spreads through droplet spread or 
direct contact. The incubation period is around 
1–2 weeks (John et al.  2001 ). 

 Clinical symptoms resemble a viral infection 
and are characterized by mild symptoms like dry 
cough, headache, malaise, and low-grade fever 
(John et al.  2001 ). In view of these mild symp-
toms, it is also called as “walking pneumonia” 
(Meyer Sauteur et al.  2016 ). However, sometimes 
severe infection and extrapulmonary manifesta-
tions may also be seen. In one study by Marrie 
et al., common extrapulmonary manifestations 
were thrombocytosis, hemolysis, Guillain-Barré 
syndrome, and pulmonary hemorrhage (Marrie 
et al.  2012 ). In asthmatic patients, it can cause an 
acute exacerbation of asthma and present with 
acute dyspnea. 

 Typically, the WBC counts remain in the nor-
mal range. A secondary bacterial infection is 
likely when they are elevated (John et al.  2001 ). 

 An attempt to suggest the offending organ-
isms on radiology can be worthwhile for two 
main reasons: fi rstly, infection with these cell 
wall-defi cient bacteria calls for treatment with 
antibiotics other than the usual cell wall synthesis 
inhibitors like penicillin, which are otherwise 
suitable for typical infections with pneumococ-
cus. Laboratory tests take time, pending, which a 
radiological diagnosis can prove helpful in clini-
cal decision making. Secondly, in appropriate 
settings, radiological features, although not 
highly specifi c, can be suggestive of the diagno-
sis in many cases. 

 The chief pathology is acute cellular bronchi-
olitis with bronchial wall infl ammation, peri-
bronchial infi ltrates of lymphocytes and 
macrophage, and intraluminal exudative fl uid 
(Pipavath et al.  2005 ; Muller and Miller  1995 ). 
This is seen radiologically as thickening of bron-
chial wall and centrilobular nodules. 

 Radiographic features of mycoplasma are 
generally nonspecifi c and resemble viral pneu-
monias closely. Reticulonodular infi ltrates in one 
or more lobes are seen on radiographs (John et al. 
 2001 ) (Fig.  20 ). Various studies have highlighted 
lower lobe predominance (John et al.  2001 ; 
Guckel et al.  1989 ). Bilateral peribronchial 
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 infi ltrates may also be seen. Patchy consolidation 
may be seen; however, dense lobar consolidation 
as in typical bacterial pneumonias is less likely 
(Eaton et al.  1944 ).

    Mycoplasma pneumoniae  pneumonia presents 
itself on computed tomography (CT) like bron-
chopneumonia. Centrilobular nodules are the 
most common fi ndings on CT (Reittner et al. 
 2000b ) (Fig.  21 ). They coalesce and form con-
solidations. Consolidations and ground-glass 
opacities with patchy involvement of the 

 secondary pulmonary lobules and interspersed 
sparing of some lobules are typical (Reittner 
et al.  2000b ). A combination of bronchial wall 
thickening and centrilobular nodules with bron-
chopneumonia can be highly suggestive of myco-
plasma. CT helps to demonstrate the nodules and 
bronchial wall thickening better than radiographs, 
thereby helpful in pointing toward the diagnosis. 
Pleural effusions are less commonly encoun-
tered, seen in around 20 % of the cases, and when 
present are transient (John et al.  2001 ; Hsieh 
et al.  2007 ).

2.4.2         Chlamydia pneumoniae  
 Chlamydias are obligate intracellular bacteria 
that possess a cell wall. They exist in two forms: 
a smaller extracellular elementary body and a 
larger intracellular form called the reticulate 
body (Webb et al.  2011 ). Three species of chla-
mydia area known: 

  Chlamydia trachomatis  typically causes ocu-
lar infection (trachoma) and sexually transmitted 
disease but may cause pneumonia in infants who 
are born to infected mothers. 

  Chlamydia psittaci  is a pathogen in birds 
(causing psittacosis) and may cause respiratory 
infections in humans. The mode of infection is 
through aerosols containing bacteria generated 
from infected birds (Knittler and Sachse  2015 ). 

  Chlamydia pneumoniae  was the third species 
to be discovered, fi rst isolated in 1968 during tra-
choma vaccine trail and accounts for an estimated 
10 % of the CAP cases (Kuo et al.  1995 ). It is a 
common cause of atypical pneumonia. 

 Transmission of infection occurs through 
respiratory secretions. Incubation period is sev-
eral weeks. 

 Symptoms tend to be protracted and are sub-
acute in onset. Prolonged cough and low-grade 
fever are typical features. Initial prodromal phase 
of upper respiratory tract symptoms like pharyn-
gitis and hoarseness of voice are not uncommon. 

 The infection is typically mild, and extrapul-
monary symptoms are less common in compari-
son to mycoplasma infection. It has also been 
implicated in coronary artery disease. 

 CT features consist of bronchopneumonia 
with consolidation, GGO, peribronchial 

  Fig. 21    Same patient as in Fig.  20 : CT scan showing cen-
trilobular nodules, tree-in-bud, and bronchial wall thick-
ening in both lower lobes       

  Fig. 20    A 21-year-old man with mycoplasma pneumo-
nia: chest radiograph showing enlarged left hilar shadow. 
Reticulonodular opacities in the right lower lung fi eld       
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 thickening, and nodules, similar to mycoplasma 
infection. However, pleural effusions are more 
common in patients with  Chlamydia pneumoniae , 
bronchial wall thickening and centrilobular nod-
ules more common in mycoplasma infection 
(Okada et al.  2005 ). Some studies described 
increased prevalence of emphysema and bron-
chial dilatation in  Chlamydia pneumoniae  pneu-
monia; COPD is an important risk factor for 
chlamydia (Hahn  1999 ; Karnak et al.  2001 ).  

2.4.3      Legionella pneumophila  
 Legionella pneumonia is an atypical pneumonia, 
fi rst discovered in 1976 due to an outbreak in a 
convention in Philadelphia (Fraser et al.  1977 ). 
The source of infection was later narrowed down 
to the cooling system of the air conditioner with 
circulating water which acts like a conducting 
medium for the bacteria. 

 It is a Gram-negative obligate intracellular 
bacterium that is a parasite of freshwater protozo-
ans. It tends to colonize in various water facilities 
and causes outbreaks of infection when aerosols 
containing the bacteria are inhaled (Fields et al. 
 2002 ). In humans, it infects the macrophages, 
where it resides and multiplies. 

  Legionella pneumophila  is described to cause 
two diseases: Legionnaires’ disease which is a 
severe multisystemic infection and pneumonia 
with a long incubation period from 2 to 10 days and 
Pontiac fever which is a mild clinical illness with 
fl u-like symptoms and a short incubation period of 
36 h.  Legionella pneumophila  serogroup 1 accounts 
for most of the cases (Fields et al.  2002 ). 

 Legionnaires’ disease varies from mild to 
severe disease requiring ICU care. It tends to 
cause electrolyte abnormalities, typically hypo-
natremia and hypophosphatemia, the presence of 
which must raise the suspicion of this infection. 
Presenting symptoms are usually constitutional 
like fever, myalgias, headache, confusion, and 
diarrhea which are seen early in the course of the 
disease, and then nonproductive cough appears 
later (Tsai et al.  1979 ). 

 Radiological features are usually nonspecifi c 
and resemble bacterial lobar pneumonia. 

 Radiographs show patchy peripheral consoli-
dations initially. Airspace consolidation due to 

alveolitis is typical. Bilateral, multilobar, and 
multisegment consolidation and ground-glass 
opacities are the most common radiological fea-
tures on CT (Yagyu et al.  2003 ). Centrilobular 
nodules and diffuse peribronchial thickening 
characteristic of mycoplasma and chlamydia are 
less commonly encountered in legionella (Kim 
et al.  2007 ). Cavitation may be seen occasionally 
in immunosuppressed individuals and patients on 
high steroids (Fairbank et al.  1991 ). Pleural effu-
sions are seen in up to half of the patients and are 
usually mild or moderate. Delayed clearing up of 
the infi ltrates and residual fi brosis may occasion-
ally be seen.   

2.5     Viruses 

 Lower respiratory tract infections can be caused 
by various viruses, and it is estimated that approxi-
mately 10 % of infections in CAP are due to viral 
etiology (ref). Along with the various radiological 
features, knowledge of the clinical history can be 
invaluable in narrowing the differential diagnosis. 
For example, in immunocompetent host, infl uenza 
virus is commonly implicated as an offender. In 
immunosuppressed individuals, however, the 
usual inciting organisms are herpes, cytomegalo-
virus, and adenovirus (Kim et al.  2002 ). 

 Viruses can be divided into (a) RNA viruses, 
myxoviruses (infl uenza, RSV, measles), corona-
virus, and hantavirus, and (b) DNA viruses, ade-
novirus and herpes group including CMV and 
varicella zoster. 

2.5.1     Infl uenza Virus 
 Infl uenza virus belongs to the family 
 Orthomyxoviridae  and is a single-stranded RNA 
virus. It has three predominant serotypes: infl uenza 
A, B, and C. Infl uenza A is responsible for majority 
of the epidemics and pandemics. Infl uenza virus A 
and B may cause pneumonia, while C causes only 
sporadic mild infections (Webb et al.  2011 ). 

 Infection with infl uenza virus is usually self- 
limiting. It favors secondary bacterial infection 
through various mechanisms like altering the 
respiratory epithelium. Diabetes mellitus, 
 pregnancy, extremes of age, immunosuppression, 
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and underlying pulmonary or cardiac conditions 
are some of the factors that predispose to a fulmi-
nant infection and pneumonia, and death within 
24 h may be seen in extreme cases (Oikonomou 
et al.  2003 ). Such an infection is characterized 
histologically by diffuse alveolar damage. 

 Radiological features are varied and consist of 
segmental areas of consolidation which may be 
unilateral or bilateral (Fig.  22 ). Pleural effusions 
are rare. On CT, ground-glass opacities, centri-
lobular tree-in-bud nodules, and patchy consoli-
dations may be seen (Oikonomou et al.  2003 ).

2.5.2        Respiratory Syncytial Virus 
 It is an RNA virus belonging to  Paramyxoviridae  
family. Almost all infants are infected with RSV 
by 2 years of age (Drysdale et al.  2016 ). RSV 
typically causes upper respiratory tract infec-
tions, otitis media, bronchiolitis, asthma-/viral- 
induced wheezing, and pneumonia. Bronchiolitis 
may be seen in up to 80 % of the cases (Drysdale 
et al.  2016 ). In immunocompromised individuals, 
it can cause severe pneumonia with high mortal-
ity (Mayer et al.  2014 ). 

 In addition to bronchial wall thickening and 
peribronchial nodules, typical features of RSV 
infection on radiography are air-trapping and 

hyperinfl ation due to bronchiolitis (Müller et al. 
 2007 ). CT refl ects the features of bronchopneu-
monia and bronchiolitis. Multifocal consolida-
tions/GGO with tree-in-bud nodules may be seen 
interspersed with areas of air-trapping (Mayer 
et al.  2014 ).  

2.5.3     Measles 
 It is a febrile illness with rash caused by an RNA 
virus belonging to  Paramyxoviridae  family. It 
spreads from one person to another through drop-
let spread. The clinical manifestations are more 
severe in adults and immunocompromised hosts. 

 Bronchial wall thickening, centrilobular nod-
ules, GGO, and interlobular septal thickening are 
seen on CT, and the features are nonspecifi c 
(Franquet  2011 ).  

2.5.4     SARS-Coronavirus 
 Coronaviruses, commonly implicated in cold, are 
RNA viruses of  Coronaviridae . In 2002, a new 
strain caused an outbreak in China which spread 
rapidly throughout the world (Peiris et al.  2003 ). 
This was called SARS-coronavirus (severe acute 
respiratory syndrome). Transmission occurs 
through droplet spread; incubation period varies 
from 2 to 14 days (Peiris et al.  2003 ). 

 Typical symptoms are fever with myalgia and 
cough. Characteristic early CT fi ndings include 
focal ground-glass opacities and crazy-paving 
pattern which are scattered in distribution. 
Subsequent development of consolidations may 
be seen. Air leak syndromes with development of 
spontaneous mediastinum or pneumothorax have 
also been reported. Residual fi brosis and scarring 
may also be seen (Chan et al.  2004 ).  

2.5.5     Hantavirus 
 Hantaviruses are a group of RNA viruses belong-
ing to the family  Bunyaviridae  (Mattar et al. 
 2015 ). Unlike other infections of  Bunyaviridae , 
infection with hantaviruses is a rodent-borne 
zoonosis that spreads through inhalation of 
rodent secretions (feces, urine, or saliva), and 
humans are accidental hosts (Manigold and Vial 
 2014 ). Each species of hantavirus is associated 
with a unique rodent host, and thus the epidemi-
ology of hantavirus infections correlates closely 

  Fig. 22    A 29-year-old man with H1N1 pneumonia: chest 
radiograph showing extensive areas of consolidation in 
both lungs with only a relative sparing of the left upper 
lung fi eld       

 

P. Agarwal et al.



157

with the geographical distribution of the respec-
tive rodents (Manigold and Vial  2014 ). 

 Infection with hantaviruses causes two distinct 
clinical pictures: hemorrhagic fever with renal 
syndrome (HFRS) which is more common in 
Europe and Asia, caused by the “old world” hanta-
viruses, and hantavirus cardiopulmonary syn-
drome (HCPS) which is more common in the 
Americas, caused by the “new world” hantaviruses 
(Mattar et al.  2015 ; Manigold and Vial  2014 ). 
Close to 150,000–200,000 cases occur every year, 
commonly in Asia (Manigold and Vial  2014 ). In 
Germany, a peak in 2012 with more than 2800 new 
cases was reported (Kruger et al.  2013 ). 

 Pathologically both these infections are char-
acterized by breakdown of the endothelial barrier 
in blood vessels and marked vasodilatation. 

 HFRS is characterized by fever followed by 
hypotension and petechial hemorrhages due to 
vascular leakage, oliguric phase, polyuric phase, 
and convalescence. Oliguric phase is the most 
critical phase characterized by renal failure and 
pulmonary edema, and most of the case fatalities 
occur in this stage. 

 After an incubation period of 9–35 days, 
HCPS is characterized by abrupt onset of fever 
and other constitutional symptoms. In the next 
cardiopulmonary phase, cough, dyspnea, tachy-
cardia, and hypotension occur due to extravasa-
tion of fl uids as a result of increased capillary 
leakage. Rapidly progressive noncardiogenic 
pulmonary edema and cardiogenic shock may be 
seen with respiratory failure and need for ventila-
tor support. Case fatality rate is high (Manigold 
and Vial  2014 ). 

 Chest radiography shows features of permea-
bility edema: in mild cases, pleural effusions and 
interstitial infi ltrates are seen (Fig.  23 ). In severe 
cases, marked alveolar edema with predomi-
nance in the perihilar and basal regions and spar-
ing of the periphery is typical (Boroja et al. 
 2002 ). CT shows extensive GGO in middle and 
lower zones with thickening of the septa 
(Gasparetto et al.  2007 ).

2.5.6        Adenovirus 
 They are DNA viruses belonging to  Adenoviridae  
family. Many serotypes exist. 

 Adenovirus is a common cause of upper respi-
ratory tract infection in children. Severe infection 
is seen in immunocompromised patients. It 
causes sequelae such as bronchiectasis, oblitera-
tive bronchiolitis, and Swyer-James syndrome 
(unilateral hyperlucent lung). 

 Pathologically, severe adenovirus pneumonia is 
characterized by areas of hemorrhagic consolida-
tion, interspersed with air-trapping, atelectasis, 
and diffuse alveolar damage (Becroft  1967 ). In 
mild cases, infl ammatory cell infi ltrate in the alve-
oli and interstitium is seen (Chong et al.  2006 ). 

 Radiographs show unilateral or bilateral 
parenchymal opacities. Especially in children, 
areas of overinfl ation and atelectasis may be seen 
(Kim et al.  2002 ). On CT, extensive GGO with or 
without consolidations are noted. GGO corre-
lates with areas of diffuse alveolar damage. In a 
study by Chong et al. in fi ve adults with adenovi-
rus pneumonia, one patient had shown crazy- 
paving appearance (Chong et al.  2006 ).  

2.5.7     Herpes Simplex Type 1 
 Herpes simplex type 1 is a DNA virus of the 
 Herpesviridae , along with CMV and varicella 
zoster virus. Primary infection is usually asymp-
tomatic, but can manifest as pharyngitis or 

  Fig. 23    A 32-year-old man with hantavirus infection: CT 
showing extensive thickening of the septa, areas of 
ground-glass, and minor pleural effusions       
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 gingivostomatitis. Following initial infection, it 
remains latent and can undergo reactivation at a 
later stage and manifest as esophagitis or 
tracheobronchitis. 

 Pneumonia due to HSV-1 occurs commonly 
due to contiguous spread from upper respiratory 
tract or aspiration and less commonly due to 
hematogenous spread (Graham and Snell  1983 ; 
Ramsey et al.  1982 ). HSV-1 pneumonia is almost 
exclusively seen in immunosuppressed individu-
als or in patients with squamous metaplasia of the 
airways due to intubation, burns, or chronic 
smoking (Ramsey et al.  1982 ). 

 Fever, dyspnea, chest pain, and productive 
cough are usual clinical features. Herpes labialis 
and extensive oropharyngeal lesions may also be 
seen (Simoons-Smit et al.  2006 ). 

 The epithelial lesions are characterized by 
ulceration and necrosis. Pneumonia shows alveo-
lar necrosis and exudate with infl ammation (Kim 
et al.  2002 ). 

 On radiography, patchy segmental or lobar 
consolidation is usually seen, and pleural effu-
sions are common (Aquino et al.  1998 ). On CT 
multifocal areas of GGO and consolidation are 
seen (Kim et al.  2002 ).  

2.5.8     Cytomegalovirus 
 Cytomegalovirus (CMV) is a member of herpes 
family and is a DNA virus. It is well known to 
cause opportunistic infections in immunosup-
pressed individuals especially in bone marrow or 
solid organ transplant recipients and AIDS patients. 

 Clinical features include fever, cough, and 
dyspnea. 

 The pathological features of CMV infection in 
transplant recipients are reported to be different 
from those seen in AIDS patients. In transplant 
recipients, predominant necrotizing pneumonia 
is seen due to immune-mediated mechanisms, 
and CMV pneumonia is seen in the fi rst few 
months after transplantation. AIDS patients, on 
the other hand, have insuffi cient immune response 
and show effects primarily due to the cytopathic 
effect of the virus with diffuse alveolar damage 
(Kim et al.  2002 ). 

 Radiographic manifestations are nonspecifi c 
and consist of reticulonodular pattern and/or 

 airspace consolidations. CT features consist of 
diffuse or focal ground-glass opacities (GGO), 
multiple nodules, and lobar consolidation. 
Nodular lesions with surrounding GGO (halo 
sign) may be occasionally seen, GGO represent-
ing hemorrhage or infl ammation (Franquet et al. 
 2003 ). Dense consolidation or mass-like opaci-
ties may be seen in AIDS patients especially with 
Kaposi’s sarcoma (McGuinness et al.  1994 ).  

2.5.9     Varicella Zoster 
 Varicella zoster is another virus belonging to 
 Herpesviridae  group. It causes two major mani-
festations: chickenpox (varicella) and herpes zos-
ter. Pneumonia occurs most commonly in patients 
with chicken pox, although it may be seen in both 
forms (Müller et al.  2007 ). 

 Chickenpox is usually seen in children 
2–8 years old; however, in recent times, the inci-
dence in adults is increasing due to various fac-
tors (Mohsen and McKendrick  2003 ). While the 
common varicella infection in children is usually 
benign, infection in adults has a more fulminant 
course with a 25 times increased risk of pneumo-
nia and consequent high mortality (Mohsen and 
McKendrick  2003 ). 

 Predisposing factors for the development of 
varicella pneumonia are immunosuppression, 
chronic lung diseases, pregnancy, or underlying 
malignancy like leukemia or lymphoma (Müller 
et al.  2007 ). Varicella pneumonia presents about 
1–6 days after the onset of rash with cough, dys-
pnea, fever, and sometimes chest pain and 
hemoptysis (Mohsen and McKendrick  2003 ). 

 The pulmonary lesions in varicella seem to be 
due to hematogenous spread rather than airborne 
entry. The lesions are characterized by endothe-
lial damage in pulmonary vessels with focal hem-
orrhagic necrosis, mononuclear infi ltrates in the 
alveolar walls, and exudates in the alveoli 
(Mohsen and McKendrick  2003 ). Later small 
nodules are seen which are characterized by outer 
lamellated fi brous capsule and inner necrotic or 
hyalinized collagen with varying degrees of cal-
cifi cation (Kim et al.  1999 ). 

 On radiographs multiple, fl eeting 5–10 mm 
miliary nodules are seen with a tendency to 
coalesce (Fig.  24 ). These resolve usually in a 
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week after the regression of the skin lesions, but 
may also be persistent for months in some patients 
(Sargent et al.  1966 ). On CT bilateral nodules of 
soft tissue density measuring 5–10 mm are seen 
(Fig.  25 ). Some nodules show GGO around them, 
while some may coalesce with adjacent nodules 
(Kim et al.  1999 ). Hilar lymph nodes and pleural 
effusions are less commonly seen. Dense, calci-
fi ed random dense nodules measuring 2–3 mm in 
size may persist in some cases.

2.6          Conclusion 

 Although radiography and CT can be helpful in 
excluding a CAP, they may not be accurate in 
suggesting an etiological diagnosis. In every 
case, careful attention to the clinical history and 
radiological fi ndings may help to narrow down 
the etiology and suggest the diagnosis.   

3     Tuberculosis 

3.1     Introduction 

 Tuberculosis is often a challenge to the clinicians 
and radiologists alike, particularly in areas where 
it is not endemic. As the clinical signs and symp-
toms are often nonspecifi c, extra attention and a 
high degree of suspicion are required to make the 
right diagnosis. 

 As the manifestations of tuberculosis are a 
result of the interaction between the offending 
bacteria and the host immune system, there is no 
defi nite radiological picture that defi nes or is typi-
cal for tuberculosis and a wide range of differen-
tial diagnoses exist. However, some features, 
particularly when seen in typical distributions and 
typical combinations, can be very helpful in sug-
gesting the right diagnosis, as discussed below.  

3.2     Background 

 Tuberculosis (TB) or  captain of all these men 
of death  is one of the oldest diseases known 
to mankind. It is still a disease of global con-
cern, affecting millions of people worldwide 
every year. It is a leading cause of death among 
infectious diseases. Together with HIV, TB 
accounted for a staggering 1.5 million deaths 
in 2014 (World Health Organization  2015 ). 
Ninety-fi ve percent of these deaths were 
reported in low- to middle- income countries, 
where tuberculosis is highly prevalent (World 
Health Organization  2015 ). 

 Although the incidence of TB globally has 
been showing a declining trend for several years, 
still an estimated 9.6 million new cases were 

  Fig. 24    A 35-year-old man with varicella virus infection: 
chest radiograph showing multiple fl eeting 5–10 mm mili-
ary nodules in both lungs       

  Fig. 25    Same patient as in Fig.  24 : CT showing bilateral 
5–10 mm nodules of soft tissue density and a ground- 
glass halo       
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reported by WHO in 2014. Majority of these 
cases were reported in Southeast Asia, Western 
Pacifi c, and Africa with highest number of inci-
dent cases seen in India, Indonesia, and Nigeria. 
12 % of these patients were HIV positive, and 
notably 75 % of HIV-positive people with 
 tuberculosis lived in Africa (World Health 
Organization  2015 ). 

 Europe accounts for 4 % of TB burden in the 
world with close to 1000 new cases per day 
(European Centre for Disease Prevention and 
Control  2015 ). Within the EU/EEA (European 
Union/European economic area), an overall 
declining trend in TB reporting in the last 
10 years has been observed. It is noteworthy that 
a signifi cant 28 % of cases were of foreign origin. 
In some countries like Luxemburg, Malta, 
Norway, Sweden, and Switzerland, the TB cases 
of foreign origin accounted for >70 % cases, 
highlighting the increased prevalence in migrants, 
with an increased prevalence of MDR-TB in 
these groups of patients (European Centre for 
Disease Prevention and Control  2015 ; Odone 
et al.  2015 ). 

 The early diagnosis and treatment are further 
challenged by the development of multidrug- 
resistant and extensively drug-resistant tuberculo-
sis. Multidrug-resistant tuberculosis (MDR-TB) 
is defi ned by resistance to the two most pow-
erful fi rst-line drugs, isoniazid and rifampin. 
WHO reported that in 2014, around 3.3 % of 
new cases and 20 % of previously treated cases 
had MDR-TB. Extensively drug-resistant tuber-
culosis (XDR-TB) is defi ned as MDR-TB with 
additional resistance to at least one fl uoroquino-
lone and one of the second-line injectable drugs 
(World Health Organization  2015 ). It is estimated 
that around 9.7 % people with MDR-TB have 
XDR-TB (World Health Organization  2015 ). 

 These large numbers of TB prevalence and drug 
resistance signify the importance of early diagnosis 
and treatment. To understand imaging features in 
tuberculosis, an understanding of the epidemiology 
and pathophysiology is an important prerequisite 
so that a high index of suspicion in appropriate 
clinical settings can favor a timely diagnosis, avoid 
life-threatening complications, and prevent further 
spread of this dangerous disease.  

3.3     Etiology 

 TB is caused by bacteria of the group 
 Mycobacterium tuberculosis  complex. It com-
prises of various bacteria; common ones causing 
infection in humans are  Mycobacterium tubercu-
losis and M. bovis. M. tuberculosis  accounts for 
the majority of tuberculosis cases, whereas  M. 
bovis  is less commonly implicated due to routine 
pasteurization of milk. 

  M. tuberculosis  is an obligate aerobic, non- 
sporing, nonmotile bacillus. Its cell wall is rich in 
mycolic acid, accounting for its staining proper-
ties. It resists staining by the usual Gram method, 
being neither Gram negative or positive. When 
stained with dyes such as Ziehl-Neelsen, it resists 
decolorization by the acid alcohol and is there-
fore called acid fast. It is a facultative intracellu-
lar parasite, which preferentially resides in the 
human macrophages. Many of these properties 
explain its pathogenicity and virulence. 

3.3.1     Transmission 
 Person-to-person transmission of infection 
occurs through inhalation of droplet nuclei which 
are expelled/discharged into the air when a 
patient with active pulmonary or laryngeal TB 
coughs, talks, or sings (Leung  1999 ). Patients 
with cavitation in the lungs, sputum culture- 
positive TB, and sputum smear-positive pulmo-
nary TB who expectorate around 10 6 –10 7  acid 
fast bacillus (AFB) per mL of sputum are more 
contagious than sputum-negative patients (as 
they expectorate usually less than 10 3  AFB per 
ml) (Sepkowitz  1996 ). Additional factors that 
favor the spread are an improper ventilation 
which promotes prolonged suspension of the 
droplet nuclei, crowded living conditions, and 
prolonged contact with an “open” case. 

 Open tuberculosis: Not all patients with pul-
monary tuberculosis are infectious to others. 
Those patients who show sputum positivity for 
the acid fast bacilli are notably more contagious 
than sputum-negative cases (see above). The 
presence of cavitation and evidence of endo-
bronchial spread (tree-in-bud) on radiological 
examination serves as an indication that there is 
a communication between the lung lesions and 
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the airways, thereby increasing the risk of 
infectivity. These “open” cases must be isolated 
from others.   

3.4     Pathogenesis, Clinical, 
and Radiological Features 

 Classical teaching explains the lesions of pulmo-
nary tuberculosis based on the time since infec-
tion. It states that primary disease after a recent 
infection manifests itself in lower lobes, lymph 
nodes, or as pleural effusion, whereas reactiva-
tion of latent tuberculosis causes an upper lobe 
predominant disease with cavitation. Although 
this classical “dogma” of tuberculosis which 
classifi es the lesions based on the time since 
infection is widely accepted since time immemo-
rial, it has been challenged in the recent past 
(Rozenshtein et al.  2015 ). 

 Recent studies based on molecular epidemiol-
ogy using restriction fragment length polymor-
phism suggest that radiological features of 
pulmonary tuberculosis do not depend on time 
since infection (Jones et al.  1997 ; Glynn et al. 
 1999 ). Rather, the lesion manifestations depend 
on the immune status of the host. Infected per-
sons who are immunocompetent develop apical 
disease with cavitation. Patients who are immu-
nodefi cient, on the other hand, develop lower 
lobe predominant disease with consolidation and 
lymphadenopathy without evidence of cavitation. 
This group includes HIV-positive adults with low 
CD4 counts and also children, as their cellular 
immunity is relatively weak. 

 This concept is further supported by the fact 
that HIV-positive patients with TB who have 
CD4 counts >200/mm 3  are more likely to develop 
apical predominant disease with cavitation (posi-
tive predictive value >78 %) and those patients 
with CD4 cell counts <200/mm 3  are more likely 
to have a predominantly lower lobe disease (posi-
tive predictive value 84 %), irrespective of the 
time since infection (Post et al.  1995 ). 

 Further studies in the coming future can make 
this distinction clear. Though the ongoing debate 
about the pathophysiology of TB has been dis-
cussed above, the terms from classical teaching, 

i.e., primary and reactivation tuberculosis, will be 
used here for the sake of simplicity as most of the 
literature is based on this terminology. 

3.4.1     Pathogenesis 

   Primary Tuberculosis 
 Tuberculosis in a previously unexposed individ-
ual is described as primary tuberculosis. Once 
inhaled, the bacilli traverse the upper airways and 
reach the alveoli where they are phagocytosed by 
the pulmonary macrophages. 

 The subsequent outcome of infection depends 
on the interaction between the microbicidal 
capacity of the macrophage and the virulence of 
 Mycobacterium tuberculosis  bacillus (MTB). If 
the MTB are destroyed at this stage, no disease 
develops. But if the macrophage is not able to con-
tain the infection or the bacillus is highly virulent, 
MTB multiplies multifold before the macrophage 
bursts. Release of various cytokines by the macro-
phages attracts further macrophages which phago-
cytose the released MTB (Knechel  2009 ). In the 
fi rst 2–3 weeks, development of T cell-mediated 
immunity causes activation of macrophages which 
then destroy the MTB within them (van Crevel 
et al.  2002 ). This causes the formation of a typical 
granuloma with a caseation necrosis in the lungs 
and the draining lymph nodes. This attributes to 
the typical imaging features in primary TB. Thus, 
in tuberculosis destruction of the host tissue occurs 
as a part of the host immune response. 

 Once the infection is successfully brought 
under control, the patient becomes asymptom-
atic, although MTB may still lie inactive within 
the macrophages. Healing of the lesions occurs 
with fi brosis, and dystrophic calcifi cation may 
also be seen (Pratt  1979 ). 

 In immunosuppressed hosts, extensive hema-
togenous spread of infection can manifest as a 
miliary TB, with multi-organ involvement.  

   Reactivation/ Post primary TB 
 Many years, typically 3–5 years later, commonly 
due to reactivation and less commonly due to 
reinfection, there is a resurgence of the disease 
(Leung  1999 ). This stage, in previously sensi-
tized individuals, is known as postprimary TB. 
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 The disease is typically seen in apical and pos-
terior segments of the upper lobes and apical seg-
ments of the lower lobes, probably due high 
oxygen tension and impaired lymphatic drainage 
in these areas which favor the growth of this obli-
gate aerobe (Leung  1999 ). As the infection pro-
ceeds, the area of necrosis increases in this area, 
under liquefaction, and then decompresses itself 
into an adjacent bronchus. As a result of the for-
mation of this communication with airways, air 
enters the lung parenchyma in this area of con-
solidation, forming what is a typical lesion of the 
secondary TB, that is, a cavity. As the contents of 
the cavity are discharged into the bronchus, the 
patient develops cough with expectoration. 
Spread of these discharges into the airways may 
also give rise to typical imaging appearance of 
endobronchial spread. When there is no cavity, 
endobronchial spread of Tb may still be seen due 
to endobronchial rupture of a lymph node, hema-
togenous spread of infection (Leung  1999 ).   

3.4.2     Clinical Features 
 Majority of the TB cases are pulmonary with 
around 1/3 cases being extrapulmonary. 

 The clinical symptoms of tuberculosis are to an 
extent dependent on patient’s age and immune sta-
tus. At extremes of age, in children and elderly, the 
symptoms tend to be nonspecifi c and cause a delay 
in the diagnosis. Primary TB is most commonly 
seen in children, particularly in endemic areas. 
However, it is increasingly being seen in adults too. 

 The usual symptoms in pulmonary TB are 
cough with expectoration, low-grade fever with 
evening rise of temperature, malaise, and loss of 
weight (American Thoracic Society  1990 ). 
Hemoptysis and chest pain may also be seen. 

   Radiological Features 
  Primary pulmonary tuberculosis  manifests itself 
radiologically variably as parenchymal opacities, 
lymphadenopathy, and/or pleural effusion. Chest 
radiography is usually the fi rst imaging modality 
to suspect primary TB; however, the lesions are 
better appreciated on CT. 

 The granulomatous lesion in the pulmonary 
parenchyma is seen radiologically as an area 
of consolidation. It tends to be unilateral, in the 

middle or lower lobe, and is commonly observed 
on the right side (Leung et al.  1992 ). Multifocal 
involvement may also be seen in 12–24 % 
(Woodring et al.  1986 ). It is usually homogenous 
and dense, segmental, or lobar in distribution. The 
lesion can also be nodular or linear in appearance. 

 In two-thirds of the cases, the consolidation 
resolves without any sequelae (Leung  1999 ). In 
the remaining one-third cases, it heals with the 
formation of a linear scar or fi brosis, with calcifi -
cation. This focus is called as Ghon’s focus 
(Leung  1999 ). Tuberculomas which are mass- 
like opacities and satellite calcifi cations may be 
also seen in 9 % of the cases. 

 Lymphadenopathy is the most characteristic 
feature of primary TB. It is seen in 90–95 % of the 
children with primary TB. As the age increases, the 
prevalence of lymphadenopathy decreases in older 
children and adults (Leung et al.  1992 ). Tuberculous 
lymphadenopathy tends to be typically unilateral 
with frequent involvement of the right paratracheal 
and right hilar groups. This can be visualized on 
radiographs with the widening of the right paratra-
cheal stripe and enlarged hilum, respectively 
(Fig.  26 ). On CT, the presence of enlarged lymph 
nodes, more than 2 cm with peripheral rim enhance-
ment, is characteristic (Fig.  27 ). This is due to cen-
tral caseous necrosis with peripheral vascular 
granulation tissue (Leung et al.  1992 ).

  Fig. 26    A 7-year-old boy with primary TB: chest radio-
graph showing enlarged left hilar shadow       
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    The enlarged lymph nodes can cause extrinsic 
compression of the airways. Complete obstruc-
tion of the lumen manifests as segmental or lobar 
collapse of the distal lung (Andreu et al.  2004 ). 
Partial obstruction, on the other hand, can present 
with air-trapping and hyperinfl ation of the 
involved lobe due to ball-valve-like effect and 
subsequent trapping of air (Arora et al.  2013 ). 

 Healing of the granulomatous lesions with 
dystrophic calcifi cation leads to the formation of 
calcifi ed hilar lymph node with a calcifi ed pul-
monary Ghon’s lesion, also known as Ranke’s 
complex. It serves as a telltale sign of previous 
TB infection in the past. 

  Reactivation tuberculosis  is characterized by 
parenchymal opacifi cations, predominantly in 
the posterior and apical segments of upper lobes 
and apical segment of lower lobes. Multisegmental 
involvement is often seen. Atypical distribution 
involving  exclusively  other segments is rare and 
is seen in approximately 5 % of the cases of 
postprimary TB (Woodring et al.  1986 ). Cavities 
are seen in 40–45 % of cases of postprimary dis-
ease. They may be single or multiple and have 
varied appearances ranging from thick walled to 
thin walled. Cavities usually occur in areas of 
consolidation. Cavities may mimic carcinoma; 
however, careful attention to adjacent broncho-
genic spread with tree-in-bud lesions and satellite 
nodules may aid in the diagnosis. 

 When an area of caseous necrosis erodes into 
adjacent airways, bronchogenic spread is seen. It is 
an important hallmark of the activity of the disease. 
CT is more sensitive in demonstrating bronchogenic 
spread: in one study by Im et al., bronchogenic 
spread was notably seen in 95 % of patients with 
postprimary TB, while radiography showed these 
fi ndings reliably only in 20 % patients (Im et al. 
 1993 ). Earliest markers of bronchogenic spread are 
sharp centrilobular nodules or linear branching 
opacities 2–4 mm in diameter. In extensive broncho-
genic spread, a typical tree-in-bud appearance is 
described, the stalk represents the distal airways, and 
the bud represents alveolar ducts and bronchioles, 
which are fi lled with caseous material. Other signs 
of bronchogenic spread are bronchial wall thicken-
ing with or without bronchiectasis, poorly defi ned 
nodules 5–8 mm in diameter. Interlobular septal 
thickening may also be seen. These changes signify 
an active underlying disease and regress with effec-
tive treatment in 5–9 months (Im et al.  1993 ). 

 Tree-in-bud nodules are not specifi c for tuber-
culosis. However, presence of cavitary or nodular 
lesions in the typical distribution along with tree- 
in- bud lesions makes the diagnosis of tuberculo-
sis highly probable and should always be 
considered in suitable clinical settings (Fig.  28 ) 
(Andreu et al.  2004 ).

  Fig. 27    A 7-year-old boy with primary TB: axial CT tho-
rax in the same patient with mediastinal window showing 
enlarged left hilar lymph nodes with peripheral contrast 
enhancement       

  Fig. 28    A 27-year-old patient with reactivation tubercu-
losis: axial CT showing a thin-walled cavitary lesion in 
the posterior segment of the right upper lobe. Florid areas 
of centrilobular nodules with tree-in-bud appearance are 
noted on both sides. This combination is highly sugges-
tive of reactive tuberculosis       
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   Complete regression of the parenchymal 
lesions may be seen when healing occurs before 
the development of caseous necrosis, which is 
however rare (Pratt  1979 ). In posttreatment 
changes with development of distortion of bron-
chovascular structure, fi brotic bands in areas of 
caseous necrosis are well established. Areas of 
paracicatricial emphysema may develop due to 
bronchostenosis and traction (Im et al.  1993 ). 
Marked fi brotic reaction with upward hilar retrac-
tion is typical and may be seen in one-third of the 
cases. Apical pleural thickening, usually less 
than 1 cm, may also be occasionally seen 
(Woodring et al.  1986 ). 

  Hilar and mediastinal lymphadenopathy is less 
likely in postprimary tuberculosis. Spontaneous 
pneumothorax may be seen in extensive cavitary 
disease, although rare.  

   Miliary TB 
 At any stage, either after primary or postprimary, a 
fulminant infection can give rise to disseminated 
infection with multiple granulomas seen in various 
organs. These granulomas resemble millet seeds, 
and thus the term “miliary” tuberculosis was used 
to describe them. Various conditions that predis-
pose to the development of miliary TB are HIV/
AIDS, malnutrition, diabetes mellitus, underlying 
malignancy, immunosuppression, treatment with 
corticosteroids, and immunomodulators (anti-
TNF alpha agents) (Sharma et al.  2012 ). 

 Early radiographs may be normal. Evenly dis-
tributed nodules roughly 1–3 mm in size may be 
seen (Fig.  29 ). CT demonstrates these changes 
more clearly with sharply and poorly defi ned nod-
ules seen in random distribution with respect to the 
secondary pulmonary lobule (Figs.  30  and  31 ). 
Smooth thickening of the interlobular septa is 
commonly seen (McGuinness et al.  1992 ). 
Ground-glass opacities may be seen for abnormal-
ities that are below the resolution of CT (Hong 
et al.  1998 ). On adequate treatment, these nodules 
resolve usually without any residual fi brosis.

     In some cases, military tuberculosis can progress 
to adult respiratory distress syndrome. Spontaneous 
pneumothorax due to rupture of subpleural nodules 
has also been reported (Sharma and Kumar  2002 ).    

3.5     Pleural Involvement 

 Pleural effusion can be seen not only as a part of 
primary TB but also in patients with reactivation 
TB and is thus not specifi c for any stage of TB. 

 When to Think of TB? 

    Patient features: Migratory background, 
poor immune status  

  Radiological features: Primary TB: 
Unilateral dense segmental or lobar 
consolidation in lower or middle lobes, 
lymphadenopathy with central hypoden-
sity on CECT  

  Reactivation TB: Cavitation in apical seg-
ments, centrilobular tree-in-bud nod-
ules, with or without sequelae of primary 
TB infection    

  Fig. 29    A 52-year-old HIV-positive male with miliary 
tuberculosis: frontal radiograph showing multiple vague 
nodular lesions in both the lungs       
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 It occurs supposedly due to a delayed hypersen-
sitivity reaction as a result of rupture of a caseating 
subpleural focus into the pleural cavity. The release 
of infl ammatory mediators causes accumulation 
fl uid in the pleural space, which is an exudate. 

 Tuberculous pleuritis often presents acutely 
with rapid onset of pleuritic chest pain that is 
worsened by deep breathing, fever, and cough. In 
HIV-positive patients, a more subacute course is 

described. It is usually unilateral, often seen on 
the same side of the parenchymal lesion. Isolated 
pleural effusions without any parenchymal lesion 
are not rare. 

 On ultrasound examination, it often shows sep-
tations which are usually not appreciated on CT 
(Cardinale et al.  2015 ). On contrast-enhanced CT, 
pleural fl uid of fl uid density with smooth periph-
eral pleural enhancement, “split pleura” is typical 
(Yilmaz et al.  1998 ). Presence of a changing air-
fl uid level in the pleural space mandates ruling out 
a bronchopleural fi stula (Johnson et al.  1973 ).  

3.6     Airway Involvement 

 The involvement of airways in tuberculosis is 
seen in 10–20 % of patients with pulmonary 
tuberculosis (Moon et al.  1997 ). Various mecha-
nisms responsible for the involvement of airways 
are spread of infection from the parenchymal 
lesion along the peribronchial lymphatic chan-
nels, implantation from infected sputum, erosion 
of an adjacent lymph node, or hematogenous 
spread (Moon et al.  1997 ; Kim et al.  1997 ). 

 Acute tracheobronchitis with involvement of 
the distal trachea and the proximal bronchi may be 
seen (Kim et al.  1997 ). Tracheobronchial TB is 
characterized commonly by a long-segment thick-
ening (>3 cm) (smooth or irregular), causing cir-
cumferential narrowing of the airways. Less 
common appearances are that of a granulomatous, 
polypoid ulcerated mass (Andreu et al.  2004 ). 

 Chronic infl ammation of the airways may 
cause tracheal or bronchial stenosis. Traction 
bronchiectasis due to fi brosis is often seen as 
sequel of infection. 

 A calcifi ed peribronchial node that usually 
erodes into the adjacent bronchus is a common 
cause of broncholithiasis. Common sites are the 
proximal right middle lobar bronchus and ante-
rior segmental bronchus of the right upper lobe.  

3.7     Pericardial Involvement 

 Tuberculous pericarditis is seen in around 1 % 
pulmonary TB patients; the incidence is rising 

  Fig. 30    A 52-year-old HIV-positive male with miliary 
tuberculosis: axial CT showing multiple well-defi ned 
nodules in a random distribution much better       

  Fig. 31    A 52-year-old HIV-positive male with miliary 
tuberculosis: axial MiP image showing multiple miliary 
nodules in a random distribution better       
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due to HIV-TB coinfection (Mayosi et al.  2005 ). 
In HIV-infected groups, 85 % of the cases of peri-
cardial effusion are due to TB (Ntsekhe and 
Hakim  2005 ). It may present as pericardial effu-
sion, constrictive pericarditis, or a combination 
of both. 

 The spread of infection to the pericardium 
occurs chiefl y through the following routes:
   Via infected mediastinal lymph nodes: predomi-

nant in immunocompetent individuals, it is 
largely a hypersensitivity reaction with pauci-
bacillary status.  

  Via hematogenous route: more often encountered 
in HIV-positive and other immunosuppressed 
individuals, where is it often a more fl orid 
infection with a multibacillary status (Ntsekhe 
and Mayosi  2013 ).    
 Less common mode of spread is via direct 

spread from an adjoining pulmonary infection. 

  Clinical Features   Typically, an insidious onset, 
with complaints of fever, dyspnea, chest pain, 
and malaise, is described. Cardiac tamponade 
may be frequently seen and is a late feature. 
Acute presentation with dyspnea, fever, and 
retrosternal chest pain is also possible.  

  Imaging   On routine chest radiography, enlarged 
cardiac silhouette is seen in tuberculous effusion. 
Concomitant evidence of active pulmonary tuber-
culosis may be seen in 30 % of the individuals, 
and 30–50 % may show pleural effusions (Reuter 
et al.  2005 ). Another interesting feature to note is 
that the hilar lymph nodes are not usually 
involved; mediastinal nodes not detected with PA 
radiographs and therefore the lymphadenopathy 
in tuberculous pericarditis are not seen on routine 
frontal radiographs (Reuter et al.  2005 ). On echo-
cardiography, pericardial thickening with evi-
dence of strands in the fl uid is commonly seen in 
around 60 % cases and is not specifi c for TB peri-
carditis (Mayosi et al.  2005 ).  

 Imaging features on CT may point to the 
tuberculous origin of the effusion. Thickened 
enhancing pericardium is seen; however, it may 
be diffi cult to distinguish between small effu-
sions and thickening on CT, where ultrasound 
may prove more helpful. In one study, enlarged 

mediastinal lymph nodes were described in all 
patients with tuberculous pericarditis (Cherian 
 2004 ). These lymph nodes usually regress with 
treatment. On the contrary, other causes of effu-
sion with mediastinal lymphadenopathy, like 
lymphoma, malignancy, or sarcoidosis, show 
hilar lymphadenopathy in addition 

 In constrictive pericarditis, fi brous or calcifi c 
thickening of the pericardium is seen, with or 
without effusion. Pericardial thickening of more 
than 3 mm with supporting fi ndings of dilated 
inferior vena cava and deviated interventricular 
septum can help in accurate diagnosis, in appropri-
ate clinical settings. Calcifi cation of the visceral 
pericardium in the atrioventricular groove, inter-
ventricular groove, and crux of the heart is uncom-
mon but may be seen (Suchet and Horwitz  1992 ).  

3.8     Acute Complications: 
Tuberculosis 
in the Emergency Room 

 Tuberculosis, although as described above, has 
an insidious onset and progress, can also present 
acutely, in a previously healthy person. Common 
symptoms with which the patients present to the 
emergency room are dyspnea, fever, hemoptysis, 
or chest pain. It may be a challenge to diagnose 
tuberculosis in acute settings, especially in coun-
tries where it is less endemic and a wide other 
close differential diagnoses exist. However, an 
awareness of the migratory background and 
immune and HIV status of the patient, 
 compounded by a high index of suspicion of the 
treating physician and the radiologist, may expe-
dite the diagnostic process. 

3.8.1     Hemoptysis 
 Hemoptysis, or expectoration of blood, is an 
acute life-threatening complication of tuberculo-
sis. Incidence of hemoptysis in TB may be up to 
7 %, depending upon the regional prevalence of 
tuberculosis, with a high mortality rate ranging 
from 9 to 18 % (Krishnan et al.  2009 ; Johnston 
and Reisz  1989 ; Alkhuja and Miller  2001 ). 
Hemoptysis in TB does not always signify an 
underlying active disease (Prasad et al.  2009 ). 
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 Massive hemoptysis is defi ned variably in the 
literature, with the volume of blood ranging from 
100 to 1000 mL in 24 h, although any amount of 
bleeding that causes hemodynamic instability 
should be considered signifi cant (Corder  2003 ; 
Jean-Baptiste  2000 ). Almost 90 % of causes of 
massive hemoptysis in general originate from 
bronchial vessels, while 10 % originate from pul-
monary vessels, understandably because the 
bronchial vessels are at systemic pressure (Yoon 
et al.  2002 ). Notable among the common causes 
are chronic infl ammatory conditions like bron-
chiectasis, tuberculosis, and lung abscess and 
malignancies like bronchogenic carcinoma, 
which account for a vast majority of cases of 
massive hemoptysis. 

 The fi rst step in managing any patient with 
massive hemoptysis is stabilization of the patient, 
resuscitation, and protection of the lower air-
ways, as the risk of death due to asphyxiation 
overweighs that due to exsanguination (Marshall 
and Jackson  1997 ). 

 The next step is to identify the site and cause 
of bleeding and treat it accordingly. Various pro-
cedures form a part of the diagnostic algorithm 
for further evaluation, with MDCT angiography 
followed by bronchoscopy standing at the fore-
front. If the patient is clinically stable, the fi rst 
logical step will be a MDCT angiography to 
locate the site of bleeding. CT has many advan-
tages as it enables not only the identifi cation of 
the site of bleeding but also facilitates the evalua-
tion of the lungs to recognize the underlying 
cause of bleeding (Yoon et al.  2002 ). 

 On the other hand, patients who are not stable 
are taken up directly for rigid/fl exible fi ber-optic 
bronchoscopy. Many studies nevertheless recom-
mend using CT angiography prior to bronchos-
copy routinely in all patients with hemoptysis, as 
CT aids in a comprehensive evaluation with a 
better diagnosis of the cause of hemoptysis com-
pared to bronchoscopy (Revel et al.  2002 ; Bruzzi 
et al.  2006 ). 

   Causes of Hemoptysis in Tuberculosis 
 Several underlying pathologies in tuberculosis 
can cause hemoptysis. Bronchial vessels are a 
more common source than pulmonary vessels 

and, when involved, tend to cause severe hemop-
tysis which is diffi cult to control. 

 Tuberculous bronchitis and bronchiecta-
sis tend to cause bronchial arterial bleeding. 
Tuberculosis cavities can erode into adjacent 
structures, for example, into pleura and chest 
wall, and cause hemoptysis due to the involve-
ment of intercostal, internal mammary, or 
subclavian vessels. Furthermore, colonization 
of preexisting cavities with fungus – asper-
gilloma – can also present as hemoptysis. 
Infl ammation of pulmonary artery branches 
adjoining the cavities of TB, with conse-
quent formation of “Rasmussen” aneurysm, 
can precipitate fatal hemoptysis. Erosion of 
the involved lymph nodes into adjacent tra-
cheobronchial tree or vessels may also cause 
hemoptysis (Chatterjee et al.  2015 ; Halezeroglu 
and Okur  2014 ). 

   Bronchiectasis and Dilatation of Bronchial 
Arteries 
 Bronchial arteries are the primary source of nour-
ishment to the bronchial tree and have microvas-
cular connections with pulmonary circulation. 
These connections become functional in patients 
with bronchiectasis and chronic infl ammation 
like TB. 

 In various chronic infl ammatory conditions 
like tuberculosis and bronchiectasis (which can 
itself be as a result of tuberculosis), there is asso-
ciated vasculitis and thrombosis of pulmonary 
vessels that cause local hypoxia. This stimulates 
the release of angiogenetic growth factors such as 
vascular endothelial growth factor, thereby 
 promoting neovascularity, collateral formation, 
and enlarged bronchial arteries. This accounts for 
fl ow of blood from bronchial arteries at systemic 
pressure into the pulmonary vessels and hemop-
tysis (Bruzzi et al.  2006 ). 

 Special attention should be given to CT 
appearances in these patients. Presence of nodu-
lar or tubular soft tissue attenuation structures in 
the mediastinum, particularly around the airways, 
which are atypical for lymph nodes, should be 
viewed with suspicion. These structures may 
point toward hypertrophied bronchial arteries 
(Song et al.  1998 ).  
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   Aspergilloma 
 Aspergilloma is a fungal infection, caused com-
monly due to the fungus  A. fumigatus  that sapro-
phytically colonizes preexisting cavities, and dilated 
bronchi, without invading them. It is commonly 
asymptomatic, hemoptysis being the most common 
symptom. On radiography, a round or oval intracav-
itary mass lesion is typically described, the lesion 
being dependent in location and surrounded by a 
crescent of air (air-crescent sign). Decubitus views 
to demonstrate the mobility of the intracavitary mass 
are helpful in doubtful cases. Pathologically, the 
lesion comprises of fungal hyphae intermixed with 
varying amounts of mucous and cellular debris. On 
CT, a soft tissue attenuation lesion located within 
a cavity is typical (Fig.  32 ). Thickening of the 
walls of the cavity and that of the adjacent pleura is 
described. This thickening may be the earliest sign 
of aspergillosis, even before any visible changes in 
the cavity are seen. It represents a hypersensitivity 
reaction rather than a fi brosis and is reversible with 
treatment (Franquet et al.  2000 ).

   Hemoptysis in aspergilloma is often associ-
ated with vasculitis in the cavity wall and exten-
sive collateral formation from axillary and 
subclavian vessels (Ufl acker et al.  1983 ; Remy 
et al.  1977 ). Hypertrophied bronchial arteries 
may also be seen as the cause of hemoptysis, and 
these should be actively searched for on CT. 

 The diagnosis can be challenging when the air 
crescent is not clearly appreciated due to obliter-
ation of the cavity. Other differential diagnoses 
for intracavitary lesions are angioinvasive asper-
gillosis, echinococcal cysts, Rasmussen aneu-
rysm in a cavity, lung abscess, bronchogenic 
carcinoma, intracavitary clot or hematoma, and 
 P. carinii  pneumonia (Franquet et al.  2001 ) 

 Treatment: Spontaneous resolution may be 
seen in 10 % of the patients (Hammerman et al. 
 1973 ). Palliative bronchial artery embolization is 
undertaken for acute management of hemoptysis, 
although a signifi cantly high rate of recurrent 
hemoptysis in aspergillosis has been reported 
(Ufl acker et al.  1983 ; Remy et al.  1977 ). Defi nitive 
treatment is thus surgical resection with periopera-
tive antifungal treatment.  

   Rasmussen’s Aneurysm 
 Rasmussen’s aneurysm is another rare cause of 
life-threatening hemorrhage in tuberculosis. A 
prevalence of 4 % in autopsy studies in patients 
who died of tuberculosis has been described. 

 Rasmussen’s aneurysm is a pseudoaneurysm 
which arises due to erosion of a cavity into an 
adjacent pulmonary artery. As the infl ammation 
of the cavity involves an adjoining pulmonary 
artery branch, there is progressive weakening and 
thinning of the arterial wall as a result of necro-
tizing granulomatous infl ammation, giving rise to 
a pseudoaneurysm months or years later (Santelli 
et al.  1994 ; Kim et al.  2001 ). Eventual rupture 
can cause fatal hemoptysis. 

 MDCT angiography plays an important role in 
not only identifying the aneurysm but also in cor-
rectly characterizing it as arising from pulmonary 
artery, distinguishing it from bronchial artery 
aneurysms which are more frequent. Careful 
attention to the cavity on post-contrast images 
may exhibit a focal enhancing lesion, thereby 
clinching the diagnosis. 

 Emergency endovascular management technique 
like percutaneous catheter embolization of the aneu-
rysm is the treatment of choice (Remy et al.  1980 ).  

   Hemoptysis Due to Lymph Nodes 
 Although extremely rare, reports of tuberculous 
lymph nodes causing erosion of mediastinal 

  Fig. 32    A 52-year-old patient with cavitary lesion in left 
upper lobe. Intracavitary body with “air-crescent” sign, 
suggestive of aspergilloma, is seen in the left upper lobe       
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 vessels like aorta or pulmonary artery with subse-
quent formation of trachea/bronchovascular 
fi stula and fatal hemorrhage do exist (Krishnan 
et al.  2009 ; Fatimi et al.  2006 ).    

3.8.2     Chest Pain/Dyspnea 
 Acute onset chest pain and diffi culty in breathing 
in tuberculosis can be due to a variety of underly-
ing causes: acute respiratory distress syndrome 
(ARDS), pleuritis, pneumothorax, pericarditis, 
chest wall abscess to name a few. 

   Pneumothorax: Secondary Spontaneous 
Pneumothorax 
 Pneumothorax can complicate the course of 
roughly 1 % of tuberculosis, more often in severe 
cavitary tuberculosis. Underlying pathology is 
rupture of pleural caseous nodules which undergo 
necrosis. It must be suspected when apical abnor-
mality is seen after re-expansion of the lung (Kim 
et al.  2001 ). 

 Pneumothorax, which may also be bilateral, has 
been reported in patients with miliary tuberculosis, 
who present with acute onset of breathlessness dur-
ing the course of treatment with antituberculous 
drugs (Sharma and Kumar  2002 ; Arya et al.  2011 ; 
Khan et al.  2011 ; Singh et al.  2014 ). Caseation of 
the subpleural miliary nodules with subsequent 
rupture into the pleural space has been attributed as 
the triggering factor. On imaging, miliary shadows 
may not be discernible initially and may be evident 
only when the lung re-expands.     

