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v

Although standard radiography of the chest has limitations, it still remains the first 
and basic radiological diagnostic modality, which is very frequently used in daily 
clinical practice.

The three-dimensional (3D) information on the organs of the chest, which became 
available by the introduction of CT, has revolutionized our knowledge of the anatomy 
and pathology of the chest and the modern management of chest diseases. But, in 
addition, CT, by virtue of producing cross-sectional as well as reformatted 2D and 3D 
images of the thoracic organs, offers an exquisite new approach to provide new 
insights and skills in the interpretation of standard radiography of the chest.

E. Coche and his co-authors, all internationally well-known chest radiology 
experts, have been very successful in producing this excellent comprehensive over-
view of chest radiography interpretation by means of side-by-side comparative pre-
sentation of chest standard radiographies and corresponding CT images.

The judicious selection and superb technical presentation of the numerous illustra-
tions, as well as the accompanying well-written and easily readable text, makes this 
book an indispensable tool not only for all certified radiologists and radiologists in 
training, but also for pneumologists, intensive care and emergency specialists as well 
as for chest surgeons. It will assist them efficiently in solving the day-to-day prob-
lems in standard chest radiography interpretation. I can guarantee them that this book 
will not remain idle on their book shelves.

I am very much indebted to the editor and his co-authors for their brilliant perfor-
mance and I am confident that this outstanding volume will meet a great success with 
the readership of our “Medical Radiology – Diagnostic Imaging” series.

Leuven � Albert L. Baert

Foreword
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The first chest radiography was obtained more than 100 years ago. Despite Computed 
Tomography (CT) revolutionizing diagnostic thoracic imaging 30 years ago, chest 
radiography still remains one of the most performed imaging modality in radiology 
worldwide, due to low costs, low radiation and wide availability. Chest radiographs 
are obtained for detection, diagnosis and follow-up of many forms of thoracic 
diseases, evaluation of chest trauma, and many other conditions including screening 
purposes.

Its interpretation is notoriously difficult and needs to receive a careful attention for 
teaching and learning. With the advent of multi-slice CT scanners (MDCT) enabling 
isotropic reconstructions and high-quality reformats, new tools are available for both 
radiologists and clinicians for re-interpreting chest radiographs in light of orthogonal 
views or additional planes.

The concept of this book was imagined in 2008, just after a successful symposium 
dedicated to a “side-by-side comparison with MDCT” that we held in Brussels. The 
idea was to provide a comprehensive approach of chest diseases using a direct com-
parison between the old two-dimensional technology and the up-to-date three-dimen-
sional technology of MDCT. In collaboration with Belgian and international experts 
in chest radiology, we have elaborated the content of this book on three different 
parts. The first part summarizes clinical indications and technical aspects of chest 
radiography and CT with emphasis on reconstructions and tools for image compari-
son. The second part is related to the semeiology of normal variants and diseased 
chest using an anatomically based classification. The third part deals with some dis-
eases presenting a peculiar aspect on chest radiography.

This book is designed for radiologists, internists, pneumologists, surgeons and 
acute unit physicians involved in the care of patients with chest diseases, and students 
who want to improve their understanding in chest radiography. At the end of this 
book, a link to a web site containing additional clinical cases is available for the most 
curious readers.

Brussels� Emmanuel E. Coche
� Benoit Ghaye

Preface

http://everything2.com/title/thoracic" \o "thoracic
http://everything2.com/title/evaluation" \o "evaluation
http://everything2.com/title/chest+trauma" \o "chest trauma
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Abstract

Today, chest radiography remains the corner-››
stone for the diagnosis of many pulmonary 
diseases but it has received less attention dur-
ing the past several years due to the explosion 
of new imaging techniques. However, chest 
radiography has many advantages. It offers 
simplicity, low cost, low radiation, large 
amounts of information, and is widely avail-
able throughout the world.
In this chapter, the remaining indications for ››
the use of chest radiography in adults will be 
discussed in the context of MDCT. In pneumo-
nia, chest radiography plays a pivotal role in 
the initial evaluation and follow-up of patients. 
In immunocompromised patients, chest radi-
ography should be considered as a screening 
test and will often be followed by MDCT. In 
the intensive care unit (ICU), chest radiogra-
phy can be easily performed to detect malposi-
tion of medical devices, but difficult cases still 
will be assessed by MDCT. In the emergency 
room, chest radiography is the recommended 
initial imaging study for the patient, and its 
results will often initiate additional imaging 
examinations such as MDCT. Chest radiogra-
phy is also the most commonly used imaging 
tool for follow-up of benign conditions such as 
pneumothorax, pneumonia, pleural effusion. Its 
role in the follow-up of malignant conditions is 
less obvious. At the end of the chapter, the role 
of chest radiography in lung cancer screening, 
assessment of preoperative patients, and daily 
follow-up will be discussed.
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1.1 � Introduction

Despite continuous advances in cross-sectional imag-
ing, chest radiography remains the cornerstone for the 
diagnosis of many pulmonary diseases and the most 
commonly performed diagnostic imaging test in west-
ern countries and probably throughout the world. This 
imaging modality is responsible for approximately 
30–40% of all X-ray examinations performed, regard-
less of the level of health care delivery. International 
commission on radiological protection (ICRP 1993). 
Over the period of 1993–1999, chest radiography was 

the most frequently used radiologic examination in 
the United States (Maitino et  al. 2003). In many 
instances, it is the first–and frequently the only–diag-
nostic imaging test performed in patients with a 
known or suspected thoracic abnormality. In various 
clinical situations, chest radiography will be per-
formed first and its results will dictate complementary 
investigations (Figs.  1.1 and 1.2). However, some 
serious chest diseases can present as normal chest 
radiographs in the early stages, and sometimes even at 
more advanced stages. This point will be discussed 
in ‘further detail in Chap. 15 (Missed Lung Lesions). 

a

c d

b

Fig. 1.1  Images obtained from a 35-year-old woman referred 
for chronic cough and fever. (a) Chest radiography demonstrates 
a left retrocardiac mass containing a lucent area. (b) Frontal 
reformatted CT image demonstrates, in the lung window setting, 
the irregular borders of the mass. (c) Maximal Intensity Projection 

(MIP) image demonstrates the presence of aberrant vessels 
(curved arrow) originating directly from the thoracic aorta and 
feeding the lung abnormality. (d) Volume rendered image high-
lights in red the aberrant vessels linked to an intralobar 
sequestration
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a

b

c

Fig. 1.2  Images obtained from a 76-year-old man with previous 
oropharyngeal carcinoma addressed for dysphagia and weight 
loss since 1 month. (a) Posteroanterior chest radiography reveals 
a large density of the right upper thorax containing a fluid level. 
(b) Lateral chest radiograph shows the posterior location of this 
abnormality. (c) Frontal reformation of spiral CT acquisition on 
mediastinal window setting reveals soft-tissue infiltration of the 
mediastinum centered on the esophagus and a large aerated cav-
ity in the right upper lobe. (d) Two axial CT scans obtained at 
the level of the upper chest confirm the esophageal thickening. 

Note the right pleural effusion. (e) 18Fludeoxyglucose Positron 
emission tomography with frontal reformation reveals intense 
uptake in the area of the mediastinal thickening and the right 
upper lobe. (f) Barium swallowing demonstrates a large fistula 
between the upper esophagus and the right lung. (g) Axial CT 
scan performed after oral opacification confirms the abnormal 
communication between the esophagus and the right lung. 
Esophageal biopsy was performed, and pathology revealed a 
well-differentiated squamous cell carcinoma of the esophagus

In patients with respiratory complaints, CT examina-
tion should be performed promptly to avoid disease 
progression even when the chest radiograph is normal 
(Fig. 1.3).

Compared to other modalities of imaging, chest 
radiography has many advantages. It offers simplic-
ity, low cost, low radiation, large amounts of informa-
tion, and is widely available throughout the world, 
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d

e

Fig. 1.2  (continued)
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even in less developed countries. In addition, portable 
chest radiographs represent a precious tool to moni-
tor patients with fragile conditions in the ICU and/or 
isolated patients. In this context, it is essential to take 
into account the radiation dose delivered by chest 
radiography because in many cases the patient may 
undergo repeated diagnostic radiologic examinations. 
Traditionally, the effective dose of chest radiography 
is in the order of 0.05 mSv for a posteroanterior (PA) 
view and 0.08–0.30 mSv for the PA and lateral views 
(UNSCEAR 1993). This low radiation needs to be 
counterbalanced by the excessive amount of radiation 

produced by more sophisticated techniques such as 
CT scanners. In a recent survey review (Stamm 2007) 
analyzing the delivered radiation doses for multi-
detector row computed tomography (MDCT), it 
seems that the effective doses were in the range of 
5.7–10.4 mSv, which represent at least 100- to 200-
fold the radiation dose delivered by a single chest 
radiography.

The number of CT examinations has continu-
ously increased in the field of thoracic medicine. In 
a review performed by Wittram et al. (2004) in a 
large academic hospital, the authors showed that 
there has been a significant increase in the ratio of 
chest CT per patient during the last years. From 
1996 to 2001, there has been a 2.8-fold increase CT 
per admitted patient, and a 2.5-fold increase in the 
use of chest CT for outpatients. In the United States, 
CT has increasingly become the initial approach  
for the evaluation or detection of lung metastases, 
obstructive pulmonary disease, primary lung neo-
plasm, and others (Margulis and Sunshine 2000). 
The 1995–1996 workload data drawn from the 
ACR’s survey (Sunshine et al. 1998) already showed 
an increase in high-technology modalities, particu-
larly interventional radiology, CT, and MR imaging, 
and a decline in the percentage of use in general 
radiology. The drop in the share of chest radiogra-
phy was approximately 17% between 1993 and 1999 
(Maitino et al. 2003).

This decrease explains why residents in radiology 
are frequently tempted to follow educational courses 
in new thoracic imaging techniques, such as thoracic 
CT with new applications, notably coronary artery 
angio-CT (Miller et  al. 2008; Becker 2006; Shuman 
et al. 2008; Roberts et al.2008), dual-energy CT tech-
niques (Remy-Jardin and Remy 2008; Pontana et  al. 
2008; Boroto et al. 2008), thoracic MR (Plathow et al. 
2005; Nael et al. 2005; Vogt et al. 2003), or FDG-PET 
(Jeong et  al. 2008; Melek et  al. 2008; Al-Sarraf 
et  al.2008) rather than more traditional techniques 
such as thoracic radiography.

However, there has recently been a renewal of 
interest in the field of chest radiography thanks to sev-
eral technical innovations in the fields of digital detec-
tion and post-processing (Schaefer-Prokop et al. 2008; 
Mc Adams et  al. 2006). These technical advances, 
which will be further detailed in Chap. 2, have resulted 
in improved image quality and the reduction of radia-
tion delivered to patients. Post-processing techniques 

f

g

Fig. 1.2  (continued)
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a

c

e

d

b

Fig. 1.3  Images obtained from a 75-year-old man with chronic 
obstructive pulmonary disease admitted to the emergency 
department for exacerbation of dyspnea. (a) At admission, 
anteroposterior chest radiograph does not show any obvious 
abnormality. (b) Enhanced spiral MDCT was performed to rule 
out pulmonary embolism. Frontal reformation demonstrates on 
the lung window setting a large right hilar mass with right lower 
lobe mucous plugging. Note the paraseptal emphysema in both 
upper lobes. (c) The mediastinal window setting depicts well the 

right hilar and bronchial abnormalities (straight arrows). 
(d) Axial CT at the level of the aortic root shows a large right 
hilar (straight arrow) mass in relation to a squamous cell carci-
noma (proved pathologically). (e) Chest radiograph performed 
several days after admission shows a mediastinal shift to the 
right linked to a complete obstruction of the right inferior bron-
chus and lung collapse.This case illustrates the usefulness of 
MDCT in case of discordant results between chest radiography 
and the patient’s complaints
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in digital chest radiography, which consist of temporal 
subtraction, dual energy subtraction, digital tomosyn-
thesis, and computer-aided detection (CAD) (Mc 
Adams et al. 2006), have ensured better lung nodule 
detection and characterization (KELCZ et  al. 1994) 
and thereby enhanced small lung cancer visualization 
(Li et al. 2008).

The aim of the present chapter is to review the 
remaining indications of chest radiography in adults 
today in the context of MDCT. Chest radiography in 
the pediatric population is beyond the scope of this 
book and will not be discussed.

1.2 � Main Indications of Chest 
Radiography

Periodically, scientific societies edit guidelines for the 
performance of chest radiography to assist practitio-
ners in providing appropriate radiological care for 
patients (ACR 2006a; ACR 2006b; Speets et al. 2006; 
Geitung et  al. 1999). Those guidelines are evidence 
based but differ by country according to socioeco-
nomical factors and technical developments.

1.2.1 � Pneumonia

Radiologic imaging plays a prominent role in the evalu-
ation and treatment of patients with pneumonia. Plain 
chest radiography is an inexpensive test and is an impor-
tant initial examination for all patients suspected to have 
pneumonia. MDCT is a valuable adjunct in case of neg-
ative or nondiagnostic chest radiography, unresolved 
pneumonia, and when complications are suspected.

1.2.1.1 � Community-Acquired Pneumonia

Community-acquired pneumonia (CAP) constitutes a 
common and serious disease despite the availability of 
potent new antimicrobial agents. In the United States, 
pneumonia is the sixth leading cause of death and the 
number one cause of death from infectious diseases 
(Garibaldi 1985; Niederman et al. 1998).

The diagnosis of pneumonia should be considered 
in any patient who has recently developed respiratory 
symptoms such as cough, sputum production, and/or 

shortness of breath, especially if accompanied by fever 
and clinical signs such as abnormal breath sounds and 
crackles at auscultation. In the immunocompromised 
or elderly, pneumonia may present insidiously with 
nonrespiratory symptoms such as confusion, worsen-
ing of an underlying chronic illness, failure to thrive, 
or a fall (Marrie 1994; Metaly et al. 1997).

All patients suspected of having pneumonia should 
have a chest X-ray to establish the diagnosis and the 
presence of potential complications (Fig.  1.4). It is 
important to note that chest radiography may be not 
sensitive in the case of early pneumonia and must be 
repeated in some circumstances 24–48 h after the onset 
of symptoms. One study (Syrjala et al. 1998) has shown 
that some of these radiographically negative patients do 
have lung infiltrates, if a high-resolution CT scan of the 
chest was performed. The radiographic appearance may 
be useful in differentiating pneumonia from other condi
tions that mimic it (Fig. 1.5). These include congestive 
heart failure, obstructing lung carcinoma, lymphoma 
and inflammatory lung diseases (bronchiolitis obliter-
ans and organizing pneumonia, drug-induced lung dis-
eases, eosinophilic pneumonia, sarcoidosis, acute 
interstitial pneumonitis, Wegener’s granulomatosis, 
etc.). In addition, the radiographic findings may also 
suggest specific etiologies or conditions, such as lung 
abscess or tuberculosis, or identify a coexisting condi-
tion such as bronchial obstruction or pleural effusion.

Among patients who respond poorly to therapy, 
chest radiography should be repeated and a CT scan 
could be proposed to rule out complications such as 
empyema, abscess formation, or a pleuropulmonary 
fistula. If the patient has developed severe sepsis from 
pneumonia, the chest radiography and clinical course 
may deteriorate because of the presence of acute respi-
ratory distress syndrome (ARDS) and multiple-system 
organ failure. A late complication of CAP, nosocomial 
pneumonia, can also complicate the illness and lead to 
an apparent nonresponse to therapy.

1.2.1.2 � Pneumonia in the  
Immunocompromised patient

Pneumonia remains a major cause of morbidity and 
mortality in patients with AIDS or those treated with 
immunosuppressive drugs. Early diagnosis and effec-
tive curative treatment are both essential for a favor-
able outcome.
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a

c

b

d

Fig.  1.4  Images obtained from a 65-year-old man who was 
admitted for fever and dyspnea. (a) Postero-anterior osteroante-
rior chest radiograph shows a left upper lobe consolidation with 
air bronchogram suggestive of lobar pneumonia. (b) Lateral 
chest radiography confirms the consolidation delimited by the 
great fissure posteriorly and involving the left upper lobe. 
Multiple small radiolucencies are observed within the consoli-
dation area. (c) Frontal reformation of spiral CT acquisition on 
lung window setting confirms the infectious nature of the left 

upper lobe consolidation. Note the nice depiction of small radio-
lucencies linked to preexisting emphysema. (d) Frontal reforma-
tion of spiral CT acquisition on mediastinal window setting rules 
out the possibility of an obstructive lung carcinoma. (e) Sagittal 
reformation of spiral CT acquisition on lung window setting 
shows the nice side-by-side comparison with the corresponding 
chest radiography. (f) Sagittal reformation of spiral CT acquisi-
tion on mediastinal window setting highlights the anatomical 
delineation of the consolidation by the great fissure

Standard chest radiography in immunosuppressed 
patients should be viewed as a screening test, and some 
authors (Nyamande et  al. 2007; Heussel et  al. 1997; 
Gulati et al. 2000) encourage early use of the CT scan 
(Fig. 1.6). In a study of 87 consecutive patients with 
febrile neutropenia, Heussel and colleagues 1997) 

noted that in 50% of subjects the CT scan revealed a 
pulmonary lesion that was not visible on the chest 
X-ray. A similar study in renal transplant recipients 
confirmed that chest radiography initially might be 
normal in immunosuppressed patients with pulmonary 
complaints, whereas a subsequent CT scan may 
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e f

Fig. 1.4  (continued)

demonstrate multiple abnormalities (Gulati et  al. 
2000). In both reports, reliance on early CT scanning 
led to alterations in patient management. A larger, fol-
low-up study of febrile neutropenia, examining only 
patients with normal chest radiographs (n = 112), 
underlined the value of chest CT (Heussel et al. 1999); 
as it showed pneumonia in approximately 60% of 
them. Based on these findings, the investigators con-
cluded that the sensitivity and specificity of CT scan 
were superior to the screening value of the standard 
chest radiograph. In addition to identifying pulmonary 
pathology that would otherwise be missed on plain 
radiographs, chest CT is used for guiding invasive 
diagnostic procedures, such as bronchoalveolar lavage 
or transbronchial biopsy.

The differential diagnosis of pulmonary lesions in 
this setting is broad. It is important to search for both 
infectious and noninfectious etiologies such as drug  
toxicity, pulmonary edema, alveolar proteinosis, or 
extrinsic allergic alveolitis. Frustratingly, many of the 
processes that result in pulmonary infiltrates present in a 
similar fashion, with nonspecific syndromes consisting 
of infiltrates, dyspnea, and hypoxemia. No single pat-
tern of symptoms or radiographic findings can conclu-
sively exclude a diagnostic possibility.

1.2.2 � The Patient in Intensive Care Unit

Chest radiography is frequently performed in intensive 
care unit patients (ICU) (Trotman-Dickenson 2003). It 
is readily available and inexpensive but has technical 
and diagnostic limitations. Although chest radiographs 
have high diagnostic accuracy for detecting malposi-
tion of indwelling devices like translaryngeal tubes or 
central venous catheters (Henschke et al. 1996), diag-
nostic accuracy with respect to other abnormalities 
such as cardiogenic edema, pneumothorax, and pleural 
effusion is low (Graat et  al. 2006). In this setting, 
MDCT certainly has an important role to play in the 
detection of small air collections and distinguishing 
pleural effusions from parenchymal processes, partic-
ularly when the patient is in the supine position. MDCT 
is certainly the modality of choice to detect pulmonary 
embolism, atelectasis, and interstitial emphysema in 
ICU patients as well as various complications such as 
pulmonary artery aneurysm following Swan-Ganz 
catheter placement.

Recently, portable chest radiography has benefited 
from the implementation of digital technology with 
increased diagnostic accuracy and increased confidence 
in interpretation. The connection to the Picture Archiving 
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Fig.  1.5  Images obtained from a 60-year-old female smoker 
admitted to the emergency room because of loss of conscious-
ness. White blood cell count was measured at 18.8 103/mm3 
(4–10 103/mm3), C-reactive protein: 5.7 mg/dl (<1 mg/dl), car-
cioembryonic antigen: 3.7 ng/ml (<3 ng/ml), neuron-specific 
enolase: 14.4 ng/ml (<12 ng/ml). (a) PA chest radiography per-
formed demonstrates a right upper lobe consolidation with air 
bronchogram consistent with a lobar pneumonia. (b) Frontal ref-
ormation of enhanced spiral CT acquisition on lung window set-

ting reveals a suspicious mass (straight arrows) in the right 
upper lobe. (c) Mediastinal window setting reveals the mediasti-
nal infiltration (straight arrows) by the lung mass. (d) Lateral 
chest radiography shows the lung mass in supra-hilar location.  
(e) Sagittal reformation on lung window setting confirms the 
suspicion of a superimposed mass within the parenchymal 
consolidation. (f) Pathology reveals neoplastic cells of a poorly 
differentiated lung carcinoma
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Fig. 1.5  (continued)
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Fig. 1.6  Images obtained from a 37-year-old male HIV patient 
complaining of fever (38°C) for 15 days, cough, and shortness 
of breath. The patient has lost 20 kg in 5 months. Blood sample 
analysis reveals a low white blood cell count at 1.8 103/mm3 
(4–10 103/mm3) and normal C-reactive protein: 0.9 mg/dl (<1 
mg/dl). (a) Anteroposterior chest radiography reveals interstitial 
abnormalities more prominent in the left lower lobe. (b) Axial 
CT scan obtained at the level of the left atrium shows bilateral 

ground glass opacities and increased septal lines. Curvilinear 
sub-pleural bands are observed at the left lower lobe (arrows). 
(c) Frontal reformation of spiral CT acquisition on lung window 
setting depicts well the bilateral involvement of both lungs inter-
secting the inferior two thirds of the thorax. The CT aspect was 
in favor of viral or parasitic infection. (d) Pathology reveals cel-
lular inclusions due to Pneumocystis jirovecii

a

c

b

System (PACS) has also greatly facilitated the access to 
the thoracic images by ICU clinicians.

1.2.3 � Position of Catheters  
and Thoracic Devices

Chest devices are encountered on a daily basis by almost 
all radiologists (Hunter et al. 2004). Clinical judgment 
does not reliably predict malpositioning after central 
venous catheter or the presence of postprocedural com-
plications. For many practitioners, chest radiography 

after central venous catheter placement in the critically 
ill should remain the standard of care. However, in some 
instances, CT can depict more accurately the course of 
the catheter or the relationship of the medical devices to 
the anatomical structures. Unfortunately, in these situa-
tions, CT is often limited by the presence of metallic 
artifacts generated by the device. The position of pleu-
ral devices, endotracheal and esophageal tubes, vascu-
lar catheters, and pacemakers can be assessed accurately 
by chest radiography only. Mechanical valves and cir-
culatory assist devices (Fig. 1.7) usually require addi-
tional evaluation by other imaging modalities such as 
ultrasonography or MDCT (Labounty et al. 2009).
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Fig. 1.6  (continued)

a b

Fig. 1.7  Images obtained from a 48-year-old man referred for 
dysfunction of an external cardiac device. The cardiac assistance 
was placed 4 months previously for cardiac failure, possibly viral 
in origin, with normal coronary arteries. (a) Anteroposterior chest 
radiograph shows that the external device is in good position. 

(b) Enhanced spiral CT performed at the level of the left ventri-
cle reveals that the tube placed at the top of the left ventricle is 
against the posterior wall (curved arrow) of the left ventricle and 
is probably responsible for the cardiac dysfunction
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1.2.4 � The Patient in the Emergency Room

Chest pain represents one of the most common causes of 
admission to the emergency department. As proposed by 
ACR (Stanford et al. 2000), chest radiography is the rec-
ommended initial imaging study. This examination can 
diagnose various conditions such as acute and chronic 
infections, pneumothorax (Fig.  1.8), pleural effusions, 
pneumomediastinum, malignancies, and fractured ribs. 
Other conditions producing chest pain, such as aortic 
aneurysms/dissections and/or pulmonary embolism 
(PE), may be suspected from the chest radiograph, but 

the overall sensitivities are rather poor. Massive PEs may 
be present even with a normal chest radiograph (Fig. 1.9). 
The presence of a Hampton hump, Westermark sign, or 
pulmonary artery enlargement on chest radiograph may 
suggest PE (Coche et  al. 2004). In this context, chest 
radiography also has the potential to play a role in the 
determination of subsequent imaging tests (i.e., scintig-
raphy or MDCT). It has been shown that the presence of 
any abnormality on the initial chest radiograph decreases 
the utility of scintigraphy (Forbes et al. 2001)

Although CT is not recommended for the initial 
evaluation of patients with chest pain, it is frequently 

a

c d
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Fig. 1.8  Images obtained from a 78-year-old man admitted for 
dyspnea and chest pain. (a) Bedside chest radiography revealed 
a right hyperlucent lung in relationship with a pneumothorax 
(straight arrows). (b) A chest tube was placed, and a chest radi-
ography was performed, confirming the good position of the 
chest tube (straight arrow). (c) The axial CT scan performed at 

the level of the upper chest reveals that the chest tube was 
inserted through a rib (straight arrow) and not through an inter-
costal space as usually done. (d) Volume rendered CT images 
highlight the aberrant course of the chest tube through the bony 
structures in the box (straight arrow)
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appropriate when the results of the clinical, radio-
graphic, and laboratory studies are either suggestive 
of  significant disease or nondiagnostic. This strategy 
is  still evolving; the advent of very rapid MDCT 
scanners allows a triple rule-out protocol (PE, aortic 
dissection, and coronary heart disease) for chest 
pain  during a short breath-hold (Frauenfelder 2009;  
Takakuwa 2008).

Patients with dyspnea may have various conditions 
that may justify the realization of chest radiography 

(Fig. 1.10). Two studies (Butcher et al. 1993; Pratter 
et  al. 1989) suggest that the chest radiograph adds 
enough additional useful information to recommend 
its routine use in patients with chronic and acute dysp-
nea. Another study (Benacerraf et al. 1981) found that 
acute dyspnea was a strong predictor of radiographic 
abnormality in patients above the age of 40 (only 14% 
had normal chest radiographs). Among dyspneic 
patients younger than 40 years of age, chest radiogra-
phy was normal in 68% and revealed acute and chronic 

a
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b

Fig.  1.9  Images obtained from a 72-year-old man treated for 
lymphoma and small cell carcinoma. He was admitted to the 
emergency room for hypoxemia. (a) Posteroanterior chest radio-
graph shows no significant abnormality. (b) Contrast-enhanced 
MDCT reveals bilateral massive pulmonary embolism (curved 
arrows) on the mediastinal window setting (in the central box) 
and a normal lung parenchyma on a lung window setting (out-

side the central box). (c) Frontal reformation of spiral CT acqui-
sition on mediastinal window setting depicts well the extensive 
clots in the pulmonary arteries (curved arrows) (in the central 
box) with a normal lung parenchyma (outside the central box). 
(d) Volume rendered images with a transparent mode shows the 
bilateral clots (curved arrows) in the pulmonary arteries
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findings in 13% and 18%, respectively. Among patients 
with acute findings, the vast majority had either a posi-
tive physical examination or hemoptysis. The authors 
concluded that chest radiography was not warranted in 
patients under the age of 40 unless physical examina-
tion was positive or the patient had hemoptysis or lim-
ited differential diagnosis.

Among patients presenting in the emergency room 
with nonmassive hemoptysis (less than 1,000 ml/24 h), 
chest radiography should be obtained after careful 

history and clinical evaluation (Fig. 1.11). Hemoptysis 
should be differentiated from hematemesis. In the pri-
mary care setting, the most common causes of hemop-
tysis are acute and chronic bronchitis, pneumonia, 
tuberculosis, and lung cancer. If a diagnosis remains 
unclear, further imaging with chest CT or direct visu-
alization by bronchoscopy is often indicated. In high-
risk patients with normal chest radiographs, fiberoptic 
bronchoscopy should be considered to rule out 
malignancy.

a b

c

Fig. 1.10  Thirty-seven-year-old woman with previous asthma 
presented for acute dyspnea when laying down. (a) 
Posteroanterior chest radiograph does not show any significant 
abnormality. (b) Axial CT reveals a small endobronchial mass 
(curved arrow) located at the proximal portion of the culminal 
bronchus. (c) Reformatted frontal CT image shows a small 

tumor (curved arrow) that was not visible on frontal chest radio-
graph, even retrospectively. (d) Virtual bronchoscopy shows an 
endobronchial tumor (straight arrows). (e) Real bronchoscopy 
was performed with a perfect correlation with the CT findings 
(straight arrows). (f) Pathology is consistent with an endobron-
chial hamartoma
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Fig. 1.10  (continued)



20 E.E. Coche

f

Fig. 1.10  (continued)

Fig.  1.11  Images obtained from a 21-year-old man with 
Goodpasture syndrome and massive hempotysis. (a) Bedside 
chest radiograph shows bilateral consolidation suspicious of mas-
sive hemorrhage in the clinical context. (b) Chest CT confirms on 
this axial view a bilateral alveolar syndrome respecting the sub-

pleural area and consistent with pulmonary hemorrhage. (c) 
Reformatted frontal CT image shows on the right side thick recon-
structed image and fuzzy densities related to the alveolar syn-
drome. On the left, in the box, the image appears thin and highlights 
the dark bronchus sign, as described in alveolar hemorrhage

a b
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1.2.5 � The Patient’s Follow-Up

Chest radiography is less sensitive than chest CT in 
the detection of various disorders, but the intrinsic 
characteristics (low radiation dose, excellent cost ben-
efit ratio, accessibility and speed) of chest radiogra-
phy place this technique in an interesting position to 
follow some patients with various conditions. Chest 
radiography is the most commonly used imaging tool 
for follow-up of benign conditions such as treated 
pneumonia, pneumothorax after drain placement, 
pleural effusion, cardiac failure, and pulmonary edema 
after cardiac stabilization.

Some follow-up strategies for malignant conditions 
also use chest radiography. Some authors (Pickhardt 
et  al. 1998) have shown that chest radiography is a 
simple imaging method to detect lymphoproliferative 
disorders in lung transplant recipients. In this context, 
CT is more sensitive than chest radiography for evalu-
ating the extent of the disease, but this increased sensi-
tivity for discovering additional lesions did not result 
in better prediction of survival. A survey (Beitler et al. 
2000) concerning the follow-up after potentially cura-
tive resection of extremity sarcomas revealed that most 
examinations occurred with chest X-rays and routine 

office visits rather than repeated expensive CT scans. 
Lord et al. (Lord et  al. 2006) recommend a 6-month 
chest radiograph follow-up in patients with high-grade 
sarcomas. The low cumulative dose of radiation received 
from chest radiography makes this a safe, simple, and 
appropriate first-line tool. Chest radiography may also 
be used in clinical routine to grossly evaluate the effect 
of chemotherapy on lung tumor volume reduction and 
detect respiratory complications (Fig. 1.12).

1.2.6 � Clinical Situations in Which Chest 
Radiography Has Been Abandoned 
or Its Role Discussed

1.2.6.1 � Lung Cancer Screening

The first screening test for lung cancer used to be chest 
radiography. In the 1960s and 1970s, there were large 
randomized trials conducted both in the USA and 
Europe in which volunteers underwent either periodic 
chest radiography or a simple clinical follow-up as 
baseline examination (Brett 1969; Fontana et al. 1986). 
Although these studies found a higher incidence of 
resectable disease in the screened population, none of 
them showed a lung cancer mortality reduction with 
screening.

During the past decades, large randomized trials 
have been conducted, mainly in the USA, addressing 
the role of chest radiography and sputum cytology 
examination when screening for lung cancer. The 
Memorial-Sloan Kettering and Johns Hopkins 
University studies compared lung cancer detection 
rates using annual chest radiography alone (control 
arm) and annual radiography plus sputum cytology 
analysis every 4 months (intervention arm) (Flehinger 
et  al. 1984; Frost et  al. 1984). The Memorial Sloan 
Kettering study enrolled 4,968 men to chest radiogra-
phy and 5,072 to dual (chest radiography and sputum 
cytology) screen. There were 144 lung cancers detected 
in each group. The investigators found no significant 
difference in stage distribution, resectability, survival, 
or disease-specific mortality between groups and con-
cluded that the addition of a sputum cytology exami-
nation offered no advantage over annual screening 
with chest radiography (Melamed et al. 1984). In the 
Johns Hopkins study, 5,161 men were randomized to 
chest radiography and 5,226 to dual screening. 

Fig. 1.11  (continued)

c
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Fig. 1.12  Images from a patient with lung cancer (poorly dif-
ferentiated adenocarcinoma) treated by surgery and an anti-
angiogenetic agent. (a) At admission chest radiograph reveals a 
large mass located in the right upper lobe. (b) Posteroanterior 

chest radiograph performed several months after therapy with an 
anti-angiogenetic agent demonstrates a large radiolucency in the 
right upper lung zone. (c) Reformatted frontal CT image shows 
a large cavity in the right upper lobe due to tumor necrosis
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Screening resulted in the detection of 202 cases of lung 
cancer in the chest radiography group and 194 cases in 
the dual screening group (Tockman 1986).

The Mayo Lung Project (Fontana et  al. 1984) 
enrolled more than 10,900 subjects. Participants were 
offered chest radiography and sputum cytology at 
enrollment. They were then randomly assigned to a 
close-surveillance group, which underwent chest radi-
ography and sputum cytology every 4 months, or to a 
control group, which was advised to have the standard 
surveillance of yearly chest radiography and sputum 
analysis. There were no statistically significant differ-
ences in either survival or lung cancer–related mortal-
ity between the two groups.

Since those disappointing results, lung cancer 
screening with chest radiography has been abandoned. 
The future role of low-dose MDCT in this field needs 
to be addressed. Some prospective randomized con-
trolled trials comparing lung cancer mortality in a 
screening arm (with low-dose CT screening) and a 
control arm (without CT screening) have been initiated 
(National Lung Cancer Screening Trial, available at: 
http://www.cancernet.nci.nih.gov/nlst). At the end of 
those large studies, scientists hope to be able to answer 
whether low-dose CT screening can reduce lung 
cancer–related mortality.