4     Hematogenous Spread 
of Pulmonary Infection 

4.1     Introduction 

 Hematogenous origin of pulmonary infection 
depends on septic pulmonary embolism (SPE). 
This is an uncommon syndrome characterized by 
pulmonary embolization of infected thrombi con-
taining microorganisms admixed with fi brin. It 
depends on a primary infectious site spread out 
into the venous circulation, with implantation 
into peripheral pulmonary arterial vessels, result-
ing in alveolar infective infi ltrates. 

 The most common causative Gram-positive 
bacteria are  Staphylococcus aureus  and 
 Streptococcus pneumoniae , whereas the most fre-
quent Gram-negative bacterium is  Pseudomonas 
aeruginosa  (Angus and van der Poll  2013 ). 

 Historically SPE was most commonly associ-
ated with Lemierre’s syndrome, postpartum sep-
tic pelvic thrombophlebitis, and right-sided 
infective endocarditis (Mac Millan et al.  1978 ; 
Goldenberg et al.  2005 ). 

 In the last decade, attention has been made to 
changes in the epidemiology, including thrombo-
phlebitis due to contiguous deep soft tissue or 
bone infection or for infected endovascular cath-
eters and implantable devices (Brenes et al. 
 2012a ; Cook et al.  2005a ). 

 In fact, like all foreign bodies, venous cathe-
ters, cardiac pacemaker, implantable cardioverter 
defi brillator, and joint prosthesis could carry a 
risk of infection. Due to increase in the number of 
that devices, the risk of infections have become a 
common problem in clinical practice (Baddour 
et al.  2003 ). 

 The incidence of infections is 1.9 per 1000 
devices per year, and the cumulative probability 
of device infections is higher among patients 
with defi brillators compared with those with 
pacemaker and central venous catheters or joint 
prosthesis (Uslan et al.  2007 ). 

 Approximately 25 % of acute cardiac pace-
maker infections occur as an acute event, in a 
period of device to be installed in the fi rst 
1–2 months (Cook et al.  2005b ) (Fig.  33 ). There 
is a high mortality (27–65 %) associated with 
infections of these devices (Klug et al.  1997 ).

   Septic embolism also occurs in 22–50 % of 
patients with infective endocarditis. The predic-
tors of embolism are vegetation size greater than 
10 mm, mitral location, and infection of  S. 
aureus . 

 The brain, the spleen, and lungs are the most 
frequent sites of embolism in left- and right-sided 
infective endocarditis (Takin et al.  2012 ). 

4.1.1     Clinical Characteristics 
 Main risk factors for SPE are intravenous drug 
abuse, alcoholism, hemodialysis, diabetes, and 
venous catheters (Cassling et al.  1985 ) (Fig.  34 ).
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   SPE diagnosis is based on the following criteria: 
acute clinical presentation with fever, chills, chest 
pain, dyspnea, hemoptysis, cough, presence of an 
extrapulmonary infectious site (such as pyelonephri-
tis (Fig.  35 ) with or without  hydronephrosis, 

 osteomyelitis with multiple small paraspinal 
abscesses, osteoarthritis (Fig.  36 ), liver abscesses 
(Fig.  37 ), muscle abscesses (Fig.  38 ), neck or oral 
infection (Fig.  39 ), etc.), frequent acute venous 
thrombosis that can affect any vein in the body evi-
denced by color  Doppler- ultrasound and/or CT scan 
(Fig.  40 ), bacteremia evidenced by laboratory tests, 
multifocal pulmonary peripheral nodules, or infi l-
trates demonstrated by chest x-ray fi lm and CT scan.

        Frequently the patients with SPE have an 
infective endocarditis (IE) that primarily involves 
the cardiac valve leafl ets and can spread septic 
emboli into the pulmonary arterial circulation. 
Patients with large cardiac valve-infective vege-
tations (>10 mm) are at high risk of pulmonary 
embolism. The mitral valve is the most frequent 
infected valve (50 %) followed by the aortic valve 
(40 %) and tricuspid valve (10 %). Multiple 
valves, usually the mitral and aortic valves, are 
involved in 20 % of cases (Moriera et al.  2012 ; 
Nucifora et al.  2007 ). 

 The mortality of IE is about 30–60 % and is due 
to septic embolism involving mitral valve, lungs, 
and cerebrovascular sites (Nucifora et al.  2007 ).   

  Fig. 34    Post-contrast CT coronary image of the medias-
tinum demonstrates a defect fi lling corresponding to a 
thrombus ( arrowhead ) that surrounds a central venous 
catheters ( arrow ) inside the lumen of superior vena cava       

  Fig. 35    Post-contrast CT axial scan of the abdomen 
shows multiple hypodense focal areas ( arrows ) of the 
right kidney, corresponding to pyelonephritis associated 
with a small abscess ( arrowhead )       

  Fig. 33    Chest radiograph shows the presence of a pace-
maker ( arrows ) associated with multiple lobular, patchy, 
pulmonary infi ltrates       
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4.2     Pathophysiologic Sequence 

 A local infection can cause extravasation of 
microorganisms into the venous system. 
Depending on the extent of the infection, edema 
could result in venous compression and stasis 
(Nourse et al.  2007 ) (Fig.  40 ). 

 The venous endothelium could be damaged by 
infl ammatory mediators and production of 
thrombogenic toxins by the microorganism, lead-
ing to venous thrombosis. The fi brin and platelet 

  Fig. 36    Post-contrast CT axial scan of the pelvis demon-
strates a thin fl uid collection with air bubbles ( arrows ) 
inside the left hip capsule, due to osteoarthritis       

  Fig. 37    Post-contrast CT axial scan of the abdomen dem-
onstrates a large liver abscess with a typical air-fl uid level 
( arrow )       

  Fig. 38    Post-contrast CT axial scan of the pelvis shows 
bilateral iliopsoas muscle small fl uid collections sur-
rounded by a thin hyperdense capsule ( arrows ) corre-
sponding to abscesses       

  Fig. 39    Post-contrast CT axial of the neck demonstrates 
a pharyngeal multiloculated collection surrounded by a 
thin hyperdense tissue ( arrows ) corresponding to abscess       
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matrix serves as an ideal nidus for proliferation 
of the microorganism with potential for propaga-
tion and allows for distant metastatic infection as 
its contents are drained into the pulmonary circu-
lation through the venous system. 

 Special attention should be given to  S. aureus  
which can determine a severe infl ammatory reac-
tion, with direct endothelial damage through CI 
toxins and enzymatic mechanism, determining 
septic pulmonary emboli (Brenes et al.  2012b ) 
(Fig.  41 ).

   Specifi cally, it is known that  S. aureus  has a 
tendency to promote venous thrombosis. The 
bacterium produces an extracellular heat stable 
leukocidin that exhibits thrombogenic effects, 
through indirect infl ammatory mechanism, 
including the development of reactive oxygen 
species and release of secondary infl ammatory 
mediators from dying granulocytes, causing 
intense endothelial dysfunction (Boyle-Vavra 
and Daum  2007 ).  S. aureus  produces coagulase 
too, which specifi cally interacts with fi brinogen 
and causes coagulation (Gorenstem et al.  2000 ). 

 The predominance of  S. aureus  as the caus-
ative agent is related to its intrinsic thrombogenic 
and pro-infl ammatory potential, rather than just 
its expected relation to the type of primary focus 
(Vinder Have et al.  2009 ; Hota et al.  2001 ). Once 
in the blood fl ow, the bacterium can damage 

directly the pulmonary parenchyma through the 
toxins (Boyle-Vavra and Daum  2006 ) and indi-
rectly through infl ammatory mediators (Holm 
et al.  2011 ) that may occasionally promote local 
thrombosis which serves as an additional nidus 
for proliferation of the bacterium. Embolization 
of these thrombi, inside the pulmonary arterial 
circulation (Fig.  41 ), allows for multiple infec-
tion infi ltrates of the lungs, even in the absence of 
heart valvular involvement. 

 The endothelial cells of the capillaries and 
arterioles as well as the venules of the lungs are 
highly susceptible to hypoxia. Therefore, mild 
transient ischemia of lung tissue may result in 
marked vessel dilatation as well as increased vas-
cular permeability with fl uid and erythrocyte 
leakage inside the alveolar sacs (Wagenwoort 
 1995 ).  

4.3     Radiographic Features 

 Chest x-ray fi lm is low sensitive, but can help to 
provide important information to suggest the 
diagnosis of SPE. Radiological fi ndings are based 
on the evidence of multiple small diffuse lung 
opacities (Fig.  42 ), look like that of a bronco-
pneumonia, and/or wedge-shaped opacities in the 

  Fig. 40    Post-contrast CT axial scan of the left lower limb 
shows quadricipite muscle large multiloculated collection 
corresponding to abscess ( arrowheads ), surrounding the 
femoral venam that contains a thrombus ( arrow )       

  Fig. 41    Post-contrast CT axial scan of the chest shows a 
small defect fi lling corresponding to an embolus ( arrow-
head ) inside the lumen of the right lower interlobar pul-
monary artery       
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periphery of lung (Fig.  43 ) and nodules with or 
without cavitations.

    The gold standard to investigate the cause of 
acute respiratory symptoms is chest computed 
tomography (Farahmand et al.  2011 ; Cook et al. 
 2005c ). 

 The typical CT fi ndings that indicate SPE 
include peripheral nodules with or without 

 cavitations, some of them showing evidence of 
breakdown suggestive of septic emboli, wedge-
shaped peripheral lesions abutting the pleura 
(Fig.  44 ), and patchy ground-glass opacities 
(Fig.  45 ) and feeding vessel signs (Fig.  46 ). Other 
CT fi ndings include air bronchogram within nod-
ules (Fig.  47 ), focal consolidations, lung abscesses 
(Fig.  48 ), and halo signs. About 70 % of the lesions 
are generally located just beneath the pleura 
(Fig.  49 ) and about feeding vessels (Fig.  50 ). It was 
reported that radiographic evidence of a nodular 
density suspended in a thinly walled hyperlucent 
cavity is characteristic of septic pulmonary emboli 
(Yoong and Cheong  1997 ; Iwasaki et al.  2001 ).

          There is also a tendency for the septic nodules 
to change appearance over time. Feeding vessels 
are observed in nodules in 60–70 % of patients 
(Rossi et al.  2000 ; Habib et al.  2010 ). 

 The microembolism is not generally observed 
directly on CT scan. Indirect fi ndings of micro-
embolism are pulmonary edema, pulmonary 
infarctions, and pulmonary hypertension fi ndings 
with enlargement of arterial vessels. 

  Fig. 42    Chest radiograph shows multiple bilateral lobu-
lar areas of consolidation of pulmonary parenchyma that 
coalescence in the right paracardiac region       

  Fig. 43    Chest radiograph shows peripheral pulmonary 
infi ltrates ( arrows ) associated with pleural effusion       

  Fig. 44    CT axial scan of the chest shows a peripheral 
wedge-shaped opacity ( arrow ) of the medium pulmonary 
lobe associated with multiple patchy opacities of the 
lower right pulmonary lobe       
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 The presence of parenchymal consolidation in 
pulmonary infarction is mainly caused by pulmo-
nary hemorrhage (Balakrishnan et al.  1989 ). 

 Unusual presentations of SPE include pneu-
momediastinum and subcutaneous emphysema 
(Wang et al.  2004 ) as well as the evidence of sep-
tic emboli in the subsegmental pulmonary arter-
ies. Pleural effusion is also observed in 70 % of 
patients (Fig.  42 ). 

 The chest CT fi ndings typically lead to car-
diac imaging because of the association with 
right- sided infective endocarditis. The absence 
of obvious cardiac valvular lesions should 
prompt careful consideration of other potential 
sources of infections, including venous devices 

(Fig.  51 ), or thrombophlebitis due to soft tissue 
infections (Fig.  40 ). Additional imaging modal-
ities including ultrasound help in delineating 
the root cause of infection (Gadcowski and 
Stout  2008 ). 

 Echocardiographic examination of all cardiac 
valves, including right-sided valves, should be 
carried out in all patients with suspecting infec-
tive endocarditis, especially when the patient has 
a risk factor (Chua et al.  2000 ). In the absence of 

  Fig. 45    CT coronal image of the chest demonstrates mul-
tiple patchy ground-glass opacities of the lungs       

  Fig. 46    CT coronal image of the chest demonstrates the 
feeding vessel sign ( arrow )       

  Fig. 47    CT axial scan of the chest demonstrates air bron-
chogram ( arrowheads ) within patchy ground-glass pul-
monary opacities       

  Fig. 48    CT axial scan of the chest demonstrates a large 
right upper pulmonary lobe abscess with a typical air-fl uid 
level ( arrow )       
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signs of endocarditis, further evaluation to 
 identify the infectious source is indicated (Vos 
et al.  2012 ).  

4.4     Conclusion 

 Sepsis is a syndrome caused by the ineffi ciency 
of the mechanism of control and containment of 
the infection. It is characterized by symptoms 
and signs of systemic infl ammatory reaction to 
infection and manifestations of organ dysfunc-
tion, resulting from alterations in the microcircu-
lation. It is the second common cause of death 
with a mortality rate between 15 and 50 % 
(Ferrari and Barletta  2012 ). 

 SPE has manifestations ranging from an insid-
ious illness with fever and respiratory symptoms 
to acute generalized sepsis with disseminated 
intravascular coagulopathy or acute renal failure. 

 The diagnosis of SPE is based on clinical 
manifestations, culture data, and radiographic 
evidence of peripheral thrombosis and pulmo-
nary infection. Respiratory impairment with high 
grade fever and marked increase of serum infl am-
matory markers differentiate septic pulmonary 
embolism from nonseptic pulmonary embolism 
(Melina et al.  2010 ). 

 The concurrence of an extrapulmonary 
source of infection with contiguous septic 

  Fig. 49    CT axial scan of the chest demonstrates a small 
peripheral abscess with a typical air-bubble inclusion 
( arrow ) localized in the left lower pulmonary lobe       

  Fig. 50    CT axial scan of the chest demonstrates the feed-
ing vessel signs ( arrowheads )       

  Fig. 51    Post-contrast CT axial scan of the mediastinum 
demonstrates a defect fi lling corresponding to a thrombus 
( arrowhead ) that surrounds a central venous catheters 
( arrow ) inside the lumen of the left brachiocephalic vein       
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 thrombophlebitis complicated by septic pulmo-
nary embolism seems to affect particularly the 
adult populations. A high index suspicion of 
thrombosis is present in patients where the mani-
festations of the soft tissue infection (erythema, 
pain, and swelling) can overlap those of SPE 
(Fred and Harle  1969 ). 

 Chest x-ray fi lm could be rather nonspecifi c, 
whereas chest CT scan provides the earliest and 
most easily identifi able indication of SPE and 
systemic embolization of infection.      
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    Abstract  

  Acute dyspnea is a common presenting com-
plaint in the emergency room, emergency 
medicine and intensive care. It may have a 
cardiovascular or a non-cardiovascular origin, 
the latter including pulmonary parenchymal 
diseases. Depending on the cause, it may be 
associated with fever, cough, hemoptysis, and/
or chest pain, with a duration of symptoms 
that can range from hours to days. 

 Prompt identifi cation of the underlying 
cause of acute dyspnea is essential in guiding 
appropriate therapy and management, as 
patients may rapidly progress to acute respira-
tory failure. Evaluation with chest radiogra-
phy is vital for initial assessment and may 
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reveal diffuse parenchymal abnormalities, 
which may require further assessment with 
computed tomography (HRCT). 

 Acute non-infectious parenchymal lung 
diseases are often overlooked and may be 
under-diagnosed. Their diagnosis requires the 
evaluation, along with the HRCT pattern, of 
the clinical and laboratory features and of the 
bronchoalveolar lavage. Biopsy may be neces-
sary in more complex cases. 

 Although the most frequent cause of dif-
fuse non-infectious parenchymal lung involve-
ment is acute hydrostatic pulmonary edema, 
there is a wide variety of diseases that may be 
encountered, including acute drug toxicity, 
hypersensitivity pneumonitis (HP), acute 
respiratory distress syndrome (ARDS) and 
diffuse alveolar hemorrhage (DAH). In trauma 
patients, fat embolism syndrome (FES) must 
be taken into account. Acute respiratory fail-
ure is an eventuality that can occur during the 
course of chronic lung diseases (UIP for 
example), which may have been unknown 
until then.   

1      Acute Drug Toxicity 

1.1     Introduction 

 Drug toxicity is a common condition, often 
underdiagnosed. As a result, the incidence and 
the prevalence are underestimated. There are 
numerous agents with potential toxic effects on 
the lungs including cytotoxic and noncytotoxic 
drugs. Common causes of drug-induced lung 
disease include chemotherapeutic agents, amio-
darone, antibiotics, and nonsteroidal anti-infl am-
matory drugs. There are a number of recognized 
cofactors that may enhance the likelihood of a 
pulmonary drug reaction, particularly reactions 
associated with chemotherapeutic agents. These 
include advanced age, prior radiotherapy, and 
elevated inspired oxygen levels; the presence of 
any or all of these factors increases the likeli-
hood of developing a pulmonary drug reaction. 
Surgery may even be a precipitating event 
(Camus et al.  2004a ).  

1.2     Mechanisms of Injury 

 Generally, pulmonary drug reactions are the result 
of either direct or indirect effects of the drug. 
Reactions due to direct effects can be broadly 
divided into those that are toxic reactions (which 
to some extent are dose-related, such as reactions 
to chemotherapeutic agents) and those that are 
idiosyncratic reactions (which tend not to show a 
consistent dose-response relationship). This divi-
sion is artifi cial and the distinction between toxic 
reactions and idiosyncratic reactions is not always 
clear cut. Several risk and exacerbating factors for 
diffuse lung disease have been identifi ed. Some of 
them include advanced age (60 years or older) and 
existing pulmonary lesions (Kubo et al.  2013 ).  

1.3     Terminology and Clinical 
Issues 

 The symptoms may be acute/subacute/chronic and 
are nonspecifi c and therefore the diagnosis requires 
a high index of suspicion by clinician and the radi-
ologist. Acute respiratory failure due to drug-asso-
ciated ILD generally has an unpredictable onset 
and rapid time course (onset of clinical manifesta-
tions within minutes to hours of taking the drug). 
Patients with acute drug toxicity present with the 
progressive or rapid onset of dry cough, high fever, 
and dyspnea. These patients often require admis-
sion to the intensive care unit and mechanical ven-
tilation (Prasad et al.  2014 ; Camus et al.  2004b ). 

 The identifi cation of drug-induced lung disease 
requires an active consideration of any change in 
the patient’s clinical course as a possible response 
to medications. There are no pathognomonic 
signs, symptoms, laboratory tests, or pathologic 
features that identify a drug as the cause of the ill-
ness. Further, drug-induced lung disease must be 
distinguished from more common illnesses or 
causes of acute exacerbation of an ongoing illness 
such as asthma, infection, congestive heart failure, 
and pulmonary thromboembolism. A history of 
drug exposure and a consistent radiological pat-
tern may be diagnostic tools. 

 Bronchoalveolar lavage (BAL) is particularly 
helpful in ruling out infectious mostly before 
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corticosteroid therapy. Biopsy can generally be 
avoided, as it does not always provide a specifi c 
diagnosis. Open lung biopsy is rarely performed 
(Müller et al.  2004 ).  

1.4     Imaging 

 Several clinical-histopathologic patterns of drug 
toxicity with acute respiratory failure have been 
observed (Table  1 ). The HRCT features of drug- 
induced lung disease often refl ect the histopatho-
logic patterns of reaction (Rossi et al.  2000 ; 
Cleverley et al.  2002 ; Erasmus et al.  2002 ; Torrisi 
et al.  2011 ). For the clinical aspects and imaging 
of each acute clinical-histopathologic pattern 
listed in Table  1 , we suggest to refer to the other 
diseases covered in this chapter. A new and con-
tinuously updated website is available for infor-
mation on drug-induced pulmonary reactions: 
  http://www.pneumotox.com    .

1.5        Management and Treatment 

 Disease types such as pulmonary edema and 
hypersensitivity pneumonia generally have a 
favorable clinical course and most patients resolve 
following drug discontinuation or treatment with 
corticosteroids. In contrast, DAD rarely responds 
to treatment and has a poor prognosis, and even if 
it resolves, fi brosis may remain as a sequela.   

2     Hypersensitivity 
Pneumonitis (HP) 

2.1     Introduction 

 Hypersensitivity pneumonitis (HP), also known 
as extrinsic allergic alveolitis, is a syndrome that 
results from repeated inhalation and subsequent 
sensitization to a wide variety of airborne organic 
particles. The presentation and clinical course are 
highly variable and depend from intensity and 
duration of exposure to the antigen and the nature 
of the antigen and specifi c factors of the host, 
such as an individual predisposition probably 
genetically determined (Spagnolo et al.  2015 ). 
According to data from registries of interstitial 
lung diseases (ILDs) in three European countries, 
HP accounts for 4–15 % of all ILD cases 
(Thomeer et al.  2001 ). However, the incidence 
and prevalence of HP are diffi cult to estimate 
with precision, mainly because of the number of 
cases that are misdiagnosed or not recognized 
and a lack of uniform diagnostic criteria. 

 The disease is diagnosed on the basis of a his-
tory of exposure to an offending antigen with 
onset of compatible clinical, HRCT, or physio-
logical fi ndings within 4–12 h. Other diagnostic 
criteria include clinical improvement after 
removal from exposure and recurrence on reex-
posure. In cases where the inciting antigen can-
not be identifi ed or in the presence of confl icting 
clinical, radiological, and functional fi ndings, 
fi beroptic bronchoscopy with bronchoalveolar 
lavage (BAL) and transbronchial lung biopsy are 
indicated. Surgical lung biopsy is only required if 
these prove inconclusive (Elicker et al.  2016 ).  

2.2     Mechanisms of Injury 
and Causes 

 HP comes from an immune-mediated infl ammatory 
process involving the lung parenchyma  (terminal 
bronchioles, alveoli, and interstitium), based on 
mechanisms likely independent from single caus-
ative agent, mediated by immune complexes in the 
acute phases of the disease and an altered response 
of T lymphocytes in the early stages subacute and 

    Table 1    Acute drug toxicity: main clinical- histopathologic 
patterns   

 Acute clinical- 
histopathologic patterns  Typical drugs 

 Diffuse alveolar 
damage (DAD/ARDS) 

 Bleomycin, busulfan, 
cyclophosphamide, 
mitomycin, amiodarone 

 Diffuse alveolar 
hemorrhage (DAH) 

 Anticoagulants, 
amphotericin B, cytarabine 
(ara-C), penicillamine, 
cyclophosphamide 

 Pulmonary edema (PE)  Blood transfusions, tricyclic 
antidepressants, illicit drugs 

 Hypersensitivity 
pneumonia (HP) 

 Methotrexate, 
cyclophosphamide, 
nitrofurantoin 
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chronic (Vogelmeier et al.  1993 ; Barrera et al. 
 2008 ). HP seems that cigarette smoking can play a 
protective effect by reducing the intensity of hyper-
immune response. The immune pathogenesis, not 
yet fully clarifi ed, is linked to hyperactivity of T 
cells and the action of immune complexes. 

 In every living environment, antigens poten-
tially causative of the disease may be present. 
The reported culprits have included microbes, 
animal and plant proteins, and low-molecular- 
weight chemicals that combine with host proteins 
to form haptens. HP-inducing antigens may be 
classifi ed in broad categories represented by dis-
ease prototypes (Table  2 ) (Hanak et al.  2007 ; 
Spagnolo et al.  2015 ; Selman  2011 ). In the table 
is a selected list of the possible innumerable 
agents and disease.

2.3        Terminology and Clinical 
Issues 

 HP has been conventionally classifi ed as acute, 
subacute, and chronic (Richerson et al.  1989 ), 
although a signifi cant overlap exists and there are 
no widely accepted criteria to distinguish the 
 various forms. In this regard, (Selman et al.  2012 ) 
 proposed an alternative classifi cation scheme 
based primarily on disease behavior, distinguish-
ing between acute nonprogressive and intermit-

tent disease, acute progressive/subacute disease, 
chronic nonprogressive disease, and chronic pro-
gressive disease. Which pattern of illness occurs 
presumably depends upon the intensity and dura-
tion of contact, the nature of the antigen, and host 
factors. 

 Acute HP is characterized by an infl uenza-like 
syndrome occurring a few hours after a substan-
tial exposure. Symptoms gradually decrease over 
hours/days but often recur with reexposure. Acute 
episodes can be indistinguishable from an acute 
respiratory infection caused by viral or myco-
plasmal agents. Attacks often follow exposure to 
the allergen within enclosed spaces with poor 
ventilation. Patients typically have a restrictive 
ventilatory defect with reduced DLCO or, in rare 
cases, an obstructive pattern. Mild hypoxemia at 
rest is common. In general, the acute form is non-
progressive and intermittent, with spontaneous 
improvement after antigen avoidance (Selman 
et al.  2012 ).  

2.4     Imaging 

2.4.1     Radiological Signs 
 Chest radiograph may be normal. Abnormal 
radiographic fi ndings observed in some patients 
include a variable combination of fi ne nodular 
opacities and widespread ground-glass opacity 
or, more rarely, as consolidation. The zonal dis-
tribution varies from patient to patient and may 
vary over time in the same patient (Unger et al. 
 1973 ; Mönkäre et al.  1985 ).  

2.4.2     CT Signs 
 High-resolution CT has greatly improved the 
radiological diagnosis of hypersensitivity pneumo-
nitis because it is more sensitive and specifi c than 
chest X-ray. HRCT may either show typical fi nd-
ings, which may be virtually diagnostic of HP in 
the appropriate clinical setting, or provide impor-
tant clues that may suggest a correct diagnosis. 

 HRCT fi ndings vary widely based on the 
stages of the disease. Only a few reports have 
described HRCT abnormalities in acute HP, as 
HRCT is seldom performed at this stage due to 
the rapid resolution of symptoms. However, in 
cases with severe clinical manifestations 

   Table 2    Major classes of antigens and corresponding 
types of hypersensitivity pneumonitis   

 Class of 
antigens  Specifi c antigens 

 Disease 
prototypes 

 Fungi   Aspergillus   Farmer’s lung 

 Mushrooms 
worker’s lung 

 Mycobacteria   Mycobacterium 
avium -
 intracellulare  

 Hot tub lung 

 Swimming 
pool lung 

 Bacteria   Saccharopolyspora 
rectivirgula  

 Farmer’s lung 

 Animal 
proteins 

  Avian proteins   Bird fancier’s 
lung 

  Silkworm proteins   Silk production 
HP 

 Chemicals   Diisocyanates , 
 trimellitic 
anhydride  

 Chemical 
worker’s lung 
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(e.g., acute respiratory failure), acute HP on 
HRCT scans may resemble the exudative phase 
of diffuse alveolar damage (DAD) (Schwarz and 
Albert  2004 ). Diffuse ground-glass opacity is 
usually bilateral and symmetric but sometimes 
patchy and concentrated in the middle part and 
base of the lungs (Cormier et al.  2000 ; Zompatori 
et al.  2003 ) (Fig.  1 ). Furthermore, ground-glass 
opacity (GGO) superimposed on a background of 
chronic changes may be observed in acute 
 exacerbation of chronic HP or in chronic cases 
following intense exposure to antigens.

   HRCT abnormalities observed in the sub-
acute phase of the disease may be more specifi c 
and include numerous poorly defi ned nodules, 
GGO, and areas of decreased attenuation. The 
nodules with low-density and ill-defi ned mar-

gins usually present less than 5 mm in diameter 
(also defi ned centrilobular ground-glass opaci-
ties). In terms of their aspect, the nodules are 
similar to  snowfl akes. Poorly defi ned nodules 
may be the predominant (Fig.  2 ) or only associ-
ated abnormality in patients with subacute HP. 
These abnormalities represent cellular bronchi-
olitis, peribronchiolar interstitial infl ammation, 
or, less frequently, focal organizing pneumonia 
(Maffessanti and Dalpaz  2011 ).

   The key sign to the diagnosis is the coexistence 
of sporadic lobular areas of air trapping appearing 
as patches of black lung (Fig.  3 ). These regions of 
lobular air trapping are caused by concomitant 
bronchiolar infl ammation and obstruction.

   Thus, the combination of a ground-glass opaci-
fi cation, lobular air trapping, and centrilobular 

  Fig. 1    Hypersensitivity pneumonitis with acute onset. High-resolution computed tomography showing diffuse ground- 
glass opacity, which is bilateral and symmetric       

  Fig. 2    Hypersensitivity pneumonitis. Axial high- 
resolution CT images depict bilateral and numerous cen-
trilobular nodules with low-density and ill-defi ned 
margins. In terms of their aspect, the nodules are similar 

to snowfl akes. The nodules are diffuse with uniform dis-
tribution.  Dark areas  of lobular size due to air trapping are 
also visible       
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nodules is particularly suggestive of acute and 
insidious onset without fi brosis (Fig.  4 ) (Silva 
et al.  2007 ).

   The variable combination of areas of 
decreased attenuation, ground-glass opacities, 
and normal lung may produce the so-called 

a b

  Fig. 4    ( a ,  b ) Typical high-resolution CT abnormalities in 
patients with hypersensitivity pneumonitis with insidious 
course and recurrent acute exacerbation include ground- 

glass opacity, air trapping, and centrilobular ground-glass 
opacities       

a b

  Fig. 3    Recurrent bird fancier’s disease. ( a ) Coronal 
reformatted computed tomography (CT) image obtained 
at suspended inspiration demonstrates patchy ground 
glass involving the medium-upper zones combined with 
areas of decreased attenuation. ( b ) The intensity of the 

areas of decreased attenuation increases on expiratory CT 
indicating small airway involvement, an almost invariable 
fi nding in hypersensitivity pneumonitis. A few  dark areas  
of lobular size due to air trapping are visible in the upper 
lobes       
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head-cheese  pattern, which is highly suggestive 
of HP (Chong et al.  2014 ). Coexisting thin-
walled lung cysts have been reported in 13 % of 
patients with subacute HP (Franquet et al. 
 2003 ) and are believed to be caused by partial 
bronchiolar obstruction by peribronchiolar 
lymphocytic infi ltration. These cysts are usu-
ally few in number and range in size from 3 to 
25 mm. Occasionally in patients with an insidi-
ous onset of disease, focal consolidation is 
present, presumably representing organizing 
pneumonia. Mediastinal lymph node enlarge-
ment has been described in approximately 30 % 
of patients.   

2.5     Differential Diagnosis 

 The differential diagnosis with other disorders 
manifesting with acute/subacute diffuse GGO 
e.g., opportunistic infections, pulmonary edema, 
and cellular nonspecifi c interstitial pneumonia 
(NSIP) may be diffi cult. However in HP the fre-
quent association of lobular air trapping and cen-
trilobular snowfl ake nodules is crucial for the 
diagnosis. 

 The so-called head-cheese pattern may also be 
observed in respiratory bronchiolitis-associated 
ILD (RB-ILD). Integrating nicotine poisoning 
and laboratory fi ndings may indicate the most 
likely diagnosis (Chong et al.  2014 ). 

 GGO combined with cysts resemble those seen 
in lymphocytic interstitial pneumonia (LIP). 
However, LIP is often associated with other 
 conditions, such as connective tissue diseases or 
lymphatic disorders (e.g., human  immunodefi ciency 
virus infection, lymphoma) (Ichikawa et al.  1994 ).  

2.6     Management and Treatment 

 Patients with acute/subacute HP, if correctly and 
timely diagnosed and treated, generally have an 
excellent prognosis. The most important recom-
mended therapy is inhibiting exposure to the 
causal agent by eliminating it from the environ-
ment, avoiding settings where it is present, or 
using a respirator in those settings. Systemic cor-
ticosteroids for a few days to weeks may improve 

symptoms. Indications for the use of such drugs 
include acute, severe, or progressive disease 
(Kokkarinen et al.  1992 ).   

3     ARDS 

3.1     Introduction 

 Acute respiratory distress syndrome (ARDS) is a 
condition characterized by sudden onset of severe 
hypoxemia and diffuse pulmonary infi ltrates. 

 The syndrome was fi rstly introduced by 
Ashbaugh and colleagues in 1967 (Ashbaugh 
et al.  1967 ), while the criteria for the diagnosis of 
ARDS were fi rst established in 1994 by the 
American-European Consensus Conference 
(AECC) (Bernard et al.  1994 ). 

 In 2012 the “Berlin defi nition,” the new 
updated consensus defi nition of ARDS, has been 
published in a high-impact journal. ARDS is 
defi ned as: “[…] type of acute diffuse, infl amma-
tory lung injury, leading to increased pulmonary 
vascular permeability, increased lung weight, and 
loss of aerated lung tissue. The clinical hallmarks 
are hypoxemia and bilateral radiographic opaci-
ties […]” (ARDS Defi nition Task Force  2012 ).  

3.2     Mechanisms of Injury 

 ARDS may follow several different types of lung 
injury that ultimately determine the same mono-
morphic pulmonary response, characterized his-
topathologically by the presence of diffuse 
alveolar damage (DAD). 

 There are many triggering events that have 
been classically classifi ed as pulmonary or 
 extrapulmonary. Pulmonary or direct injuries are 
processes determining direct injury to lungs, like 
infection, gastric aspiration, or toxic inhalation. 
Extrapulmonary or indirect injuries may be sys-
temic processes like polytrauma, drug toxicity, 
sepsis, transfusions, or extra-thoracic diseases 
like acute pancreatitis. 

 From a histopathologic point of view, “dif-
fuse” refers to the involvement of the whole alve-
olar structure: endothelium, basal membrane, and 
epithelium. The process is widespread throughout 
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the lungs, but not always in a homogeneous man-
ner: frequently there is presence of spared areas 
(Kligerman et al.  2013 ). 

 The process is characterized by a sequence of 
phases. Not necessarily the process develops 
through all the phases: it can stop and reverse 
anytime (Castro  2006 ). 

 The early or exudative phase lasts up to 7 days 
and is characterized by the presence of hyaline 
membranes. The alveolar epithelium is damaged 
and the basal membrane is exposed. 

 The next stage is the organizing, or prolifera-
tive, phase, characterized by the presence of 
organizing tissue and fi brosis. If this phase does 
not resolve favorably, there is progression to the 
last phase, the fi brotic phase. 

 The pattern of fi brosis is atypical and usually 
with predilection of the anterior segments 
 (anti- gravitational distribution). Some patients 
may show areas of “honeycombing,” more 
 frequently encountered following acute interstitial 
pneumonia (AIP), which is the “idiopathic” form 
ARDS (Tomiyama et al.  2001 ).  

3.3     Terminology and Clinical 
Issues 

 The term ARDS should not be confused with 
the term permeability edema and it is not inter-
changeable with the term noncardiogenic 
edema. ARDS is the most severe form of perme-
ability edema, but there are other forms of per-
meability edema without DAD (Ketai and 
Godwin  1998 ). Classifi cation of pulmonary 
edema is discussed in the “ Acute pulmonary 
edema ” section. 

 ARDS, which is a life-threatening condition, 
is associated histopathologically to DAD. 

 In the AECC defi nition, ARDS was defi ned as 
an acute onset of hypoxemia, without specifying a 
timeframe to defi ne acute; the PaO 2 /FiO 2  (ratio of 
partial pressure of arterial oxygen to fraction of 
inspired oxygen) must be under <200 mmHg, 
with presence of bilateral infi ltrates on frontal 
chest X-ray. Presence of left atrial hypertension 
must be ruled out. PaO 2 /FiO 2  between 200 and 
300 is termed acute lung injury (ALI). 

 When idiopathic, the process is termed acute 
interstitial pneumonia (AIP), also known as 
Hamman-Rich syndrome (Kliegerman et al. 
 2013 ). AIP may sometimes present with a more 
 subacute course, and as a result, it does not always 
fulfi ll the criteria of ARDS (Janz et al.  2000 ). 

 The new defi nition of Berlin introduces sev-
eral important changes to the old criteria (ARDS 
Defi nition Task Force  2012 ). The timeframe for 
defi ne acute onset is specifi ed within a week from 
a determinate event. A minimum level of positive 
end-expiratory pressure (PEEP) is established to 
evaluate the severity of the respiratory failure. 
The need to measure pulmonary wedge pressure 
is removed and the term ALI is suppressed. 
ARDS is now classifi ed in three grades: mild 
(200< PaO 2 /FiO 2  <300 with PEEP or C-PAP 
>5 cm H 2 O), moderate (100< PaO 2 /FiO 2  <200 
with PEEP >5 cm H 2 O), and severe (PaO 2 /FiO 2  
<100 with PEEP >5 cmH 2 O). Finally, it is stated 
that the pathologic correlate of ARDS is DAD. 

 A set of training radiograph is attached to 
improve interobserver reliability (Ferguson et al. 
 2012 ). Opacities seen on CT scan may substitute 
chest X-ray evaluation for the diagnosis of  diffuse 
pulmonary infi ltrates (Table  3 ).

3.4        Imaging 

3.4.1     Radiological Signs 
 The chest X-ray picture of ARDS varies depending 
on the phase of the process (Sheard et al.  2012 ). 

 In the early or exudative phase, there is some 
degree of clinical-radiological dissociation, with 
a latent period after the injury of about 24 h, 
when the radiograph results normal (Fig.  5a ).

   Subsequently the appearance of radio-
graphic changes is rapid. The opacifi cation is 
diffuse and symmetric, peripheral, and with 
presence of air-bronchograms. The heart and 
the vascular  pedicle are not enlarged; pleural 
effusion is absent or  limited (Fig.  5b ). Septal 
thickening and peribronchial cuffi ng are less 
common than in HPE. 

 The picture remains stable for some days, or 
longer, during the proliferative phase. In more 
severe cases, the opacifi cation is complete and 

G. Dalpiaz and M. Piolanti



191

the picture is that of the so-called “white lungs” 
(Fig.  5d, e ). 

 In the late phase the alterations begin to 
reverse. In patients who heal, the lungs return 
normal (Fig.  5f ), while in patients who develop 
fi brosis, there is evidence of coarse reticular 
opacities.  

3.4.2     HRCT Signs 
 The HRCT pattern of ARDS depends on the 
phase of the process, even if we cannot clearly 
distinguish the phases. In particular, the exudative 
phase and the early organizing phase of ARDS 
overlap, as well as the late proliferative phase 
overlap with the fi brotic phase (Ichikado  2014 ). 

 In the very beginning (early exudative phase), 
HRCT shows patchy ground-glass opacities 
(GGO) and consolidations, with geographic dis-
tribution (Figs.  5c  and  6b ). Small pleural effu-
sions (missed by chest X-ray), septal pattern, and 
crazy paving can also be seen.

   Afterward, the process quickly progress to a 
more homogeneous opacifi cation of the lungs, 
which persists for the exudative phase and the 
organizing phase. At this stage ARDS may show 
two patterns, named typical and atypical. 
Originally the typical pattern has been associated 
with extrapulmonary ARDS, while the atypical 
was associated with pulmonary ARDS (Goodman 
et al.  1999 ). This has not been confi rmed by a fol-

lowing study (Desai et al.  2001 ), and in any case, 
it is not always possible to attribute a single cause 
to the insurgence of this syndrome (Desai  2002 ). 

 The HRCT pattern of typical ARDS is charac-
terized by the presence of a bilateral symmetric 
anterior-posterior density gradient (Fig.  6c ). The 
density is lower anteriorly (or may be normal or 
hyperventilated), while posteriorly the density 
increases progressively, from a ground-glass 
opacifi cation to a frank consolidation, in the 
more dependent regions. 

 In atypical ARDS there are patchy GGO or 
consolidations, randomly distributed in depen-
dent and nondependent regions of the lungs, 
without the symmetric density gradient (Fig.  5c ). 

 In the late proliferative and fi brotic phase, from 
38 to 85 % of the patients show fi brotic changes in 
the parenchyma, characterized by an atypical 
coarse reticular pattern, with traction bronchiecta-
sis and bronchiolectasis (Fig.  7 ). Fibrotic altera-
tions are more frequently distributed in the ventral 
portions of the lungs (Fig.  6e, f ). This is consid-
ered to be the consequence of the barotrauma 
caused by prolonged ventilation (Nöbauer-
Huhman et al.  2001 ).

   CT predictors of mortality in ARDS are signs 
of right heart failure, involvement of more than 
80 % of the lung parenchyma, and presence of 
varicoid traction bronchiectasis (Chung et al. 
 2011 ).   

   Table 3    Diagnostic criteria for ARDS according to the American-European Consensus Conference (AECC) (Bernard 
et al.  1994 ) and to the Berlin defi nition (ARDS Defi nition Task Force  2012 )   

 AECC 1994  Berlin 2012 

 Onset  “Acute” (no specifi c timeframe)  Acute “within 7 days of a known clinical 
insult” 

 Radiological criteria  Bilateral infi ltrates on frontal CXR  “Bilateral infi ltrates on frontal CXR not fully 
explained by effusions, lobar/lung collapse, or 
nodules /masses” (chest X-ray interpretation 
set available online) 

 CT  Not included  Bilateral opacities on CT 

 Pulmonary artery wedge 
pressure (PAWP) 

 PAWP <18 mmHg  Removed 

 Severity  Acute lung injury (ALI) if PaO 2 /FiO 2  
<300 (regardless of PEEP level) 
 ARDS PaO 2 /FiO 2  < 200 (regardless 
of PEEP level) 

 ALI removed 
 Mild/moderate/severe ARDS 
 Minimum C-PAP/PEEP level 5 cmH 2 O 

 Pathologic correlate  Injury to both the epithelium and the 
endothelium 

 DAD (diffuse alveolar damage) 

Non-infectious Parenchymal Lung Disease



192

a b

c

e

d

f

G. Dalpiaz and M. Piolanti



193

3.5     Differential Diagnosis 

 Historically, the radiographic differentiation of 
hydrostatic and permeability edema has always 
been a big radiological challenge (Milne et al. 
 1985 ; Aberle et al.  1988 ). 

 Criteria for the radiographic differentiation of 
permeability edema from hydrostatic pulmonary 
edema (HPE) have been discussed in the acute 
pulmonary edema paragraph. Although there are 
several signs that can help the diagnosis, the dis-
tinction is frequently impossible. Moreover, chest 
radiograph interpretation shows poor interob-
server reliability (Rubenfeld et al.  1999 ; Meade 
et al.  2000 ). 

 Likely HRCT may improve the diagnostic 
accuracy, but at present there is a scarcity of lit-
erature in regard. HRCT fi ndings that suggest 
presence of HPE are perihilar and upper lobar 
distribution of GGOs, central predominant distri-
bution of consolidations, dilatation of the pulmo-
nary veins and of the superior cava vein, 
thickening of the bronchial walls (peribroncho-
vascular thickening), and right pleural effusion. 
Even distribution of the GGOs and of the con-
solidations is found more often in ARDS. Gravity- 
dependent opacities, septal pattern, air 
bronchograms, and traction bronchiectasis did 
not show signifi cant difference in prevalence 
between HPE and ARDS (Komiya et al.  2013 ). 

 This diffi culty in the differential diagnosis of 
the nature of the edema is implicitly recognized 
by the defi nition of Berlin. In the Berlin defi ni-
tion, a differential diagnosis between cardiogenic 
and noncardiogenic edema on chest radiograph is 
not required, nor it is considered relevant: it is 
now recognized that hydrostatic edema and 
ARDS may coexist. The diagnosis of ARDS 
requires that the respiratory failure is not fully 
explained by cardiac failure, or fl uid overload, 
using all available data (Ferguson et al.  2012 ). 

Therefore, radiologically, the focus is on the 
generic diagnosis of bilateral edema that must 
not be confused with pleural effusions, lobar/
lung collapse, or nodules/masses. In fact, HPE is 
not the only condition with which the ARDS goes 
in differential diagnosis: bioptic and autoptic 
studies have demonstrated only moderate agree-
ment between the clinical diagnosis of ARDS 
and presence of DAD. Specifi city of the various 
criteria for presence of DAD is variable in litera-
ture, but always quite poor (Lorente et al.  2015 ). 

 There is no pathognomonic laboratory test or 
radiological sign to establish the diagnosis of 
ARDS, which is generally clinical. Apart from 
HPE, the most common conditions that share a 
similar clinical presentation are atelectasis, pneu-
monia, and pulmonary embolism (Murray  1975 ). 
In reality there are many more and encountered less 
frequently: miliary tuberculosis, CMV  pneumonia, 
invasive aspergillosis, hantavirus pneumonia, 
 herpes simplex pneumonia, bronchoalveolar cell 
carcinoma, drug toxicity, lymphangitis, acute 
 leukemia, lymphoma, veno- occlusive disease, 
sickle lung, acute eosinophilic pneumonia, acute 
cryptogenic organizing pneumonia (COP), acute 
fi brinous organizing pneumonia (AFOP), diffuse 
alveolar hemorrhage, and acute hypersensitivity 
pneumonia (Dakin and Griffi ths  2002 ; Schwarz 
and Albert  2004 ). 

 Some of the abovementioned conditions may 
show peculiar HRCT fi ndings (many are discussed 
elsewhere in this book). For example, presence of 
subpleural peripheral distribution of the consolida-
tions is suggestive of acute eosinophilic pneumo-
nia, while peribronchial distribution is suggestive 
of COP or AFOP (Obadina et al.  2013 ). 

 Most of those mimickers (or imitators) of 
ARDS require a different and specifi c therapy. 
Therefore, when performing a HRCT examina-
tion in patients with clinical diagnosis of ARDS, 
maximum attention is required to highlight any 

  Fig. 5    Evolution of ARDS at chest X-ray (post-infective 
ARDS). Latent period: no pathologic fi ndings ( a ). The 
following day appearance of bilateral patchy consolida-
tions, with bilateral pleural effusion ( b ). HRCT, per-
formed on the same day, shows bilateral patchy and 
lobular GGOs and consolidations, randomly distributed 

(atypical ARDS) ( c ). The day after, chest X-ray shows 
bilateral extensive opacifi cation (“lung white-out”) ( d ). 
Parenchymal opacifi cation remains stable: chest X-ray 
2 days later ( e ). The patient survived and improved 
quickly: marked radiographic improvement 7 days later 
( f )       
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  Fig. 6    Evolution of ARDS at CT (posttraumatic ARDS). 
At admission, left thoracic trauma with pneumothorax 
and lung contusion ( a ). Respiratory deterioration 7 days 
later: at CT appearance of bilateral patchy GGO, corre-
sponding to the early exudative phase ( b ). Two days later, 
extensive lung opacifi cation with extensive dorsal con-
solidation and ventral GGO: typical ARDS pattern (pro-
liferative or organizative phase). Note presence of smooth 

septal thickening (“crazy-paving appearance”) ( c ). Nine 
days later advanced regression of the lung opacities: on 
the right side presence of bronchiectasis and bronchocen-
tric consolidation, located anteriorly (fi bro-proliferative 
phase) ( d ). The patient survived and recovered well, 
although chest X-ray performed 2 months later demon-
strates persistence of coarse fi brosis in the upper right 
lobe ( e ), confi rmed at CT ( f )       
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sign, or pattern, that may suggest an alternative 
diagnosis to the complex ARDS/DAD.  

3.6     Management and Treatment 

 No pharmacologic therapy has proved effective 
in the prevention or management of ARDS. 

 The only specifi c therapy for ARDS is ven-
tilation (noninvasive or mechanical) using low 
tidal volumes (lung-protective strategy), to 
improve blood oxygen levels, and providing 
supportive care. 

 Great deal of attention must be placed to not 
miss a treatable cause of ARDS and to early diag-
nose the complications (barotrauma, ventilator- 
associated pneumonia, and fl uid overload, among 
others).   

4     Diffuse Alveolar 
Hemorrhage (DAH) 

4.1     Introduction 

 Diffuse alveolar hemorrhage (DAH) is not a 
 specifi c disorder, but a syndrome that suggests 
a differential diagnosis and a specifi c sequence 
of testing. DAH may be a life-threatening con-
dition characterized clinically by the presence 
of hemoptysis, falling hematocrit, diffuse pul-
monary infi ltrates, and hypoxemic respiratory 
failure, which can be severe. However, chest 
radiographic and CT fi ndings may be nonspe-
cifi c (the alveolar infi ltrates can even some-
times be unilateral), and hemoptysis may be 
lacking. DAH should be considered a medical 

a b

c d

  Fig. 7    Severe ARDS followed by fi brotic outcome, caused by viral H1N1 infection. Extensive bilateral consolidations 
and GGO ( a ,  b ). Two months later, persistence of a reticular pattern bilaterally (“atypical” fi brosis) ( c ,  d )       
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emergency due to the morbidity and mortality 
associated with failure to treat the disorder 
promptly (Collard and Schwarz  2004 ; Lara and 
Schwarz  2010 ). 

 The diagnosis of diffuse alveolar hemorrhage 
is made on the basis of the clinical and 
 radiological pattern and may be confi rmed by 
bronchoalveolar lavage (BAL). In acute and 
severe forms, the BAL fi ndings include bright 
red blood from multiple sites in different bronchi 
and,  microscopically, hemosiderin-laden macro-
phages. BAL is also useful for excluding other 
differential diagnoses, such as infections or other 
endobronchial sources of bleeding (Park  2013 ). 
Once the diagnosis is established, the underlying 
cause must be established in order to initiate 
treatment.  

4.2     Mechanisms of Injury 
and Causes 

 DAH is a life-threatening condition which 
refers to hemorrhage originating in the pulmo-
nary microvasculature, rather than from the 
bronchial circulation or parenchymal abnor-
malities. All causes of DAH have the common 
denominator of an injury to the alveolar micro-
circulation. Pulmonary small vessel vasculiti-
des, connective tissue disorders, and drugs 
make up the majority of the cases of DAH 
(Table  4 ).

   DAH includes diseases associated with pulmo-
nary capillaritis (cellular infi ltrate of neutrophils 
in the capillaries and venules) and those associ-
ated with normal vessels (Colby et al.  2001 ). A 
pulmonary capillaritis is considered the most 
common underlying lesion associated with dif-
fuse alveolar hemorrhage.  

4.3     Terminology and Clinical 
Issues 

 The cardinal sign of DAH, hemoptysis, may be a 
dramatic event or evolve over days to weeks; 
however, it may be initially absent in up to 33 % 
of DAH cases. The other symptoms of DAH are 

nonspecifi c and include fever, cough, and dys-
pnea. Nonpulmonary signs and symptoms are 
those that accompany the underlying systemic 
disease. A possible association of hematuria and 
renal failure due to concomitant glomerulone-
phritis may be present (Dalpiaz et al.  2003 ). 

 The causes of diffuse alveolar hemorrhage are 
many, but the association with primary renal 
involvement (pulmonary-renal syndrome) 
reduces the range of diagnostic possibilities to a 
handful of diseases: Goodpasture’s syndrome, 
systemic lupus erythematosus (SLE), ANCA- 
associated vasculitis (antineutrophil cytoplasmic 
antibodies), particularly micropolyangiitis 
(MPA), granulomatosis with polyangiitis 
(Wegener granulomatosis), and, more rarely, 
eosinophilic granulomatosis with polyangiitis 
(Churg-Strauss) (Jennette  2013 ; Chung et al. 
 2010 ; Marten et al.  2005 ; Mayberry et al.  2000 ). 
Knowledge of the patient’s clinical data and labo-
ratory tests may be suffi cient to guide toward the 
possible cause of this group of patients (Table  5 ).

   Table 4    Causes of diffuse alveolar hemorrhage (DAH)   

  Main causes of diffuse alveolar hemorrhage  

 Pulmonary small vessel vasculitides: 

   ANCA-associated pulmonary vasculitides: 

    Granulomatosis with polyangiitis (formerly 
Wegener’s granulomatosis) 

    Microscopic polyangiitis (MPA) 

    Churg-Strauss vasculitis 

   Non-ANCA-associated pulmonary vasculitides: 

    Goodpasture’s syndrome 

 Connective tissue disorders (SLE, mixed connective 
tissue disease, RA) 

 Drugs 

  Other causes of diffuse alveolar hemorrhage  

 Coagulative disorders 

 Inhaled toxins 

 Mitral valve disease 

 Pulmonary veno-occlusive disease (PVOD) 

 Infection 

 Diffuse alveolar damage 

 Malignancy 

 Autologous bone marrow transplantation 

 Acute lung transplant rejection 

 Pulmonary hemosiderosis 

 Antiphospholipid syndrome 
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4.4        Imaging 

4.4.1     Radiological Signs 
 The characteristic radiological picture of DAH 
often shows bilateral parenchymal consolidation 
or ground-gross opacities, sometimes predomi-
nant in the perihilar region (“butterfl y wings” or 
“bat wings” opacities, Fig.  8 ); occasionally it is 
prevalently unilateral (Fig.  9 ) (Primack et al. 
 1995 ). The chest radiograph fi ndings are nonspe-
cifi c and the diagnosis relies combination with 
clinical and laboratory fi ndings.

4.4.2         CT Signs 
 High-resolution CT often yields no additional 
diagnostic information, merely confi rming the 
presence of infi ltrates. The HRCT pattern can 

vary with time of onset of the hemorrhage and the 
clinical context is crucial in image interpretation. 

 Acute phase can range from lobular or lobar 
areas of ground-glass opacities or consolidation 
or extensive, perihilar (bat’s wing or butterfl y), or 
diffuse involvement (Fig.  10a, b ) (Cortese et al. 
 2008 ; Castañer et al.  2010 ).

   Within days of an acute episode of hemor-
rhage, interlobular septal thickening may be seen 
in association with ground-glass opacity (crazy- 
paving pattern) as hemosiderin-laden macro-
phages accumulate in the interstitium (Fig.  10c ) 
(Rossi et al.  2003 ; De Wever et al.  2011 ). 

 CT may be useful in the follow-up period, 
given its ability to demonstrate even the mildest 
relapse arising after reduction or discontinuation 

   Table 5    Causes of combination of DAH and glomerulonephritis (primary pulmonary-renal syndrome)   

 Clinical features  Laboratory tests 

 Goodpasture’s syndrome  Young man  Anti-GBM 

 Granulomatosis with polyangiitis 
(Wegener granulomatosis) 

 Upper airway disease (nasal, oral, or 
sinus infl ammation) 

 c-ANCA 

 Microscopic polyangiitis (MPA)  Systemic symptoms  p-ANCA 

 Systemic lupus erythematosus (SLE)  Systemic symptoms  ANA 

 Eosinophilic granulomatosis with 
polyangiitis (Churg-Strauss) 

 Asthma  Peripheral eosinophilia 
 p-ANCA 

   Anti - GBM  anti-glomerular basement membrane antibodies, ANCA antineutrophil cytoplasmic autoantibody,  ANA  anti-
nuclear antibodies  

  Fig. 8    Diffuse alveolar hemorrhage (DAH) in systemic 
lupus erythematosus (SLE). Chest radiograph shows 
extensive and patchy parenchymal opacities in both lungs. 
Both apices and subpleural lungs are relatively spared 
(bat’s wing or butterfl y pulmonary opacities)       

  Fig. 9    Diffuse alveolar hemorrhage (DAH) and alveolar 
edema in mitral regurgitation resulting from myocardial 
infarction and papillary muscle rupture. Chest radiograph 
reveals asymmetrical consolidations predominantly in the 
right parahilar region       
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of cortisone and immunosuppressant therapy. 
Some faint scattered nodules or small areas of 
ground glass and some low-density nodules 
(snowfl ake-like nodules) may be seen, some-
times around the smaller vessels, which are not 
detected by chest radiography (Fig.  10d ) 
(Maffessanti et al.  2005 ). 

 After repeated episodes of pulmonary hemor-
rhage, a persistent reticular pattern may be seen, 
with areas of peripheral traction bronchiectasis 
and distortion of the lung architecture; this pat-
tern refl ects interstitial hemosiderin deposition 
and mild lung fi brosis and has been termed pul-
monary hemosiderosis.   

4.5     Differential Diagnosis 

 Radiological pattern of DHA is not pathognomonic, 
but diffuse alveolar hemorrhage is the second cause 
of acute perihilar alveolar lung disease after pulmo-
nary edema (Ribeiro et al.  2006 ; Dalpiaz and 
Maffessanti  2013 ). Differentiation is usually 
straightforward based on the clinical data and the 
frequent co-existence, in hydrostatic edema, of 
pleural effusion, enlarged vessels, and sometimes 
cardiomegaly. In all these cases, the differential 
diagnosis with other acute forms of diffuse lung dis-
ease—particularly inhalation and infectious pneu-
monia—based on radiological data alone becomes 

a
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  Fig. 10    Variety of high-resolution CT patterns that can 
be found in DAH. ( a ) Wegener granulomatosis. CT image 
shows extensive areas of ground-glass opacity in a pre-
dominantly perihilar distribution (bat’s wing or butterfl y 
pulmonary opacities). ( b ) Mitral regurgitation resulting 
from myocardial infarction and papillary muscle rupture 
(same patient as in Fig.  9 ). CT reveals asymmetrical con-
solidations and ground-glass opacities predominantly in 
the right parahilar region. Coexist interstitial edema and 

enlarged vessels due to concomitant interstitial edema. ( c ) 
Systemic lupus erythematosus (same patient as in Fig.  8 ). 
Within days of an acute episode of hemorrhage, interlobu-
lar septal thickening may be seen in association with 
ground-glass opacity (crazy-paving pattern). ( d ) 
Microscopic polyangiitis (MPA). CT image shows patchy 
areas of ground-glass opacity and some low-density nod-
ules (snowfl ake-like nodules), some of them rounded and 
feeding-vessels       
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impossible. Hemorrhagic alveolar infi ltration 
resolves rapidly (especially after corticosteroid 
therapy) but slower than pulmonary edema.  