1.2.6.2 � Preoperative Patients

The recommendations for performing routine preop-
erative chest X-ray based on age cutoffs have been 
established in some countries and institutions. Some 
authors (Escolano et  al. 1994) have suggested that 
X-rays should be recommended for patients over the 
age of 45 years old; those with a history of cardiovas-
cular or lung disease, or of cancer; smokers of more 
than 20 cigarettes/day.

A review of the literature has shown that the preva-
lence of unexpected abnormalities in routine preopera-
tive chest X-rays performed before noncardiac and 
nonthoracic surgery is highly variable and increases 

with age. In a systematic review (Joo et al. 2005), most 
thoracic abnormalities reflected chronic disorders such 
as cardiomegaly (15–65%) and chronic obstructive 
diseases (COPD) (7–30%). The diagnostic yield of 
preoperative chest X-ray among patients under the age 
of 50 was low, ranging from 3% to 16%. The diagnos-
tic yield for patients aged between 51 and 60 years 
ranged from less than 10% to as high as 59%. Between 
the ages of 61–70, the diagnostic yield was high, rang-
ing between 13% and 58%, and for patients older than  
70 years, it ranged between 47% and 61%. However, 
the influence of the detection of such incidental tho-
racic abnormalities on patient management is minimal. 
One study (Wiencek et  al. 1987) reported canceling 
surgery as a result of the chest X-ray findings in 2% of 
patients. (Gagner and Chiasson 1990) reported delay-
ing surgery for 1.3% of patients based on a preopera-
tive chest X-ray depicting pneumonia. A large 
prospective study (Bouillot et al. 1996) reported that 
only 0.5% of patients had a change in anesthetic or 
surgical management because of the results of an 
abnormal chest radiograph.

For those reasons, some authors recommend per-
forming targeted investigations as indicated by clinical 
findings rather than on the basis of arbitrary age cutoffs. 
In this context, patients referred for cardiac or thoracic 
surgery usually undergo chest radiography no matter 
their age to confirm the presence and location of the tho-
racic abnormality just before the surgery (Fig. 1.13).

1.2.6.3 � Daily Routine Chest Radiography

According to some authors (Marik 1997), routine daily 
chest radiography may be justified in critically ill 
patients in a medical ICU because management deci-
sions are made on the basis of the information obtained. 
Studies have indeed shown that up to 65% of daily 
radiographs in the ICU reveal significant or unsus-
pected abnormalities and lead to a change in the 
patient’s management (Henschke et al. 1983, Bekemeyer 
et al. 1985, Strain et al. 1985).

http://www.cancernet.nci.nih.gov/nlst


24 E.E. Coche

1.3 � Conclusions

Despite spectacular advances in cross-sectional 
imaging techniques, chest radiography still has 
numerous clinical indications because of its intrinsic 
characteristics of simplicity, availability, low cost, 
and low radiation delivery. However, its interpre

tation is notoriously difficult and needs to receive 
careful attention during teaching and learning. In this 
context, special efforts have to be made by the aca-
demic community to maintain the standards of inter-
pretation at a high level to continue to ensure the 
valuable role of chest radiography in the clinical 
diagnostic process.

a
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Fig.  1.13  Images obtained preoperatively from a 72-year-old 
man admitted for surgery related to emphysema. (a) 
Posteroanterior chest radiograph shows hyperinflatory status 
with reduction of pulmonary vascularity in the left upper zone. 
(b) Frontal reformatted CT image demonstrates on lung window 

setting the extensive emphysema, explaining the lack of vascu-
larity in this area on the chest radiograph. (c) Volume rendered 
images in a transparent mode highlights the hypertransparency 
of the left lung in relationship with bullous emphysema
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2.1 � Introduction

In recent years, continuing trends in radiology have 
tended to diminish the importance of conventional tho-
rax radiology. Computed tomography (CT), high-
resolution CT and magnetic resonance have been 
applied with great success to the investigation of a 
range of thoracic diseases. Used separately or in 
sequence, they have extended our ability to evaluate 
many diseases. Through the use of axial imaging tech-
niques, a lot of pulmonary images have become more 
understandable and interpretable for radiologists. 
Nowadays, the conventional chest X-ray, cheap and 
easily accessible but limited in scope and sensitivity, 
often seems irrelevant in the presence of such powerful 
imaging techniques. However, it would be unwise to 
neglect or dismiss the information conventional chest 
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Abstract

Reading chest X-rays is a difficult and chal-››
lenging task, and is still important despite the 
development of powerful imaging techniques 
such as computed tomography, high-resolution 
computed tomography, and magnetic reso-
nance. For a correct reading and interpretation 
of chest X-rays, it is necessary to understand 
the techniques, their limitations, basic anatomy 
and physiology, and to have a systematic sys-
tem of scrutiny. However, we have to keep in 
mind that interpretation is submitted to percep-
tual and cognitive limitations and errors. In 
this chapter, chest X-ray will be discussed 
from prescription to report in all its facets.

Contents

2.1	� Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . .                            	 27

2.2	� Technique  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                              	 28
2.2.1	� Exposure  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                               	 28
2.2.2	� Positioning and Inspiration  . . . . . . . . . . . . . . . . .                 	 28
2.2.3	� Image Processing and Post-Processing . . . . . . . .        	 30

2.3	� Interpretation . . . . . . . . . . . . . . . . . . . . . . . . . . .                           	 31
2.3.1	� Knowledge of Anatomy and Physiology . . . . . . .       	 31
2.3.2	� Basic Principles of a Chest X-Ray . . . . . . . . . . . .           	 32
2.3.3	� Analyzing the Radiograph Through a  

Fixed Pattern  . . . . . . . . . . . . . . . . . . . . . . . . . . . .                            	 33
2.3.4	� Evolution Over Time . . . . . . . . . . . . . . . . . . . . . .                      	 41
2.3.5	� Knowledge of Clinical Presentation,  

History, and Correlation to Other Diagnostic  
Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                 	 46

2.4	� Errors and Perception . . . . . . . . . . . . . . . . . . . .                    	 47
2.4.1	� Perceptual and Cognitive . . . . . . . . . . . . . . . . . . .                   	 47
2.4.2	� Observer Errors  . . . . . . . . . . . . . . . . . . . . . . . . . .                          	 47

2.5	� Radiologic Report  . . . . . . . . . . . . . . . . . . . . . . .                       	 48

References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                     	 49



28 L. Delrue et al.

X-rays often provide. Reading chest X-rays is still an 
important, difficult, and challenging task. New litera-
ture about radiological signs and symptoms mandatory 
for understanding chest images is scarce and sometimes 
inadequate, and for young radiologists basic literature 
is often unavailable or too concise in textbooks.

Needless to say that for a correct reading of chest 
X-rays, it is important to understand their limitations, 
basic anatomy and physiology, and to have a system-
atic system of scrutiny (Wright 2002). A chest radio-
graph is, after all, a 2-dimensional projection of a 
complex 3-dimensional volume in which several dif-
ferent tissues overlay each other.

During the last 2 decades, improvements in tech-
nique (including the use of a higher kilovoltage (kV), 
shorter exposure time, and the transition from conven-
tional film to digital radiography) have had a significant 
impact on chest X-rays and the way radiologists and cli-
nicians analyze thoracic images. Lots of effort has been 
made to facilitate the visualization of disease on chest 
X-rays (e.g., zooming, windowing, bone filtration). 
However, even when subjected to the best technical con-
ditions, medical images are of little value unless inter-
preted by an expert reader; perceptual and cognitive 
processes directly influence the clinical utility and effec-
tiveness of X-rays (McAdams et al. 2006). With each 
examination, the radiologist is still confronted with 
radiological findings that require interpretation in cor-
relation with the clinical presentation and information.

2.2 � Technique

For a correct interpretation of chest X-rays, proper 
technique is mandatory, otherwise abnormalities that 
should be noted may be missed.

2.2.1 � Exposure

High peak kilovoltage (kVp) (e.g., 120–130 kVp) 
views are considered essential and the standard for 
most purposes; low-kV (e.g., 50–70 kVp) examina-
tions can fail to display 30% or more of the lungs, e.g., 
retrocardiac, retrodiaphragmatic areas, and areas hid-
den by the ribs. Selection of an appropriate kV should 
primarily provide adequate penetration from the hila to 

the periphery of the lung fields and is restricted to the 
patient thickness, habitus, and pathology.

A high kVp, in combination with a thick body part 
and a large field of view, which is the case with a chest 
X-ray, results in a large amount of scattered radiation, 
called image noise or radiographic noise (McAdams 
et al. 2006). Too much image noise reduces the contrast 
between the lung fields and the mediastinum, which 
results in a loss of inherent contrast. Moreover, the visu-
alization of small low-density lesions (e.g., small noncal-
cified nodules, nondisplaced fractures of the ribs, foreign 
bodies) becomes difficult. The use of a filtering device, 
attached to the light-beam diaphragm of the X-ray beam, 
can solve this problem (Swallow et al. 1986).

However, an increase in kVp is required for pene-
tration of the dense mediastinum and the heart to show 
the lung tissue behind those structures and behind the 
diaphragm, as well at the lung bases in a large-breasted 
individual.

The high kVp technique is also used to reduce 
obscuring effects of the ribs on underlying pulmonary 
pathology. The ribs cause anatomic noise and about 
two thirds of the lung is covered by them. Anatomic 
noise limits the detection of subtle abnormalities on 
chest X-rays, even more substantially than radiographic 
noise (Austin et al. 1992; Boynton and Bush 1956).

An ultrashort exposure time is necessary to obtain a 
high-quality chest image, preferably in the millisecond 
range; it reduces involuntary subject movements 
(Swallow et al. 1986).

Exposure factors are used correctly if the end plates 
of the lower thoracic vertebral bodies are visible 
through the cardiac shadow.

2.2.2 � Positioning and Inspiration

The choice of erect or decubitus position is mainly pre-
determined by the condition of the patient, with the 
majority of X-rays taken with the patient in an erect 
position. Very ill patients or those who are immobile are 
X-rayed in decubitus or semi-recumbent position 
(Swallow et al. 1986).

The posteroanterior (PA) projection is generally 
implemented in preference to the anteroposterior (AP) 
projection because the arms can more easily be posi-
tioned to enable the scapulae to be projected out of the 
lung fields, and there is less cardiac enlargement. The 
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mediastinal and heart shadows, however, obscure a con-
siderable part of the lung fields, and therefore a lateral 
radiograph is recommended as part of an initial survey. 
Lesions obscured on the PA view are often clearly vis-
ible on the lateral view, such as hilar disease. In con-
trast, clear-cut lesions on the PA view may be difficult 
to identify on the lateral view because of the superposi-
tion of both lung fields. Another advantage of the lateral 
view is that the pleural effusion not seen on the PA pro-
jection can be identified.

2.2.2.1 � Frontal View Posteroanterior Erect View

The patient is placed facing the cassette with the chin 
extended and centered to the middle of the top of the 
cassette. The feet are placed slightly apart so that the 
patient achieves a stable stance. The median sagittal 
plane is adjusted at a right angle to the middle of the 
cassette. The dorsal side of both hands is positioned 
below and behind the hips with the elbows brought 
forward. Alternatively, the arms encircle the cassette to 
allow the shoulders to rotate forward and downward 
and come in contact with the cassette (Swallow et al. 
1986). This position avoids a superimposition of the 

scapulae over the lung fields. The breasts should be 
compressed against the screen to prevent them from 
obscuring the lung bases and diaphragm.

The horizontal central X-ray is directed first at right 
angles to the cassette at the level of the fourth thoracic 
vertebra, and then angled 5° caudally to make the cen-
tral ray coincide with the middle of the cassette. This 
results in a confining of the radiation field to the film/
detector without unnecessary exposure to head and eyes 
(Swallow et al. 1986). Inappropriately centered X-rays 
may lead to hyperlucency simulating pulmonary 
emphysema, massive vascular embolism, or an anomaly 
of the soft tissues. Improper positioning (rotation) of the 
patient can obscure certain regions of the lung such as 
the hila and mediastinal lines, and borders cannot be 
seen anymore. It can also produce a distorted position 
of the trachea, which can be misinterpreted as a paratra-
cheal mass. Exposure is made in full arrested inspira-
tion for optimal visualization of the lung bases (the 
diaphragm must descend to the level of the tenth or 
eleventh ribs posteriorly, or to the level of the sixth ribs 
anteriorly). Poor inspiration may lead to under-expan-
sion of the thoracic cage with crowding of basal vessels 
simulating congestion or fibrosis. Moreover, small pleu-
ral effusions will be masked (Fig. 2.1).

a b

Fig. 2.1  A 60-year-old female patient was admitted to our hos-
pital for the evaluation of persistent pain of unknown origin in 
the left limb. She was treated for colon carcinoma in 1993 (in 
remission), a transient ischemic attack in 2000, and she under-
went resection of uterine polyps in 2003. A chest radiograph 
was performed for a general check-up. (a) Posteroanterior chest 
X-ray reveals decreased lucency at both lung bases suggesting 
consolidations. X-ray also shows accentuation of vessels and 

enlarged heart shadow: a sign of vascular congestion? (b) A sec-
ond Posteroanterior chest X-ray of the same patient taken in 
deep inspiration, did not confirm any of these abnormalities: 
there were no consolidations and no signs of congestive heart 
disease. The second view only revealed an asymmetric position 
of the diaphragm. Poor inspiration may lead to accentuation of 
vessels simulating congestion, the heart shadow will be enlarged, 
and the visualization of consolidations can be compromised
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A pattern of under-expansion is not always caused 
by the noncooperation of patients but may also be due 
to diseases that decrease lung compliance: pulmonary 
disease such as lung fibrosis, neurologic disorders such 
as multiple sclerosis, or thoracic deformity generated 
by kyphoscoliosis.

PA erect view is an alternative when the patient’s 
condition makes it difficult or unsafe for the patient to 
stand. The patient sits (or stands) with his or her back 
against the cassette. Again, the shoulders are brought 
downward and forward, with the back of the hands 
below the hips and the elbows well forward. If the 
patient’s condition does not allow proper realization 
of this movement, it is preferable that the arms be 
laterally rotated and supported with the palms of the 
hands facing forward. In this position the scapulae 
are superimposed but visibility of the upper lateral 
segments is easier because of the reduced absorp-
tion effects (Swallow et al. 1986). Notice the greater 
object–cassette distance of the heart compared to the 
PA view, which makes accurate measurement of the 
heart size difficult (overestimation).

2.2.2.2 � Lateral View

The patient is turned with his or her left side against 
the cassette and the median sagittal plane parallel to 
the cassette. The arms are folded over the head or 
raised above the head to rest on a horizontal bar. The 
midaxillary line coincides with the middle of the cas-
sette. The volume between the apices and the lower 
lobes to the level of the first lumbar vertebra should be 
covered by the cassette. The central ray is directed at 
right angles to the middle of the cassette in the mid-
axillar line (Swallow et al. 1986). Exposure is made in 
full arrested inspiration.

2.2.2.3 � Other

Exposure made in full arrested expiration has the effect 
of increasing intrapleural pressure, in turn resulting in 
compression of the lung parenchyma, which makes the 
pneumothorax bigger and therefore, more easily visu-
alized (Swallow et al. 1986).

In selected patients paired inspiratory  and expira-
tory PA exposures can demonstrate air trapping. Areas 
of akinesis or hypokinesis of the diaphragm can be 

detected by fluoroscopy, called the sniff test: a para-
doxical motion of a hemidiaphragm when a patient 
sniffs vigorously suggests phrenic nerve paralysis or 
paresis of the hemidiaphragm. Rapid upward move-
ment of the diaphragm during brisk sniffing in the 
supine position is highly suggestive of paralysis of the 
ipsilateral diaphragm.

Other views, such as oblique view, apical view, and 
lordotic view, are superseded by CT.

2.2.3 � Image Processing and Post-
Processing

Radiological imaging is undergoing revolutionary 
changes and traditional film–screen imaging has been 
rapidly replaced by digital imaging during the past sev-
eral years (Mettler et  al. 2004). Variability of image 
quality in conventional radiography, due to the devel-
oping procedure of the X-ray film, vanished with the 
introduction of digital radiography (DR) (Bacher et al. 
2006). Moreover, digital images are very flexible in 
terms of processing and archiving, thereby providing a 
solution to the major disadvantages of the screen–film 
systems. Regardless of whether digital radiography or 
computed radiography (CR) is used, readjustment of 
an analog signal to a digital signal by an analog-to-
digital converter is common to both. Once the digital 
signal is produced, it may be displayed, processed, and 
manipulated to maximize visualization of anatomical 
structures and disorders. The image quality depends on 
spatial and contrast resolutions. The spatial resolution 
of a digital image is defined or limited by a matrix of 
pixels running in horizontal and vertical rows. More 
pixels generate a better spatial resolution. The matrix 
size of the monitors on which the image is displayed 
can influence the visibility of a disease. 3 K monitors 
(3,000 × 3,000 pixels) are a minimal requirement for 
chest radiography (Bacher et al. 2006). Both the pixel 
depth and the range of gray shades that can be assigned 
to the pixels are responsible for image quality. They are 
also referred to as the dynamic range. The dynamic 
range, measured in bits, influences the contrast resolu-
tion of a digital system. The higher the contrast resolu-
tion, the more distinct the adjacent structures of close 
opacity (Shephard 2003).

An important advantage of digital imaging (CR or 
DR) over conventional radiographic imaging is that 
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once the digital image is created it becomes available 
in an electronic form that can be archived and manipu-
lated on a diagnostic workstation by optimizing dis-
play contrast regardless of the exposure level 
(McAdams et  al. 2006). The visibility can be opti-
mized depending on the region of interest. Digital 
imaging may offer additional information, dose reduc-
tion, and fast availability of images, resulting in clini-
cal benefits, a favorable cost-benefit ratio and increased 
quality and efficiency (Nitrosi et al. 2007). 

The combination of storage phosphor technology 
and post-processing technology enables the visualiza-
tion of large absorption differences in one image. 
Post-processing is guided by three types of algo-
rithms: gray-scale processing, edge enhancement, 
and multi-frequency processing (McAdams et  al. 
2006). (1) Gray-scale processing involves the conver-
sion of detector signal values to display values in such 
a way that digital images appear similar to conven-
tional film images. (2) The edge enhancement algo-
rithm aims to enhance fine image details by 
manipulating the high-frequency content of the image 
by using a variant of the unsharp masking technique 
(a blurred version of the image is formed and a frac-
tion of the resulting image is subtracted from the 
original image). (3) In multi-frequency processing, 
the image is decomposed into multiple frequency 
components. Each of them is weighted separately and 
then recomposed into one image. This results in more 
visibility of the opaque regions—retrocardial, para-
mediastinal, and paradiaphragmatic—without com-
promise of the contrast in the lung regions (McAdams 
et al. 2006). The large dynamic range of the storage 
phosphor technology and its post-processing capa-
bilities allow visualization of the entire lung even 
with a large field of view, as in chest X-rays, despite 
the lower spatial resolution of the digital technique 
compared to conventional film–screen images. Busch 
(1997) demonstrated that digital imaging yields addi-
tional information through its clearly higher-contrast 
perceptibility; particularly, the quality of visualiza-
tion of the mediastinal and retrocardial structures is 
much higher. This advantage is even more pronounced 
in “bedside-image” chest radiographs. It leads to a 
much better localization of probes and catheters. 
Busch (1997) showed a decrease in the number of 
low-quality images from 22% to 8% and a decrease in 
the number of images of insufficient quality from 8% 
to 2% when phosphor storage technology is used 

instead of conventional film–screen technology in 
chest X-rays without exposure control.

2.3 � Interpretation

Correct interpretation of plain chest X-rays will often 
obviate the need for more expensive and sophisticated 
examinations.

The main ways to minimize interpretation errors are 
thorough knowledge of the normal anatomy of the tho-
rax, and the basic physiology of chest diseases; analyz-
ing the radiograph through a fixed pattern; evaluating 
the evolution over time; knowledge of clinical presen-
tation and history; and knowledge of the correlation 
with other diagnostic results (laboratory results [blood, 
sputa], electrocardiogram, respiratory function tests).

2.3.1 � Knowledge of Anatomy  
and Physiology

Before a diagnosis can be made, any abnormalities 
must be distinguished from normal variations. 
Therefore, radiologists must have a knowledge of the 
pattern of linear markings throughout the normal lung 
(Fraser et al. 1988). Such knowledge cannot be gained 
through literature or didactic teaching; it requires 
exposure to thousands of normal chest X-rays to 
acquire the ability to distinguish normal from abnor-
mal. This requires not only familiarity with the pat-
tern and the distribution of branching of these 
markings, but also knowledge of normal caliber and 
changes that may occur in different phases of respira-
tion and in various body positions. Normally, the dis-
tribution of the pulmonary blood flow is controlled 
primarily by gravitational forces. The vessels branch 
like a tree, gracefully and gradually from the hilum 
toward the periphery of the lung in the erect position. 
This normal flow pattern is called “caudalization” 
(Chen 1983). A change in caliber of the arteries and 
veins remains one of the most variable radiological 
signs of pulmonary arterial and pulmonary venous 
hypertension. A redistribution of vessels may consti-
tute major evidence for pulmonary collapse or previ-
ous surgical resection. A firm understanding of 
anatomy and physiology is helpful in radiographic 
interpretation. The lungs can be likened to a mirror 
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reflecting the underlying pathophysiology of the heart 
(Chen 1983). Failure of the right side of the heart will 
result in a scanty flow, small vessels, and unusually 
radiolucent lungs.

2.3.2 � Basic Principles of a Chest X-Ray

2.3.2.1 � Three Basic Principles

Being familiar with the basic principles of a chest 
radiograph will help the radiologist to overcome some 
difficulties because they indicate the fundamental 
nature of diseases.

A radiograph is not a shadow but a complex summa-
tion of a polychromatic beam of X-rays (Milne 1993).

Remember the following three basic principles 
(Squire 1970; Novelline and Squire 1997):

1.	 Roentgen white–gray–black values are the result of 
variations in the number of rays that have passed 
through the object of interest to expose the X-ray 
detector.

Therefore, they are always summation shadow grains 
of all the masses in the full thickness of the object that 
has been interposed between the beam-source and the 
detector.

Because it is a summation/projection of several lay-
ers, subtle lesions such as early lung cancer or focal 
pneumonia can be overlaid by background anatomy. 
Austin and colleagues (1992) concluded that confu-
sion by background structures is the leading cause of 
nondetection of nodules in well-penetrated lung zones. 
Dual-energy radiography, which is a clinical applica-
tion of digital imaging, can overcome this difficulty 
through the elimination of the background with the 
subtraction technique. Ishigaki and others (1986) 
described this technique in 1986 by using two storage 
phosphor plates separated by a filter for a single shot 
based on the difference in spectral absorption charac-
teristics of bone and soft tissue. Dual-energy imaging 
with bone subtraction (called soft imaging) has been 
shown to be advantageous for

the detection of lung nodules, even those obscured •	
by overlaying structures
other types of focal opacities, such as those caused •	
by infection
the visualization of central airways•	

There was, however, no advantage in the characteriza-
tion of interstitial patterns when compared with con-
ventional standard images (MacMahon et al. 2008b). 
The bone image can help to detect the presence of cal-
cification in lung nodules, referring to benign etiology, 
and in pleural plaques. It also has been shown to be 
advantageous in the evaluation of coronary and cardiac 
calcifications and radio–opaque devices, and it helps in 
the detection of  sclerotic skeletal metastases.

2.	 The margin of any shadow on the X-ray represents 
a tangentially seen interface between two structures 
of different roentgen density.

The silhouette sign is based on the premise that an 
intrathoracic opacity, if in anatomic contact with a bor-
der of the heart or aorta, will obscure that border 
(Felson 1973). The mechanism responsible for the sign 
is still debated. The silhouette sign can be used in two 
ways (Armstrong et al. 1990):

To localize a density on a chest X-ray•	
To detect lesions of low density when the shadow is •	
less obvious than the loss of the silhouette

Most anatomic structures bordering the lung (such as 
the heart, aorta, and diaphragm) are not visible them-
selves; their recognition depends on the presence of 
adjacent air-filled (normal) lung tissue: loss of silhou-
ette sign (Wright 2002). Thus, obliteration or absence 
of the outline of those structures indicates that airless 
tissue, such as fluid or a solid tumor, is adjacent to 
those structures. For example, collapse or consolida-
tion of the left upper lobe will obliterate the left car-
diac border, and collapse or consolidation of the right 
middle lobe will obliterate the right cardiac border.

Using the same principle, a well-defined mass seen 
above the clavicles is located posteriorly and in contact 
with the aerated lung parenchyma, whereas a mass 
located anteriorly is in contact with mediastinal soft 
tissues and so is poorly defined. This is also known as 
the cervico-thoracic sign.

The hilum overlay sign is used to distinguish a hilar 
mass from a nonhilar mass: When the hilar vessels can 
still be seen through a mass, then the mass does not 
arise from the hilum. Because of the geometry of the 
mediastinum, most of these masses will be located in 
the anterior mediastinum.

3.	 Awareness of the range of atomic numbers (roent-
gen densities) of objects or tissues plus the infor-
mation you will deduce about their thickness, 
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shape and form, make it possible to identify an 
object by name from its radiograph. The atomic 
composition of objects or tissues will strongly 
influence the amount and the energy of the X-rays 
that will interact with the X-ray detector. Together 
with the information about their thickness, shape, 
and form, objects can be identified by name from a 
radiograph.

2.3.2.2 � Threshold Visibility

The threshold visibility is defined at 3 mm: a structure 
must be at least 3 mm in thickness to be radiologically 
visible on a chest X-ray. The 3-mm limit of visibility 
can only be applied if the margins of the structure are 
parallel to the X-ray beam. It decreases progressively 
when the margins are beveled (Fraser et  al. 1988). 
Four mm is considered to be the lower limit of visibil-
ity for noncalcified intrapulmonary densities by Westra 
(1990) and Brogdon et al. (1983). The threshold visi-
bility is not only influenced by the border of the lesion 
shadow (sharply defined or beveled margins), but also 
by its location. The visibility is higher when a lesion 
can be projected in such a way that it is related to air-
containing parenchyma without a superimposed con-
fusion by overlying structures. This leads to relatively 
“blind” areas. Those areas are located in close proxim-
ity to the pleura and the rib cage, in the paramediasti-
nal regions, and near the diaphragm (Brogdon et  al. 
1983; Fraser et al. 1988)

2.3.3 � Analyzing the Radiograph Through 
a Fixed Pattern

One of the most challenging tasks when viewing chest 
X-rays is to visualize and depict all lesions regardless 
of their location, whether a lesion is primarily in the 
lung, the hilum, the mediastinum, the pleura, the chest 
wall, the diaphragm, or outside the thorax.

A chest X-ray can be inspected in two ways (Fraser 
et al. 1988):

Direct search is a method whereby a specific pattern •	
of inspection is carried out.
Free global search, in which the X-ray is scanned •	
without a preconceived orderly pattern.

There is subjective and objective evidence that experi-
enced radiologists use to perceive the most important 
abnormalities within the first few seconds of viewing; 
a single display of less than 300 ms may be sufficient 
for the identification of major features of lesions, and 
this rapid identification of abnormalities increases with 
experience (Brogdon et  al. 1983). This proposition 
supports the free global search and suggests that frag-
mentary images are filled in from the observer’s mem-
ory bank (Kundel and Nodine 1983).

We believe a systematic approach to radiological 
interpretation is of profound importance, especially for 
radiologists in training. Radiologists must develop a 
routine when examining X-rays that ensures that all 
areas of the radiograph are scrutinized. It is only 
through this exercise during thousands of examina-
tions that the pattern of a normal chest can be recog-
nized. The radiologist must try to appreciate signs such 
as the size, number, and density of pulmonary lesions 
in combination with their border sharpness, homoge-
neity, anatomic location, and distribution as well as the 
presence or absence of cavitation or calcification.

A suggested scheme is as follows, examining each 
point in turn (Murfitt 1993):

  1. Request form Name, age, date, sex
Clinical information

  2. Technical Centering, patient position
Markers

  3. Trachea Position, outline

  4. Heart and mediastinum Size, shape, displacement

  5. Diaphragms Outline, shape
Relative position

  6. Pleura Position of horizontal fissure
Costophrenic, cardiophrenic 
angles

  7. Lung fields Local, generalized 
abnormalities
Comparison of the 
translucency and vascular 
markings of the lungs

  8. Hidden areas Apices, posterior sulcus
Mediastinum, bones

  9. Hila Density, position, shape

10. Below diaphragms Gas shadows, calcifications

11. Soft tissues Mastectomy, gas,  
densities, etc.

12. Bones Destructive lesions,  
densities, etc.
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	 1.	 Request form: age, sex, and clinical information 
can help in making the distinction between normal 
and abnormal structures. It is important to know 
that the area of the pulmonary trunk is frequently 
very prominent in young women. In babies and 
young children (more frequently in boys than 
girls) normal thymus tissue can be present as a 
triangular sail-shaped opacity with well-defined 
borders projecting on one or both sides of the 
mediastinum and causing an enlarged mediastinal 
appearance. Patients recovering from disease can 
present with an enlarged thymus (thymus rebound). 
In a young healthy person, a nodule present in 
the  lung parenchyma is most probably benign 
(Fig. 2.2).

	 2.	 Technique: any adjustment of the regular proce-
dure must be mentioned and marked clearly on the 
image: PA or AP, left/right label, inspiration/expi-
ration. It is important to correctly diagnose pathol-
ogies such as Kartagener syndrome. Kartagener 
syndrome is defined by the combination of pri-
mary ciliary dyskinesia, an inherited disorder of 
special respiratory tract cells, along with position-
ing of the internal organs on the opposite side 
from normal (called situs inversus). For example, 
the heart is on the right side of the chest instead of 
the left.

	 3.	 The trachea: this conduit is located on the mid-
line in its upper part and deviates slightly to the 
right at the level of the aortic knuckle. This devia-
tion is more pronounced during expiration. During 
expiration, the trachea becomes shorter. This 
implies that an endotracheal tube that is situated 
just above the carina during inspiration can 
occlude the main bronchus during expiration. The 
translucency of the tracheal air column decreases 
caudally in normal conditions. Widening of the 
carina occurs during inspiration and the angle 
may measure 60–75°.

	 4.	 The heart: the position of the heart relative to the 
midline and the transverse cardiac diameter on 
the PA view is quite variable, even among healthy 
people. The average normal value of the cardiotho-
racic ratio is 0.45 in adults (Chen 1983). The heart 
shadow is enlarged without being pathological on 
expiration X-rays, in the supine position, in AP 
projection, when the diaphragm is elevated, and in 
patients with kyphosis or scoliosis. Measurement in 
an isolated event is of less value than when previ-

ous X-rays are available for comparison. For exam-
ple, an increase in the transverse cardiac diameter 
of 1.5  cm in sequential X-rays is significant and 
should be investigated further (Murfitt 1993).

	 5.	 The diaphragm: the diaphragm is a thin musculo-
tendinous structure, which is not or only partially 
visible on conventional X-rays (Bogaert and 
Verschakelen 1995). Nevertheless, the diaphrag-
matic area is noteworthy because it can provide 
important information. For example, the detection 
of a diaphragmatic defect after trauma can be life-
saving. It has been shown that missing this difficult 
diagnosis results in higher morbidity and mortality 
in trauma victims (Meyers and McCabe 1993).

	 6.	 The pleura: the pleura consist of two thin layers 
covering a serous membrane lining the inside of 
the chest cavity and covering the lung, with a small 
amount of fluid in between. The pleura serves an 
important role in lung function; it acts as a cushion 
for the lungs and allows for smooth movement of 
the lungs within the chest cavity. It is not visible in 
normal conditions and barely visible in the case of 
ventral pleural detachment. The increase of the 
transparency of the lung can be very subtle or even 
masked by overlying tissue (Ball et al. 2005).
Pay attention to pneumothorax “ex vacuo”; in 
this condition, acute bronchial obstruction from 
mucous plugs, aspirated foreign bodies, or badly 
positioned endotracheal tubes cause acute lobar 
collapse and a significant increase in negative 
intrapleural pressure around the collapsed lobe. 
As a consequence, gas is attracted into the pleural 
space around the collapsed lobe while the seal 
between the visceral and parietal pleura of the 
adjacent lobe or lobes remains intact. The remain-
ing pleural attachment is characteristic. Correct 
interpretation of this kind of pneumothorax is cru-
cial in directing treatment, which consists of 
relieving the bronchial obstruction rather than 
inserting a chest tube into the pleural space. Once 
the bronchial obstruction is relieved, the lobe will 
re-expand and the pneumothorax will resolve 
spontaneously (Ashizawa et  al. 2001; Florman 
et al. 2001) (Fig. 2.3).

Other difficulties of pleural processes include 
determining whether a “pleural” abnormality 
really originates from the pleura (Fig. 2.4) and dis-
tinguishing lung nodules from pleural irregulari-
ties (Fig. 2.5).
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Fig. 2.2  A 40-year-old female patient with chronic headaches 
consulted the hospital to exclude underlying general physical 
causes. She smokes 12 cigarettes a day. In this setting she 
received a chest X-ray. (a, b) Chest X-ray reveals a well-defined 
nodule projected alongside the heart at the right lung base on PA 
view and projected on the heart shadow on lateral view. Multi-
detector row CT (MDCT) was performed to exclude neoplastic 

nodule. (c, d) MDCT demonstrates a dense lobulated nodule in 
the anterior right lower lung lobe. (e, f) On the 3-dimensional 
reconstructions, the nodule is connected to a small artery and 
vein. No other parenchymal abnormalities are visualized. Final 
diagnosis was a pulmonary arterio-vascular malformation. (g) A 
digital magnified spot view of the chest X-ray reveals the vascu-
lar malformation
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	 7.	 The lung fields: normal intrapulmonary airways 
are invisible unless they end in the X-ray beam, 
but air within bronchi or bronchioli, passing 
through airless parenchyma, may be visible as a 
branching linear lucency known as an “air bron-
chogram.” An air bronchogram within an opacity 
means that the opacity is intrapulmonary in loca-
tion (Armstrong et al. 1990). The most common 
causes of an air bronchogram are pneumonia or 
pulmonary edema. Air bronchograms can be seen 
in atelectatic lobes provided the airways are pat-
ent. Because of the specific growth of bronchio-
alveolar carcinoma, as well as lymphoma around 
airways without compressing them, both diseases 
can also be associated with an air bronchogram.