4.6     Management and Treatment 

 The treatment of DAH depends on the underlying 
cause of hemorrhage and ranges from supportive 
care and withdrawal of offending drugs to  high- dose 
steroids, immunosuppressants, and plasmapheresis. 
Massive pulmonary hemorrhage is a life-threaten-
ing manifestation and requires aggressive immuno-
suppressive therapy as soon as possible.   

5     Fat Embolism Syndrome 
(FES) 

5.1     Introduction 

 Fat embolism syndrome (FES) is a rare compli-
cation of the fractures, mainly of the long bones. 
Its importance lies in the fact that it is in the 
 differential diagnosis with other more frequent 
respiratory complications of trauma and 
 polytrauma, which require a different therapy 
(such as pulmonary edema or bilateral broncho-
pneumonia). Also, more rarely, FES can occur in 
more severe forms such as the acute respiratory 
distress syndrome (ARDS) or in a fulminant 
form. While the radiographic fi ndings may be 
mistaken for other conditions, the CT pattern 
may be more specifi c and suggest the diagnosis.  

5.2     Mechanisms of Injury 

 The exact injury mechanism in FES has not been 
completely explained, nor has the  histopathologic 
picture been completely clarifi ed. The symptom-
atology has been put in relation to the release of 
fat particles in the venous blood fl ow, followed 
by pulmonary and systemic  embolization. At 
present, it is thought that there are two patho-
genic stages that follow one another: the mechan-
ical phase and the biochemical phase (Akhtar 
 2009 ). The mechanical phase occurs after release 

of fat droplets into the venous blood, which 
determine mechanical obstruction of the pulmo-
nary and systemic capillary bed. The following 
biochemical phase is due to the toxic effects of 
free fat acids (FFA) on the endothelia. It is unclear 
how fat droplets reach systemic circulation: 
likely they pass through a patent foramen oval or 
through the pulmonary capillary bed. 

 Only few studies describe the histopathologic 
alteration in human FES: in the majority of cases, 
a toxic vasculitis with alveolar hemorrhage and 
edema is reported, but also presence of hyaline 
membranes, the hallmark of diffuse alveolar 
damage (DAD) and ARDS, has been demon-
strated (Berrigan et al.  1966 ; Dines et al.  1975 ; 
Curtis et al.  1979 ). 

 Usually fat embolism (FE) is caused by bone 
fractures, typically by long bone fractures in 
young patients. Rarely, FE may be due to trau-
matic subcutaneous fat crushing without frac-
tures (Bolliger et al.  2011 ) or to nontraumatic 
causes (Mellor and Soni  2001 ).  

5.3     Terminology and Clinical 
Issues 

 Fat embolism (FE) refers to the emergence of fat 
particles within the venous circulation with the 
consequent pulmonary embolization. This occur-
rence is practically constant after fracture, but only 
a small minority of patients develop clinical symp-
toms. In those, the resulting syndrome is called fat 
embolism syndrome (FES) and is characterized by 
the combination of acute respiratory failure, ner-
vous system impairment, and cutaneous manifes-
tations. The typical petechial rash, that affects the 
neck, trunk and armpits, characterizes cutaneous 
manifestations. Petechiae may be evident also in 
the conjunctiva, retina, or mucosae. 

 The incidence of posttraumatic FES varies 
considerably in literature (range from 0.25 % up 
to 35 %) (Akhtar  2009 ). 

 There is no investigation 100 % specifi c for 
FES and the syndrome is diagnosed on a clinical 
base (Mellor and Soni  2001 ). The most widely 
accepted diagnostic criteria are those from Gurd 
and Wilson (Table  6 ) (Gurd and Wilson  1974 ).
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   There are three possible clinical presentation 
of the fat embolism syndrome. The fi rst is classi-
cal response, characterized by transient respira-
tory failure. It can occur after the trauma or after 
fi xation of the fracture. 

 The second presentation is with the adult 
respiratory distress syndrome (ARDS). The third 
is the so-called hyperacute syndrome: it is 
extremely rare, is characterized by cardiovascu-
lar collapse, and quickly leads to death.  

5.4     Imaging 

5.4.1     Radiological Signs 
 Usually the appearance of the radiographic alter-
ations lags behind clinical symptoms, even in 
already, considerably, symptomatic patients 
(Fig.  11 ) (Han et al.  2003 ).

   After an interval (up to 72 h, or even longer), 
radiographic alterations begin to appear in the 
perihilar and basal regions. Finally appears the 
full-blown radiographic picture, which consists 
of a diffuse interstitio-alveolar involvement, with 
widespread opacities (Fig.  12 ). The alterations 
may be patchy and show relative sparing of the 
apices (Feldman et al.  1975 ).

   The radiological picture at conventional chest 
X-ray is considered nonspecifi c and of little help 
in the differential from other forms of diffuse air-
space disease, like ARDS. 

 Sometimes it is possible to identify bilateral 
focal lesions, described as nodular infi ltrates, 
“rounded densities,” or nodular opacities (Fig.  13 ) 
(Greenberg  1968 ; Heyneman and Müller  2000 ; 
Arakawa et al.  2000 ).

   Clearing of the radiographic alterations 
requires a time varying from few days to more 
than a week (Feldman et al.  1975 ).  

  Fig. 11    Early FES. Chest X-ray performed after the 
onset of the respiratory failure shows poor radiographic 
alterations       

  Fig. 12    Full-blown FES. Chest X-ray shows bilateral 
widespread opacities, with relative sparing of the upper 
lungs       

   Table 6    Diagnostic criteria from Gurd and Wilson   

 Major criteria  Minor criteria 

 Respiratory 
insuffi ciency 

 Pyrexia 

 Cerebral 
involvement 

 Tachycardia 

 Petechial rush  Retinal changes 

 Anemia 

 Thrombocytopenia 

 High erythrocyte sedimentation 
rate 

 Fat macroglobulinemia 

 Jaundice 

 Renal changes 

  Diagnosis of FES is established when 2 major criteria, or 
1 major criterion plus 4 minor criteria, are fulfi lled  
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5.4.2     CT Signs 
 CT fi ndings in pulmonary FES include multifo-
cal ground-glass opacities (GGO) and consolida-
tions, frequently in association with nodules and 

micronodules. The alterations tend to be bilateral 
and widespread, with gravitational distribution: 
consolidations usually have posterior-basal 
predominance. 

 The nodules have random distribution, being 
evident both in the central lobular region and in 
the subpleural region (Gallardo et al.  2006 ; 
Piolanti et al.  2016 ) (Fig.  14 ). Also they may 
present along the interlobular septa (Malagari 
et al.  2003 ).

   GGO generally have patchy distribution, with 
geographic appearance (Fig.  15a ), and may be 
frequently associated with septal thickening 
(Malagari et al.  2003 ) (Fig.  15b ). Consolidations 
tend to have a gravity-dependent distribution and 
small pleural effusions are frequent (Arakawa 
et al.  2000 ). Consolidations and GGO may 
 present as lobular or sub-lobular opacities 
(Fig.  14c ) (Piolanti et al.  2016 ).

   There are also some case reports of macro-
scopic fat embolism being detected with 
contrast- enhanced CT (Ravenel et al.  2002 ; 
Nucifora et al.  2007 ).   

  Fig. 13    Nodular pattern as presentation of pulmonary 
FES. Bilateral nodular and micronodular involvement       

a

c

b

  Fig. 14    Nodular pattern at lung CT. Extensive bilateral 
GGO and consolidations (some showing lobular shape), 
bilateral nodules, and micronodules: centrilobular and 
subpleural (randomly distributed) ( a ). Patients with FES 
and ARDS: anterior-posterior density gradient with 

dependent consolidations. Presence of an overlapping 
micro-nodular pattern. ( b ) Lobular and sub-lobular con-
solidations on the left, subpleural micronodules on the 
right along the superior fi ssure ( c )       
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5.5     Differential Diagnosis 

 Although full-blown or severe FES is not a fre-
quent eventuality, and its frequency is decreasing 
since early stabilization of the fractures was 
introduced, it is an important condition to be kept 
in mind. Its importance lies in the fact that it must 
be differentiated from other more common and 
dangerous complications of fractures and poly-
trauma, such as pulmonary embolism and pneu-
monia, requiring a specifi c therapy. 

 In fact, in the posttraumatic setting, FES has a 
wide range of conditions from which it must be 
differentiated: hydrostatic pulmonary edema, 
fl uid overload, neurogenic pulmonary edema, 
pulmonary contusions, aspiration, viral pneumo-
nia, bilateral bronchopneumonia, ventilator- 
associated pneumonia, sepsis, ARDS, atelectasis, 
pulmonary hemorrhage, pulmonary embolism, 
and drug reactions (Feldman et al.  1975 ). 

 Normal heart size, normal vascular distribu-
tion, and absence of signs of pulmonary hyper-
tension (Kerley lines, peribronchial cuffi ng, and 
widening of the vascular pedicle) are considered 
fi ndings helpful in differential diagnosis from 
HPE at chest X-ray (Han et al.  2003 ). In reality, 
septal thickening, the equivalent of the Kerley 
lines at HRCT, is a frequent fi nding in FES 
(Malagari et al.  2003 ). 

 Lung contusions generally appear at chest 
X-ray as patchy airspace opacities, unilateral 

and asymmetric. At HRCT they appear as GGO 
or consolidations, with ill-defi ned borders and 
non- segmental distribution. They may show 
subpleural sparing. After the trauma they may 
extend and reach the maximum extension in 
24–48 h (Kaewlai et al.  2008 ; Mirka et al.  2012 ). 
This is very helpful in the differential with FES 
that shows up after a latent period, and its pul-
monary alterations are usually bilateral and 
diffuse. 

 Viral and bacterial pneumonias may present 
with several different patterns at CT, with consid-
erable overlap in the imaging appearance (Miller 
et al.  2011 ). The presence at HRCT of an “air-
way- centric” disease, which is characterized by 
bronchial wall thickening, bronco-centric nod-
ules, lobular opacities, and tree in bud opacities, 
is highly suggestive of bronchopneumonia (Ketai 
et al.  2008 ). Absence of tree in bud opacities and 
the random distribution of the nodules in FES 
results to be a useful sign for the differentiation 
from bronchopneumonia. 

 Aspiration may show different HRCT pat-
terns: obstruction of the airways by foreign body, 
tree in bud opacities, or segmental or lobar opaci-
ties. Aspiration tends to interest posterior seg-
ments of the upper lobes and superior segments 
of the lower lobes. A massive intake of gastric 
content causes a severe chemical pneumonia, 
leading to ARDS (Medelson’s syndrome) 
(Kim et al.  2008 ).  

a b

  Fig. 15    GGO in acute FES. Diffuse GGO with geo-
graphic distribution ( a ). Presence of bilateral smooth 
interlobular septal thickening. On the right side anterior- 
posterior density gradient with presence of GGO anteri-

orly. On the left side GGO are extensive and the 
overlapping of septal thickening generates a crazy-paving 
appearance ( b )       
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5.6     Management and Treatment 

 The treatment of FES is essentially supportive. 
 Early stabilization of fractures involving the 

long bones decreases the incidence of FES 
(Talucci et al.  1983 ; Svenningsen et al.  1987 ). 

 However, it is still unclear what is the best sur-
gical strategy in patients who already show signs 
of FES. Furthermore, effective pharmacologic 
therapies have not been found yet, except for ste-
roids. However, their effectiveness has not been 
proven in prospective studies on a large scale 
(Akhtar  2009 ).   

6      Acute Pulmonary Edema 

6.1     Introduction 

 Pulmonary edema is defi ned as presence of 
excess extravascular fl uid in the lungs. The more 
common type of acute pulmonary edema is 
hydrostatic pulmonary edema (HPE) due to acute 
cardiac failure or to fl uid overload (overhydration 
or renal failure). 

 From a radiological point of view, HPE is the 
most frequent cause of acute diffuse pulmonary 
disease (Ketai and Washington  2002 ). 

 Chest X-ray is the classical radiological exam-
ination for the diagnosis of HPE, while lung 
sonography is an emerging technique (Cardinale 
et al.  2014 ). 

 CT is not performed for suspected HPE, but 
HPE is a frequent fi nding in CT examinations 
performed for different purposes (e.g., to rule out 
suspected pulmonary embolism).  

6.2     Mechanisms of Injury 

 The Starling equation describes the factors deter-
mining the fl ow of the fl uids between the pulmo-
nary capillary circulation and the lung interstitium 
(Ware and Matthay  2005 ). Edema occurs when 
accumulation of extravascular fl uid (transudative 
or exudative) exceeds the resorption mechanisms 
(lymphatic absorption). Factors determining the 
amount of capillary fi ltration are the transmural 

hydrostatic pressure, the transmural oncotic pres-
sure, and the permeability of the capillary 
membrane. 

 Generally speaking, HPE appears when trans-
mural hydrostatic pressure increases or intravas-
cular oncotic pressure decreases. The fl uid is a 
transudate with low-protein content. The excess 
of fl uid accumulates fi rst in the interstitium and 
then moves to the pleural and alveolar spaces. 

 Noncardiogenic edema is due to an increase in 
permeability of the pulmonary capillaries that 
allows the outfl ow of plasma proteins, without 
increase in transmural hydrostatic pressure. This 
protein outfl ow attracts fl uids into the interstitial 
compartment generating an exudative edema, 
called “permeability edema.” In diffuse alveolar 
damage (DAD), the injury to the endothelial bar-
rier originates the increase in permeability. This 
is not the sole mechanism of increased capillary 
permeability that may also occur without DAD, 
like in cases of reaction to drugs (illicit drugs, 
interleukin-2 edema), transfusion reaction (clas-
sically defi ned by Milne “allergic lung”), or 
infection (e.g., hantavirus pulmonary syndrome) 
(Ketai and Godwin  1998 ).  

6.3     Terminology and Clinical 
Issues 

 Acute pulmonary edema is classically classifi ed 
into cardiogenic and noncardiogenic pulmonary 
edema. 

 Cardiogenic pulmonary edema is also referred 
to as hemodynamic edema or hydrostatic pulmo-
nary edema (HPE). Elevated hydrostatic pressure 
follows pulmonary venous hypertension, which 
can be caused by left heart failure or by volume 
overload (Ware and Matthay  2005 ). 

 Noncardiogenic pulmonary edema is also 
referred to as permeability or injury edema and 
it is classifi ed into two types: permeability 
edema with diffuse alveolar damage (DAD) and 
permeability edema without DAD (Ketai and 
Godwin  1998 ). 

 Finally, edema may be mixed hydrostatic and 
permeability. A cardiogenic edema may not be 
purely hydrostatic, since marked elevation of 
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transmural pressure may generate some degree of 
epithelial damage, or a volume overload may 
complicate a permeability edema, generating a 
mixed edema. 

 High-altitude, re-expansion, and neurogenic 
pulmonary edemas are included into the mixed 
edema group: although their pathogenesis is still 
incompletely explained, in all cases a hydrostatic 
component is supposed to combine with some 
degree of increases in permeability (Ketai and 
Godwin  1998 ; Gluecker et al.  1999 ).  

6.4     Imaging 

6.4.1     Radiological Signs 
 Chest radiograph is routinely performed in 
patients with suspected HPE to confi rm the diag-
nosis or rule out other possible causes. 
Radiographic fi ndings associated with HPE are 
increased heart size, increased width of the 
 vascular pedicle, balanced or inverted vascular 
distribution (redistribution or “cephalization” of 
the lung vessels), vascular haziness, central or 
even distribution of the opacities and presence of 
peribronchial cuffi ng, septal lines, thickening of 
the fi ssures, and pleural effusion. 

 Radiographically pulmonary edema is 
divided into three degrees: mild, moderate, and 
severe (Rubinowitz et al.  2007 ; Morgan and 
Goodman  1991 ). 

 Mild-degree edema or venous hypertension 
may show an enlarged vascular pedicle and pul-
monary redistribution (cephalization or inver-
sion), which is more frequently seen in cases of 
chronic heart failure (Fig.  16 ). Similarly, the 
heart does not usually enlarge at the fi rst episode 
of left ventricular failure. Patients with mild 
edema due to volume overload or to renal failure 
may show balanced fl ow, a fi nding that can be 
evaluated only in the upright position.

   Moderate or interstitial edema shows peri-
bronchial cuffi ng, Kerley B-lines (septal lines), 
thickening of the interlobar fi ssures, and vascular 
haziness (indistinctness) (Fig.  17 ).

   Severe or alveolar edema shows airspace opaci-
fi cation, prevalent in the middle and lower lung 
fi elds (perihilar or gravitational) (Figs.  18  and  19 ). 

The alterations typically are symmetric, but they 
may be asymmetric in patients with pulmonary 
parenchymal disease (e.g., emphysema). Unilateral 
edema is also possible (e.g., in case of mitral cord 
rupture or of lying on one side) (Fig.  20a, b ).

     Measurements of the vascular pedicle width can 
provide an estimate of the intravascular volume sta-
tus, both in the upright and in the supine position. A 
vascular pedicle larger than 53 mm in the upright 
position and more than 70 mm in the supine is 

  Fig. 16    Mild-degree edema or venous hypertension. 
Pulmonary redistribution, enlarged heart, and enlarged 
vascular pedicle       

  Fig. 17    Moderate or interstitial edema. Peribronchial 
cuffi ng, bilateral B Kerley lines, thickening of the inter-
lobular fi ssure, and vascular haziness       
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expression of HPE and of fl uid overload (Milne 
and Pistolesi  1994 ; Ely and Haponik  2002 ). This 
measurement may provide evidence of HPE before 
evidence of clinical signs and help distinguish HPE 
from permeability edema (Milne  2010 ). 

 The radiographic picture is considered to 
depend from the pulmonary capillary wedge pres-
sure (PCWP), which is an indirect measure of the 
left atrial pressure: however, in literature, there are 
great discrepancies and controversies on this topic. 

With PCWP under 19–25 mmHg, there is equaliza-
tion or cephalization of the vasculature. Between 
20 and 30 mmHg, there is a radiographic picture of 
interstitial edema. Alveolar fl ooding appears with 
over 25–30 mmHg, resulting in the radiological 
appearance of confl uent acinar opacity (Morgan 
et al.  1991 ; Ketai and Godwin  1998 ). It is impor-
tant to remember how the radiographic picture 
depends also from the acuteness or chronicity of 

  Fig. 18    Severe or alveolar edema. Bilateral airspace 
opacifi cation, prevalent in the middle or lower fi elds       

  Fig. 19    Alveolar edema with the so-called “bat wings” or 
“butterfl y wings” appearance. Non-gravitational bilateral 
perihilar opacities with sparing of the lung periphery       

a b

  Fig. 20    Unilateral alveolar edema in a patient with 
acute mitral incompetence (rupture of a papillary mus-
cle). Radiographic picture, extended right-side perihilar 
opacity, pulmonary redistribution, and enlarged heart 

( a ); HRCT fi ndings, presence of right lateral perihilar 
consolidations; bilaterally smooth septal thickening 
(septal pattern), bronchial wall thickening, and pleural 
effusion ( b )       
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heart failure: edema in acute heart failure is deter-
mined by lower pressure gradients, but may not 
show at chest X-ray dilatation of the heart and of 
the vessels. On the contrary, chronic heart failure 
determines an increase in the  compliance of the 
heart and of the pulmonary vessels, and higher 
pressures are required to determine vascular dilata-
tion (Ketai and Godwin  1998 ). 

 Chest X-ray has some intrinsic and technical 
issues that limit its diagnostic accuracy (Ware 
and Matthay  2005 ; Ketai and Godwin  1998 ). 
Before radiographic changes start to appear, the 
water content of the lungs may have to increase 
up to 30 %; alterations may persist up to 24 h 
after regression of the edema; bedside radio-
grams obtained with portable X-ray equipment 
have intrinsically poor technical quality, and they 
are affected by factors related to the diffi culty to 
optimize the technique of execution, such as 
positioning of the patient, patients’ body weight, 
degree of inspiration, type of ventilation applied, 
and focal fi lm distance and exposure; consolida-
tion at chest X-ray is a nonspecifi c fi nding, 
refl ecting loss of the air content of the alveoli, 
and may be subtended by processes other than 
HPE, such as hemorrhage, pneumonia, infl am-
mation, or tumor.  

6.4.2     Lung Sonography 
 Lung sonography (LUS) is a relatively new 
and promising technique, based on the evalua-

tion of sonographic artifacts generated by the 
lungs. In particular, one of them, the so-called 
B-lines, underlines the so-called interstitial 
syndrome (Cardinale et al.  2014 ) (Fig.  21 ). 
LUS is highly sensitive in detecting the 
B-lines, which are vertical echogenic linear 
artifacts (reverberations).

   The interstitial syndrome is a nonspecifi c 
fi nding, which refl ects any condition of the 
lung where alveolar air is partially replaced 
with increase in interstitial fl uids or cellularity. 
The detection of an interstitial syndrome is not 
an exclusive feature of HPE and does not allow 
differentiation of the underlying interstitial 
disease. Combining the distribution and the 
number of the B-lines, with other sonographic 
signs (peripheral consolidations and aspect of 
the pleural line) and with the physical exami-
nation, may allow to differentiate cardiogenic 
and noncardiogenic causes of the interstitial 
syndrome (Copetti et al.  2008 ; Gargani and 
Volpicelli  2014 ). 

 The advantages of ultrasound are the low cost, 
noninvasiveness, repeatability, the possibility to 
perform bedside (point-of-care sonography), and 
the lack of use of ionizing radiation. 

 This technique is meeting a great enthusiasm 
on the part of clinicians and researchers. 
Certainly, in the next few years, researchers and 
scientifi c societies will clarify the potentialities, 
and the role, of this innovative approach.  

a b

  Fig. 21    Lung sonography. Interstitial syndrome characterized by presence of multiple B-lines: left-basal scan ( a ). 
Corresponding X-ray picture ( b )       
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6.4.3     CT Signs 
 Lung HRCT is more sensitive in detecting edema 
fi ndings compared to chest X-ray (Rubinowitz 
et al.  2007 ). 

 Unfortunately, it is too irradiating, and expen-
sive, to be used routinely for the detection of 
HPE. For this reason, there are no studies that 
correlate the CT fi ndings with the degree of HPE. 

 In the clinical practice, HPE is some kind of 
“incidentaloma,” found at a CT examination 
 performed to rule out other diseases (acute pul-
monary embolism above all). It is therefore 
important to readily recognize HPE at CT to 
address properly the diagnostic and therapeutic 
procedures. 

 The main HRCT fi ndings of HPE are septal 
pattern, or smooth thickening of the interlobular 
septa, and ground-glass opacities (GGO) 
(Figs.  22  and  23 ).

    Other fi ndings are bronchial wall thickening 
(or smooth peribronchovascular interstitial thick-
ening), enlarged vessels, thickening of the fi s-
sures, and ill-defi ned perivascular and 
centrilobular opacities and consolidations (Storto 
et al.  1995 ; Ribeiro et al.  2006 ). 

 GGO are typically patchy, may be lobular, or 
may present as crazy paving. 

 At CT the distribution of the alterations tends 
to show parahilar and posterior distribution. HPE 

may also show up with a gravity-dependent den-
sity gradient (Komiya et al.  2013 ).   

6.5     Differential Diagnosis 

 There are several radiographic signs that may 
help the differential between HPE and 
 noncardiogenic pulmonary edema (Milne et al. 
 1985 ; Aberle et al.  1988 ). 

 Typically, cardiogenic pulmonary edema 
shows cardiomegaly with vascular redistribution 
and pleural effusions. The distribution of the 
opacities is typically even and perihilar (central), 
prevalent in the middle and lower lung fi elds, and 
the vascular pedicle may be enlarged. 

 Noncardiogenic edema typically shows patchy 
peripheral or diffuse opacifi cation of the lung 
fi elds, with air bronchograms and without cardio-
megaly and pleural effusion; vascular pedicle is 
not enlarged. Septal lines, or Kerley lines, are 
more frequent in HPE, but may be present in non-
cardiogenic edema as well. 

 Unfortunately, these two types of edema fre-
quently do not show up with the typical picture 
and may share many radiological features: in 
reality, the distinction becomes frequently impos-
sible, besides the fact that they may coexist in the 
same patient (Desai  2002 ). 

a b

  Fig. 22    Interstitial edema at HRCT. Presence of a bilateral diffuse septal pattern and mild bilateral pleural effusion ( a ). 
Corresponding chest X-ray picture ( b )       
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 Furthermore, HPE has to be differentiated from 
several other conditions sharing a similar clinical 
and radiographic presentation, the  so- called diffuse 
airspace disease. Those conditions, among others, 
are infective pneumonias, interstitial pneumonias, 
massive embolism, pulmonary hemorrhage, and 
aspiration (Ketai and Washington  2002 ). 

 Radiographic differentiation may be challeng-
ing and it is not always possible. HRCT may 
sometimes be very helpful and suggest the cor-
rect diagnosis, although in many cases it does not 
yield additional elements compared to chest 
X-ray (Ketai and Washington  2002 ; Rubinowitz 
et al.  2007 ). 

 The main HRCT fi nding in HPE is the septal 
pattern, with variable degrees of GGO. This HRCT 
pattern goes into differential diagnosis with sev-

eral conditions, much rarer, such as pulmonary 
veno-occlusive disease (PVOD), lymphangitis 
carcinomatosis (although in this condition the sep-
tal thickening is usually nodular), sarcoidosis 
(which usually exhibit perilymphatic micronod-
ules), Niemann-Pick disease, Erdheim Chester 
disease, cystic lymphangiectasia, lymphangiomy-
omatosis, and North American hantavirus infec-
tions (Oikonomou and Prassopoulos  2013 ).  

6.6     Management and Treatment 

 Acute pulmonary edema is a life-threatening 
emergency. If necessary immediate intervention 
is required addressing the ABCs of resuscitation 
(airway, breathing, and circulation). 

a

c

b

  Fig. 23    HRCT fi ndings in two cases of more advanced 
pulmonary edema. Extensive septal pattern, bronchial 
wall thickening, lobular ground-glass opacities and bilat-

eral pleural effusion ( a ). Diffuse septal thickening, peri-
hilar consolidations and  bilateral pleural effusion ( b ); 
same patient of image ( b ); radiographic picture ( c )       
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 Subsequently, the therapy depends on the 
patient’s condition and the cause of the pulmo-
nary edema: measures may be aimed to preload 
reduction, afterload reduction, or inotropic 
support.      
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    Abstract  

  There are few conditions in emergency medi-
cine as potentially challenging and high risk 
as the  acute airway obstruction . Time is often 
limited, the patient’s condition may be criti-
cal, and a failed airway has the potential for 
signifi cant morbidity or death. Chest radi-
ography (CXR) is useful in diagnosing and 
evaluating the progression of atelectasis, 
aspiration, pulmonary edema, pneumonia, 
and pleural fl uid collections. Lung ultraso-
nography (LUS) is an excellent complemen-
tary diagnostic tool in emergency diagnosis. 
For patients who can tolerate lying fl at for the 
study, thin-section multidetector computed 
tomography (MDCT) provides the anatomic 
detail that permits planning of therapy and is 
useful when the clinical and radiologic pre-
sentations are discrepant and the patient is not 
responding to therapy or in further defi ning a 
radiographic abnormality. 

 Imaging plays a key role in the diagno-
sis and monitoring of  bronchiectasis  and the 
management of complications. Exacerbation 
of bronchiectasis can confer substantial poten-
tial morbidity, usually secondary to recurrent 
infection. In severe cases of bronchiectasis, 
massive hemoptysis can lead to death. CXR 
is useful as an initial screening tool and during 
acute exacerbations, but has limited sensitiv-
ity and specifi city. Thin-section MDCT is the 
reference standard for diagnosis and quanti-
fi cation of bronchiectasis, providing detailed 
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morphological informations. Radiologists 
must know various causes of bronchiectasis, 
including common causes, such as recurrent 
infection or aspiration, and uncommon causes, 
such as congenital immunodefi ciencies and 
disorders of cartilage development. 

 In industrialized countries,  inhalational 
exposures  to various toxicants are common-
place. Most acute toxic inhalations come 
from industries, home, and recreational 
sources. In addition to individual susceptibil-
ity, the characteristics of inhaled substances 
such as water solubility, size of substances, 
and chemical properties may affect disease 
severity as well as its location. A detailed his-
tory becomes even more important in such a 
patient and may help make a difference in the 
often chaotic setting of the emergency depart-
ment. Laboratory evaluation, arterial blood 
gas analysis, and supportive measures, includ-
ing the ABCs (airway, breathing, and circula-
tion), may be required. Unfortunately, the 
varied presentations result in a nonspecifi c 
clinical syndrome and make diagnosis some-
what diffi cult. Despite substantial limitations, 
imaging can help in showing diffuse intersti-
tial, alveolar, or mixed infi ltrates, segmental 
consolidation, hyperinfl ation, pneumothorax, 
and pleural effusion. Thin-section MDCT can 
be used to further characterize lung abnor-
malities and continues to demonstrate previ-
ously unidentifi ed characteristics that shape 
our understanding of noxious inhaled toxi-
cant injury.  

1       Acute Lower Airway 
Obstruction and Aspiration        

1.1     Introduction 

 Acute obstruction of the central airway is an 
emergent situation that results from a wide vari-
ety of malignant and benign disease processes 
(Table  1 ). Acute management involves estab-
lishing a secure and patent route for adequate 
gas exchange. This requires rapid determination 

of the location of the obstruction and nature of 
the obstruction followed by a thoughtful man-
agement approach based on fi ndings. Large air-
way obstruction typically presents with dyspnea 
and wheeze (particularly during exertion and 
with forced exhalation maneuver), and it is com-
monly mistaken for refractory exacerbations 
of COPD; variable intrathoracic upper airway 
obstruction is often caused by tracheobroncho-
malacia, an aspirated object, or central airway 
tumor. Complete airway  obstruction (Fig.  1 ) is 

   Table 1    Main conditions associated to airway 
obstruction   

 Malignant  Nonmalignant 

 Primary endoluminal 
carcinoma 

 Lymphadenopathy 

   Bronchogenic    Sarcoidosis 
   Adenoid cystic    Infectious (i.e., 

tuberculosis) 
   Mucoepidermoid  Vascular 
   Carcinoid    Sling 
 Metastatic carcinoma to 
the airway 

 Cartilage 

   Bronchogenic    Relapsing 
polychondritis 

   Renal cell  Granulation tissue from: 
   Breast    Endotracheal tubes 
   Thyroid    Tracheostomy tubes 
   Colon    Airway stents 
   Sarcoma    Foreign bodies 
   Melanoma    Surgical anastomosis 
 Laryngeal carcinoma  Granulomatosis with 

polyangiitis 
 Esophageal carcinoma  Pseudotumor 
 Mediastinal tumors    Hamartomas 
   Thymus    Amyloid 
   Thyroid    Papillomatosis 
   Germ cell  Hyperdynamic 
 Lymphadenopathy    Tracheomalacia 
   Associated with any of 

the above malignancies 
   Bronchomalacia 

   Lymphoma  Webs 
   Tuberculosis 
   Sarcoidosis 
   Goiter 
   Mucus plug 
   Vocal cord paralysis 
   Epiglottitis 
   Blood clot 
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  Fig. 1    Acute complete lower airway obstruction by rapid 
and severe course of toxic shock syndrome (TSS) in MRSA 
fatal progressive pneumonia. A 26-year-old menstruating 
woman with high fever, rash, hypotension, and rapidly 
evolving multiorgan failure is immediately transferred from 
ED into the ICU. ( a ) CXR at the admission in the ICU 
shows right lower lobe opacity. ( b ) Follow-up CXR 24 h 
later shows a new contralateral basal opacity. ( c ) Bedside 

longitudinal right LUS shows low right lobe complete con-
solidation associated to pleural effusion. ( d ) Patient in extra-
corporeal membrane oxygenation (ECMO). Twenty-four 
hours later, follow-up CXR shows completely opacifi ed 
lungs. ( e ,  f ) Unenhanced MDCT axial and coronal MIP 
reconstructions show bilateral complete lung consolidation 
associated to pleural effusion. Note hypodense material that 
fi lls large airways       
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the worst scenario and will result in respiratory 
failure followed by cardiac arrest in a matter of 
minutes, a situation that requires an immediate, 
aggressive response, but it is, fortunately, very 
uncommon (Fig.  2 ).

1.2          Imaging 

 Patients with an acute upper airway complaint 
need to have their breathing issues addressed 
before being transferred to the radiology suite for 

  Fig. 2    Acute lower complete airway obstruction in a 
16-year-old male with bleeding diathesis by treatment with 
anticoagulant therapy, abrupt massive postnasal bleeding, 
and airway hemorrhage by an highly vascularized bleeding 
nasopharyngeal angiofi broma.( a ) CXR after nasogastric 
tube and right pleural drainages placement shows subtotal 
opacifi ed lungs. ( b ) The patient was immediately trans-
ferred from ED into the ICU and CXR showed total opaci-

fi ed lungs.( c ,  d ) Emergent unenhanced MDCT coronal 
reconstructions show hyperdense blood material that fi lls 
airways and the bloody hyperdensity mainly in the left 
lung (compare with Fig.  1 ). After nasopharyngolaryngos-
copy, this patient was treated by emergent preoperative 
embolization. Juvenile nasopharyngeal angiofi broma is a 
benign, highly vascular hamartoma that arises from the 
nasopharynx almost exclusively in adolescent males       
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imaging. Intubation should be considered before 
any examination that requires patients to be 
supine (i.e., CT and MR imaging), especially if 
there is any suspicion of anaphylaxis or other dif-
fi culties in maintaining oxygen saturation levels. 
Portable anteroposterior (AP) chest radiography 
(CXR), complementary sonography (lung ultra-
sonography, LUS), and MDCT scanning of the 
neck and chest are the most effective initial emer-
gent imaging studies to assess the location and 
extent of the airway obstruction. For patients who 
can tolerate lying fl at for the study, MDCT pro-
vides the anatomic detail that permits planning of 
therapy. The study is assessed for location of pri-
mary tumor/mass, the degree of intrinsic versus 
extrinsic compression, and the length of the stric-
ture. Furthermore, the relationship of the narrow-
ing of the trachea relative to the larynx or the 
carina is readily assessed. For bronchial lesions, 
the extent of postobstructive atelectasis or infec-
tion is readily observed. 

 Flexible bronchoscopy provides a defi nitive 
view of the intraluminal disease but should be 
performed with preparation for management of 
the airway obstruction with laser, rigid bronchos-
copy, or stent placement.  

1.3     Pulmonary Parenchymal 
Abnormalities 

 Atelectasis, aspiration, airspace opacifi cation or 
consolidations, air trapping and hyperinfl ation, 
hydrostatic pulmonary edema, and noncardio-
genic pulmonary edema all present as pathologi-
cal fi ndings on CXR, LUS, and MDCT. Although 
it is often diffi cult, and sometimes impossible, to 
distinguish between these entities, certain radio-
graphic features can aid in their diagnoses. 

1.3.1     Obstructive Lung Diseases 
   Acute Exacerbation in Chronic Obstructive 
Pulmonary Disease 
 Chronic obstructive pulmonary disease (COPD) 
is defi ned as incompletely reversible expiratory 
airfl ow obstruction, likely caused by exposure to 
noxious inhaled particles (Rabe et al.  2007 ). The 
airfl ow limitation that underlies functional 

obstruction is usually progressive and associated 
with an abnormal infl ammatory response of the 
lung. What is clinically called COPD refl ects a 
complex syndrome encompassing potentially 
overlapping diseases such as pulmonary emphy-
sema, chronic bronchitis, and small airway dis-
ease. Acute exacerbation of COPD is defi ned “as 
an event characterized by a change in the patient’s 
baseline symptoms that is beyond normal day-to- 
day variations” is acute in onset and may warrant 
a change in regular medication in a patient with 
underlying COPD (Table  2 ) (Siafakas et al.  2004 ; 
Rabe et al.  2007 ). Three COPD phenotypes were 
identifi ed based on morphologic CT changes and 
clinical features of COPD: phenotype A, charac-
terized by no or minimal emphysema with or 
without bronchial wall thickening; phenotype E, 
characterized by emphysema without bronchial 
wall thickening; and phenotype M, characterized 
by emphysema with bronchial wall thickening 
(Fujimoto et al.  2006 ).

      Acute Exacerbation in Asthma 
 Asthma is characterized by all of the following: 
(1) airway obstruction that is usually reversible, 
(2) chronic airway infl ammation, and (3) nonspe-
cifi c airway hyperreactivity. 

 The CXR features of asthma are not particu-
larly specifi c, but the most common abnormality 
is  bronchial wall thickening , with  hyperinfl ation  
the second most common (identifi ed up to 24 % 
though less reliable) fi nding (Lynch  1998 ). In 
patients with asthma, CT is indicated to identify 

   Table 2    Summary of diseases that provoke, precipitate, 
or mimic an acute COPD exacerbation (Siafakas et al. 
 2004 )   

 Parenchymal 
diseases 

 Pneumonia and their 
complications; complicated bullae 

 Airway diseases  Bronchial carcinoma; 
tracheobronchial tree infections, 
common pollutant 

 Cardiac diseases  Congestive cardiac failure, right 
heart failure 

 Lung vessels  Pulmonary hypertension, acute 
embolism, hemoptysis 

 Pleura  Pleural effusion, pneumothorax 
 Muscles  Muscular wasting 
 Mediastinum  Pneumomediastinum 
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suspected complications, particularly allergic 
bronchopulmonary aspergillosis, and mimics of 
asthma such as hypersensitivity pneumonitis. 
When it is performed, CT is helpful for evaluat-
ing the extent of airway thickening (remodeling: 
airway walls are thicker than healthy individuals 
and the degree of airway wall thickness directly 
correlates with the severity of airfl ow obstruction 
and clinical disease) (Aysola et al.  2008 ), bron-
chial dilation, and expiratory air trapping. Air 
trapping is usually defi ned as the percentage of 
the lung less than 850 HU on expiratory CT, and 
those individuals with an air-trapping percentage 
above the median value of 9.66 % defi ned as hav-
ing an air-trapping phenotype. Bronchial dila-
tion, or bronchiectasis (defi ned as a bronchus 
with a larger diameter than the internal diameter 
of the adjacent pulmonary artery), is more preva-
lent in asthmatic patients than in healthy subjects. 
Acute complications of asthma may include 
pneumothorax, pneumomediastinum (and rarely 
pneumopericardium, pneumoperitoneum, pneu-
moretroperitoneum, pneumorrhachis, and even 
subdural emphysema), mucus impaction with or 
without atelectasis, and pneumonia (Woods and 
Lynch  2009 ).   

1.3.2     Consolidations or Airspace 
Opacifi cations or Alveolar 
Opacity or Alveolar Pattern 

 Consolidation is the most common cause of 
pulmonary opacities in the acute airway 
obstruction population. In contrast to ground-
glass opacities (GGO), consolidation obscures 
underlying vascular structures and frequently 
is associated with absence of volume loss and 
air bronchograms by opacifi cation of lung acini 
with little or no involvement of conducting air-
ways. By defi nition, diseases that produce con-
solidation are characterized by a replacement 
of alveolar air by fl uid, cells, tissue, or some 
other substances (Hansell et al.  2008 ). If acute, 
consolidation is most commonly caused by 
pulmonary edema (of both cardiogenic and 
noncardiogenic causes), pulmonary hemor-
rhage, acute eosinophilic pneumonia, acute 
extrinsic allergic alveolitis, radiation pneumo-
nitis, pulmonary infarction, or infectious pneu-
monia (Table  3 ).

1.3.3         Thoracic Oncologic 
Emergencies 

 Oncologic patients often experience emergent 
complications that are either direct result of the 
underlying malignancy or an indirect result 
related to the therapy (Table  4 ).

   Airway obstruction complicates approximately 
20–30 % of patients with lung cancer, and large 
masses that compress the central airways may 

   Table 3    ( a ) Diseases recognized as causing alveolar 
opacity or pattern   

  Transudate  
 Hemodynamic pulmonary edema a  
 Non-hemodynamic pulmonary edema 
 Diffuse alveolar damage (ARDS) a  
  Exudate  
 Infective pneumonia a  
 Eosinophilic pneumonia 
 Lipoid pneumonia 
  Hemorrhage  
 Diffuse alveolar hemorrhage (DAH) 
 Severe cardiac failure a  
 Pulmonary infarction a  
  Emboli  a  
 Thromboembolism a  
 Fat embolism 
 Amniotic fl uid embolism 
 Bone marrow embolism 
  Infi ltration  
 Adenocarcinoma ex-bronchoalveolar cell carcinoma 
 Lymphoma 
  Miscellaneous  
 Pulmonary alveolar proteinosis 
 Acute extrinsic allergic alveolitis 
 Sarcoidosis 
 Radiation pneumonitis 

   a See other chapters of the book  

  Table 3    ( b ) Imaging signs of acute obstruction of air-
ways by alveolar disease   

 1. Acinar or peribronchiolar nodules 
 2. Air alveologram and bronchiologram 
 3. Air bronchogram 
 4. Butterfl y or “bat’s wing” distribution 
 5. Coalescence (early) 
 6. Fluffy, ill-defi ned margins 
 7. Perihilar, diffuse, segmental, or lobar distribution 
 8. Present soon after onset of symptoms; rapid change 
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result in postobstructive atelectasis or pneumonia 
and airway compromise. Rapidly growing tra-
cheal, mediastinal, and hilar masses are most com-
mon causes (Fig.  3 ) (Quint  2009 ; Guimaraes et al. 
 2014 ). Knowledge of airway narrowing is impor-
tant before attempting percutaneous and surgical 
biopsy because it may lead to collapse of residual 
normal lung and sudden respiratory decompensa-
tion (McCurdy and Shanholtz  2012 ). Muscle 
relaxant drugs used during anesthesia may precipi-
tate dangerous respiratory compromise in patients 
with pre-existing airway compression by tumor 
owing to loss of chest wall tone.

1.3.4        Noncardiogenic Pulmonary 
Edema (NCPE) 

 Lung edema includes (1) hydrostatic edema caused 
by increased capillary pressure or decreased 

oncotic pressure, (2) ARDS (permeability edema 
caused by DAD resulting in interstitial and alveo-
lar fl uid accumulation), (3) permeability edema 
without alveolar damage (such as heroin-induced 
edema, edema following cytokine administration, 
and high-altitude edema) primarily resulting in 
interstitial fl uid accumulation, and (4) mixed forms 
of hydrostatic and permeability edema (such as 
neurogenic edema, reperfusion and re-expansion 
edema, edema following lung transplantation, etc.)  

1.3.5     High-Altitude Pulmonary 
Edema (HAPE) 

 High-altitude illness includes the cerebral syn-
dromes of acute mountain sickness (AMS), high- 
altitude cerebral edema (HACE), and the 
pulmonary syndrome of high-altitude pulmonary 
edema (HAPE), recognized as an alveolar fl uid 
accumulation in unacclimatized individuals by 
Houston in 1960 and attributed solely to high- 
altitude exposure (Houston  1960 ); it is mainly 
seen in children or young adults who rapidly 
ascend to heights of 2000–3500 m or greater and 
typically occurs 3–48 h after ascent, with the 
hallmark symptom being dyspnea at rest, often 
associated to dry or with frothy pink sputum pro-
duction cough and restlessness. Approximately 
50 % of patients with HAPE also show symptoms 
of AMS/HACE, but these two forms of altitude 
illness can exist independently of each other 
(Bartsch et al.  2005 ). The mechanism remains 
unclear: HAPE is believed to be a form of non-
cardiogenic pulmonary edema without alveolar 
damage caused by exposure to the low pO2 found 
at high altitudes. Hypoxia leads to uneven areas 
of vasoconstriction within the pulmonary vascu-
lar bed, resulting in a pattern of patchy overperfu-
sion (Swenson et al.  2002 ); these foci of high 
vascular pressure lead to localized violation of 
the capillary endothelium, causing fl uid extrava-
sation. When available, CXR features initially 
are heterogeneous peripheral alveolar patchy, 
fl uffy infi ltrates progressing eventually to wide-
spread, confl uent airspace involvement more 
severe in lung bases, but the pattern of distribu-
tion is usually unpredictable. Portable lung ultra-
sonography provides a more feasible imaging 
option in remote locations and shows progres-
sively larger numbers of extravascular fl uid 

   Table 4    Thoracic oncologic direct and indirect 
complications   

  Oncologic direct complications  
 Mass effect and 
airway compromise 

 Airway occlusion 
 Tracheo- or broncho- 
esophageal fi stula 

 Mass effect and 
vascular invasion 

 SVC obstruction, SVC 
syndrome 

 Mass effect and 
invasion of cardiac 
chambers 

 Pericardial effusion and 
cardiac tamponade 
 Tumor extension into the 
cardiac chambers 

 Pleural involvement  Massive pleural effusion, 
hemothorax, pneumothorax 
 Chylothorax 

 Neovascularity  Massive hemorrhage, 
pseudoaneurysm, or AV fi stula 

 Systemic 
manifestations 

 Massive pulmonary embolism, 
disseminated intravascular 
coagulation, opportunistic 
infections 

  Oncologic indirect complications  
 Postoperative or 
post-procedural 

 Pneumothorax, massive 
hemorrhage, hemothorax, 
complications of vascular 
injury, bronchopleural fi stula 

 Postradiation 
complications 

 Airway edema and obstruction 
 Radiation pneumonitis, fi stula 
formation 

 Chemotherapy-related 
complications 

 Spontaneous pneumothorax, 
immunosuppression and 
opportunistic infections, fi stula 
formation 

  SVC = superior vena cava; AV = arteriovenous  
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comet tails in patients ascending to altitude and 
suffering from HAPE (Fagenholz et al.  2007 ; 
Pratali et al.  2010 ). The most modifi able risk fac-
tor for the development of HAPE is the rate of 
ascent to high altitude; the mainstay of therapy 
increases alveolar and arterial oxygen by descent 
or with supplemental oxygen. HAPE is a poten-
tially life-threatening illness that is completely 
preventable; as the popularity of trekking and 
climbing grows among the general population, 
physicians will be increasingly relied on as a 
source of education, prophylaxis, and treatment, 
making a working familiarity with altitude- 
induced illnesses such as HAPE an indispensable 
tool for emergency physicians.  

1.3.6     Neurogenic Pulmonary 
Edema (NPE) 

 A number of intracranial conditions, including 
head trauma, hemorrhage (usually subarach-
noid), tumors, and encephalitis, can be associated 
with acute pulmonary edema. It can occur within 
a minute to hours following a neurologic insult 
and usually resolves within 72 h. Patients may 
present with varying degrees of dyspnea, tachy-
pnea, and cyanosis shortly after suffering the 
brain insult. The onset of symptoms occurs in 
<4 h in the majority and death in 10 %. The 
mechanism is unclear: it has been suggested that 
a sudden burst of neural activity stimulates the 
sympathetic nervous system and an adrenergic 

a b

dc

  Fig. 3    MDCT of thoracic oncologic emergencies. ( a ) 
Lung small-cell carcinoma extending into the mediasti-
num with SVC syndrome ( white arrow ). ( b ) A soft tissue 
hilar mass with carinal and left bronchial extension ( red 
arrow ) in a known non-small cell carcinoma in a patient 

with acute breathlessness. ( c ) Esophageal carcinoma rup-
tured in right lung parenchyma and with esophago-pleural 
fi stula ( white arrow ). ( d ) Mediastinal chondrosarcoma 
with rightward mediastinal shift and acute airway 
obstruction       
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response leading to increased extravascular lung 
water, increased pulmonary hydrostatic pressure, 
and increased lung capillary permeability (Tan 
and Lai  2007 ). The CXR picture is indistinguish-
able from that of cardiogenic PE (nonspecifi c, 
bilateral, rather homogeneous airspace consoli-
dative appearances with an apical predominance 
are present in about half of cases) except that the 
heart is not enlarged and it can take up to 24 h to 
be apparent on imaging (Fig.  4 ). Radiologic fi nd-
ings in neurogenic pulmonary edema also disap-
pear within 1–2 days, thereby confi rming the 
absence of any associated DAD (Gluecker et al. 
 1999 ).

1.3.7        Re-expansion Edema (REPE) 
 The condition occurs often in young patients in 
the setting of rapid expansion of a collapsed lung, 
with acute-onset shortness of breath usually 
occurring within hours of re-expansion. The onset 
of pulmonary edema can be delayed by up to 24 h 
in some cases (Echevarria et al.  2008 ). It occurs 
following approximately 1 % of pneumothorax 
re-expansions or thoracentesis procedures (mostly 
if large-volume drainage >3 l). Although the exact 
mechanism of REPE has not been identifi ed, it 
appears to be caused by multiple mechanisms. 
Increased capillary permeability due to hypoxic 
injury, reperfusion injury with release of toxic 

  Fig. 4    Neurogenic pulmonary edema. ( a ) Anteroposterior 
bedside CXR view shows bilateral alveolar opacities in a 
54-year-old woman with shortness of breath and sub-
arachnoid hemorrhage, who developed neurogenic pul-

monary edema. ( b ) MDCT axial scan shows diffuse 
bilateral and symmetric patchy ground-glass and consoli-
dative opacities sparing the lung periphery. ( c ) Follow-up 
CXR 3 days later shows normal fi ndings       
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oxygen free radicals, and surfactant depletion are 
all thought to play a major role. Furthermore, a 
delay in lymphatic return by stasis during pro-
longed collapse and bronchial occlusion may also 
partly account for the development of REPE. It 
can progress for 24–48 h and usually shows slow 
resolution over 5–7 days. REPE may lead to 
severe hypoxemia, which will increase lung dam-
age and may result in extensive adult respiratory 
distress syndrome (ARDS) and multiorgan fail-
ure. CXR fi ndings are alveolar opacities usually 
unilateral in those portions of the lung that were 
previously collapsed; rarely edema can develop in 

the contralateral lung (Baik et al.  2010 ). Thin-
section MDCT fi ndings of REPE are peripheral 
patchy areas of GGO  frequently combined with 
consolidation as well as interlobular septal and 
intralobular interstitial thickening (Fig.  5 ). The 
British Thoracic Society guidelines suggest that 
less than 1.5 l of pleural fl uid be drained at a time 
(BTS Pleural Disease Guideline  2010 ). Drainage 
catheters can be intermittently plugged to prevent 
rapid lung re- expansion. Rapid re-expansion of 
pneumothoraces is less easily controlled and cau-
tion should be taken to avoid high negative intra-
pleural pressures.

  Fig. 5    Re-expansion pulmonary edema. ( a ,  b ) Standard 
erect PA CXR shows right lung re-expansion pulmonary 
edema following a spontaneous pneumothorax drainage. 

( c ) Thin-section low-dose MDCT scan shows unilateral 
diffuse ground-glass opacity       
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1.3.8        Atelectasis 
 Atelectasis or  collapse  (Hansell et al.  2008 ), a 
decrease in lung volume accompanied by 
increased opacity (CXR) or attenuation (CT 
scan) in the affected part of the lung, is a com-
mon cause of pulmonary opacities in the acute 
airway obstruction population. One of the com-
monest mechanisms is resorption of air distal to 
airway obstruction (e.g., an acutely complicated 
endobronchial neoplasm or foreign body). 
Atelectasis can mimic pneumonia, particularly 
when signs of volume loss, such as crowding of 
air bronchograms, fi ssural deviation, mediastinal 
shift, and diaphragmatic elevation, are absent. 
Flat, platelike opacities are characteristic of dis-
coid atelectasis. Complete lung collapse, lobar 
collapse, or segmental collapse can also be seen. 
The characteristic LUS fi nding is a homogenous, 
well- demarcated hyperechoic lung consolida-
tion. In comparison with pneumonia, no air 
bronchograms are usually visible. The size of the 
lung consolidation may vary during the breath-
ing cycle due to ventilation. Atelectasis is cate-
gorized according to mechanism as obstructive, 
compressive, cicatricial, and adhesive.   

1.4     Acute Aspiration 

 The term  aspiration  describes a variety of situa-
tions involving the intake of solid or liquid mate-
rials into the airways and lungs (Franquet et al. 
 2000 ). The clinical and radiologic manifestations 

are protean, varying from asymptomatic focal 
infl ammatory reaction with few or no radiologic 
abnormalities to severe life-threatening disease 
(Table  5 ).

   Alcoholism is probably the most important 
predisposing factor for pulmonary liquid aspira-
tion in adults, although other factors (e.g., gen-
eral anesthesia, loss of consciousness, structural 
abnormalities of the pharynx and esophagus, 
neuromuscular disorders, deglutition abnormali-
ties) may also contribute to aspiration. 

 Aspiration can result in airway obstruction, 
chemical pneumonitis, or infectious pneumonia, 
depending on the volume and type of aspirate. 
Patchy, ill-defi ned ground-glass, consolidative, 
and nodular opacities are the most frequently 
encountered radiographic manifestations of aspi-
ration. Opacities typically appear rapidly and are 
most commonly located in the dependent regions 
of the lungs: the posterior segment of the upper 
lobes and the superior and posterior basal seg-
ments of the lower lobes (Franquet et al.  2000 ). 
Opacities may increase in conspicuity over the 
fi rst 1–2 days in aspiration pneumonitis, but 
should resolve relatively rapidly thereafter. If 
opacities persist or increase over several days, 
aspiration pneumonia is likely present. Patchy, 
dependent ground-glass, and consolidative opac-
ities are also seen on CT. “Tree-in-bud” opacities 
result from fi lling and infl ammation of the distal 
airways (Rossi et al.  2005 ). When tree-in-bud 
opacities are present in a dependent distribution, 
they are highly suggestive of aspiration (Fig.  6 ).

   Table 5    Main syndromes of acute/recurrent pulmonary aspiration   

 Aspirated material  Clinical effects  Imaging fi ndings 

 Foreign bodies  Bronchial obstruction  Atelectasis 
 Hyperinfl ation 
 Abscess 

 Water  (Near) drowning  Airspace opacity 
 Gastric contents (Mendelson syndrome) 
 Acute  Chemical pneumonitis, anaerobic 

infection, lung abscess 
 Airspace opacity 
 Cavity 

 Chronic/recurrent  Recurrent aspiration  Migratory opacities 
 Bronchiolitis  Centrilobular nodules/air trapping 
 Bronchiectasis 

 Acute exogenous 
 Lipoid pneumonia (fi re-eater 
hydrocarbon pneumonia) 

 Chemical pneumonia  Consolidations 
 Pneumatoceles 
 Masses 
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  Fig. 6    Case 1. Acute aspiration pneumonia (Mendelson 
syndrome) in a 65-year-old man who had undergone sur-
gery for intestinal obstruction. ( a ) Anteroposterior CXR 
view obtained 2 h after surgery demonstrates a focal con-
solidation in the right lower lobe, a fi nding that is consistent 
with aspiration pneumonia. Case 2. Aspiration bronchiolitis 
in a 57-year-old man with esophageal achalasia. ( b ) Frontal 
CXR view shows a right superior and middle paramediasti-
nal mass. ( c ) Thin-section MDCT axial scan shows multi-
ple diffuse centrilobular areas of increased attenuation with 

a characteristic tree-in-bud appearance (aspiration bronchi-
olitis); note that dilated esophagus displaces tracheal carina. 
( d ) MDCT sagittal reconstruction shows typical fi ndings of 
achalasia with contrast medium- fi lled esophagus, marked 
esophageal dilatation, and anterior bowing of the trachea. 
Case 3. Aspiration bronchiolitis and lung consolidations in 
a 46-year-old man with hiatal hernia. ( e ,  f ) Axial and coro-
nal MDCT reconstruction shows centrilobular nodules, 
tree-in-bud pattern in lower lobes, consolidations in upper 
lobes, and large gastric hernia       
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1.4.1       Foreign Body Aspiration 
 Aspirated foreign bodies are by far the most 
common cause of intraluminal airway abnormal-
ities in childhood, unusual in adults, and often 
overlooked as a cause of airway obstruction 
(Yadav et al.  2007 ). Up until age 15, both right 
and left main bronchi arise at about the same 
angle from the trachea so that objects may be 
aspirated into either side; afterward, the right 
main bronchus arises in a less acute, more straight 
path than the left (Kosucu et al.  2004 ). The most 
frequently aspirated foreign bodies are food 
(especially nuts), teeth, dental devices, and medi-
cal instruments, and 70 % will be nonopaque on 
conventional radiography (Fig.  7 ).

   Some nuts, such as peanuts, have an oil that 
leads to infl ammation and edema making them 
more diffi cult to expel. When a foreign body 
enters the lung parenchyma, prolonged irritation 

with intermittent infections may cause massive 
hemoptysis. At radiology, an aspirated foreign 
body may cause one lung or lobar/segmental 
overinfl ation or atelectasis (obstructive emphy-
sema) with chronic volume loss in the affected 
lobe, mediastinal shift, pneumomediastinum, 
recurrent pneumonias, and bronchiectasis; it can 
occasionally mimic a congenital malformation or 
neoplasm (Fig.  8 ).

   If the patient is clinically able, an expiratory 
CXR may demonstrate air trapping on the 
affected side by lack of collapse of the lung and 
shift of the mediastinum away from the side with 
the foreign body. If the patient is a child or other-
wise not able to cooperate for an expiratory study, 
a decubitus view of the chest, with the suspected 
side down, may show a lack of collapse of the 
air-trapped lung. CT may demonstrate the for-
eign body and is far more sensitive than CXR in 

  Fig. 7    Post-aspiration imaging in a 70-year-old alcoholic 
man. MDCT ( a ) scanogram and ( b ) axial and ( c ,  d ) coro-
nal reconstruction images clearly show inhalation of a 

metallic foreign body (dental screwdriver), located in the 
right lower lobe bronchus       
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demonstrating subtle low-attenuation intrabron-
chial material (Fig.  9 ) (Zissin et al.  2001 ).

1.4.2        Drowning or Near Nonfatal 
Drowning 

 Drowning is a process resulting in primary respi-
ratory impairment from submersion in a liquid 
medium (Idris et al.  2003 ) and may be either a 
fatal or nonfatal event (Szpilman et al,  2012 ). 
Deaths because of drowning have estimated 
approximately 305,000 deaths in 2008 (WHO 
 2011 ). Young children are at particularly high 
risk of drowning, and males in general face a sig-
nifi cantly greater risk than females. Drowning 
may be further classifi ed as cold-water (<20 °C) 
or warm-water injury (>20 °C). The most impor-
tant contributory factors to morbidity and mortal-
ity from drowning are hypoxemia and acidosis 

and the multiorgan effects of these processes. 
Central nervous system (CNS) damage may 
occur because of hypoxemia sustained during the 
drowning episode (primary injury) or may result 
from arrhythmias, ongoing pulmonary injury, 
reperfusion injury, or multiorgan dysfunction 
(secondary injury), particularly with prolonged 
tissue hypoxia. After initial breath holding, when 
the victim’s airway lies below the liquid’s sur-
face, an involuntary period of laryngospasm is 
triggered by the presence of liquid in the orophar-
ynx or larynx (stage 1, “dry drowning”). At this 
time, the victim is unable to breathe in air, caus-
ing oxygen depletion and carbon dioxide reten-
tion. In stage 2, the victim still usually presents 
with laryngospasm but may begin to swallow 
water into the stomach. As the oxygen tension in 
blood drops further, laryngospasm releases, and 

  Fig. 8    Post-aspiration imaging in a 79-year-old woman. ( a ) CXR and MDCT with ( b ) mediastinal and ( c ) parenchymal 
windows show a foreign body inhalation, again located in the right lower lobe bronchus (earring)       
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  Fig. 9    Postobstructive atelectasis in a 46-year-old man 
who had inhaled vegetable lipid matter. ( a ) Posteroanterior 
and ( b ) latero-lateral CXR views show segmental lingular 
lung collapse, without evidence of foreign body. ( c ,  d ) 
Axial MDCT scans confi rm lingular collapse and show 

possible endoluminal oval hypodensity. MDCT ( e ) 
oblique axial and ( f ) coronal MIP reconstructions show a 
lipid-density oval endobronchial mass. At bronchoscopy 
foreign body aspiration diagnosis was confi rmed and a 
vegetable lipid matter was removed       
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the victim gasps and hyperventilates, possibly 
aspirating variable amounts of liquid. This leads 
to further hypoxemia (stage 3). Ultimately, if the 
process of drowning is not interrupted, hypoxia 
progresses to the point of complete circulatory 
collapse and cardiac arrest (Tourigny and Hall 
 2012 ). Pulmonary infections may occur in a 
delayed fashion from aspirated material, some of 
which may result from rare or atypical pathogens 
such as fungi. Patients in cardiac arrest are more 
likely to display a nonshockable cardiac rhythm 
(i.e., asystole or pulseless electrical activity). 

Those who survive the initial resuscitation phase 
are at signifi cant risk for developing serious 
delayed sequelae, such as ARDS,  pancreatitis, 
disseminated intravascular coagulation, or rhab-
domyolysis during their subsequent hospital stay. 
The acute aspiration of massive amounts of water 
produces a pulmonary edema that is radiographi-
cally indistinguishable from pulmonary edema 
from other causes (Hunter and Whitehouse  1974 ; 
Causey et al.  2000 ). The clinical signifi cance of 
near drowning depends more on the volume of 
water aspirated than on whether the aspirate is 

  Fig. 10    Near drowning in a 67-year-old man who was 
admitted 3 h after nearly drowning in chlorinated water in 
an hotel pool. ( a ) CXR obtained at the time of admission 
reveals cardiac enlargement, diffuse confl uent alveolar pat-

terns of pulmonary edema, and peribronchial cuffi ng. 
Emergent MDCT ( b ) axial and ( c ,  d ) coronal reconstruc-
tions (parenchymal and mediastinal windows) show diffuse 
ground-glass and consolidative dependent abnormalities       
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freshwater or saltwater. Classic CXR fi ndings in 
severe near drowning consist of alveolar edema 
with extensive “fl uffy” areas of increased opacity 
that tend to coalesce throughout both lungs 
(Fig.  10 ). In mild near drowning, fi ndings range 
from normal to confl uent irregular peripheral 
areas of increased opacity in a subsegmental or 
segmental distribution with peripheral sparing. 
Pneumonia may be a complication of the aspira-
tion of either fresh- or saltwater and, depending 
on the water source, may be caused by a variety 
of microorganisms including bacteria, fungi, and 
mycobacteria (Tourigny and Hall  2012 ).

1.4.3        Gastric Acid Aspiration 
(Mendelson Syndrome) 

 Vomiting with massive aspiration of gastric con-
tents is a very frequent phenomenon; gastric acid 
with a pH <2.5 can cause pathologic reactions 
varying from mild bronchiolitis to hemorrhagic 
pulmonary edema. The posterior segments of the 
upper lobes and the superior segments of the 
lower lobes are the most frequently involved lung 
sites when the patient is recumbent. Acid liquid 
introduced into the airways is rapidly dissemi-
nated throughout the bronchial tree and lung 
parenchyma, producing a chemical pneumonitis 
within minutes. The magnitude of injury is 
directly related to the pH and volume of the aspi-
rated material. The overall mortality rate associ-
ated with massive aspiration of gastric acid is 
approximately 30 % and is greater than 50 % in 
patients with initial shock or apnea, secondary 
pneumonia, or adult respiratory distress syn-
drome (Bynum and Pierce  1976 ). Classic CXR 
fi ndings in acute gastric acid aspiration include 
bilateral perihilar, ill-defi ned, alveolar consolida-
tions, multifocal patchy infi ltrates, and segmental 
or lobar consolidation, which are usually local-
ized to one or both lung bases (Fig.  6a ).  

1.4.4     Acute Exogenous Lipoid 
Pneumonia (Fire-Eater 
Pneumonia) 

 Exogenous lipoid pneumonia is a rare condition 
caused by inhalation or aspiration of plant, ani-

mal, or mineral fats and may take an acute or 
chronic form. Acute form is usually associated 
with accidental poisoning in children; in an adult 
population, it typically occurs in fi re-eaters, who 
use oily substances in their shows (Betancourt 
et al.  2010 ). Clinically, acute lipoid pneumonia 
presents most often with cough, dyspnea, and 
fever. CXR pictures show consolidation, reticular 
and mixed alveolar-interstitial changes, as well 
as nodular lesions. Other rarer abnormalities, 
which may be noted on radiograms, are pneuma-
tocele, pneumothorax, pneumomediastinum, and 
pleural effusion (Franquet et al.  2000 ). Most 
commonly, CT shows areas of a negative attenu-
ation coeffi cient (between −150 and −30 HU) 
consolidation and ground-glass opacities as well 
as interstitial changes such as interlobular septal 
thickening and intralobular lines; fi ne, poorly 
demarcated centrilobular nodules and nodular 
lesions; pneumatocele; pneumothorax; pneumo-
mediastinum; and pleural effusion (Brander et al. 
 1992 ; Laurent et al.  1999 ). Changes involve one 
or both lungs and are usually located in lower 
lobes or in the right middle lobe and may be mul-
tifocal or bilateral (Fig.  11 ).

1.5         Summary 

 Airway obstruction is an uncommon but poten-
tially life-threatening condition that can be due to 
a number of malignant and benign processes; the 
diagnosis is based on the combination of 
 characteristic fi ndings on physical examination, 
as well as physiological, imaging, and endo-
scopic studies. Ultimately, the diagnosis is made 
by direct visualization of the tracheobronchial 
obstruction by bronchoscopy. Signifi cant airway 
obstruction presenting with imminent suffocation 
requires immediate action to promptly and effec-
tively reestablish and secure a patent airway and 
relieve the obstruction. Currently, the most com-
prehensive approach can be offered at centers 
with expertise in the management of acute com-
plex airway disorders and availability of all endo-
scopic and surgical options.   
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2     Acute Exacerbation 
of Bronchiectasis        

2.1     Introduction 

 The term bronchiectasis is derived from the 
Greek term  bronkia  (bronchial tubes),  ek  (out), 
and  tasis  (stretching), which together literally 
mean “the outstretching of the bronchi” (Feldman 
 2011 ). First described by Laennec in 1819, later 
detailed by Sir William Osler in the late 1800s, 

and further defi ned by Reid in the 1950s, this 
condition is generally defi ned as an abnormal and 
permanent focal or diffuse dilatation of the 
cartilage- containing airways (bronchi) caused by 
weakening or destruction of the muscular and 
elastic components of the bronchial walls 
(Hansell et al.  2008 ). Care must be taken to dis-
tinguish this large airway dilatation from dilata-
tion of the small airways (bronchioles) that do 
not contain cartilage (Javidan-Nejad and Bhalla 
 2010 ). In contrast to established bronchiectasis 

  Fig. 11    Acute exogenous lipoid pneumonia. A 44-year-old 
actor performing in fi re blowing shows who has aspirated 
liquid kindling for the grill 2 days before the onset of symp-
toms and was admitted acutely to the emergency depart-
ment due to 38.8 °C fever, hemoptysis, pleuritic chest pain, 
and dyspnea. ( a ,  b ) Axial MDCT scans show a low-density 

consolidation in the middle lung lobe and scattered ground-
glass opacities. ( c ) MDCT coronal MIP reconstruction bet-
ter shows the low-density middle lobe consolidation. 
Region-of-interest measurements showed -60 to -80 
Hounsfi eld units (HU), consistent with fat       
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occurring in adults, some children with bronchi-
ectasis have been shown to have resolution or 
considerable improvement of the changes seen 
on CT scanning, suggesting the possibility that 
the condition may be reversible in some cases (Al 
Subie and Fitzgerald  2010 ). 

 Bronchiectasis results from the occurrence 
of one of the three main pathogenic mecha-
nisms: bronchial wall injury, bronchial lumen 
obstruction, and traction from adjacent fi brosis 
(Shoemark et al.  2007 ). The latter two mecha-
nisms are usually apparent on imaging and are 
suggested by an endobronchial fi lling defect or 
adjacent interstitial lung disease, while when 
it is met the fi rst mechanism the radiologist is 
faced with a more diffi cult differential diagnosis 
(Javidan- Nejad and Bhalla  2009 ). The dominant 
feature of bronchiectasis is clearly the presence of 
airway infl ammation, in association with bacte-
rial infection and, in particular, nonclearing infec-
tion. An initial airway insult, such as an infection, 
often on the background of genetic susceptibility, 
compromised host clearance mechanisms and, in 
particular, the mucociliary escalator mechanism, 
which facilitated persistent bacterial colonization 
and infection. This damages the airway further, 
both directly and indirectly, as a consequence of 
the initiation of a secondary host infl ammatory 
response. The three pathogenic elements in bron-
chiectasis—namely, airway infection, infl amma-
tion, and enzymatic activities—interact to result 
in progressive airway damage. Many patients 
eventually harbor  Pseudomonas aeruginosa  (PA) 
in their airway, which is associated with signifi -
cant morbidity (Pappalettera et al.  2009 ). 

 The Reid morphological classifi cation, 
derived from bronchographic and autopsy stud-
ies, specifi es three patterns (Reid  1950 ):

    1.    C ylindrical or tubular  bronchiectasis in which 
there is relatively uniform dilatation of sec-
tions of the bronchial tree, involving diffuse 
mucosal edema, with resultant dilated bronchi 
but with straight, regular outlines and that end 
squarely and abruptly.   

   2.     Varicose  bronchiectasis in which there are local 
constrictions superimposed on cylindrical bron-
chiectasis (bulbous or beaded appearance), with 

alternating areas of dilatation and constriction 
and, potentially, obstructive scarring that may 
subsequently result in postobstructive pneumo-
nia and additional parenchymal damage.   

   3.     Saccular or cystic  bronchiectasis in which 
there is progressive dilatation of the airways 
giving a balloon-like appearance and some-
times air–fl uid levels; the number of bronchial 
divisions is greatly reduced; it is generally 
acknowledged that cystic bronchiectasis rep-
resents the most advanced disease (Fig.  12 ).

       Oftentimes, more than one type of bronchiec-
tasis can be seen in the same patient. As the air-
way dilatation increases, there may be progressive 
collapse and fi brosis of the distal lung paren-
chyma. Bronchiectasis can frequently occur in 
parallel with more common forms of chronic 
lung disease including COPD (up to 50 % of 
patients) and asthma (overlap syndromes) (Patel 
et al.  2004 ). There are many medical conditions 
that may lead to the development of bronchiecta-
sis and these are detailed in Table  6 .

2.2        Acute Exacerbations 

 The defi nition of an acute exacerbation is not 
standardized, and it has been variably defi ned to 
include some or all of the following symptoms 
and signs: increased cough and/or wheeze, spu-
tum production/volume or purulence, dyspnea 
and lethargy, hemoptysis, or deterioration in spi-
rometry (an unexplained signifi cant, >10 %, 
reduction in FEV 1  or FVC over days or weeks), 
chest signs, and radiographic changes; especially 
in the presence of severe bronchiectasis, hypox-
emia may also be present (Chang et al.  2008 ). 
Impaired clearance of secretions causes coloniza-
tion and infection with pathogenic organisms, 
contributing to the purulent expectoration com-
monly observed in patients with acute exacerba-
tion of bronchiectasis. The result is further 
bronchial damage and a vicious cycle of bron-
chial damage, bronchial dilation, impaired clear-
ance of secretions, recurrent infection, and more 
bronchial damage (Cole  1984 ).  P. aeruginosa  
often causes chronic bronchial infection in 
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patients with non-CF bronchiectasis via a mecha-
nism involving biofi lm formation and the release 
of virulence factors. This suggests that 
 Pseudomonas  species may promote disease pro-
gression and that infection with these species 
may be related to worsening lung function and 
increased morbidity and mortality (Davies et al. 
 2006 ). Patients with chronic obstructive 
 pulmonary disease are prone to prolonged exac-
erbations. Although hemoptysis is common dur-

ing infective exacerbations of bronchiectasis, it 
may also occur in the absence of concurrent 
infection, so-called  dry bronchiectasis , which is 
usually a sequela of tuberculosis and is found in 
the upper lobes. Hemoptysis, sometimes life-
threatening, is caused by chronic airway infl am-
mation and hypoxemia, which leads to bronchial 
arterial neovascularization (Bruzzi et al.  2006 ). 
Finally, acute exacerbations of bronchiectasis are 
associated with increased mortality, and the 

  Fig. 12    The Reid morphological classifi cation of bron-
chiectasis. ( a ) MDCT axial scan shows cylindrical or 
tubular bronchiectasis; ( b ) MDCT coronal reconstruction 
shows right upper lobe varicose bronchiectasis; ( c ) MDCT 

axial scan shows right upper lobe saccular or cystic bron-
chiectasis; ( d ) CXR close-up of the right lower lobe shows 
mucous plugging of bronchiectasis ( arrow )       
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   Table 6    Causes of bronchiectasis   

 Causes of bronchiectasis  Imaging fi ndings to provide clues to the diagnosis 

  Idiopathic (48 %)    Often a lower lobe distribution  
  Post-infective (25 %)  
 Severe pneumonia 
 Tuberculosis 
 NTM   Prominent nodularity in a tree-in-bud pattern or with 

cavitation  
 Pertussis   Lower lobe predominance  
 Measles 
  Impaired mucociliary clearance (9 %)  
 CF   Bilateral, proximal, parahilar, predominantly upper 

lobe disease  
 Primary ciliary dyskinesia   50 % associated with situs inversus, middle lobe/

lingular predominance  
 Young’s syndrome   Predominantly lower lobe disease  
 Chronic obstructive pulmonary disease and smoking 
  Immunodefi ciency (8 %)  
 Common variable immunodefi ciency 
 Hypogammaglobulinemia   Disproportionate bronchial wall thickening  
 Specifi c polysaccharide antibody defi ciency 
 Secondary immunodefi ciency, e.g., malignancy (chronic 
lymphocytic leukemia) 
 Human immunodefi ciency virus infection 
 Lung and bone transplantation 
  Exaggerated immune response  
 Allergic bronchopulmonary aspergillosis   Upper lobes, central bronchiectasis, prominent 

mucus plugging   Graft versus host disease 
 Infl ammatory bowel disease (ulcerative colitis 
and Crohn’s disease) 
 c-ANCA-positive vasculitis 
 Rheumatoid arthritis (3.2–35 % of patients) 
  Congenital abnormalities of the bronchial wall  
 Mounier-Kuhn syndrome   (tracheobronchomegaly; enlarged tracheal 

diameter:>25 mm men, >23 mm women; trachea and 
bronchi of fi rst to fourth order; central bronchiectasis)  

 Williams-Campbell syndrome   (congenital absence of cartilage from lobar to fi rst- to 
second-generation segmental airways)  

 Marfan syndrome 
 Job syndrome (hyperimmunoglobulin E syndrome) 
  Infl ammatory pneumonitis  
 Aspiration of gastric contents 
 Inhalational exposure (smoke, ammonia, chlorine) 
  Fibrosis (traction bronchiectasis ) 
 Sarcoidosis, radiation fi brosis, end-stage HP   Predominantly upper lobes disease  
 Idiopathic pulmonary fi brosis   Predominantly lower lobes disease  
  Mechanical obstruction (postobstructive)    Unilateral focal bronchiectasis  
 Foreign body 
 Tumor 
 Extrinsic compression (e.g., lymph node) 

(continued)
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majority of deaths are related to respiratory infec-
tion, with higher mortality rates associated with 
increasing age and number of lobes affected.  

2.3     Clinical and Imaging 
Diagnosis 

 The diagnosis of bronchiectasis should be sus-
pected in any individual presenting with persis-
tent daily cough with mucopurulent sputum, 
recurrent hemoptyses, frequent infective exacer-
bations, and fi nger clubbing (Boyton  2012 ). The 
severity of airfl ow limitation is related to the 
extent and severity of the bronchiectasis (Javidan- 
Nejad and Bhalla  2009 ). In approximately 50 % 
of patients, a specifi c cause of bronchiectasis is 
not determined; however, in a substantial percent-
age of adult and children, the fi nding of an under-
lying cause results in a change in therapy and may 
have signifi cant prognostic implications. The lung 
function studies in patients with bronchiectasis 
usually show an obstructive defect, and there may 
or may not be evidence of airway hyperreactivity. 
In all newly diagnosed patients with bronchiecta-
sis, sputum should be cultured for bacteria and 
mycobacteria, and fungal cultures could be con-
sidered in selected cases. The main bacterial 
pathogens that are commonly isolated are 

 Haemophilus infl uenzae  (29–70 %) followed by 
 Pseudomonas aeruginosa  (12–31 %). Imaging 
now forms the cornerstone of diagnosis of bron-
chiectasis and its complications and plays an 
increasing role in disease monitoring and thera-
peutic planning. 

2.3.1     Chest Radiography (CXR) 
 A plain chest radiography (CXR) is useful as an 
initial screening tool and, during acute exacerba-
tions, may raise the initial suspicion of bronchi-
ectasis, triggering more defi nitive imaging. 
However, it is insuffi ciently sensitive for the 
 adequate diagnosis of the condition (sensitiv-
ity<50 %) (Goeminne and Dupont  2010 ; Currie 
et al.  1987 ), particularly in mild disease 
(Table  7 ).

   Despite the obvious CXR defi ciencies for the 
identifi cation of bronchiectasis, an appreciation of 
the sometimes subtle radiographic features is nec-
essary (Fig.  13 ) (Gudbjerg  1955 ; Woodring  1994 ):

     (a)    With more severe bronchial infl ammation 
and fi brosis, the bronchial walls themselves 
become visible as parallel lines ( tram lines  or 
 tram tracks ) most obvious in the lower lobes 
on a PA view and in the middle lobe or 
 lingula on the LL view (Westcott  1991 ; 
Feldman  2011 ) (Fig.  13 ).   

 Causes of bronchiectasis  Imaging fi ndings to provide clues to the diagnosis 

  Miscellaneous conditions  
 Primary  Mycobacterium avium complex    Classic subtype: tree-in-bud opacity, patchy 

consolidation/cavities, upper lobes and superior 
segments of lower lobes  

 “Lady Windermere syndrome”   Nonclassic subtype: predominantly middle lobe 
and lingular disease   Connective tissue diseases (e.g., rheumatoid arthritis, 

systemic lupus erythematosus, Sjogren’s syndrome) 
 Pulmonary sequestration 
 Yellow nail syndrome 
 Infertility (primary ciliary dyskinesia, cystic fi brosis, 
Young syndrome) 
 Diffuse panbronchiolitis 
 a1-Antitrypsin defi ciency 
 Smoke and gaseous toxins (e.g., chlorine gas and 
ammonia) 

Table 6 (continued)
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   (b)    When seen end on, bronchiectatic airways 
appear as  ill - defi ned ring shadows , ranging 
in size from 5 to 20 mm, notably in the mid 
and upper zones where the majority of air-
ways run parallel to the radiograph beam. 
Signs of complications/exacerbations, such 
as dilated bronchi fi lled with pus and mucus, 
result in  tubular and ovoid opacities  and 
sometimes in the dramatic appearance of a 
 gloved fi nger , typically seen in patients with 
mucoid impaction of the airways due to 

allergic bronchopulmonary aspergillosis 
(ABPA) (Fig.  14 ) (Martinez et al.  2008 ).

       (c)    In severe cystic disease, multiple  thin - walled 
ring shadows  that may contain  fl uid levels  
are present; the  signet ring sign  corresponds 
to a dilated bronchus immediately adjacent 
to a smaller companion pulmonary artery 
(Hansell  1998 ).   

   (d)    Because the bronchi lie alongside the pulmo-
nary arteries, peribronchial infl ammation in 
early bronchiectasis makes the  margins of 
vessels indistinct , particularly in the lower 
lobes (Hansell  1998 ).   

   (e)    Associated volume loss in the lower lobes may 
cause  obscuration of the underlying hemidia-
phragm  and  crowding of pulmonary vascular 
markings , usually caused by mucous obstruc-
tion of the peripheral bronchi (Westcott  1991 ).   

   (f)    Additional features of focal areas of  subseg-
mental collapse  and  patchy peribronchial 
consolidation  are nonspecifi c but are com-
mon in generalized disease.   

   (g)    Signs of compensatory hyperinfl ation of the 
unaffected lung (Hansell  1998 ).    

  Extensive parenchymal consolidation is not, 
contrary to what might be expected, a usual fea-
ture of an infective exacerbation of bronchiecta-
sis. Repeated infective exacerbations of subpleural 
bronchiectatic airways may result in a pleural 
reaction, although extensive pleural disease is rare 
unless there has been an associated empyema.  

2.3.2     Thin-Section CT 
 Bronchography was replaced many years ago by 
high-resolution CT (HRCT) scanning of the chest 
(Young et al.  1991 ), which has become the gold 
standard (the most sensitive and specifi c noninva-
sive method, respectively, 84–97 % and 82–99 %, 
but higher at referral centers) for the diagnosis 
and that contrasts starkly with the limited ability 
of CXR to detect even advanced bronchiectasis 
(Hansell  1998 ). The detail afforded by 1-mm 
images of the peripheral airways has proved 
superior to virtually every other method for 
assessing the extent and severity of disease. 
Furthermore, thin-section CT features may be 

   Table 7    Bronchiectasis: CXR direct and indirect fi ndings   

 Direct signs  Indirect signs 

 1.   Parallel line opacities  
( tram lines  or  tram 
tracks ) by dilated, 
thickened bronchi seen 
along their length 

 1.   Indistinct margins of 
vessels  

 2.   Ring opacities  or  cystic  
spaces (as large as 2 cm in 
diameter) when the 
bronchus is seen on end or 
from cystic bronchiectasis, 
sometimes with  air–fl uid 
levels  (demilunes) 

 2.  Volume change  

 3.  The signet ring sign   (a)  Volume loss  
 4.   Tubular and ovoid 

opacities  as  Y  or  V  shapes 
and sometimes the 
appearance of a  gloved 
fi nger  or as “fi nger-in- 
glove” opacities which 
radiate from the 
pulmonary hilum, from 
mucus plugging 

     Obscuration of the 
underlying 
hemidiaphragm 

 5.   Other signs:  scarring, 
bulla formation, pleural 
thickening 

     Crowding of 
pulmonary vascular 
markings 

    Fissural displacement 
 (b)   Overall lung  volume 

increased  
(compensatory 
hyperinfl ation and in 
generalized 
bronchiectasis such 
as in CF) 

 3.  Areas of  consolidation  
(may be due to 
infection) (e.g., 
 Pseudomonas 
aeruginosa  or in ABPA) 
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suggestive of certain underlying conditions but 
require correlation with clinical and laboratory 
assessments, and images should be examined for 
fi ndings suggesting ABPA, cystic fi brosis, immo-
tile cilia, opportunist mycobacteria, and tracheo-
bronchomegaly (Fig.  15 ) (Milliron et al.  2015 ).

   Multidetector CT (MDCT) with volumetric 
acquisition, subsecond data acquisition, and ini-
tial thinnest possible collimation minimizes 
respiratory and cardiac motion, allows isotropic 

image reconstructions, and increases the sensitiv-
ity in detection of subtle nontapering airways, 
opening potentially unique automated, quantita-
tive methods for evaluating the peripheral air-
ways (Studler et al.  2005 ; Sung et al.  2003 ). 
Using MDCT as the gold standard, the sensitiv-
ity, specifi city, and positive and negative predic-
tive values of incremental HRCT in detecting 
bronchiectasis were 71 %, 93 %, 88 %, and 81 %, 
respectively (Hill et al.  2010 ; Dodd et al.  2006 ). 

  Fig. 13    Chest radiography fi ndings in bronchiectasis. ( a ) 
In both upper lobes, CXR shows parallel tubular opacities 
due to partial fl uid-fi lled airways. ( b ) The signet ring sign 
( arrow ), a dilated bronchus immediately adjacent to a 

smaller companion pulmonary artery. ( c ,  d ) Integrated 
imaging (CXR and MDCT) shows upper right lobe ring 
opacities or cystic spaces, sometimes with air–fl uid levels 
(demilunes)       
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Interobserver agreement for the presence, extent, 
and severity of bronchiectasis was also better for 
MDCT (kappa 0.64, 0.5, and 0.48, respectively) 
than for incremental HRCT (kappa 0.65, 046, 
and 0.25, respectively) (Dodd et al.  2006 ). 
Because today most patients present with rela-
tively mild bronchiectasis, with few (if any) 
physical signs, the diagnosis is usually made by  a 
combination of the patient’s history and a thin- 
slice MDCT examination.  It is important to 
include expiratory imaging as part of the routine 

MDCT acquisition (Bankier et al.  1996 ). If it is 
possible, continuous acquisition of images dur-
ing a forced or slow expiratory maneuver 
(dynamic expiratory CT) is not only more sensi-
tive for detection of air trapping but also leads to 
identifi cation of air trapping in normal individu-
als (Gotway et al.  2000 ). MinIP reconstructions 
are useful to demonstrate winding, intercon-
nected tubular structures. Serious limitations 
for the use of quantitative airway measure-
ments, most often including lumen diameter, 

  Fig. 14    Chest radiography fi ndings in acute exacerbation 
of bronchiectasis. ( a ) CXR of a parahilar “gloved fi nger,” 
typically seen in patients with mucoid impaction of the 
airways due to ABPA ( arrows ). ( b ) Bilateral focal areas of 
subsegmental collapse and patchy peribronchial consoli-

dation from mucous plugging ( arrows ). ( c ) Large consoli-
dations in both mid-lower lungs are an unusual feature of 
an infective exacerbation of bronchiectasis. ( d ) CXR 
shows diffuse lung nodular-like pattern from mucous 
fi lled airways ( P. aeruginosa )       
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bronchoarterial ratio (BAR), lumen area (LA) 
and volume, wall thickness/diameter ratio (T/D 
ratio), and wall area percent (WA%), have been 
repeatedly documented, and none of these have 
proved of value in everyday routine clinical prac-
tice (Brillet et al.  2009 ; Williamson et al.  2009 ). 
As a consequence of these limitations, visual 
inspection remains the standard for clinical 
assessment of airway disorders; the potential for 
new methods for obtaining clinically useful auto-
mated quantitative airway evaluation remains to 

be evaluated. The extent of involvement of the 
lungs  documented on HRCT scanning has been 
shown to correlate with both functional changes 
(PFT) and clinical outcomes, and HRCT score 
correlates signifi cantly with exacerbation fre-
quency (Brody et al.  2005 ). Although volumetric 
CT has numerous advantages, the radiation dose 
is higher and can be mitigated by several tech-
niques (McCollough et al.  2009 ). Because of 
concerns of the level of radiation exposure with 
CT, particularly in children, MRI has been 

  Fig. 15    Imaging fi ndings suggestive of related diseases 
in bronchiectasis. ( a ) In cystic fi brosis (CF), CXR fi nd-
ings include hyperinfl ation, mucoid impactions, and bilat-
eral parahilar mainly upper lobe bronchiectasis ( arrow ). 
( b ) Traction bronchiectasis in fi brotic idiopathic intersti-
tial pneumonia caused by peribronchial scarring. ( c ) 
Mounier-Kuhn syndrome is an idiopathic disease second-
ary to a marked atrophy of the elastic fi bers and smooth 
muscle within the wall of the trachea and main bronchi; 
MDCT axial scan shows enlargement of the lumen in 

inspiration (>3 cm) and collapse during expiration (not 
shown). ( d ) Bronchiectatic airway remodeling in COPD. 
( e ) ABPA bronchiectasis: ABPA is a hypersensitivity 
reaction to Aspergillus fumigatus antigens, affecting 
mostly patients with asthma and cystic fi brosis; bronchi-
ectasis, mainly centric and in the upper lobes, is the hall-
mark of the disease. In ABPA retained secretions may 
appear suffi ciently dense to mimic calcifi cation or may 
calcifi cate       
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studied more recently for the diagnosis of bron-
chiectasis and been found to be a potentially suit-
able radiation- free alternative to CT, although the 
poorer spatial resolution of MRI limits the ability 
to visualize smaller airways and nodules 
(Montella et al.  2009 ). The most specifi c thin-
slice CT scanning direct fi ndings suggestive of 
bronchiectasis are (Table  8 ) (Naidich et al.  1982 ; 
Grenier et al.  1986 ; Hansell  1998 ; Javidan-Nejad 
and Bhalla  2009 ; King and Daviskas  2010 ; 
Bonavita and Naidich  2012 ) (Fig.  16 ):

      1.    Bronchoarterial ratio (BAR) > of 1–1.5: inter-
nal diameter of the bronchus is wider than the 
adjacent pulmonary artery at an equivalent 
branching level (i.e., a dilated bronchus cut in a 
horizontal section with an adjacent pulmonary 
artery representing the stone, signet ring forma-
tion); severity can be graded as mild, moderate, 
or severe (luminal diameter slightly greater, 
2–3 times or >3 times than that of adjacent 
blood vessel in Bhalla scoring system). Care 
must be taken not to misinterpret bronchial 
dilatation as bronchiectasis in the setting of 
underlying acute parenchymal consolidation 
(so-called reversible bronchiectasis).   

   2.    Failure of the bronchi to taper (bronchial 
diameter should remain unchanged for at least 
2 cm distal to a branching point), a fi nding 
best appreciated toward the outer one-third of 
the lungs; however, this sign can be diffi cult to 
interpret in nonvolumetric CT studies (Kim 
et al.  1997a ,  b ).   

   3.    The bronchi being visualized in the outer 
1–2 cm of the lung fi elds and visibility of air-
ways within 1 cm of the pleural surface or 
abutting the mediastinal pleural surface (Kim 
et al.  1997a ,  b ). Mucus plugging of dilated 
bronchi is readily identifi ed, causing either 
complete or partial luminal fi lling and may be 
reversible. Plugging of the smaller peripheral 
airways and peribronchiolar infl ammation are 
characterized by a tree-in-bud appearance, 
with V- and Y-shaped branching nodular 
opacities (Fig.  17 ).

       The severity of bronchiectasis can also be 
assessed on the basis of the extent of disease, 
mucous plugging, and sacculations or abscesses 
and in terms of the number of bronchial divisions 
and lobes/segments involved, and a radiographic 
severity scoring system developed for use in CF 
has been used to assess patients with non-CF 
bronchiectasis (Bhalla et al.  1991 ).  Mosaic 
attenuation  is a term used to denote heteroge-
neous lung density, often exhibiting a distinctly 
geographic distribution. This nonspecifi c fi nding 
typically results from one of the following three 
causes: (1) foci of abnormally increased lung 
density caused by a variety of infi ltrative and/or 
airspace fi lling diseases; (2) alternating low- 
density and high-density foci refl ecting  variations 

   Table 8    Bronchiectasis: thin-section CT direct and indi-
rect fi ndings   

 Direct signs  Indirect signs 

 1.  Bronchial dilatation   1.  Bronchial wall thickening  
 Increased 
bronchoarterial ratio 
(BAR) 

 Best assessed visually on 
images obtained at right 
angles through vertically 
oriented airways 

 Contour abnormalities 
(wall thickening) 

 2.   Mucoid impaction/
fl uid-fi lled airways  

 2.   Lack of airway 
tapering  >2 cm distal 
to point of bifurcation 

 Tubular or Y-shaped 
structures; branching or 
rounded opacities in cross 
section +/− air–fl uid levels 

 3 .  Airway visibility 
within 1 cm  of the 
costal pleura or 
fi ssures 

 3 . Bronchiolitis  
 Clustered ill-defi ned 
centrilobular nodules with a 
tree-in-bud confi guration 
 4.   Mosaic attenuation caused 

by air trapping  
 Best identifi ed on expiratory 
HRCT images 
 5.  Mosaic perfusion  
 Better identifi ed on 
contrast-enhanced dual- 
energy CT of the pulmonary 
parenchyma 
 6.   Bronchial artery 

hyperplasia  
 7.   Pulmonary hypertension 

fi ndings  
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  Fig. 16    Thin-section CT fi ndings in bronchiectasis. ( a ) 
The so-called signet ring sign ( circle ), a bronchus with an 
internal diameter greater than the diameter of the adjacent 
pulmonary artery. ( b ) Sagittal reconstruction shows a 
bronchiectatic bunch of grapes in the middle lobe. ( c ) 
Sagittal reconstruction shows lack of airway tapering 

>2 cm distal to point of bifurcation, bronchial wall thick-
ening, and bronchi abutting the pleural surface. The wall 
thickness evaluation varies depending on slice thickness 
and window levels. ( d ) Coronal reconstruction shows lack 
of airway tapering and mosaic attenuation pattern       
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in lung perfusion, characteristically the result of 
chronic embolic pulmonary  hypertension; and 
(3) foci of abnormally decreased lung density 
caused by focal air trapping in patients with 
underlying obstructive small airway disease 
(Bonavita and Naidich  2012 ). Differentiation 
between these causes is best accomplished on 
images acquired in deep expiration. Air trapping 
results either from mucous plugging and abnor-

mal bronchial compliance or infl ammation/fi bro-
sis of the small airways, refl ecting a combination 
of both large and small airway obstruction. 

 Another ancillary fi nding is the  presence of 
dilated bronchial arteries  in patients with long- 
standing severe bronchiectasis. This fi nding is 
easily identifi ed following administration of 
intravenous contrast as irregular, tortuous vessels 
arising from the proximal descending thoracic 

  Fig. 17    Computed tomography fi ndings in acute exacer-
bation of bronchiectasis. ( a ) Axial scan shows ring 
clustered cystic spaces in the lower right lobe with air–
fl uid levels (demilunes). ( b ) Coronal reconstruction shows 
right upper lobe clustered ill-defi ned centrilobular nodules 

with a tree-in-bud confi guration by mucus-impacted small 
airways (bronchiolitis). ( c ) Coronal reconstruction shows 
bilateral cystic exacerbated bronchiectasis with air–fl uid 
levels. ( d ) Axial closeup scan shows cystic bronchiectasis 
with fungal overinfection/mycetoma ( arrow )       
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aorta extending along the central airways toward 
the pulmonary hila. Identifi cation of hypertro-
phied bronchial arteries may explain hemoptysis 
that is otherwise unaccounted for in select acute 
exacerbation cases (Fig.  18 ).

   In acute exacerbation, more frequent imaging 
fi ndings are air–fl uid levels in bronchiectatic air-

ways, mucous plugging, centrilobular nodules, 
and peribronchial thickening, all potentially 
reversible signs. 

 A variety of different CT-based methods for 
assessing the  extent and severity  of disease 
have been proposed (Bhalla et al.  1991 ; Ooi 
et al.  2002 ; de Jong et al.  2004 ; Oikonomou 

  Fig. 18    Massive hemoptysis in a 41-year-old man with 
common variable immunodefi ciency and a history of 
recurrent infections beginning during childhood. MDCT 
arterial phase ( a ,  b ,  d ) coronal and ( c ) oblique sagittal 
reconstructions reveal bilateral lower lobes bronchiectasis 

with mosaic attenuation and focal consolidation (likely 
hemorrhage) and tortuous hypertrophied bronchial arter-
ies ( arrows ). The patient was treated with repeated bron-
chial artery embolizations       
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et al.  2008 ); they have emphasized a few or all 
of the following: generations of bronchial 
 divisions (including the number of lobes/seg-
ments involved), peribronchial thickening, 
mucoid impaction (both large and small airway, 
the latter identifi ed as resulting in a tree-in-bud 
pattern), signs of obstructive airway disease 
including CT evidence of emphysema, and 
mosaic attenuation (especially as documented 
on expiratory images). Although clearly requir-
ing further validation, it is apparent that true 
routine, automated, quantitative global scoring 
of bronchiectasis (including color-coded 3D 
maps and dual-energy CT measurements of air-
way wall enhancement) is feasible and, if estab-
lished (Bonavita and Naidich  2012 ), would 
represent an important milestone in the use of 
CT to assess patients with a wide variety of air-
way diseases.   

2.4     Summary 

 Imaging plays a crucial role in the diagnosis and 
monitoring of bronchiectasis and the manage-
ment of complications. CXR is useful as an ini-
tial screening tool and during acute exacerbations, 
but has limited sensitivity and specifi city. Thin- 
section MDCT is the reference standard for diag-
nosis, quantifi cation, and low-dose routine 
surveillance of bronchiectasis, providing detailed 
morphological and physiologic consequence 
evaluation; furthermore, it is valuable in diagnos-
ing and managing complications in exacerbations 
and acute setting.   

3     Toxic Gas Inhalation        

3.1     Introduction 

 Acute injury to the airways and lung paren-
chyma may occur as a result of an industrial 
disaster, occupational exposure, recreational 
mishap, natural catastrophe, chemical warfare, 
and acts of terrorism (Kales and Christiani 
 2004 ). According to AEGL, acute exposures 
are single,  non- repetitive exposures that 

do not exceed 8 h ( Acute Exposure Guideline 
Levels, AEGLs ). 

 In industrialized countries, most acute toxic 
inhalations come from industries, home, and rec-
reational sources; new industrial practices and 
materials are increasingly recognized as causes 
of acute lung disease, but much of our present 
knowledge of inhalation injury has been gathered 
from burn units in smoke inhalation injury (SII), 
where pulmonary insuffi ciency is a major cause 
of death (Rabinowitz and Siegel  2002 ). In this 
section, we illustrate the spectrum at imaging of 
lung injury related to acute toxic exposures.  

3.2     Defi nitions and Classifi cation 

 Numerous classifi cation schemes have been 
developed as a way to organize the enormous 
numbers of possible inhaled toxicants (Table  9 ) 
(Rabinowitz and Siegel  2002 ; Miller and Chang 
 2003 ; Nelson and Hoffman  2006 ; McKay  2014 ; 
Borron and Bebarta  2015 ; Salem and Katz  2015 ).

   Table 9    Scheme of possible inhaled toxicants   

 Gases  A state of matter consisting of 
particles that have neither a defi ned 
volume nor a defi ned shape at normal 
temperatures and pressures and can 
expand to occupy an available space 

 Vapors  A condensable gas, that is, a state of 
matter that can be converted to 
another physical form by alterations 
of temperature and/or pressure, but 
there are no signifi cant chemical or 
physical differences between a vapor 
and a gas 

 Fumes  They form when a solid, which has 
been volatilized by evaporation or 
vaporization, condenses in cool air 

 Particulates  Microscopic solid or liquid matter 
suspended in a medium, usually air 
in the Earth’s atmosphere 

 Aerosols  Commonly refers to the particulate/air 
mixture, as opposed to the particulate 
matter alone 

 Dusts  Suspensions of solid particles in a 
gaseous media 

 Smokes  Result from the incomplete 
combustion of carbon-containing 
material including oil and coal 
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   The severity pattern of disease is a function of 
the toxin or mix of toxins ( particle size ,  density , 
 water solubility ,  shape ) that constituted the expo-
sure,  duration  of  exposure ,  minute ventilation , 
and the host factor status of the individual. The 
total inhaled dose is equal to agent concentration 
multiplied by time of exposure and minute venti-
lation (Rabinowitz and Siegel  2002 ; Borron and 
Bebarta  2015 ; Nelson and Hoffman  2006 ; McKay 
 2014 ; Salem and Katz  2015 ). The effects of inha-
lation exposure to toxicants can be thought of as 
follows: simple asphyxiants, tissue asphyxiants, 
nonrespiratory systemic toxicants with pulmo-
nary absorption, and direct airway cellular injury. 
Such injuries in general occur either through 
localized pulmonary damage or by systemic 
absorption after inhalation (Miller and Chang 
 2003 ). 

 Those that cause localized pulmonary dam-
age can be subdivided further into  irritant gases  
(in that the chemical interaction of the agent and 
the water at the mucosal surface of the airways 
and/or other cellular components results in direct 
tissue injury via the generation of acids, alkali, 
or other reactive compounds) and those that 
cause  pulmonary sensitization  (associated with 
the late occurrence of “reactive airway dysfunc-
tion syndrome” or RADS in which subsequent 
exposure to small concentrations of the same 
agent or other potential respiratory irritants 
results in an asthma- like condition with bron-
chospasm, bronchoconstriction, and decreased 
airfl ow; RADS is not associated with immuno-
globulin E-mediated histamine release) 
(Gorguner et al.  2004 ). Those that cause sys-
temic toxicity can be subdivided into  simple 
asphyxiants  (displace atmospheric oxygen fol-
lowing Dalton’s law of partial pressures but are 
otherwise essentially physiologically inert),  sys-
temic asphyxiants  (usually interfere with trans-
port or use of oxygen within tissues and organs; 
some chemicals exert systemic toxic effects 
when absorbed by way of the pulmonary circula-
tion but cause no direct acute airway or lung 
injury),  organophosphates ,  hydrocarbons,  and 
 metal fumes  (Table  10 ) (Rabinowitz and Siegel 
 2002 ; Mokhlesi and Corbridge  2003 ; Borron and 
Bebarta  2015 ; Salem and Katz  2015 ).

3.3        Mechanisms of Toxicity 

 Direct airway cellular injury results from epithe-
lial cell injury and death and from airway edema; 
the  nasopharynx  and  larynx  manifest these cellu-
lar injuries earliest because they are exposed to 
the highest concentrations of inhaled toxicants 

   Table 10    Pulmonary and systemic main inhalational 
toxicants   

 Pulmonary inhalational 
toxicants 

 Systemic inhalational 
toxicants 

  Irritant gases    Asphyxiants  
 Ammonia  Carbon monoxide (CO) 
 Chlorine  Methemoglobin inducers a  
 Formaldehyde  Hydrogen cyanide (HCN) 
 Nitrogen dioxide  Hydrogen sulfi de (H2S) 
 Phosgene  Carbon dioxide (CO 2 ) 
 Hydrogen fl uoride  Nitric oxide (NO) 
 Acrolein  Methane 
 Ozone  Helium, argon, krypton, 

xenon 
  Antigens/sensitizers    Organophosphates  
 Ammonia  Nerve gases 

(cholinesterase inhibitors) 
 Chlorine  Sarin (GB) 
 Formaldehyde  Tabun (GA) 
 Nitrogen dioxide  Soman (GD) 
 Methyl isocyanate (MIC)  Venon X 
 Toluene  Insecticides 
 Vinyl plastics   Hydrocarbons  
 Animal and plants 
proteins 

 Freon 

 Bacteria  Benzene 
 Fungi  Toluene 

 Vinyl chloride 
 Trichloroethylene 
 Trichloroethane 
  Metal fumes  
 Beryllium 
 Cadmium 
 Mercury 
 Nickel 
 Zinc 
 Chromium 

  There can be signifi cant overlap, as many toxicants can fi t 
in multiple categories 
  a Methemoglobinemia is a state of oxidized hemoglobin in 
which the hemoglobin iron is in the ferric state (Fe 31 ) and 

is unable to bind to or transport oxygen  
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(Garnier  1998 ; Mokhlesi and Corbridge  2003 ). 
Gases that are  highly water-soluble , such as 
ammonia, sulfur dioxide, and hydrogen chloride, 
generally cause acute irritant injury to mucus 
membranes, including the eyes and the lining of 
the nose and upper airway, and spare the lower 
respiratory tract. This irritant injury causes 
unpleasant symptoms that often encourage an 
individual to rapidly leave an area of exposure; 
this prevents more severe clinical effects.  Less 
soluble gases , such as phosgene, ozone, and nitro-
gen oxides, often cause no symptoms or ill effects 
in the upper airway. They penetrate into the lower 
airway and cause irritant effects in the bronchi, 
terminal bronchioles, and alveoli. Pulmonary irri-
tants with  intermediate solubility  can produce a 
mixed clinical picture; whether upper or lower 
tract symptoms predominate depends on the dura-
tion and intensity of the exposure. Chlorine gas is 
a prototypical example of an intermediate solubil-
ity irritant and can produce a broad spectrum of 
clinical syndromes depending on the circum-
stances surrounding a given exposure (Rabinowitz 
and Siegel  2002 ). There is a gradual but progres-
sive airway response to direct cellular injury. 
Within a few hours of postexposure, there is 
extensive but mild mucosal edema, no ulceration, 
and deceptively minimal clinical symptoms. Over 
the next 8–48 h, there is progressive airway 
edema, mucopurulent membrane production, and 
bronchorrhea. Within 48–72 h, there is mucosal 
slough and evolution of a membranous 
tracheobronchitis. 

 If toxic agents pass to the level of the  con-
ducting airways , damage to the epithelial cells 
and tight junctions can increase mucosal perme-
ability to other substances, which increases 
infl ammation and cellular damage. This can lead 
to bronchoconstriction, peribronchial edema, 
and bronchial mucosal slough and all can con-
tribute to the development of atelectasis. 
Substances that have lower water solubility and 
particles less than 5 μm in diameter can pene-
trate into the lower respiratory tract. In the  distal 
airways and alveoli , epithelial and endothelial 
injury results in permeability-induced edema. 
This can manifest anywhere from mild intersti-
tial edema to pulmonary insuffi ciency. As in 

other forms of the acute respiratory distress syn-
drome (ARDS), this results in decreased lung 
compliance, increased alveolar-arterial oxygen 
gradient, and increased pulmonary vascular 
resistance (Ferguson et al.  2012 ; Fanelli et al. 
 2013 ). Pulmonary edema may be immediate in 
pulmonary high-concentration toxicant exposure 
or may be delayed 24–48 h postexposure (Miller 
and Chang  2003 ). Aggressive supportive care is 
often lifesaving, and treatment is usually symp-
tomatic with the exception of organophosphates, 
certain chemical asphyxiants, such as cyanide 
and carbon monoxide, and opioid poisonings 
and toxicant-induced methemoglobinemia 
(Endorf and Gamelli  2007 ; Micak et al.  2007 ; 
Heitkamp et al.  2012 ). Airway injury is present 
in up to one-third of patients with major burns. 
Pulmonary insuffi ciency is a major cause of 
death in burn victims from residential or com-
mercial structure fi res and has been shown to 
result from inhalation of toxic products of com-
bustion including the oxides of sulfur, nitrogen, 
aldehyde gases, and particulates, rather than 
from thermal injury. Carbon monoxide is rapidly 
transported across the alveolar membrane and 
binds to hemoglobin. Smoke inhalation also 
adds to mortality from cutaneous thermal burns 
and represents a combination of direct pulmo-
nary injury and systemic and metabolic toxici-
ties (mortality rates are approximately 5–8 %) 
(Table  11 ) (Darling et al.  1996 ).

   Table 11    Factors of lung pathophysiologic response to 
smoke inhalation injury (SII)   

  Smoke lung injury  
 Patient preinjury health status (reactive airway disease 
or chronic lung changes) 
 Direct mucosal injury compromises the mucociliary 
escalator and particulate, mucus, and bacterial 
clearance Increase in bronchial blood vessel 
permeability 
 Tissue destruction and secondary infl ammatory 
response results in mucosal slough 
  Systemic smoke inhalation injury  
 Decrease in cardiac fi lling pressure and cardiac index 
 The infl ammatory effects causing capillary leak are 
complementary following cutaneous burns and 
inhalation Infl ammation within the airways and lung 
parenchymal injury 
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3.4        Clinical Setting, Imaging, 
and Management 

 A detailed history becomes even more important 
in such a patient and may help make a difference 
in the often chaotic setting of the emergency 
department (ED). Laboratory evaluation and arte-
rial blood gas analysis (particularly the anion, 
osmolal, and the oxygen saturation gaps) and sup-
portive measures, including the ABCs (airway, 
breathing, and circulation), may be required 
(Darling et al.  1996 ; Mokhlesi and Corbridge 
 2003 ; Micak et al.  2007 ). Unfortunately, the var-
ied presentations result in a nonspecifi c clinical 
syndrome (toxidrome) and make diagnosis some-
what diffi cult (Micak et al.  2007 ). The Abbreviated 
Injury Scale (AIS) criteria (0, no injury; 1, mild; 
2, moderate; 3, severe; and 4, massive injury) con-
stitute a standardized fi ber- optic bronchoscopic 
(FOB) scoring system for the degree of burn and 
other inhalational injuries (Endorf and Gamelli 
 2007 ; Hassan et al.  2010 ; Albright et al.  2012 ; 
Mosier et al.  2012 ). Serial tracheobronchial wash-
ings for clinical care purposes are usually per-
formed using an antiseptic solution (Miramistin, 
chlorhexidine gluconate). Blood gas analysis, 
functional respiratory tests, and FOB results were 
used to choose an appropriate respiratory support 
tactics in the patients with inhalation injury. 

 Despite substantial limitations (Putman et al. 
 1977 ), radiography of the chest (CXR) remains 
the most widely used method for diagnosis and 
monitoring of many acute inhalational lung dis-
eases. When in admission CXR reveals recent 
infi ltrate, this is evidence of more severe inhala-
tion injury, thereby indicating a worse prognosis 
(Lee and O’Connell  1988 ; Wittram and Kenny 
 1994 ; DiPoce et al.  2012 ). 

 Lung ultrasound (LUS) is an excellent comple-
mentary diagnostic tool in emergency diagnosis of 
tracheal structures, lung consolidation, atelectasis, 
and pleural effusion; patient safety can be enhanced 
by performing procedures under US guidance, e.g., 
thoracentesis and vascular line access (Lichtenstein 
et al.  2004 ; Lichtenstein  2014 ). 

 Thin-section multidetector computed tomogra-
phy (MDCT) of the chest is a more sensitive tool to 
detect inhalation injury, to value its extent, severity, 

and complications, and continues to demonstrate 
previously unidentifi ed characteristics that shape 
our understanding of noxious inhaled toxicant 
injury (Reske et al.  2005 ; Koljonen et al.  2007 ). 
Since the lung has a fairly uniform response to 
toxicant injury, the imaging approach to burn and 
industrial accident victims is similar. Parameters 
such as estimates of the volume of infusion, as well 
as assessment of the need for mechanical ventila-
tion management, the possibility of pneumonia 
development, and outcome are necessary. 

 The severity of the injury at imaging is directly 
related to the concentration of the toxicant and 
the duration of exposure. The choice of imaging 
studies and the information sought in the patient 
with a history of inhalation of a toxic gas vary 
according to the time elapsed since the acute 
event; we can distinguish:

•    The  acute stage or early resuscitation phase  
(the fi rst 24–36 h postexposure, as the time the 
patient is managed in the ED and is usually 
characterized by acute pulmonary insuffi -
ciency); the goal of the radiologist is to docu-
ment the extent of injury and to determine 
whether the toxic gas has been inhaled deeply 
or whether laryngospasm has confi ned the 
injury to the upper airway. A  normal CXR , 
usually obtained in decubitus AP view at the 
often unstable patient’s bedside at ED admis-
sion, may be valuable as a baseline for subse-
quent CXR or follow-up and does not exclude 
parenchymal or airway injury  which may only 
be evident 24–48 h after the acute event  
(ARDS latent period), despite clinical evi-
dence of lung injury (arterial hypoxemia, ele-
vated carboxyhemoglobin levels) (Wittram 
and Kenny  1994 ). An  abnormal CXR  on 
admission is variable in severity and extent, 
indicates a worse prognosis, and may show 
various disease patterns:
    (a)    Subglottic edema with a conical narrowing 

of the airway, tracheal narrowing, diffuse 
peribronchial infi ltration, moderate venous 
congestion, peripherally located small 
round clear bubbles closely arranged to 
each other in a shape resembling a  mulberry, 
and focal or diffuse patchy opacities that 
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usually (if not complicated by ARDS) 
evolve over the fi rst few days or clear within 
4–6 days, most likely due to atelectasis and 
consolidations (Fig.  19 ). Causes of atelecta-
sis include decreased mucociliary clear-
ance, inspissated secretions of the bronchi 
and bronchioles, refl ex bronchoconstric-
tion, and surfactant inactivation.

       (b)    Bilateral diffuse alveolar opacities more 
likely represent progressive noncardio-
genic pulmonary edema, by increased 
permeability diffuse alveolar damage 
(DAD) with resultant transudation into 
the alveolar spaces (ARDS), leading to 

hypoxemia that is refractory to usual oxy-
gen therapy (Ferguson et al.  2012 ). This 
can manifest anywhere from mild inter-
stitial edema to pulmonary insuffi ciency 
(Fig.  20 ). ARDS is the fi nal pathway of 
acute lung injury caused by a variety of 
agents, including inhaled toxins, aspira-
tion, and infection (George et al.  2003 ). 
CXR may help in differentiating it from 
typical pulmonary edema: CXR features 
usually develop 12–24 h after initial lung 
insult, and within 1 week, alveolar pul-
monary edema (hyaline membrane) 
occurs due to type 1 pneumocyte damage. 

  Fig. 19    Integrated imaging (CXR, US, MDCT) of asym-
metrical pattern of airspace disease, greater in the left 
lung, in a 62-year-old man with acute presentation of 
shortness of breath after 24 h of smoke inhalation (SII). 
( a ) CXR on admission shows bilateral consolidations. ( b ) 
Complementary LUS left sagittal scan shows coexistent 
pleural effusion and spots (air bronchogram) in consoli-

dated lung (*). ( c ,  d ) MDCT shows airspace consolida-
tion, air bronchograms, and pre-existing subpleural blebs; 
the bronchial wall thickness (BWT) was 4.2 mm on 
admission, 4.5 mm after 24 h, and 2.4 mm after 7 days 
(see text). Bronchoscopic AIS was 3 (severe injury). He 
developed pneumonia and remained in the ICU for 6 days       
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In  contrast to cardiogenic pulmonary 
edema, which clears in response to 
diuretic therapy, ARDS persists for days 
to weeks. In addition, as the initial radio-
graphic fi ndings of ARDS clear, the 
underlying lung appears to have a reticu-
lar pattern secondary to type 2 pneumo-
cyte proliferation and fi brosis.