By comparing the lung fields, areas of abnormal trans-
lucency or even distribution of lung markings are 
more easily detected. However, confusing the inter-
pretation of diffuse lung disease in X-rays is not sur-
prising. Much of the confusion arises because of doubt 
over precisely what is seen and what can be seen on a 
chest X-ray. The radiologist is sometimes confronted 
with the problem of superimposition of many layers 
of opacity. As mentioned by Fraser and Paré (1998), 
superimposition of small nodules can cause an appar-
ent reduction in the size of the individual nodules and 
in the formation of curvilinear and nodular opacities.

Another major reason for confusion during the 
interpretation of interstitial lung disease in X-rays is 
the lack of specificity of the presented radiological 

a b

c

Fig. 2.3  A 63-year-old female patient was sent to the emergency 
radiology department for a chest X-ray to exclude aspiration 
pneumonia. Her clinical history reveals severe interstitial lung 
pathology based on chronic nephropathy, and a 3-month period 
of recurrent pneumonia resulting in open lung biopsy (negative 
culture) and in increasing respiratory insufficiency. For that rea-
son, the patient underwent the placement of a permanent tra-
cheostomy. At the time of presentation, the patient showed no 
signs of acute dyspnea, fever, or sudden chest pain. (a) The bed-
side anteroposterior X-ray confirmed severe alveolo-interstitial 

lung pattern of the right lung, a small shift of the cardio-medi-
astinum to the right, and a lobar collapse in the left hemi-thorax 
with hyperlucency around the collapsed lobe (notice surgical 
stitches projecting on the heart after open lung biopsy [arrow]). 
The X-ray also reveals (b) conglomerate of trapped air and irreg-
ular dense particles at the left hilum and (c) a seal connecting the 
parietal and visceral pleura of the lobe(s). The patient suffered 
from a pneumothorax ex vacuo caused by bronchial obstruction. 
Immediate relief of bronchial obstruction is crucial and life-
saving (no tube into pleural space but tracheal aspiration)
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Fig. 2.4  A 37-year-old female patient was admitted to our hospi-
tal with right latero-dorsal thoracic pain without history of a trau-
matic event. There was no fever, weight loss, or nocturnal sweating. 
Clinical investigation revealed a painful hard mass at the right 
hemi-thorax; the lung auscultation was normal. The patient men-
tioned recent travel to Australia. (a, b) Posteroanterior and lateral 
X-rays of the chest show a deformation of the dorsal costo-dia-

phragmatic sinus (arrows). (c) An oblique magnified view con-
firmed the existence of the deformation: pleural mass? soft-tissue 
tumor? localized pleural effusion? (d) Contrast-enhanced Multi-
detector row CT demonstrates a cystic lesion with dense rim in the 
right costophrenic pleura (white arrow) with expansion in the dor-
sal thoracic wall (white arrowhead). Final diagnosis was a hyatid 
cyst (positive for Echinococcus antibodies)

a b

c
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patterns. Basic radiological patterns of interstitial 
lung disease are reticular, nodular, reticulonodular, 
and linear, which are well known. However, some-
times diseases present as reticular at the beginning 
and evolve into a nodular or mixed reticulonodular 
pattern. Similarly, in a reticular network, particu-
larly if it is coarse, many linear densities will be 
seen “en face” and thus appear as a reticular pattern, 
but many must be seen on end and thus simulate 
nodules (Fraser et al. 1988; Stolberg et al. 1964). 
Because of this obvious visual effect, it might seem 
logical to designate all these diseases as reticu-
lonodular (see Chap. 8: Interstitial Lung Disease).

However, the distinction between reticular 
and nodular is important not only morphologi-
cally, but also in relation to the impact each may 
have on the pulmonary function (Fig. 2.6).

Unilateral pulmonary hyperlucency with 
decreased vascularity and airtrapping on expira-
tion is signature of the Swyer-James-MacLeod 
syndrome (Lucaya et al. 1998) (Fig. 2.7).

	 8.	 The hidden areas: apices, posterior sulcus, medi-
astinum, hila, and bones remain a challenge on 
chest X-rays, even in digital imaging, multi-detector 
row CT can be necessary for further differentiation 
(Fig. 2.8).

	 9.	 The hila: the dimension of the normal hila, delin-
eated mostly by the large pulmonary arteries and 
upper lobe pulmonary veins, varies considerably 
within and among individuals (left versus right). A 
difference in the relative density of the two hila 

a
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Fig. 2.5  A 62-year-old male patient with a persistent cough was 
sent by his general physician for a chest X-ray to exclude lung 
pathology. The patient was a smoker but had no other items in his 
medical history. (a) Posteroanterior chest X-ray revealed a non-
sharply delineated nodular structure of limited density projected on 
the posterior part of the sixth rib in the right hemi-thorax (arrow). A 
second fanciful dense opacity projected on the posterior part of the 
left sixth rib (arrow). (b) Linear densities projected posterior of the 
sternum and above the diaphragm, best revealed on the lateral chest 
X-ray (arrows). (c) Multi-detector row CT shows several pleural 
irregularities, e.g., at the level of the sixth rib bilateral. Some of the 
irregularities were partially calcified, specifically those located at 
the diaphragm. Irregular focal thickening of the pleura can simulate 
a suspicious parenchymal opacity on a chest X-ray

Fig. 2.4  (continued)
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could imply hilar pathology and is an indication 
for additional CT. A lack of sharpness of the lat-
eral hilum also requires CT examination because 
of the implications of the silhouette sign. The 
hilum overlay and hilum convergence sign are 
based on that principle (Felson 1973) (Fig. 2.9).

	10.	 Areas below the diaphragm: a pneumoperitoneum 
is more easily detected on a lateral chest X-ray in 
erect position than on an erect abdominal view. 
Chilaiditi syndrome, which is the interposition of 
the colon between the liver and diaphragm, is very 
common, especially among the elderly. The 
haustral pattern helps to distinguish it from free 
intraperitoneal gas.

c

Fig. 2.5  (continued)

a b c

Fig. 2.6  Several cases of parenchymal lucencies associated with 
the presence of cysts, which are difficult to distinguish on a conven-
tional X-ray. (a, b) Pulmonary Langerhans cell histiocytosis. The 
X-ray reveals diffuse parenchymal lucencies and reticulonodular 
pattern of the interstitial space. High-resolution CT (HRCT) dem-
onstrates cystic airspaces, which are mainly less than 10 mm in 
diameter, with typical sparing of the costophrenic angles. The lung 
cysts have distinct walls ranging from thin and barely perceptible 
to several millimeters in thickness and have varying shapes (mostly 
round, some bizarre in shape). (c, d) Lymphangioleiomyomatosis. 
The X-ray again reveals diffuse small parenchymal lucencies with 
a reticulonodular interstitial pattern. HRCT shows numerous thin-
walled lung cysts with varying diameters (ranging from 2 mm to 
5 cm) and round in shape, diffusely distributed and surrounded by 
patchy areas of ground-glass opacity. (e, f) Centrilobular emphy-
sema. Only moderate to severe emphysema can be diagnosed 
on plain radiographs. The X-ray can only suggest parenchymal 
hyperlucency; perhaps reduction in the size of pulmonary vessels 
or vessel tapering can be detected. On HRCT there is the pres-
ence of multiple small, round areas of abnormally low attenuation, 

several millimeters in diameter. The areas of lucency are grouped 
near the centers of secondary pulmonary lobules, surrounding the 
centrilobular artery branches, and often lack distinct walls. (g, h) 
Panlobular emphysema. The X-ray reveals an increased hyperlu-
cency with size reduction of pulmonary vessels and vessel taper-
ing, which is not a sensitive or reliable sign of emphysema. HRCT 
demonstrates widespread areas of abnormally low attenuation 
by uniform destruction of the pulmonary lobule. The pulmonary 
vessels appear as fewer, smaller, and inconspicuous. Panlobular 
emphysema is easily distinguished from lung cysts by the lack of 
distinct walls. (i, j) Paraseptal emphysema. The X-ray shows no 
aberrancy in parenchymal pattern. On HRCT there are some focal 
hyperlucent areas in the subpleural areas (involvement of the distal 
part of the secondary lobule) with visible, very thin walls corre-
sponding to the interlobular septae. (k, l) Fibrosis. The X-ray reveals 
a reticulonodular pattern with small nodular opacities. HRCT con-
firms the reticulonodular pattern caused by subpleural intralobular 
interstitial thickening predominantly involving the subpleural lung 
regions, in combination with irregular opacities, honeycombing, 
architectural distortion, and traction bronchiectasis
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Fig. 2.6  (continued)
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a b

Fig. 2.7  (a) A chest X-ray of an 11-year-old child reveals a dis-
crepancy in translucency between the left and the right hemitho-
rax. Because of the asymmetric presentation of the lung fields, 
an overlaying interstitial or alveolar lung pathology cannot be 
excluded. There are no arguments for pneumothorax in the left 
hemithorax. Notice the tiny displacement of the mediastinum to 
the left side. (b) Multi-detector row CT shows a unilateral hyper-

lucent left lung with reduced lung volume in inspiration, dimin-
uation of the vascularisation, and air-trapping. No disturbance of 
the interstitial or alveolar pattern can be seen. The patient suf-
fered from Swyer-James-MacLeod syndrome, caused by incom-
plete development of the alveolar buds as a result of damage to 
the terminal and respiratory bronchioles, usually due to viral 
lower respiratory tract infection in infancy or early childhood

	11.	 Soft tissues: the breasts may partially obscure the 
lung bases. Physiological breast asymmetry or pre-
vious surgery can mislead and be misinterpreted as 
parenchymal shadowing or hyperlucency. Identifi
cation of the  nipple shadow is necessary to distin-
guish from neoplasm and vice versa. Repeat X-rays 
with nipple marking or fluoroscopy can help out if 
in doubt.
The anterior axillary fold frequently causes an ill-
defined shadow on the lung fields and must be dif-
ferentiated from a consolidation.

The caudal border of the opacity of the sterno-
cleidomastoid muscles can simulate a cavity or 
bulla at the lung apices. Subpleural fat or prominent 
intercostal muscles can mimic pleural pathology.

	12.	 Bones: bone alterations can be the only sign of 
pathology on chest X-rays; a fracture of the clavic-
ula or fracture of the first rib can cause a pneumotho-
rax and/or vascular rupture, both life-threatening 
situations. Hemi-vertebrae may be associated with 
neuro-enteric cysts.

As mentioned previously, more than 66% of the 
lung parenchyma is superimposed by bony struc-
tures, which may result in missed lung nodules. 
On the other hand, focal bone opacities, such as a 
benign bone island (enostosis), also can result in 
false-positive abnormal chest X-rays (Fig. 2.10).

2.3.4 � Evolution Over Time

An additional source of information is the evolution  
over time. It is imperative to compare studies carried 
out at different dates whenever they are available 
(Fig.  2.11). A sudden or progressive increase in the 
cardio-mediastinal shadow width may be the only 
indicator of a mediastinal tumor. Minimal thickening 
of the right paratracheal stripe, which is an indirect 
sign of paratracheal lymphadenopathy, may be detected 
only when compared with a previous chest X-ray.
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The speed of growth of a lesion over time indicates 
the cell replication rate within the lesion and gives 
information about its benign or malignant character. 
The rate of growth is disclosed by the doubling , or the 
time it takes  a given tumor to double in volume, and 
requires sequential exposures over time (Garland et al. 

1963). Tumor doubling time is an independent and sig-
nificant prognostic factor for lung cancer patients 
(Usuda et al. 1994). Spratt et al (1963). found a mean 
doubling time of 3.1 months for squamous cell carci-
noma, 9  months for adenocarcinomas, and 3  months 
for undifferentiated cancer on chest X-rays.

a
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Fig. 2.8  A 66-year-old male patient with ethylic liver cirrhosis 
was admitted to the hospital for diminished consciousness and 
deterioration of his general condition. (a) Posteroanterior and 
lateral view of the chest demonstrate vascular calcifications at 
the descending aorta, widening of the carina, and a dense peri-
cardial mass near the right atrial border (arrow). (b) Two verte-
bral collapses are also visualized on the lateral view: at the fifth 

dorsal and first lumbar vertebra. (c) Nonenhanced multi-detector 
row CT confirms a relatively dense paraesophageal and para-
aortic soft tissue structure. (d) T1-weighted magnetic resonance 
image after Gadolinium demonstrates a knot of vessels in the 
middle and posterior mediastinum. The pericardial mass visual-
ized on the chest X-ray was periesophageal varices in this patient 
who has liver cirrhosis
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Fig.  2.9  A 56-year-old male patient consulted the hospital for 
persistent dry cough, dyspnea when exercising, asthenia, and 
weight loss despite a good appetite. History revealed nicotine 
abuse (25–30 pack years) and exposure to asbestos. (a, b) Chest 
X-ray suggests an additional opacity (arrows) at the left hilum, 
best visualized on the lateral view projected on the anterior border 
of the thoracic vertebral column. (c, d) Multi-detector row CT 

confirms a homogeneous mass at the origin of the main bronchus 
of the left lower lobe, as illustrated here in coronal and lateral 
reformatted reconstructions of the mediastinum (arrows). 
(e) Positron emission tomography-CT shows elevated fludeoxyg-
lucose uptake in the mass. Bronchoscopy confirmed a suspicious 
mass in the ostium of the bronchus of the left lower lobe. Pathology 
revealed a non–small-cell lung carcinoma, spinocellular type
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Temporal subtraction may be the innovation that 
reveals a significant improvement in the accuracy of 
detection of nodules and hazy pulmonary opacities 
such as pneumonia and pneumonitis (Difazio et  al. 
1997; MacMahon et al. 2008b; Tsubamoto et al. 2002). 
This advanced image-processing technique enhances 
interval changes by using the previous radiographs as 

subtraction masks (MacMahon et al. 2008a). DiFazio 
and others (1997) reported not only a substantial and 
highly significant improvement in diagnostic accuracy 
when using temporal subtraction, they also stated that 
the chest X-ray interpretation time was reduced by 
19%. One of the difficulties of this technique is its 
dependence on reproducible patient positioning. The 
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Fig. 2.10  A 64-year-old male patient was sent to the emergency 
radiology department with spontaneous intracranial bleeding. He 
received surgical cranial decompression and a tracheostomy. (a) 
A bedside chest X-ray in the intensive care ward shows a dense 
nodular structure in the eighth intercostal space on the right side 
(arrow). (b) Digital magnified spot view confirms the nodular 
density with nonsharp margins (arrow). (c) Mutli-detector row 

CT shows no parenchymal nodule on axial view in lung window. 
At the scapular point a nodular density is revealed (arrow) and 
confirmed on (d) the magnified spot reconstructed with bone 
window (arrow). This is an incidental finding of a solitary dense 
nodule on a chest X-ray in a patient with spontaneous intracra-
nial bleeding. This nodule was located in the scapular point and 
consisted of dense osseous tissue (benign bony island)
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Fig.  2.11  A 64-year-old male patient known since 2001 with 
severe chronic obstructive pulmonary disease (III) was recently 
hospitalized with pneumonia, erysipelas of the right lower limb, 
and reflux oesophagitis grade B. Because of this medical history, 
he received subsequent chest X-rays for a period of 2 months. (a) 
On the anteroposterior chest radiograph of April 2008 there was 
an impression of a deviation of the left paravertebral line. (b) 
Looking back to previous chest radiographs, no displacement of 
the left paravertebral line was visualized (e.g., chest X-ray DD 
March 2008). This suggests a para-vertebral pathology, such as 
an aneurysm of the thoracic aorta. For that reason the patient 

underwent urgent CT examination. (c, d) Multi-detector row CT 
of the thoracic aorta confirms the presence of a para-aortic dense 
heterogeneous mass and reveals a saccular dilatation of the 
thoracic aorta, illustrated here in coronal reformatted reconstruc-
tions of the mediastinum (arrow in c) and 3-dimensional recon-
structions (d). Final diagnosis was a leaking thoracic aortic 
aneurysm, for which the patient was successfully treated with an 
endovascular stent procedure. This case proves the importance of 
a good technical quality, which is obligatory for transparency of 
the mediastinum to detect displacement of the paravertebralline 
and the need for comparison with previous chest X-rays
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majority of the artefacts in thoracic temporal subtrac-
tion are due to bone misregistration, which can be 
reduced or even eliminated in combination with dual-
energy imaging (see above).

Evolution over time can also make interpretation 
more difficult and complex. As diseases progress, 
identified patterns can disappear. Several lung dis-
eases, each with a different diagnostic pattern, may all 
eventually evolve into lung fibrosis; all present the 
same pattern of honeycomb formation.

2.3.5 � Knowledge of Clinical Presentation, 
History, and Correlation to Other 
Diagnostic Results

When there is no clinical information or medical history 
available, the exact diagnosis of a rounded peripheral 

mass on plain chest X-ray can be very challenging 
because benign or malignant lesions, infection, rounded 
atelectasis (as seen in asbestosis), lung sequestration 
(Fig.  2.12), or congenital disorders such as broncho-
genic cysts can be the responsible underlying disease.

Another example illustrating the unavoidable need 
for clinical information or medical history is acute 
lung fibrosis. Chemotherapy may induce acute lung 
fibrosis and can lead to respiration failure. Immediate 
chemotherapy interruption and oxygen support are 
mandatory.

Another difficulty relating to fibrosis is differentiat-
ing fibrosis from an infectious disease in a patient with 
chronic obstructive pulmonary disease, as described in 
Fig. 2.13.

The integration of information obtained from sys-
tematic interpretation of the chest X-ray and correla-
tion with the clinical status often results in an allowable 
degree of diagnostic accuracy in chest diseases.

a b

c

Fig. 2.12  A 63-year-old male 
patient with cough, fever, and 
dyspnea. (a, b) PA and lateral 
chest X-ray reveals a right 
mediastinal shift, a mass 
projected on the right cardiac 
border, posteriorly located in 
the right lung lower lobe and 
associated with pleural 
thickening and obliteration of 
the cardiophrenic sinus. The 
hyperlucency of the 
retrosternal space on the 
lateral view is due to an 
asymmetry in expansion of 
both lungs and causing a 
distortion of the sternum (c) 
CT confirmed pleural 
effusion and thickening, right 
mediastinal shift, and the 
mass posteriorly located in 
the right lower lung. This 
rounded dense mass is 
swirled by vessels and 
bronchi converging upon the 
density (comet sign). Notice 
the presence of calcified 
pleural plaques on the 
diaphragm and flattening of 
the diaphragm. This patient 
was exposed to asbestos and 
was diagnosed with a rounded 
atelectasis
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2.4 � Errors and Perception

2.4.1 � Perceptual and Cognitive

The radiological diagnosis of chest disease begins 
with the identification of an abnormality on a chest 
X-ray; in other words, that which is not seen cannot be 
appreciated (Fraser et al. 1988). That appreciation is 
submitted to the perceptual and cognitive limitations 
that have a direct bearing on the clinical utility and 
effectiveness of chest X-rays (McAdams et al. 2006).

Experience gives the radiologist the perceptual and 
cognitive skills to know what information to look for 
and how to interpret that information based on the 
accumulation and integration of information pro-
cessed from previous encounters with the same type 
of images (Krupinski 2003). What makes the task dif-
ficult, is that, although the basic anatomy is essen-
tially the same in all images, the degree of natural 
variation in both normal and abnormal structures is 
high and radiologists will never be able to see all pos-
sible variations during their career. The results of all 
this variation in normal and abnormal features are 
variation and error in interpretation. Kundel et  al 

(1978). found that perceptual errors can be grouped 
into three general categories 

Some missed lesions are never looked at.•	
Some missed lesions are looked at, but not long •	
enough to allow detection or recognition.
Some lesions are looked at for long period of time •	
but either are not recognized as a lesion or are 
actively dismissed as normal structure.

2.4.2 � Observer Errors

Observer errors provoke false-negative or false-posi-
tive readings. In case of a false-positive reading, a find-
ing without pathological significance is interpreted as a 
lesion; in case of a false-negative reading, a pathologi-
cal finding is misinterpreted as normal. Inter-observer 
disagreement in some cases may reach astonishing lev-
els (Fraser et al. 1988). Observer errors are very com-
plex and every physician concerned with the correct 
reading and interpretation of a chest X-ray must also 
have proficient knowledge of the physical and physio-
logical principles of perception, so errors will be 

a b

Fig. 2.13  An 84-year-old male patient, 10 years after coronary 
artery bypass graft, was admitted with dyspnea and cough, pres-
ent during the last 2  months. (a) A routine PA chest X-ray 
revealed a reticulo-nodular pattern of the parenchyma of both 
lungs and enlargement of the trachea. Differential diagnosis 
included fibrosis, pneumonia, or co-morbidity of fibrosis and 

pneumonia. (b) High-resolution CT demonstrates massive fibro-
sis with dilatation of bronchi and bronchioles, accentuation of 
the interlobular septae, peripheral honeycombing, and ground-
glass opacity as a sign of active fibrosis. There were no argu-
ments for associated bacterial pneumonia
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diminished to a minimum. It is important to read chest 
X-rays from a certain distance, at least 6–8 ft, both 
because the slight nuances of density variation between 
similar zones can be better detected at a distance and 
because the visibility of shadows with ill-defined mar-
gins is improved with minification (Fraser et al. 1988). 
This was previously discussed by Tuddenham in 1963 
(Tuddenham 1963). Shea and Ziskin (1972) mentioned 
that reading X-rays at a fixed distance increases the 
risk of failure of abnormality detection.

Another mechanism to reduce the frequency of mis-
reading X-rays is double reading: dual interpretation 
by the same observer on two separate occasions or by 
two independent observers. This procedure improves 
the diagnostic accuracy, but is difficult to implement 
routinely in large radiology departments (Fraser et al. 
1988). However, since double reading improves sensi-
tivity, Stitik et al. recommend to double read a chest 
X-ray by removing the eyes from the image for a short 
period and looking at it a second time before finalizing 
the report (Stitik and Tockman 1978).

Psychological aspects in interpretation should also 
be mentioned as a source of errors when reading chest 
X-rays. No experienced radiologist can deny the dimi-
nution in visual and mental acuity when exposed to a 
heavy work load, the so called “reader fatigue.” Errors 
owing to reader fatigue can be reduced through fre-
quent “rest periods” away from the viewbox and a rea-
sonable work load each day. Attention to comfort and 
convenience in the viewing facilities, e.g., light inten-
sity, background illumination, and noise, reduces the 
risk of interpretation failure. Intra-observer disagree-
ments are also bound to occur, probably ascribed to “a 
state of mind” that is continually fluctuating, and they 
represent an intangible influence on one’s approach to 
a problem (Fraser et al. 1988). Satisfaction of search is 
also a source of errors in reading chest X-rays: under-
reading errors (false-negative responses) occur when 
lesions remain undetected after detection of an initial 
lesion (Berbaum et al. 1990).

2.5 � Radiologic Report

The radiologic report should be built up in two parts: a 
descriptive part and a conclusive part (Westra 1990).

Lesions must be depicted in the descriptive part in 
such a way that the conclusion can be anticipated 

(Westra 1990). It is mandatory that, in the conclusive 
part, an attempt be made to answer the specific ques-
tions that were the reason for performing the examina-
tion and to guide the clinician toward possible further 
procedures or examinations when necessary.

Words must be carefully chosen. The Fleischner 
Society, whose purpose is to advance knowledge of the 
normal and diseased chest, proposed the “Glossary of 
terms of thoracic radiology” (Hansell et  al. 2008; 
Tuddenham 1984) to standardize terms so exchange of 
information would be facilitated. This glossary helps 
to identify nuances of meaning that distinguish words 
of similar connotation and to reject the argument that 
“everyone says it that way” as a justification for a mis-
used term. The term “infiltrate” is almost invariably 
used in the sense of any poorly defined opacity in the 
lung, and serves no useful purpose. Due to the lack of 
any specific connotation, it causes great confusion. It 
should only be used as a descriptor to distinguish pro-
cesses that do not distort the lung architecture from 
expanding processes that do (Tuddenham 1984).

There is also considerable variation in the terms 
used for describing pulmonary “dense” structures.

The term “opacity” in a radiograph refers to any 
area that appears more opaque (or of lesser photomet-
ric density) than its surroundings. It is an essential and 
recommended radiologic descriptor that does not indi-
cate the size or pathologic nature of the abnormality 
(Hansell et al. 2008).

The term “nodule” is any pulmonary or pleural 
lesion represented in a radiograph by a well or poorly 
defined, discrete, nearly circular opacity of 2–30 mm 
in diameter and is a descriptor recommended to be 
always qualified with respect to size, location, border 
characteristics, number, and opacity (Hansell et  al. 
2008; Tuddenham 1984).The term “micronodule” is 
reserved for a sharply defined, discrete, nearly circular 
opacity of less than 3 mm in diameter. “Mass” is used 
if the opacity is larger than 30 mm in diameter (Hansell 
et al. 2008; Tuddenham 1984).

Every radiologist must be thoughtful in his or her 
choice of words; not only is visualizing the disease a 
basic condition for medical treatment, but so is the 
right description of this visualization.

In conclusion, despite the long existence of conven-
tional radiography, which is based on the inherent con-
trast of the connecting components in the thorax (soft 
tissue – bone – air – fat), and despite the development 
of newer and more exciting imaging techniques, chest 
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X-ray still remains one of the most challenging diag-
nostic tools due to the wide range of possible diseases, 
especially when performed in the approved manner 
with all the trimmings.
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3.1 � Introduction

One of the most significant advantages of computed 
tomography (CT) imaging over conventional radiol-
ogy lies in the vastly improved contrast discrimination 
it makes possible.

The Use of Isotropic Imaging  
and Computed Tomography 
Reconstructions

Alain Vlassenbroek  

3

Abstract

With modern multislice computed tomography ››
(CT) scanners, which combine ultrafast acquisi-
tion with high spatial resolution, isotropic 
imaging of the chest can be performed during a 
short breathold. Adapting the slice thickness, the 
reconstruction increment, filter, and matrix 
enable an optimal isotropic visualization of each 
organ. The very large high-quality 3-dimensional 
datasets that are then generated require the use 
of various postprocessing techniques for an 
improved diagnostic. These tools have become a 
vital component for the visualization and the 
interpretation of the large volumetric data and to 
present the results to the clinicians. New dynamic 
modes of visualization have recently been intro-
duced to reduce the storage capacity and to 
improve the workflow and the image quality for 
any organ interpreted by the user. Despite this 
gain in information obtained with modern mul-
tislice CT scanners, the patient’s dose has not 
been increased. On the contrary, it has been 
reduced thanks to the use of automatic dose 
modulation which adapts the X-ray tube output 
to maintain adequate dose and image quality 
when moving to different body regions.
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A conventional radiograph always provides a pro-
jection image that renders the total attenuation along 
an X-ray path that goes from the X-ray source to each 
picture element. The radiograph gives the shadow pat-
tern of the X-rays as they pass through the body. In 
such a projection image, only structures that exhibit 
very high differences in attenuation with respect to 
their surroundings can be recognized, and the contrast 
is dominated by the anatomical structures with the 
highest attenuation, such as bones and contrast media 
or by differences in object thickness. Contributions 
from structures with low attenuation, typically soft tis-
sue structures, are therefore completely hidden.

Instead of superposition images of complete body 
sections, CT provides cross-sectional images (slices) of 
the body, which are reconstructed from the X-ray pro-
jection data collected from many different directions 
during the rotation of the X-ray tube and detectors 
around the patient. The exceptional contrast sensitivity 
in CT images is the result of the reconstruction tech-
nique that almost completely eliminates the superposi-
tion of anatomical structures, leading to an improved 
visualization of the soft tissue structures (Kalender 
2000). This major advantage led to the immediate break-
through of CT when it was introduced in 1972.

During the last 10 years, CT scanners have been sub-
ject to tremendous technological innovations. The most 
important improvement was the stepwise replacement 
of the one-dimensional detection system, which con-
sisted of one single row of detectors, to two-dimensional 
large area detectors with a detector array consisting of 
more than a single row of detectors. A scanner with two 
rows of detectors (CT Twin, Elscint Haifa Israel) had 
already been on the market since 1992 when multislice 
CT (MSCT) scanners with four rows were introduced in 
1998 by several manufacturers. The primary advantage 
of MSCT scanners is their acquisition speed (Pappas 
et al. 2000). They allow substantial reduction in exami-
nation time for standard protocols and, most importantly, 
substantially improved longitudinal resolution by the 
use of thinner slices without the drawback of extended 
scan times. In other words, MSCT scanners combine 
ultrafast acquisition with high spatial resolution.

In the early days of spiral CT, the ability to acquire 
volume data paved the way for the development of 
three-dimensional (3D) image processing techniques 
such as multiplanar reformation (MPR), maximum 
intensity projections, and volume rendering techniques 
(Flohr et  al. 2005). These various postprocessing 

techniques are helpful for interpreting the large data-
sets and presenting them to clinicians. With the current 
MSCT scanners, the availability of higher resolution 
datasets provides MPR and 3D reconstructions of 
superior quality and enables a significant improve-
ment in the diagnostic approach. These image process-
ing tools have become a vital component of medical 
imaging today and are commonly available on separate 
3D-workstations and/or on the main scanner console.

The current generation of MSCT acquires 256 slices 
simultaneously with an extremely fast gantry rotation 
(0.27 s) and nearly accommodates a 1,000-fold increase 
in speed over single-slice CT (SSCT). New clinical 
applications, such as perfusion studies (Youn et al. 2008) 
or cardiac imaging (Hoffmann et al. 2004), are currently 
within the reach of CT. All the traditional CT applica-
tions are also enhanced and strengthened by these 
remarkable improvements in scanner performance. Fast 
isotropic acquisitions are achieved during routine exam-
inations and fundamentally improve the management of 
chest disease. The faster scanning enables volumetric 
high-resolution image acquisition with isotropic resolu-
tion and with reduced motion artefacts. Due to the 
shorter exam time with MSCT, patients tolerate it better 
than SSCT and are more likely to hold their breath for a 
full thorax coverage with submillimeter slices. The 
advantage of thin slice collimation is not associated with 
an increased radiation dose because low noise/thick sec-
tions can still be visualized in real-time and in any plane 
at the workstation (Galanski et al. 2002).

For pulmonary angiography, the volume of intrave-
nous contrast material injected is also decreased due to 
faster scanning (Fleischmann 2002; Salgado et al. 2007). 
All these combined advantages result in an improved 
diagnosis, a faster patient throughput, and a reduced cost.

An important consideration is the minimization of 
radiation dose. Because the lung parenchyma has a 
high natural contrast, low-and even ultralow-dose 
scanning protocols may be used in routine practice. In 
all cases, a good contrast-to-noise ratio has to be main-
tained combined with the best possible spatial resolu-
tion, enabling all MPR and 3D reconstructions to be 
done. With MSCT scanners, additional dose reduction 
can be accomplished by using dose modulation tech-
niques which automatically adjust the amount of radia-
tion to the size of the patient, to the shape of the patient, 
and to the thickness of the body part being scanned 
based on attenuation measurements obtained from the 
scout view (McCollough et al. 2006).
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3.2 � MSCT Spiral Acquisition  
and Reconstruction

3.2.1 � MSCT Spiral Acquisition

A fundamental concept in 3D imaging for any applica-
tion is that the quality of the reconstructed images is 
ultimately limited by the quality and resolution of the 
dataset. The latter is affected by the performance of the 
CT scanner that is used to acquire the dataset.  
An SSCT scanner with a 1-s rotation is unable to scan 
the entire thorax of an adult patient with submillimeter 
slices during a comfortable breathold. For a 30-cm scan 
length corresponding to an average chest size and with a 
0.8 mm slice thickness, the scan time would be approxi-
mately 375 s (assuming a 1-s rotation and a pitch of 1). 
If such a large scan range has to be covered within a 
single breath hold, a thick collimation of minimum 
10  mm must be used, which results in an acquisition 
time of 30 s. The consequence of this slow single-slice 
acquisition is a considerable mismatch between the lon-
gitudinal and the in-plane spatial resolution, which, for 
a high-resolution thorax, should be in the range 0.3–
0.5 mm. To achieve increased coverage with an improved 
longitudinal resolution, more slices must be acquired 
simultaneously per gantry rotation and/or the gantry 
rotation speed should be increased (Klingenbeck-Regn 
et al. 1999; Hu 1999; Hu et al. 2000).

Simultaneous acquisitions of M slices result in an 
M-fold increase in speed if all other parameters are 
unchanged. Alternatively, the scan range that can be 
covered during a certain scan time is extended by the 
same factor M. The most important clinical benefit is 
the ability to scan a given anatomical volume within a 
given scan time with a reduced slice thickness, provid-
ing an increase in spatial resolution by a factor M.

Alternatively, this increase in spatial resolution 
could also be achieved with an M-fold increase in the 
gantry rotation speed w (expressed in turns/second). 
The major limitations in speeding up the gantry rota-
tion are due to the mechanical constraints associated 
with the increased centripetal acceleration w2R, which 
is proportional to the square of the rotation frequency 
w and to the radius of rotation R. The typical centrip-
etal acceleration of an SSCT with a 1-s rotation is 
around 3 g (where g is the acceleration due to gravity). 
The centripetal acceleration of a modern 256-slice CT 
scanner with the shortest gantry rotation time of 270 

ms is around 40 g. To give an order of magnitude, the 
effective weight of the X-ray tube (~40 kg at rest) dur-
ing the rotation is around 1.6 tons. Thus mechanical 
design has to withstand this very fast rotation and the 
additional forces acting on the X-ray tube.