          In the  acute exudative phase,  pleural effusion, 
cardiomegaly, and septal lines are typically 
absent (Gluecker et al.  1999 ). Injury may prog-
ress to mucosal sloughing and intrapulmonary 

hemorrhage with mechanical obstruction of 
lower airways, hemoptysis, and fl ooding of alve-
oli. Rarely, early alveolar fl ooding may be caused 
by retrograde bronchorrhea. 

 On CXR lung opacities are bilateral, diffuse, 
patchy, or homogeneous, involving at least three 
quadrants, and cannot be fully explained by pleu-
ral effusion, atelectasis, or nodules (Fig.  21 ) (Lee 
and O’Connell  1988 ; Wittram and Kenny  1994 ; 
DiPoce et al.  2012 ; Fanelli et al.  2013 ). LUS is 
superior to auscultation and complementary to 
bedside CXR in the detection and follow-up of 
the main lung pathologic entities in ARDS (pleural 

  Fig. 20    Integrated imaging (CXR, US, MDCT) in a non-
smoking, previously healthy 35-year-old man was presented 
in the emergency room after an unintentional exposure to 
chlorine gas at a community swimming pool. ( a ) CXR on 
presentation shows patchy bilateral lung consolidations. ( b ) 
Complementary LUS axial scan on the anterior chest at the 

fi fth intercostal space shows focal consolidation ( star ) and 
aerated lung ( arrow ), without pleural effusion. MDCT ( c ) 
axial and ( d ) coronal reconstruction scans better demon-
strate the extent of focal consolidations (*) and GGO areas; 
in ( c ) it has shown an example of radiologist’s score (RADS) 
fi ndings in chest CT axial scan (see text)       
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effusion, alveolar consolidations, and alveolar- 
interstitial syndrome), when considering CT as 
the reference for a correct diagnosis (Lichtenstein  
et al.  2004 ; Lichtenstein et al.  2014 ).

   Few hours after injury, MDCT on admission 
can show subtle ground-glass opacifi cations with 
mainly peribronchial distribution and patchy peri-
bronchial consolidations centrally located (Oh 
et al.  2012 ; Yamamura et al.  2013 ) and can be 
semiquantitatively utilized as a means of stratify-

ing inhalation injury by semiautomated measure 
of the abnormal lung parenchymal areas: each 
quadrant of each slice is scored subjectively add-
ing the highest radiologist’s score (RADS) 
(0 = normal, 1 = interstitial markings, 2 = ground- 
glass appearance, and 3 = consolidation) (Park 
et al.  2003 ; Oh et al.  2012 ). A high RADS score 
(>8 per slice) in addition to a positive bronchos-
copy (high AIS score) was associated with a high 
probability (12.7-fold increase) of pneumonia, 

  Fig. 21    Integrated imaging (CXR, US, MDCT) in a 
43-year-old man working in a chemical industry who was 
admitted to the emergency department with a complaint of 
shortness of breath and hemoptysis, which began 3 h after 
accidental inhalation of nitric acid fumes from falling over 
the unlocked nitric acid container. He was urgently intu-
bated for respiratory failure approximately 5 h after expo-
sure, and copious serosanguinous secretion was aspirated 
from endotracheal tube. ( a ) CXR on admission shows 

bilateral ground-glass opacities. ( b ) Complementary LUS 
sagittal scan on the lateral chest at the seventh intercostal 
space shows focal consolidation in the lower left lobe. 
MDCT ( c ,  d ) axial scans show GGO patchy areas in the 
upper lobes and widespread GGO with early consolida-
tions in both lower lobes and pleural effusion. Nitric acid 
is commonly used in various industries and its accidental 
spillage generates oxides of nitrogen, including nitrogen 
dioxide, a potent lung toxin when inhaled       
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acute lung injury/ARDS, and death, thus showing 
the potential for chest CT to complement bron-
choscopy in detecting clinically signifi cant inhala-
tion injury (Oh et al.  2012 ). Yamamura et al. used 
CT imaging to demonstrate the signifi cant associa-
tion between bronchial wall thickness (BWT) on 
admission and development of pneumonia; BWT, 
measured 2 cm distal from the tracheal bifurcation 
at three time points (at admission, 24 h after, and 
7 days after admission), may be a predictor of the 
severity of SII (Yamamura et al.  2013 ) (Fig.  22 ). 
While the BWT of the normal volunteers is 
<2 mm, on admission BWT cutoff value of 
>3.0 mm can predict the total number of ventilator 
days, ICU stay days, and pneumonia development 
with a sensitivity of 79 %, specifi city of 96 %, pos-
itive predictive value of 91 %, and a negative pre-
dictive value of 88 % (Yamamura et al.  2013 ).

   In the acute exudative ARDS stage, MDCT 
shows a gravitationally dependent gradient, with 
more consolidation in the posterobasal regions, 
as a result of compressive gravitational forces 
(Gattinoni and Pesenti  2005 ). In the acute phase 

of ARDS, MDCT scans, notwithstanding the dif-
fi culties and risks of moving patients from and to 
the ICU, typically show a nonhomogeneous dis-
tribution and a ventrodorsal gradient of density, 
with more dense consolidations in the dependent 
regions, widespread ground-glass opacities, and 
relatively normal or hyperinfl ated parenchyma 
(in case of mechanical ventilation) in nondepen-
dent areas. Atypical ARDS, characterized by pre-
dominantly anterior consolidations in supine 
decubitus, can be observed in 5 % of patients dur-
ing the fi rst stage of the disease, probably due to 
regional differences in ventilation. MDCT pre-
dictors of mortality are >80 % of lung involve-
ment, enlargement of the right atrium, or 
development of traction varicoid bronchiectasis 
(Chung et al.  2011 ; Kligerman et al.  2013 ). 

 In the  subacute stage or postresuscitation phase  
(2–6 days post-injury, characterized by mucosal 
necrosis and slough, viscous secretions, and distal 
airway obstruction with atelectasis, pulmonary 
interstitial edema, and bronchopneumonia), 
imaging studies are directed toward monitoring 

  Fig. 22    Indices of bronchial wall thickness ( BWT ) on 
noncontrast 1 mm helical scan according Yamamura et al. 
( 2013 ) in a case of smoke inhalation injury (SII). The  
 double headed arrows  indicate the measurement of 

bronchial wall thickness ( BWT ) was 3.2 mm on admission 
( a ), 4.2 mm after 6 days ( b ), and 2.8 mm after 10 days ( c ). 
This patient had associated pneumonia and remained in 
the ICU for 13 days       
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pulmonary complications in the hospitalized 
patient (e.g., in burn victims, ranges are from 15 to 
42 %), including infection, septicemia, ARDS, 
barotraumas (usually from intubation and positive 
pressure ventilation), multiorgan failure (MOF), 
and fl uid overload (George et al.  2003 ). In severely 
burned patients in ICU, it may be diffi cult to dis-
criminate among these various components on 
CXR. The most challenging differential diagnosis 
is still between ARDS and cardiogenic edema. 
Because these lung complications are associated 

with a signifi cant increase in mortality, ranging 
from 50 to 89 %, diagnosis of pulmonary injury is 
important for both therapeutic and prognostic con-
siderations and must be performed, if it is possible, 
by thin-slice MDCT. Early signs of barovolutrauma 
often correspond to interstitial emphysema and sub-
pleural cystic airspaces. Subsequently, imaging 
studies can demonstrate the development of pneu-
momediastinum, pneumothorax (often hypertensive 
in mechanically ventilated patients), and subcutane-
ous emphysema (Gattinoni et al.  2006 ) (Fig.  23 ). 

  Fig. 23    A 47-year-old male, working at plating industry, 
was accidentally exposed to HNO3 vapor for 3–4 min. 
After that accident, he shows mild dyspnea. He suffered 
from no underlying disease. Ten hours after exposure, ICU 
admission ( a ) CXR shows diffuse bilateral coalescent 
GGO opacities in lower lobes. Next day ( b ) follow-up 

CXR shows extensive pulmonary consolidations appeared 
at the mid-lower lobes and diffuse subcutaneous emphy-
sema. Four days later, MDCT ( c ,  d ) coronal reconstruc-
tions show bilateral progressing consolidations, pleural 
effusion, and a severe pneumomediastinum with subcuta-
neous emphysema       
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Extracorporeal membrane oxygenation (ECMO) is 
a therapy that has been used in severe cases of 
ARDS when patients fail to improve with tradi-
tional management (Koh  2014 ).

   The  infl ammatory – infection phase  and  chronic 
sequelae of acute exposures  are approximately 
7 days and beyond in the post-injury period and 
continues until there are lung healing and burn 
wound closure. In intermediate or proliferative 
phase of ARDS, reticular opacities may appear in 
the diffuse and persisting background of alveolar 
opacities; however, unless iatrogenic complica-
tions or superimposed pneumonia develops, the 
radiological fi ndings are rather stable in this 
phase. The extent of CT opacities (>80 % of lung 
volume), along with the presence of bronchiecta-
sis, honeycombing, and signs of pulmonary 
hypertension (dilatation of pulmonary arteries 
and right ventricle), indicates early fi brosis and 
predicts mortality (Ichikado et al.  2006 ). In the 
later or fi brotic ARDS stage, MDCT generally 
demonstrates persistent ground-glass densities 
and reticulations, air cysts, and bullae, mainly 
located in the ventral regions of the lung, more 
often than CXR (Masclans et al.  2011 ). Late 
exposure complications such as occupational 
asthma, reactive airway dysfunction syndrome 
(RADS), increased airway responsiveness, and 
decreased residual volume have been described. 
Chronic effects of lower respiratory tract injury 
include bronchiolitis obliterans, bronchiolitis 
obliterans organizing pneumonia (BOOP), and 
pulmonary fi brosis. Bronchiolitis obliterans pro-
duces a pattern of fi xed airway obstruction that 
may develop several weeks after injury, follow-
ing a period in which symptoms improve. 
Granulation tissue plugs develop within small 
airways and alveolar ducts, accompanied by 
small airway destruction with obliterative fi brous 
scarring.  

3.5     Some Unique Pulmonary 
Acute Toxins and Toxicants 

3.5.1     Smoke Inhalation Injury (SII) 
 “Smoke inhalation” is a generic term that refers 
to a potential exposure to a wide variety of 

 substances because of the complex chemistry of 
heat decomposition and pyrolysis (Glazer  2003 ; 
Miller and Chang  2003 ). Thermal airway injury 
is generally limited to supraglottic structures, 
whereas injury to the lower airway is chemical in 
nature. Smoke inhalation injury (SII) compli-
cates burns in approximately 10–20 % of patients 
and is a major cause of mortality in burn patients 
because it can trigger pneumonia, acute respira-
tory distress syndrome (ARDS), and problems 
with fl uid balance (El-Helbawi and Ghareeb 
 2011 ; You et al.  2014 ). Victims of fi re accidents 
may be divided into three categories: those suf-
fering only cutaneous injury, those with cutane-
ous and inhalational injury, and those with 
inhalational injury alone (Dries and Endorf 
 2013 ). Cutaneous burns are assessed in percent 
of total body surface area (TBSA) affected by the 
burn and by evaluating the burn depth. The soot 
present on the face, in the nose, or in the mouth of 
a fi re victim must raise the suspicion of the inha-
lation injury. The injury may be limited to the 
upper airways and manifested by nasopharyngeal 
irritation, hoarseness, stridor, and dry cough or 
may extend deeper causing tracheobronchial and 
alveolar destruction with the symptoms of dys-
pnea, chest discomfort, bronchial breath sounds, 
wheezing, rales, cyanosis, and carbonaceous spu-
tum. An abnormal CXR in the fi rst 48 h was 
stated to be a poor prognostic indicator (Wittram 
and Kenny  1994 ; Miller and Chang  2003 ). The 
noxious products of combustion induce a laryn-
gotracheobronchitis that may be severe enough to 
be hemorrhagic, ulcerative, or necrotizing. 
Surfactant and the surfactant-producing type II 
pneumocytes may be destroyed or damaged, 
leading to a DAD, loss of lung compliance, and 
the damaged vascular endothelium leading to an 
increased microvascular permeability with resul-
tant edema (Fig.  24 ).

3.5.2        Paraquat (PQ) 
  Paraquat  is a diquaternary amine aromatic non-
selective herbicide whose unintentional or 
intentional poisoning and mucosal exposure 
can result in frequently fatal pulmonary toxic-
ity, and this is why it is restricted in some coun-
tries. Although it can induce oxygen radical 
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formation in all tissues, a structural homology 
results in its active uptake by pneumocytes 
from the circulation. The high concentration of 
polyamine transporters on the luminal side of 
the type I and type II pneumocytes and club 
(formerly Clara) cells results in as much as a 
tenfold concentration of PQ in the pneumocytes 
(Zhang et al.  2013 ). Should patients survive the 
initial caustic ingestion, progressive pulmonary 
fi brosis with death occurring up to a month 
later can be expected. In the shortly exposed 
survivor group, thin-section CT may show 
ground-glass opacities, consolidations, pleural 
effusion, and early fi brosis fi ndings (Im et al. 
 1991 ; Lee et al.  1995 ; Kim et al.  2009 ; Zhang 
et al.  2013 ).  

3.5.3     Silica 
 More commonly, chronic inhalation of small 
amounts of silica (SiO 2 ), 0.05 mg/m 3 , results in 
predominantly upper lung zone deposition of 
silica dust that leads to the formation of 1-mm 
to 10-mm infl ammatory nodules and results 
in local tissue damage. With high-intensity sil-
ica acute inhalation, as might be rarely seen in 
sandblasting or mining, a proliferation of type 
II pneumocytes can occur, with alveolar pro-
teinosis from excessive surfactant production. 
This condition is known as acute silicosis also 
called silicoproteinosis (Dee et al.  1978 ; 
Marchiori et al.  2007 ). Thin-section CT scans 
show a diffuse GGO (ground-glass opacity) or 
alveolar pattern with septal thickening, similar 

  Fig. 24    A 44-year-old man with extensive burns (24 % 
TBSA) from intentional pouring of petrol, who was then 
set on fi re, with acute presentation and early ICU admis-
sion. On the fi rst day, bedside ED ( a ) CXR shows bilateral 
consolidations. On the fourth day, ( b ,  c ) MDCT axial 

scans show diffuse bilateral ground-glass opacities spar-
ing the lung periphery and the absence of pleural effusions 
that are typical of noncardiogenic pulmonary edema. ( d ) 
Follow-up CXR on the sixth day shows right 
pneumothorax       
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to pulmonary  alveolar proteinosis (Buechner 
and Ansari  1969 ) (Fig.  25 ).

3.6         Summary 

 The lungs can be an effi cient means for the 
absorption of inhaled toxicants, resulting in air-
way and pulmonary injury or systemic toxicity. 

Although a few specifi c antidotes exist for inhaled 
toxicants, the syndrome of acute inhalation injury 
and clinical therapeutics are linked by common 
pathways of pathophysiology. Understanding and 
prompt diagnosis of the main imaging patterns of 
acute inhalation injury can simplify the decision-
making process for the emergency physicians 
when confronted with a patient exposed to a 
myriad of potential inhaled toxicants.      

  Fig. 25    A rare case of acute silicosis in a 45-year-old- 
man that was heavily exposed (buried for about 7 h) to 
very high concentrations of fi ne silica debris due to the 
outbreak of his house. He suffered from no underlying 
disease and had bilateral femoral necks and acetabular 
comminuted fractures. After about 1 week from the 

trauma, he presented dyspnea and dry cough. On the sixth 
day, ( a ) CXR showed diffuse ground-glass appearance of 
all lung fi elds. On the eighth day, chest MDCT ( b ,  c ) coro-
nal and ( d ) sagittal reconstructions showed a “crazy- 
paving” pattern, highly suggestive of secondary alveolar 
proteinosis       
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     Pleural Diseases                      

     Selen     Bayraktaroglu      and     Chiara     Andreoli    

    Abstract 

  Pleurisy and Empyema 
 Pleural diseases are common and represent a 
signifi cant contribution to the workload of 
emergency department. 

 Patients with pleural effusions may be 
asymptomatic; however, they generally pres-
ent with symptoms such as pleuritic chest pain 
or dyspnea.  
  Imaging of Spontaneous Pneumothorax 
 Spontaneous pneumothorax is a relatively 
common cause of thoracic pain in young, thin, 
and tall males without preexistent lung dis-
eases, although it is known that its occurrence 
is due to the rupture of underlying small sub-
pleural bullae and blebs at the lung apices, 
found at thoracoscopy or detected on CT. 

 Signs and symptoms may be nonspecifi c, 
and often the clinical suspicion requests a 
diagnostic confi rmation, primarily based on 
X-rays and, in complicated cases, on CT: in 
this chapter, the authors will review the radio-
logical and CT signs of spontaneous pneumo-
thorax and will discuss signs which can 
predict its recurrence and informations which 
strongly infl uence the management and the 
treatment choice.           S.   Bayraktaroglu    (*) 
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1       Pleurisy and Empyema 

    Selen     Bayraktaroglu     

1.1     Introduction 

 Pleural diseases are common and represent a sig-
nifi cant contribution to the workload of emer-
gency department. 

 Patients with pleural effusions may be asymp-
tomatic; however, they generally present with 
symptoms such as pleuritic chest pain or dyspnea.  

1.2     Terminology and Clinical 
Issues 

 The pleura is composed of visceral and parietal 
layers. The lungs and interlobar fi ssures are cov-
ered by the visceral pleura. The parietal pleura 
lines the mediastinum, ribs, and diaphragm. 
These two layers of pleura are continuous with 
one another. The area between the two layers is 
the pleural space. Normally, there is a small 
amount of fl uid within pleural cavity (Collins and 
Sten  2008 ; White et al.  2009 ). Pathological pro-
cesses may lead to the development of pleural 
effusions by causing disequilibrium between the 
rates of pleural fl uid formation, pleural permea-
bility, and pleural fl uid absorption (Sahn  2008 ). 
The pleural fl uid can originate from the pleura or 
may be extrapleural in origin. Pleural effusions 
may also be seen in the setting of infectious and 
infl ammatory diseases, malignancies, and cardio-
vascular and systemic diseases (Table  1 ).

1.3        Imaging 

  The chest X-ray  ( CXR ) remains the initial exami-
nation of choice in the investigation of pleural 
disease.  Ultrasound  ( US ) is an easily applicable, 
cheap, and radiation-free method and is most fre-
quently used to assess pleural disease detected on 
CXR. It can be performed at bedside. In addition 
to confi rmation of pleural effusion, it may be 
used to guide aspiration or chest-drain insertion 
(Evans and Gleeson  2004 ).  Computed tomogra-

phy  ( CT ) is a method that not only detects pleural 
space but also gives information about the lung 
parenchyma, mediastinum, and chest wall. CT 
has ability to determine the presence of pleural 
fl uid loculations and pleural thickening, and it is 
the best method to differentiate peripheral lung 
abscess from empyema (King and Thomson 
 2002 ; McLoud  1998 ). Pleural fl uid collections 
and pleural thickening that remain undetermined 
after CT may undergo  magnetic resonance imag-
ing  (MRI) (Falaschi et al.  1996 ). 

  Positron emission tomography  ( PET ) or  posi-
tron emission tomography - computed tomography  
( PET - CT ) is used in the detection of pleural 
malignancy and in differentiation between benign 
and malignant pleural disease (Duysinx et al. 
 2004 ; Goldsmith and Kostakoglu  2000 ).  

1.4     Pleural Effusion 
and Emphyema 

 The appearance of pleural effusion depends on 
the patient’s position at the time of the radio-
logic examination. Pleural fl uid tends to col-
lect along dependent surfaces. In an upright 
person, fl uid collects mainly in the lower 
pleural space, and accumulation of 200 mL or 

   Table 1    Causes of pleural effusion   

  1.  Infectious diseases (bacterial and viral pleurisy, 
tuberculosis) 

  2.  Collagen vascular diseases (lupus pleuritis, 
rheumatoid pleurisy) 

  3.  Neoplasm (pleural metastases, mesothelioma, 
leukemia, Non-Hodgkin lymphoma) 

  4. Pulmonary embolism 

  5.  Cardiovascular disease (congestive heart failure, 
constrictive pericarditis) 

  6. Uremic pleuritis 

  7. Hypoalbuminemia 

  8. Chylothorax 

  9. Drug-induced pleural disease 

 10. Hypothyroidism 

 11. Pancreatitis 

 12. Subdiaphragmatic abscess 

 13. Hepatic hydrothorax 

 14. Trauma 
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more of fl uid leads to blunting of the lateral 
costophrenic sulcus. However, it is important 
to note that the plain fi lm can be normal with 
up to 500 mL fl uid (Blackmore et al.  1996 ; 
Collins et al.  1972 ). As the amount of pleural 
fl uid increases, the diaphragm appears fl at-
tened and a homogeneous lower zone opac-
ity with a concave upward border develops. 
Occasionally, a large amount of pleural fl uid 
may accumulate in the subpulmonic loca-
tion and may be diffi cult to diagnose on erect 
CXR. In case of subpulmonic effusion, the 
upper edge of the fl uid mimics the contour of 
the diaphragm on the chest radiograph creating 

an appearance similar to elevated diaphragm 
(pseudo-diaphragm). However, the peak of the 
elevated pseudo-diaphragm is more laterally 
located than normal (Müller  1993 ) (Figs.  1  and  2 ). 
The lateral decubitus view is sensitive in the 
detection of pleural fl uid and can demonstrate 
as little as 5 mL of fl uid. Large amounts of 
fl uid can be missed on a supine radiograph. 
On a supine radiograph, as fl uid accumulates 
on dependent surfaces, a general increased 
haziness over the lower pulmonary zones or a 
density over the apex of hemithorax develops 
(Fig.  3 ). Blunting of costophrenic angle may 
be seen (Müller  1993 ; Henschke et al.  1989 ). 

  Fig. 1    Posteroanterior chest X-ray of a patient with 
right subpulmonic pleural effusion. Subpulmonic 
effusion can simulate elevated diaphragm. The peak of 
the elevated pseudo-diaphragm is more laterally located 
than normal (The  black arrow  demonstrates the peak 
point of left diaphragm, the  white arrow  shows the 
laterally located peak point of left pseudo-diaphragm)       

  Fig. 2    Right lateral decubitis projection shows right 
pleural effusion by demonstrating the dependent 
layering of pleural fl uid ( white arrows )       
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Loculated effusions can appear confusing on 
CXR and may be diffi cult to distinguish from a 
peripheral lung abscess. The loculated effusion 
is generally lenticular in shape and does not 
shift freely in the pleural space with changes 
in patient position. Incomplete layering may be 
detected on decubitis fi lms (King and Thomson 
 2002 ). Infectious pleural effusions are most 
commonly associated with pneumonia and are 
defi ned as a parapneumonic effusion. Other 
mechanisms where the pleura may be contami-
nated by infecting organisms are the rupture 
of subpleural tuberculous foci or dissemina-
tion of infectious particles by the bloodstream. 
Intra-abdominal infections may reach the 
pleural space passing through the diaphragm. 
Penetrating injury to the chest wall or rupture 
of esophagus can also result in the introduc-
tion of organisms into the pleura (Rahman and 
Davies  2008 ).

     Parapneumonic effusions can be separated 
into three stages.
    1.    Exudative stage   
   2.    Fibropurulent stage   
   3.    Organizing stage     

 In the  exudative stage  of parapneumonic effu-
sion, pneumonic process causes infl ammation of 
the visceral pleura and results in the accumula-
tion pleural fl uid. The pleural fl uid in this stage is 
characterized by negative bacterial studies. 
Pleural thickening may be seen in 50 % of cases 
at this stage (Rahman and Davies  2008 ; Kienzl 

et al.  2012 ). The  fi bropurulent stage  is caused by 
pus in the pleural space. The pleural fl uid in this 
stage is infected and is characterized by positive 
bacterial studies. Progression to emphyema 
occurs in this stage. At this stage, the split pleura 
sign is seen on contrast material–enhanced CT 
images. There is enhancement of the thickened 
inner visceral and outer parietal pleura, with sep-
aration by a collection of pleural fl uid (Fig.  4 ) 
(Rahman and Davies  2008 ; Kraus  2007 ). As the 
disease progress to  organizing stage , fi broblasts 
grow into the pleural fl uid from both the visceral 
and parietal pleura leading to pleural fi brosis. CT 
fi ndings at this stage include thickened pleura 
with multiple loculations. The thickened pleura 
may calcify. Expansion of extrapleural fat and 
periosteal changes at adjacent ribs develops. 
Inability of the lung to expand after tube thora-
costomy is seen at this stage (Light  2006 ). 
Extensive pleural calcifi cations may be associ-
ated with minimal pleural fl uid. This fi nding is 
important because residual infection in pleural 
space may extend to adjacent chest wall and lead 
to empyema necessitatis or may result in 
 bronchopulmonary fi stula formation (Fig.  5a, b ) 
(Collins and Sten  2008 ). On ultrasound, pleural 
fl uid is most frequently seen as an anechoic or 
hypoechoic collection.

    The majority of parapneumonic effusions and 
empyemas are associated with septations, and the 
pleural fl uid at this stage appears hyperechoic on 
US examination. Pleural thickening is hard to 

  Fig. 3    Pleural effusion on left hemithorax on a supine 
radiograph. The pleural fl uid accumulates on dependent 
surfaces leading to an increased haziness over the left 
pulmonary zones. There is blunting of left costophrenic 
angle       
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  Fig. 4    The split pleura sign in emphyema. Contrast-
enhanced axial CT image show enhancement of the 
thickened inner visceral ( white arrow ) and outer 
parietal pleura ( black arrow ) with separation by a 
collection of pleural fl uid       

a

b

  Fig. 5    ( a ) Empyema necessitatis in a patient with prior his-
tory of tuberculosis pleurisy. Contrast-enhanced axial and 
coronal CT images show thick and calcifi ed pleural layers 
and associated pleural fl uid between the pleural layers. There 

is extension of pleural infection to the thoracic wall ( white 
arrows ). ( b ). Axial and coronal fused PET-CT images show 
increased  18 F-fl urodeoxyglucose ( 18 F-FDG) uptake at level 
of chest wall extension of pleural infection ( white arrow )       
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visualize sonographically and if confi rmation of 
this is required, contrast-enhanced CT should be 
performed. Apparently, there is no defi nitive cor-
relation between US appearance and the stage of 
evolution of the effusion (Gleeson  2008 ). 

 Sometimes it may be diffi cult to differentiate 
between empyema and a pleural-based pulmo-
nary abscess. The pulmonary abscess appears 
round in shape and forms an acute angle with 
the chest wall. However, empyemas usually 
form an obtuse angle with the chest wall. 
Pulmonary abscesses tend to have thicker walls 
than empyemas. The “split pleura” sign refer-
ring to the separation of enhancing parietal and 
visceral pleura is seen in empyema and can be 
used also to differentiate it from an abscess 
(Gleeson  2008 ).  

1.5     Chylothorax 

 Chylothorax is defi ned as an accumulation of 
chyle in the pleural space most often secondary 
to thoracic duct injury or malignant invasion. The 
largest part of the thoracic duct lies in the right 
hemithorax, and the thoracic duct drains into the 
junction of the left axillary and internal jugular 
veins. Most chylous effusions are right sided as 
expected from this anatomic location. The atten-
uation of chylous effusions at CT may be low due 
to the fat content of the fl uid. However because of 
the rich protein content of the chyle, it is gener-
ally diffi cult to differentiate it from other effu-
sions (Radiographic et al.  1997 ).  

1.6     Malignant Effusion 

 Metastatic seeding of the pleura is seen most com-
monly in lung, breast, ovarian, and gastrointestinal 
carcinomas. Primary pleural tumors such as meso-
thelioma and pleural lymphoma are rare. Certain 
infi ltrative hematologic malignancies (e.g., acute 
myeloid leukemia) may also involve the pleura 
(Kienzl et al.  2012 ; Bonomo et al.  2000 ; Sahn 
 1997 ). Most patients with pleural metastases have 
large amount of effusions. However, the defi nitive 
diagnosis of malignant pleural disease generally 
requires pleural fl uid cytologic examination, 

 pleural biopsy, or even open chest surgery (Collins 
and Sten  2008 ; Gleeson  2008 ). Contrast-enhanced 
CT is the most commonly performed study in 
patients with suspected malignant pleural effusion 
and negative cytology on aspiration. CT signs 
indicating for both primary and metastatic dis-
eases of pleura include thickening of the mediasti-
nal pleura, parietal pleural thickening of greater 
than >1 cm, and focal and/or diffuse nodularity of 
the pleura. Using these criteria for assessment, 
contrast- enhanced CT has been shown to have a 
sensitivity of >80 %. CT examination may also 
give information about associated metastases 
(Fig.  6 ). Pleural or diaphragmatic nodules can be 
detected sonographically in cases with pleural 
metastases, but CT is better than US for the evalu-
ation of pleural thickening (Evans and Gleeson 
 2004 ; Leung et al.  1990 ). US can be used as a tool 
to aid thoracentesis. MRI is superior to CT in the 
detection of small pleural nodules. However, the 
respiratory and cardiac motion artifacts are the 
major drawbacks of MRI examination (McLoud 
 1998 ; Gleeson  2008 ). PET and PET-CT have an 
increasing impact in the diagnosis of malignant 
pleural tumors. Several studies have mentioned the 
high accuracy of 18F-FDG PET/CT in differenti-
ating benign and malignant pleural disease, espe-
cially in the setting of indeterminate CT fi ndings. 
Increased pleural FDG uptake usually indicates 
the presence of pleural metastases (Fig.  7 ) 
(Schaffl er et al.  2004 ; Kramer et al.  2004 ). PET/
CT also plays an important role in tumor staging to 
detect distant metastases and to monitor therapy 
response. The disadvantage of PET or PET-CT is 
that they poorly discriminate between infective 
and malignant causes. Nonspecifi c FDG uptake 
can be seen in patients who have undergone prior 
talc pleurodesis, radiotherapy, intrapleural chemo-
therapy, etc. (Duysinx et al.  2004 ; Erasmus et al. 
 2000 ). Small volume disease or low grade malig-
nancies such as epitheloid mesothelioma can 
hardly be detected with PET (Makis et al.  2012 ).

1.7         Management and Treatment 

 Interventional procedures such as thoracentesis, 
percutaneous drainage, and pleural biopsies are 
generally performed with the guidance of imaging 
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  Fig. 6    Pleural metastases in a patient with breast cancer. 
Posteroanterior chest X-ray and axial contrast-enhanced 
CT images show left-sided pleural effusion, pleural 

 thickening, and pleural mass lesions ( white arrows ). 
There is asymmetry at level of soft tissues due to left 
mastectomy       

  Fig. 7    Pleural carcinomatosis. Coronal CT, PET, and PET-CT fusion images show pleural thickening and increased 
pleural  18 F-fl urodeoxyglucose ( 18 F-FDG) uptake       
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techniques. Imaging guidance helps identifi cation 
of the correct placement site and proper insertion of 
the catheter into the pleural cavity and also helps to 
avoid complications that can occur during the pro-
cedure. The modality of choice depends on several 
factors such as the location, size, complexity of 
pleural fl uid, local availability of the equipments, 
and experience of the operator. US can detect small 
amount of fl uid in pleural cavity so it is commonly 
preferred in bedside percutaneous aspiration and 
catheter drainage of uncomplicated pleural fl uid. 
CT is generally preferred in case of encapsulated, 
 loculated complex pleural collections. Depending 
on the characteristics of the pleural fl uid such as the 
amount, pH, glucose levels, bacteriological  features, 
the proper therapeutic method is selected in case of 
parapneumonic effusion (Light and Rodriguez 
 1998 ). Therapeutic methods can vary from thera-
peutic thoracentesis, insertion of thoracostomy 

tube, administration of thrombolytics to decortica-
tion surgery. Malignant pleural effusion which can-
not be controlled by systemic chemotherapy is 
treated interventionally. The treatment options may 
be repeated thoracentesis, pleural sclerosis by injec-
tion of intrapleural drugs, and long-term pleural 
catheters (Noukoua Tchuisse et al.  2007 ). 

 Reexpansion pulmonary edema (RPE) is a 
rare but important complication that may occur 
after treatment of lung collapse caused by pleural 
effusion. The rapid reexpansion of a chronically 
collapsed lung, after removal of a large amount 
of fl uid from the pleural space may lead to 
RPE. The condition appears within 1–24 h after 
the evacuation. Radiologically, alveolar fi lling 
pattern is seen within a few hours of reexpansion 
of the lung. It is usually unilateral and is detected 
in those portions of lung that were previously 
collapsed (Fig.  8 ) (Tarver et al.  1996 ). The 

  Fig. 8    Reexpansion pulmonary edema in a patient with 
mesothelioma. Axial chest CT image at lung window set-
tings show ground glass areas and air space opacities in 
left lung after thoracentesis. CT images at mediastinal 

window settings shows left pleural effusion ( white aster-
isk ) and pleural thickening at level of left costophrenic 
sinus ( white arrows )       
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 treatment is generally supportive. As a preven-
tion, limitation of therapeutic thoracentesis to 
1000 mL is advised (Light et al.  1980 ).

2         Imaging of Spontaneous 
Pneumothorax 

    Chiara     Andreoli        

2.1     Introduction 

 Pneumothorax is defi ned as the presence of air in 
the pleural cavity, between the lung and the pari-
etal pleura. 

 It represents a relatively common cause of 
admission to the emergency department, with a 
reported incidence of 18–28/100,000 cases per 
year for men and 1.2–6/100,000 cases per year 
for women (Noppen  2010 ; Bense et al.  1987 ; 
MacDuff et al.  2010 ). 

 Pneumothorax can be distinguished in “pri-
mary spontaneous pneumothorax” (PSP) that 
occurs in healthy patients without obvious causes 
and secondary spontaneous pneumothorax (SSP), 
due to underlying predisposing diseases, such as 
emphysema, tuberculosis, fi brosis, etc (MacDuff 
et al.  2010 ). 

 Primary pneumothorax occurs more fre-
quently in young, thin, and tall males without 
predisposing lung disease, although it is known 
that its occurrence is due to the rupture of under-
lying small subpleural bullae and blebs at the 
lung apices, found at thoracoscopy or detected on 
CT: these conditions are called  emphysema - like 
changes  (ELCs) (Currie et al.  2007 ; Lesur et al. 
 1990 ; Donahue et al.  1993 ). 

 It seems that smoking increases the risk of 
developing primary pneumothorax nine times in 
young people, although the mechanism is 
unknown. Secondary pneumothorax (SSP) 
occurs when an underlying lung pathology exists: 
the most frequent predisposing pathological con-
ditions are obstructive airway disease, emphy-
sema, tuberculosis, interstitial lung disease, pul-
monary fi brosis, histiocytosis X, sarcoidosis, and 
pulmonary infections (Currie et al.  2007 ). 

 Clinically, patients with SSP are more severe 
than those with PSP, because of preexisting pul-
monary disease, which reduces their ventilation 
ability and requires several days of hospitaliza-
tion and a more complex management. 

 Pneumothorax can be clinically silent for sev-
eral days before the onset of symptoms, and often, 
their severity is independent from the extension of 
pneumothorax. The severity of symptoms is the 
factor that most of all infl uences the diagnostic-
therapeutic management; the more typical symp-
toms are chest pain, dyspnea, and breathlessness 
(MacDuff and MacDuff  2009 ; Harcke et al.  2007 ). 
When severe symptoms and signs as cyanosis, 
sweating, severe tachypnea, tachycardia and hypo-
tension, and cardiorespiratory distress appear, ten-
sion pneumothorax must be considered, which is a 
true medical emergency, causing mediastinal shift 
and cardiovascular collapse.  

2.2     Diagnosis 

 The clinical suspicion, based on typical symp-
toms as abrupt onset of pleuritic pain and breath-
lessness and typical signs as reduced breath 
sounds, decreased ipsilateral chest expansion, 
and hyperresonant percussion at clinical exami-
nation, is usually confi rmed by imaging tech-
niques which may also yield informations about 
the size of the pneumothorax and the amount of 
air visible between the lung and chest wall: 
according to the British Thoracic Society guide-
lines, small pneumothorax is considered when 
the space between the lung edge and chest wall is 
<2 cm and large pneumothorax when this space 
is >2 cm at chest radiograph (MacDuff et al. 
 2010 ; Currie et al.  2007 ). 

 Chest radiography is routinely used for the 
diagnosis, while in complex cases, the use of CT 
is recommended. Chest ultrasound is used in 
some centers, especially in case of pediatric 
patients and pregnant women, in order to reduce 
radiation dose exposition. 

2.2.1     X-ray 
 Usually, the standard erect posteroanterior chest 
radiograph is considered adequate for the diagno-

Pleural Diseases



268

sis, although it is limited in accurately quantify-
ing pneumothorax size. 

 The advent of digital chest imaging has imple-
mented the visualization of pneumothorax due to 
the ability to change the window, allowing to bet-
ter visualize the interface between the lung edge 
and pleural cavity. 

 Specifi c signs of pneumothorax at chest radio-
graph are (Figs.  9 ,  10 , and  11 ):
•       The visualization of the visceral pleural edge 

as a very thin, sharp, white, convex-shaped 
line which runs parallel to the chest wall  

•   The absence of the lung parenchyma periph-
eral to this line  

•   Radiolucency of the peripheral space com-
pared to adjacent lung  

•   In up to 50 % of cases, an air-fl uid level visible 
in the costophrenic angle (arrow in Fig.  9a )  

•   In severe cases, collapse of the lung  
•   Mediastinal shift in case of tension pneumo-

thorax (Fig.  11a )    

 While the diagnosis of PSP is easier because 
of the normality of the adjacent parenchyma, 

the diagnosis of the SSP may be harder: the 
presence of bullous lung disease can indeed 
lead to the erroneous diagnosis of pneumotho-
rax; in complex cases, the use of CT is recom-
mended, especially if interventional treatment 
is the choice (MacDuff et al.  2010 ). 

 Generally there is no need to request an expi-
ratory fi lm in the daily practice, because it does 
not always provide additional benefi ts in the rou-
tine assessment of pneumothorax (Schramel 
et al.  1996 ; Seow et al.  1996 ). In expiratory 
phase, the lung becomes smaller and denser, and 
the pneumothorax is better visible, although it 
seems more conspicuous. 

 In patients who cannot stand erect, if the use 
of CT scan is avoided for dosimetric reasons, and 
it is uncertain whether a pneumothorax is present 
or not, the use of additional projections such as 
the lateral view may provide additional informa-
tions (Glazer et al.  1989 ), although it is not rou-
tinely used in daily clinical practice: it should be 
 performed with the suspected affected side up, 
and it is based on the assumption that the lung 
will “fall away” from the chest wall and that 

a b

  Fig. 9    In ( a ) Spontaneous pneumothorax causing partial 
collapse of the right lung, denser than the contralateral. 
The thin pleural line and the lack of the pulmonary paren-
chyma peripherally are clearly demonstrated. An air-fl uid 

level is seen in the costophrenic angle ( black arrow ), due 
to pleural effusion. No mediastinal shift is visible. In ( b ), 
check after placement of drainage tube, with apex to the 
third intercostal space       
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a b

  Fig. 10    In ( a ) Large pneumothorax causing compression of the left lung, depression of the hemidiaphragm and medi-
astinal shift. In ( b ), after placement of drainage tube, the pneumothorax is well drained       

a b

  Fig. 11    Tension pneumothorax. In ( a ) a large pneumo-
thorax causes compression of the mediastinal structures, 
with shift of the heart and trachea and depression of the 

 hemidiaphragm. The left lung is collapsed. In ( b ), after 
positioning of a small drainage tube ( white arrow ), the 
pneumothorax is totally resolved       

allows to better visualize the free air in the pleu-
ral space. 

 The tension pneumothorax represents a true 
thoracic emergency, due to compression of the air 
on mediastinal structures, and it should be 
promptly treated. 

 The compression of mediastinal structures is 
clearly visible on the X-rays as the shift of the heart 
and trachea to the contralateral side and depression 
of the hemidiaphragm on the affected side (Fig.  11 ). 
Often, it is clinically suspected and should be 
treated promptly even before performing an X-ray. 

 

 

Pleural Diseases



270

   Mimics on X-radiographs 
 In the clinical practice, we are often facing with 
artifacts that can mimic the presence of a pneu-
mothorax and that should be known to avoid mis-
takes, especially if the treatment is the choice: the 
medial border of the scapula can mimic the lung 
edge, and skin folds overlying the chest wall also 
can simulate a visceral pleural line; these mis-
takes are accentuated by the fact that a character-
istic reduction of lung markings is often present 
in the upper zones of the lung, especially in 
children. 

 If the doubt persists, it is useful to repeat the 
radiographs removing the clothes or reposition-
ing the arms. 

 Occasionally, a large bulla can mimic a pneu-
mothorax: in that case, if there is still doubt, CT 
can be performed (MacDuff et al.  2010 ).   

2.2.2     Ultrasound 
 Thoracic ultrasound is a promising technique, 
increasingly used in the shock room to quickly 
diagnose the presence of traumatic pneumotho-
rax in unstable trauma patients. In B mode 
modality, normal lung interface with pleura 
shows lung sliding with vertical comet tails 
running down from the pleural surface. In case 
of pneumothorax, this sliding and the comet tail 
artifacts are absent. M mode can be used to 
confi rm or to exclude movement of the lung 
within the rib interspace. Small air collections 
in the pleural space are best appreciated 
 anteriorly in the supine position, whereas large 
pneumothorax is well seen laterally in the 
midaxillary line (Husain et al.  2012 ; Stone 
 2008 ; Lichtenstein et al.  2005 ; Ianniello et al. 
 2014 ; Zhang et al.  2006 ). According to the lit-
erature, in polytrauma patients, the sensitivity 
and specifi city of US for the detection of 
 pneumothorax ranged from 86 to 98 % and 97 
to 100 %, respectively, against the supine AP 
chest radiographs that has a sensitivity for the 
detection of pneumothorax from 28 to 75 % 
(Wilkerson and Stone  2010 ). 

 As well as for trauma patients, in which it is 
impossible to perform X-rays in the upright posi-
tion, thoracic ultrasound can be useful to check 
spontaneous pneumothorax in limited cases, such 

as in children and pregnant women, for dosimet-
ric reasons.  

2.2.3     Computed Tomography (CT) 
 As mentioned above, computed tomography is 
occasionally performed when the radiographic 
diagnosis of pneumothorax is unclear or in com-
plex cases, for example, in order to distinguish a 
pneumothorax from a large emphysematous 
bulla, or when there is a clinical-radiological dis-
crepancy (MacDuff et al.  2010 ). 

 CT is considered a highly reliable and decisive 
technique only if done with rigorous method: a 
high-resolution CT scan of the thorax should be 
performed with spiral scanner, acquiring images 
with slice thickness of 1 mm and section spacing 
of 10 mm. The lung window is used to analyze the 
lung parenchyma, looking for underlying patho-
logical conditions, while the mediastinal window 
is useful to confi rm the presence of pleural fl uid or 
hemorrhagic collections (Shi-ping  2010 ). 

 If carried out following these parameters, CT 
is a method considered the “gold standard” in the 
detection of small pneumothorax, also called 
“occult pneumothorax,” and in size evaluation 
(MacDuff et al.  2010 ). If the surgical procedure is 
the choice, it’s also often used before it, in order 
to better study the underlying lung abnormalities, 
such as interstitial lung disease and enphysematic 
disease (Figs.  12  and  13 ).

    Pneumothorax is very easily identifi ed on CT 
and should not be a diagnostic challenge: it shows 
as a black band (air) around the often collapsed 
lung; sometimes, pleural fl uid or hemorrhagic col-
lections are present, and this condition are called 
hydro-/pneumothorax or hemo-/pneumothorax. 

 In addition to the diagnostic confi rmation in 
emergency setting, the added value of CT scan is 
that CT fi ndings can predict pneumothorax recur-
rence (Mitlehner et al.  1992 ; Warner et al.  1991 ), 
through direct visualization of invisible fi ndings 
on radiographs such as little bullae and blebs 
located in lung apices (Fig.  14 ) (Ouanes-Besbes 
et al.  2007 ; Verschoof et al.  1988 ; Lippert et al. 
 1991 ).

   Indeed, the fi nding of dystrophic lesions in the 
lung of patients affected by recurrent pneumotho-
rax is very common: in a recent paper, Lamia 
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a b

c

d

  Fig. 12    In ( a ), the radiogram shows diffuse fi brosis of 
the lung parenchyma bilaterally and a voluminous air col-
lection confi ned in the left base ( black arrow ). The CT 
scans (axial in  b  and coronal in  c ) confi rm the severe lung 

fi brosis but demonstrates that the pneumothorax is more 
conspicuous than the amount shown at X-ray. In ( d ), it has 
shown the optimal positioning of the drainage tube with 
the resolution of pneumothorax       

found dystrophic lesions in 72.5 % of cases. After 
that, several studies suggested that pulmonary 
CT scan fi ndings, including the number and size 
of bullae and blebs, can predict pneumothorax 
recurrence, although it’s known that this is not 
the only factor that predicts the rate of recurrence 
(Ouanes-Besbes et al.  2007 ). 

 The two dystrophic lesions most frequently 
associated with the development of recurrent 
pneumothorax are the pulmonary blebs and bul-
lae, often not detected at chest X-ray: pulmo-
nary blebs are defi ned as small subpleural 
thin-walled air spaces, not larger than 1–2 cm in 

diameter, with a wall thickness less than 1 mm; 
pulmonary bullae are cystic air spaces that have 
an imperceptible wall (less than 1 mm), as the 
blebs, but the difference between blebs and 
 bullae is in their size, because bullae have a 
transverse diameter >2 cm. It should be consid-
ered that blebs can coalesce to form bullae 
(Lippert et al.  1991 ; Cantin et al.  2010 ; Hansell 
et al.  2008 ; Sahn and Heffner  2000 ; O’Connor 
and Morgan  2005 ). 

 There is a lot of disagreement in the literature 
about this topic: some studies revealed no 
 correlation between recurrence and lung CT 
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 fi ndings, while most of the authors agree that the 
incidence of recurrence derives from the thera-
peutic choice (as the size of the drainage tube, 
chemical pleurodesis rather than surgical) 
(Ouanes-Besbes et al.  2007 ). 

 However, in addition to assessing the need of 
surgical intervention, CT scan can also be used to 
localize the bullae/blebs at unusual sites (Shi- 
ping  2010 ) and to detect the presence of 
 hemopneumothorax, which infl uences the treat-
ment choice: these above informations can help 
in planning surgical strategies and in explaining 
the indication, risks, and benefi ts to the patients 
(Chen et al.  2009 ). 

 CT scans can also be used to detect the 
 presence of bullae and blebs on the contralateral 
lung, which predicts the risk of contralateral 
spontaneous pneumothorax (Sihoe et al.  2000 ): 

one-fourth of patients with contralateral blebs 
developed PSP in the untreated lung. 

   Conclusions 

 Pneumothorax is a relatively common condi-
tion that needs to be promptly managed in an 
appropriate way. It may represent a true 
 medical emergency, as is the case of tension 
pneumothorax, which requires an immediate 
operative treatment, while in most cases a 
conservative treatment is the choice. 
 Imaging plays a crucial role at the time of 
diagnosis, through the evaluation of the extent 
of the pneumothorax and the anatomical mod-
ifi cations of the lung parenchyma, which rep-
resents essential information in order to 
choose the best and most appropriate treat-
ment for that patient.        

a b

  Fig. 14    The same patient of Fig.  9 . Axial CT scan ( a ) and 
coronal reconstruction ( b ) the day after positioning of the 
drainage tube show the presence of some small bubbles in 

the right pulmonary apex ( black arrow ), clearly visible 
through the window of the lung parenchyma       

  Fig. 13    In ( a ), the radiograph shows air collection in the 
apical and basal zone of the left hemithorax, but no abnor-
malities of the parenchyma are suspected. In axial CT 
scans ( b – d ) and in the reformatted coronal reconstruction 

( e ), centrilobular emphysema is seen, with multiple dif-
fuse bullae spread in the parenchyma, and a conspicuous 
pneumothorax is well demonstrated       
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1         Indications for Coronary CTA 
in Acute Chest Pain 

1.1     Introduction 

 Acute chest pain is one of the most common 
complaints in patients presenting to the emer-
gency department (ED). In a survey of emergency 
room utilization in the United States in 2011, 
chest pain accounted for 5.2 % of all visits and 
was thus second only to abdominal pain as the 
most common presenting complaint (Anon 
 2014 ). In male patients age 65 or older, chest pain 
is the most common complaint accounting for 
9.0 % of all visits. 

 Chest pain encompasses both acute life- 
threatening and benign diseases, and determina-
tion of the exact etiology is often diffi cult and 
time-consuming. The diagnostic strategy underly-
ing AHA and ESC guidelines focuses on rapidly 
excluding diagnoses with the greatest short-term 
mortality risk. Acute coronary syndrome (ACS) 
has a prevalence of approximately 20–40 % (Roffi  
et al.  2015 ) in unselected patients presenting with 
acute chest pain, comprising unstable angina, 
ST-segment elevation myocardial infarction 
(STEMI), and non-ST-segment elevation myocar-
dial infarction (NSTEMI). Pulmonary embolism 
(PE) and acute aortic syndromes (AASs) are other 
potentially life- threatening diagnoses that can 
manifest primarily as chest pain. 

 Recently, multiple professional societies, 
including the American College of Cardiology 
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(ACC) and the American College of Radiology 
(ACR), have published appropriate use criteria 
for chest pain imaging that include specifi c rec-
ommendations for several clinical scenarios of 
ACS, PE, and AAS or indeterminate chest pain 
(Rybicki et al.  2016 ). The major clinical scenar-
ios for ACS will be discussed the following para-
graphs with respect to the appropriateness of the 
use of coronary CT angiography (CCTA).  

1.2     Early Clinical Triage 
of Patients with Chest Pain 

 On initial presentation to the ED (Fig.  1 ), all 
patients will undergo initial evaluation includ-
ing history and physical examination, immedi-
ate 12-lead electrocardiography (ECG), and 
chest x-ray to identify or exclude STEMI and 
to identify noncardiovascular illnesses with-
out long- term consequences as underlying 
 pathology. Furthermore, immediate cardiac and 

 pulmonary biomarker analysis is central (tro-
ponin and D-dimer). Patients in whom STEMI 
is established will have to undergo rapid inva-
sive angiography for revascularization and are 
treated according to the guidelines. Patients 
with noncardiac causes of the chest pain often 
don’t require specifi c CT imaging. In either of 
these two scenarios, coronary CT angiogra-
phy (CCTA) is rarely considered appropriate 
(Rybicki et al.  2016 ).

   Based on this initial evaluation, the ED physi-
cian has to risk-stratify the majority of the 
remaining patients into one of the three groups of 
diagnoses of concern (ACS, PE, or AAS) or state 
that the establishment of a leading diagnosis is 
not possible (Fig.  1 ). For ACS and PE, several 
risk scores have been thoroughly evaluated (the 
most common ones being the TIMI risk score 
(Antman et al.  2000 ) and the GRACE score (Fox 
et al.  2006 ) (  http://www.gracescore.org/website/
WebVersion.aspx    ) for ACS and the PE Wells 
score (Wells et al.  2000 ) and have proven to result 

STEMI
Rapid

revascularization

Initiate treatment
and/or discharge

Yes

Emergency department patients with chest pain

Yes
Initiate treatment

No

Actionable diagnosis of chest pain established?

Biomarkers (Troponin, D-Dimer)
and other ancillary testing

No

Suspected acute
coronary syndrome

Suspected pulmonary
embolism

Suspected acute
aortic syndrome

Leading diagnosis not
possible

Initial history and physical exam, 12-lead ECG

Identification of noncardiovascular illness without 
long-term consequences?

  Fig. 1    Early triage of ED patients presenting with chest pain (Adapted from Rybicki et al.  2016 )       
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in improved clinical  decision- making, thus facili-
tating the classifi cation of a patient into a particu-
lar category.  

1.3     Triage Pathways in Suspected 
Acute Coronary Syndrome 

 In ACS patients, ECG fi ndings diagnostic for 
myocardial ischemia or early biomarkers con-
fi rming myocyte damage are present in only a 
minority of patients with acute chest pain. The 
remaining clinically stable patients, however, 
still have possible myocardial ischemia and sus-
pected NSTEMI ACS. It is in this subgroup of 
patients in which many are admitted and placed 
into chest pain units for telemetric observation – 
which is often referred to as “observational 
pathway . ” 

 However, in most of these patients, symptoms 
will later be ascribed to nonischemic causes – in 
these patients admission to an intermediate care 
unit could have been avoided if appropriate 
(imaging) test results had clearly ruled out an 
ischemic cause at the time of presentation. 
Strategies aiming at an early imaging-based 
exclusion of a coronary etiology of the presenting 
symptoms are commonly dubbed “early assess-
ment path . ”  

1.4     Indications for CCTA 
in the “Early Assessment 
Pathway” 

 Appropriateness of coronary CTA as part of the 
early assessment pathway will depend on the ini-
tial ECG, initial biomarker, and status of symp-
toms at the time of presentation. Four randomized 
trials have compared current standard-of-care 
management with early CCTA in chest pain 
patients presenting with a low-to-intermediate 
probability for ACS (Goldstein et al.  2007 ; 
Goldstein et al.  2011 ; Cury et al.  2013 ; Litt et al. 
 2012 ; Hoffmann et al.  2012 ). These trials have – 
individually and in aggregate (Hulten et al. 
 2013 ) – confi rmed the safety and effi cacy of an 
early CCTA approach in this clinical context. 

 Based on these trial results, in the large propor-
tion of chest pain patients with low-to- intermediate 
risk for ACS, without ECG changes typical for 
ischemia and normal initial troponin, CCTA is 
considered appropriate (Rybicki et al.  2016 ). 

 In patients with initial ECG changes suggest-
ing ischemia (other than ST-segment elevation) 
and positive initial biomarkers (positive initial 
diagnosis of NSTEMI/ACS), coronary CTA is 
not considered appropriate since in these patients, 
early revascularization may be associated with 
more favorable outcomes (Roffi  et al.  2015 ). 

 In European countries, high-sensitivity tropo-
nin (hsTrop) assays have recently become widely 
available. Due to a lack of FDA approval, these 
are not (yet) available in the United States, how-
ever. In patients presenting with chest pain, in 
whom early hsTrop values are negative and who 
have a TIMI risk score of 0, no further testing 
might be considered – however, even in this 
extremely low-risk setting, coronary CTA is con-
sidered appropriate (Rybicki et al.  2016 ). 

 In several clinical scenarios, the diagnosis 
NSTEMI/ACS would be equivocal: either 
because clinical symptoms resolved hours before 
(<3 h) and the patient is asymptomatic at the time 
of presentation to the ED or because the initial 
troponin is equivocal or elevated without addi-
tional evidence of ACS. In these scenarios, coro-
nary CTA is considered appropriate for early 
assessment of possible ACS (Rybicki et al.  2016 ).  

1.5     Indications for Coronary CTA 
in the “Observational 
Pathway” 

 Several clinical scenarios exist after a patient is 
admitted in the context of an observational path-
way for which recommendations for the use of 
coronary CTA exist. In the fi rst scenario, any 
ECG and/or serial troponin unequivocally con-
fi rms NSTEMI or ACS. In this context of 
troponin- positive NSTEMI or ACS, several ran-
domized trials have shown a more favorable out-
come of an early invasive strategy, i.e., early 
revascularization. Coronary CTA is not consid-
ered appropriate in these patients unless there is 
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signifi cant comorbidity (particularly renal fail-
ure) which would decrease the advantage of an 
early invasive approach. 

 On the other hand, serial ECG and biomarkers 
might be negative or borderline for NSTEMI or 
ACS. In either case, the use of coronary CTA 
would be considered appropriate. With negative 
biomarkers, CTA can be performed on an outpa-
tient basis.   

2     CT Imaging and Post- 
processing Techniques 

2.1     General Considerations 

 With increasing availability of state-of-the-art 
CT coronary angiography, the role of a calcium- 
scoring scan only (i.e., non-enhanced, ECG- 
synchronized scan of the heart) for chest pain 
evaluation has dwindled. While there were sev-
eral studies in the late 1990s who investigated 
this strategy (Georgiou et al.  2001 ; Laudon et al. 
 1999 ; McLaughlin et al.  1999 ), over the years it 
has become apparent that the frequency of 
patients who present with very low calcium 
scores and yet show highly signifi cant stenoses 
on coronary CTA or myocardial ischemia on pro-
vocative testing is too high to be negligible 
(Schenker et al.  2008 ). Furthermore, since many 
chest pain patients present with signifi cant 
amounts of calcium, (CT) angiographic workup 
would be necessary in the majority of patients. 

 The acquisition of an unenhanced calcium- 
scoring scan prior to CCTA is controversial. It 
has been demonstrated that in patients presenting 
with acute chest pain, there is no incremental 
prognostic information gained from an indepen-
dent prior calcium-scoring study (Chang et al. 
 2011 ). 

 At our institution, we perform an initial unen-
hanced CT scan for calcium scoring in all ACS 
patients who are over 45 years of age. To keep 
additional effective dose at the minimum, we 
choose a high-pitch acquisition protocol on a 
dual-source CT for this unenhanced scan regard-
less of the patients’ heart rate and rhythm intend-
ing to scan the heart during diastole (we usually 

do not repeat the scan if there are motion arti-
facts). In our experience, this has several advan-
tages, both regarding the diagnostic information 
obtained and familiarizing the patient with the 
breath holding and table movement procedure. It 
facilitates the customization of the scan range 
and thus contributes to dose reduction. 
Diagnostically, the calcium score will provide a 
fi rst estimate of the amount of coronary athero-
sclerosis. It supports the correct interpretation of 
the subsequent CT angiography scan since it is 
unambiguous for calcifi cation (Fig.  2 ). At very 
high calcium scores, subsequent CT angiography 
might be waived due to the high probability of 
not contributing more diagnostic information, 
although in appropriately selected patients, this 
only leads to the exclusion of very few (Chang 
et al.   2011 ). Furthermore, in patients in whom 
acute pathologies of the aorta also cannot be 
excluded, we perform an unenhanced, ECG-
triggered scan of thorax covering the entire tho-
racic aorta intending to scan the heart at diastole. 
This allows for a 180-mm fi eld-of-view (FoV) 
reconstruction for the coronary calcium score as 
well as reconstructions with full FoV for the 
exclusion of intramural hematoma within the 
aorta, hemorrhagic pericardial effusion, or hem-
orrhagic pleural effusions. In our experience, 
measurements of Hounsfi eld units within pericar-
dial effusions tend to be the most accurate in 
unenhanced scans.  

2.2     CCTA Protocol 

 Besides the usual relative and absolute contrain-
dications for the administration of CT contrast 
material (impaired renal function, severe allergy 
to iodinated contrast material, manifest hyper-
thyroidism and pregnancy), specifi cally compli-
cating factors for coronary CTA are irregular 
heart rhythms (atrial fi brillation, frequent extra-
systoles) or contraindications to beta-blockers 
such as moderate-to-severe asthma. However, 
the vast majority of patients presenting with 
potential ACS will already have been adminis-
tered beta- blockers to reduce myocardial oxygen 
demand prior to referral for coronary CTA (Roffi  
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  Fig. 2    Comparison of a contrast-enhanced CT-angiography 
series (a, c, f, 90 kVp) and non-enhanced series (b, d, f, 120 
kVp) in a 52 year-old patient presenting with atypical chest 
pain showing a calcifi ed plaque in the proximal LAD in 

corresponding 5 mm maximum intensity projection (MIP) 
reformations. This example illustrates how calcifi cations 
are better delineated on non-contrast series       

a b

c d

e f
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et al.  2015 ). In patients with acute chest pain, 
we perform additional rate control in close col-
laboration with the treating physician in hemo-
dynamically stable patients using intravenous 
metoprolol at 5 mg intervals up to a maximum 
total dose of 20 mg and a target heart rate of 
≤70 bpm. 

 Prior to contrast administration and also in 
close collaboration with the referring physician, 
we also apply sublingual nitrates. Importantly, 
recent use of phosphodiesterase type 5 inhibitors 
(i.e., within 24 h for sildenafi l and vardenafi l and 
48 h for tadalafi l; used for erectile dysfunction or 
pulmonary hypertension, critical aortic stenosis, 
and hypotension) needs to be excluded prior to 
nitrate administration. We would also avoid 
nitrates in patients with a history of glaucoma. 
When beta-blockers have been administered pre-
viously, reactive tachycardia to nitrates is not a 
relevant problem in our experience. Particularly 
in younger patients, patient education about 
potentially severe headaches is mandatory. 

 For coronary CTA in patients with chest pain, 
we usually perform a test bolus acquisition fi rst 
to determine optimal scan delay. In our opinion a 
test bolus strategy has several advantages over 
bolus triggering: in this patient cohort with a very 
wide range of ejection fractions, a test bolus 
approach allows for the most accurate modeling 
of early contrast dynamics. Furthermore, some 
patients (particularly with cardiac pacemakers) 
will suffer from chronic subclavian thrombosis 
which severely impairs contrast material infl ow 
and can be detected during the test bolus. Finally, 
many patients will develop reactive tachycardia 
during contrast administration. When using bolus 
triggering, the heart rate can increase consider-
ably during contrast administration, whereupon 
the scan protocol cannot be adjusted to the sud-
den change in heart rate. A scan protocol that 
would have been adequate for a slow steady heart 
rate frequently will result in nondiagnostic image 
quality at higher heart rates. When working with 
a test bolus, on the other hand, the administration 
of contrast material for the test bolus will often 
precipitate the contrast-induced tachycardia 
already, so the scan protocol can then be adjusted. 
Conversely, if the heart rate stays low during and 

after the test bolus, no sudden increase in heart 
rate during administration of the main contrast 
bolus is to be expected. 

 For optimal image quality with sound opacifi -
cation of the distal coronary segments, a high 
iodine delivery rate is mandatory. In nonobese 
patients, we typically use a triphasic injection 
protocol with an initial bolus of 60 ml pure con-
trast material (350 mgI/ml or 400 mgI/ml) at 
5.0 ml/s followed by a second phase of diluted 
contrast material (30 ml of a 50:50 mixture at 
5.0 ml/s), followed by a saline chaser of 100 ml at 
the same injection rate. 

 The choice of scan protocol will be based on 
patient age, renal function, heart rate, and avail-
able scanner hardware. Naturally, the younger 
the patient, the higher the effort should be to 
reduce effective dose. In young patients it seems 
a reasonable strategy to apply an ultra low-dose 
(<1 mSv) scan protocol fi rst even when there is a 
non-negligible risk of producing nondiagnostic 
image quality due to motion artifacts (Deseive 
et al.  2015 ). If image quality turns out to be non-
diagnostic, the repeated contrast injection neces-
sary for a second scan using a more complex scan 
protocol will usually not pose a problem to a 
younger patient’s kidneys. All patients in whom 
the initial scan produced diagnostic image qual-
ity will have received a scan at extremely low 
effective dose. Patients who need a repeat scan 
with a more complex protocol (in the range 
5 mSv), however, will only have a small increase 
in the total effective dose. 

 In older patients, on the other hand, who often 
suffer from impaired renal function, a scan repeat 
can be much more problematic due to the dou-
bling of contrast material volume. In these 
patients, the choice would certainly be leaning 
toward performing the more complex scan proto-
col if there is any risk of producing nondiagnostic 
images with a low-dose scan protocol. 

 Applying this strategy (initial low-dose scan 
fi rst) in younger patients, it is important, how-
ever, to closely surveil the frequency of scan 
repeats. 

 At our institution we use a third-generation 
dual-source CT to scan patients with acute chest 
pain. In patients with slow sinus rhythm 
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(<70 bpm), a high-pitch CT acquisition will 
 produce diagnostic image quality in the vast 
majority of patients. At higher frequencies 
(>70 bpm), a prospectively triggered “step-and-
shoot approach” will be used with image acquisi-
tion during diastole. In very old patients or 
patients with very high rate retrospective, ECG 
gating with ECG-dependent dose modulation will 
be performed. Dose modulation will be switched 
off only in patients with severe arrhythmias.  

2.3     Post-processing Techniques 

 Studies are reviewed by radiologists on dedicated 
3D workstations or using advanced post- processing 
software application on a thin client- server solu-
tion. For export to PACS, thin MIPs with a slice 
thickness of 5 mm and 1 mm reconstruction incre-
ment are generated along the major cardiac planes 
(i.e., four-chamber orientation, two-chamber orien-
tation, short axis). Likewise curved planar reforma-
tions are generated for the three major vessels and 
exported as rotating series in 10° intervals (i.e., 36 
images per vessel) to unequivocally document cor-
rect center line positioning. 

 Coronary arteries are evaluated for the pres-
ence or absence of plaques and/or stenoses. 

Stenoses are graded according to the luminal 
diameter at the stenosis in relation to the luminal 
diameter in adjoining coronary segments as 
either mild (<50 %), moderate (50–69 %), or 
severe (≥70 % diameter stenosis) (Galperin- 
Aizenberg et al.  2015 ). In clinical routine, this 
measurement is usually performed by “eyeball-
ing”; however, digital calipers are available and 
can be helpful in ambiguous cases.   

3     Interpretation and Clinical 
Application of CCTA Findings 

 The interpretation of coronary CT angiography 
datasets as well as the application of fi ndings to 
clinical decision-making requires considerable 
radiological and clinical expertise. 

 There is abundant data from large clinical trials 
that the absence of any plaque on coronary CT 
angiography confi dently excludes ACS (Fig.  3  ). In 
ROMICAT-I, 50.3% of patients (183/368) did not 
exhibit any plaques in their coronary arteries 
(Hoffmann et al.  2009 ). In this subgroup no 
patient had a diagnosis of ACS during index hos-
pitalization. Furthermore, in this subgroup no 
single patient experienced major adverse cardiac 
events within 2 years of follow-up. In the CTA 

  Fig. 3    45 year old female patient presenting with atypical 
chest pain: Coronary CTA allows the confi dent exclusion of 
coronary artery disease and thus acute coronary syndrome. 

( a ) Curved Planar Reformation (CPR) of the right coronary 
artery (RCA); ( b ) CPR of the LAD; ( c ) CPR of the LCx; 
( d ) Volume rendered image of the coronary artery system       

a b c d 
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arm of ROMICAT-II, 44.5 % of patients (210/472) 
did not exhibit any coronary plaques (Hoffmann 
et al.  2012 ). Among these not a single one received 
the diagnosis of ACS during index hospitalization 
either. 

 On the other hand, signifi cant stenoses on 
coronary CTA are associated with considerable 
frequencies of ACS (Fig.  4  ). For example, in 
ROMICAT-I, the presence of a stenosis >50 % 
had a PPV for ACS of 35 % (24/68). In the CTA 
arm of ROMICAT-II, the presence of signifi cant 
CAD (stenosis >50 %) had a PPV for ACS of 
64 % (29/45). 

 The picture gets more complex, however, 
when patients do have coronary plaques or low- 
to intermediate-grade coronary stenoses. On the 
one hand, there is abundant evidence in favor of 
extremely low rates of ACS and MACE among 
patients with low-grade stenoses on CCTA:

•    In a 1-year follow-up of 481 patients present-
ing with low-risk acute chest pain who had a 
maximal stenosis of less than 50 % on CCTA 
(Hollander et al.  2009 ), there was only one 
death (indeterminate cause). No patient sus-
tained myocardial infarction or received coro-
nary revascularization. Under the conservative 
assumption that this death was cardiac, the 
1-year MACE rate was 0.2 % (1/481).  

•   In a registry study by Miller et al.(Miller et al. 
 2012 ) including 1419 patients presenting with 
low-risk acute chest pain (TIMI score ≤ 2), 
15 % (219/1419) were found to have a maxi-
mum stenosis in the 25–50 % range on coro-
nary CTA. Among these, only a single patient 
(0.5 %, 1/213) developed MACE within 30 
days. In this patient who experienced MI with 
a rise in troponin on serial evaluation, invasive 
angiography revealed a 99 % stenosis in an 

  Fig. 4    55-year male patient presenting with atypical 
chest pain. CT-angiography shows occlusion of the mid-
LAD ( a ,  b ,  c ) with corresponding hypokinesia of the 
anterior and septal myocardium ( d ), while no plaques 
were detected in the RCA ( e ) and only minimal plaques 
in the proximal LCx ( f ). ( a ) CPR of the LAD with yellow 
marker at site of occlusion; multiple small inserts on the 
left border displaying adjacent crosssections of the LAD; 

( b ,  c ) 5 mm MIP-reformation of the site of LAD occlu-
sion in long axis ( b ) and transverse ( c ) reformation; ( d ) 
17-segment polar-map of segmental myocardial wall 
thickening displaying reduced contractility in the mid-
ventricular anterior, anteroseptal and posteroseptal seg-
ments and the apical anterior and septal segment; ( e ) CPR 
of the RCA; ( f ) CPR of the LCx.       

a b e f
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obtuse marginal branch which in retrospect 
could have been identifi ed on CCTA.  

•   In the CTA arm of the CT-STAT trial 
(Goldstein et al.  2011 ), the 6-month MACE 
rate for patients who had a normal or near-
normal CCTA scan (here defi ned as maximal 
stenosis < 25 %) was 0.8 % (2/268, two PCI 
revascularizations, 0 acute MIs, 0 deaths).  

•   In the CCTA arm of the ACRIN-PA trial (Litt 
et al.  2012 ), 70 % (640/908) of patients had a 
maximum stenosis of < 50 %. None of these 
patients died or had a myocardial infarction 
within 30 days after presentation. Within 1 
year, one of these 640 experienced cardiac 
death (sudden cardiac death due to ventricular 
fi brillation arrest; the patient had reported a 
history of cocaine use during index visit; 
MACE rate 0.16 % [1/640]), and none had 
myocardial infarction in this period (Hollander 
et al.  2016 ).    
 On the other hand, data from several other 

studies taint this notion of an extremely low prob-
ability of ACS in patients with low- to 
intermediate- grade stenoses. In ROMICAT-I, 
23 % of patients (7/31) who received a diagnosis 
of ACS during index hospitalization did show 
coronary plaques but no relevant stenosis at 
CCTA. Among patients developing NSTEMI, 
38 % (3/8) did have plaques but no relevant ste-
nosis on CCTA. In the CTA arm of ROMICAT-II, 
22 % of patients (8/37) who received the diagno-
sis of ACS during index hospitalization only had 
stenoses < 50 % (i.e., nonsignifi cant CAD). These 
results appear similar to earlier invasive angiog-
raphy studies which reported an absence of sig-
nifi cant stenoses in 12–14 % of patients with ACS 
(Roe et al.  2000 ). These patients tend to present 
with small-vessel disease which is a known limi-
tation of CCTA. 

 Several strategies have been pursued for fur-
ther risk stratifi cation of patients with low- to 
intermediate-grade coronary stenosis. Recent sci-
entifi c efforts have been directed toward the iden-
tifi cation of certain high-risk plaque features 
beyond the degree of luminal stenosis. It has been 
known for a long time that the culprit lesions in 
ACS responsible for acute coronary occlusion 
frequently are not associated with high-grade 

stenosis but rather with low- or intermediate-
grade stenosis (Giroud et al.  1992 ). Features of 
high- risk plaques derived from CCTA are large 
plaque volume, positive coronary remodeling, 
spotty calcifi cations (Kitagawa et al.  2009 ), 
larger proportion of noncalcifi ed plaques, low 
mean and minimal CT attenuation values, and the 
so-called napkin-ring sign (Maurovich-Horvat 
et al.  2012 ; Maurovich-Horvat et al.  2010 ) 
(defi ned as a ringlike peripheral higher attenua-
tion of the noncalcifi ed portion of the coronary 
plaque). The diagnostic value of high-risk plaque 
features had already been demonstrated for the 
ROMICAT-I trial (Ferencik et al.  2012 ). In a post 
hoc analysis of the ROMICAT-II trial, high-risk 
plaque features predicted ACS independently 
from high- grade stenosis (Puchner et al.  2014 ). 
Among the tested high-risk plaque features, the 
most extensive relative risk for ACS was con-
ferred by the presence of spotty calcifi cations 
within coronary plaques (RR 37.2). As stated in 
the previous paragraph, 22 % of ACS patients in 
ROMICAT-II did not exhibit stenoses > 50 % on 
CCTA – however, all of these patients showed at 
least one high-risk plaque feature. Therefore, the 
authors suggest that patients with mild stenosis 
and high- risk plaque cannot be safely discharged. 
It is important to note, however, that these criteria 
have to date not been tested in a prospective study 
context.     
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    Abstract  

  Acute Aortic Syndrome includes three non-
traumatic potentially fatal pathologies of the 
thoracic aorta which commonly present with 
chest pain. 

 The three inter-related entities, Aortic 
Dissection, Intramural Haematoma (IMH) 
and Penetrating Atherosclerotic Ulcers (PAUs) 
share a common pathogenesis: disruption of 
the media layer. They can be diffi cult to distin-
guish from other causes of chest pain. 

 Differentiation between all three diseases 
cannot be achieved by history or clinical fi nd-
ings alone but requires imaging with multi-
detector computed tomography (MDCT), the 
modality of choice. 

 In all three diseases, early diagnosis and treat-
ment will improve outcome but treatment 
options vary between conservative manage-
ments, endovascular treatment and open surgery, 
based on the clinical and radiological features. 

 This chapter covers clinical presentation, 
imaging features, optimal imaging protocols 
and management of all three acute aortic 
syndromes.   

1      Introduction 

 Acute aortic syndrome (AAS) includes three 
non-traumatic potentially fatal pathologies of the 
thoracic aorta which commonly present with 

        E.  A.   Dick      (*) •    M.   Dumba    •    A.   Alsafi     •    E.   Kashef    
  Departments of Radiology ,  Imperial College London , 
  London ,  UK   
 e-mail: Elizabeth.Dick@imperial.nhs.uk   

    J.  M.   Curtis    
  Aintree University Hospital ,   Liverpool ,  UK    

     Acute Aortic Syndromes: Aortic 
Dissection, Intramural Haematoma 
and Penetrating Aortic Ulcers                      

     Elizabeth     A.     Dick     ,     Maureen     Dumba    ,     Ali     Alsafi     , 
    John     M.     Curtis    , and     Elika     Kashef   

Contents

1  Introduction ..................................................  289

2  Clinical Presentation ....................................  290

3  Imaging Protocol ..........................................  290

4  Classifi cation in Acute Aortic Syndrome: 
The Stanford Classifi cation .........................  292

5  Acute Aortic Dissection ................................  292
5.1  Imaging Features .............................................  292

6  IMH ...............................................................  299
6.1  Imaging Features .............................................  300

7  PAU ................................................................  300
7.1  Imaging Features .............................................  300

8  Management of Aortic Dissection ...............  301

9  Management of IMH ...................................  303

10  Management of PAUs ..................................  303

11  Summary .......................................................  304

References ..............................................................  304

mailto:Elizabeth.Dick@imperial.nhs.uk


290

chest pain and affect 2.6–3.5 per 100,000 persons 
per annum (Abbas et al.  2014 ; Maddu et al. 
 2013 ). 

 The three interrelated entities, aortic dissec-
tion, intramural haematoma (IMH) and penetrat-
ing atherosclerotic ulcers (PAUs), share a 
common pathogenesis: disruption of the media 
layer (Maddu et al.  2013 ). They can be diffi cult to 
distinguish from each other and from other causes 
of chest pain including MI, oesophageal perfora-
tion and pulmonary emboli. Differentiation 
between all three diseases cannot be achieved by 
history or clinical fi ndings alone but requires 
imaging (Maddu et al.  2013 ) with multi-detector 
computed tomography (MDCT), the modality of 
choice (Salvolini et al.  2008 ). 

 In all three diseases, early diagnosis and treat-
ment will improve outcome (Hiratzka et al.  2010 ; 
Vilacosta et al.  2009 ), but treatment options vary 
between conservative managements, endovascu-
lar treatment and open surgery, based on the clin-
ical and radiological features. 

 Since 1996, a group of over 30 international 
cardiothoracic research centres, the International 
Registry of Acute Aortic Dissections (IRAD), 
have collected data on patients with AAS 
( IRADonline org ). The group publishes guide-
lines on clinical management in this rapidly 
changing fi eld. IRAD’s regular and frequent 
updates are an invaluable reference tool in the 
continuously evolving clinical management of 
patients with AAS.  

2     Clinical Presentation 

 Patients with AAS present with excruciating pain 
(Maddu et al.  2013 ). This pain can be diffi cult to 
differentiate from other causes, but a sudden, per-
sistent ‘tearing’ transthoracic sensation aids in dif-
ferentiating it from other pathologies (Hiratzka 
et al.  2010 ; Lansman et al.  2010 ). The initial pain 
is thought to represent the initial disruption of the 
intima. In the case of dissection, this pain may 
change as the dissection progresses along the arte-
rial tree. Other presenting symptoms include syn-
cope, which may be due to cerebral ischaemia 
(McMahon and Squirrell  2010 ) or an indicator that 

cardiac tamponade has developed, which occurs in 
dissection of the ascending aorta as a primary pre-
sentation or a complication of a type B dissection 
and thus is a harbinger of high  mortality (Abbas 
et al.  2014 ). Physical fi ndings can be non-specifi c 
and variable particularly in elderly patients who 
may present without chest pain, instead with fea-
tures of heart failure or a stroke (Maddu et al. 
 2013 ). One third of patients will have signs and 
symptoms of systemic involvement due to branch 
vessel involvement – a complication which should 
be considered in the clinical and imaging workup 
(Castaner et al.  2003 ). 

 There are multiple risk factors for the develop-
ment of AAS (see Table  1 ) which act through a 
weakening of the media or by an increase in 
hydraulic pressure within the aorta. Hypertension 
is the most common association and may be 
uncontrolled (Hiratzka et al.  2010 ; Vilacosta 
et al.  2009 ). In patients under 40, those with a 
family history of connective tissue disorders, 
such as Marfan and Ehlers-Danlos syndromes, 
should be considered.

   The outlook for patients depends on presenta-
tion. Patients with acute (less than 2 weeks dura-
tion of symptoms) AAS are at the greatest risk of 
morbidity and mortality (Abbas et al.  2014 ).  

3     Imaging Protocol 

 MDCT is the gold standard imaging investigation 
for AAS with a sensitivity of 100 % and specifi c-
ity of 98–99 % (Hiratzka et al.  2010 ). Although 

   Table 1    Risk factors for AAS   

 Hypertension 
 Genetic disorders such as Marfan and Turner 
syndrome, coarctation of the aorta 
 Infl ammatory vasculitis, e.g. Behcet’s disease, 
Takayasu arteritis 
 Infective arteritis 
 Iatrogenic factors (cardiac valve or aortic surgery) 
 Pregnancy 
 Phaeochromocytoma, corticosteroid treatment, 
cocaine use 
 Aortic root anomalies, e.g. valvular aortic stenosis, 
bicuspid aortic valves 
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MRI and transoesophageal echo have similar 
sensitivity and specifi city, MDCT is generally 
preferred in an acute setting because it is near- 
universally available and provides speedy acqui-
sition and high accuracy (Salvolini et al.  2008 ). 
The ability to reconstruct in three planes and to 
assess aortic branches including aberrant anat-
omy makes CT invaluable for surgical and endo-
vascular planning (Maddu et al.  2013 ; Agarwal 
et al.  2009 ). Both pre- and post-contrast CT 
should be obtained to differentiate between the 
three components of AAS (Maddu et al.  2013 ). 
Table  2  summarises the CT fi ndings in all three 
entities of AAS (see later text for further 
explanations).

   At least 64 detector rows are required to 
achieve multiplanar isotropic spatial resolution. 
ECG gating is required to reduce cardiac motion 
artefacts – this is particularly important in accu-
rately diagnosing dissection at the aortic root and 
avoiding false positives due to cardiac motion 
artefact mimicking an acute dissection fl ap. ECG 
gating also improves coronary artery visualisa-
tion. The fi eld of view for pre-contrast ECG- 
gated CT should extend from above the aortic 
arch to the inferior diaphragm. This should be 
acquired prospectively in mid diastole. 
Premedication with beta-blockers or other medi-
cations should be avoided (31 Chin in Abbas). On 
the non-contrast CT, high-density IMH can be 
identifi ed, and local pleural or pericardial rupture 
can also be demonstrated (Abbas et al.  2014 ; 
Castaner et al.  2003 ). A bolus tracking CT angio-
gram achieving opacifi cation of the aorta of >250 
HU follows, covering from the thoracic inlet to 

the aortoiliac bifurcation or common femoral 
arteries, with precise timing of image acquisition 
and imaging parameters varying slightly with 
machines (Castaner et al.  2003 ). The usual vol-
ume of iodinated 370 mg/ml contrast medium of 
120 ml is decreased in elderly patients to 
80–100 ml in view of decreased cardiac output. 
The contrast should be injected via the right arm 
to avoid streak artefact from the left brachioce-
phalic vein near head and neck vessels. A saline 
fl ush of 20 ml further minimises streak artefact 
(Weininger et al.  2011 ). The patient is able to free 
breathe during abdominal aortic imaging, but 
chest imaging is acquired in breath-hold. 

 Multiplanar reformat assessment is advisable 
since it helps in the evaluation of the aortic root. 
Moreover, clinicians appreciate 2D and 3D 
reconstructions as they are useful for planning 
surgical or endovascular procedures (Agarwal 
et al.  2009 ). Maximum intensity projection 
reconstructions are valuable for visualisation of 
branch vessel involvement (Abbas et al.  2014 ). 

 Alternative techniques to MDCT in patients in 
whom iodinated contrast is contraindicated 
include transoesophageal echocardiography and 
MRI, but both of these techniques are time- 
consuming and not widely available in all hospi-
tal settings. Contrast-enhanced MR angiography 
has excellent spatial and contrast resolution and 
allows multiple vascular imaging phases and 
post-processing. Its limitations include the inabil-
ity to demonstrate arterial wall or intimal calcifi -
cation, lack of suitability for unstable patients or 
those with implanted electronic devices and the 
problem of artefacts due to stent placement 

   Table 2    CT appearances in AAS (Maddu et al.  2013 )   

 Non-contrast CT  Post-contrast CT 

 Aortic dissection  May be normal in the acute setting 
 OR inward displacement of intimal 
calcifi cation 

 Intimal fl ap, >2 lumens (TL 
and FL) 
 Flow through both true and false 
lumens 
 +/− true lumen compression 

 Intramural haematoma  High attenuation crescentic 
thickening of aortic wall 

 Aortic wall thickening 
 May have similar appearances 
to acute aortitis 

 Penetrating atherosclerotic ulcer  Diffi cult to diagnose on unenhanced 
CT 

 Focal ulceration penetrating through 
aortic intima to aortic wall 

   TL  true lumen,  FL  false lumen  
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(McMahon and Squirrell  2010 ). Initial unen-
hanced CT followed by MRI (where feasible) or 
transoesophageal echocardiography may be a 
reasonable compromise in patients who cannot 
receive iodinated contrast or in whom repeated 
examinations are required, as CT will demon-
strate IMH, intimal calcifi cation displacement, 
rupture into pleural or pericardial space and aor-
tic size (Abbas et al.  2014 ).  

4     Classifi cation in Acute Aortic 
Syndrome: The Stanford 
Classifi cation 

 Classifi cation of AAS is based on the location 
and extension of the dissection, with the Stanford 
system preferred over the DeBakey system in the 
emergency setting because it dictates immediate 
clinical management (broadly speaking, surgical = 
type A, medical = type B) (Maddu et al.  2013 ). 
Stanford type A affects the ascending aorta or 
aortic arch and accounts for 75 % of aortic dissec-
tion (Castaner et al.  2003 ). The dissection fl ap 
may extend to the descending aorta (McMahon 
and Squirrell  2010 ). Stanford type B begins distal 
to the left subclavian artery. For all three entities 
of AAS (dissection, IMH, PAU), the diagnosis of 
type A involvement requires immediate referral 
to a cardiothoracic surgical centre.  

5     Acute Aortic Dissection 

 There are 2000 new cases of aortic dissection 
each year in the USA and 3000 in Europe 
(McMahon and Squirrell  2010 ). Dissection is the 
most common aortic emergency, being more 
prevalent than thoracoabdominal aortic aneu-
rysm rupture (Castaner et al.  2003 ). Acute tho-
racic dissection is life-threatening and requires 
immediate diagnosis and treatment (Castaner 
et al.  2003 ): 75 % of deaths from aortic dissection 
occur within 2 weeks of clinical presentation. 

 The normal aortic wall has three layers (from 
external to internal: adventitia, media and intima) 
(Fig.  1 ). The pathophysiology of aortic dissection 
includes disruption of the aortic intima and inner 
layer of the media such that blood can track along 

the media (Macura et al.  2003 ) (Fig.  2 ). This 
propagation can be both retrograde and antero-
grade (Maddu et al.  2013 ) and results in forma-
tion of a true and a false lumen with the false 
lumen having pressures greater than or equal to 
the true lumen (Williams et al.  1997 ). Since the 
intervening ‘intimal fl ap’ between the two lumens 
consists of intima and media, it should more pre-
cisely be termed an ‘intimomedial’ fl ap. It is the-
orised that reduced elastic recoil of the dissection 
fl ap enables the false lumen to dilate. This result-
ing collapse of the true lumen is highly variable 
based on the number of fenestrations and tears 
between the true and false lumen, the chronicity 
of the fl ap and the degree of control of the 
patient’s blood pressure. In our clinical experi-
ence, the patient’s response to the compressed 
true lumen and their overall clinical status dic-
tates further management (McMahon and 
Squirrell  2010 ; Williams et al.  1997 ). The overall 
degree of dilation of the false lumen depends on 
blood pressure, residual wall thickness and per-
centage of wall circumference involved in the 
dissection. The false lumen may subsequently 
compress or obstruct the true lumen. The dissec-
tion may remain patent as a false lumen, may 
thrombose or may recommunicate with the true 
lumen through fenestrations (Macura et al.  2003 ). 
Alternatively, it may rupture into a pericardial or 
pleural space (McMahon and Squirrell  2010 ). 
The greater the proportion of the media involved 
in the fl ap, the thinner the external wall of the 
false lumen, and therefore, the higher the risk of 
rupture (Roberts  1981 ). The initial intimal tear 
occurs at sites of greatest hydraulic pressure – 
usually the right lateral wall of the ascending 
aorta or the proximal segment of the descending 
aorta (Maddu et al.  2013 ).

5.1        Imaging Features 

 The presence of an intimomedial fl ap and the 
double-lumen aorta are both key features of aor-
tic dissection. Further features include the origin 
and extent of dissection, which is the true and 
which is the false lumen, and whether branch 
vessels are affected (Hiratzka et al.  2010 ). A dis-
section fl ap is identifi ed as a thin, uniform, low- 
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  Fig. 1    Diagram shows three layers of normal aortic wall: from inner to outer, intima ( I ), media ( M ) and adventitia ( A ) 
(Reproduced from Macura et al.  2003 , Pathogenesis in Acute Aortic Syndromes (Permission requested))       

  Fig. 2    The diagram illustrates events leading to aortic 
dissection from formation of entrance tear and exit tear of 
intima to splitting of aortic media and formation of inti-
momedial fl ap. Blood under pressure dissections medial 

longitudinally and double-channel aorta is formed with 
blood fi lling both true and false lumens (Reproduced from 
Macura et al.  2003 , Pathogenesis in Acute Aortic 
Syndromes (Permission requested))       
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density fl ap on multiple contiguous slices, which 
is important in distinguishing it from artefactual 
fl aps including streak artefact and cardiac motion. 
Streak artefacts have a variable width and orien-
tation, radiate away from a high-density focus 
and may have high and low densities (Abbas 
et al.  2014 ). Cardiac motion artefact characteris-
tically is seen in the right posterior and left ante-
rior proximal aorta (Figs.  3  and  4 ).

    It is particularly important to differentiate 
between the false and true lumen if endovascular 
treatment is planned (Castaner et al.  2003 ). The 
true lumen is continuous with the non-dissected 
portion of the aorta and can usually be identifi ed 
(Maddu et al.  2013 ). Differentiating between the 
false and true lumen is more diffi cult when the 

aortic root is involved, for instance, in rare cases 
of intimointimal intussusception/circumferential 
dissection, which produce a circumferential fl ap 
with one lumen wrapped around the other lumen 
in the aortic arch. The inner lumen is usually the 
true lumen (Castaner et al.  2003 ). 

 The false lumen can be usually differentiated 
from the true lumen by the presence of slower 
fl ow (lower density opacifi cation), wider channel 
and presence of thin ‘cobweb’ strands due to 
medial tissue within the false lumen (Litmanovich 
et al.  2009 ). The ‘beak sign’ occurs at the acute 
angle of the intimomedial fl ap and outer wall of 
the FL. Calcifi cation may help to differentiate 
between the FL and TL – it has been described as 
only being seen in the wall of true lumen. The 

a b

  Fig. 3    Motion artefact. A cardiac motion artefact in the ascending aorta mimics a Stanford type A dissection in 2 dif-
ferent patients ( a  and  b ) ( arrowed )       

  Fig. 4    Pseudodissection. A high superior pericardial recess mimics a Stanford type A dissection ( arrowed )       
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‘fl oating viscera’ sign occurs when the visceral 
arteries are opacifi ed with contrast media, but the 
true lumen appears compressed (see Table  3 ) 
(Figs.  5 ,  6 ,  7  and  8 ).

       Dissection with a thrombosed false lumen can 
be diffi cult to differentiate from aortic aneurysm 
with intraluminal thrombus, but the dissection 
will generally have a spiral shape, whereas the 
aneurysm and thrombus tend to maintain a con-
stant circumferential relationship with the aortic 
wall. The mural thrombus usually has an irregu-
lar internal border, whereas dissection has a 
smooth internal border. Finally, intimal calcifi ca-
tion is peripheral in an aortic aneurysm (Castaner 
et al.  2003 ). 

   Table 3    CT fi ndings useful in differentiating between the TL and FL   

 CT fi nding  True lumen  False lumen 

 Communication with aorta  Directly communicates with aorta  Not connected to unaffected aorta 
 Intimomedial fl ap rupture  Communicates with false lumen 
 Calibre  Smaller than FL  Larger than TL 
 Intimal fl ap  Calcifi ed  Surface of fl ap is convex 
 Enhancement  Enhances more than false lumen  Slower fl ow therefore hypodense to 

TL (in the arterial phase) 
 Other signs  Cobweb sign 

 Beak sign 
 ‘Floating viscera’ sign (true lumen is 
compressed but contrast is seen in 
visceral arteries) 

  Adapted from Maddu et al. ( 2013 )  

  Fig. 5    Stanford type A dissection. Note extravasation of contrast from ascending aorta giving rise to mediastinal haematoma 
( arrowed )       

  Fig. 6    Stanford type A aortic dissection. Note displace-
ment of the intimal calcifi cation by clot in the false lumen 
which lies lateral to the intimal fl ap       
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 Complications of dissection include pericardial 
tamponade, acute aortic regurgitation, aortic rup-
ture and major vessel occlusion (Hiratzka et al. 
 2010 ) (Fig.  9 ). Rupture is more common in ascend-
ing aortic dissection with rupture into the pericar-
dium, left pleural cavity or mediastinum; hence, 
the treatment of ascending aorta  dissection is 
always surgical (Abbas et al.  2014 ; Castaner et al. 
 2003 ). The radiologist can help the surgeon by 
assessing involvement of the coronary arteries in 

very proximal aortic dissection (Chiu et al.  2013 ). 
The risk of fatal aortic rupture in untreated proxi-
mal aortic dissection is 90 % with 75 % of ruptures 
taking place in the pericardium, left pleural cavity 
or mediastinum, where hyper-attenuating fl uid will 
be demonstrated on  unenhanced CT with extrava-
sation on contrast- enhanced CT (Castaner et al. 
 2003 ). The presence of a pericardial effusion is a 
particularly ominous sign, suggesting a rupture or 
leak (Castaner et al.  2003 ) (Fig.  10 ). A rarer 

  Fig. 8    The beak sign. The false lumen forms ( arrowed ) 
an acute angle with the aortic wall and the intimal fl ap. 
The true lumen is circular in cross-section; the false lumen 
is crescenteric       

  Fig. 9    Aortic dissection. Unenhanced CT thorax. Note inward displacement of intimal calcifi cation by the false lumen       

  Fig. 7    Stanford type B dissection. Note the cobweb sign 
( dotted arrow ) present which is caused by strands of frag-
mented media in the false lumen. Although not commonly 
seen, the cobweb sign is highly specifi c for the false lumen. 
Note the beak sign ( solid arrow ) caused by the false lumen 
as it contacts the junction of the intimal fl ap and aortic wall       
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  Fig. 10    Stanford type A aortic dissection on a CTPA 
study. ( a ) Note medial displacement of intimal calcifi ca-
tion on the CTPA study. ( b  +  c ) Arterial phase showing 

calcifi ed intimal fl ap. The false lumen lies lateral to the 
intimal fl ap. ( d  +  e ). Haemopericardium       
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 complication of type A dissection is mediastinal 
haematoma dissecting the sheath of the pulmonary 
arteries due to blood fl ow from the ascending aorta 
to the interstitial space around the pulmonary arter-
ies (Castaner et al.  2003 ) (Fig.  11 ).

     The presence of aberrant anatomy, such as an 
aberrant subclavian artery, and the involvement of 

all of the branches of the aorta should be addressed 
systematically with consideration of secondary 
ischaemia including whether the branch vessel is 
supplied by the true or false lumen. This is espe-
cially signifi cant in coronary and head and neck 
vessel involvement (Litmanovich et al.  2009 ). 
Supra-aortic trunk involvement causing cerebral 

  Fig. 11    ( a ) Type A aortic dissection with pulmonary 
artery sheath haematoma. Note the presence of haema-
toma ( arrows ) alongside the pulmonary artery caused by 
aortic dissection rupturing into the sheath of the pulmo-
nary trunk. ( b ) Type A aortic dissection with pulmonary 
artery sheath haematoma. Note the presence of haema-
toma ( arrow ) alongside the pulmonary artery caused by 
aortic dissection rupturing into the sheath of the pulmo-

nary trunk. Note haemopericardium ( arrowhead ). ( c ) 
Type A aortic dissection with pulmonary artery sheath 
haematoma. Note the presence of haematoma ( arrows ) 
alongside the pulmonary artery caused by aortic dissec-
tion rupturing into the sheath of the pulmonary trunk. 
Note displacement of the intimal calcifi cation associated 
with acute aortic dissection ( dotted arrow )       
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ischaemia is relatively rare (5–10 % (Castaner 
et al.  2003 )), but involvement of these vessels car-
ries a particularly poor prognosis (Litmanovich 
et al.  2009 ). Visceral branch vessel obstruction 
occurs in 1/3 of aortic dissection patients either 
due to the dissection fl ap extending across the 
lumen as a ‘curtain’ (dynamic occlusion) or into 
the wall of the branch vessel (static obstruction) 
(Abbas et al.  2014 ) (Fig.  12 ). It is key to remem-
ber that secondary ischaemia will not be visible 
on CT in the early stages, and therefore, a rising 
serum lactate level and true lumen compression 
together constitute the indication for intervention. 
Another theoretical mechanism of organ isch-
aemia is due to dissected aortic rupture causing 
blood to leak into structures surrounding an organ; 
however, this has not been our experience in clini-
cal practice (Castaner et al.  2003 ). Finally, the 
presence or absence of dissection into the iliac 
and femoral vessels should be recorded and is par-
ticularly useful if endovascular treatment is 
contemplated.

6         IMH 

 IMH comprises 10–30 % of AAS patients and 
is defined as acute haemorrhage contained 
with the layers of the aortic wall (Lansman 
et al.  2010 ). IMH had been thought to be due 
to rupture of the vasa vasorum within the 
media without intimal interruption. However, 
there is increasing recognition based on 
autopsy findings that IMH may result from 
microscopic intimal tears (Maddu et al.  2013 ; 
Hiratzka et al.  2010 ; Chin and Fleischmann 
 2012 ), and with improved MDCT technology, 
intimal tears in IMH are becoming more easily 
visible (Kitai et al.  2011 ). Currently, there is a 
belief that IMH may be a variant or precursor 
of aortic dissection; in fact, it is likely that 
IMH is part of the acute aortic dissection spec-
trum. Essentially, the aortic wall layers are 
separated and filled with thrombus rather than 
free-flowing blood of a classic dissection 
(Maddu et al.  2013 ). 

  Fig. 12    Type B aortic dissection involving visceral arteries. The dissection fl ap has resulted in the false lumen being in 
continuity with the left renal artery. Note the large area of infarction in the left kidney       
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6.1     Imaging Features 

 IMH can only be confi dently diagnosed on imag-
ing: the most common fi nding being focal crescen-
tic high attenuation (>45HU) within the thickened 
aortic wall on unenhanced CT that does not 
enhance and does not demonstrate a dissection 
fl ap. In our experience, IMH does not compress 
the aortic lumen. Intimal calcifi cations will be 
 displaced by IMH (Castaner et al.  2003 ). IMH can 
be differentiated from a thrombosed false lumen of 
aortic dissection because IMH maintains a con-
stant circumferential relationship with the aortic 
wall, whereas a dissection tends to spiral longitu-
dinally (Maddu et al.  2013 ). IMH can however be 
diffi cult to differentiate from aortitis as both encase 
the aorta and both cause stranding. 

 Both IMH and PAU have an unpredictable 
evolution without treatment compared to dissec-
tion (Maddu et al.  2013 ). This is further compli-
cated by different experiences in North America 
and Europe compared to Japan and Korea 
(Lansman et al.  2010 ). Clinically, IMH may 
resolve (reported to occur in 19 % of Western 
patients but more than 60 % of Korean patients 
(Lansman et al.  2010 ; Tittle et al.  2002 )) or prog-
ress to dissection, aneurysm formation or rupture 
in approximately 45 % of patients (Abbas et al. 
 2014 ; Evangelista et al.  2005 ). Features that sug-
gest risk of progression are listed below (Table  4 ). 
The 5-year mortality of IMH in the West is 50 %, 
and therefore, CT follow-up is required for con-
servatively treated patients (Abbas et al.  2014 ). 
However, mortality is lower in Korea and Japan: 
for example, in a recent series of 50 type A IMH 

patients from Japan, early and late progression 
was 30 and 10 % with an overall mortality of only 
4 % (Kitai et al.  2009 ).

7         PAU 

 PAUs comprise 2–8 % of AAS patients and 
develop from atherosclerotic aortic lesions which 
ulcerate into the internal elastic intima and media 
(Maddu et al.  2013 ; Vilacosta et al.  2009 ) 
(Fig.  13 ). PAUs usually occur in elderly patients 
with multiple atherosclerotic comorbidities such 
as coronary or peripheral arterial disease (Maddu 
et al.  2013 ). Younger patients with connective tis-
sue disorders or a mycotic plaque are also at risk.

7.1       Imaging Features 

 PAUs can be differentiated from simple ulcerated 
atherosclerotic plaques because the intimal dis-
ruption leads to extension of blood into the 
media, visible on CT (Abbas et al.  2014 ; 
Litmanovich et al.  2009 ). In comparison, uncom-
plicated simple atherosclerotic ulcers remain 
within the intimal layer, and therefore, there is no 
extension of contrast beyond the intimal level. 
The presence of a focal contrast-fi lled outpouch-
ing of the aortic wall is diagnostic of a PAU. The 
outpouching has a jagged edge, and there is often 
extensive atheromatous disease and intimal calci-
fi cation in keeping with the above-noted comor-
bidities (Maddu et al.  2013 ; Vilacosta et al.  2009 ). 
Wall thickening is also seen and this enhances 
(Kazerooni et al.  1992 ) (Fig.  14 ). PAUs are usu-
ally located in the middle or distal third of the 
descending aorta or less commonly within the 
aortic arch (Castaner et al.  2003 ). They rarely 
occur in the ascending aorta because rapid blood 
fl ow from the left ventricle provides protection 
against atherosclerosis (Welch et al.  1990 ). 
Deeper PAUs can be associated with an IMH 
(Abbas et al.  2014 ). The incidence of complica-
tions is high – up to 70 % (Maddu et al.  2013 ).

   Complications of PAUs include false aneu-
rysm formation, focal limited dissection and rup-

   Table 4    Features suggesting risk of progression of IMH 
to aortic dissection   

 Ascending aorta involved 
 Aortic diameter >5 cm 
 Haematoma thickness >11 mm 
 Associated PAU (penetrating atherosclerotic ulcer) 
diameter >20 mm, depth > 10 mm 
 Temporal enlargement on serial imaging 
 Recurrent chest pain 
 Pleural or pericardial effusions, particularly if large 
or temporally progressive 
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  Fig. 13    Diagram shows events leading to penetrating 
aortic ulcer from formation of extensive aortic atheroma 
confi ned to the intimal layer through lesion progression to 
deep ulceration of plaque with penetration into media to 
entrance of blood from aortic lumen into media and split-

ting of media with intramural haematoma. Haematoma 
formation may extend along media resulting in long seg-
ment intramural haematoma (Reproduced from Macura 
et al.  2003 , Pathogenesis in Acute Aortic Syndromes 
(Permission requested))       

ture (Abbas et al.  2014 ; Vilacosta et al.  2009 ). In 
fact, some authors have theorised that most sac-
cular aneurysms are caused by a PAU (Castaner 
et al.  2003 ).   

8     Management of Aortic 
Dissection 

 Stanford A dissections have a mortality of 1–2 % 
per hour after symptom onset if untreated (Abbas 
et al.  2014 ; DeSanctis et al.  1987 ). By 24 h mor-
tality is 24 % and by 14 days, 49 % (Abbas et al. 
 2014 ). Some authorities suggest that a further 
subclassifi cation of type A dissections should be 
created: type B*. This refers to dissections distal 
to the origin of the brachiocephalic artery, the sig-
nifi cance of this being that some authors advocate 
nonoperative management (Lempel et al.  2014 ). 

 For uncomplicated type B dissection, medical 
management of hypertension alone is indicated 
since the 30-day mortality is 10 % (van Bogerijen 
et al.  2014 ). However, patients with ischaemic 

complications such as renal failure or visceral 
ischaemia or who have signs of impending rupture 
should have immediate endovascular or surgical 
aortic repair (Maddu et al.  2013 ). Patients with 
partial thrombosis of the false lumen require inten-
sive follow-up as they have a higher annual growth 
rate than dissections with patent or complete 
thrombosis of the false lumen (Maddu et al.  2013 ; 
Trimarchi et al.  2013 ). Risk factors for aortic dila-
tion and adverse outcome are listed in Table  5 .

   If patients develop complications such as con-
tained rupture or branch vessel ischaemia, inva-
sive management may be needed, but this carries 
a risk of morbidity and mortality (31 %) (Abbas 
et al.  2014 ; Piffaretti et al.  2006 ). Endovascular 
procedures such as stent grafting, branch vessel 
stenting and  dissection fl ap fenestration may have 
a lower mortality and morbidity. However, require-
ment for reintervention is 7.2 % over 12 months 
after a successful endovascular procedure, and the 
12-month mortality is 11.4 %; therefore, continued 
follow-up is indicated in these patients (Abbas 
et al.  2014 ).  
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  Fig. 14    ( a ) Penetrating atherosclerotic ulcer. There is a 
large intramural haematoma. Note the contrast-fi lled pen-
etrating atherosclerotic ulcer. ( b ) Penetrating atheroscle-

rotic ulcer. There is a large intramural haematoma. Note 
the contrast-fi lled penetrating atherosclerotic ulcer       
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9     Management of IMH 

 The Stanford Classifi cation is currently used for 
IMH in the West, and, as for dissection, early 
 surgical repair has been advocated for type A 
IMH (Abbas et al.  2014 ). In the West, mortality 
rates with surgical repair of 8 % compare to 55 % 
with conservative measures (Abbas et al.  2014 ) 
and therefore, traditionally the diagnosis of IMH 
has merited urgent cardiothoracic surgical refer-
ral. However, reports from Eastern centres includ-
ing meta-analyses have shown no difference in 
mortality between medical and surgical treatment 
(14 % versus 10 %) (Lansman et al.  2010 ). The 
divergence between Eastern and Western experi-
ence has not been explained, but it has led to a 
variety of approaches to the management of type 
A IMH, with a cautious adoption of the Eastern 
conservative strategy by some US and European 
centres (Lansman et al.  2010 ). Some Japanese and 
Korean centres use a ‘time urgent’ approach to 
patients with type A IMH, closely observing 
patients for 30 days after onset of symptoms 
before deciding on surgery based on certain 
 criteria. Daily transthoracic echocardiography 
from days 0–5 followed by CT at day 5 and there-
after weekly CT and echocardiography is required 
for 30 days (Kitai et al.  2009 ) (see Table  6 ).

   Patients with type B IMH without rupture can 
be treated conservatively (Coady et al.  2010 ). 
However, patients with type B IMH have a higher 
risk of mortality and rupture than a patient with 
type B dissection. Therefore, careful imaging and 

clinical follow-up are required. Endovascular 
treatment of type B IMH has so far been shown to 
have good outcomes (Coady et al.  2010 ).  

10     Management of PAUs 

 There are confl icting reports about the natural his-
tory of PAUs (Lansman et al.  2010 ). Many consider 
PAUs to have an unfavourable prognosis, but others 
have reported successful conservative therapy 
including complete resolution of IMH within 1 year 
(Lansman et al.  2010 ). Therefore, decisions regard-
ing conservative versus interventional management 
can be diffi cult. All authorities agree that pending or 
actual rupture requires urgent intervention 
(Lansman et al.  2010 ). The presence of extra-
adventitial blood, grossly bulging IMH and tempo-
rally progressive haemothorax are further indicators 
for intervention (Coady et al.  2010 ). Surgical repair 
of a PAU is generally more complex and extensive 
than surgical repair of type B aortic dissection since 
much of the wall may have been damaged by ulcer-
ation and therefore require replacement (Castaner 
et al.  2003 ). Luminal irregularity requires extensive 
endografting and carries the risk of paraplegia (due 
to the occlusion of intercostal arteries (Lansman 
et al.  2010 )). Endograft treatment has been reported 
to have a good outcome with a 12 % 30-day mortal-
ity (Lansman et al.  2010 ). 

   Table 6    Criteria for timed surgery for type A IMH 
(Abbas et al.  2014 )   

 Criteria for observation of type 
A IMH 

 Criteria for timed 
surgical intervention 

 Haemodynamically stable  Pain 
 Aortic diameter <5 cm  Increasing aortic 

diameter 
 Haematoma thickness <10 mm  Increasing thickness 

of IMH 
 No PAU  Increasing pericardial 

or pleural effusion 
 No large or progressive 
pericardial or pleural effusion 

 Progression to aortic 
dissection 

 No tamponade  Development of PAU 
 No end-organ malperfusion  Development of 

tamponade 
 Development of 
end-organ 
malperfusion 

   Table 5    Risk factors for aortic dilation or adverse out-
come in uncomplicated type B aortic dissection (van 
Bogerijen et al.  2014 )   

 Male 
 Marfan syndrome 
 Aortic diameter >4 cm initial CT 
 Fusiform dilation of proximal descending aorta 
 Elliptical shape of true lumen 
 Saccular FL 
 Partial thrombosis FL 
 FL on inner curvature of aorta 
 Single entrance tear 
 Large entrance tear >10 mm within the proximal aspect 
of dissection 
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 The management and outcomes in type B 
PAUs are similar to those for type B IMH (Coady 
et al.  2010 ). If a PAU is asymptomatic, it is more 
likely to warrant conservative management, but 
in all cases, patients with PAUs should be fol-
lowed up with imaging (Maddu et al.  2013 ). The 
development of an aortic diameter >55 mm or 
>10 mm per annum and the presence of periaortic 
haematoma are in favour of subsequent interven-
tion (Abbas et al.  2014 ).  

11     Summary 

•     Acute aortic syndrome comprises three inter-
related conditions with similar clinical presen-
tations and distinct but related pathology: 
aortic dissection, intramural haematoma and 
penetrating atherosclerotic ulcer.  

•   All three conditions require prompt clinical and 
imaging assessment with early consideration of 
cardiothoracic surgery or intervention.  

•   In all three conditions, there is a signifi cant 
mortality rate over time from presentation.  

•   There is controversy over the natural history 
of IMH in particular, but both IMH and PAU 
can be unstable.  

•   Stanford Classifi cation, the extent of the disease 
and secondary complications determine conser-
vative versus surgical/endovascular management.  

•   MDCT plays a pivotal role in early diagnosis 
and management.  

•   CT differentiation between aortic dissection, 
IMA and PAU are important as they infl uence 
management.  

•   In dissection, distinction between the true and 
false lumen is essential to guide endovascular 
treatment.  

•   The entire aorta must be evaluated and partic-
ular attention paid to possible branch vessel 
involvement.        
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    Abstract  

  Thoracic aortic aneurysms (TAAs) are abnor-
mal dilatation occurring in the thoracic aorta. 
They can be classifi ed according to location, 
morphology, and etiology. TAAs can be 
divided into true aneurysms and false aneu-
rysms (also called pseudoaneurysms). True 
aneurysms are usually associated with fusi-
form dilatation of the aorta and most com-
monly due to atherosclerosis. False aneurysms 
are typically saccular with a narrow neck and 
most commonly due to trauma, penetrating 
atherosclerotic ulcers, or infections (mycotic 
aneurysm). Atherosclerosis, genetic causes, 
aortitis, trauma, and dissection can be the 
causes of TAAs. MDCT allows the evaluation 
of TAAs in terms of morphologic features, 
extent, and signs of instability or impending 
rupture. Acute aortic thrombosis and aortic 
fi stula with esophagus or bronchi are rare but 
life-threatening complications of aortic dis-
ease. Imaging fi ndings may be subtle.  
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1       Thoracic Aortic Aneurysms 

1.1     Defi nition 

 Aneurysm etymologically derives from the Greek 
“aneurysma,” i.e., “dilation,” and it is defi ned as a 
permanent dilatation of an artery having a ≥50 % 
increase in diameter compared with its expected 
normal diameter. Aneurysmal degenerations 
occurring in the thoracic aorta are defi ned as tho-
racic aortic aneurysms (TAAs). TAAs can be 
classifi ed according to location, morphology, and 
etiology. While in the real aortic aneurysms all 
three layers (intima, media, and adventitia) of the 
aortic wall are present in the aneurysmal wall, in 
pseudoaneurysms one or more of these layers are 
absent due to the lesion that originates from 
them, for example, trauma or penetrating athero-
sclerotic aortic ulcers.  

1.2     Location 

 The thoracic aorta consists of the aortic root, 
ascending aorta, aortic arch, and descending tho-
racic aorta (Agarwal et al.  2009 ). The aortic root 
consists of the annulus, sinuses of Valsalva, and 
sinotubular junction. The annulus, a fi brous band 
surrounding the aorta, is located at the aorto- 
ventricular junction. The Valsalva sinus is a dila-
tation of the aortic root just above the aortic 
valve. At its upper level, at sinotubular junction, 
the Valsalva sinus becomes the tubular ascending 
aorta. The ascending aorta extends from the root 
to the origin of the right brachiocephalic artery 
(also called innominate artery); the arch, from the 
right brachiocephalic artery to the attachment of 
the ligamentum arteriosum; and the descending 
aorta, from the ligamentum arteriosum to the aor-
tic hiatus in the diaphragm (Lodi et al.  2004 ). The 
arch may be subdivided into proximal (right bra-
chiocephalic artery to left subclavian artery) and 
distal (left subclavian artery to attachment of the 
ligamentum arteriosum) segments (Mukherjee 
and Rajagopalan  2007 ). The distal arch, also 
referred to as the isthmus, may be narrower than 
the proximal descending aorta (Mukherjee and 
Rajagopalan  2007 ). 

 A TAA is defi ned as a permanent abnormal 
dilatation of the thoracic aorta (Green and Klein 
 2007 ). Although the aortic diameter increases 
with age, the normal diameter of the midascend-
ing aorta should always be less than 4 cm, and 
that of the descending aorta no more than 3 cm 
(Aronberg et al.  1984 ). 

 TAAs may involve one or more aortic seg-
ments (Goldstein et al.  2015 ): 60 % of TAAs 
involve the aortic root and/or ascending tubular 
aorta, 40 % the descending aorta, 10 % the arch, 
and 10 % the thoracoabdominal aorta (Isselbacher 
 2005 ).  

1.3     Morphology 
and Pathophysiology 

1.3.1     Morphology 
 An arterial blood vessel has the following three 
layers: intima (a thin inner layer made of endo-
thelial cells, easily traumatized), media (a thick 
middle layer, composed of smooth muscle cells 
and multiple layers of elastic laminae that pro-
vide tensile strength, distensibility, and elastic-
ity), and adventitia (a rather thin outer layer, 
made of collagen and vasa vasorum). The wall 
of a  true aneurysm  (Fig.  1a, b ) involves all three 
layers, and the aneurysm is contained inside the 
endothelium. It is usually associated with fusi-
form dilatation of the aorta and is most com-
monly due to atherosclerosis (Posniak et al. 
 1990 ). The wall of a  false or pseudoaneurysm  
involves only the outer layer, and it is contained 
by the adventitia or periadventitial tissues. It 
is typically saccular (Fig.  2a–e ) with a narrow 
neck, and it is most commonly due to trauma, 
penetrating atherosclerotic ulcers, or infec-
tions (mycotic aneurysm) (Lesko et al.  1997 ). 
There are also various morphologic shapes of 
the aortic root and ascending aorta, some of 
which suggest specifi c etiologies. For example, 
 annuloaortic ectasia , a condition characterized 
by dilated sinuses of Valsalva with effacement 
of the sinotubular junction producing a pear-
shaped aorta that tapers to a normal aortic arch, 
is most commonly associated with Marfan syn-
drome (Fig.  3a, b ).