An interesting parameter that combines both the M 
factor and the gantry rotation speed w is the slice acqui-
sition rate (SAR), given by SAR = Mw (slices/second). 
SAR indicates the number of slices that can be acquired 
per second for a given CT scanner and should be used 
whenever one wants to compare the acquisition speed 
of two different scanners. An SSCT scanner with a 
gantry rotation time of 1 s has an SAR = 1, whereas a 
256-slice CT with a rotation time of 270  ms has an 
SAR = 948. In other words, modern MSCT scanners are 
approximately 1,000 times faster than the old SSCT 
scanners. As a consequence, modern MSCT scanners 
are now fully capable of isotropic imaging, providing a 
longitudinal resolution matching the in-plane resolu-
tion. They achieve this in routine practice and for all 
applications, including very large acquired volumes in 
a short scan time. A full 30-cm thorax would be 
scanned in less than 1 s with 0.8-mm slices compared 
to the 375 s needed with an SSCT of the early 1990s.

Isotropic imaging is characterized by an isotropic 
spatial resolution, i.e., a spatial resolution identical in 
the three spatial directions. The main parameters that 
affect the spatial resolution are the slice thickness, the 
reconstruction increment, and the reconstruction filter.

3.2.2 � MSCT Image Reconstruction

3.2.2.1 � Slice Thickness, Reconstruction 
Increment

On most CT scanners, different slice thicknesses can be 
selected, ranging from 10  to 0.5  mm. The choice of  
the slice thickness will have a predominant influence  
on the spatial resolution (Kalender 2000). As far as 
image sharpness is concerned, the thickness of the slice 
is crucial in controlling the partial volume effect, and 
consequently in enhancing the spatial resolution in  
the axial plane (characterized by coordinates XY). 
Figure 3.1 reveals that each pixel in the image of an 
object represents a volume element in the body, and it 
has a “depth.” Perceived three-dimensionally, the pixel 
may be referred to as a “voxel.” Within each voxel, the 
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attenuation of the tissues is averaged. As a result of this 
volume averaging, the perception of structures that are 
included only partially into the voxel may be dimin-
ished. This is known as the partial volume effect. This 
effect is most damaging to the CT image when the 
scanned object includes many small, high-density struc-
tures, where only a portion of the structures extends into 
the slice thickness. Naturally, objects that extend only 
part of the way into the thickness of the slice will be 
measured by the detector as less attenuating, and hence 
less dense than they really are. Volume averaging can 
cause further damage to the CT image: soft-tissue lesions 
present in a voxel that contains high-attenuation bones 
may not be resolved at all. By definition, the partial vol-
ume effect can never be eliminated completely. However, 
volume averaging may be reduced by decreasing the 
depth of the voxel, which is the slice thickness. Thus, 
objects previously blurred by volume averaging will be 
resolved as discrete structures if scanned and/or recon-
structed with narrower slices (Fig. 3.2). Consequently, 
thin slices should always be used to reduce partial 

a b c

d e f

Fig. 3.2  Upper row shows axial computed tomography images 
reconstructed with different slice thicknesses: (a) 0.8  mm, 
(b) 2.5 mm, and (c) 5 mm. Lower row shows coronal reformat-
ted images (d), (e), and (f) obtained from (a), (b), and (c), 
respectively. In each case, the reconstruction increment was 

chosen to be equal to half the slice thickness. The highest spa-
tial resolution is achieved with the thinnest slices in both the 
axial and longitudinal directions. The blurring of small struc-
tures is progressively increased in both directions when the 
slice thickness is increased

Fig. 3.1  Reconstruction of the collected data results in a numeric 
matrix, in which each pixel is assigned a value, or computed 
tomography (CT) number (expressed in Hounsfield units), 
related to the attenuation coefficient of the object traversed by 
the X-ray beam in the corresponding point. The pixel size is 
determined by the size of the reconstruction matrix and by the 
diameter of the circle of reconstruction (or, equivalently, field of 
view). Each pixel in the CT image actually represents a volume 
element in the body (a voxel) and has a depth that corresponds to 
the slice thickness of the reconstructed image
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volume effects and to improve the localization of small 
structures in the axial slices.

A disadvantage of the use of thinner slices is the 
effect it has on the quantum noise. Quantum noise is 
the noise in an image that is related to the number of 
X-ray photons (N) that are utilized to generate the 
image. It can be shown that the quantum noise is 
inversely proportional to the square root of N (Brooks 
and DiChiro 1976). By decreasing the slice thickness 
by a factor of 4, we also decrease the number of X-ray 
photons contributing to a particular voxel by a factor of 
4, so that the quantum noise rises by a factor of 2. 
Inversely, several slices can be combined during the 
reconstruction process or by postprocessing to reduce 
the noise. This makes it possible to reconstruct images 
with different slice thicknesses, trading off, in this way, 
spatial resolution and noise.

The choice of the slice thickness also has a predom-
inant influence on the spatial resolution in the longi-
tudinal direction (characterized by the coordinate Z), 
i.e., along the axis of the body, when the stack of axial 
slices is used to generate MPR-reconstructed images 
in the sagittal or the coronal planes. This is again 
because an averaging of overall structures located in 
a slice always takes place. Multiplanar reconstruc-
tions demonstrate this in a simple way (Fig. 3.2) and 
show that the use of thinner slices strongly improves 
the sharpness of the MPR-reformatted images. While 
the Z-resolution depends, above all, on the slice thick-
ness (sw), it also depends strongly on the scan or 
reconstruction increment (ri) between individual slice 
images. Because in spiral CT it is possible to freely 
select the number and the Z-positions of the images 
to be reconstructed, the availability of overlapping 
images in spiral CT brings a fundamental advantage 
with regard to spatial resolution in the Z-direction 
(Fig. 3.3). An image reconstruction increment equal to 
the slice thickness (ri = sw) corresponds to a sequential 
CT and does not utilize the special advantages of spiral 
CT, leading to a certain loss of resolution and small-
detail contrast. Wang and Vannier (1994) showed that, 
for ri < sw, longitudinal resolution can be improved 
up to a limit, which depends on the pitch used dur-
ing the spiral acquisition. The theoretical limit corre-
sponds to a longitudinal resolution of approximately 
half the effective slice thickness and is approached 
when a strong overlapping is used, corresponding to 
three to four slices reconstructed per slice thickness 
(Kalender et al. 1994). As an example, in the case of 

an acquisition performed with an effective slice thick-
ness of 1.25 mm, the smallest resolvable detail in the 
longitudinal direction will measure approximately 
0.62  mm. In practice, the authors recommend using 
50% overlap (ri = sw/2) in clinical routine, with two 
images reconstructed per slice thickness, and recom-
mend 67% overlap (ri = sw/3) whenever high longitu-
dinal spatial resolution is needed and to obtain MPR 
and 3D-reconstructed images of excellent quality.

3.2.2.2 � The Reconstruction Filter

The reconstruction technique commonly employed in 
current MSCT scanners is the 3D filtered back projec-
tion technique, which is a process that converts the 
attenuation data collected by the detectors (usually 
named “raw data”) into the final CT numbers that make 
up the clinical image (Kak and Slaney 1988). Cross-
sectional CT images are reconstructed from sets of 
attenuation projections that have to be convolved with 
dedicated mathematical functions; these are known as 
“reconstruction filters” or “convolution kernels.” The 

Fig. 3.3  Zoomed coronal reformatted images showing details of 
the lung parenchyma. The left image was reformatted from a stack 
of axial images with sw = 0.8 mm and ri = 0.4 mm. The right image 
was reformatted from a stack of adjacent axial images with 
sw = 0.8 mm and ri = 0.8 mm. The use of overlapping axial images 
clearly increases the sharpness of the resulting reformatted images 
(see, for example, the details pointed to by the arrows) and removes 
the stair-step artefacts that are visible on the coronal image refor-
matted from the nonoverlapping axial images (see arrow heads)
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choice and design of these convolution kernels offer 
the possibility to influence image quality (Kalender 
2000). With highly resolving or high-pass reconstruc-
tion filters, spatial resolution is improved but noise is 
increased; the opposite happens with smoothing or 
low-pass filters, which reduce noise at the expense of 
spatial resolution (Fig.  3.4). The ultimate goal is to 
optimize the signal-to-noise ratio of the images. For 
this purpose, modern MSCT scanners offer a combina-
tion of high- and low-pass filters to suit a variety of 
smoothing or enhancement needs, depending on the 
properties of the scanned object.

One typical measure that is routinely used to assess 
scanner resolution in the image plane is the modula-
tion transfer function (MTF), which describes the sys-
tem’s effective frequency response (Rossmann 1969) 
and is another way of defining the system’s spatial 
resolution. The MTF of an ideal CT scanner would be 
a horizontal line; such a scanner would be able to 
transmit each spatial frequency with 100% efficiency. 
Of course, this is impossible to achieve and the MTF is 
always high for low spatial frequencies and decreases 
for increased spatial frequencies. At some point, the 
MTF becomes zero, which is known as the cutoff 

Filter A Filter B

Fig. 3.4  Images on the left were reconstructed with a smooth 
reconstruction filter (filter A), optimized for the visualization 
of the soft tissues and characterized by a cutoff frequency of 
8 Lp/cm. The standard deviation of the pixel value (noise) 
measured on the image is 19.2 Hounsfield units (HU). With 
filter A, the images are smooth and the noise is low. The lung 
parenchyma is not displayed optimally and appears unsharp. 

Images on the right were reconstructed with a sharper filter 
(filter B), optimized to visualize the small lung details and 
characterized by a cutoff frequency of 12 Lp/cm. The noise 
measured on the image is 59.2 HU. This large increase in 
the noise damages the contrast resolution and therefore this 
filter is not adequate for an improved visualization of the soft 
tissues
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frequency (Fig. 3.5). A spatial modulation above the 
cutoff frequency will image as uniform gray, with no 
variation in contrast. Such spatial modulations with 
frequencies above the cutoff do not appear in the 
images. The MTF can be measured accurately by scan-
ning a high-contrast bar phantom (Fig.  3.5) (Droege 
and Morin 1982). From such a scan, the cutoff fre-
quency can also be easily determined. It is expressed 
as pairs of Lines per cm (Lp/cm) and roughly corre-
sponds to the spatial resolution of the CT image in the 
axial direction. From the cutoff frequency (f

c
), the 

smallest high-contrast detail size that can be resolved 
in a CT axial image can be calculated from

As an example, with a cutoff frequency of 8 Lp/cm, the 
smallest detail that can be resolved in a CT axial image 
is 0.62 mm.

One of the most significant advantages of CT imag-
ing over conventional radiology lies in the vastly 
improved contrast discrimination it makes possible. 
Contrast resolution is a function of the statistical noise 
in the image, which arises from the detection of a finite 
amount of X-ray photons. Both statistical noise and 
contrast resolution may be modified by the reconstruc-
tion filter. Noise may be reduced and contrast improved 
by smoothing, at the expense of a certain blurring of the 
image. It is apparent that spatial and contrast resolution 
are closely interrelated. To determine a scanner’s overall 
response, both spatial and contrast resolution together 

need to be taken into account. The choice and design of 
the reconstruction filter influences the sharpness/con-
trast in the axial images, and the response of each filter 
is characterized by its own MTF curve. When plotting a 
MTF curve, it is useful to think of the area under the 
curve as a measure of how “fuzzy” and “out of focus” 
an image will appear. The less area under the curve, the 
less sharp and less noisy an image will appear, with the 
highest contrast resolution. In other words, the image 
noise depends on the surface below the MTF curve. 
Figure 3.5 shows the MTF curves of two reconstruction 
filters: smooth filter A with a cutoff frequency of 8 Lp/
cm and a sharper filter B with a cutoff frequency of 12 
Lp/cm. The use of filter B (d = 0.41 mm) will enable to 
resolve smaller details in the images than filter A 
(d = 0.625  mm) but, because the area under the MTF 
curve of filter B is larger than the area under the MTF 
curve of filter A, the images with filter B will be more 
noisy than with filter A, and with a reduced contrast 
resolution (Fig. 3.4).

As discussed in Sect. 3.2.2.1, objects blurred in the 
axial slice by volume averaging will be resolved as dis-
crete structures if scanned and/or reconstructed with 
narrower slices. In other words, an improvement of the 
Z-resolution will also improve the spatial resolution of 
the axial XY images (Fig. 3.2). Figure 3.6 shows that 
the opposite is also true and that an improvement of the 
XY-resolution will improve the spatial resolution of lon-
gitudinally reformatted images. The choice of the recon-
struction kernel will thus also have an influence on the 
spatial resolution and image noise of MPR images.

1
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Fig. 3.5  Modulation transfer 
function (MTF) curves of the 
two reconstruction filters 
(filters A and B) used to 
reconstruct the images of 
Fig. 3.4. Filters A and B are 
characterized by a cutoff 
frequency of 8 and 12 Lp/cm, 
respectively. As seen on the 
images of the high-contrast bar 
phantom, spatial frequencies 
above the cutoff do not appear 
in the images and are imaged 
as uniform gray without 
modulation. This phantom 
allows accurate measurment of 
the MTF of the filter used to 
reconstruct the computed 
tomography images at spatial 
frequencies of 1, 2 Lp/cm, etc.
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Filter A Filter B

Fig. 3.6  Coronal images reformatted from a stack of axial images 
with sw = 0.8 mm and ri = 0.4 mm and reconstructed with the fil-
ters A (left) and B (right), respectively (see modulation transfer 
function in Fig. 3.5). The noise measured on the images is 18.6 
HU (a) and 57 Houndsfield units (HU) (b). The images show that 

an improvement of the XY-resolution also improves the spatial 
resolution of longitudinal reformatted images and, hence, that the 
choice of the reconstruction filter influences the spatial resolution 
and image noise of multiplanar reformated images
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MDCT imaging of the thorax might require  
multiple reconstructions, with each reconstruction 
being optimized for each organ (Fig. 3.7). An adequate 
visualization of the mediastinum will be obtained with 
a soft tissue kernel (~8 Lp/cm) providing a good low 
contrast resolution between the lesion and the non-
pathological surrounding tissues whereas an accurate 
visualization of the smaller details of the lung paren-
chyma will require the use of a sharper reconstruction 
filter (~12 Lp/cm). The increased noise level will not 
be problematic because of the high natural contrast of 
the lung parenchyma. A third reconstruction filter 
could be needed to optimize the visualization of the 
bone structure with a very sharp filter (>16 Lp/cm).

The properties of reconstruction filters are not sub-
ject to standardization. Therefore, kernels of equal or 
similar designation may vary considerably from one 
scanner to the next. Equally, reconstruction filters used 
for head or body scans carrying the same name are by 
no means identical. Labels such as “smooth” or “sharp” 

can be used only as coarse indicators of the balance 
between spatial resolution and image noise (Galanski 
et al. 2002).

3.2.2.3 � Isotropic Imaging

3D and MPR reconstructions should always be per-
formed on an isotropic dataset, i.e., on an axial dataset 
reconstructed with a reconstruction filter and a slice 
thickness/increment that are such that the spatial 
resolution will be identical in the three spatial direc-
tions X, Y, and Z. As explained in Sects. 3.2.2.1 and 
3.2.2.2, this isotropic condition will be fulfilled if

or in other words, if the smallest detail that can be 
resolved in the axial plane is equal to half the slice 
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Fig.  3.7  Multidetector computed tomography imaging of the 
thorax might require multiple reconstructions from the same raw 
data, with each reconstruction being optimized for each organ. 
In these isotropic reconstructions, the image quality of the coro-
nal reformations (characterized by the spatial resolution and 

contrast resolution) is, for each organ, identical to the one of the 
original axial images. Soft tissues: sw =1.25 mm, ri = 0.62 mm, 
filter A (8 Lp/cm), Lung: sw = 0.8 mm, ri = 0.4 mm, filter B (12 
Lp/cm), Bone: sw =0.62 mm, ri = 0.31 mm, filter C (16 Lp/cm)
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thickness, which is the maximum longitudinal resolu-
tion and is approached when strong overlapping is 
used. As an example, a dataset reconstructed with a 
filter characterized by a cutoff frequency of 8 Lp/cm 
should use a slice thickness of 1.25 mm and a recon-
struction overlap of at least 67% (ri < sw/3). In this 
case, the smallest high-contrast detail that will be 
resolved in any axial, sagittal, or coronal plane will 
measure 0.62  mm. In practice, we usually limit the 
reconstruction increment to ri = sw/2 to limit the num-
ber of reconstructed slices.

In summary, an isotropic thorax examination, with 
an optimized image quality for 3D visualization of every 
organ, requires three typical reconstructions:

1.	 Soft tissue: Soft reconstruction filter (~8 Lp/cm)
�Isotropic: sw = 1.25 mm, ri ≤ 0.62 mm (≥ 480 slices 
for a 30 cm scan length)

2.	� Lung parenchyma: Sharp reconstruction filter (~12 
Lp/cm)
�Isotropic: sw = 0.80 mm, ri ≤ 0.40 mm (≥ 750 slices 
for a 30-cm scan length)

3.	� Bone: Very Sharp reconstruction filter (~16 Lp/cm)
�Isotropic: sw = 0.62 mm, ri ≤ 0.31 mm (≥ 960 slices 
for a 30-cm scan length)

An example of such an isotropic acquisition with three 
reconstructed datasets optimized for the soft tissue, 
lung, and bone visualization, respectively, is shown in 
Fig. 3.7. This figure shows that the image quality of 
coronal reconstructions performed on an isotropic 
dataset is identical to the one of the original axial 
images.

With an average scan length of 30 cm, this requires a 
minimum of 2,200 slices for an adequate thorax visual-
ization and full diagnostic capability. This is a huge 
amount of images to reconstruct that requires time and 
storage capacity. An alternative solution that is used in 
many institutions is to use only one single reconstruc-
tion (for example, the soft tissue reconstruction, which 
provides the less noisy dataset) and to require additional 
reconstructions only when suspicious lesions are 
detected in the lung parenchyma or in the bone. The 
major penalty is that the optimal image quality is not 
obtained right away. A simplified solution that could 
improve the workflow considerably while maintaining 
the full image quality obtained immediately will be 
described in Sect. 3.4.

It is often erroneously stated that an isotropic dataset is 
a dataset characterized by an isotropic voxel, i.e., with a 

pixel size equal to the slice thickness (sw) (Fig. 3.1). This 
is wrong because the spatial resolution in the axial plane 
is limited by the cutoff frequency of the reconstruction 
filter and should not be limited by the pixel size. In other 
words, the reconstruction matrix should always be cho-
sen such that the corresponding pixel size does not reduce 
the spatial resolution in the images. With this condition, 
the spatial resolution will be limited by the reconstruction 
filter only and will not depend on the reconstructed field 
of view FOV and matrix. This condition will introduce 
the concept of ideal reconstruction matrix (Kalender 
2000) and is discussed in the next section.

3.2.2.4 � The Reconstruction Matrix

The ideal reconstruction matrix size (m
ideal

) is the one 
providing a pixel size equal to the smallest resolvable 
detail (d) in the reconstructed image and that is deter-
mined by the cutoff frequency of the reconstruction 
filter. From this,
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where FOV is the reconstructed field of view expressed 
in cm. As an example, a high-resolution thorax 
reconstructed with an FOV of 32  cm and a recon
struction filter of 12 Lp/cm will require m

ideal
 = 768 

(d = 0.042  cm). If the pixel size is larger than d (or 
equivalently m < m

ideal
), then the spatial resolution will 

be reduced due to spatial averaging over the larger 
pixel. At the same time, image noise will be decreased 
as a consequence of this spatial averaging. On the other 
hand, a matrix size larger than m

ideal
 would not result in 

an improved image quality compared with an image 
reconstructed with m

ideal
. In that case, the spatial reso-

lution of the image is not affected by the pixel size but 
by the reconstruction filter only (Fig. 3.8). The use of a 
matrix above m

ideal
 only brings the penalty of increas-

ing the storage size and the loading/processing/trans-
fer time of the images. In the previous example, if a 
maximum matrix size of 512 is available for the recon-
struction (and not larger matrices), then the smallest 
resolvable detail size in the image would measure 
d = 32/512 = 0.062 cm for a full FOV visualization of 
32 cm. This corresponds to a spatial resolution of 8 Lp/
cm. To achieve the full 12 Lp/cm of the reconstruction 
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filter, an alternative solution would be to decrease the 
reconstructed FOV to 21.3 cm. In this case, two recon-
structions would be needed for a high-resolution visu-
alization of the complete thorax: one for the right and 
one for the left lung.

Finally, let us also stress the fact that the adequate 
matrix size also depends on the viewing conditions and 
that an improvement in spatial resolution resulting 
from large matrix sizes can only be used when the size 
of the display is sufficiently large.

512x512

768x768

1024x1024

Fig. 3.8  Images (a), (b), and (c) were reconstructed with a field 
of view (FOV) equal to 32 cm and increasing matrix sizes of 
512, 768, and 1,024, respectively. With a reconstruction filter 
having a cutoff of 12 Lp/cm, the ideal matrix is 768. The noise 
measured in the images is 92.9, 100.6, and 100.1 Houndsfield 
units (HU), respectively. Spatial resolution is improved when 
increasing the matrix size from image (a) to image (b), with a 
resulting increased noise. In image (a), the reconstruction matrix 
is below the ideal matrix and the spatial resolution is limited by 
the pixel size. However, no change in image quality is noticed 
when going from image (b) to image (c), because the recon-

struction matrix is then above the ideal matrix. In that case, the 
spatial resolution is not affected by the pixel size but by the 
reconstruction filter only. Another example is given with images 
(d), (e), and (f), which were reconstructed with a FOV = 40 cm 
and the same increasing matrix sizes. With this filter, the cutoff 
is 16 Lp/cm and the ideal matrix is 1,280. The noise measured in 
the images is 72.3, 99.6 and 113.3 HU, respectively. Spatial 
resolution is improved from image (d) to image (e) and again 
from image (e) to image (f) with increasing noise. In all three 
cases, the reconstruction matrix is below the ideal matrix and the 
spatial resolution is determined by the pixel size
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3.2.3 � Postprocessing

The goal of postprocessing is to obtain additional infor-
mation through improved image analysis tools. In fact, 
all the information is contained in the axial slices but is 
sometimes difficult to perceive. To reach the maximum 
quality, volume datasets should always be acquired iso-
tropically since this forms the basis for image display in 
arbitrarily oriented imaging planes. Several image post-
processing tools are available to allow clinically useful 
information to be extracted from several hundreds of 
individual axial images generated during a chest MSCT 
examination. The evaluation often begins with scrolling 
through the volumetric dataset in a slab mode using a 
slab viewer. One important advantage is being able to 
interactively change the thickness of the reconstructed 
slab with a minimal value that corresponds to the voxel 
size. Thick reconstructed slabs in the sagittal and coronal 
planes mimic the superposition image of conventional 

radiographs obtained after anteroposterior and lateral 
exposures (Fig. 3.9). Contrary to radiographs, however, 
the slab thickness and position can be adapted to better 
visualize an organ or a volume of interest, which can be 
chosen arbitrarily (Fig. 3.10).

A reconstructed image with a slab thickness corre-
sponding to the minimal value would be more adequate 
when visualizing nonsuperposed small high-contrast 
structures, but might be too noisy when visualizing 
larger lower-contrast lesions. The latter could be better 
recognized after a small increase of the slab thickness, 
which can improve substantially the signal-to-noise 
ratio (Fig. 3.11).

Both the axial and the longitudinal planes should 
be reviewed because typical findings are sometimes 
more easily recognized in longitudinal planes whereas 
they would be very difficult or impossible to assess 
in the axial plane (Beigelman-Aubry 2007). Curved 
MPR reconstructions can also help in the evaluation of 

RX MSCT: Slab 320mm

Fig. 3.9  Thick reconstructed 
slab in the coronal and 
sagittal planes from multislice 
computed tomography images 
mimic the superposition 
image of conventional 
radiographs obtained after 
anteroposterior and lateral 
exposures
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MSCT: Slab 320mm MSCT: Slab 100mm MSCT: Slab 0.8mm

Fig. 3.10  The advantage of multislice computed tomography (MSCT) over the radiograph is that the slab thickness and its position 
can be adapted to better visualize an organ or a volume of interest, which can be chosen arbitrarily

Fig.  3.11  A change in the slab thickness of the reformatted 
images substantially changes the signal-to-noise ratio of the cor-
responding images. In the example shown, the slab thickness of 
the left image is 0.8 mm (noise = 19.5 Houndsfield units [HU]) 
and of the right image is 3.0 mm (noise = 9.1 HU). A thin slab 

is more adequate to visualize nonsuperposed, small, high- 
contrast structures but might be too noisy to visualize larger 
lower-contrast lesions. The latter could be better recognized 
after a small thickening of the slab thickness, which reduces the 
noise and improves the contrast resolution substantially
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curved structures since they enable a complete visual-
ization of the structure in a single reconstructed image 
(Fig. 3.12). MPR reformations, such as along the bron-
chi, have been used to demonstrate stenosis of major 
airways and can help a bronchoscopist to appreciate 
the lengths of structures, in particular those beyond 
a stenosis that cannot be passed by the bronchoscope 
(Quint et al. 1995; Lacrosse et al. 1995)

Another major tool for thoracic imaging is maxi-
mum intensity projection (MIP). With MIP, the voxel 
with the highest density along the direction from the 
observer’s eye to the image plane is determined and 
this maximum value is displayed in the image. In other 
words, this reconstruction technique represents the 
most dense voxels in each projection axis. MIP is the 
basic postprocessing tool for the study of blood ves-
sels. In the case of pulmonary angiography, the use of 
slab MIP of variable thickness provides an excellent 
assessment of pulmonary arteries and veins. Slab MIP 
is also an excellent tool to analyze the lung paren-
chyma (Beigelman-Aubry 2007) and to improve the 
detection of high-contrast lung nodules, which, in con-
trast to projection X-ray, cannot be hidden by ribs or 
other overlying structures (Fig. 3.13).

As an alternative to the voxels with the highest 
intensity, projection images that display the lowest 

intensities can also be generated. This tool, named min-
imum intensity projection (MinIP), can be useful to dis-
play the airways and to characterize the abnormalities 
of the bronchial tree and lung parenchyma (Fig. 3.13).

With the 3D volume rendering technique, for each 
direction from the observer’s eye to the resulting image 
pixel, all voxels contribute to the resulting image (and 
not only the voxel with the maximum density as in MIP), 
using a weighting function that assigns a different opac-
ity, brightness and color to each CT value (Fig. 3.14). 
Volume rendering is considered the method of choice for 
3D display because of its great variability of display pos-
sibilities and the attractive images, close to the macro-
scopical pathological view that it generates (Fig. 3.15).

Virtual endoscopy is precisely what it says. It is a 
software tool that generates perspective views of the 
environment of the virtual endoscope’s tip. It is a dedi-
cated form of the volume rendering technique described 
above, where the opacity and color functions are 
selected in such a way as to present the transition from 

Fig.  3.12  Curved multiplanar reformat along the left main 
bronchus enables a complete visualization in a single recon-
structed image

MinIP MIP

Fig. 3.13  Left: Slab minimum intensity projection (MinIP) is 
useful to display the airways and to characterize the abnormali-
ties of the bronchial tree and of the lung parenchyma. Emphysema 
bubbles are nicely visualized. Right: Slab maximum intensity 
projection (MIP) provides an excellent assessment of pulmonary 
arteries and veins and is an excellent tool to analyze the lung 
parenchyma and to improve the detection of lung nodules
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the organ wall to the surrounding tissues (Kalender 
2000). “Fly through” through the volume can be gen-
erated, which provides the impression of a virtual flight 
through the selected body region. Virtual endoscopy 
can be used to complete the evaluation of the airways 
(Fig.  3.16) and a precise assessment of endoluminal 
anomalies (Richenberg and Hansell 1998).

3.3 � Dosimetric Aspects of MSCT

3.3.1 � Chest CT: A High-Dose 
Examination?

During the last 10  years, radiation exposure to the 
patient during MSCT has gained considerable atten-
tion in the radiological community. The problem is 
that, although MSCT represents only a small percent-
age of all the radiological procedures, it contributes 
largely to the population dose arising from medical 
procedures (Bernhardt et al. 1995). Despite its undis-
puted clinical benefits, MSCT scanning is often con-
sidered to be a “high-dose” technique. Contrary to 
the general expectation that, with the advent of mag-
netic resonance imaging, the usefulness of X-ray 
would quickly decline, CT continues to gain in impor-
tance. The introduction of MSCT has drastically 

Fig. 3.14  With three-dimensional volume rendering, all voxels 
contribute to the image using a weighting function that assigns a 
different opacity, intensity, and color to each CT value. A histo-
gram of the CT values within the volume of interest is displayed 
with the functions describing how the opacity, intensity, and 
color is assigned to each computed tomography (CT) value. In 
this example, opacity increases with the CT# and bones can be 
visualized through the more transparent soft tissues

Fig. 3.15  Three-dimensional volume-rendered images obtained with two different weighting functions
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increased the performance capability and simplified 
the CT examinations. The range of CT applications 
has been extended with, for example, the introduction 
of cardiac CT (Hoffmann et  al. 2004) or, more 
recently, large-coverage perfusion CT enabled by the 
introduction of large-area detectors (Youn et  al. 
2008). The relative contribution of CT to the dose 
delivered by all radiological examinations is of course 
increasing proportionally. For this reason, there are 
demands to limit or reduce the dose delivered during 
CT examinations.

In addition, the average dose level with MSCT is 
higher than for SSCT (Brix et al. 2003). The main rea-
son is the preference to go to isotropic imaging with 
thin slices, generating noisier images and often caus-
ing the user to apply increased milliampere-seconds 
(mAs) settings. This is a bad reaction and there should 
not be a need to increase the dose when reconstructing 
with thin slices. The reduction in partial volume gives 
an improved contrast of small details that increases lin-
early when the slice thickness is decreased, whereas 
quantum noise only increases with the square root of 
the slice-thickness ratio. Therefore, if thin slices are 
used, the visibility of small details improves despite 
the increased noise (Galanski et al. 2002). In addition, 

the use of a slab viewing software enables low noise/
thick sections to be visualized in real time and in any 
plane at the workstation (Fig. 3.11). In other words, the 
trend should be to reconstruct thin and noisy datasets 
and to visualize thicker, lower noise sections of high 
quality in any 3D plane.

Typical value for the effective dose to the patient 
for a chest CT is in the range of 5–7 mSv (McCollough 
2003), a value that must be compared with the annual 
average natural background radiation, which is 
2–5 mSv. In other words, chest CT is not a high-dose 
procedure. With regard to X-ray, the chest is a  
low attenuating organ because of its composition, 
which is mainly air. This means that a low dose expo-
sure still results in a large detector signal because of 
the low attenuation and, hence, low mAs factors 
(dose) can be used and still provide images with rela-
tively low noise. In addition, when only a good visu-
alization of high-contrast lesions of the lung 
parenchyma (airways anomalies, lung nodule detec-
tion, etc.) is of importance, good image quality can 
be obtained with low-and even ultralow-dose scan-
ning protocols (<1 mSv) due to the high natural con-
trast of the lung parenchyma (Fig.  3.17) 
(Ley-Zaporozhan et  al. 2008). The increased noise 

Fig. 3.16  Virtual endoscopy of the trachea. The volume-rendered 
image of the trachea and the multiplanar reformatted images can 
be used as a guide for the virtual navigation. The endoscopic 

view, which shows the bifurcation between the right and left bron-
chi, is a perspective view, which represents the environment of the 
virtual endoscope’s tip and can be used to assess the airways
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level due to the low dose scanning does not jeopar-
dize the diagnostic quality because of the high intrin-
sic contrast. For example, low-dose chest CT allows 
detection of lung nodules that are usually too small to 
be seen on chest X-ray.

In summary, chest CT is a naturally low-dose 
technique. As we shall see in the next section, addi-
tional dose savings can still be achieved using dose 
modulation.

3.3.2 � Dose Modulation

The most important factor for reducing radiation 
exposure is the adaptation of the patient dose to the 
patient’s size. As a general rule, the dose necessary 
to maintain constant image noise has to be doubled 
if the patient diameter is increased by 4 cm. Inversely, 
for a patient diameter that is 4 cm smaller than aver-
age, half the standard dose is sufficient to maintain 
adequate image quality (Fig. 3.18). This is of par-
ticular importance in pediatric imaging, where con-
siderable dose saving can be achieved because of 
the small patient size among this population (Morgan 

and Braunstein 2001; Morgan 2002; Boone et  al. 
2003). In more sophisticated approaches, tube out-
put is modified according to the patient geometry 
not only during each rotation but also in the longitu-
dinal direction to maintain an adequate dose when 
moving to different body regions (McCollough et al. 
2006). Figure 3.19 shows the typical variation of the 
mAs for a CT scan of the chest–abdomen–pelvis of 
an average sized adult patient.

3.4 � Future Perspectives

As discussed in Sect.  3.2.2.2, MSCT imaging of the 
thorax might require multiple reconstructions, with 
each reconstruction being optimized for each organ. It 
would seem advantageous for most applications to 
modify the sharpness-noise tradeoff of a stack of images 
in real time without having to go back to several recon-
structions with different reconstruction filters. In other 
words, the proposed idea is to use a single default recon-
struction providing the highest in-plane resolution that 
is needed for the particular application and to smooth in 
real time the sharp reconstructed images when contrast 
resolution is needed, instead of performing a new 

Fig. 3.17  Simulated low-dose images (Amir et al. 2003) at 1/2, 
1/4, 1/8, 1/16, and 1/64 of the maximum dose of the original 
image, located in the upper left corner, and which was acquired 

at 120 kV and 100 mAs. Simulated low-dose scans show that the 
noise at an extremely low dose does not jeopardize the visualiza-
tion of high-contrast structures
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reconstruction of the entire axial stack with a smoother 
reconstruction kernel (Schaller et al. 2003). With this 
simplification, the image quality is very similar to the 
one obtained with a smoother reconstruction filter 
(Fig.  3.20). Preliminary tests (Poty et  al. 2008) show 
that the accuracy is still sufficient for practical purposes 
and the image quality of the resulting smoother images 
does not jeopardize the diagnostic efficiency. One of the 
main advantages of this image filtration technique is 
that it can be applied to provide an adequate visualiza-
tion of the soft tissues in any MPR image from an iso-
tropic sharp dataset in a few milliseconds (Fig. 3.21), 

and it has the potential to replace the lengthy operation, 
which consists of reconstructing the entire axial stack 
of images with a smoother reconstruction filter before 
the MPR reconstruction can be applied (see, for exam-
ple, Fig. 3.6) (Feldman et al. 2008).

In conclusion, this approach significantly simplifies 
the workflow by requiring only one set of images 
reconstructed with one reconstruction kernel. This 
means there is only one reconstruction, one set of 
images archived, one set of images loaded to the slab 
viewer, and a very high image quality for any window 
displayed by the user.

Fig. 3.18  Two different scans performed with a dose adapted to 
the patient’s size show that the image quality can be maintained 
with considerable dose savings for small patients. In the exam-

ple shown, the dose is reduced by a factor 3.2 and the noise 
measured in the images is similar
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Fig. 3.19  Typical variation 
of the dose needed to achieve 
a constant image quality for a 
chest–abdomen–pelvis 
examination when taking into 
account the variation of the 
body size along the longitudi-
nal direction. For such an 
examination, a typical dose 
savings of 50% can be 
achieved compared with a 
scan that would be performed 
with the fixed maximum 
value of the dose. Note that 
the minimum value of the 
dose is needed in the thorax 
because of its low X-ray 
attenuation

Fig. 3.20  Images (a) and (b) are reconstructed with a lung filter 
(sharp) and an abdominal filter (smooth), respectively. Image (a1) 
displays image (a) with an abdominal window. Note that the noise 
is too high with this window setting because of the use of a sharp 

reconstruction filter optimized for the visualization of the lung. 
Gaussian filtration (smoothing) of image (a1) gives image (a2), 
which has an image quality very close to image (b)

a a1
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Fig. 3.21  Various amount of Gaussian filtration and slice thick-
ening can be applied online to the multiplanar-reconstructed 
images according to the window width, which is chosen to 

improve the visualization of all organs. The image quality 
obtained is then very high for any window displayed by the user, 
with only one reconstructed “sharp and thin” dataset

Fig.3.20  (continued)

b a2
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4.1 � Introduction

Never change a winning team. Sounds like a good 
idea, in sports for example. But is this wise statement 
valid in the world of radiology? For almost 100 years 
radiology has been based on viewing photographic 
images on transparent plastic polymer sheets. And 
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Abstract

The advent of multislice computed tomography ››
(CT), which makes a lung examination with 
more than 1,000 axial slices in few seconds 
possible, and the progressive improvements  
in CT technology have dramatically changed 
our daily practice. Picture Archiving and 
Communication Systems (PACS) and especially 
the introduction and widespread availability of 
viewing and diagnostic workstations become 
essential to handle the data and work load. The 
fundamental meaning of image postprocessing 
is the application of imaging techniques to orig-
inal axial images to derive additional informa-
tion or hide unwanted information that distracts 
from the clinical findings. The aim of image 
manipulation is to improve the diagnostic qual-
ity, but it is important to keep in mind that the 
axial source images contain the basic informa-
tion of a CT scan and have to be first. In this 
chapter, some basic principles of PACS work-
stations and postprocessing techniques are men-
tioned. The cases illustrate the different methods 
for imaging manipulation and give some insights 
for imaging comparison.
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during this time the winning team has not changed 
fundamentally. X-rays were transmitted through a 
body and the attenuated radiation at the opposite side 
exposed a film in inverse proportion to its absorption. 
After conversion processes this latent image could be 
stored, viewed, distributed, and archived (Carter 2008). 
Only one important modification has to be mentioned. 
As described, the film was exposed only by the 
X-radiation. With the advent of intensifying screens, 
the radiation dose could be dramatically reduced 
because of an amplification of the number of photons 
used to expose the film by light emitted as the screens 
fluoresced in response to X-rays (Fauber 2009). But 
with the significant reduction in radiation dose the 
spatial resolution of the radiograph was considerably 
reduced. However, the dose aspect clearly outweighed 
the lower resolution, which partially is compensated 
for by using grids.

For decades, there was no need to change this win-
ning team. The only imaging modality available in the 
daily medical practice was projection radiography. And 
For the radiologist this meant interpreting a few studies 
in the morning, going home for lunch, and interpreting 
a few more in the afternoon, as Colonel Thompson out-
lined in his diary at Walter Reed in 1956 (Dreyer et al. 
2006). Perhaps at this moment the reader is thinking 
about or remembering the good old times. Gone are the 
days when a radiologist interpreted single-or two-view 
studies with dictated and manually transcribed reports. 
But also gone are the days when the film was not in the 
film jacket and when the surgeon gets his outcome in 
the film reading room while the patient is already under 
general anesthesia in the operation theater. Gone are 
the days when it takes minutes or hours to receive pre-
vious images from a dusty archive. Gone are the days 
when the radiologist carries 30 or more film jackets 
into the demonstration room then finds they are not the 
most important for the clinician’s purpose. This list can 
be continued.

Who or what has made these “good old days” a 
thing of the past? The answer is computers, computed 
tomography (CT), magnetic resonance imaging 
(MRI), and the demands of managing a practice and 
providing modern clinical care. The earliest CT unit 
built by Hounsfield took several hours to acquire a 
single slice of information. The machine then took a 
few days to reconstruct the raw data into a recogniz-
able image. In 1998 one of the first four-row CT scan-
ners was installed and it was the first time that we felt 

unable to handle the amount of images using film 
printouts. In 2009, 64-row scanners are widely dis-
tributed and a radiology department that wants to dif-
fer from others now is installing 256-row, dual source 
CT, 640-row, or even more sophisticated machines. 
Whether they are necessary or not, more than 1,000 
images commonly are generated for every CT exami-
nation in many institutions. This amount of images is 
far beyond film’s capacity and this image explosion 
made the transition to filmless interpretation manda-
tory. In MRI the development is comparable when 
thinking about MR angiography and functional imag-
ing. The second was the demand of modern clinical 
care. It is far beyond the scope of this chapter to dis-
cuss the pros and cons of modern clinical care. But 
five needs should be taken into account: accessibility 
(access to the images independent of location), 
urgency (instantaneous access to imaging data and 
interpretation), security (on a need-to-know basis), 
simplification (use of multimedia reports), and ser-
vice (improve the ability to and ease of scheduling 
exams) (Dreyer et al. 2006).

In summary, because of technical and health care 
developments, a change in the performance of radiol-
ogy and the organization of a radiology department 
was necessary. The “good old days” are gone, and after 
almost 100 years the wind of change reached even  
film–screen radiology.

4.2 � RIS and PACS

As previously mentioned, demands from the refer-
ring clinician, market competition, and the need to 
become more efficient to balance the losses from  
the steady decline in reimbursement rates make it 
necessary to organize and perform radiology as 
effectively as possible. Being effective in a patient 
setting means to handle more and more patients 
(with many more images) in shorter times with fewer 
staff. Enhancement of the productivity and efficiency 
investments in technology are necessary. This 
increase in quality and clinical effectiveness, and 
meeting the pressure of market competition, never 
could be provided in the analog world (Dreyer et al. 
2006). This chapter deals with the three most impor-
tant systems in the radiologic world of today and the 
near future.
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4.2.1 � RIS

The Radiology Information System (RIS) is designed 
to support both the administrative and clinical opera-
tions of a radiology department. It manages general 
radiology patient demographics and billing informa-
tion, procedure descriptions and scheduling, diagnos-
tic reports, patient arrival scheduling, film location, 
and examination room scheduling. Realistically, 
“only” a computer system with peripheral devices 
(workstations, normally without images display, print-
ers, and possibly bar code readers) are necessary. The 
“only” is justified because in daily practice a network, 
server, and clients that work well are sometimes more 
a dream than reality. So, the RIS is the nervous system 
of the digital department (Dreyer et al. 2006). However, 
this system is more effective when it is integrated  
in to the Hospital Information System (HIS) and in  
the Picture Archiving and Communication System 
(PACS). The HIS is a computerized management sys-
tem for handling three categories of tasks in a health-
care environment: support for the clinical and medical 
patient care activities in the hospital, administration of 
the hospital’s daily business transactions, and evalua-
tion of hospital performance and costs.

4.2.2 � PACS

Speaking and writing about PACS can be very time 
consuming and complex. In the scope of this chapter 
we want to give a short summary about the fundamen-
tals of the functions and the basic technology of PACS 
and then focus on workstations and features necessary 
in daily practice. 

To begin, PACS is a computer system designed for 
digital imaging that can capture, store, distribute, and 
display digital images. A network system links mul-
tiple computers so that images, patient data, and 
interpretations can be viewed simultaneously by peo-
ple at different workstations and desktops at multiple 
locations in the hospital. PACS was developed in the 
late 1980s, serving small modules of the total opera-
tion of a radiology department. By adding more and 
more of these modules the system failed because of a 
lack of connectivity and cooperation between the 
modules. Today the performance of PACS is strictly 

linked to connectivity. PACS now is a general multi-
media data management system that must be easily 
expandable, flexible, and versatile in its operation 
and calls for both top-down management to integrate 
various hospital information systems and a bottom-
up engineering approach to build a foundation (i.e., 
PACS infrastructure).

4.2.2.1 � Basic Elements of PACS

The basic skeleton of PACS infrastructure consists of 
hard- and software components:

Image device interface•	
Storage devices•	
Host computers•	
Communication networks•	
Display systems•	
Software for communication, database manage-•	
ment, storage management, job scheduling, inter-
processor communication, error handling, and 
network monitoring (Dreyer et al. 2006)

To bring such a system into life, image acquisition is 
the major task for three reasons. First, the imaging 
modality is not under the auspices of the PACS. Many 
vendors supply various imaging modalities, each of 
which has its own DICOM-compliant statement. As a 
consequence the images cannot be administered or 
handled by PACS. Second, image acquisition is a 
slower operation than other PACS functions. It takes 
time for the imaging modality to acquire the necessary 
data for image reconstruction. Third, images and 
patient data generated by the modality sometimes may 
contain information in a format that is not accepted  
by the PACS operation. So The major functions of a 
PACS controller and archive server are summarized in 
Table 4.1.

One important benefit of PACS is the above- 
mentioned automatic retrieval of comparison images, 
called prefetching. Most prefetching is initiated as soon 
as the archive server detects the arrival of a patient via a 
message from the HIS. The prefetching algorithm is 
based on predefined parameters such as examination 
type, disease category, radiologist, referring physician, 
location of the workstation, and the number and age of 
the patient’s archived images (Huang 2004), but it 
can be modified. In the authors’ hospital, prefetching 
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includes the entire previous examinations of the 
patients. But this works only because the hospital is 
filmless and has been for a few years. Soon the work-
load for the network and the computer systems will be 
probably so high that a more subtle prefetching algo-
rithm will be necessary, if storage capacity is limited. It 
is absolutely essential to have all the examinations in 
digital form and stored in the PACS for such a system to 
work properly. It is time consuming and cumbersome 
to make reports comparing examinations on a worksta-
tion in one case and on a film–screen in another. It is not 
necessary and no one will recommend digitizing an old 
film archive and importing it into the new PACS. But in 
a filmless hospital, scanning of recent hardcopies from 
an outpatient facility would be very helpful.

The second important task is image routing. Exams 
are immediately and automatically sent to the archive 
server and the archive server automatically distributes 
the PACS exams to the workstations on the referring 
wards or even makes them available on all worksta-
tions in the hospital (i.e., intensive care unit, operation 
theater) (Huang 2004).

4.3 � Workstations

A workstation includes communication network con-
nection, local database, display, resource management, 
and processing software. The major functions of a 
PACS workstation are summarized in Table 4.2.

There are two general types of workstations: diag-
nostic and review. The characteristics that distinguish 
between them are resolution and functionality. The 
diagnostic workstation is used by the radiologist to 
perform primary interpretation of the exams. It depends 
not least on the financials whether this is basically only 
a computer with a high-enough monitor resolution or a 
fully equipped workstation. The resolution of a display 
monitor is most commonly specified in terms of the 
number of lines. For example, the 1 K monitor has 
1,024 lines; the 2 K monitor 2,048 lines. As a rule of 
thumb, when making reports of ultrasound, CT, and 
MRI, multiple 1 K monitors are sufficient. For conven-
tional lung and skeletal exams at least 2 K monitors are 
necessary. For digital mammograms 5 K monitors 
should be used (Carter and Vealé 2008). Review work-
stations are not as powerful as the diagnostic types. 
The difference can be in hardware (resolution), avail-
able software functionality, or both. The most impor-
tant features of a diagnostic workstation are briefly 
listened and explained in the next section.

Function Description

Case preparation Accumulation of all relevant 
images and information 
belonging to a patient 
examination

Case selection Selection of cases for a given 
subpopulation

Image arrangement Tools for arranging and grouping 
images for easy review

Interpretation Measurement tools for facilitat-
ing the diagnosis

Documentation Tools for imaging annotation, 
text, and voice reports

Case presentation Tools for comprehensive case 
presentation

Image reconstruction Tools for various types of image 
reconstruction for proper display

Table  4.2  Major functions of a PACS workstation (Huang 
2004)

Receive images from examination via acquisition gateway 
computers

Extract text information describing the received exam

Update a network-accessible database management system

Determine the destination workstations to which newly 
generated exams are to be forwarded

Automatically retrieve necessary comparison images from a 
distributed cache storage or long-term library archive system

Automatically correct the orientation of computed  
radiography images

Determine optimal contrast and brightness parameters for 
image display

Perform image data compression if necessary

Perform data integrity check if necessary

Archive new exams into long-term archive library

Delete images that have been archived from acquisition 
gateway computers

Service query/retrieve requests from workstations and other 
PACS controllers in the enterprise PACS

Interface with PACS application servers

Table  4.1  Major functions of a PACS controller and archive 
server (Huang 2004)
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4.3.1 � Fundamental Functions

In this context three major groups must be mentioned: 
navigation, image manipulation, and image management.

4.3.1.1 � Navigation and Image Manipulation

Navigation functions are used to move through images, 
series, studies, and patients. Moving the grab bars  
by using the mouse conforms to the well-known look 
and feel of Windows® (Microsoft, Redmond, WA, 
USA). Hanging protocols means the way a set of 
images will be displayed on the monitor. For example, 
for chest X-ray images there would be one exam on 
each monitor; for CT images there would be perhaps 
four on one monitor; It depends on the preferences of 
the radiologist. Navigation through a study brings two 
new terms: frame mode and stack mode. Frame mode 
is an example of a static mode in which images are 
displayed in a matrix similar to that typically printed to 
film. Stack mode displays images sequentially in a 
single window in a movie like format. Here the images 
can be quickly moved through manually using the 
mouse, and most vendors have an additional automatic 
setting that runs through the images at a preset pace.

The most commonly used functions for imaging 
manipulation include:

Window/level to change brightness and contrast•	
Annotations, i.e., allows the circling of a special •	
pathology for the attention of the referring physician
Flip and rotate to orientate the image in the ana-•	
tomical position desired
Pan and zoom to increase the size of the region of •	
interest for better outlining of the pathology
Measurements to depict the size of a lesion or using •	
a region of interest to determine the pixel intensity 
of a certain area (Dreyer et  al. 2006, Carter and 
Vealé 2008)

Image management functions are necessary when, for 
example, patients’ demographics need to be corrected  
after the transmission of the images into the PACS 
archive. Of course even switching of examinations 
from one folder to the other must be possible. But it is 
easy to understand why only very few persons in a hos-
pital are allowed to have access to and to manipulate 
this critical data base.

4.3.2 � Advanced Functions

These functions are definitely beyond the scope of 
review workstations but are absolutely necessary in 
the world of multislice CT and high-end MR scan-
ners. The isotropic data set obtained by modern CT 
scanners consists of more than 500 axial slices of the 
lung, acquired in less than 10 s. This amount of 
images cannot be handled by film and the interpreta-
tion of those 0.6-mm thick axial slices with a review-
ing workstation is time consuming; most of the time 
it is not the best way to detect and interpret patholo-
gies. A lot of different techniques and algorithms 
have been applied to handle this large data set and to 
enhance a special kind of anatomy and pathology, 
called postprocessing (Neri et al. 2008). It is beyond 
the scope of this chapter to discuss the different tech-
niques in detail. First of all, the radiologist must 
know that postprocessing starts with the reconstruc-
tion of axial slices from the raw data. Both lung and 
soft-tissue reconstructions should be performed for 
chest CT to improve detectability of the various 
structures. These primary overlapping axial recon-
structions with a very thin slice thickness are called 
the secondary raw data set and are the basis for fur-
ther postprocessing.

Because of the lower signal-to-noise ratio and the 
large amount of images, making a report of these 
images is not recommended. For routine evaluation, 
it is generally sufficient to reconstruct 5-mm thick 
slices with 4 mm increments, resulting in 20% over-
lap (Eibel et  al. 2001b). Of course the raw data 
set also allows a high-resolution reconstruction and 
with comparable image quality, similar to that of  
sequential high-resolution CT. As mentioned above, 
axial slices are not sufficient for many diagnostic 
purposes, because of the orientation of the anatomi-
cal structures or diseases. Sometimes reconstruc-
tions in a sagittal or coronal plane enhance the 
visualization. Because such reconstructions are pos-
sible in every orientation they are termed multipla-
nar reformations (MPRs). The fundamentals for all 
of the following reconstruction techniques are the 
entire or a partial selection of the secondary axial 
raw data set. Because these images are commonly 
achieved by overlapping reconstructions (incre-
ment < 1), this data set is also called the 3-dimen-
sional (3D) volume.
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4.3.2.1 � MPR

In MPR, a plane is defined by the technician or the radi-
ologist inside the 3D volume and only the data in this 
plane are displayed. An MPR can be performed by using 
either straight planes or curved planes (Dalrymple et al. 
2005). When performing an MPR with straight planes, 
the thickness of the selection is the same slice thickness 
as the voxel and is set as the default. When a greater 
thickness is selected, a slab MPR is created (Lee et al. 
2008). To reduce the number of images, a coronal or 
sagittal MPR thickness of 5 mm is generally sufficient 
(Eibel et al. 2001b). Advantages of MPR are the ease  
of use and speed of the MPR algorithm. Furthermore, 
MPR provides images containing all available informa-
tion (all Hounsfield unit values are retained). A major 
disadvantage of the MPR method is the high depen-
dence on the manual orientation of the planes. Interactive 
viewing of this type of image from multiple viewing 
angles is easily possible with workstations.

MPRs can be used as a fundamental tool for direct 
comparison of plain film and CT. It is daily practice that 
a lung nodule on a plain film must be further investi-
gated with chest CT. But it can be difficult to decide if 
the lesions are identical. It is possible that the lesion in 
the plain film corresponds to a summarization of vessels 
and/or bony structures or even belongs to a skin altera-
tion and the corresponding CT shows another lesion. To 
resolve this problem, thick MPRs containing the whole 
data sets in a coronal direction are reconstructed similar 
to the chest X-ray. After identification of the lesion, the 
thickness of the MPRs is reduced step by step, with 
great attention paid so that the nodule at the thinner 
MPR is not lost. At the end of the reconstruction the 
nodule is clearly visible. While reconstructing perpen-
dicular directions to the coronal image the lesion can be 
displayed in axial or sagittal view. Perhaps more in an 
academic setting the other direction is also possible. 
After identifying a nodule on an axial CT slice, a coro-
nal reformation can be performed, centered to the lesion. 
Then the thickness of the MPR can be increased step by 
step until the MPR contains the whole data sets. Now an 
easy correlation is possible with the chest X-ray.

4.3.2.2 � MIP

With maximum intensity projections (MIPs), only the 
highest-attenuation voxels are preserved. This algorithm 
casts a ray through the 3D data for each pixel in the 

resulting image, and only the highest-attenuation voxels 
found on each ray are preserved (Dalrymple et al. 2005). 
Disadvantages of MIP result from this because only a 
fraction of the available data is used. Furthermore, many 
artifacts are known to exist in MIP images and no 3D 
depth is obtained. To preserve the depth information  
in MIP, two principle advantages had been developed. 
In the rotating MIP, the radiologist has to define a center, 
the direction of rotation (left/right, or top/bottom),  
and the degree of the angles (i.e., 10°). Another tech-
nique is the sliding thin-slab MIP (STS-MIP). To obtain 
this MIP format, a thin-slab MPR is selected, from 
which an MIP image is reconstructed. This slab is 
moved through the volume, with the distance of slab 
movement smaller than the slab thickness, and at each 
step an MIP is created (Remy-Jardin et al. 1996). In this 
particular case the information of depth is preserved 
because the different MIP slices can be clearly localized 
within the volume (Eibel et  al. 1999; Fishman et  al. 
2006). But, to mention again, the highlighting of only 
the highest-attenuation voxels can be either good or bad 
(Parrish 2007). MIP reformations on the basis of multi-
detector CT data sets are superior in the depiction and 
diagnosis of pulmonary nodules as compared with axial 
standard reconstructions and MPR (Eibel et  al. 2001; 
Remy et al. 1998; Ueno et al. 2004; Dreyer et al. 2006). 
However, small lung emboli can be overlooked using 
only MIP images when the thrombus does not entirely 
occlude the vessel and little amounts of contrast medium 
flow between the thrombus and the vessel wall.

4.3.2.3 � MinIP

Minimum intensity projection (MinIP) consists of pro-
jecting the voxel with the lowest attenuation value on 
every view throughout the volume onto a 2-dimen-
sional image (Remy-Jardin et  al. 1996; Dalrymple 
et al. 2005). This technique displays only 10% of the 
data set. The subtle difference in density between the 
endobronchial (pure) air and the lung parenchyma, 
corresponding to a difference in attenuation of 50–150 
HU, permits visualization of the bronchi below the 
subsegmental level (Lawler and Fishman 2001). MinIP 
is the optimal tool for the detection, localization, and 
quantification of ground-glass attenuation patterns and 
pulmonary emphysema (Remy et al. 1998; Satoh et al. 
2008). Similar to MIP, the MinIP can also be achieved 
as STS-MinIP to preserve information of depth within 
the lung volume.
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4.3.2.4 � Averaging

In multiplanar averaging, the mean attenuation value 
of the voxels on every view throughout the volume is 
projected onto a 2-dimensional image. This technique 
allows concomitant evaluation of the tracheobronchial 
tree in the setting of diffuse lung disease. Figure 4.1 
briefly illustrates the different reformation and projec-
tion techniques.

The above-mentioned techniques use the whole 
data set and display the data in an alternative direction 
or by focusing on the highest or lowest pixels/voxels. 
Segmentation, on the other hand, extracts or classifies 
a specific region or volume of interest. Image segmen-
tation provides quantitative data about relevant anat-
omy and it also enables an accurate 3D visualization of 
a particular structure. There is no single approach that 
can generally solve the problem of segmentation, and 
different methods will be more effective depending on 
the image modality being processed. Pham et al. (2000) 
and Preim and Bartz (2007) provide detailed reviews 
of the classic segmentation algorithms, many of which 
are now implemented within the radiological software 
supplied by the scanner manufacturers.

4.3.2.5 � SSD

A relatively simple form of segmentation is the  
shaded surface display (SSD). The main landmark of 
this surface-rendering technique is the thresholding 

segmentation, which results in a binary classification 
of the voxels (Remy 1998). Everything below the 
threshold will be removed, and everything above will 
be assigned a color and shown as a 3D object. It is 
important to keep in mind that voxels belonging to the 
structure of interest may be misclassified because of 
partial volume averaging. Consequently, they will be 
eliminated from the final 3D image. The SSD tech-
nique requires minimal computing power and is not 
time consuming. Another advantage is that the depth 
impression is optimally rendered. Disadvantages of 
this method are pitfalls related to the thresholding 
range and pitfalls related to the slice thickness; either 
can be responsible for partial volume artefacts or 
stair-step artefacts. Pitfalls may be caused by motion 
during data acquisition (Magnusson et al. 1991).

4.3.2.6 � VRT

One of the most complex forms of reformat is volume 
rendering techniques (VRTs) beyond the above men-
tioned SSD. Volume rendering involves applications of 
opacity maps based on the image histogram values, as 
well as different grayscale and/or color lookup maps, 
such that voxels may be displayed with a variable opac-
ity as well as variable intensity/color depending on the 
voxel values that are displayed in a continuous range 
(Cody 2002; Dalrymple et al. 2005; Lee et al. 2008).

Surface rendering and VR are useful when viewing 
bony anatomy, organ surfaces, and blood vessels  

MIP

MinIP

Averaging

Fig. 4.1  The principles of 
MIP, MinIP, and averaging
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(Cody 2002; Fishman et al. 2006). Volume rendering 
also allows variable viewing of different tissues. The 
specific type of image reconstruction depends on the 
anatomy, the purpose, and the customer’s needs. VRTs 
are time consuming and require a maximum comput-
ing power (Remy 1998). Of course, there are presum-
ably a lot of indications for VR, especially when 
bringing up special information in a very instructive 
and easy-to-understand way for the referring clinician. 
The clinical value of VR is usually limited and it is not 
a method used to make a diagnosis, only to present it.

4.3.2.7 � VE

A further development of VR and SSD is virtual 
endoscopy (VE), also referred to as “fly through” 
(Ueno et al. 2004). Because of the high intrinsic con-
trast between the air-filled lumen of the trachea and 
bronchi and their walls, good endoluminal views are 
possible. The advantage of VE is that the radiologist 
can move interactively in the tracheobronchial tree 
and that the data set will be available without addi-
tional scanning of the patient. Furthermore, the radi-
ologist can call up the corresponding cross-sectional 
images for localization of the special lesion (Neri 
et al. 2008; Remy et al. 1998). However, it is neces-
sary to take into account that the color of the tracheal 
wall is artificial and that subtle details of surface mor-
phology are lost.

4.3.2.8 � CAD

The last technique that has to be mentioned briefly in 
this short list is computer-aided detection (CAD) 
(Ravenel et  al. 2001). CAD doesnot stand for com-
puter-aided diagnosis! CAD means that computer 
algorithms analyze special information in the images 
and compare it with huge imaging databases. They 
assist the radiologist in the recognition and classifica-
tion of disease (Dreyer et al. 2006). But the final judg-
ment and, as a consequence, the diagnosis will remain 
with the radiologist. In the chest, the focus is on the 
automated detection of nodules in the multi-slice CT 
data set, the detection of pulmonary emboli, and the  
textural analysis by classification of pixels, e.g., for the 
quantification of the extent of sarcoidosis or emphy-
sema (Parrish 2007). Other CAD applications include 

calcium scoring, polyp detection in virtual colonogra-
phy, and detection of breast masses.

4.3.3 � Applications (MPR, MIP, MinIP,  
VRT, and Averaging)

This section gives some examples and fundamentals 
important for application of reformations. The funda-
mental necessity of all reformations is a data set con-
sisting of the thinnest slice thickness the CT machine 
is able to offer. Of course, the examination time must 
be one during which the patient can stop breathing 
during the scan period. Breathing and motion arte-
facts can substantially degrade the image quality. 
Although the axial slices are relatively robust for 
these kinds of artefacts, coronal and sagittal reforma-
tions and especially VR can be severely influenced.

The type of reformation to use is determined by the 
underlying pathology and the anatomic structure to be 
displayed. In general, for an evaluation of the trachea, 
bronchi, and pulmonary parenchymal diseases it is 
helpful to start with MPRs or averaging. A slice thick-
ness of 3–5 mm is a good compromise between the 
number of images and z-resolution (Eibel et al. 2001b). 
The differentiation between vessels and small lung 
nodules can be problematic and time consuming, espe-
cially when using thin axial slices. In this particular 
case, the coronal or sagittal reformation can provide 
only a little more confidence. The 5-mm STS-MIP 
reconstruction, on the other hand, allows a significantly 
higher detection rate. However, thicker reconstructions 
can make the vessels so prominent that smaller lung 
nodules can be overlooked. For evaluation of pulmo-
nary embolism, MIP can be positive or negative. The 
higher detectability of vessels is accompanied by the 
drawback that the peripheral flow around a central 
embolus can mimic the visualization of the embolus. 
Lung parenchymal diseases and especially the distribu-
tion can be delineated nicely with MPRs. For the detec-
tion of emphysema and tiny ground-glass opacities the 
minIP should be applied.

In case 1 (Fig. 4.2a–j), an overview is given with 
regard to the different types of reformations. The tho-
rax of 48-year-old male smoker was investigated using 
a 64-row scanner to exclude lung cancer. The second-
ary raw data set consists of 0.6-mm thick axial slices, 
which results in a nearly isotropic data volume.
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Fig. 4.2  (a) Axial MPR, 2.5-mm slice thickness. Centrilobular 
emphysema in both upper lobes (arrows). (b) Coronal MPR, 4 
mm. The coronal plane nicely demonstrates the upper lobe pre-
dominance of the emphysema (arrows) and the concomitant rar-
efaction of pulmonary vasculature. (c) Coronal MPR, 10 mm. 
The images looks smoother and vascular structures are easy to 
delineate. The drawback is the loss of detailed resolution; for 
example, the deterioration in the visualization of bronchi 
(arrows). The signs of emphysema have nearly gone. (d) Coronal 
MIP, 3 mm. The advantage of MIP is the delineation of vascular 
structures. In 3-mm thickslices, some areas of emphysema are 
still detectable (arrows). (e) Coronal MIP, 10 mm. The vascula-
ture is so prominent that the bronchi and areas of emphysema 
could no longer be detected. (f) Coronal minIP, 3 mm. The value 

of this technique is the visualization of emphysematous lung 
areas, now even detectable in the lower lobes (arrows). On the 
other hand, this technique comes with a loss of further anatomic 
information. (g) Coronal minIP, 3 mm, inversion. The areas of 
emphysema are now displayed brightly (black arrows). The 
darker zones adjacent to the diaphragm correlate with normal 
lung parenchyma. (h) VR, coronal view. Using presets for bone 
imaging, nice overviews of the skeleton and the rib cartilage 
(blue color) can be obtained. (i) VR, coronal view. Using presets 
for air and lung surface, a totally different aspect of the data set 
is highlighted. (j) VR, endoscopic view. The carina is seen from 
the trachea. Please note the steep right and the more horizontal 
left main stem bronchus. The flat fibromuscular membrane of 
the trachea is shown at the bottom of the image (arrow)
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Fig. 4.2  (continued)
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Case 2 (Fig. 4.3a–i) refers to a 57-year-old male with 
lung cancer in the right upper lobe and a left hilar metas-
tasis. The chest X-ray shows a small lung nodule on the 
right side below the horizontal fissure. On the lateral 
view the small lung lesion is masked. The presented 
images show a nice reconstruction technique of the sec-
ondary raw data set of the CT, which confirms that the 
small lesion on plain film definitely correlates with the 
nodule on axial slices. The principle is to start with a 
thick average of MPR, including the entire thickness of 
the thorax. This initial reconstruction looks similar to 
the plain films. Now it possible to either rotate the 
images or reduce the slice thickness step by step, until a 
thin slice with high resolution remains. During the 
reduction of the slice thickness it is important that the 
lesion of interest remains in the reconstruction area.

Another tool for lung nodule detection is MIP. 
Again, it can help to start with thicker collimation 
and become thinner, centering on a specific lesion 
(Fig. 4.3j–l).

In case 3 (Fig. 4.4a, b) MIP is demonstrated not to 
be the best reformat for investigation of pulmonary 
embolism, although this reconstruction technique 
superiorly delineates the pulmonary vessels. A short-
coming of MIP views is that objects within a high-
signal object may be obstructed from view because 
only the brightest pixel along a ray is displayed. This 
may be the case when the vessel is not entirely 
occluded and contrast material is flowing around a 
central embolus. In this particular case, the embolus 
is masked by the high density of the adjacent contrast 
material.

i j

Fig. 4.2  (continued)



86 R. Eibel et al.

a

c d

b

Fig. 4.3  (a) Chest X-ray, posteroanterior (PA) view. Apart from 
the two large masses in the right upper lobe and the left perihilar 
region, a small lung nodule below the horizontal fissure is detect-
able (arrow). (b) Same patient. Plain film in lateral view. The 
small lung nodule is masked. (c) Average coronal reconstruction 
of the entire 0.6-mm thick secondary raw data set, resembling a 
PA view of the plain film. Slice thickness, 400-mm. The small 
nodule is visible (arrow). (d) Average coronal reconstruction, 
400-mm slice thickness, 20° rotation. The nodule is no longer 
detectable. (e) Average coronal reconstruction, 400-mm slice 
thickness, 50° rotation. (f) Average coronal reconstruction.  
400-mm slice thickness, 90° rotation (lateral view). The lung 
nodule is again masked. (g) Average coronal reconstruction in 
PA view. 200-mm slice thickness. The small nodule can be 
detected (arrow). (h) Average coronal reconstruction in PA view. 
100-mm slice thickness. (i) Average coronal reconstruction in 

PA view. 50-mm slice thickness. (j) Average coronal reconstruc-
tion in PA view. 5-mm slice thickness. Now the lesion is clearly 
visible (arrow). (k) MIP in coronal reconstruction. 50-mm slice 
thickness. Two additional lung nodules on the right side are 
detectable (arrows). (l) MIP in coronal reconstruction focusing 
on known lung nodule. 25-mm slice thickness. The smaller 
lesion above the known lung nodule is still visible (arrows). The 
smallest lesion above the right diaphragm is no longer included 
in the selected slice. (m) MIP in coronal reconstruction. 5-mm 
slice thickness. The amount of superimposing vessels is reduced; 
the two lesions are further visible (arrows). (n) VR in coronal 
view, 100-mm slice thickness. The small lung nodule is detect-
able, as is the large right upper lobe mass. However, the medical 
advantage of this technique falls far short of the benefit of the 
other techniques
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Fig. 4.3  (continued)
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Fig. 4.3  (continued)
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a b

Fig. 4.4  (a) 53-year-old male with shortness of breath and deep 
venous thrombosis. The coronal MPR shows a filling defect in a 
left lower lobe pulmonary artery and corresponds with the diag-
nosis of acute pulmonary embolism (arrows). (b) In the MIP 

reconstruction, the filling defect is masked due to the fact that 
the brightest pixels result from the intravenously applied con-
trast material (arrows)
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Abstract

In the past, the mediastinum has been consid-››
ered as the so-called “black-box” of thoracic 
radiology.
Nowadays, CT and MRI nicely depict and ››
explain “the who’s and the why’s” of the medi-
astinal lines in physiological as well in patho-
logical conditions. The aim of this chapter is to 
emphasize on the important role of basic radio-
logical findings in standard diagnostic chest 
XR interpretation and to correlate the radio-
logical anatomy with cross-sectional imaging.
The mediastinal lines can be defined as linear ››
structures (reflections) visible on the conven-
tional X-ray, formed by points of contact of the 
mediastinal soft tissues and the adjacent aer-
ated lung or contact of pulmonary tissue by 
intervening soft tissue.
Normal anatomic structures of the mediasti-››
num may be altered by mediastinal disease.
This alteration of normal anatomy and the ››
accompanying displacement of the mediastinal 
lines and spaces may alert the radiologist to the 
presence of a mediastinal mass.
Thus, familiarity with the appearance of normal ››
mediastinal structures on chest radiography is 
the first crucial part in locating and identifying 
an abnormality.
These elements will further on permit to ››
narrow the differential diagnosis and possi-
bly influence the choice of modality for fur-
ther diagnostic imaging.
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5.1 � Introduction

Currently, chest radiography is the most common and 
most frequently performed radiological examination 
because of its low cost, easy accessibility, and low 
irradiation.