M.C. Firetto et al.



309

1.3.2          Pathophysiology 
 The pathogenesis of aneurysm is extremely com-
plex and not completely understood; most likely, 
aneurysms result from the interaction of multiple 
factors, systemic and local hemodynamic fea-
tures (Michel et al.  2011 ). The elastic properties 
of the aorta are important for its normal function. 
The elasticity of the wall allows the aorta to 
accept the pulsatile output of the left ventricle in 
systole and to modulate continued forward fl ow 
during diastole. With aging, the medial elastic 
fi bers become thinned and fragmented, with the 

increase in collagen and ground substance. 
Elasticity and compliance of the aortic wall are 
progressively lost, with the increase in pulse 
pressure and with progressive dilatation of the 
aorta (Goldstein et al.  2015 ). Many authors sug-
gest that a group of enzymes called matrix metal-
loproteinases (MMPs) plays a signifi cant role in 
the destruction of extracellular matrix in the aor-
tic wall. MMPs lead to the degradation of these 
structural proteins with elastic fi ber fragmenta-
tion and loss and degeneration of the tunica 
media with loss of elasticity and weakening of 
the aortic wall and consequent dilation 
(Sakalihasan et al.  2005 ). Hemodynamic factors 
probably play a fundamental role in the forma-
tion of aortic aneurysms. The human aorta is a 
relatively low-resistance circuit for circulating 
blood while the lower extremities have higher 
arterial resistance (Hoshina et al.  2003 ). Repeated 
hydrostatic trauma may injure a diseased aortic 
wall and contribute to aneurysmal development. 
In case of concomitant systemic hypertension, it 
can accelerate the expansion of known aneu-
rysms and may contribute to their initial forma-
tion (Piccinelli et al.  2013 ). Wall rupture follows 
the basic principles of material failure, i.e., an 
aneurysm breaks open when mural stress or 
deformation meets an appropriate failure crite-
rion. The law of Laplace states that wall tension 
is proportional to the pressure and to the radius of 
the arterial conduit ( T  =  P  ×  R ). As diameter 
increases, wall tension increases, which contrib-
utes to increasing diameter and risk of rupture. 
Also increased pressure and aneurysm size 
aggravate wall tension and therefore increase the 
risk of rupture. The use of the law of Laplace to 
predict AAA rupture potential is erroneous, 
because the AAA wall geometry is not a simple 
cylinder or sphere with a single radius of curva-
ture, and wall stress alone is not suffi cient to pre-
dict AAA rupture. So AAA diameter cannot be 
considered as the only determinant factor of 
either wall strength or wall stress (Piccinelli et al. 
 2013 ). Various indices have been proposed to 
create a more reliable and patient-specifi c criteria 
for clinical practice. Despite many progresses, 
the majority of the proposed criteria for risk strat-
ifi cation and decision making still rely on 

a

b

  Fig. 1    Thoracic aortic aneurysm in a 59-year-old man. 
Contrast-enhanced coronal MIP image ( a ) and sagittal 
MPR image ( b ) show a true aneurysm, with fusiform dila-
tation of the descending aorta       
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a d

b

c

e

  Fig. 2    PA and lateral X-rays ( a ,  b ) show widened medi-
astinum, opacifi cation of the aortopulmonary window, 
and rightward deviation of the trachea. Axial ( c ), coronal 

( d ), and sagittal ( e ) MPR CT images show saccular dilata-
tion of the proximal descending aorta       
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 empirical measurements rather than on the analy-
sis of biomechanical properties (Creasy et al. 
 1997 ); among these are maximum AAA diameter 
(Greenhalgh  2004 ), currently the prevalent index 
for the evaluation of risk of rupture; AAA expan-
sion rate (Hirose and Takamiya  1998 ); wall stiff-
ness (Fillinger et al.  2003 ); intraluminal thrombus 
thickness (Speelman et al.  2010 ); and AAA wall 
peak stress (Raghavan et al.  2000 ; McGloughlin 
and Doyle  2010 ). The presence of anisotropic 
displacement of the AAA lumen boundary and 
their link to hemodynamic forces have been 
assessed, highlighting a new possible role for 
hemodynamics in the study of AAA progression 
(Piccinelli et al.  2013 ).   

1.4     Etiology 

  Atherosclerosis  is the cause of approximately 
70 % of all TAAs (Lesko et al.  1997 ) and contrib-
utes to the formation of aortic aneurysms second-
ary to the degeneration of the components of the 
aortic wall. Atherosclerotic aneurysms are the 
most common type; usually they are seen in the 
elderly and typically characterized by intimal 
calcifi cation and fi brous plaques along the aorta. 
The majority of them are fusiform, up to 20 % 

may be saccular (Posniak et al.  1990 ), and they 
occur in the descending thoracic aorta and rarely 
involve only the ascending aorta (Lesko et al. 
 1997 ) (Fig.  4a, b ).

   Because an abdominal aortic aneurysm occurs 
in 28 % of patients with TAA, initial CT evalua-
tion may include the entire thoracoabdominal 
aorta (Bickerstaff et al.  1982 ). 

 Many authors consider  genetic causes  as a 
leading factors in the formation and development 
of aortic aneurysms. Inherited disorders of con-
nective tissue contribute to the formation of aortic 
aneurysms.  Marfan syndrome  is a multisystemic 
connective tissue, autosomal dominant inherited 
disorder (Goldstein et al.  2015 ). One of the hall-
mark features is dilatation or dissection of the aor-
tic root (Daimon et al.  2008 ). Aortic aneurysms 
without annuloaortic ectasia are also common. 
Annuloaortic ectasia, especially with dilatation of 
the aortic root, is found in 60–80 % of adults with 
Marfan syndrome. It usually begins with dilata-
tion of the aortic sinuses, which progresses fi rst 
into the sinotubular junction, than into the aortic 
annulus. Dilatation of the aortic root causes aor-
tic valve insuffi ciency that may progress to aor-
tic root dissection or rupture (Vasan et al.  1995 ). 
The aortic aneurysms rarely show intimal calcifi -
cation or atherosclerotic thrombosis; they occur 

a b

  Fig. 3    Marfan syndrome and annuloaortic ectasia in a 
42-year-old woman. ( a ) T1-weighted and ( b ) gradient 
echo sagittal oblique MRI show a pear-shaped aorta that 

tapers to a normal aortic arch, a characteristic fi nding in 
Marfan syndrome       
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commonly and develop more rapidly in younger 
patients. After the initial diagnosis of aortopathy 
by TTE, CT or MRI is recommended to confi rm 
the size of the aorta and to document the diam-
eters of the distal ascending aorta, aortic arch, 
and descending aortic segments. Repeated CT 
or MRI, about every 3 years, is recommended to 
reassess the aortic arch and the descending aorta. 
Prophylactic surgery for annuloaortic ectasia is 
recommended when the diameter of the Valsalva 
sinus exceeds 5.5 cm in an adult and 5.0 cm in 
a child, when the diameter of the Valsalva sinus 
is less than 5.0 cm but in a rapid rate of aortic 
aneurysm expansion (increase in dilatation by 
more than 1 cm per year), or when there is a 
family history of aortic dissection (Wolak et al. 
 2008 ; Kälsch et al.  2013 ; De Backer et al.  2006 ). 
Composite surgical replacement of the aortic root 
and valve is commonly performed with or without 
coronary reimplantation (Fig.  5a, b ).

   Other genetic conditions associated with aor-
tic dilatation are bicuspid valve-related aortopa-
thy (BAV), Loeys–Dietz syndrome, Turner 
syndrome, familial TAA, and Ehlers–Danlos 
syndrome.  Ehlers – Danlos syndrome  (EDS) is an 
autosomal dominant disorder with vascular 
involvement (arterial dilatation and rupture). The 
imaging characteristics of aortic aneurysms in 
Ehlers–Danlos syndrome resemble those in 
Marfan syndrome. 

  Aortitis  is a general term that refers to a broad 
category of infectious or noninfectious condi-
tions, in which there is abnormal infl ammation of 
the aortic wall. These infl ammatory conditions 
have different clinical and morphologic features 
and variable prognoses (Restrepo et al.  2011 ). 
The differentiation between infectious (mycotic) 
and noninfectious aneurysms is important 
because, as mycotic aneurysms are treated with 
antibiotic therapy and surgical debridement with 

a b

  Fig. 4    Descending TAA in an 82-year-old man. Contrast-enhanced ( a ) axial CT image shows an atherosclerotic aorta, 
with fusiform aneurysm. ( b ) Sagittal MIP image shows the overall extent of the aneurysm in the descending aorta       
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or without surgical revascularization, noninfec-
tious aneurysms are managed by steroids and 
immunosuppressive drugs (Nagpal et al.  2015 ). 

  Noninfectious aortitis  may be part of a sys-
temic disorder (Gornik and Creager  2008 ). The 
association between rheumatic diseases and aor-
tic involvement is well known, but the prevalence 
of aortic involvement in the different rheumatic 
diseases is quite variable. Rheumatic diseases 
(Slobodin et al.  2006 ) with a high prevalence 
(>10 %) of aortic involvement include Takayasu 
arteritis (Fig.  6a–c ), giant cell arteritis (GCA), 
long-standing ankylosing spondylitis, Cogan 
syndrome (interstitial keratitis, iritis, conjuncti-
val or subconjunctival hemorrhage, fever, aortic 
insuffi ciency) (Fig.  7a, b ), and relapsing poly-
chondritis. Rheumatic diseases in which aortic 
involvement is an uncommon well-documented 
complication include rheumatoid arthritis, sero-
negative spondyloarthropathies, Behçet disease, 
and systemic lupus erythematosus (SLE). Aortitis 
most commonly affects the ascending aorta in 
rheumatoid arthritis (Fig.  8a, b ), ankylosing 
spondylitis, giant cell arteritis, and relapsing 
polychondritis (Posniak et al.  1990 ). These con-
ditions may also be associated with aortic valve 
insuffi ciency. Aortitis in rheumatic fever can be 

segmental, limited to the ascending aorta, or it 
can involve the abdominal aorta or the entire 
aorta (Lande and Berkmen  1976 ; Posniak et al. 
 1990 ). Takayasu arteritis commonly affects the 
aortic arch and its major branches, with variable 
involvement of the abdominal aorta and pulmo-
nary arteries; although Takayasu arteritis typi-
cally causes arterial stenosis and occlusion, 
aneurysms may also occur. Infl ammatory aneu-
rysms differ from atherosclerotic aneurysms 
because of the presence of dense perianeurysmal 
fi brosis and thickened aortic wall (Restrepo et al. 
 2011 ). The prevalence is 5–25 % of all abdominal 
aortic aneurysms. Infl ammatory aneurysms of 
the ascending aorta and aortic arch are much less 
frequent, usually associated with concomitant 
infl ammatory aneurysms in the abdominal aorta 
(Girardi and Coselli  1997 ). CT shows a hypoat-
tenuating mass with periaortic wall thickening 
that spares the posterior wall. After intravenous 
administration of contrast material, rapid luminal 
opacifi cation is followed by delayed enhance-
ment of the soft-tissue component.

      Infected  ( mycotic )  aneurysms . Infectious aorti-
tis is secondary to gram-positive bacteria such as 
the  Staphylococcal  species,  Enterococcus  spe-
cies, and  Streptococcus pneumonia , responsible 

a b

  Fig. 5    Axial–oblique ( a ) and coronal–oblique MIP ( b ) CT sections at the level of the coronary artery origin, after 
ascending aorta replacement with graft. Note the persistent dilation of both proximal left and right coronary arteries       
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a b

a c

b

  Fig. 6    Axial ( a ,  b ) and sagittal ( c ) CT MIP images in a patient with Takayasu arteritis. Fusiform aneurysm of the 
ascending aorta ( a ,  c ) and atypical coarctation at the level of the aortic arch ( arrows  in  b ,  c ) are well demonstrated       
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of 60 % of the infections. Gram-negative bacilli 
( Salmonella  species in the majority of cases) are 
also a frequent cause of aortic infection; however, 
they are more prevalent in infectious abdominal 
aortitis (Revest et al.  2007 ). Aortic infection by 
 Mycobacterium tuberculosis , an uncommon prob-
lem in developed countries, may occur as a result 
of the extension to the aortic wall of a contiguous 
infective focus such as infected mediastinal lymph 
nodes or lung lesions.  Treponema pallidum  is a 
rare etiology today, with a historical importance. 
Aortic infection by unusual bacteria and nonbac-
terial (fungi) microorganisms is extremely rare; 
however, this possibility must be considered in 
immunocompromised patients (Gornik and 
Creager  2008 ). Infected (mycotic) aneurysms are 
uncommon, and they usually involve segments 
not commonly involved by atherosclerosis (Lee 
et al.  2008 ). Although the infraabdominal aorta is 
the most frequently involved segment of the aorta, 
there is also a combined involvement of the 
descending thoracic, thoracoabdominal, and 
suprarenal aorta (Oderich et al.  2001 ). Early 
changes of aortitis preceding aneurysm formation 
include an irregular arterial wall, periaortic edema 
as fat stranding or a hypoattenuating concentric 
rim at CT, a periaortic soft-tissue mass, and peri-

aortic gas. Concentric or eccentric periaortic 
infl ammatory soft tissue can develop, as a homo-
geneous contrast- enhancing mass at CT (Ting and 
Cheng  1997 ; Tsao et al.  2002 ; Azizi et al.  2004 ). 
The infl ammatory mass can develop necrosis with 
a heterogeneous attenuation at CT, with rim 
enhancement or poor enhancement after adminis-
tration of contrast material (Gomes and Choyke 
 1992 ). Periaortic mass and fat stranding are the 
most common imaging fi ndings of infected aortic 
aneurysms, and they are found in 48 % of cases 
(Macedo et al.  2004 ). Periaortic gas is an uncom-
mon feature (Vogelzang and Sohaey  1988 ; 
Macedo et al.  2004 ). At CT, an infected aortic 
aneurysm appears as a focal, contrast-enhancing 
dilatation, usually saccular. The lumen can be 
central or eccentric and it can be a single compart-
ment or multiloculated. Disrupted arterial wall 
calcifi cations can occur adjacent to the infected 
aneurysm (Sueyoshi et al.  1998 ; Azizi et al.  2004 ). 
Calcifi cation within the aneurysmal wall and 
thrombus within an infected aneurysm are uncom-
mon (Gomes and Choyke  1992 ). An infected 
aneurysm can rapidly develop and enlarge 
(Sueyoshi et al.  1998 ; Macedo et al.  2004 ), and 
subsequently it can rupture due to high systemic 
arterial pressure. 

a b

  Fig. 8    Axial CT ( a ) and PET ( b ) images of a patient with 
rheumatoid arteritis. There is questionable wall thicken-
ing of the normal caliber thoracic aorta at CT ( a ). PET 

shows abnormal uptake of the aortic wall due to the 
infl ammatory changes       

  Fig. 7    Axial ( a ) and sagittal MIP ( b ) CT images of a 
patient with Cogan syndrome, showing circumferen-
tial wall thickening of the normal caliber descending 

aorta ( arrow head  in  a ) and abrupt narrowing of the 
abdominal aorta distal to the mesenteric artery origin 
( arrow  in  b )       
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  Posttraumatic aneurysms or ,  better ,  pseudoa-
neurysms , following blunt trauma may result 
from rapid deceleration, which is the most 
accepted mechanism of injury (Agarwal et al. 
 2009 ), with shearing and bending stress on the 
aortic wall. According to this theory, during the 
sudden deceleration, the distal transverse arch 
moves forward while the proximal descending 
thoracic aorta remains stationary, held back by 
the ligamentum arteriosum and the intercostal 
vessels (Javadpour et al.  2002 ). Another pro-
posed mechanism is the “osseous pinch,” where 
an anteroposterior compression force results in 
posteroinferior displacement of the manubrium, 
fi rst rib, and medial clavicle, which impinge on 
the aorta and compress it against the thoracic 
spine posteriorly (Crass et al.  1990 ). A third pos-
sible mechanism of aortic injury is represented 
by the sudden increase of intraluminal blood 
pressure due to trauma with the so-called water 
hammer effect (Creasy et al.  1997 ). The most 
common site of injury, seen in survived trauma 
victims, is the aortic isthmus (90 % of cases), 
followed by the ascending aorta and the descend-
ing aorta near the diaphragmatic hiatus 
(Mukherjee and Rajagopalan  2007 ). Chronic 
pseudoaneurysms develop in 2.5 % of patients 
who survive the initial trauma. These often cal-
cify (Fig.  9 ), may contain thrombus (Heystraten 
et al.  1986 ), and have the potential to enlarge 
progressively, rupturing even years after the ini-
tial trauma (Posniak et al.  1990 ).

    Aortic dissection  is an abnormal passage of 
blood, through an intimal tear, into the media, pro-
ducing a false lumen separated from the true 
lumen by an intimal fl ap. A previous aortic dissec-
tion, with a persistent false channel, may produce 
aneurysmal dilatation of the false lumen. These 
are false aneurysms, contained only by the outer 
media and adventitia, enlarging over time (Fig.  10 ).

1.5        Pitfalls 

 Normal aortic variants can mimic an aortic aneu-
rysm. Three of these are ductus diverticulum, 
Kommerell’s diverticulum, and aortic spindle. 

1.5.1     Ductus Diverticulum 
 Ductus diverticulum consists of a convex focal 
bulge along the anterior undersurface of the isthmic 
region of the aortic arch (Gotway and Dawn  2003 ). 
Although ductus diverticulum is commonly 
believed to be a remnant of the closed ductus arte-
riosus, it has been suggested that this entity may 
actually represent a remnant of the right dorsal aor-
tic root (Grollman  1989 ). It is particularly impor-
tant to differentiate ductus  diverticulum from a 
posttraumatic aortic pseudoaneurysm, which most 
commonly occurs at the aortic isthmus. In contrast 
to a pseudoaneurysm, ductus diverticulum has 
smooth margins with gently sloping symmetric 
shoulders and forms obtuse angles with the aortic 
wall (Gotway and Dawn  2003 ).  

  Fig. 9    Axial CT in a patient with chronic posttraumatic 
pseudoaneurysm of the aortic isthmus. There is no medi-
astinal hematoma and there are some calcifi cations along 
the aneurysmal wall       

  Fig. 10    Axial CT image at the aortic arch level in a 
patient with chronic dissection. The dilated aortic arch 
with intimal fl ap, false and true lumens are well 
demonstrated       
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1.5.2     Aortic Spindle 
 Aortic spindle is a smooth, circumferential bulge 
located below the isthmus, in the fi rst portion of the 
descending aorta. It should not be confused with an 
aneurysm (Agarwal et al.  2009 ) (Fig.  11a–c ).

1.5.3        Kommerell’s Diverticulum 
 Right aortic arch (RAA) is an uncommon ana-
tomical variant, occurring in about 0.1 % of the 
population (Shuford et al.  1986 ). Two main types 
are commonly seen: mirror-image branching (type 
I), commonly associated with congenital cyanotic 
heart disease, and aberrant left subclavian artery 
(LSA) (type II) (Yeo et al.  2015 ). Type II RAA 
is often accompanied by a Kommerell’s diver-
ticulum, an aneurismal diverticulum that develops 
at the origin of the LSA and the proximal aspect 
of descending aorta (Edwards  1948 ). Because 
of the atherosclerotic changes occurring in the 
arterial wall during life, in adults it is generally 
not possible to distinguish a true diverticulum 

(Kommerell’s diverticulum, an embryonic rem-
nant) from an acquired aneurysm of the origin of 
the aberrant LSA. Patients with type II RAA are 
often asymptomatic; they are diagnosed inciden-
tally in adulthood or when complications arise 
from compression of the mediastinal structures, 
caused by a growing Kommerell’s diverticulum 
(Hastreiter et al.  1966 ). However, it was originally 
described as a diverticular outpouching at the ori-
gin of an aberrant right subclavian artery with a 
left-sided aortic arch (Fig.  12a, b ).

1.6         Complications 

1.6.1     Rupture 
 The risk of rupture of TAAs increases with the 
size of the aneurysm (Gotway and Dawn  2003 ). 

 Indications for surgical treatment are summa-
rized in the Guidelines of the American Heart 
Association (Hiratzka et al.  2010 ):

a

c

b

  Fig. 11    Axial CT images ( a ,  b ) and sagittal–oblique 
MPR image ( c ) of aortic spindle, which is a normal mild 
dilation of the most proximal descending thoracic aorta. 

Note the calcifi c densities at the level of ductus arteriosus 
insertion ( arrow )       
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•    Aortic size – ascending aortic diameter 
≥5.5 cm or twice the diameter of the normal 
contiguous aorta; descending aortic diameter 
≥6.5 cm; subtract 0.5 cm from the cutoff mea-
surements if the following are present: Marfan 
syndrome, family history of aneurysm or con-
nective tissue disorder, bicuspid aortic valve, 
aortic stenosis, dissection, and patient under-
going another cardiac operation; growth rate 
≥1 cm/year  

•   Symptomatic aneurysm  
•   Traumatic aortic rupture  
•   Acute type B aortic dissection with associated 

rupture, leak, distal ischemia  
•   Pseudoaneurysm  
•   Large saccular aneurysm  
•   Mycotic aneurysm  
•   Aortic coarctation  
•   Bronchial compression by aneurysm  
•   Aortobronchial or aortoesophageal fi stula    

 Contraindications are always individualized 
on patient’s ability to undergo a major surgery. 
High-risk patients and elderly persons must be 
always considered for less invasive procedures. 
Patients with end-stage renal disease, respiratory 
insuffi ciency, cirrhosis, or other major comorbid 
conditions are the most critical. 

 CT is the modality of choice for identifying 
aneurysmal rupture.  CT fi ndings of aneurysm rup-
ture . Thoracic aortic aneurysms can rupture into 
the mediastinum (Fig.  13a, b ), pleural cavity, peri-
cardium, or adjacent luminal structures such as 
the airways or the esophagus. CT fi ndings are a 
high-attenuation hematoma on nonenhanced 
scans and an active contrast material extravasa-
tion from the aortic lumen on contrast-enhanced 
scans (Agarwal et al.  2009 ). An important imag-
ing feature, in a contained rupture of TAA, is the 
“draped aorta sign”: it occurs when the posterior 
wall of the aorta is not identifi able as distinct from 
adjacent structures or when it closely follows the 
contour of adjacent vertebral bodies (Halliday and 
al-Kutoubi  1996 ).  Imaging features suggestive of 
instability or impending rupture  include increased 
aneurysmal size, a low thrombus-to-lumen ratio, 
and hemorrhage into a mural thrombus (Rakita 
et al.  2007 ). Nonruptured aneurysms generally 
contain more thrombus than ruptured aneurysms 
and thrombus-to-lumen ratio decreases with the 
increase of the aneurysmal size (Pillari et al. 
 1988 ). It is intuitive that a thick circumferential 
thrombus is protective against rupture and an 
enlargement of the patent lumen is indicative of 
partial lysis of the thrombus, which predisposes 
an aneurysm to rupture (Pillari et al.  1988 ; Mower 

a b

  Fig. 12    Axial ( a ) and sagittal oblique ( b ) CT MIP images 
in a patient post-right pneumonectomy, with retroesopha-
geal right aberrant subclavian artery with proximal 

 aneurysmal dilation: Kommerell’s diverticulum ( arrow  
in  a ,  arrowhead  in  b )       
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et al.  1997 ). A focal discontinuity in the circum-
ferential wall calcifi cations (Fig.  14 ) is more com-
monly observed in unstable or ruptured aneurysms 
(Siegel et al.  1994 ); this fi nding is really impor-
tant when, in comparison with a previous CT, the 
area of discontinuity in mural calcifi cations is 
new. A well-defi ned peripheral crescent of 
increased attenuation (Fig.  15a, b ) within the 
thrombus of a large TAA is a CT sign of acute or 
impending rupture (Mehard et al.  1994 ; Gonsalves 
 1999 ). This fi nding is best appreciated on 

unenhanced CT images. It represents an internal 
dissection of blood into the peripheral thrombus 
or into the aneurysm wall, when the ability of the 
thrombus to protect the aneurysm from rupture is 
shrinking (Arita et al.  1997 ). It is one of the earli-
est and most specifi c CT signs of the rupture pro-
cess (Mehard et al.  1994 ; Siegel et al.  1994 ; Arita 
et al.  1997 ; Gonsalves  1999 ). A TAA can develop 
fi stulous communication with the tracheobron-
chial tree and the esophagus. The aortobronchial 
fi stula manifests clinically as hemoptysis (Lesko 
et al.  1997 ) and at CT as consolidation in the adja-
cent lung due to hemorrhage; the fi stulous 
 communication cannot be easily seen at CT 
(Coblentz and Sallee  1988 ). Most aortobronchial 
fi stulas (90 %) occur between the descending 
aorta and the left lung (MacIntosh et al.  1991 ). 
Aortoesophageal fi stula is less common. It mani-
fests clinically as hematemesis and dysphagia 
(Cho et al.  2004 ) and at CT as mediastinal hema-
toma, as an intimate relationship of the aneurysm 
to the esophagus, and, rarely, as contrast material 
extravasation into the esophagus (Green and 
Klein  2007 ).

1.6.2          Compression of Adjacent 
Structures 

 TAAs can produce symptoms by compressing 
adjacent structures, such as superior vena cava 
syndrome due to compression of the superior 
vena cava, stridor or dyspnea due to airway 

a b

  Fig. 13    Unenhanced ( a ) and enhanced ( b ) axial CT scan 
of a patient with ruptured aortic aneurysm. Unenhanced 
image ( a ) shows discontinuity in wall calcifi cations, 
high- attenuation hematoma, and draping of the posterior 

aortic wall. Enhanced image ( b ) shows active extravasa-
tion of contrast material into the thrombus. Both images 
demonstrate blood into mediastinum and left pleural 
cavity       

  Fig. 14    Unenhanced axial CT sections of a patient with 
contained rupture of aneurysmal descending aorta. The 
discontinuity of wall calcifi cations is clearly shown on the 
posterior and lateral side of aorta ( arrow heads )       
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 compression, hoarseness due to compression of 
the recurrent laryngeal nerve, and dysphagia due 
to esophageal compression (Posniak et al.  1990 ).   

1.7     Clinical Presentation 

 Thoracic aortic aneurysms often grow slowly and 
usually without symptoms, making them diffi cult 
to detect. TAAs are usually found incidentally 
after chest radiographs or during other imaging 
studies. Most patients are hypertensive or can 
have a history of vascular disease in different dis-
tricts, such as coronary or carotid arteries, but, in 
general, they remain relatively asymptomatic 
until the aneurysm expands. 

 The most common symptom is pain. Chest 
or back pain in presence of TAA is predictive 
of aortic rupture. Ascending aortic aneurysms 
tend to cause anterior chest pain, whereas 
arch aneurysms more likely cause pain radi-
ating to the neck. Descending thoracic aneu-
rysms more likely cause back pain localized 
between the scapulae. When located at the level 
of the diaphragmatic hiatus, the pain occurs in 
the  mid- back and epigastric region; however, 
identifying the area of aortic involvement on 

the basis of the specifi c location of pain is not 
always reliable and can be misleading. Large 
ascending aortic aneurysms can cause supe-
rior vena cava obstruction with distended 
neck veins. Ascending aortic aneurysms also 
may develop aortic insuffi ciency and heart 
failure. Arch aneurysms, where stretching 
of the recurrent laryngeal nerves is present, 
may cause hoarseness. Descending thoracic 
aneurysms and thoracoabdominal aneurysms 
may compress the trachea and/or bronchi and 
cause dyspnea, stridor, wheezing, or cough. 
Compression of the esophagus results in dys-
phagia. They can also erode the surround-
ing structures and result in aortobronchial or 
aortoesophageal fi stulas with, respectively, 
hemoptysis, hematemesis, or gastrointestinal 
bleeding. Erosion into the spine causes back 
pain or instability. Spinal cord compression 
or thrombosis of spinal arteries may result in 
paraparesis or paraplegia. Descending thoracic 
aneurysms may thrombose or embolize clot 
and atheromatous debris distally to visceral, 
renal, or lower extremity arteries. 

 The most common complications of TAAs 
are acute rupture and dissection with rupture into 
the pericardium, causing tamponade, or 

a b

  Fig. 15    Unenhanced axial CT scan of two different 
patients with hemorrhage into a mural thrombus. 
A peripheral crescent-shaped area of hyperattenuation 
( arrow heads  in  a ,  b ), corresponding to the hematoma into 

the mural thrombus, is displayed in ( a ) a patient with 
impending rupture of an aneurysmal descending aorta 
with thrombus and ( b ) in a patient with contained rupture 
of aortic arch aneurysm into the mediastinum ( b )       
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dissection into the aortic valve, causing acute 
aortic insuffi ciency, or into the coronary arteries, 
causing myocardial infarction (Safi  et al.  2012 ; 
Upchurch  2014 ).  

1.8     CT Technique and CT Data 
Manipulation 

 In the clinical setting of acute nontraumatic 
chest pain, case history, physical examination, 
ECG, and laboratory risk markers should be 
immediately obtained. Chest X-ray is useful to 
rule out many nonvascular causes of acute chest 
pain such as pleural effusions, pneumothorax, 
etc. In the fi eld of nontraumatic vascular emer-
gencies, CT has a primary role with a sensitivity 
and a specifi city near 100 % for acute aortic 
pathologies, while MRI is indicated mainly for 
follow-up of aortic pathologies due to longer 
scan time, limited availability, and increased 
cost (Nagpal et al.  2015 ). 

 The CT protocol starts with unenhanced scan 
to visualize intramural hematoma that can be mis-
diagnosed as atherosclerotic thrombus in the arte-
rial phase CT scan (Chiu et al.  2013 ). The scan 
should be extended above the aortic arch (for aor-
tic branches) and caudally to the femoral heads to 
cover aorta entirely. Then contrast- enhanced CT 
with high infusion rate (4–5 mL/s) is performed to 
achieve a target opacifi cation of the aorta >250 
HU, obtained in the arterial phase with a test bolus 
or a bolus-tracking technique. The contrast should 
be injected through the right upper extremity to 
avoid artifacts from left innominate vein in the 
area of the aortic arch. A saline fl ush of 30–40 mL 
should be injected following contrast medium to 
minimize streak artifact from superior vena cava 
(Weininger et al.  2011 ). Delayed images are rec-
ommended after stent–graft repair of aortic aneu-
rysm to detect endoleaks (Task et al.  2014 ). ECG 
gating when available is very useful to avoid car-
diac motion artifacts impairing the evaluation of 
thoracic aorta and coronary origin. ECG-gated 
imaging both in precontrast and in postcontrast 
CT, from above aortic arch to diaphragmatic hia-

tus, should be included in the standard protocols 
for thoracic vascular emergency. Prospective 
ECG gating is performed at mid-diastole if heart 
rate is <70 beats per minute, while it is acquired in 
end-systole in patients with heart rate >70 beats 
per minute (Abbas et al.  2014 ). High- quality 
images of aortic root and proximal coronary tracts 
can be obtained without ECG gating using newer 
CT scanners (128 slice CT) with fast gantry rota-
tion time and iterative reconstruction algorithm to 
reduce both X-ray dose and contrast media vol-
ume (Russo et al.  2015 ). 

 MDCT images are initially evaluated in 
axial sections, but two-dimensional and three- 
dimensional reformatting techniques such as 
multiplanar reformation (MPR), maximum 
intensity projection (MIP), and virtual rendering 
(VR) allow better diagnosis of aortic pathology. 
In particular to obtain correct measurement of 
the aortic diameters, it is necessary to use MPR 
images perpendicular to the centerline of the 
aortic lumen to avoid overestimation (Fig.  16a ). 
Measurements of the aortic lumen on the trans-
axial CT images are incorrect when the central 
axis of the aorta is not perpendicular but oblique 
to the transaxial CT image (Fig.  16b ).

   MIP is a useful tool to display vascular map 
(Fig.  17 ) but doesn’t demonstrate the 3D relation-
ship with nonvascular structures, while volume 
rendering (VR) allows to display vascular anat-
omy and provides, at the same time, defi nition of 
the surrounding structures (Fishman et al.  2006 ) 
(Fig.  18 ). It is the only way to transfer to the 
referring clinician the 3D perspective of the aor-
tic aneurysm.

    A standard report describing thoracic aorta 
should include the following measurements 
(Agarwal et al.  2009 ):

•    Sinus  
•   Sinoaortic junction  
•   Midascending aorta  
•   Proximal aortic arch  
•   Midaortic arch  
•   Proximal descending aorta  
•   Aorta at diaphragm    
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 Every report of an aneurysmal thoracic aorta 
must include the relationships between the 
aneurysm and the aortic branches, to assess the 
possibility of endovascular repair. Minimum 
length of 15 mm from aortic lesion and left sub-
clavian artery/celiac trunk and maximum aortic 
landing zone diameter of 40 mm without cir-
cumferential thrombus within the landing zone 
are essential to perform endovascular procedure 
(Garzón et al.  2005 ).   

2     Thoracic Aortic Thrombosis 

2.1     Introduction 

 With the advent of recently developed imaging 
techniques and the routine exploration using 
TEE after any embolic events, the presence of 

thrombi in the aorta has been increasingly iden-
tifi ed. The primary source of peripheral arterial 
embolism (PAE) is cardiac in more than 85 % 
of cases (Reber et al.  1999 ). Among noncardiac 
sources, the aorta has been reported in up to 5 % 
of cases to be the origin of PAE (Gagliardi et al. 
 1988 ). 

 Thrombus formation can be found both in ath-
eromatous and in apparently normal aorta.  

2.2     Defi nition, Etiology, 
and Clinical Presentation 

 Aortic mural thrombi usually arise as a consequence 
of preexisting aortic pathology. Thrombogenic 
lesions such as aneurysm, complex atherosclerotic 
plaque with protruding atheromas, and/or dissec-
tion are found to underlie the vast majority of aortic 
thrombi (Rossi et al.  2002 ). 

a

b

  Fig. 16    A 77-year-old woman with descending aortic 
aneurysm. Multiplanar postcontrast CT images show the 
correct ( a ) technique of wall-to-wall measurement of the 
descending aortic aneurysm perpendicular to its center 

line. Pure axial postcontrast CT image of the same patient 
shows the incorrect ( b ) measurement technique of the 
aneurysm due to overestimation       
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 Common well-recognized embolic sources of 
aortic thrombosis include intracardiac thrombus 
or myxoma. 

 Thrombi in the thoracic aorta are even much 
less common, particularly in apparently normal 
aorta. It has been initially associated to premature 
atherosclerosis, as a result of prior trauma, but 
some authors suggested as a separate clinical entity. 

 Primary aortic mural thrombus (PAMT) is 
defi ned as a thrombus formation in a morphologi-
cally normal aorta without any evidence of car-
diac source. 

 In 1958, H. Gaylis described the fi rst case of 
PAMT: the thrombus was located in the abdomi-
nal aorta (Gaylis  1958 ). Later, Machleder et al. 
confi rmed this clinical entity: in 10,671 consecu-
tive autopsies, he found 95 cases of mural throm-
bus of the thoracoabdominal aorta and reported 
an incidence of 0.45 % (48 cases) of nonaneurys-
mal aortic mural thrombus, with 17 % of these 
patients having evidence of distal embolization 
(Machleder et al.  1986 ). 

 Because the disease is mostly asymptomatic, 
the true incidence of PAMT remains unknown. In 
two large series that evaluated patient with PAE, 
the incidence reported was higher and varies 
from 5 to 20 % (Verma et al.  2014 ). 

 Verma et al. identifi ed 19 PAMT in a retrospec-
tive study of 88 patients who underwent extensive 
evaluation of acute occlusion of extremities or vis-
ceral arteries. Mural thrombus was located in the 
thoracic aorta in ten patients (52 %) and in the 
abdominal aorta in nine (48 %) (Verma et al.  2014 ). 

 The most frequent thoracic location of PAMT is 
the region of the aortic isthmus and the portion dis-
tal to the aortic arch, at the side opposite to the ori-
gin of the subclavian artery (Choukroun et al.  2002 ). 
Also, localization of aortic thrombus in the ascend-
ing aorta has been described (Pousios et al.  2009 ). 

 PAMT is more frequent in young women, and 
it has been associated in patients with essential 
thrombocytosis (Fang et al.  2001 ) and Crohn’s 
disease (Lehmann et al.  2001 ). Smoking, steroid 
therapy, elevated fi brinogen levels and/or hyper-
coagulability, and numerous underlying patholo-
gies have been reported.

 Underlying pathologies described in morphologically 
normal thoracic aortic thrombosis 

 Predisposing factor a  
 Essential thrombocythemia 
 Protein C or S defi ciency 
 Antiphospholipid syndrome 
 Heparin-induced thrombocytopenia 
 Hyperhomocysteinemia 
 Iatrogenic (e.g., intra-aortic balloon pumping) 
 Aortic wall tumor 
 Cancer 
 Chemotherapy 
 Homozygous plasminogen activator inhibitor type 1 
(PAI-1) 
 Factor V Leiden 
 Familiar dysfi brinogenemia 
 Antithrombin III defi ciency 
 Blunt aortic trauma 
 Drug abuse 
 Elevated factor VIII 
 Aspergilloma 
 Rheumatic disease 
 Crohn’s disease (Lehmann et al.  2001 ) 
 Pancreatitis (Verbeeck et al.  2014 ) 

   a Modifi ed from Tsilimparis et al. ( 2011 ) 

  Fig. 17    MPR sagittal view with MIP CT image of tho-
racic aorta aneurysm       
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a

c d

b
  Fig. 18    3D volume- 
rendered CT images of 
thoracic aorta aneurysm 
in lateral ( a ,  b ) and frontal 
view ( c ). In ( d ) 3D 
volume-rendered CT 
image of the same patient 
without bone elimination       
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    In all patients who underwent surgery, histo-
pathological examination revealed microscopic 
features of atherosclerosis limited to the insertion 
site (Laperche et al.  1997 ). 

 Clinical presentation is variable and mainly 
characterized by peripheral or mesenteric embo-
lization arising from detachment of large thrombi 
within the visceral aortic segment. In some cases, 
cerebral transient ischemic attack, acute pancre-
atitis, and exacerbation of Crohn’s disease symp-
toms are associated.  

2.3     Diagnostic Workup 

 The diagnostic workup for aortic thrombosis 
includes TEE and cardiologic evaluation com-
bined with imaging modalities (CT and/or MRI) 
and laboratory screening test for hypercoagulable 
disorders. 

 The differential diagnosis of PAMT must be 
established with primary aortic tumors (Thalheimer 
et al.  2004 ) and certainly with aortic dissection 
because of the urgent therapeutic implications. 

 A diagnosis can be achieved by TEE, CT, 
MRI, and digital subtraction angiography (DSA). 
Currently, because of the rarity of the disease, 
there are no robust studies comparing the various 
imaging techniques; consequently, there is a lack 
of consensus on the relative role (comparative 
effectiveness) of these imaging modalities and on 
the ideal way of managing PAMT. 

 Review of published data on aortic mural 
thrombus until 2014 revealed fewer than 250 
cases, the majority of which were single case 
reports (Fayad et al.  2013 ). 

 Several authors have earlier reported TEE to 
be an adequate method for detecting PAMT (Lau 
et al.  1997 ) with some suggesting TEE to be 
comparatively more sensitive than CT or MRI 
(Tunick et al.  1991 ). 

 However, these studies were published before 
recent advancements in CT and MRI imaging 
with high- spatial resolution images. Currently, 
the recommended approach for a complete diag-
nostic workup requires the synergistic use of at 
least two modalities, TEE (mainly for  exploration 
of cardiac cavities) and CT or MRI for the detec-

tion of thrombi and the evaluation of thrombus 
and of the entire aorta (Tsilimparis et al.  2011 ; 
Verma et al.  2014 ; Abissegue et al.  2015 ). 

  TEE  allows a thorough examination of both the 
heart and the thoracic aorta. It plays a key role 
because it is the gold standard (sensitivity > 95 %) 
in identifying a cardiac source (thrombi in atrial 
fi brillation, valvulopathy, myocardial infarction) 
of embolism (85 % of all arterial thrombosis). 
Cardiac CT and of course cardiac MR have been 
proposed as an alternative method (Romero et al. 
 2013 ; Shapiro et al.  2007 ; Goldstein et al.  2015 ). 
On the other hand, echocardiography is less con-
sistently able to image the distal ascending aorta, 
aortic arch, and descending thoracic aorta. To 
image these segments, CT and MR are preferred 
(Goldstein et al.  2015 ). 

  CT  is the imaging modality of choice for diag-
nosis of most aortic pathologies, preoperative 
planning, and follow-up after invasive or medical 
treatment. This status refl ects its widespread 
availability, accuracy, and applicability. 

 PAMT is recognized on CT as a hypodense 
endoluminal fi lling defect in a non-aneurysmatic 
and non-atherosclerotic aorta (Fig.  19a ).

   Multiplanar reconstructions obtained are very 
effective at distinguishing a subtle and peduncu-
lated thrombus from intimal fl aps, tears, or dis-
section (Fig.  19a–e ). 

 The morphologic feature of the thrombus (ses-
sile vs. pedunculated), the location, and the length 
of the aortic segment involved (Fig.  20a–c ) could 
be predictors of embolic potential of such a lesion 
(Verma et al.  2014 ; Karalis et al.  1991 ).

   Furthermore, CT allows simultaneous imag-
ing of vascular structures, including the vessel 
wall and of viscera, and can assess severe com-
plications due to distal vessel embolism detecting 
visceral malperfusion, splenic, hepatic, renal, or 
intestinal infarction or peripheral arterial occlu-
sion (Vernhet et al.  2004 ). 

 Noteworthy, CT is able to demonstrate both 
aortic source of embolism (atherosclerotic plaque 
or rare aortic tumors) and extra-aortic diseases 
associated with PAMT (Crohn’s disease, pancre-
atitis, or malignancies) (Verbeeck et al.  2014 ). 

  MRI  is a second-line imaging modality in 
assessing aortic disease because of some 
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a

c

e f

d

b

  Fig. 19    A 50-year-old woman presented to ED with 
abdominal pain. After a negative abdominal US, she devel-
oped aphasia and underwent head CT and TEE investigation. 
On the basis of TEE, thoracic aortic dissection was sus-
pected. CT demonstrates a fi lling defect in a  non-aneurysmatic 

aortic arch adjacent to a small calcifi ed plaque ( a ) and a 
splenic infarction ( d ). Reformatted images ( b ,  c ) help in dif-
ferentiating fl oating thrombus from intimal fl ap. Head CT 
demonstrated a left temporal lobe ischemia ( e ). After antico-
agulant therapy, the thrombus disappeared ( f )       
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  Fig. 20    Axial CT image ( a ) demonstrates an endolumi-
nal fi lling defect in the non-aneurysmatic descending 
aorta of a young woman. Sagittal ( b ) and coronal ( c ) 
reformatted images demonstrate the features of the sessile 

thrombus located in the descending thoracic aorta and 
extended to celiac and superior mesenteric arteries and 
causing right kidney infarctions       
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 disadvantages: the examination time is longer 
than CT; it benefi ts from patient cooperation 
(breath hold), in the turbulent fl ow that accompa-
nies many cardiovascular diseases may suffer 
from artifacts that generate false-positive images 
and is limited in emergency situations. On the 
other hand, MRI is excellent for differentiating 
primary intramural hematoma from atheroscle-
rotic plaque and intraluminal thrombus. MRI can 
noninvasively distinguish various components of 
the plaque, such as fi brous cap, lipid core, and 
thrombus, thereby assessing plaque stability 
(Oppenheim et al.  2009 ). Furthermore, MRI 
offers the possibility of diagnosing primary aor-
tic or cardiac neoplasm in the differential diagno-
sis with thrombi. 

 Myxomas are the most common type of pri-
mary cardiac tumor (25–50 %), and in 75 % of 
cases, they originate from the left atrium. In MRI, 
these benign lesions are hypointense or isoin-
tense in T1-weighted sequences and hyperintense 
in T2-weighted sequences, with inhomogeneous 
contrast enhancement pattern. This is useful in 
the differential diagnosis with thrombi that 
should not enhance (Motwani et al.  2013 ). 

 Aortic sarcoma and cardiac angiosarcoma are 
very rare and aggressive malignant neoplasms 
that often are already metastatic at the diagnosis. 
Aortic sarcomas are broadly categorized as either 
primarily luminal or primarily mural. The luminal 
type often forms intraluminal polyps or extends 
along the intima causing peripheral emboli or aor-
tic obstruction. The mural type originates from 
the media or adventitia and usually extends 
beyond the aorta (Bendel et al.  2011 ). 

 MRI shows inhomogeneous signal intensity in 
T1-weighted and T2-weighted sequences (some-
times can appear hyperintense in T1-weighted 
sequences with fat suppression due to its methe-
moglobin content in case of subacute hemor-
rhage), with inhomogeneous enhancement in 
postcontrast images. 

 Von Falck et al. observed in three patients with 
sarcomas of the aorta a pedunculated appearance 
( n  = 2/3), an atypical location for a thrombus 
( n  = 2), an expansion beyond the vessel wall 
( n  = 1/3), contrast enhancement in MRI ( n  = 2/2, 
MRI was available in two patients) or MDCT 

( n  = 1/1, MDCT was available in one patient), and 
metabolic activity as demonstrated by F-18 FDG 
PET/CT ( n  = 1/1; SUVmax = 3.6–5.5, PET was 
available in one patient) (von Falck et al.  2013 ).  

2.4     Treatment 

 How to treat this potentially devastating aortic 
thrombus is a management dilemma. 

 Embolism from large vessel thrombi is poten-
tially lethal, and it has been managed surgically 
in a few reported cases (Lehmann et al.  2001 ; 
Rossi et al.  2002 ; Mohammadi et al.  2007 ). Also, 
thrombolysis, thromboaspiration, and endovas-
cular stent grafting have been utilized (Hausmann 
et al.  1992 ; Fueglistaler et al.  2005 ). Therefore, 
no guidelines for its management have been 
established. 

 In recent years, medical management of large 
intra-aortic thrombosis with systemic long-term 
anticoagulation with warfarin has been proposed 
with good results. Failure to continue warfarin ther-
apy resulted in problems. Surgical treatment should 
be reserved only for selected cases of recurrent 
embolism or persistent symptomatology related to 
thrombus despite proper anticoagulation.   

3     Aortobronchial Fistula 

3.1     Defi nition, Etiology, 
and Clinical Presentation 

 Aortobronchial fi stula (ABF) is a direct communi-
cation which occurs between the aorta and the bron-
chial tree. ABF was fi rst described by Keefer in 
1934 (Demeter and Cordasco  1980 ; Keefer  1934 ). 

 Primary ABF occurred rarely in patients who 
have no history of surgical intervention although 
the true incidence could be underestimated 
because more than 30 % are diagnosed at autopsy 
(Léobon et al.  2002 ). ABF is almost always asso-
ciated to an underlying TAA. Compression of the 
tracheobronchial tree by enlargement of the TAA 
or low-grade infl ammatory process associated 
may induce pressure necrosis, which can lead to 
erosion of both the aortic and bronchial walls. 
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The left bronchial tree is more frequently 
involved in ABF with the communication usually 
localized between the aneurysm and the membra-
nous wall of the bronchus. 

 Secondary ABF is relatively more frequent and 
occurs postoperatively, after the implantation of a 
prosthetic vascular graft in the thoracic aorta (Favre 
et al.  1994 ; MacIntosh et al.  1991 ; Dorweiler  2001 ). 

 ABF can also occur in case of pseudoaneu-
rysm as complication of aortic coarctation repair 
by means of patch aortoplasty (Milano et al. 
 1999 ) or after deployment of self-expanding 
bronchial stent to relieve extrinsic compression 
of a left main bronchus by a dissected descending 
aorta (Katayama et al.  2000 ). 

 When fi stula between the aorta and bronchial 
lumina is created, patient presents hemoptysis that 
is usually massive, but occasionally is minor and 
intermittent. Hemoptysis is defi ned as the expecto-
ration of blood that originates from the tracheobron-
chial tree or pulmonary parenchyma. Although 
hemoptysis is not specifi c to ABF, it is the most 
common presenting symptom and occurs in over 
95 % of cases (Demeter and Cordasco  1980 ). 
Common causes of hemoptysis include chronic 
bronchitis, bronchiectasis, pneumonia, fungal infec-
tions, tuberculosis, malignancy, and rarely pulmo-
nary vasculitis (Ketai et al.  2014 ). The differential 
diagnosis is broad; the severity and the prognosis of 
the underlying disease are very variable. Most cases 
are benign and hemoptysis is a self-limiting event. 

 ABF must be strongly suspected when hemop-
tysis occurs in a patient who has had a TAA or 
has undergone to thoracic aortic surgery. Even 
the fi rst of hemoptysis can be fatal, and a very 
high mortality rate accompanies recurrence, 
which can be a consequence of lysis or displace-
ment of the temporary clot.  

3.2     Diagnostic Workup 

 Diagnostic modalities for studying hemoptysis 
include chest radiography (CXR), bronchoscopy, 
CT, and DSA (Larici et al.  2014 ). 

 Life-threatening hemoptysis is rare and 
requires urgent investigations and appropriate 
treatment. The diagnosis of the vascular source 

of hemoptysis should be clarifi ed in order to 
decide the treatment (surgical or endovascular). 

 In 95 % of cases of hemoptysis, systemic arte-
rial supply to the lungs (mainly bronchial arteries) 
is the origin of the bleeding (Bruzzi et al.  2006 ). 
Exceptionally, hemoptysis is related to the aorta. 
Unfortunately, the ability to diagnose ABF is fur-
ther confounded by the lack of a diagnostic test that 
can defi nitely demonstrate the fi stula (Riesenman 
et al.  2009 ). Chest radiograph (CXR) is the initial 
imaging modality. The sensitivity of CXR in this 
clinical context is not high. Radiography can help 
to lateralize the bleeding and can often help to 
detect underlying  parenchymal and pleural abnor-
malities (Hsiao et al.  2001 ). Lung consolidation, 
resulting from hemorrhage into lung, is the most 
common radiographic fi nding in aortobronchopul-
monary fi stula (Coblentz and Sallee  1988 ). A more 
specifi c fi nding is the demonstration of a thoracic 
aortic aneurysm, which can be seen on the chest 
radiograph in 46 % of cases. 

 If CXR demonstrates an aortic dilatation com-
bined with an opacifi cation of the airspace that 
obscures the adjacent outline of the arch or the 
descending aorta, a diagnosis of ABF should be 
suspected even in case of no previous history of 
aortic surgery. 

 With minor and intermittent hemoptysis, the 
diagnosis may go unrecognized. This may end in 
death as in some reports when the minor and inter-
mittent hemoptysis lead to the mistaken diagnosis 
of bronchitis (Demeter and Cordasco  1980 ; 
Oldham et al.  1983 ; Garrett et al.  1965 ; Graeber 
et al.  1980 ). CT evaluation is mandatory. 

 CT can identify the site of bleeding as accu-
rately as bronchoscopy and detect underlying 
disease with high sensitivity (Revel et al.  2002 ). 
The site of hemorrhage is usually localized on the 
basis of the presence of liquifi ed material in seg-
mental and lobar bronchi and of hazy consolida-
tion or ground-glass infi ltrates in the lung 
parenchyma, fi ndings that represent intra- alveolar 
hemorrhage (Bruzzi et al.  2006 ). 

 When these fi ndings are mainly adjacent to 
the aorta, radiological features of TAA must be 
accurately evaluated (Fig.  21a, b, d ). Although 
CT will rarely show the communication between 
the lung and the aorta because the fi stula is 
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 usually fi lled with clot (Graeber et al.  1980 ), the 
diagnosis of ABF is highly suggestive in this 
clinical setting (Pinilla et al.  2006 ).

   Bronchoscopy (Fig.  21c ) and DSA are often 
part of the evaluation of hemoptysis, and bron-
choscopy could be directly visualize the fi stula; 
however, both of these modalities often can fail 
to demonstrate the ABF (Liu et al.  2004 ) and 
may potentially induce massive hemorrhage dis-
lodging clots overlying the fi stula tract (Picichè 
et al.  2003 ).   

4     Aortoesophageal Fistula 

4.1     Defi nition, Etiology, 
and Clinical Presentation 

 Aortoesophageal fi stula (AEF) is an uncommon 
cause of massive gastrointestinal hemorrhage 
that is associated with high morbidity and mor-
tality and consists in direct communication 
between aorta and esophagus. 

 AEFs are classifi ed as either primary or sec-
ondary. The main causes of primary AEFs are the 
erosion of a thoracic aortic aneurysm, foreign 
body ingestion such as bone from animal foods or 
sharp metal objects, and advanced esophageal 
malignancy (Lee et al.  2010 ; Hollander and Quick 
 1991 ; da Silva et al.  1999 ; Nandi and Ong  1978 ). 

 Cases of esophageal diverticulum associated 
with a secondary infective TAA complicated by 
AEF development have also been reported 
(Yasuda et al.  2002 ). 

 Secondary AEF occurs as complications of 
aortic reconstructive surgery with or without the 
placement of an aortic stent graft. 

 The exact pathophysiological mechanism of 
AEF remains unknown. Investigators suggested 
that the pathogenesis is related to esophageal 

ischemia secondary to elevated pressure in the 
posterior mediastinum, infl ammation of the 
resorbed hematoma, mechanical compression by 
a large aneurysm and secondary erosion, or the 
geometric change in the aortic arch and the 
descending aorta after TEVAR. The radial force 
of the graft against the native aortic wall can be a 
causative factor (Okita et al.  2014 ; Hollander and 
Quick  1991 ; Czerny et al.  2014 ; von Segesser 
 1997 ). Primary infection or infl ammation of the 
aneurysmal wall is also a potential cause of AEF 
(Hollander and Quick  1991 ). 

 The number of primary AEF resulting from 
aneurysm rupture is in apparent decline for the 
emerging use of open surgical and endovascular 
treatment of TAA at early stages. However, with 
the growing number of surgical repair of thoracic 
aneurysms and interventional procedures, post-
operative AEF has become increasingly evident 
over time. The incidence of AEF as complication 
of open repair of the thoracic and thoracoabdom-
inal aorta ranges from 0.5 to 1.7 % (Kieffer et al. 
 2003 ; Lawrie et al.  1994 ; Svensson et al.  1993 ). 
Diagnosis of AEF is rarely characterized by mas-
sive hematemesis. Patients usually present with 
the classic manifestations of midthoracic pain, 
sentinel arterial hemorrhage, and exsanguination 
after a symptom-free interval (Chiari’s triad). In a 
few cases, AEF can be suspected on the basis of 
isolated sepsis or septic embolism in a lower 
extremity (Seymour  1978 ). 

 Other suggestive fi ndings include dysphagia 
and/or chest pain and previous surgery involving 
the thoracic aorta (Kieffer et al.  2003 ).  

4.2     Diagnostic Workup 

 Most diagnostic tests have signifi cant individual 
limitations. The identifi cation of massive upper 

  Fig. 21    A 70-year-old woman with intermittent hemop-
tysis. Chest radiography (scout view) demonstrated ill- 
defi ned aortic arch outline with calcifi ed plaque ( a ). CT 
axial image detected multiple ulcerated atheromatous 
plaque ( b ) and an aneurysmatic aortic arch. Bronchoscopy 

( c ) found a blood clot in the upper left lobe bronchus close 
to the aortic arch. TEVAR treatment was indicated: DSA 
demonstrated multiple aortic parietal bulging ( d ), the big-
ger in the aortic arch before the placement of the graft ( e ). 
After TEVAR, hemoptysis stopped       

 

Thoracic Aortic Aneurysms, Fistula, and Thrombus



332

gastrointestinal hemorrhage that is bright red and 
arterial in nature is characteristic. Endoscopy of 
the upper gastrointestinal tract might aid in the 
detection of fi stula. Endoscopic fi ndings may be 
directly due to visualization of pulsatile blood 
into the esophagus or a pulsatile adherent blood 
clot. More subtle fi ndings during endoscopy 
might point in direction of a fi stula, such as sub-
mucosal hematoma shown as a blue-gray discol-
oration of the esophageal wall. However, the 
sensitivity of detection of fi stulae via endoscopy 
is a mere 38 % (Perdue et al.  1980 ). 

 Although no single imaging modality dem-
onstrates AEF with suffi cient sensitivity and 
specifi city, computed tomography (CT) is the 
imaging modality of choice for evaluations in 
the emergency setting (Figs.  22a–c  and  23a–c ). 
The clinical manifestations are often crucial to 
the diagnosis of aortoenteric fi stula (Vu et al. 
 2009 ).

    The most specifi c but quite rare sign of AEF is 
the identifi cation on CT of direct extravasation of 
contrast from the aorta into the esophagus (Fig.  22d, 
e ) (Vu et al.  2009 ; Raman et al.  2013 ), but during 
the symptom-free interval, radiological evidence of 
AEF may be absent due to the transient clot forma-
tion (Khawaja and Varindani  1987 ). 

 Similarly, the leakage of enteric contrast 
directly into the periaortic space is a highly spe-
cifi c sign, but extremely rare (Fig.  22f ). 