Standard radiography can by itself provide a large 
amount of useful information to obtain a differential 
diagnosis before proceeding to cross-sectional imaging.

This information is derived from the configuration 
and interrelationship of the anatomical structures of the 
lung, mediastinum, and pleura, and forms the basis of 
the “mediastinal lines approach,” which we shall discuss 
in this chapter (Gibbs et al. 2007; Whitten et al. 2007).

Before the advent of cross-sectional imaging, the 
mediastinum has been considered the so-called “black-
box” of thoracic radiology; now computed tomogra-
phy (CT) and magnetic resonance imaging (MRI) 
nicely depict and explain “the who’s and the why’s” of 
the mediastinal lines in physiologic as well as in patho-
logic conditions. The aim of this chapter is to empha-
size the important role of basic radiologic findings and, 
more precisely, the mediastinal lines. Those anatomic 
structures remain important in standard diagnostic 
chest radiographic interpretation.

The mediastinal lines can be defined as linear struc-
tures (reflections) visible on the conventional radiograph, 
formed by points of contact of the mediastinal soft tis-
sues and the adjacent aerated lung or contact of pulmo-
nary tissue with intervening soft tissue (Gibbs et  al. 
2007; Neufang and Beyer 1980; Divano et al. 1983).

Lines are very thin structures less than 1 mm in •	
width. They are formed by air outlining thin inter-
vening tissue on both sides, e.g., the anterior and 
posterior junction lines.
Stripes are thicker structures formed by air outlin-•	
ing thicker slabs of intervening soft tissue, e.g., the 
left and right paratracheal and retrotracheal stripes.
The edge, or interface, represents the third linear •	
structure that we can identify on conventional radio-
graphs and is formed when layers of different den-
sities come in close contact with each other, e.g., 
the paravertebral and para-aortic lines.

Normal mediastinal lines and spaces can be altered by 
mediastinal disease.

This alteration of normal anatomy may alert the 
radiologist to the presence of a mediastinal mass. 
Thus, familiarity with the appearance of normal medi-
astinal structures on chest radiography is the 

first crucial part in identifying an abnormality. It is 
important that the lung–mediastinal interfaces (lines, 
stripes, edges, and spaces) are evaluated in every chest 
radiograph during routine work.

Identifying the exact location of a mass will narrow 
the differential diagnosis and possibly influence the 
choice of modality for further diagnostic imaging.

Whenever a mass is depicted on a chest radiograph 
and is possibly located within the mediastinum, the 
following three basic points should be determined:

Is it a mediastinal mass?•	

The following features indicate that a lesion truly 
originates within the mediastinum:
•	 Unlike some lung lesions, a mediastinal mass 

will not contain air bronchograms.
•	 The margins with the lung will be obtuse. A 

mediastinal mass lies under the pleural surface, 
creating obtuse angles with the lung, whereas a 
lung mass abuts the mediastinal surface and 
creates acute angles with the lung.

•	 Mediastinal lines (azygoesophageal recess, ante-
rior and posterior junction lines) will be 
disrupted. Some spinal, costal, or sternal abnor-
malities can also be associated.

Is it located in the anterior, middle, or posterior •	
mediastinum?
Is it possible to further characterize the lesion by •	
determining whether it has any fatty, fluid, or calci-
fied components?

Traditionally, the mediastinum was subdivided into 
anterior, medial, posterior, and superior parts.

Felson used the findings on the lateral chest radio-
graph and, more specifically, the posterior heart border 
and the anterior tracheal wall to differentiate the anterior 
from the middle mediastinum; he used an imaginary 
line 1 cm posterior from the anterior vertebral wall to 
differentiate the middle and the posterior mediastinum; 
finally, a second imaginary line above the aortic arch 
was used to achieve the differentiation with the superior 
mediastinum (Felson 1969; Fraser et al. 1999).

A popular variation of the Felson method does not 
recognize a separate superior compartment.

The more complex Heitzman method divided the 
mediastinum into the following anatomic regions: the 
thoracic inlet, the anterior mediastinum, the supra
aortic area, the infra-aortic area, the supra-azygos area, 
and finally, the infra-azygos area (Heitzman 1997).

However, in clinical practice, a pathologic process 
is not necessarily primarily limited to one compart-
ment (Fig.  5.1); for example, infection, hemorrhage, 
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Fig. 5.1  Frontal chest radiograph (a), MDCT with axial (b, c, d) 
and coronal (e) reformats. Mediastinal lesions are not necessar-
rily bound to one single compartment. A huge goiter, initially 
located in the lower neck and the superior middle mediastinum, 

and tracheal and oesophageal compression and deviation, 
extending inferiorly behind the trachea and the carina. The mass 
is quite heterogeneous and calcified in its lower portion
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and neoplasia can secondarily spread from one com-
partment to another because there are no true physical 
boundaries between the different mediastinal compart-
ments. Each subdivision of the mediastinum is there-
fore rather theoretical than physical (Whitten et  al. 
2007; Fraser et al. 1999; Zylak et al. 1982; Armstrong 
et al. 2000).

Basically for this reason, the subdivision of each 
mediastinal compartment (anterior, medial, and poste-
rior) used in this chapter to explain the anatomy, the 
formation, and the identification of mediastinal lines, 
stripes, and spaces is based on a modified anatomical 
method, conceiving the mediastinum to be composed 
of three uninterrupted longitudinal compartments 
extending from the thoracic inlet to the diaphragm 
without a separate superior compartment (Whitten 
et al. 2007; Fraser et al. 1999).

The main goal of this modified classification is to 
be as precise as possible in the nonequivocal location 
of the abnormality in an effort to be efficient by tak-
ing into account that a pathology causing the disrup-
tion of one (or more) specific mediastinal line(s) 
should be associated with a specific mediastinal 
compartment.

However, one should always keep in mind that 
every classification has its practical limitations and is 
not necessarily totally related to a physical, anatomi-
cal, and anatomopathological reality!

Once again, it needs to be emphasized that, in con-
tradistinction to the traditional Felson method, accord-
ing to this modified classification, the heart and the 
great vessels are part of the middle mediastinum.

5.2 � Mediastinal Compartments and 
Contents

5.2.1 � Anterior Mediastinum

The anterior mediastinum is limited anteriorly by the 
sternum; posteriorly by the pericardium, the aorta, and 
the brachiocephalic vessels; superiorly by the thoracic 
inlet; and inferiorly by the diaphragm.

The following organs and tissues are included in the 
anterior mediastinum: thymus, lymph nodes, fat, inter-
nal mammary arteries and veins, and the thyroid when 
it extends into the mediastinum.

The anterior mediastinum can thus be regarded as 
the “prevascular space.”

we shall subsequently discuss the anterior junction 
line and the retrosternal line and space in the anterior 
mediastinal compartment.

5.2.2 � Middle Mediastinum

The middle mediastinum is limited anteriorly and pos-
teriorly by the pericardium and more superiorly by the 
posterior tracheal wall; the superior and inferior limits 
are the same as for the anterior mediastinum.

The middle mediastinum includes the heart with the 
pericardium, the ascending aorta and the aortic arch, 
the superior and inferior vena cava, the brachiocepha-
lic vessels, the pulmonary vessels, the trachea and  
the main bronchi, lymph nodes, vagus and recurrent 
nerves, and fat.

The middle mediastinum can thus be regarded as 
essentially a “vascular and tracheal” space.

we shall subsequently discuss the aortopulmonary 
stripe and window on frontal and lateral films, the 
right and left paratracheal line or stripe, the retrotra-
cheal stripe, and the posterior wall of the bronchus 
intermedius on lateral films in the middle mediastinal 
compartment.

5.2.3 � Posterior Mediastinum

The posterior mediastinum is limited anteriorly by the 
posterior tracheal wall and pericardium and posteriorly 
by the spine; the superior and inferior borders are the 
thoracic inlet and the diaphragm.

The posterior mediastinum contains the esophagus, 
the descending aorta, the azygos and hemiazygos 
veins, the thoracic duct, the vagus and splanchnic 
nerves, lymph nodes, and fat.

The posterior mediastinum can thus be regarded as 
the “postvascular” space and continues into the neck 
in  the plane of the retropharyngeal space (Zylak 
et al. 1982).

we shall subsequently discuss the posterior junc-
tion line, the azygoesophageal line and recess, the 
para- and preaortic lines, and the paraspinal lines in the 
posterior mediastinal compartment.
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5.3 � The Anterior Mediastinal 
Compartment

5.3.1 � Anterior Junction Line

The anterior junction line is formed by the anterior 
apposition of the two lungs together with their respec-
tive pleural coverings and a thin, variable layer of 
mediastinal tissue posterior to the sternum; the line is 
visible in up to 25% of chest radiographs (Fig.  5.2) 
(Gibbs et  al. 2007; Whitten et  al. 2007; Webb and 
Higgins 2005).

It courses retrosternally, anterior to the ascending 
aorta, and runs downward over a variable distance, usu-
ally obliquely to the left (Proto 1987; Proto et al. 1987).

The superior limit is formed by its superior recess 
behind the inferior portion of the manubrium sterni, not 
extending above the level of the superior sternal notch, 
and presents an inverted triangular morphology with 
concave sides (sometimes called “the anterior medi-
astinal triangle”) (Gibbs et al. 2007; Proto 1987; Proto 
et al. 1987; Webb and Higgins 2005; Wright 2002).

The inferior limit is formed by the inferior recess. 
At this location there is considerably less tissue than at 
the level of the superior recess; thus, it can virtually be 
restricted to a thin membrane.

The anterior junction line should be considered in 
relation to the retrosternal line and space, the latter 
being essentially the lateral projection of the same 
structures (Wright 2002).

Absence of the anterior junction line occurs physi-
ologically in children due to the presence of an enlarged 
thymus (Wright 2002). Widening of the anterior junc-
tion line is seen in cases of mediastinal fat proliferation 
or any anterior mediastinal mass. The most frequently 
seen masses are goiters, thymic tumors, germ cell 
tumors, lymphoma or enlarged internal mammary 
lymph nodes, vascular masses, and pericardial cysts 
(Fig. 5.3).

Obliteration or opacification on one side is noted 
with a tumor mass in the anterior mediastinum; adja-
cent lung consolidation or atelectasis with the latter  
is associated with volume loss of the corresponding 
lobe, and in the case of significant adjacent pleural 
effusion.

Accentuation of the anterior junction line is noted 
in patients who have emphysema in relation to hyper-
inflation and in patients who have pneumothorax.

Displacement of the anterior junction line occurs 
with lung or lobar collapse (Gibbs et  al. 2007; 
Wright 2002).

In this context, we have to consider anterior lung 
herniation, seen with collapse or reduced volume of 
the lung or upper lobe or after pneumonectomy 
(Fig.  5.4), and also in cases of lung and pulmonary 
artery hypoplasia. It is due to compensatory overex-
pansion of the contralateral upper lobe moving the 
anterior junction line, the displaced line being formed 
by the interface between consolidated, atelectatic lung 
and the hyperinflated contralateral lung (Webb and 
Higgins 2005; Wright 2002).

The superior recess may be displaced laterally by 
thyroid masses or dilation of the innominate veins.

As mentioned above, anterior mediastinal masses in 
the prevascular space can obliterate the anterior junction 
line, although it is usually the preservation of more pos-
terior lines that suggest the location of the lesion (Whitten 
et  al. 2007). Three classical semiological signs are of 
great use in this particular situation: the hilum overlay 
sign, the cervicothoracic sign, and the silhouette sign.

The hilum overlay sign stipulates that if the hilar ves-
sels are seen through the mass, it does not arise from the 
hilum and, due to the mediastinal geometry, the mass 
will likely be located in the anterior mediastinum 
(Fig. 5.5) (Whitten et al. 2007; Felson 1969; Fraser et al. 
1999; Matsushima et al. 2007; Satoru et al. 1999). Most 
commonly this will be a mass of thymic or lymphatic 
origin (lymphoma).

The cervicothoracic sign is based on the fact that 
the anterior mediastinum ends at the level of the supe-
rior aspect of the clavicles. Therefore, when a mass 
extends above the superior aspect of the clavicles, it is 
located either in the neck or in the posterior 
mediastinum.

Posterior mediastinal masses situated above the 
level of the clavicles have an interface with the lung 
because lung tissue inserts between the mass and the 
neck; thus, the mass will be sharply demarcated 
(Figs. 5.6 and 5.7). In contradistinction, anterior medi-
astinal masses extending into the neck do not have an 
interface with the lung and their borders will appear 
blurred (Whitten et al. 2007; Fraser et al. 1999).

The difficulty of limiting the differential diagnosis 
to a single compartment is typically illustrated by thy-
roid disease: the thyroid gland is conventionally linked 
to the anterior mediastinum but is intimately related to 
the trachea, which explains why retrosternal goiter can 
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Fig.  5.2  Anterior junction line (AJL) formed by the anterior 
apposition of the two lungs together with their respective pleural 
coverings and a thin layer of mediastinal tissue. The superior 
limit is formed by its superior recess behind the manubrium 
sterni, not extending above the level of the superior sternal 

notch. The AJL should be considered in relation to the retroster-
nal line and space, the latter being essentially the lateral projec-
tion of the same structures. AJL lines (a, in red), on frontal chest 
radiograph (b, red arrows), clearly seen on axial and coronal 
reformatted MDCT images (c)
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a b

Fig. 5.3  Thymoma in a young adult. Frontal chest radiograph (a), MDCT with axial, sagittal and 3D volumetric reformats (b)

extend along the course of the trachea to all mediasti-
nal compartments. According to the cervicothoracic 
sign, only the part situated in the posterior mediasti-
num will be clearly demarcated from the clavicles with 
sharply defined borders.

The classic silhouette sign stipulates that masses of 
equal density in contact with each other will be radio-
logically indistinguishable because of the lack of 
sharply demarcated borders (Figs.  5.7 and 5.8). 
According to this sign, anterior mediastinal masses in 
contact with the cardiac border or the diaphragm will 
have blurred borders, e.g., epicardial fat pads, pericar-
dial cysts, and Morgagni hernias (Felson and Felson 
1950).

5.3.2 � Retrosternal Line or Stripe and Space

The retrosternal line or stripe is the soft tissue compo-
nent situated immediately posterior to the sternum and 

limited to the back by the parietal pleura; it is a band-like 
structure of usually 2–4.5 mm thick and, in any case, less 
than 7 mm thick. It is located in close relationship to the 
retrosternal fat pad and space (Webb and Higgins 2005; 
Wright 2002; Whalen et al. 1973; Proto and Speckman 
1979).

The retrosternal space is the radiolucent area 
between the sternum anteriorly and the middle medi-
astinum, mainly the heart and the great vessels, poste-
riorly. Its radiologic density is comparable to the 
retrocardiac space (Fraser et al. 1999).

Its anterior border, the retrosternal stripe, anatomi-
cally contains fat, internal mammary arteries, veins 
and lymph nodes, intercostal nerves, and innominate 
arteries and veins in the most superior part (Fraser 
et al. 1999; Williams et al. 1989). It is limited posteri-
orly by the pericardium and the major vascular struc-
tures of the middle mediastinum.

Both the retrosternal stripe and space are very com-
monly seen on chest radiographs (Webb and Higgins 
2005).
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a

c

b

Fig.  5.4  Frontal chest radiograph (a), MDCT with axial 
reformats in mediastinal and parenchymal windowsettings  
(b, c) Right lobectomy with compensatory hyperinflation of the 

left lung, lung herniation, and displacement of the anterior junc-
tion line to the right (red arrows)

Enlargement of the retrosternal space may be of 
postural origin or due to hyperkyphosis (Dowager 
chest deformity) or hyperinflation and emphysema 
(Fraser et  al. 1999; Webb and Higgins 2005; Wright 
2002).

Reduction of the retrosternal space potentially has 
numerous origins (Fraser et  al. 1999; Webb and 
Higgins 2005; Wright 2002):

Postural origin (radiographs taken slightly “off •	
lateral,” rotated with projection of the retrosternal 

fat partially “en face.” In this case, the projection 
of the anterior chest wall posterior to the sternum 
may mimic increased thickness of the retroster-
nal stripe; a wavy contour of the stripe in relation 
to the ribs may be indicative of this condition)
Deformity and reduction in volume of one •	
hemithorax
Pectus excavatus•	
Hypertrophic costochondral junctions and osteo-•	
phytes of the manubiosternal junction
Obesity, mediastinal lipomatosis•	
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Fig. 5.5  Routine chest radiograph. The frontal film (b) shows a 
left paracardial rounded mass with the left hilar vessels clearly 
visible through the mass (hilum overlay sign); the lateral film 
(a) shows the central localization of the mass. MDCT with axial 

reformats in parenchymal (c) and mediastinal (d) window set-
tings confirms its cystic nature, independent of the hilum. Final 
diagnosis: pericardial cyst

Other fatty masses (lipoma, liposarcoma, brown •	
fat tumors)
Sternal tumors•	
Vascular mass or dilatation (aortic aneurysm, •	
coarctation)
Right ventricular hypertrophy•	

Main pulmonary artery hypertrophy•	
Hematoma secondary to sternal fracture or sur-•	
gery (Fig. 5.9)
Lymph node enlargement (Hodgkin’s disease, •	
breast carcinoma) (Fig. 5.10)
Any anterior mediastinal tumor (Fig. •	 5.11) 
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5.4 � The Middle Mediastinal 
Compartment

5.4.1 � Aortopulmonary Window  
on Frontal Films, the  
Aortopulmonary Stripe

On anteroposterior films, the edge (aortopulmonary 
stripe) with the left lung, between the aorta and the 
main pulmonary artery, is almost always visible; it 
arises superomedially, crosses the projection of the 

aortic arch obliquely downward to the left, and merges 
inferiorly with the pulmonary artery and/or left cardiac 
border (Proto 1987; Webb and Higgins 2005; Blank an 
Castellino 1972).

It is a mediastinal interface formed by the pleura of 
the anterior left lung contacting and reflecting tangen-
tially over the mediastinal fat anterolateral to the left 
pulmonary artery and the aortic arch.

It should have a concave or straight border toward the 
left lung; a convex border is considered abnormal in most 
cases. Examples of pathology include lymphadenopathy, 
masses in the anterior mediastinum moving the anterior 

a

c d

b

Fig.  5.6  Young female patient with dysphagia and dyspnea. 
Frontal chest radiograph (a) and MDCT with axial (c, d) and sag-
ittal (b) reformats shows a right paratracheal mass sharply demar-
cated from the clavicle (small red arrows); note that the anterior 
junction line (large red arrow) is not displaced. Final diagnosis: 

cervicothoracic sign in a patient with Schwannoma. When we 
can depict a mass extending above the level of the clavicle with a 
sharp demarcation between the mass and the clavicle, there must 
be lung tissue in front of it (cervicothoracic sign); this mass must 
necessarily be located in the posterior mediastinum
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pleural reflection (Fig. 5.11), aortic aneurysm or dilation 
of the left pulmonary artery and pneumomediastinum 
(Gibbs et al. 2007; Whitten et al. 2007; Proto 1987; Webb 
and Higgins 2005; McComb 2001; Keats 1972).

5.4.2 � Aortopulmonary Window  
on Lateral Films

The aortopulmonary window consists of the virtual 
space between the aortic arch and the left pulmonary 

artery (Fig. 5.12) and corresponds to the formal loca-
tion of the ductus arteriosus of Botal. It is limited 
medially by the trachea and the esophagus and later-
ally by the left lung.

In physiologic conditions it contains fat and small 
lymph nodes; the left recurrent nerve branches from 
the vagus nerve immediately inferior to the aortic arch 
and its branch, the recurrent laryngeal nerve, ascends 
through this space to the lower neck (Gibbs et al. 2007; 
Whitten et al. 2007; Fraser et al. 1999; Williams et al. 
1989). Therefore, paralysis of the left vocal cord 

a

c d

b

Fig. 5.7  Frontal (a) and lateral (b) chest radiograph and axial 
CT in parenchymal (c) and mediastinal (d) window settings. 
Young girl with a clinical history of mild chronic coughing. The 
frontal radiograph shows a well-circumscribed mass abutting the 
mediastinum on the right, without sharp demarcation (+ silhou-
ette sign). On the lateral radiograph, the mass projects over the 

higher dorsal spine, suggesting a posterior mediastinal localiza-
tion. Computed tomography shows a sharply demarcated cystic 
mass on the junction of the middle and the posterior mediasti-
num without any evident relationship with the spine. Final diag-
nosis: bronchogenic cyst
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Fig. 5.8  A middle-aged patient with a long-standing history of 
congestive cardiopathy. Frontal chest radiograph (a) shows a 
well-defined nodular opacity immediately adjacent to the aortic 
arch with a+silhouette sign (red arrow); the lateral film (b) shows 
multiple rounded opacities of the same caliber approximately 

above and below the level of the left hilum (short red  arrows). 
Multidetector computed tomography (c, d, e, f) in mediastinal 
window settings reveals a tubular structure heading along the left 
middle mediastinum toward the posterior aspect of the base of 
the right atrium (red arrows): left vena cava superior

c d

a

b
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a

b

Fig. 5.9  Postoperative surveillance chest radiograph of a patient who had thoracic surgery for coronary artery bypass graft (a). 
Lobulated opacity is seen obliterating the retrosternal space on the lateral film (b). Diagnosis: retrosternal hematoma

e f

Fig. 5.8  (continued)
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Fig.  5.10  An 18-year-old woman with B-symptoms (slight 
fever, night sweats, weight loss). The frontal chest radiograph 
(a) shows a huge mediastinal mass with bilateral mediastinal 
widening. The lateral film (b) and MDCT with axial (c) and 
coronal (d, e) reformats shows complete obliteration of the ret-
rosternal space as well of the aortopulmonary window 

(red arrows), indicating the presence of the mass in the anterior 
as well in the middle mediastinum. Multidetector computed 
tomography also shows encasement of the great vessels by 
homogeneous hypodense tumor with vena cava superior syn-
drome and collateral vessels of the azygos and hemiazygos sys-
tem. Final diagnosis: G-cell B-cell non-Hodgkin’s lymphoma

ca

b
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d e

Fig. 5.10  (continued)

a b

Fig.  5.11  Routine chest radiograph of a patient who had no 
medical history. Elevation/displacement of the aortopulmonary 
stripe on the frontal chest radiograph (a, red arrow). Obliteration 
of the retrosternal space is seen on the lateral chest radiograph 
(b, red arrow). These findings indicate the location of the mass 

in the anterior mediastinum. The multidetector computed tomog-
raphy with axial (c,d) and sagittal (e) reformats shows a lobu-
lated, slightly irregular, and heterogeneous mass in the 
retrosternal space without evidence of invasion of the mediasti-
nal structures. Final diagnosis: malignant thymoma
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e

c d

Fig. 5.11  (continued)

should induce a search for disease in the anteroposte-
rior window (Gibbs et  al. 2007; Proto 1987; Giron 
et al.1998; McComb 2001).

The remnant of the ductus arteriosus of Botal may 
calcify and cause a curvilinear calcification visible on 
chest CT, which often is confused with atheromatous 
calcification of the adjacent aorta (Armstrong et  al. 
2000).

The posterior turn of the azygos arch may project as 
a nodular opacity overlying the lower part of the aortic 
arch just behind the trachea; this should be distin-
guished from enlarged azygos lymph nodes situated 
more anteriorly with respect to the tracheal lucency 
(Wright 2002).

Masses in the anteroposterior window are common 
and mostly due to enlarged lymph nodes in association 
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a b

Fig. 5.12  Aortopulmonary window on lateral films. The virtual space (b, asterisks) between the aortic arch (a, in red) and the left 
main pulmonary artery is seen (a, in red)

with primary lung tumors or lymphoma (Fig.  5.10), 
with other tumors, for example, neurofibromas, being 
more rare.

5.4.3 � Right Paratracheal Line or Stripe

The right paratracheal line is formed by the tracheal 
wall, mediastinal tissue, and the adjacent pleura 
(Fig. 5.13). Its visibility is due to the presence of air on 
both sides of the right tracheal wall.

Its thickness ranges from 1 to 4 mm, uniformly 
from top to bottom, with more than 5 mm being con-
sidered as pathological (Whitten et al. 2007).

It extends from the thoracic inlet downward to the 
right tracheobronchial angle where the azygos arch is 
located.

Most authors consider 10 mm to be the upper physi-
ological limit for the size of the azygos vein (Whitten 
et  al. 2007; Fraser et  al. 1999; Fleischner and Udis 
1952; Keats et al. 1968).

The right paratracheal line is a major landmark that 
should be systematically studied on all frontal chest 
radiographs; it is one of the most commonly seen 
mediastinal lines or stripes, reported in up to 97% of 

posteroanterior (PA) chest radiographs (Gibbs et  al. 
2007; Giron et  al. 1998; Webb and Higgins 2005; 
Satoru et al. 1999; Neufang and Bülo 1981).

Thickening occurs in case of mediastinal fat prolif-
eration and adjacent hemorrhage.

It is a very valuable sign of trauma because in most 
cases a normal paratracheal line permits the exclusion of 
adjacent hematoma and serious vascular injury (Wright 
2002).

Obliteration occurs by interruption of the air–soft- 
tissue interface between the trachea and the right lung 
and is indicative of right paratracheal lymphadenopa-
thy or local pleural, mediastinal, or tracheal masses 
(Figs. 5.14 and 5.15) (Gibbs et al. 2007; Whitten et al. 
2007; Fraser et  al. 1999; Webb and Higgins 2005; 
Wright 2002). Complete loss of the line occurs in 
consolidation or atelectasis of the right upper lobe or 
in the presence of adjacent pleural fluid (Wright 
2002).

5.4.4 � Left Paratracheal Line

In some normal subjects, the left lung lies adjacent to 
the left tracheal wall, medial to the left subclavian 
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a

c

b

Fig. 5.13  Right paratracheal line or stripe (a, in red). Physiologically 
1–4 mm thick. It extends from the thoracic inlet to the right tracheo-
bronchial angle. It is formed by the tracheal wall, the mediastinal 

tissue and the adjacent pleura (c, MDCT with triplanar reformats, 
red arrows). This is a major landmark that should be checked sys-
tematically on frontal chest radiographs (b, red arrows)
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a

c d

b

Fig.  5.14  This 55-year-old smoker has a peculiar history of 
chronical right cervicobrachialgia for which he had cervical spine 
surgery (vertebroplasty). The frontal chest radiograph (a) shows a 
discrete widening of the superior part of the right paratracheal line 
(b, magnification view, red arrows). Axial Multidetector com-
puted tomography reformats in mediastinal (c) and parenchymal 

(d) windowsettings confirms an infiltrative tumor at the level of 
the thoracic outlet in a paratracheal and paravertebral location; the 
mass has speculated margins toward the adjacent lung. Final diag-
nosis: “Pancoast” tumor; the patient developed Claude-Bernard-
Horner Syndrome

artery, producing a similar stripe to the more common 
right paratracheal line.

The line extends from the reflection of the left sub-
clavian artery downward to the aortic arch and is visi-
ble on a maximum of 31% of PA chest radiographs. Its 
significantly less frequent visibility compared with the 
right paratracheal line can be attributed to the contact 
between the left lung and either the left common 
carotid artery anteriorly or the left subclavian artery 
posteriorly with respect to the higher course of the line 

(Gibbs et al. 2007; Giron et al. 1998; Webb and Higgins 
2005; Proto et al. 1989).

5.4.5 � Retrotracheal Line or Stripe

The retrotracheal line forms the anterior border of the 
retrotracheal space or retrotracheal triangle of Raider, 
with the other borders of this space being the dorsal 
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Fig. 5.15  Retrotracheal 
Stripe (a, in red). It forms 
the anterior border of the 
retrotracheal space or 
retrotracheal Triangle of 
Raider (lateral chest 
radiograph, (d), asterisks); 
the other borders of this 
space are the dorsal spine 
posteriorly, the aortic arch 
inferiorly, and the thoracic 
inlet superiorly. It’s a 
vertical stripe formed by air 
in the trachea and the right 
lung outlining the posterior 
tracheal wall and adjacent 
soft tissues (axial and 
sagittal MDCT reformats,  
(b) and lateral chest 
radiograph, (c), red arrows)

b

a
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c d

Fig. 5.15  (continued)

spine posteriorly, the aortic arch inferiorly, and the 
thoracic inlet at its top (Fig. 5.15).

It is a vertical line seen on lateral films in 50% to 
90% of healthy adults (Neufang and Bülo 1981) and is 
formed by air in the trachea and the right lung outlining 
the posterior tracheal wall and adjacent soft tissues.

It runs from the thoracic inlet to the tracheal bifurca-
tion and normally measures up to 2.5 mm in thickness 
(Gibbs et al. 2007; Wright 2002; Franquet et al. 2002).

The posterior tracheal wall, the intervening soft tis-
sues, and the anterior esophageal wall or collapsed 
esophagus can combine to form the thicker tracheo-
esophageal stripe, which may measure up to 5.5 mm 
(Gibbs et al. 2007; Fraser et al. 1999; Armstrong et al. 
2000; Webb and Higgins 2005; Wright 2002; Franquet 
et al. 2002; Chasen et al. 1984).

Abnormal thickening of the posterior tracheal stripe 
can be attributed to acquired vascular anomalies, post-
traumatic hematomas, esophageal masses, mediastini-
tis, lymphadenopathy, and neoplastic invasions (Gibbs 
et al. 2007; Webb and Higgins 2005).

Abnormal tissue density within the retrotracheal 
space consists of congenital or acquired anomalies of 
the aortic arch and its branches, esophageal lesions, 

enlarged lymph nodes, thyroid masses, lung carci-
noma, and bronchogenic cysts.

Very large masses will completely obliterate the ret-
rotracheal space and the stripe will be completely lost 
because there is no more air-filled lung behind the tra-
chea (Fig. 5.16) (Wright 2002).

5.4.6 � Posterior Wall of the Bronchus 
Intermedius

The posterior wall of the bronchus intermedius appears 
as a line or stripe on the lateral chest radiograph in up 
to 95% of normal subjects (Fig. 5.17). Therefore, it is 
an important landmark in the evaluation of mediastinal 
disease (Gibbs et al. 2007).

It descends vertically or slightly obliquely from the 
origin of the right upper lobe bronchus for 3–4 cm and 
is formed by lung within the azygoesophageal recess, 
outlining the posterior wall of the bronchus interme-
dius projecting through the radiolucency created by 
the course of the left upper lobe bronchus (Wright 
2002).
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a

b

c

Fig. 5.16  Middle-aged woman with a long history of smoking. 
The frontal chest radiograph (a) shows retro-obstructive pulmo-
nary condensation in the upper lobe, volume loss with elevation/
retraction of the hilum, and diaphragmatic elevation; the lateral 
film (b) shows complete obliteration of the retrotracheal triangle 
of Raider by a mass, indicating its location in the posteriorpart of 

the upper middle mediastinum. The sagittal multidetector com-
puted tomography reformats (c,d, oblique arrows) confirm the 
tumor mass in the right upper lobe. Final diagnosis: bronchial 
carcinoma with partial right upper lobe atelectasis and retro-
obstructive pneumonia
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Fig. 5.17  Posterior wall of 
the bronchus intermedius 
(a, in red). It appears as a 
line or stripe on the lateral 
chest radiograph (c, red 
arrow) and is an important 
landmark for the evaluation 
of mediastinal disease. It 
descends vertically or 
slightly obliquely from the 
takeoff of the right upper 
lobe bronchus for 3–4 cm 
and is formed by lung 
within the azygoesophageal 
recess (b, MDCT with 
triplanar reformats, axial 
and sagittal images, red 
arrows), outlining the 
posterior wall of the 
bronchus intermedius 
projecting through the 
radiolucency created by the 
course of the left upper lobe 
bronchus

a

b
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The posterior wall of the trachea, right main bron-
chus, and bronchus intermedius can sometimes merge 
and be seen as one continuous thin band. Normally, its 
thickness measures up to 3 mm.

Band-like thickening by edema is observed in con-
gestive heart failure; irregular nodular thickening is 
indicative of neoplastic invasion by lung carcinoma or 
lymphadenopathy from lymphoma, metastatic disease, 
tuberculosis, and sarcoidosis (Gibbs et al. 2007; Proto 
and Speckman 1979; Schnur et al. 1981).