 Other important signs to assess are esophageal 
wall thickening, effacement of the periaortic fat 
plane, and periaortic soft tissue/fl uid. 

 Identifi cation of an aortic aneurysm or a pen-
etrating atherosclerotic ulcer adjacent to a medi-
astinal soft-tissue mass or to a mediastinal 
hematoma is helpful for ascertaining the precise 
location of a primary aortoenteric fi stula (Hughes 
et al.  2007 ). 

 The diagnosis of secondary AEF is dependent 
on a number of other nonspecifi c, but suggestive, 
fi ndings, including effacement of the periaortic fat 
plane (Fig.  22b ), focal thickening and tethering of 
the esophageal wall immediately adjacent to the 
aorta (Fig.  22d, e ), periaortic free fl uid and soft-
tissue thickening, and disruption of a graft 
(Fig.  22d, e ) or signifi cant graft migration (Low 
et al.  1990 ). 

 However, CT normal fi ndings in the immedi-
ate postoperative period should not be misinter-
preted as a fi stula. Perigraft soft-tissue edema, 
fl uid, and ectopic gas may be normal immedi-
ately after surgery. After 3–4 weeks, any ectopic 
gas is abnormal and should be considered a sign 
of perigraft infection and possibly fi stulization 
(Hughes et al.  2007 ; Vu et al.  2009 ). The peri-
graft soft-tissue thickening, fl uid, or hematoma 
should resolve within 2–3 months after surgery 
(Vu et al.  2009 ). 

 Because of their overlapping CT features, 
aortoenteric fi stula and perigraft infection may 
be diffi cult or impossible to differentiate. 
However, the specifi c CT fi ndings that correlate 
strongly with the presence of aortoenteric fi stula 
include ectopic gas (Fig.  22b ), focal esophageal 
wall thickening, breach of the aortic wall, and 
extravasation of contrast material into the 
esophageal lumen (Fig.  22d, e ) (Low et al.  1990 ; 
Hughes et al.  2007 ; Hagspiel et al.  2007 ; Vu 
et al.  2009 ). 

 Esophageal ingested foreign body such as 
bones is easily detectable (sensitivity 100 %) by 
CT (Fig.  22c ) even if they migrated in the medi-
astinum and both radiography and endoscopy are 
negative (Marco De Lucas et al.  2004 ). 

 Foreign bodies in the thoracic esophagus tend 
to be lodged at the level of the left primary 
 bronchus, where the aortic arch presses against 

  Fig. 22    Primary AEF fi stula in a 65-year-old woman 
with hematemesis and a history of ingested bone. A pseu-
doaneurysm of the descending thoracic aorta is visible in 
the arterial phase (axial image  a ). Ectopic gas is detect-
able in the mediastinal hematoma that surrounds the pseu-
doaneurysm ( b , venous phase) and occupies the fat plane 
between the esophagus and the aorta. Parasagittal MPR 
( c ) demonstrates both the small foreign body ( arrow ) 
close to the left main bronchus and the pseudoaneurysm. 

Patient developed also a severe mediastinitis and three 
months post-TEVAR she had hematemesis. Axial ( d ) and 
coronal reformatted ( e ) images demonstrate contrast leak-
age in the esophagus and AOF localized where the esoph-
ageal wall is tethered to the aorta. Although the infected 
graft was removed and with the placement of esophageal 
stent, the fi stula was fatal. Radiograph ( f ) demonstrates 
oral contrast leakage in the mediastinum       
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  Fig. 23    Primary AEF in a 4-year-old patient presenting 
with massive hematemesis. Axial CT image ( a ), sagittal 
MIP ( b ), and VR posterior view ( c ) demonstrate a large 
pseudoaneurysm. Esophagus is distended by an insuf-
fl ated Sengstaken–Blakemore balloon ( c ). Immediately 

after TEVAR, CT coronal image ( d ) demonstrated the 
excluded pseudoaneurysm, fi lled with residual contrast, 
which in the following CT evolved in a large hypodense 
hematoma ( e ) with narrowing the adjacent esophageal 
lumen ( f )         
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the esophagus and creates a relatively narrow 
lumen (Wei et al.  2015 ). 

 Interestingly, Wei Y. et al. analyzed the clini-
cal data of 22 patients with ingested foreign 
bodies retrospectively and developed a classifi -
cation system based on CT fi ndings for esopha-
geal injuries and used this system and the 
clinical presentation to guide treatment. 
Depending on the CT fi ndings, the esophageal 
injuries were divided into four grades: Grade I, 
non-penetrating injury; Grade II, penetrating 
injury with minimal infection; Grade III, poten-
tial AEF; and Grade IV, defi nite AEF (Wei et al. 
 2015 ). CT fi ndings in Grade III were suggestive 
of esophageal perforation and severe intratho-
racic infections such as mediastinitis, chest 
empyema, and abscess with foreign body close 
to the aorta (<2 mm). In Grade IV, CT fi ndings 
were aortic wall perforation, pseudoaneurysm, 
and mediastinal abscess.  

4.3     AEF and ABF Treatment 

 Surgical treatment of AEF and ABF requires 
replacement of the thoracic aorta associated with 
adjunctive procedures to repair the esophageal or 
tracheobronchial lesion with a high rate of periop-
erative mortality and morbidity. Recently, the use 
of TEVAR (Figs.  21e  and  23d, e ) has been pro-
posed as mini-invasive treatment. Although the 
excellent technical result in the immediate postop-
erative period, there are several limitations due to 
the high risk of contamination of the graft. For this 
reason, TEVAR should be considered as a “bridge” 
intervention to the open treatment.      
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    Abstract  

  Pulmonary embolism is a common clinical 
problem that is associated with considerable 
morbidity and mortality. Although early diag-
nosis of pulmonary embolism is one of the 
critical factors affecting outcomes, clinical 
presentation is often nonspecifi c and can 
mimic that of several other conditions. 
Therefore, clinicians often have to rely on a 
combination of physical examination and lab-
oratory resultsd and imaging tests to deter-
mine the correct diagnosis. Currently, imaging 
offers a variety of fast and accurate tests that 
can provide anatomic and functional informa-
tion, thus allowing early diagnosis. Nowadays, 
CT angiography represents the cornerstone of 
diagnostic evaluation of pulmonary embolism 
and new technological improvements, such as 
Dual Source CT, have increased the accuracy 
of CT in this clinical setting. Nevertheless, 
concerns about radiation exposure and side 
effects of contrast medium administration 
with CT angiography indicate that a role for 
ventilation/perfusion scintigraphy in the eval-
uation of patients with suspected pulmonary 
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embolism is still to consider. In this chapter 
we will review the CT pulmonary angiogra-
phy protocols, the CT fi ndings of acute pul-
monary embolism, we will describe some 
pitfalls that can led to pulmonary embolism 
misdiagnosis. Furthermore, we will compare 
the diagnostic performance of ventilation-per-
fusion scintigraphy vs CT angiography and 
present some cases of non-thrombotic causes 
of pulmonary embolism.   

1      Introduction 

 Managing pulmonary embolism (PE) is a 
 common clinical practice issue, and it represents 
a signifi cant component of any acute medical 
workload. 

 An incidence of 0.6–1.2 per 1000 persons per 
year has been reported (Mos et al.  2012 ). 

 Mortality rate reaches 30 % for untreated PE 
(Dalen and Alpert  1975 ), even though with treat-
ment, the mortality rate decreases to 2.5–10 % 
(Carson et al.  1992 ; Barritt and Jordan  1960 ). 

 The clinical presentation of PE is varied and 
may include pleuritic chest pain, haemoptysis, 
dyspnoea and tachypnoea, nonspecifi c symptoms 
that are present in many chest diseases. 

 Because clinical presentations tend to be non-
specifi c, the diagnosis of PE still represents a 
challenge, and the diagnostic testing has a crucial 
role in this context, specifi cally imaging. The aim 
of imaging is to accurately confi rm or rule out the 
diagnosis of PE, and upon imaging results, if 
indicated, an anticoagulant treatment can be 
safely initiated (Phillips et al.  2015 ).  

2     Acute Pulmonary Embolism 

 Pulmonary embolism (PE) and deep vein throm-
bosis (DVT) are the target and the aetiology of 
venous thromboembolism (VTE) which rep-
resents the third most frequent cardiovascu-
lar disease after ischaemic heart disease and 
cerebrovascular disease, with an overall annual 
incidence of 100–200 per 100,000 inhabitants 

(Kuriakose and Patel  2010 ). VTE results from 
the interaction between patient-related (usually 
permanent) risk factors and setting-related (usu-
ally temporary) risk factors (Heit  2008 ). The 
latter are represented by surgery, trauma immo-
bilization, pregnancy, oral contraceptive use, 
hormone replacement therapy and cancer, which 
is a well- recognized predisposing factor of VTE 
(Konstantinides et al.  2014 ). 

 Acute PE is the most serious clinical presenta-
tion of VTE. The wide spectrum of clinical pre-
sentations, ranging from lack of symptoms to 
sudden death, and the complications such as 
embolization and recurrent pulmonary arterial 
hypertension with heart failure justify the high 
rates of mortality, morbidity and hospitalization 
(Cohen et al.  2007 ). 

 A prompt diagnosis of PE can be diffi cult 
since the clinical signs and symptoms are not 
specifi c. Blood pressure decrease and shock are 
rare but important clinical presentations, as they 
are indicative of massive pulmonary embolism 
and/or severely reduced pulmonary haemody-
namic reserve. In this scenario, the 2014 ESC 
Guidelines on the diagnosis and management of 
acute pulmonary embolism stratify patients with 
PE as high-risk patient in the presence of shock 
or persistent arterial hypotension and not high- 
risk patient in the absence of these conditions. 
This classifi cation has relevant implications for 
both diagnosis and therapeutic strategies 
(Konstantinides et al.  2014 ). 

 High-risk patients should undergo CT angiog-
raphy examination if it is immediately available. 
When CT angiography is not available, bedside 
transthoracic echocardiography is the most use-
ful initial test for the evaluation of acute pulmo-
nary hypertension and right ventricular (RV) 
dysfunction. In patients with suspected PE 
 without shock or hypotension, clinical assess-
ment probability through Geneva and Wells score 
is the logical fi rst step and allows PE to be ruled 
out in around 30 % of patients. The sum of the 
scores assigned with these scores underlines the 
likelihood of pulmonary embolism, which can be 
low, intermediate or high. Even for patients who 
have a high probability of PE, as for those in 
shock, a CT angiography should be promptly 
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performed. For patients with a low or intermedi-
ate risk, the d-dimer plasma dosage is the fi rst 
diagnostic test recommended by the guidelines: 
its positivity identifi es only patients who must 
undergo CT angiography, while for those in 
which the d-dimer is negative, no further workup 
is required (Konstantinides et al.  2014 ). 

 Nowadays CT angiography has become the 
modality of choice for imaging patients with sus-
pected PE (Ghaye and Dondelinger  2007 ; Perrier 
et al.  2001 ). It allows adequate visualization of 
the pulmonary arteries down to at least the seg-
mental level (Ghaye et al.  2001 ), and it is possi-
ble to obtain perfusion images. 

2.1     CT Pulmonary Angiography 
Technique (CTPA) 

 The rapid advances of MDCT technology deter-
mined a continued evolution of techniques and 
protocols which vary between the different gen-
eration scanners and different vendors (Patel and 
Kazerooni  2005 ). The key concepts for CT pul-
monary angiography are acquisition of the entire 
lung in a single short breath hold in full- suspended 
respiration with thinner collimation (1.25 mm or 
less) using power injectors for rapid contrast 
delivery to obtain an adequate enhancement of 
the pulmonary arteries. An 18–20 gauge intrave-
nous cannula is placed in the antecubital vein, 
with arms in upright position. The degree and 
quality of pulmonary arterial enhancement 
depend on the amount of concentration of con-
trast, injection rate and the scan delay. In our 
institution with a 128-slice scanner, we use about 

70 mL of contrast medium at a fl ow rate of 
3–4 mL/s for CTPA imaging of the chest alone 
and for a combined CTPA and CT venography 
(CTV) 110–120 mL of contrast. The timing of 
contrast bolus is of crucial importance. A fi xed 
scan delay (20–25 s) is not recommended espe-
cially in patients with cardiac dysfunction. The 
best approach is to use the timing bolus or bolus 
tracking. We routinely use the bolus tracking 
method in which a cursor, placed in the main pul-
monary artery, triggers scanning at a preset 
threshold (100–120 UH). Because most PE origi-
nates from thrombi in the lower extremity veins, 
Loud and colleagues (Loud et al.  2001 ) fi rst dem-
onstrated the potential role of CT venography in 
combination with CTPA. CT venography is per-
formed after a 2.5–4 min delay following start of 
injection bolus for CTPA. Scans acquired with an 
incremental or helical technique are obtained 
from the tibial plateaus to the iliac crests. Deep 
vein thrombosis is seen as a low-attenuation fi ll-
ing defect partially or totally occluding the vein 
(Fig.  1a–c ). The use and the role of CT venogra-
phy remain contradictory, making evidence- 
based consensus diffi cult. Combined CTPA with 
CTV provides “one-stop shopping”, which has 
proved popular with referring physicians, patients 
and radiologists. It is also superior to ultrasound 
(US) for evaluating the inferior vena cava and 
iliac veins especially in obese patients and those 
with anomalous and complicated venous anat-
omy. On the other side, the main disadvantage is 
the additional radiation dose.

   Clearly, compression ultrasound (CUS) is 
well accepted, has low cost and does not expose 
the patient to radiation. Numerous comparative 

a b c

  Fig. 1    CT venography scans show the presence of intraluminal fi lling defects in the inferior vena cava ( circle  in  a ), the 
left common iliac vein ( circle  in  b ) and the left femoral vein ( circle  in  c )       
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studies have shown that there is approximately 
97 % agreement between CT venography and 
CUS (Cham et al.  2005 ; Katz et al.  2002 ). CT 
venography and CUS have also been shown to be 
equivalent in patients in the intensive care unit 
(Taffoni et al.  2005 ). The PIOPED II study of 711 
CT venograms showed 95 % concordance 
between CUS and helical CT venography (Stein 
et al.  2006 ). 

 In general, Fleischner Society (Remy-Jardin 
et al.  2007 ) recommend the use of CT venography 
when emphasis must be placed on a complete vas-
cular examination that can be accomplished expe-
ditiously; when there are concerns about radiation 
exposure, they recommend substituting lower 
extremity US. When evaluation of the lower 
extremity veins is not clinically important, CT 
venography can be omitted (Remy-Jardin et al. 
 2007 ; Pena and Dennie  2012 ).  

2.2     CT Findings of Acute 
Pulmonary Embolism 

 CT angiography allows the direct visualization of 
emboli as arterial fi lling defect that partially or 
totally occludes the enhanced artery (Ghaye et al. 
 2002 ). A partial arterial defect surrounded by 

contrast material produces the so-called “polo 
mint” sign on images acquired perpendicular to 
the long axis of the vessel (Fig.  2 ) and the “rail-
way track” images sign on longitudinal images of 
the vessel (Fig.  3 ). A partial fi lling defect can 
place peripherally forming acute angles with the 
arterial wall (Fig.  4 ). When the embolus totally 
occludes the artery, the involved vessel may be 
enlarged (Fig.  5 ) compared with the correspond-
ing patent vessel of the opposite site (Han et al. 
 2003 ). A vessel “cut-off” sign is seen when the 
distal artery is not opacifi ed owing to the  presence 
of occlusive disease. Central fi lling defects can 
sometimes already be highlighted on CT scans 
without contrast medium as hyperdense images 
at the level of the main pulmonary arteries 
(Fig.  6a, b ). The visualization of the thrombus on 
chest CT without contrast medium is related to 
the “age” of the clot and the haematocrit of the 
patient at the time of the survey. The gradual 
retraction of the thrombus is associated to the 
reduction of its water content resulting in an 
increase of density values up to 50–80 UH 
(Kanne et al.  2003 ).

       In the presence of PE, parenchymal CT 
 fi ndings can be seen as areas of ground glass 
opacity or consolidation representing pulmonary 
 haemorrhage that usually resolve within a week. 

  Fig. 3    Enhanced CT scan shows an acute pulmonary 
embolus that causes a partial fi lling defect surrounded by 
contrast material “railway track” sign ( arrow ). One more 
acute pulmonary embolus affects the left main pulmonary 
artery ( arrowhead )       

  Fig. 2    CT scan demonstrates a pulmonary embolus that 
affects the segmental artery of the anterior basal segment of 
the right lower lobe; the embolus ( arrow ) is surrounded by 
contrast material reproducing the so-called “polo mint” sign       
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Pulmonary infarction is more frequently seen in 
lower lobes as a wedge-shaped area of consolida-
tion with the apex towards the hilum and with 
central hypodense areas representing secondary 
pulmonary lobules spared from the disease pro-
cess (Fig.  7a ). It is often possible to highlight the 
presence of an intraluminal fi lling defect in the 
arterial branching afferent to the pulmonary 
infarction (Fig.  7b ).

   Pulmonary infarction is seen in about 10 % of 
patient with PE, and it gradually reduces in size 

in 3–5 weeks retaining its triangular morphology. 
The excavation of pulmonary infarction is rare; it 
can also be found in the absence of infectious 
processes especially if the pulmonary infarction 
has a transverse diameter >4 cm and generally 
occurs after 2 weeks of onset of the infarct 
(Fig.  7d ). Linear parenchymal bands, atelectasis, 
focal oligaemia and small pleural effusion are 
less frequent features. 

 CT can also highlight fi ndings suggestive of 
right ventricular failure as dilation of the right 

  Fig. 4    CT angiography shows a pulmonary embolus that 
affects the segmental artery of the posterior basal segment 
of the right lower lobe; the embolus is peripherally located 
forming acute angle with the vessel wall ( arrows )       

  Fig. 5    CT scan shows a complete occlusion of a segmen-
tal artery of the right lower lobe with a prominent enlarge-
ment of the vessel ( arrow )       

a b

  Fig. 6    CT scans at the level of the pulmonary trunk. Unenhanced multidetector CT scan ( a ) shows bilateral central 
high-attenuation emboli ( arrows ); enhanced CT scan ( b ) confi rms the presence of the central emboli ( black arrows )       
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ventricle, with right ventricular cavity transverse 
diameter greater than the left, with or without the 
presence of refl ux of contrast medium in the 
hepatic veins and deviation of the interventricular 
septum towards the left ventricle (Fig.  8 ).

2.3        Acute Pulmonary Embolism 
Misdiagnosis 

 Several conditions can be responsible of acute PE 
misdiagnosis (Wittram et al.  2004 ). Respiratory 
motion artefacts are the most common cause of 
indeterminate CT pulmonary angiography. These 
artefacts are best seen with lung window set-
tings and can create the “seagull” sign. Images 
obtained in large patients have more quantum 
noise making the evaluation of segmental and 

a

c d

b

  Fig. 7    Chest CT scan ( a ) shows a wedge-shaped, sub-
pleural consolidation in the middle lobe with central 
hypodense areas due to lung infarction; there is a vessel 
totally occluded ( arrow  in  b ) and coursed towards the 

apex of the consolidation. A central bilateral emboli are 
also demonstrated ( c ). One-month chest CT follow-up 
showing excavation of the lung infarction ( d )       

  Fig. 8    Right ventricular strain: CT scans show dilation of 
the right atrium ( RA ) and the right ventricle ( RV ). The 
short-axis diameter of the RV ( continuous line ) is greater 
than that of the left ventricle ( LV ,  dotted line ). The inter-
ventricular septum is bowed towards the LV       
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subsegmental vessel very diffi cult. A soft tissue 
reconstruction algorithm should be used to avoid 
high attenuation around vessels. We recommend 
using pulmonary embolism-specifi c settings with 
a window width and level of 800 and 100 HU, 
respectively. Streak artefacts from dense contrast 
material within the superior vena cava or from 
a central venous catheter can obscure emboli 
or can mimic PE. These artefacts can be distin-
guished from pulmonary emboli for their radi-
ating nature and the nonanatomic morphology 
(Pena and Dennie  2012 ). These artefacts can 
be reduced by fl ushing the superior vena cava 
with saline solution using dual chamber injec-
tors. A poor contrast opacifi cation of pulmonary 

arteries can be also a cause of misdiagnosis of 
PE. Hilar lymph nodes can be confused with 
emboli even if, nowadays, thanks to the use of 
thinner  collimations, lymph nodes are easily dif-
ferentiated from emboli (Fig.  9a, b ). Low-density 
mucus- fi lled bronchi and pulmonary veins can 
also mimic pulmonary fi lling defect. The review 
of sagittal and coronal reformatted images can be 
helpful in diffi cult cases.

3         Chronic Pulmonary 
Embolism 

 Most cases of pulmonary emboli resolve without 
sequelae. In a small percentage of patients with 
PE, especially when large emboli are present, 
these can undergo organization, retraction and 
recanalization, with the possibility of determin-
ing frameworks of pulmonary hypertension and 
cor pulmonale (Hoeper et al.  2006 ). The most 
frequent CT fi ndings are complete occlusion of a 
vessel that is smaller than adjacent patent vessel, 
a peripheral fi lling defect with obtuse angles with 
the vessel wall (Fig.  10 ), web or fl ap within a 
contrast material-fi lled artery, presence of calcifi -
cations in the context of the parietal thrombus or 
calcifi cation of the pulmonary arteries (Fig.  11a, b ) 
and contrast material fl owing through thickened 
often smaller arteries due to recanalization 
(Fig.  12b ). The main pulmonary artery is typi-
cally enlarged (diameter, >29 mm) for the onset 

a b

  Fig. 9    ( a ,  b ) Chest CT scans show hilar and bronchial lymph nodes ( arrows ) that can mimic pulmonary emboli       

  Fig. 10    Chest scan demonstrates a peripheral fi lling 
defect in the interlobar artery ( arrow ) with obtuse angle 
with vessel wall       
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of pulmonary arterial hypertension, and bron-
chial artery dilation is also present (Fig.  12a ). 
Pulmonary parenchymal CT fi ndings in chronic 
PE consist of “mosaic pattern”: lung areas with a 
different density in a patchy distribution resulting 
from irregular perfusion of lung parenchyma 
(Fig.  13 ) (Pena and Dennie  2012 ).

      Chronic pulmonary embolism in the appropri-
ate clinical setting should be differentiated from 
pulmonary artery sarcoma (PAS). It is a rare 
tumour with poor prognosis, and it should be 
considered as a possible diagnosis in the absence 
of thromboembolic risk factors and when there is 
no evidence of cancer elsewhere. Patients are 
generally in their 50s and do not show any 
response to anticoagulation. 

 Pulmonary artery sarcoma is an uncommon 
cause of intraluminal fi lling defect causing often 
a unilateral hilar enlargement (Cox et al.  1997 ; 
Hu et al.  2009 ). CT angiography of the chest 
shows tissue which tends to occupy the full diam-
eter of the vessel with vascular involvement of 
the common trunk (85 % of cases) and the main 
branches (left pulmonary artery, 65 %; right pul-
monary artery, 71 %); inhomogeneous enhance-
ment of the intraluminal pulmonary tissue due to 
haemorrhage, necrosis and calcifi cation (Fig.  14 ); 

increase in vessel calibre; and extra-luminal 
extension of the tissue. Pulmonary nodules can 
also be an expression of metastases (Long et al. 
 2010 ).

4        Ventilation-Perfusion 
Scintigraphy 
Versus Computed 
Tomography 

 Over the last decade, different imaging modali-
ties have been established as useful tools in the 
diagnosis of PE, with various ranges of diagnos-
tic performance being reported. Choice of the 
imaging modality varies by site, with usage of a 
particular modality infl uenced by a combination 
of site history, availability of equipment, physi-
cian personal preference and patient suitability 
(Phillips et al.  2015 ). 

 For 30 years ventilation/perfusion (V/Q) lung 
scanning has been the preferred non-invasive 
imaging procedure in patients with suspected 
PE. However, a complex probability scoring sys-
tem and a relative high number of non-diagnostic 
scans have dampened enthusiasm about this 
procedure. 

a b

  Fig. 11    CT scans at the level of the right pulmonary 
artery in a patient with chronic pulmonary embolism 
show a peripherally located thrombus in the right 

 pulmonary artery ( arrows  in  a  and  b ) with calcifi cation 
within ( a, b ). There is also a peripheral thrombus in the 
left lower lobe artery ( arrowhead  in  b )       
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a

c d

b

  Fig. 12    CT scans in patient with chronic pulmonary 
embolism showing a small recanalized left pulmonary 
artery with contrast material in the central lumen ( arrow-

head  in  b ). Dilated bronchial and collateral vessels are 
also evident ( arrows  in  a ,  c ,  d )       

  Fig. 13    CT scan at the level of the pulmonary trunk in 
a patient with chronic pulmonary embolism showing 
a mosaic perfusion pattern. The dark regions are 
underperfused, and vessels are smaller than the 
adjacent patent vessel in the normally perfused lung       
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 In the past decade, CTPA has proven to be a 
more accurate test with relatively few inadequate 
studies and has been welcomed by clinicians 
(Stein et al.  2006 ). Nevertheless, concerns about 
radiation exposure and side effects of contrast 
medium administration with CTPA indicate that 
a role for V/Q scintigraphy in the evaluation of 
patients with suspected PE is still to consider 
(Freeman  2008 ). 

4.1     Scintigraphy: Technical 
Considerations, Diagnostic 
Accuracy and Novel Imaging 

 Diagnostic ventilation/perfusion (V/Q) scintigra-
phy involves simultaneous imaging of the distri-
bution of pulmonary blood fl ow and alveolar 
ventilation. 

 The main clinical indication for this technique 
is the evaluation of PE. The principle underlying 
the “scintigraphic diagnosis” of PE is that, 
whereas pulmonary perfusion is abnormal, the 
pulmonary parenchyma usually remains intact 
and ventilation remains normal. This gives rise to 
the so-called mismatched perfusion defect, the 
hallmark of pulmonary embolic disease. 

 As regards technical aspects, perfusion and 
ventilation scanning are two different processes 
of the same resulting examination. 

  Perfusion scanning  ( Q ) is performed by the 
intravenous injection of a radiotracer, which is 
trapped in the lung on fi rst pass. The tracer used 
in the clinical practice, nowadays, is macroag-
gregated human serum albumin (MAA) labelled 
with technetium-99m (Tc-99m). These particles 
have a size range of 10–100 μm and cause micro-
embolization of pulmonary capillaries and pre-

a

c d

b

  Fig. 14    Contrast-enhanced CT scans show a heteroge-
neous enhancing lobulated tissue ( arrows ) in the main 
pulmonary artery and in the left and right branches with 

involvement of lobar and segmental arteries bilaterally. 
The enlargement of the involved vessels is also evident       

 

R. Basilico et al.



351

capillary arterioles, refl ecting regional perfusion. 
Routinely, about 400,000 particles are injected. 
As there are over 280 billion pulmonary capillar-
ies and 300 million precapillary arterioles, only 
a small fraction of the pulmonary bed will be 
obstructed; thus, even in patients with pulmo-
nary vascular disease (pulmonary hypertension), 
it can be used safely. Provided the particles mix 
completely in the blood prior to microemboliza-
tion, the distribution of radioactivity is propor-
tional to the distribution of pulmonary blood 
fl ow (Heck and Duley  1974 ). A Tc-99m lung 
perfusion scan provides an effective radiation 
dose equivalent of 1 mSv/100 MBq. 

  Ventilation scanning  ( V ) is currently per-
formed using radiolabelled aerosols, unlike in 
the past when radioactive inert gases were the 
most widely used agents for ventilation imag-
ing. Aerosol ventilation imaging has become 
popular largely because of technical improve-
ments in the delivery systems and the small size 
of particles. Aerosols are generally made of 
Tc-99m  diethylenetriaminepentaacetic acid 
(DTPA). The aerosol administration requires 
cooperation of the patient, who is asked to 
breathe through a mouthpiece, with a nose clip 
in place, for several minutes. Tc-99m DTPA dif-
fuses through the alveolo-capillary membrane 
to the blood (Mason et al.  2001 ). Another type 
of aerosol available is “Technegas”, made of 
extremely small carbon particles (0.005–
0.2 μm), generated in a high- temperature fur-
nace (Senden et al.  1997 ). The small particle 
size implies that they are distributed in the lungs 
almost like a gas and are deposited in alveoli by 
diffusion. 

  V / Q lung scanning  in the presence of PE has 
the typical diagnostic feature of a perfusion 
defect in a region of normally ventilated lung, 
the mismatched perfusion defect. The size of 
defect may range from appreciably smaller 
than a segment (subsegmental) to about the 
size of a segment (segmental) or, very rarely, 
of a lobe or whole lung. A non-segmental 
defect is one that does not correspond to seg-
mental anatomy. A minimum of four views 
(anterior, posterior and both posterior obliques) 
is recommended for the accurate evaluation of 

V/Q lung scanning, and occasionally, lateral 
and anterior obliques may be useful. 

 The pathologic basis of the mismatched perfu-
sion defect is that in an uncomplicated pulmo-
nary embolism, in otherwise healthy individuals, 
the pulmonary architecture remains intact, and 
 ventilation is therefore normal. However, when 
embolism is followed by lung infarction, a 
 ventilation defect appears, although it is usually 
smaller than the perfusion defect because the 
lung around the periphery of the perfusion defect 
continues to ventilate. The diagnostic feature of a 
pulmonary infarct, therefore, is an incompletely 
matched perfusion defect. In many patients, how-
ever, V/Q scan is non-diagnostic, and further 
investigation is required (Macdonald et al.  2005 ). 
V/Q scan provides a higher effective radiation 
dose with respect to the Q scan alone. Phillips JJ 
et al. in a recent review of medical literature 
reported that the effective dose for correct diag-
nosis with V/Q scan was 3.46 mSv (Phillips et al. 
 2015 ). 

 The V/Q scan has been widely used as the 
fi rst-line radiologic examination in the diagnosis 
of suspected PE. In the mid-1980s, the multicen-
tre Prospective Investigation of Pulmonary 
Embolism Diagnosis (PIOPED) study evaluated 
the diagnostic utility of the V/Q scan for 731 
patients with conclusive pulmonary angiogram 
results for PE (PIOPED Investigators  1990 ). The 
study demonstrated that all patients with pulmo-
nary embolism had abnormal V/Q scans of high, 
intermediate or low probability, but so did most 
without pulmonary embolism (sensitivity, 98 %; 
specifi city, 10 %) and indicated the diagnostic 
utility of the V/Q scan to be limited to the small 
proportion of patients with high-probability 
results or to those with normal/near-normal or 
low-probability scans in conjunction with low 
clinical likelihood of the disease. The PIOPED 
study showed that the combination of pretest 
clinical assessment and V/Q scintigraphy could 
diagnose or exclude PE accurately, but such read-
ings were possible in only 28 % of patients. 
Unfortunately, this leaves a large group of 
patients with non-diagnostic results that were 
insuffi ciently conclusive to guide defi nitive clini-
cal management. 

Pulmonary Embolism



352

 The risk of missed PE may result in death. 
Alternatively, treating patients unnecessarily for PE 
exposes them to the risk of life-threatening compli-
cations from anticoagulation, which has been 
reported being of 5 % at 1 year (Petty et al.  1988 ). 

 For all these reasons, the PIOPED criteria 
were reviewed in order to increase accuracy of 
V/Q scan (Sostman et al.  1994 ). More recently, in 
the retrospective analysis of the PIOPED II trial 
data retrieved from patients who had undergone 
both V/Q scintigraphy and CTPA, the V/Q scan 
diagnostic criteria for PE have been recatego-
rized into “PE present”, “PE absent” and “non- 
diagnostic test”. Results showed a defi nitive V/Q 
scan reading in 73.5 % of patients and a non- 
diagnostic scan rate reduced to 26.5 %, with a 
sensitivity and specifi city of 77 % and 98 %, 
respectively (Sostman et al.  2008a ). Authors 
 concluded that V/Q scan scintigraphy can be con-
sidered an appropriate imaging procedure in 
patients with suspected PE for whom CTPA may 
be disadvantageous, as in those with iodinated 
contrast medium allergy or impaired renal func-
tion, particularly if outpatients. 

 The investigators of Prospective Investigative 
Study of Acute Pulmonary Embolism Diagnosis 
(PISAPED) suggested a new set of diagnostic 
criteria, intended to diagnose or exclude PE using 
incorporation of clinical prediction rules, the Q 
scan alone and chest radiograph. They used the 
archived PIOPED II data and images to test their 
hypothesis and found a sensitivity of 80 %, a 
specifi city of 97 %, with 0 % of non-diagnostic 
results (Sostman et al.  2008b ). These results 
 indicate that Q scintigraphy combined with chest 
radiography can provide diagnostic accuracy 
similar to that of V/Q with the additional benefi ts 
of lower cost and lower radiation dose. 

  Single-photon emission computed tomogra-
phy  ( SPECT ) is a technique that provides three- 
dimensional volumetric images and has the 
potential to improve the diagnostic accuracy of 
the nuclear medicine imaging for PE. SPECT 
improves the performance of V/Q imaging thanks 
to better spatial resolution, in particular regarding 
detection of peripherally located perfusion 
defects, and limited overlapping of the perfusion 
defects by other structures. 

 Recent V/Q SPECT studies conducted in over 
3000 cases showed a sensitivity of 96–99 % and a 
specifi city of 91–98 % for PE (Bajc et al.  2009a ). 
The rate of non-diagnostic fi ndings has been 
reported between 1 and 3 %. 

 V/Q SPECT is non-invasive, is well-tolerated 
and can be performed in all patients. With 
 effi cient technique and effective organization, 
V/Q SPECT takes only 20 min of acquisition 
time, and the radiation exposure is low (effective 
dose of 2.12 mSv) with respect to the planar V/Q 
scan (Phillips et al.  2015 ). Furthermore, it allows 
quantifi cation of PE, and that option has a rele-
vant impact on choice of treatment in some cen-
tres and frequently provides alternative diagnosis 
of comorbid conditions as COPD, left heart fail-
ure and pneumonia (Bajc and Jonson  2011 ). 

 However, V/Q SPECT is uniquely useful for 
follow-up and research and not employed in the 
emergency setting, where CTPA is the host, even 
if, according to some authors (Bajc and Jonson 
 2011 ), its outstanding qualities merit consider-
ation of its use as the primary diagnostic method 
for PE in all hospitals in which nuclear medicine 
is practiced.  

4.2     Computed Tomography 
Pulmonary Angiography 
(CTPA): Diagnostic Accuracy 
and Novel Imaging 

 CTPA has emerged as an alternative modality for 
imaging of PE. Since the introduction of multide-
tector CT, CTPA has become the method of 
choice for imaging the pulmonary vasculature 
when PE is suspected in routine clinical 
practice. 

 The diagnostic accuracy of multidetector CT 
is directly linked to the dramatic improvement in 
image quality made possible by advances in CT 
technology over the past decade. The improve-
ments in spatial and temporal resolution, as well 
as the overall increased quality of pulmonary 
arterial opacifi cation, have allowed the routine 
analysis of pulmonary arteries down to the sub-
segmental level (Patel et al.  2003 ). These techni-
cal advances have improved image quality both 
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in outpatients (Revel et al.  2005 ) and in dys-
pnoeic inpatients of the intensive care units or 
with underlying respiratory disease (Kelly et al. 
 2006 ; Tillie-Leblond et al.  2006 ). 

 Sensitivity and specifi city of multidetector 
CTPA vary between 83 % and 100 % and 89 % 
and 97 %, respectively (Qanadli et al.  2000 ; 
Winer-Muram et al.  2004 ; Stein et al.  2006 ). 
Moreover, the negative predictive value of a 
CTPA (99.4 %) in ruling out pulmonary embo-
lism was demonstrated to be comparable to that 
of pulmonary angiography (Quiroz et al.  2005 ), 
and in 2007, multidetector CT angiography has 
fulfi lled the conditions to replace pulmonary 
angiography as the reference standard for diag-
nosis of acute PE (Remy-Jardin et al.  2007 ). 
Additional attractive features of CTPA include 
that it provides direct visualization of the 
thrombus within the pulmonary arteries and a 
simple positive or negative result in most of the 
cases (Wittram  2007 ; Hoang et al.  2008 ). The 
test may be able to determine an alternative 
explanation for symptoms if pulmonary embo-
lism is excluded, and it may also offer clues to 
the aetiology of PE, such as the presence of pre-
viously undetected malignancy (Bierry et al. 
 2008 ). 

 Furthermore, it has proven technically feasi-
ble to assess the proximal venous system of the 
legs with CT venography performed during the 
same procedure as CTPA (Stein et al.  2006 ) and 
to provide prognostic information by demonstrat-
ing signs of right ventricular dysfunction (Ocak 
and Fuhrman  2008 ), which has been shown to be 
independently predictive of 30-day mortality. 

 For all these reasons, CTPA has been enthusi-
astically embraced by the medical community as 
an excellent minimally invasive examination for 
the evaluation of PE, widely used in all catego-
ries of adult patients (inpatients, outpatients, 
emergency room patients). On the other hand, as 
a result of this wide application, serious concerns 
regarding high-radiation exposure associated 
with CT have arose. However, it is worth noting 
that the risk of death from undiagnosed PE far 
exceeds the risk of radiation-induced malignancy 
(Remy-Jardin et al.  2007 ) and there is strong sci-
entifi c evidence that in pregnant women, the foe-

tal dose from V/Q scintigraphy (640–800 μGy) is 
considerably higher than that from CTPA 
(3–131 μGy) (Winer-Muram et al.  2002 ; Russell 
et al.  1997 ). 

 Since spiral CT offers a diagnosis of PE within 
a matter of seconds along with a lot of additional 
information on the lung parenchyma, heart and 
great vessels, pulmonary scintigraphy has widely 
been replaced with CT for this indication. 
However, the information gained with both 
modalities is not quite the same. CT displays 
clots in vessels irrespective of their effect on per-
fusion, and scintigraphy displays perfusion 
defects irrespective of their cause. Thus, CT is 
able to answer the question for PE more pre-
cisely, while scintigraphy may provide a more 
accurate estimation of the perfusion, which 
should be pathophysiologically more relevant. 

  Dual - source CT  ( DSCT ) can nowadays pro-
vide both anatomical and functional information 
of the whole lungs, by combining pulmonary 
CTPA with an assessment of pulmonary iodine 
map in a single spiral contrast-enhanced CT 
acquisition. 

 DSCT uses two orthogonally mounted X-ray 
tubes and detectors. As each tube can be set at a 
different tube potential (80 kVp for one tube and 
140 kVp for the other), DSCT allows simultane-
ous dual-energy CT (DECT) image. Iodine atten-
uates X-ray spectra very differently at 80 and 
140 kVp settings. The obtained DECT data can 
be readily post-processed to determine the 
amount of iodinated contrast material in any 
voxel. A mathematic algorithm is used to create 
an iodine map by means of known attenuation 
range values for iodine at 80 and at 140 kVp to 
calculate its relative contribution to each voxel. 
In particular, the calculation of iodine distribu-
tion in the lung parenchyma, which is related to 
the microvascular circulation in the lung, can 
generate colour-coded pulmonary blood volume 
(PBV) maps that can be considered a surrogate 
indicator of pulmonary perfusion (Ameli-Renani 
et al.  2014 ). On the other hand, diagnostic evalu-
ation of morphology and anatomy is achieved 
combining image data from both energy levels to 
create a hybrid image that is equivalent to a stan-
dard scan acquired at 120 kVp. 
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 In the context of PE diagnosis, DECT technol-
ogy has the capacity to improve the diagnostic 
accuracy through a comprehensive analysis of 
lung “perfusion” and pulmonary vessel opacifi -
cation obtained during a single chest contrast- 
enhanced CT scan performed with dual-energy 
mode. 

 PBV images can be used to search the defect 
resulting from emboli. Normal PBV images were 
defi ned as showing homogeneous contrast 
enhancement in the normal colour-code range 
with dependent symmetric lung iodine distribu-
tion. PBV defects, which can be considered “per-
fusion” defects consistent with PE, include those 
that are peripherally located, wedge shaped and 
in a segmental or lobar distribution (Fink et al. 
 2008 ) (Fig.  15a –c).

   PBV imaging from DECT could assist in the 
detection of pulmonary emboli that are not evi-
dent by conventional CTPA. Thieme et al. ( 2008 ) 
found that corresponding perfusion defects were 
observed in DECT and scintigraphy in two 
patients in whom there was no evidence of intra-
vascular clots in angiographic CT images. Lu 
et al. ( 2010 ) reported a case of a patient in whom 
the initial conventional CTPA did not visualize 
abnormal fi ndings, while the magnifi ed view of 
the targeted pulmonary arteries corresponding to 
an area of hypoperfusion in PBV images showed 
a subtle subsegmental fi lling defect. These fi nd-
ings indicate that DECT has the potential to 
improve the detection of small pulmonary 

emboli, which may be of clinical importance 
because even small emboli require treatment to 
prevent chronic PE and pulmonary artery hyper-
tension in several clinical scenarios, specifi cally 
in patients with poor cardiopulmonary reserve. 

 Aside from visualizing PBV defects to diag-
nose PE, DECT can be used for monitoring PE 
treatment (Zhang et al.  2009 ). Following antico-
agulant therapy or thrombolysis therapy, com-
plete resolution of pulmonary arterial and 
corresponding perfusion defects indicate that 
pulmonary emboli have been dissolved. Thieme 
et al. ( 2008 ) suggested that contrast enhancement 
defects visualized in PBV images might be a bet-
ter prognostic marker for therapy monitoring, as 
it is easier and more intuitively relevant to quan-
tify the extent of perfusion defects than to quan-
tify the clot burden. This study showed the 
potential of DECT as “one-stop shop” for the 
diagnostic workup of lung disease by offering a 
simultaneous assessment of vasculature, perfu-
sion and high-resolution morphology in a single 
breath-hold exam, with radiation exposure not 
higher than that of single-source CTPA (Pontana 
et al.  2008 ). The ability to assess perfusion in CT 
may make an additional scintigraphy dispensable 
and help to avoid the corresponding radiation 
exposure. 

 To date, there have been limited studies assess-
ing the correlation between pulmonary embolism- 
related perfusion defects seen at DECT and those 
seen at V/Q scintigraphy (Thieme et al.  2008 ) 

a cb

  Fig. 15    ( a – c ) Bilateral pulmonary embolism in a 69-year- 
old woman. Fused DECT angiographic image/iodine per-
fusion maps ( a ,  b ) simultaneously showing bilateral 
arterial fi lling defects, larger on the right with proximal 
extension in the lobar arteries and interlobar artery, and 

concordant wedge-shaped perfusion defects in the right 
upper lobe ( a ,  b ). Axial CT image at lung window setting 
( c ), selected at the same anatomic level as ( b ), does not 
show any abnormality in the corresponding lung 
parenchyma       
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and SPECT (Thieme et al.  2012 ). Thieme et al. 
( 2008 ) reported limited diagnostic accuracy for 
PBV maps, with 75 % sensitivity and 80 % speci-
fi city for pulmonary embolism in a per-patient 
analysis, but these increased to 83 % and 99 %, 
respectively, in a per-segment analysis. DECT 
PBV perfusion defects related to SPECT imaging 
had a sensitivity of 77 % and a specifi city of 98 % 
in a follow-up study by the same group (Thieme 
et al.  2012 ). A complete concordance between 
defects seen at DECT PBV imaging and scintig-
raphy is unlikely. Not only are these measures not 
precisely physiologically equivalent, but V/Q 
scintigraphy is performed during shallow respira-
tion, whereas DECT PBV maps refl ect full inspi-
ration. Nevertheless, the degree of agreement 
between DECT PBV and scintigraphic images is 
encouraging, particularly on a clinically signifi -
cant per-segment basis. Nowadays, DECT PBV 
is not usually used in the clinical context of emer-
gency for assessing PE, even if future develop-
ments will surely induce a more wide employment 
of this CT technique.  

4.3     Comparison of Modalities 

 In the diagnosis of PE, nuclear medicine methods 
used to serve as fi rst-line imaging modalities for 
a long time. V/Q SPECT could show a higher 
diagnostic accuracy when compared to planar 
V/Q scintigraphy. However, in the last years, 
nuclear medicine imaging methods have lost 
clinical impact in the diagnosis of PE due to the 
technical improvements in the fi eld of CTPA, 
which offers high spatial and temporal resolution 
as well as additional morphological information 
when compared to nuclear medicine techniques. 
Moreover, CTPA has undeniable advantages in 
the setting of emergency. 

 Guidance on which modality to use varies. 
Currently in the UK, the National Institute of 
Health & Clinical Excellence (NICE) (Howard 
and Hughes  2013 ) recommends immediate CTPA 
or immediate interim anticoagulant therapy fol-
lowed by a CTPA, if a CTPA cannot be performed 
immediately. Similarly, the European Society of 
Cardiology (Konstantinides et al.  2014 ) describes 

CTPA as the method of choice for the investiga-
tion of PE. Conversely, the European Association 
of Nuclear Medicine broadly recommends V/Q 
SPECT over CTPA, where available (Bajc et al. 
 2009b ), on the basis of the advantages of V/Q 
SPECT, including absence of contrast agent 
injection, lower radiation burden and better esti-
mation of PE extent based upon the functional 
impact. 

 A recent elegant work by Phillips JJ et al. 
aimed to comparing different imaging techniques 
for PE detection (planar V/Q, V/Q SPECT and 
CTPA), by performing a systematic literature 
review and aggregating available data using a 
summary ROC analysis (Phillips et al.  2015 ). In 
addition, this study has quantifi ed the diagnostic 
costs per correct result and the radiation burden 
per correct diagnosis for each technique. Authors 
found that CTPA and V/Q SPECT show equiva-
lent diagnostic performance and both clearly out-
perform planar V/Q. The cost per correct 
diagnosis indicated that CTPA was least expen-
sive and V/Q SPECT was shown to be the most 
effective per unit of radiation dose received. This 
would suggest that V/Q SPECT should be 
favoured over CTPA when radiation dose is a 
concern, for example, in radiosensitive patients 
(young, pregnant, etc.). Nevertheless, the modern 
effective dose-reduction strategies of which the 
last generation CT scanners are equipped and 
which would further reduce radiation burden 
have not been taken into consideration in the 
available studies in medical literature. Also in 
patients with contrast medium allergy or renal 
failure, V/Q SPECT may be a valid diagnostic 
alternative for PE. 

 A clear advantage that CTPA has over SPECT 
in the evaluation of patients with suspected PE is 
the chance of fi nding alternative diagnoses to 
explain symptoms, the speed of exam execution 
and the ready availability within 24 h.  

4.4     Conclusions 

 In an emergency clinical background of sus-
pected PE, CTPA is the modality of choice to 
detect or exclude PE because of its very high 
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accuracy, availability, rapidity and low cost com-
pared to the other imaging modalities. However, 
in patients for whom CTPA may be disadvanta-
geous, V/Q scintigraphy or Q scintigraphy alone 
often yields diagnostically defi nitive results and 
can be considered appropriate pulmonary imag-
ing procedures. V/Q SPECT has a better perfor-
mance when compared to planar scintigraphic 
imaging and yields lower radiation burden; how-
ever, it is not routinely used as a primary diagnos-
tic method for PE. Nowadays, DECT has the 
capacity to improve further the diagnostic accu-
racy of PE through comprehensive analysis of 
lung “perfusion” and CTPA obtained during a 
single contrast-enhanced chest CT, without add-
ing radiation dose.   

5     Non-thrombotic Pulmonary 
Embolism 

 Non-thrombotic pulmonary embolism is an 
uncommon condition caused by embolization of 
different materials, and it is often associated with 
specifi c imaging fi ndings (Rossi et al.  2000 ). 

5.1     Fat Embolism 

 Fat (or lipid) embolism is the most common 
among non-thrombotic pulmonary embolism. It 
occurs after multiple fractures of long bones and 
pelvis, mostly in patients with fractures of the 
middle-proximal femoral shaft. The percentages 
of this complication range from 2 to 20 % in dif-
ferent studies and mortality close to 10 %. 
Although these emboli can virtually reach any 
organ, the consequences of this “embolic rain” 
are more clearly visible in the lungs, brain and 
skin (Han et al.  2003 ). The pathogenic mecha-
nisms of fat embolism are not completely under-
stood but presumably are twofold. The fi rst 
mechanism is the production of free fatty acids, 
which determine a toxic reaction in the endothe-
lium, amplifi ed by infl ammatory mediators. The 
second theory is represented by mechanical 
obstruction of the pulmonary artery branches by 

fat emboli. Clinical manifestations occur 
1–3 days after the trauma due to the involvement 
of the lungs, brain and skin (Malagari et al.  2003 ). 

 Three to four percent of patients develop the 
fat embolism syndrome (FES, fat embolism 
syndrome) characterized by respiratory distress, 
brain abnormalities and cutaneous petechiae. 
The diagnosis of fat embolism syndrome 
requires the presence of a major criterion and at 
least four minor criteria. Based on Gurd’s and 
Wilson’s  criteria, the major criteria are petechial 
rash, respiratory insuffi ciency and cerebral 
involvement. Minor criteria are tachycardia, 
fever, retinal changes, jaundice, renal signs, 
thrombocytopenia, anaemia, high erythrocyte 
sedimentation rate (ESR), fat macroglobinae-
mia (Gurd and Wilson  1974 ). 

 Chest X-ray (Fig.  16a, b ) and chest CT 
(Fig.  16c, d ) fi ndings resemble those of acute 
respiratory distress syndrome from any cause and 
consist of widespread homogenous and heteroge-
neous areas of increased opacity. CT angiogra-
phy does not show the presence of vascular fi lling 
defects because the fat embolus involves 
capillaries.

   Differential diagnosis should be made with 
pulmonary oedema and pulmonary contusion. In 
the fi rst case, CT scans demonstrate smooth 
 septal interlobular thickening, pleural effusion 
and ground glass opacities, while in the pulmo-
nary contusion, CT alterations occur immedi-
ately after the trauma, whereas alterations due to 
fat embolism occur after 24–48 h from injury.  

5.2     Cement Embolism 

 This condition is a complication of percutane-
ous vertebroplasty, and it is caused by migra-
tion of polymethyl methacrylate’s particles in 
the pulmonary vessels via external vertebral 
venous plexus. A symptomatic onset is rare. 
The percentage of embolization to the lungs is 
unknown, as patients are not submitted to radio-
graphic examination of the chest before and 
after the procedure (Choe et al.  2004 ). Both 
chest X-ray and CT may demonstrate linear 
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images of increased opacity or attenuation out-
lining the pulmonary arteries (Fig.  17a–d ).

5.3        Septic Embolism 

 Septic embolism occurs after embolization of 
fragments of infected emboli, usually by bacte-
ria and less frequently fungi or parasites. The 
predisposing factors include tricuspid valve 
endocarditis, alcoholism, infections of the skin 
and immunodefi ciency’s condition (particularly 
lymphoma). The septic emboli can also be 
found in patients with central venous catheters 
or permanent pacemaker (Han et al.  2003 ). 
Chest CT shows peripheral nodules of different 

sizes, with blurred margins, sometimes with 
excavation or subpleural, triangular areas of 
consolidation (Fig.  18a–c ). Sometimes an arte-
rial branch directly related to the hump of the 
consolidation, “feeding vessel sign”, can also 
be seen.

   CT angiography can show increased calibre of 
pulmonary arteries and pseudoaneurysms.  

5.4     Air Embolism 

 Air embolism is a pathological condition that 
arises when one or more air bubbles can block 
blood fl ow within a vessel. Iatrogenic causes of 
air embolism include transthoracic biopsy, baro-

a b

c d

  Fig. 16    Twenty-fi ve-year-old woman with a tibial frac-
ture treated with osteosynthesis. Chest X-ray immediately 
after trauma doesn’t show any abnormality ( a ). After 
2 days, the patient had a rapid onset of dyspnoea, and a 
chest X-ray was performed showing multiple bilateral 

alveolar opacities engaging especially the lower lobes ( b ). 
CT scans ( c ,  d ) confi rm areas of ground glass opacities, 
consolidation and minimal smooth septal thickening. No 
pulmonary fi lling defects were seen on enhanced CT 
scans (not shown)       
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trauma caused by positive-pressure ventilation, 
haemodialysis and the placement of central 
venous catheters (Han et al.  2003 ). 

 The risk of death depends on the amount of 
air introduced and the speed of introduction: 
300–500 mL and 100 mL/s, respectively, rep-
resent the minimum amount of air and the 
speed of lethal injections to humans. Chest 
X-ray can be completely normal or sometimes 
can show areas of hyperlucency projecting 
to the heart or pulmonary vessels. On chest CT, 
it is possible to point out air bubbles 
within the pulmonary arteries and veins 
(Fig.  19a, b ).

5.5        Hydatid Embolism 

 The hydatid embolism is a rare complication of 
heart and liver echinococcosis. Embolization of 
hydatid material can occur by (a) breaking of the 
cysts, especially if localized at cardiac level; (b) 
“jump” of the embryo through the porta-caval 
anastomosis, with the spread of hydatid material 
in the right cardiac chambers and from here in 
the pulmonary arteries; or (c) direct transfer of 
 hydatid material (daughter cysts and scolices) in 
the pulmonary vascular bed through the “vasa 
vasorum” (Mereu et al.  2001 ). The slow growth 
of hydatid cysts in pulmonary arterial branches 

a b

c d

  Fig. 17    MIP-reformatted CT images in coronal ( a ,  b ) and 
axial ( c ,  d ) planes showing multiple polymethyl methac-
rylate emboli in segmental and subsegmental levels. 

Patient had undergone lumbar percutaneous vertebro-
plasty 2 months before       

 

R. Basilico et al.



359

explains the absence of symptoms in the early 
phase because of adequate compensation through 
the arteries (Han et al.  2003 ). The symptoms may 
be caused by compression of the hydatid cysts of 
vital structures as well as the reduction or interrup-
tion of blood fl ow and are represented by cough-
ing, chest pain, dyspnoea and haemoptysis. Other 
clinical manifestations may be sudden death for 
massive pulmonary embolism, pulmonary hyper-
tension with subacute and right ventricular fail-
ure or chronic pulmonary hypertension (Pena and 
Dennie  2012 ). Chest CT demonstrates occlusion 

of pulmonary arterial branches by hypodense 
material, direct visualization of the cystic lesions 
and increasing the calibre of the vessel concerned 
(inconstant fi nding) (Fig.  20a–c ).

5.6        Tumour Embolism 

 It may be observed in patients with hepatocel-
lular carcinoma, breast, renal, gastric and pros-
tate cancer or choriocarcinoma. Tumour 
intravascular embolization can be observed up 

a b

  Fig. 19    CT examination in a patient with cancer of the 
larynx and recent placement of central venous catheter. 
CT scans show air in the segmental arteries of the upper 

lobes ( arrows  in  a ,  b ); normal bronchi are pointed out by 
 arrowheads        

  Fig. 18    CT scan above the carina ( a ) and coronal ( b ) and 
sagittal ( c ) reformatted images showing multiple cavitary 
nodules and consolidations bilaterally. This was consis-

tent with septic embolism in a 34-year-old intravenous 
drug abuser with  human immunodefi ciency virus        

a b c 
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to 26 % of autopsy. Clinical symptoms may be 
represented by wheezing, coughing and signs of 
hypoxia and pulmonary hypertension. The 
radiographic fi ndings are often minimal or non-
specifi c, making the radiological diagnosis dif-
fi cult (Tack et al.  2001 ). CT fi ndings are areas of 
focal or diffuse consolidation representing areas 
of pulmonary infarction, increase in the calibre 
of pulmonary arteries (pulmonary hypertension) 
and prominence of small peripheral arterial 
branches with “tree-in- bud” pattern supported 
by fi lled centrilobular arteries by tumour micro-
emboli (Fig.  21 ) associated with a thrombotic 
microangiopathy in which the tumour emboli 

are responsible of wide  fi brocellular intimal 
proliferation that causes thrombosis and oblit-
eration of the lumen.

5.7        Miscellaneous Foreign Body 
Embolism 

 Central venous catheters are routinely used in 
oncology; spontaneous rupture and embolization 
of a catheter are rare complications (Han et al. 
 2003 ). The most common sites of embolization 
are the basilic vein and pulmonary arteries 
(Fig.  22a, b ).

a b

c

  Fig. 20    CT examination in patient with previous history 
of anaphylactic shock for a ruptured hepatic hydatid cyst. 
Enhanced chest CT scans with mediastinal ( a ,  b ) and lung 

( c ) window setting show endoluminal defects with low 
density in the left upper lobe artery ( arrows ), with promi-
nent enlargement of the vessel       

 

R. Basilico et al.



361

  Fig. 21    CT scan shows multifocal 
tree-in-bud appearance ( arrows ) caused 
by tumour emboli       

a b

  Fig. 22    MIP Sagittal ( a ) and coronal ( b ) reformatted CT images show the presence of a fragment of central venous 
catheter ( arrowheads ) migrated in the left main pulmonary artery and left lower lobe artery       
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