5.5 � The Posterior Mediastinal 
Compartment

5.5.1 � Azygoesophageal Line

The azygoesophageal or paraesophageal line is situ-
ated behind the heart and the mediastinum and is 
formed by the interface between the air-filled right 
lung and the posterior mediastinal tissue situated 
immediately laterally from the mid and lower third of 
the esophagus (Fig. 5.18). It curves upward with a shal-
low reverse-C or -S contour from the supradiaphrag-
matic region and laterally to the right behind the trachea 

to join the azygos arch and the paratracheal line above 
the azygoesophageal recess (Whitten et  al. 2007; 
Armstrong et al. 2000; Proto 1987; Webb and Higgins 
2005; Wright 2002; Ravenel and Erasmus 2002). It is 
almost always visible on correctly exposed radiographs 
(Webb and Higgins 2005).

It is a major landmark for the localization and the 
detection of pathology in this mediastinal compart-
ment and should always be routinely evaluated on PA 
chest radiographs; a normally defined and situated 
azygoesophageal line gives a good indication of the 
absence of pathology in this mediastinal space.

If the esophagus is airless it is seen as a single line; 
however, if the esophagus contains a sufficient quan-
tity of air, the right esophageal wall may be outlined on 
both sides and the azygoesophageal line may be seen 
as a stripe (Armstrong et al. 2000; Webb and Higgins 
2005; Chasen et al. 1984).

Displacement of the azygoesophageal line is seen 
in the case of lung volume loss with partial or com-
plete collapse of a lower lobe, esophageal dilation, or 
mass; an abscess of the posterior mediastinum; or 
any large posterior mediastinal mass, e.g., a neural 
tumor.

Indeed, the azygoesophageal recess (cfr. infra) also 
has an interface with the middle mediastinum; thus, the 
resulting line can be disrupted by both middle and pos-
terior mediastinal pathology (Fig. 5.19). For example, 
large subcarinal lymph nodes may obliterate the supe-
rior aspect of the line because of the close relationship 
between the subcarinal space and the azygoesophageal 
recess (Whitten et al. 2007; Webb and Higgins 2005; 
Wright 2002).

Total obliteration or loss of the azygoesophageal 
line occurs with massive consolidation or atelectasis of 
the right lower lobe, right posterior pleural effusion, 
and ruptured aortic aneurysm with mediastinal hemor-
rhage and hematoma.

5.5.2 � Azygoesophageal Recess

Anatomically, there are two parts in the azygoe-
sophageal recess: one situated above and one below 
the level of the azygos arch. They represent a space 
formed by the lung lying lateral or posterior to the esoph-
agus and anterior to the spine (Zylak et  al. 1982; 
Armstrong et al. 2000; Wright 2002).

c

Fig. 5.17  (continued)
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a

b

Fig. 5.18  Azygo-
esophageal line (a, in red). 
Situated behind the heart 
and the mediastinum and 
formed by the interface 
between the air-filled right 
lower lobe and the 
posterior mediastinal 
tissue laterally from the 
mid and lower third of the 
esophagus (MDCT with 
triplanar reformats, 
coronal images, b, long 
red arrows). It describes 
an “inverted S” curve and 
joins the azygos arch and 
the right paratracheal lines 
above the azygoesophageal 
recess (MDCT with 
triplanar reformats, axial 
image top right, b, fat red 
arrow). It is a major 
landmark for the 
localization and the 
detection of pathology in 
this mediastinal compart-
ment (frontal chest 
radiograph, c, red arrows). 
A normal line gives a good 
indication of absence of 
pathology in this 
mediastinal space
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Fig. 5.19  Emergency chest radiograph and computed tomogra-
phy of a 33-year-old man with no personal medical history. His 
younger brother had Hodgkin’s lymphoma at the age of 12. He 
complains of having gradually worsening dyspnea for 1 week. 
For 3 days he has had transfixiating chest pain, nausea, and 
vomiting, which were unsuccessfully treated with medication. 
The chest radiograph and the MDCT show a huge mass project-
ing over the right hilar region; the hilar vessels and  the main 
right bronchus are displaced laterally and cranially (a, c, long 

red arrows) and the azygoesophageal line is completely van-
ished (a, d, short red arrows). these findings indicate the cen-
tral mediastinal location of the mass. Contrast-enhanced 
Multidetector computed tomography with axial (e, f) and coro-
nal (c, d, g, h) reformats confirms the central mediastinal loca-
tion of a huge cystic, nonenhancing mass with compression of 
the right main bronchus and the esophagus. Final diagnosis: 
huge bronchogenic cyst (Courtesy Dr. J. Lemaitre, CHU 
Ambroise Paré Mons)

a b

c

Fig. 5.18  (continued)

The upper part is less developed and plays no major 
role in the depiction of pathology.

The lower azygoesophageal recess is much more 
developed and is addressed as “the” azygoesophageal 
recess; it is usually well seen in conditions shown by 
correct X-ray exposure (Fig.  5.18) (Armstrong et  al. 
2000). It is filled by the apex of the right lower lobe 
and its medial boundary is seen as a smooth dextrocon-
vex interface extending below the azygos arch: the 
azygo-esophageal line (cfr. supra).

It is accentuated by deep inspiration; hyperinflation, 
e.g., asthma or emphysema; left lower lobe collapse, 
left pneumonectomy (eventually with herniation of the 
right lung); hyperkyphosis; and senescent conditions.

In the case of large pleural effusions, fluid may dis-
tend and lead to left-sided herniation of the recess, 
which can appears as a medially situated mass (Wright 
2002).
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Fig. 5.19  (continued)
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Hydropneumothorax may produce an air–fluid level 
within the recess and drainage tubes may pass to the 
left of the midline within the recess (Wright 2002).

Displacement of the azygoesophageal recess may 
occur in the case of esophageal masses or dilation; 
for example, achalasia may displace the recess to the 
right (Ravenel and Erasmus 2002). In achalasia, bal-
looning out of the dilated esophagus may occur both 
above and/or below the level of the azygos arch.

Obliteration of the azygoesophageal recess happens 
in two scenarios: (1) anteriorly and medially by right 
paratracheal and/or subcarinal lymph node enlarge-
ment, subcarinal bronchogenic cyst, left atrial hypertro-
phy, and a large hiatal hernia; or (2) posteriorly by 
esophageal dilatation, (e.g., achalasia), esophageal can-
cer, hiatal hernia, enlarged paraesophageal lymph 
nodes, and para- or prevertebral masses (Gibbs et  al. 
2007; Proto 1987; Wright 2002; Ravenel and Erasmus 
2002).

On the lateral chest radiograph, the lung in the azy-
goesophageal recess outlines the posterior wall of the 
right main and intermediate bronchi, forming the inter-
mediate bronchus stripe (cfr. 5.4.6.); this stripe may be 
thickened or obliterated by various diseases, e.g., 
enlarged lymph nodes, tumors, lung consolidation, and 
congestive heart failure.

5.5.3 � Posterior Junction Line or Stripe

Similar to the anterior junction anatomy, the posterior 
junction anatomy includes the posterior junction line 
(PJL) together with its superior and inferior recesses.

The left and right lungs may be in contact with 
each other, giving a sagittal–pleural interface consist-
ing of the four pleural layers anterior to the upper dor-
sal spine and posterior to the esophagus, thus forming 
the PJL (Fig.  5.20) (Gibbs et  al. 2007; Proto 1987; 
Giron et al. 1998; Webb and Higgins 2005; Proto et al. 
1983).

Compared with to the anterior junction line, the PJL 
extends cranially above the sternoclavicular notch 
toward the root of the neck (Gibbs et al. 2007; Whitten 
et al. 2007; Proto 1987; Wright 2002). It sweeps down 
from the apices toward the midline behind the tracheal 
air shadow at the level of D3–D5 either vertically or 

very slightly obliquely to the left until it splits and is 
reflected over the posterior aortic arch on the left and 
over the azygos vein on the right. It has been reported 
on approximately 30–40% of PA chest radiographs 
(Giron et  al. 1998; Webb and Higgins 2005). The 
position of the line with respect to the midline is 
variable.

The superior recess is formed by the two lungs 
approaching the mediastinum in front of the vertebral 
bodies D1 and D2.

The inferior recess is formed by the lungs diverg-
ing from the midline and may present asymmetrically; 
the right inferior recess is usually situated lower than 
the left.

The thickness of the PJL varies from paper thin to a 
maximum of about 2 mm (Webb and Higgins 2005). 
The line itself may appear as a stripe up to 1 cm thick 
when widened by fat or when the esophagus is situated 
within the stripe (Gibbs et al. 2007; Webb and Higgins 
2005; Wright 2002).

When the esophagus is situated at the anterior 
part of the line, the PJL can as such be regarded as 
the “mesentery” of the upper esophagus (Fig. 5.21) 
(Armstrong et al. 2000; Wright 2002).

The stripe can be physiologically spread by a fluid- 
or air-filled esophagus when it is situated within the 
stripe.

When air is present in the esophageal lumen, two 
stripes representing the air-outlined esophageal walls 
may be visible; these are referred to as the right and 
left (pleuro)esophageal stripes (Webb and Higgins 
2005).

Thickening can be the only manifestation of pleural 
involvement in individuals who have been exposed to 
dust (Wright 2002). Progressive thickening is a posi-
tive indicator of active pleural disease (Wright 2002). 
Grossly pathological thickening can be due to medi-
astinal abscess or hematoma.

Pathological bulging of both the V-shaped superior 
and inferior recesses can be caused by overlying 
(supra)aortic mediastinal masses, e.g., lymphadenopa-
thy, aneurysms, and neurogenic tumors (Gibbs et  al. 
2007).

Esophageal pathology also evidently affects the 
presentation of the stripe, but because of the variable 
presentation of the stripe, it remains of limited diag-
nostic utility and caution is needed in its interpretation 
(Webb and Higgins 2005).
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Fig. 5.20  Posterior junction 
line, (a, in red). It is formed 
by the contact of the 
posterior aspects of the left 
and right lungs behind the 
esophagus creating a sagittal 
pleural interface (MDCT 
with triplanar reformats, axial 
and coronal images top and 
bottom right, b, red arrows). 
Contrary to the anterior 
junction line, it extends 
cranially above the sterno-
clavicular notch (Frontal 
chest radiograph, c, red 
arrows). The position of the 
line with respect to the 
midline is variable

b

a
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5.5.4 � Para-aortic Line

The para-aortic line follows the descending aorta on 
the left side. It is formed by the interface with the aer-
ated left lower lobe and is seen below the aortic arch, 
roughly parallel to the paravertebral line, extending 
down to the diaphragm (Fig. 5.22) (Webb and Higgins 
2005). Like the paraesophageal and right paratracheal 
line, it constitutes a major anatomical landmark in the 
mediastinal anatomy and is seen on most chest radio-
graphs (Webb and Higgins 2005).

The para-aortic line is accentuated in cases of dorsal 
hyperkyphosis, tortuosity of the aorta, and emphysema.

Displacement of the para-aortic line occurs in 
case  of aortic aneurysm and para-aortic hematoma 
(Fig.  5.23), (para)spinal masses, significant lymph 
node enlargement, and neurogenic tumors, e.g., sym-
pathetic chain neurinoma (Wright 2002).

Fig. 5.21  Posterior junction 
line. The line itself may 
appear as a stripe when 
widened by fat or the 
esophagus. The anterior end 
of the line can be regarded as 
the “mesentery” of the upper 
esophagus (MDCT with 
triplanar reformats, red 
arrows)

Fig. 5.20  (continued)

c
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Fig. 5.22  Para-aortic line. 
The para-aortic line (a, in red) 
follows the descending aorta 
on the left side. It is formed 
by the interface with the 
aerated lower left lobe 
(MDCT with triplanar 
reformats, b, red arrows). 
Like the paraesophageal line, 
it constitutes a major 
anatomical landmark that 
should be systematically 
checked on every frontal chest 
radiograph (c)

a

b
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Loss of the para-aortic line is usually due to con-
solidation or atelectasis of the left lower lobe and pos-
terior pleural effusion or abscess in the posterior left 
lower lobe (Wright 2002).

Lesser or invisible para-aortic line is also noted in 
cases of pectus excavatum and in thin patients who 
have a narrow anteroposterior diameter of the chest in 
whom the aorta tends to be “burried” deep in the medi-
astinum (Wright 2002).

Sometimes a small nodular opacity is visible at the 
margin of the aortic arch on frontal chest radiographs, 
called the aortic nipple. It is the radiological represen-
tation of the left superior intercostal vein as it runs 
anteriorly around the aortic arch before joining the left 
brachiocephalic vein.

The aortic nipple is usually found in normal, 
healthy patients (from 1.4% to 9.5%) (Worrell et al. 
1992; McDonald et al. 1970; Hatfield et al. 1987) and 
is of limited clinical significance when it appears as a 
normal variant. CT scans show the left superior inter-
costal vein connecting with the accessory hemiazy-
gous vein.

In certain conditions, the aortic nipple can become 
enlarged as a result of collateral flow and can mimic 
lymphadenopathy or aortic aneurysm (Worrell et al. 
1992; Carter et al. 1985; Hatfield et al. 1987). It may 
be enlarged with an increase in venous flow, such as 
when maintaining a recumbent position, portal venous 

hypertension, or congenital anomalies of the caval, 
azygos, or hemiazygos circulation (Fig. 5.8).

Enlargment may also, occur with increased venous 
resistance, as in congestive heart failure, Budd Chiari 
syndrome, vena cava obstructions, or obstruction of 
the left brachiocephalic vein (Fig. 5.24).

5.5.5 � Preaortic Line and Recess

In many subjects, the left lower lobe extends in front of 
the descending aorta into the aortopulmonary window 
behind the left lower lobe bronchus and behind the 
heart, forming a recess and a straight line extending 
down as low as D10 (Wright 2002).

It is the analog of the azygoesophageal recess and 
line on the right side but is usually thinner and less 
well seen (Webb and Higgins 2005). It can be useful in 
the diagnosis of esophageal and aortic lesions; a con-
vex deviation of the inferior portion of this line can 
indicate the presence of a hiatal hernia or aneurysm.

The preaortic recess is accentuated in emphysema 
with tortuosity of the aorta and by dorsal hyperkypho-
sis (Wright 2002).

5.5.6 � Paraspinal Lines

Paraspinal lines are formed on both sides by the tan-
gential contact of the lungs and the pleura with the 
posterior paravertebral soft tissues (Fig. 5.25) (Gibbs 
et al. 2007).

The right paraspinal line appears straight and runs 
vertically from the lower dorsal spine at the level of the 
8th to the 12th thoracic vertebra and merges with the 
shadow of the diaphragmatic crus (the diaphragmatic 
crura blend with the anterior longitudinal ligament of 
the spine) (Wright 2002).

The left paraspinal line also extends vertically from 
the aortic arch to the diaphragm, merging with the 
crus. It usually lies medially to the lateral wall of the 
aorta, which forms the para-aortic line, but depending 
on the amount of mediastinal fat it can sometimes be 
located more laterally along the lower intrathoracic 
course of the aorta. It is also closely related to the 
hemiazygos vein (Webb and Higgins 2005).

Because of the presence of the descending aorta, 
the left paraspinal line is seen approximately twice as 

c

Fig. 5.22   (continued)
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a

c d

b

Fig. 5.23  Routine chest radiograph of a 57-year-old male patient 
with a long clinical history of atheromatous vascular disease. 
Follow-up frontal chest radiographs show a progressive widen-
ing/displacement of the lower third of both para-aortic lines 

(a, b  red arrows). Multidetector computed tomography with 
coronal (c) and axial (d) reformats shows a saccular aneurysm of 
the lower thoracic aorta

often as the right (40% vs. 20%) (Gibbs et al. 2007; 
Whitten et al. 2007; Armstrong et al. 2000; Webb and 
Higgins 2005; Satoru et al. 1999).

The left paraspinal line and the para-aortic line 
should be clearly distinguished from each other; a 
paraspinal mass could obliterate the paraspinal line 
while the interface with the aorta and the left lower 
lobe is still visible (Gibbs et al. 2007).

Abnormal contours or displacement can be caused 
by benign entities like osteophytes and proliferation 
of mediastinal fat. This can also be caused by aortic 
tortuosity or aneurysm, hemiazygos vein enlargement, 

posterior mediastinal mass, hematoma, extramedullary 
hematopoiesis, or esophagogastric lesions and abscesses 
(Fig. 5.26) (Gibbs et al. 2007; Proto 1987; Giron et al. 
1998; Webb and Higgins 2005; Proto et al. 1983).

It should be noted that the paraspinal lines also con-
tinue their course inferior to the diaphragm.

The thoracoabdominal or iceberg sign is present when 
a lower mediastinal paravertebral thoracic mass extend-
ing inferiorly in the abdomen moves away from the spine, 
with its lower border no longer clearly delineated from 
the soft tissue shadow below the diaphragm. This means 
that the lesion is definitely thoracoabdominal.
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a

c

e

d

b

Fig.  5.24  Patient with known metastatic malignancy who had 
radiotherapy of the chest. Follow-up chest radiograph (a) with 
magnification view (b, red arrow) suggested a small nodular 
opacity projecting along the lateral border of the aortic arch, 
“aortic nipple.” It represents the left superior intercostal vein as it 

runs around the aortic arch before joining the left brachiocephalic 
vein. Axial computed tomography scans(c, d, e, red arrows) 
show the left superior intercostal vein (with intraluminal throm-
bus, probably after radiotherapy) connecting with the accessory 
hemiazygous vein
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Fig. 5.25  Paraspinal lines (a, in red) are formed on both sides 
by the tangential contact of the lungs and the pleura with the 
posterior paravertebral soft tissues (MDCT with triplanar refor-
mats, coronal image bottom right, red arrows) (b). They are 

major anatomical landmarks on every conventional frontal 
radiograph (c); abnormal contours or displacement can be 
caused by varied benign or malignant entities

b

a

c
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Fig.  5.26  Routine chest radiograph of a young patient with 
medical history of tuberculosis and recent back pain. Frontal 
chest radiograph shows bilateral widening/displacement of both 
paraspinal lines (a, small black arrows) Contrast enhanced axial 
computed tomography (b) and sagittal magnetic resonance 
imaging+Gd (c) show extensive vertebral damage (large black 
arrows) and paraspinal soft tissue component and abcess (black 

asterisks). Final diagnosis: cervicothoracic or iceberg sign in a 
patient with Pott’s disease. If a mass with thoracoabdominal 
extension is sharply demarcated from the diaphragm and the 
abdominal soft tissues, it must have a mediastinal origin (cervi-
cothoracic or iceberg sign); in the reverse situation (+ silhouette 
sign with the diaphragm and abdominal soft tissues), it is an 
abdominal mass extending cranially

a

c

b
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Conversely, a lower mediastinal mass with a similar 
topography but with an inferoexternal contour rejoin-
ing the spine is entirely intrathoracic – supradiaphrag-
matic (Fig. 5.26) (Felson 1973; Remy et al. 1981).
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6.1 � Introduction

Ever since Röntgen X-rays began being used for diag-
nostic purposes, radiologists have been looking at 
images of the heart, either intentionally or during 
review of a conventional chest radiograph. A chest 
radiograph is nearly always one of the first imaging 
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Abstract

Routinely visible imaging features of the heart ››
are many times underappreciated by general 
radiologists, often due to a lack of specific 
radiological training. Nevertheless, the increas-
ing use of CT for evaluation of the heart and 
coronary arteries offers a unique opportunity to 
revisit the imaging findings of this organ, cor-
relating CT and conventional radiograph imag-
ing findings. As such, common semiologic 
findings can be reevaluated, with the combina-
tion of imaging modalities providing a better 
understanding of important pathophysiological 
processes. Eventually, this can lead to a better 
and more complete radiological report, enhanc-
ing the role of the general radiologist in the 
detection and management of cardiac diseases.
Therefore, it is the aim of this chapter to pro-››
vide the reader a better understanding on how 
the heart shadow on conventional radiographs 
is actually composed, and to provide a over-
view of the most encountered normal and 
abnormal findings when studying the heart 
using CT and conventional radiographs.
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modalities performed in the evaluation of suspected 
heart disease. Nevertheless, on many occasions the 
cardiac findings are not systematically reviewed by 
many radiologists; only a vague assessment of cardiac 
size (the so-called “cardiothoracic ratio”) is given in 
the final report.

Many excellent textbooks and review articles exist 
about the semiology of the heart and great vessels on 
standard chest radiographs, both in the normal and car-
diac patient (Boxt 1999; Boxt et  al. 1994; Higgins 
1992). Furthermore, there have also been some reviews 
correlating plain film chest radiographs and cardiac 
magnetic resonance imaging (MRI) (Baron 2001; 
Duerinckx 2004).

In recent years there has been an enormous interest in 
the noninvasive evaluation of the coronary arteries using 
16- and now up to 320-slice computed tomography 
(CT). This also means that many general radiologists 
are now becoming involved in routine imaging of the 
heart in mainstream practices, outside specialized aca-
demic centers. Though most of the attention has focused 
on the evaluation and validation of computed tomogra-
phy angiography (CTA) of the coronary arteries, general 
heart morphology is rarely systematically reviewed. 
Nevertheless, normal variants and pathologic morpho-
logical findings are frequently encountered during a 
CTA of the coronary arteries, as well as during CT of the 
chest that may be performed for unrelated reasons.

Therefore, the current state of noninvasive cardiac 
imaging offers a unique opportunity to review cardiac 

pathology using both conventional radiographs and 
multislice CT (MSCT) imaging. Furthermore, it helps 
to increase the knowledge of pathophysiological mech-
anisms involved in commonly encountered cardiac dis-
eases, therefore increasing detection and eventually the 
value of the radiology report.

6.2 � Anatomy Revisited

6.2.1 � Review of Basic Anatomy 
Radiographs/CT Correlation

Multiple textbooks and dedicated reviews exist about 
the anatomy of the heart and great vessels on conven-
tional chest radiographs (Boxt 1999; Boxt et al. 1994; 
Lipton and Boxt 2004; Higgins and Webb 2005). 
However, some anatomic issues can be better under-
stood when comparing the chest radiograph findings 
with a multiplanar imaging modality like CT or MRI 
(Duerinckx 2004; Baron 2001).

Different anatomic structures contribute to the con-
tours of the cardiac silhouette on a frontal and lateral 
projection (Table  6.1). When comparing a routinely 
acquired frontal posteroanterior chest radiograph with 
a coronal reformatted CT image, some key anatomic 
issues become apparent. First, the left border of the 
cardiac radiograph shadow is mainly formed by the 

Most prominent anatomic structures 
contributing to the heart shadow contour

Frontal projection Lateral projection

Left border Distal portion of the aortic arch
Main pulmonary artery
Left atrial appendage
Lateral wall of the left ventricle

Right border Superior vena cava
Lateral wall of the right atrium
Inferior vena cava
Pars ascending aorta (when dilated)

Anterior border Right ventricle
Main pulmonary artery
Ascending aorta

Posterior border Superimposing pulmonary veins
Left atrium
Left ventricle
Inferior vena cava

Table 6.1  Anatomic outline of the heart on chest radiographs
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slightly convex lateral wall of the left ventricle, with 
contributing shadows from the distal portion of the 
aortic arch, the main pulmonary artery, and the left 
atrial appendage. The right border is mainly composed 
by the convex lateral wall of the right atrium and the 
contour of the superior vena cava (Fig. 6.1a).

This implies that the frontal cardiac shadow does 
not usually reflect the (size of the) left atrium and right 
ventricle. It also means that the cardiothoracic ratio, 
initially developed to evaluate left ventricular dilata-
tion, has its limitations as an initial indicator of overall 
heart size because it does not take all chambers’ sizes 
into account. Furthermore, Rose et al. stated that an 
increase in volume of up to 66 % of the left ventricle is 
needed for the cardiothoracic ratio to reliably detect 
left ventricular enlargement (Rose and Stolberg 1982) 
Therefore, it is best suited for follow-up of known 
heart disease because a normal cardiothoracic ratio 
does not exclude heart chamber dilatation.

The lateral chest radiograph mostly reflects the con-
tours of the right ventricle anteriorly and the left atrium 
posteriorly (Fig. 6.1b). Opposite of what is seen on the 
frontal chest view, the left ventricle and the right atrium 
occupy a more central position in the cardiac shadow, 
and therefore do not routinely contribute to the global 
heart shadow contour. Normally, the retrosternal space 

remains free of any structures but becomes opacified 
as the right ventricle significantly dilates.

Evaluation of heart chambers on axial CT images 
is less straightforward than it may seem because the 
true axis of the heart is somewhat oblique and varies 
among patients. When evaluating chamber dimen-
sions on plain axial images, cardiac chambers and 
structures may appear distorted and wrong assump-
tion of size may result. Therefore, when evaluating 
heart morphology it is almost mandatory to be famil-
iar with the common imaging planes of the heart 
which are used in MRI and echocardiography. These 
views provide a structural way to assess global heart 
morphology and atrioventricular relations and facili-
tate comparison of the CT imaging findings with other 
imaging modalities. The most commonly used imag-
ing planes in a practical matter are the two-chamber 
view (both long and short axis) and the four chamber 
view (Fig. 6.2).

The coronary arteries are, under normal circum-
stances, not visible on conventional chest radiographs. 
Their location can become apparent when extensive 
coronary calcification or a coronary stent is present. 
Nevertheless, even calcified coronary arteries can be 
very difficult to visualize (Mahnken et al. 2007; Souza 
et  al. 1978). Today, both electron-beam and 

a b

Fig. 6.1  Composite image of a conventional frontal (a) and lat-
eral (b) chest radiograph and an multidetector computed tomog-
raphy of the same patient. The contribution of the heart chambers 

to the cardiac contours in the frontal and lateral view is much 
better illustrated
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a

c

b

Fig.  6.2  Contrast-enhanced multidetector computed tomogra-
phy images. Standardized views to look at the heart are illus-
trated. (a) Four-chamber view. (b) Two-chamber view long axis. 
(c) Two-chamber view short axis. These images are oriented 
along the actual long and short axis of the heart, and as such are 

better suited to evaluate heart morphology. The colors indicate 
the different irrigation areas of the coronary arteries: Left ante-
rior descending (LAD) (blue), LAD-left circumflex (LCX) 
(green), LCX (yellow), and right coronary artery (red)

conventional MSCT are far better suited to both detect 
and quantify coronary artery calcifications (Becker 
et al. 1999) (Fig. 6.3).

Like the coronary arteries, the different heart 
valves are normally not visible on a conventional 
chest radiograph. Their position can be assessed 
when extensive calcification is present or when the 

patient has one or more prosthetic valves (Fig. 6.4). 
The most easily detected calcified valvular structure 
on plain chest film is the annulus of the mitral valve 
(Fig.  6.5). Due to the restrosternal location of the 
aortic valve, calcifications are very difficult to assess 
on chest radiographs, but easy to evaluate with MSCT 
(Fig. 6.6).
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Fig.  6.3  Coronary artery calcifications. (a and b) frontal and 
lateral chest radiographs. (c–e) Coronal and sagittal maximum 
intensity projection computed tomography (CT) images. Even 
extensive coronary calcifications can be difficult to see on chest 

radiographs (a and b). These calcifications are nevertheless eas-
ily seen on CT images, where left anterior descending (black 
arrow), left circumflex (open arrow), and right coronary artery 
calcifications (gray arrow) can be identified

a b

d

e

c
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a b

c d

Fig. 6.4  Tricuspid valve prosthesis in a young woman. (a and b) 
frontal and lateral chest radiographs. (c and d) Coronal and sag-
ittal reformatted computed tomography images. The position of 

the tricuspid valve can best be evaluated when it is replaced by a 
prosthesis, as in this case, where valve replacement was indi-
cated after valve destruction due to infectious endocarditis
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b

c d

a

Fig. 6.5  Extensive annular mitral valve calcification in a 52-year-
old man. (a and b) frontal and lateral chest radiographs. (c and 
d) Coronal and sagittal reformatted computed tomography 

images. Extensive calcifications along the fibrous annulus of the 
mitral valve can be seen (arrow)
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6.2.2 � Imaging Anatomy  
of the Left Ventricle

When describing specific portions of the heart and left 
ventricle, several anatomic reference terms are used that 
are often unfamiliar to many radiologists who are not 
involved in cardiac imaging. The left ventricle is subdi-
vided in to three main segments: the apical, middle, and 
basal segments (Fig.  6.7). The basal and middle seg-
ments are further subdivided into anterior, anterolateral, 
posterolateral, posterior, posteroseptal, and anteroseptal 
subsegments. The apical segment is divided into anterior, 

lateral, inferior, and septal subsegments. This standard-
ized and widely used segmentation of the left ventricle in 
17 myocardial segments (16 + apex) has been introduced 
by the American Heart Association (Cerqueira et  al. 
2002). These different anatomic landmarks also partially 
reflect the distribution of irrigation of the myocardium 
by the coronary arteries and are applied in for example, 
the further specification of myocardium infarcts. As 
such, when speaking, for example, about a so-called 
“anterior infarct,” it is meant that the infarct occurred in 
the anterior wall of the left ventricle, often indicating a 
significant lesion in the left anterior descending artery.

a b

c d

Fig. 6.6  A 63-year-old man with extensive aortic valve degen-
eration. (a and b) frontal and lateral chest radiographs. (c and d) 
Coronal and sagittal reformatted computed tomography (CT) 
images. The CT images reveal extensive clunky calcifications in 

the aortic valve leaflets (c and d). Nevertheless, these calcifica-
tions remain difficult to see on the conventional radiographs 
(a and b, arrow)
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a b

Fig.  6.7  Contrast-enhanced multidetector computed tomogra-
phy anatomy of the left ventricle. (a) Four-chamber view. (b) 
Two-chamber view short axis. The different anatomic segments 
of the left ventricle are reviewed. The four-chamber view shows 

the apical (red), middle (blue), and basal (green) segments. The 
anatomic orientation on the two-chamber short axis view is fur-
ther illustrated on the two-chamber view

6.3 � Heart Chamber Evaluation

6.3.1 � General Characteristics

Chamber dilatation can be difficult to assess on conven-
tional chest radiographs. An initial evaluation could be 
initially directed to signs of left atrial dilatation, fol-
lowed by ventricular assessment (Higgins and Webb 
2005). Nevertheless, it can be very difficult to impos-
sible to correctly identify the type of ventricular enlarge-
ment on radiographs alone (Higgins and Webb 2005).

As previously stated, chamber dilatation can occur 
even in patients who have a normal cardiothoracic 
ratio. Nevertheless, this measurement can be used in 
the initial heart size evaluation to make a first distinc-
tion between “small” heart and “big” heart disease 
(Higgins and Webb 2005). “Small” heart disease (nor-
mal cardiothoracic ratio) is mostly associated with 
pressure overload and reduced ventricular compliance; 
“big” heart disease usually has an underlying 
pathophysiology of volume overload or myocardial 
failure (Higgins and Webb 2005). Pericardial effusion 
can also be encountered in this group.

Other patient-related factors such as sex, age, and 
especially body height of the individual can also have 
a slight influence on atrioventricular dimensions 
(Vasan et  al. 1997). Though there are no multiple 

studies with large series measuring the dimensions of 
the different cardiac chambers and myocardial wall on 
CT, a study has appeared that derived mean values for 
cardiac dimensions, volumes, function, and mass using 
CT in a normotensive, nonobese population free of 
cardiovascular disease (Lin et al. 2008).

Besides its contour, the myocardial wall is not 
directly visible on a chest radiograph unless calcifica-
tions are present (e.g., old myocardial infarction). The 
thickness of the myocardium varies with the heart 
cycle, reaching its minimum thickness at the end of the 
diastolic phase and its maximum during systolic phase. 
The myocardium thickness is commonly measured at 
the interventricular septum in the end-diastolic phase. 
As a general rule, the average thickness must not 
exceed 10 mm, but nevertheless can be considered as 
being between normal limits up to 11 mm in large indi-
viduals. Every measurement of 12  mm or higher is 
considered abnormal.

Although CT is better suited and more sensitive in 
the evaluation of chamber size because of its intrinsic 
slice-based imaging nature, CT images must be inter-
preted with caution in non-electrocardiogram (ECG) 
gated acquisitions. The lack of ECG-gating may result 
in portions of the scan being acquired, for example, in 
the systolic phase of the heart cycle. As such, the left 
ventricular myocardium may appear thicker, thereby 
mimicking hypertrophic changes.
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6.3.2 � Evaluation of Pathology with 
Normal Chamber Dimensions

Some heart conditions have no or only minimal impact 
on overall chamber size because of the nature of the 
underlying pathophysiological process or the pres-
ence of only minimal changes during the initial stage 
of disease.

Given the projection nature of conventional radio-
graphs, they do not directly provide information about 
the thickness of the myocardium. Therefore, the heart 
shadow in conventional chest radiographs is often nor-
mal in conditions of slight or moderate myocardium 
thickening without obvious chamber dilatation. This 
can be the case in, for example, left ventricular hyper-
trophy (Fig. 6.8), an often-encountered heart condition 

a b

c

Fig. 6.8  A 52-year-old man with known arterial hypertension. 
(a) Conventional chest radiograph. (b and c) Contrast-enhanced 
multidetector computed tomography (MDCT) with four- and 
two-chamber views. The frontal chest radiograph (a) shows no 

abnormalities. The MDCT images (b and c) clearly show a 
uniformly thickened hypertrophic left ventricular wall, as seen 
in concentric left ventricular hypertrophy
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with global, often concentric increase of the left ven-
tricular mass most commonly due to arterial hyperten-
sion or valvular stenosis-regurgitation. On the other 
hand, CT is very well-suited to depict the concentric 
hypertrophic thickening of the left ventricle.

6.3.3 � Left Heart Imaging

As previously discussed, the left atrium is often best 
appreciated on the lateral chest radiograph, but impor-
tant clues of atrial enlargement can often be seen on 
the frontal view. In this projection, the left atrium is, 
under normal conditions, not very clearly visible 
because it occupies a rather central position and is 
therefore often obscured by other overlying cardiac 
structures and the spine. When atrial dilation occurs, 
known signs can be seen on conventional chest radio-
graphs. These signs are better understood when the 
position of the left atrium is correlated with the sur-
rounding structures using the better spatial relationship 
possibilities of MSCT.

The left atrium is only going to contribute to the 
frontal heart shadow projection when it is significantly 
increased in size. When the left atrium is significantly 
dilated, it will mainly extend in a laterolateral fashion, 
with a more prominent shadow of the left atrial 

appendage on the frontal projection. This leads to an 
additional bulge of the left heart contour, just under the 
level of the main pulmonary artery (Fig. 6.9). Further 
atrial enlargement can also lead to a “double density” 
on the right and/or left cardiac border as it extends into 
the adjacent lung.

Splaying of the carina is explained because the left 
atrium lies below this anatomic structure. When exten-
sive atrial dilation occurs, it compresses the carina 
from the inferior, increasing the angle between the 
main bronchi (Fig. 6.10). This can be appreciated on 
coronal CT views but can be less evident on chest 
radiographs when left atrial dilation is not extensive.

The left border of the cardiac shadow is mainly 
composed of the left ventricle. When this ventricle 
increases in size, it will do so by extending the apical 
shadow in a (left) lateral, inferior, and posterior way. 
Furthermore, the apex will acquire a more rounded 
morphology. These signs are more prominent as the 
left ventricle increasingly dilates.

The left ventricle can globally increase in size due 
to increased volume or pressure, or as a result of an 
underlying cardiomyopathy. However, it can also dilate 
as a consequence of changed wall kinetics after a myo-
cardial infarction. In such a case, the dilation can be 
regional according to the affected area of diminished 
perfusion. This can lead to a dilation of the apex of the 
left ventricle after an anterior infarction (Fig.  6.11). 

a b

Fig. 6.9  A 63-year-old man with left atrial dilation. (a) Frontal 
conventional chest radiograph. (b) Coronal reformatted contrast-
enhanced multidetector computed tomography. The frontal chest 

radiograph reveals an additional bulge on the left heart contour 
(a, arrow), corresponding to an enlarged left atrial appendage in 
left atrial dilatation (b, arrow)
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Fig.  6.10  A 71-year-old woman with cardiomegaly and right 
heart failure. (a and b) Conventional chest radiograph.  
(c–f) Contrast-enhanced multidetector computed tomography 
(MDCT). The conventional chest X-ray shows a clear dilation of 
the whole heart, with a double contour on the right cardiac 
shadow produced by an enlarged left atrium (arrows indicate left 

atrial contour). Note also the almost complete retrosternal 
opacification on the lateral chest view, compatible with right 
heart (ventricular) dilatation. The MDCT images confirm among 
others a prominent biatrial dilation (c–f), which contributes to 
the prominent right heart border and produces the double con-
tour (dashed lines)

a b

c d

The apex can also calcify and become easily detect-
able on chest radiographs as these calcifications 
become more extensive (Fig. 6.12).

One of the drawbacks of conventional chest radio-
graphs is that it mainly depicts the contours of cardiac 

structures. As such, it does not provide sometimes 
vital diagnostic information (Fig. 6.13). In contrast, 
CT is very well-suited to evaluate the thickness, struc-
ture, and contrast enhancement of the ventricular 
wall.
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a b

Fig.  6.11  A 54-year-old man with left ventricular dilalation 
secondary to an old anterior myocardial infarct. The images 
show leftward extension of the cardiac shadow (a), with left 

ventricular dilatation on the multidetector computed tomogra-
phy image (b), corresponding to extensive wall thinning and 
apical dilatation after myocardial infarction

e f

Fig. 6.10  (continued)
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a b

c d

Fig. 6.12  A 63-year-old man with an old apical infarction. (a 
and b) Conventional chest radiograph. (c) Contrast-enhanced 
multidetector computed tomography (MDCT) image. The con-
ventional chest radiographs reveal a semicircular calcification at 

the level of the left ventricular apex (a and b). The MDCT images 
show an old calcified apical infarction with extensive wall thin-
ning and prominent mural thrombus due to severely diminished 
wall motion (c and d)
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6.3.4 � Right Heart Imaging

Analysis of right ventricular volume and function is an 
essential part of the detection and management of both 
congenital and acquired heart disease. It reflects 
changes in abnormal pressure or volume encountered 
in conditions like right ventricular outflow obstruction 
or intracardiac shunts, and in pulmonary pathology 
like pulmonary hypertension and vascular abnormali-
ties (Greil et al. 2008). Though echocardiography and 
MRI are also widely used in the evaluation of the right 
heart, there is still an important role for conventional 
chest radiographs in the follow-up of right heart pathol-
ogy. Furthermore, visible abnormal findings in the 
right heart often go undetected and underreported on 
chest and cardiac CT due to lack of knowledge.

As previously stated, the right border of the cardiac 
contour on a frontal chest radiograph is mainly formed 
by the right atrium. Under normal conditions, the right 
ventricle does not contribute to this image unless it is 
significantly dilated. When the right border of the car-
diac silhouette enlarges, one must first consider right 
atrial enlargement, especially when the right border is 
more than 5  cm from the midline on a frontal chest 
radiograph (Chen 1997). One must, however, keep in 
mind that both left and right atrial dilation often coex-
ist. In analogy with the left heart, a double contour 
formed by the left and the dilated right atrium can 
sometimes be appreciated on the frontal chest radio-
graph (Fig. 6.10).

When right heart dilation is present, it is usually be 
more evident on the lateral chest view because the 

a

c

b

Fig. 6.13  (a) Conventional frontal chest radiograph and (b and 
c) contrast-enhanced multidetector computed tomography 
(MDCT) in a 24-year-old man with a nonspecific dilatation of 
the left ventricle (a). MDCT confirms the left ventricular 

dilation, but also shows the enlarged myocardium with a promi-
nent trabecular morphology (b and c), compatible with a 
noncompaction cardiomyopathy
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right ventricle enlarges superiorly and anteriorly, 
obscuring the retrosternal space (Fig.  6.10). Other 
signs on the frontal projection include dilation of the 
pulmonary trunk, increased convexity of the left upper 
cardiac contour, and elevation of the cardiac apex 
(Cook et al. 2007; Chen 1997).

Because the myocardial wall of the right ventricle is 
not visible on conventional chest radiographs, CT is 

much better suited than conventional radiographs to 
detecting initial changes of increased wall thickness. 
Therefore, though the signs of, for example, pulmo-
nary arterial hypertension are already visible on a chest 
radiograph, CT will additionally detect the hypertro-
phic changes of the myocardium (Fig. 6.14).

The right heart can reflect abnormalities in the pul-
monary vasculature. This can be acquired conditions 

Fig. 6.14  A 65-year-old woman with pulmonary hypertension. 
(a and b) Conventional chest radiograph. (c and d) Contrast-
enhanced multidetector computed tomography (MDCT). The 
conventional chest radiograph (a and b) shows prominent 

dilation of the pulmonary arteries but no obvious sign of right 
heart dilation. The MDCT images additionally reveal a thick-
ened wall of the right ventricle (c and d, arrow) without 
concomitant dilation

a b

c d
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like pulmonary embolism with subsequent acute or 
chronic right heart failure, but it can also have a con-
genital vascular etiology like a partially anomalous 
pulmonary venous connection. In such conditions, 
findings on chest radiographs are fairly nonspecific, 
but CT is excellent at showing both the vascular 

abnormalities and the morphological effect on the 
right heart chambers. Finally, a dilated pars ascending 
aorta can also contribute to an outward bulge of the 
right upper heart contour, a sign suggestive of under-
lying degenerative or congenital aortic valve disease 
(Fig. 6.15).

Fig. 6.15  A 32-year old man with a bicuspid aortic valve. (a 
and b) Conventional chest radiograph. (c and d) Contrast-
enhanced multidetector computed tomography (MDCT) images. 
The frontal chest radiograph (a) reveals an outward bulge of the 

right upper heart contour (arrow). The MDCT images (c and d) 
clearly show a dilated ascending aorta, which causes this addi-
tional shadow (arrow)

a b

c d



148 R.A. Salgado

6.4 � Other Pathology

6.4.1 � Calcifications

Cardiac calcifications are often helpful in assessing car-
diac disease because they help to localize and identify 
anatomic structures like valves and the pericardium, and 
they can be a marker for specific diseases. Most visible 
calcifications are of a dystrophic nature, secondary to a 
previous inflammatory process like rheumatic mitral 
stenosis or as a result of myocardial infarction and scar 
formation. They can also appear as a sign of degeneration 
secondary to the wear and tear of a (congenitally) mal-
formed structure like a bicuspid aortic valve. The shape 
or character of the calcifications can be helpful in deter-
mining its origin.

The visibility of calcifications on plain film depends 
on many factors, both technique related and patient 
related (Gowda and Boxt 2004). Plain films of the chest 
are primarily designed for visualization of the lung 
parenchyma and provide less detail of bone and calcium 
compared with a dedicated examination. In this respect, 
fluoroscopy is better in visualizing calcifications, with 
better dynamic imaging possibilities. The technical 
quality of the conventional chest radiograph and the cir-
cumstances in which it was acquired are also relevant; 
for example inadequately penetrated films or bedside 
taken chest films in the intensive care unit are less suit-
able to detect small calcifications, for obvious reasons. 
Finally, the calcifications have to be large enough and/or 
present in sufficient quantities and in a convenient loca-
tion to be reliably detected during a routine chest plain 
film examination.

Valvular calcifications can be detected on chest 
radiographs but are more easily visualized with CT. 
The most commonly encountered calcifications are 
found in the aortic valve leaflets and the annulus of 
the mitral valve (Table  6.2). Calcifications of the 
fibrous mitral valve annulus are one of the most com-
monly visualized valve calcifications because the 
mitral valve is not extensively overshadowed by pro-
jection of other large adjacent anatomic structures 
(Fig.  6.5). Furthermore, annular calcifications are 
generally thick and coarse, as opposed to mitral leaflet 
calcifications, which have a more delicate appearance 
and are therefore almost never reliably visualized on 
chest radiographs. Annular mitral valve calcifications 

are mostly of a chronic degenerative nature, but can 
also be associated with end-stage renal disease.

Calcifications of the aortic valve are commonly seen 
in older individuals on a degenerative basis (Fig. 6.6), 
but can also be the result of wear and tear of a congeni-
tal bicuspid valve. Degenerative aortic leaflet calcifica-
tions are, just as annular mitral calcifications, generally 
dense and heavy. Because of the retrosternal position 
of the aortic valve and overshadowing structures like 
pulmonary vessels, they are not easily visualized on 
chest radiographs. They are nevertheless routinely seen 
on CT examination, which can further assess possible 
associated thickening of the leaflets. Finally, tricuspid 
and pulmonary valve calcifications are extremely rare.

Myocardial calcifications are most commonly 
encountered after a myocardial infarct, subsequent to 
necrosis, hemorrhage, or fibrosis of myocardial tissue 
(Gowda and Boxt 2004). Its nature is therefore dystro-
phic, with a location closely related to specific terminal 
irrigation areas of the coronary arteries. Myocardial 
calcifications are found in 8% of infarcts that are a min-
imum of 8 years old, and are mostly located in the ante-
rior wall and in the apex of the left ventricle (Freundlich 
and Lind 1975; Gowda and Boxt 2004). They usually 
appear as dense, curvilinear calcifications in an often 
dilated segment of the left ventricular apex. On chest 
radiographs, they can be found left of the midline on a 
frontal projection, and anterior on a lateral projection, 

Mitral valve Aortic valve

Involved 
structure

Annulus Annulus and leaflets

Leaflets (rare)

Etiology chronic 
degeneration

< 4th decade: congeni-
tal (bicuspid valve)

accelerated by 
hypertension, 
diabetes mellitus, 
hyperlipidemia

> 6th decade: acquired 
valve degeneration 
(tricuspid valve)

Character Dense, ring-like 
clumps (annulus)

Thick, heavy calcifica-
tions (leaflets)

Function Usually normal 
function

Stenosis

Mostly insufficiency 
when present

Table  6.2  Differentiation between annular mitral valve and 
aortic valve calcifications
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adjacent to the pleural lining (Fig.  6.12). Note that, 
because of dilatation and remodeling after an infarct, 
the left ventricle will regionally expand as the affected 
wall segment weakens, producing a more prominent 
convex contour of the left heart shadow. CT can addi-
tionally reveal the extensive wall thinning and the 
effects of changed wall kinetics, like the presence of 
mural thrombus (Fig. 6.12c,d). Furthermore, one must 
always take into account that the calcified myocardial 
tissue represents an underestimation of the infarct size.

Occasionally, calcifications can be encountered in 
the left atrium. One specific location is the left atrial 
wall near the appendage. The exact etiology of calcifi-
cations in this location remains not fully understood, 
but it is highly correlated with long-standing rheumatic 
disease (Salgado et al. 2008). These calcifications have 
a thick, coarse appearance comparable to annular 
mitral valve calcifications. They are located left of the 
midline on a frontal chest radiograph, near the vicinity 
of the left atrial appendage (Fig. 6.16). They may have 

a b

c d

Fig. 6.16  A 57-year-old man with long-standing rheumatic dis-
ease. (a and b) Conventional chest radiographs. (c and d) 
Contrast-enhanced maximum intensity projection multidetector 
computed tomography (MDCT) images. (e) Volume-rendered 
MDCT image. The conventional chest radiographs show 

amorphous calcifications projecting at the level of the left atrial 
appendage (a and b, arrow). The MDCT images further reveal 
that these calcifications are along the orifice and proximal wall 
of the left atrial appendage (c–e, arrow)
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a semicircular appearance because they tend to appear 
around the orifice of the atrial appendage (Salgado 
et al. 2008).

Pericardial calcifications can result from an underly-
ing infection, trauma, hemorrhage, and radiotherapy 
(Gowda and Boxt 2004). Although pericardial calcifi-
cations are often associated with pericarditis caused by 
an underlying chronic infectious or inflammatory dis-
ease, this is not always the case. In most cases, the etiol-
ogy of pericarditis remains unknown. A thickened, less 
elastic, and more fibrotic pericardium can lead to  
decreased (right) heart function in constrictive peri-
carditis. Almost half of the cases of constrictive peri-
carditis seem to be idiopathic, whereas the other two 
main known reasons are iatrogenic: previous pericar-
diotomy and mediastinal radiotherapy. Other etiologies 
include uremia and infections, as tuberculosis contin-
ues to remain an important cause of constrictive peri-
carditis in the Third World (Fig.  6.17). Common 
imaging features of pericarditis are the presence of a 
thickened and enhanced pericardium, often associated 
with a pericardial effusion. These findings can be seen 
on a standard chest CT but are not depicted on a chest 
radiographs. Gross calcifications, which can be seen on 
a chest radiographs, are only seen in 28% of the cases. 
Nevertheless, the presence of pericardial calcification 
must always raise the suspicion of constrictive 
pericarditis.

Pericardial calcifications may appear as focal 
plaques and/or as a curvilinear, dense line along the 

pericardium (Fig. 6.18). They can be coarse and thick 
in long-standing disease like tuberculosis (Fig. 6.17). 
They always follow the contour of the heart on both 
frontal and lateral projections, and are usually located 
along the atrioventricular grooves and lower diaphrag-
matic portions of the pericardium. Other distinguish-
ing features from myocardial calcifications are given 
in table 6.3.

Coronary artery calcifications can occasionally be 
detected on conventional chest radiographs, especially 
when the reader is familiar with the locations of the 
coronary arteries (Souza et al. 1978). Coronary artery 
calcification may be identified on a frontal chest film 
in the triangular region defined by the left heart border, 
the spine, and the top of the left ventricle, and in the 
lateral view over the interventricular septum or ante-
rior atrioventricular ring (Souza et  al. 1978; Gowda 
and Boxt 2004). They generally appear as (curvi)linear 
or tram-track densities along the course of a coronary 
artery.

Despite the available literature about detecting coro-
nary artery calcifications on plain chest films, this 
modality has little value in daily practice for this indica-
tion. During the last decade it has been clearly estab-
lished that coronary artery calcifications are far better 
detected, evaluated, and quantified using spiral and 
electron-beam CT compared with a conventional chest 
radiograph (Fig. 6.3) (Budoff et al. 1996; Becker et al. 
1999). Even when the existence of coronary calcifica-
tions is known, they still can be difficult to assess on a 
chest radiograph and are therefore inconsistently 
detected (Mahnken et al. 2007). Therefore it is better if  
conventional chest radiographs are not used as a replace-
ment for a CT calcium scoring examination (Mahnken 
et al. 2007).

6.4.2 � Pericardial Effusion 
and Pneumopericardium

Pericardial effusion can have many etiologies and can be 
serous, chylous, or hemorrhagic depending on the cause. 
Despite many described signs, the appearance on chest 
radiographs is, in practice, often nonspecific despite the 
cause and often reveals cardiomegaly without any fur-
ther possible specification (Fig.  6.19) (Higgins and 
Webb 2005). Even the so-called “water-bottle appear-
ance” is nonspecific and subject to interpretation 

e

Fig. 6.16  (continued)
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(Higgins and Webb 2005). Furthermore, a small amount 
of blood in the pericardial sac can cause an acute cardiac 
tamponade without significantly affecting the size of the 
cardiac shadow on conventional radiographs. CT can 
easily depict pericardial effusion (Fig.  6.19b–d), but 
because of the widespread use of echocardiography it is 
almost never used solely for this indication. It is an 

excellent tool to assess the size and location of pericar-
dial effusion, but it tends to overestimate the amount of 
fluid compared with echocardiography (Maisch et  al. 
2004). The density of pericardial effusion is generally 
between 10 and 40 HU, and as such is hypodense com-
pared with the adjacent myocardium (Maksimovic et al. 
2006). This density depends on relative amounts of the 

a

c

b

Fig.  6.17  A 30-year-old woman with known tuberculosis. (a 
and b) Conventional chest radiograph. (c) Non-enhanced multi-
detector computed tomography (MDCT). Coarse calcifications 
can be detected on the conventional chest radiographs along the 

lining of the left ventricle (a and b). The MDCT images confirm 
the presence of these calcification along a thickened pericardium 
(c). These imaging findings, together with the clinical history, 
are compatible with (long-standing) tuberculous pericarditis
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protein (fibrin) and possible hemorrhagic content com-
ponent (Maksimovic et al. 2006).

On the other hand, CT is far better suited than con-
ventional radiographs to detect air in the pericardial 
sac (pneumopericardium). Pneumopericardium is far 
less common than pneumomediastinum and will most 
commonly be found after penetrating trauma and (car-
diac) surgery (Fig. 6.20). These kinds of patients will 
nowadays nearly always be investigated with CT, 
which is the modality of choice to visualize gas or air 
in the pericardial sac. Though a pneumocardium can 

be detected on conventional chest radiographs as a 
lucency confined to the pericardial sac, this can often 
be obscured by superimposing structures like lung 
consolidations and large pleural effusions. On occa-
sion it can be difficult to distinguish between a pneu-
mopericardium, a pneumomediastinum, and even a 
pneumothorax on chest radiographs, especially in sub-
optimal imaging conditions like in intensive care units. 
Furthermore, although rare, these entities are not mutu-
ally exclusive. Sound knowledge of the involved anat-
omy and the properties of the involved spaces can 

a b

c d

Fig. 6.18  A 56-year-old man with pericardial calcification. (a 
and b) Conventional chest radiograph. (c and d) Contrast-
enhanced multidetector computed tomography (MDCT). There 
is evident calcification along the pericardial lining of the left 

ventricle on the conventional images (a and b). On MDCT, these 
calcifications are shown to a better extent (c and d) (Images 
courtesy of Dr. N. Goyal and Dr. S. Abbara, Massachusetts 
General Hospital, Boston, MA, USA)
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nevertheless be problem-solving on many occasions 
(Table 6.4, adapted from Bejvan and Godwin [1996]). 
When doubts persist, CT has proven an excellent tool 
in both the detection of the abnormal air and the evalu-
ation of its extent and possible etiology.

6.4.3 � Tumors of the Heart 
and Pericardium

The most commonly encountered pericardial mass 
is the pericardial cyst. These well-defined lesions 
are a not uncommon finding encountered during 
routine chest CT that has been performed for other 

  Myocardium Pericardium

Etiology Ischemic  
(most common)

Infection, trauma, 
hemorrhage, radiation

Most common 
location

Left ventricle 
(apex, anterior 
wall)

Atrioventricular 
grooves

Lower/diaphragmatic 
portions of the 
pericardium

Distribution Localized Diffuse

Character Fine, curvilinear Small or thick 
(long-standing disease) 
clunky calcifications

Table 6.3  Differentiation between myocardial and pericardial 
calcifications

a b

c d

Fig. 6.19  A 72-year-old woman with infectious pericarditis and 
pericardial effusion. (a) Conventional chest radiograph. (b–d) 
Contrast-enhanced multidetector computed tomography 
(MDCT) images. The conventional chest radiograph reveals an 

enlarged heart shadow (a), but no further specification is possi-
ble. The MDCT images (b–d) show a substantial pericardial 
effusion due to infectious pericarditis, leading to the mentioned 
cardiomegaly
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reasons. They represent an embryogenic defect and 
are mostly asymptomatic without further clinical 
relevance. Though they may occur anywhere in the 
pericardium, the vast majority makes contact with 
the diaphragm and are mostly located at the right 
cardiophrenic angle (Fig.  6.21). Most pericardial 
cysts are not usually seen on conventional chest 
radiographs because of their size and location, but 

their plain film characteristics have been described 
(Rozenshtein and Boxt 1999). When large, they are 
smoothly marginated without any calcifications. CT 
further confirms the sharp delineation and addition-
ally reveals the low-attenuation content. Higher den-
sity cysts can be found occasionally.

Cardiac masses can arise from different origins. They 
may be vegetations or thrombi secondary to infection, 

a

c d

b

Fig. 6.20  A 72-year-old man with postoperative dyspnea after 
surgical abdominal aneurysm repair. (a and b) Conventional 
chest radiograph. (c and d) Contrast-enhanced axial and sagittal 
reformatted multidetector computed tomography (MDCT) 
images. The images show an evident pneumopericardium that 
developed after pericardiocentesis for drainage of a significant 

postoperative pericardial effusion. Though the air in the pericar-
dial sac can be seen on the conventional chest X-ray images, it is 
at least partially obscured by the concomitant large pleural effu-
sion. However, the diagnosis is straightforward on the MDCT 
images (Images courtesy of Prof. Dr. E. Coche, UCL, Brussels, 
Belgium)
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mitral valve disease, myocardial infarction, or a hyper-
coagulable state caused by an underlying condition. 
Cardiomyopathies can also present with a more promi-
nent focal component in the myocardium, as such mim-
icking a primary cardiac mass. True neoplastic processes 
arising from the heart are rare and can be both benign 
and malign. Metastatic processes to the heart and peri-
cardium are nevertheless 20–40 times more frequent 
than primary heart tumors (Miller et al. 2009).

Different imaging modalities today exist to visu-
alize a mass in the heart and pericardium. On many 
occasions, a conventional chest radiograph will be 

one of the first examinations performed. Though this 
exam does not have the cross-sectional capabilities 
of more advanced techniques like CT and MRI, it 
can provide an initial assessment of the location of 
the mass and of its hemodynamic effects on the heart 
(Fig.  6.22a,b). Although it is beyond the scope of 
this chapter to give a detailed overview of the differ-
ent cardiac and pericardiac masses, there are never-
theless some imaging signs suggestive of a cardiac 
mass (Table 6.5, adapted from Miller et al. [2009]). 
CT, MRI, and other modalities like ultrasound can 
be further used to differentiate between a primary 

Pneumopericardium Pneumomediastinum Pneumothorax

Relative frequency Rare Occasionally Frequent

Configuration of gas Broad band surrounding heart Multiple thin, lucent streaks  
of air

Apical lucency (upright), 
medial basal lucency (supine), 
deep sulcus sign (supine)

Distribution Limited to pericardium, as such 
outlines ascending aorta and main 
pulmonary artery but does not 
extend to aortic arch, along trachea 
or bronchi, or into the neck

Outlines mediastinal structures 
(aorta, airway, esophagus, 
pulmonary artery). Commonly 
extends into the neck

Less likely to outline 
mediastinal structures. 
Anteromedial (supine),  
apical (upright)

Position variable with 
patient position?

Yes No Yes

Associated findings Thickening of pericardium
Hydropneumopericardium

Table 6.4  Differentiation between pneumopericardium, pneumomediastinum, and pneumothorax

a b

Fig.  6.21  An incidental finding in a 26-year-old man. 
(a) Conventional chest radiograph. (b) Non-enhanced multide-
tector computed tomography (MDCT). There is an additional 
shadow in the right paracardial region (a), which on MDCT 

corresponds with a cystic structure located in the right paracar-
dial fat. These findings are consistent with a pericardial cyst 
(Images courtesy of Dr. Philip Chappel, Jan Palfijn Ziekenhuis, 
Merksem, Belgium)
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mass of the heart and an adjacent mediastinal pro-
cess, and to evaluate its effect on the surrounding 
tissues (Fig. 6.22c,d). Though CT provides excellent 
anatomic detail of the investigated region, MRI has 
the additional benefit of providing both better tissue 
characterization and functional information.

6.5 � The Postoperative Heart

Few organs have seen such an intensive and successful 
research in the development and implementation of 
innovative surgical techniques and various medical 
devices as the heart. Procedures like coronary artery 

a b

c d

Fig. 6.22  A 56-year-old woman with an angiosarcoma of the 
heart. (a and b) Conventional chest radiograph. (c and d) 
Contrast-enhanced multidetector computed tomography 
(MDCT) images. An additional shadow is seen at the left heart 
border on conventional chest radiographs (a and b). Small 

nodular opacities can also be discerned in the lung paren-
chyma. Further investigation with contrast-enhanced MDCT 
(c and d) revealed an invasive angiosarcoma primary along the 
left heart border with lung metastasis (Images courtesy of Prof. 
Dr. J. Bogaert, UZ Gasthuisberg, Leuven, Belgium)
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bypass grafts (CABG), valve repair techniques using 
different kinds of valve prostheses, and the use numer-
ous cardiac pacemakers and defibrillators are routinely 
encountered in almost any modern hospital. Furthermore, 
many devices such as left ventricular assist devices and 
intra-aortic balloon pumps are also increasingly being 
used for circulatory assistance. Therefore, it is impera-
tive for a radiologist to become acquainted with the nor-
mal and abnormal findings after such interventions 
(Cascade et al. 1997; Hunter et al. 2004).

6.5.1 � Cardiac Pacemakers  
and Implantable Cardioverter 
Defibrillators

There are a large number of medical electronic devices 
that assist with maintaining or improving heart func-
tion, as in controlling heart rhythm in patients who are 
at risk for rapid ventricular arrhythmias.

Both pacemakers and implantable cardioverter defi-
brillator (ICD) devices are permanently implanted devices 
consisting of a battery-operated electronic device with 
pacing wires or leads placed into the heart to generate 
electric impulses. Though pacemakers are usually used to 
regulate cardiac rate, ICDs are indicated for monitoring 
and therapy in patients who are at risk for sudden death 
resulting from ventricular fibrillation or tachycardia.

There are many varieties of pacemakers and ICDs 
and many ways of positioning the leads depending on 
the specific device and its intended function. Therefore, 
it is in many instances practically impossible for a 
radiologist who is unaware of the patient’s specific 
condition to correctly establish the proper positioning 
of the leads (Hunter et al. 2004).

Chest radiographs are the most commonly used 
imaging method to visualize the position of the leads. 

They can also demonstrate tip dislodgement, lead frac-
tures, and device migration. Chest radiographs and 
fluoroscopy are still applied to look for pacemaker lead 
fractures, although nowadays this can also be achieved 
by electronic lead testing.

Although chest radiographs remain an important 
imaging tool in the evaluation of the correct positioning 
of pacemakers and ICDs, they lack the cross-sectional 
and three-dimensional capabilities of MSCT, for exam-
ple for the evaluation of cardiac perforation or coronary 
sinus transection (Fig. 6.23a,b). However, MSCT has 
the significant disadvantage of beam-hardening arti-
facts at the electrode tip, which can complicate a cor-
rect evaluation of tip position (Fig. 6.23c,d).

6.5.2 � Devices for Cardiopulmonary 
Support

Many devices for cardiopulmonary support are being 
used in mainstream and dedicated contemporary car-
diovascular surgical centers, reflecting the pace of con-
tinuing innovation in this field during recent years. 
Most of these devices are used as a temporary device 
for circulatory assistance, like roller and centrifugal 
pumps during open heart surgery or afterwards as a 
short-term left ventricular assist device (Noon et  al. 
1995). As with pacemakers and ICDs, these devices 
are initially evaluated using conventional chest radio-
graphs. Nevertheless, because they are normally 
applied in patients who are receiving acute clinical 
care, often only a portable chest radiograph taken in 
the intensive care unit is available. When complica-
tions are suspected, CT is often a problem-solving 
technique that can provide relevant answers in a single 
examination (Fig. 6.24a–f).

6.5.3 � Coronary Artery Bypass Grafts

Conventional chest radiographs are always used in the 
follow-up of patients who have undergone CABG as an 
important parameter in the monitoring of the cardio-
vascular and pulmonary status. Though the findings on 
chest radiographs during the postoperative period have 
been well-documented by several authors (Narayan 
et al. 2005), this imaging modality is traditionally never 
used to asses the coronary bypass grafts. conventional 

Abnormal focal bulge of the heart contour

Apparent extrinsic displacement of the heart and great 
vessels

Pericardial effusion and/or pericardial thickening

Functional abnormalities

Intracavitary masses/filling defects

Asymmetric pulmonary edema due to pulmonary vein 
obstruction

Table 6.5  Signs suggestive of a cardiac mass
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a a

c d

Fig.  6.23  A young woman with suspected pacemaker lead 
perforation. (a and b) Conventional chest radiograph. (c and d) 
contrast-enhanced multidetector computed tomography 
(MDCT). The conventional radiographs reveal no clue regarding 
possible perforation with the pacemaker leads. On MDCT, the 

pacemaker tip at the apex of the right ventricle cannot be 
assessed correctly because of extensive artefacts (c). However, 
the lead at the right atrium can be better visualized, and it reveals 
a perforation of the right atrial wall (d)
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Fig.  6.24  A 68-year-old man with a left-ventricular assist 
device. (a and b) Conventional chest radiographs. (c–f ) Contrast-
enhanced multidetector computed tomography (MDCT) images. 
The chest radiographs show several bypasses from the left-
ventricular assist device to the various cardiac chambers (a and b). 

The correct position of the bypasses is better assessed with 
MDCT (c–e), which further reveals an arterial leak adjacent to 
one of the bypasses (f, arrow) with subsequent development of 
a large hematoma

a b

c d
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angiography used to be the only way to directly visual-
ize the different arterial and venous coronary bypass 
grafts, but several authors have reported promising 
results using it to assess graft patency and dysfunction 
(Hamon et  al. 2008). A comparison of chest radio-
graphs and MSCT of CABG patients can provide a 
refreshing anatomic review of the most commonly used 
bypass techniques, which can help the radiologist cor-
rectly interpret the postoperative radiograph. Though 
the bypass grafts cannot be directly visualized on a 
chest radiograph, the position of the applied surgical 
clips can often indicate which coronary arteries have 
been bypassed and if an arterial and/or venous graft 

was used (Fig. 6.25). Furthermore, conventional chest 
radiographs are often the first imaging modality to indi-
cate a possible complication after surgery, prompting 
further investigation with MSCT (Fig. 6.26).

6.6 � Conclusion

It has become evident that because of rapid changes in 
the noninvasive evaluation of the heart and coronary 
arteries with CT, many radiologists are becoming 
increasingly involved in the routine evaluation of this 

e f

Fig. 6.24  (continued) 

Fig.  6.25  A 63-year old man with a coronary artery bypass 
graft. (a and b) Conventional chest radiographs. (c–e) Contrast-
enhanced multidetector computed tomography (MDCT) images. 
The conventional chest images show multiple surgical clips 
along the course of the left internal mammary artery (LIMA)-left 
anterior descending (LAD) artery (black arrow) and venous-
marginal bypass (white arrow). The course of the venous bypass 

over the right coronary artery (RCA) is less obvious. The subse-
quent contrast-enhanced MDCT examination confirms the pres-
ence of an arterial LIMA-LAD bypass and a venous bypass to a 
marginal branch, both bypasses still patent. However, only the 
surgical clips along the course of the venous RCA bypass can be 
seen (gray arrow), with no opacification of the bridging vein 
indicating occlusion
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a

c d

e

b
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previously often neglected anatomic structure. However, 
it also represents a unique opportunity to refresh basic 
anatomic and pathophysiologic concepts of the heart, 
with subsequent better detection and understanding of 
normal and abnormal findings. The correlation of chest 

radiographs with CT is something that, with current pic-
ture archiving and communication systems, is increas-
ingly available, and it provides an opportunity to become 
a more active player in the evaluation and management 
of a patient with cardiac disease.

a

c

b

Fig. 6.26  A 65-year-old man with a sudden development of a 
mass in the left lung apex. (a) conventional chest radiograph. (b 
and c) Contrast-enhanced multidetector computed tomography 
(MDCT) images. Two days after coronary artery bypass graft a 
rapidly evolving opacification was seen on a frontal chest 

radiograph (a). The suspected diagnosis at that time was an 
acute dissection of the aorta with subsequent rapid dilatation. 
However, MDCT clearly showed a postoperative hematoma 
with no aortic injury (b and c)
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7.1 � Introduction

Although computed tomography (CT) plays a major 
role in the diagnostic workup of hilar and pulmonary 
vessels abnormalities, chest X-ray is important to depict 
lesions located in this area. The hila are often wrongly 
called abnormal when normal, and vice versa, due to 
the rather large variations in their normal aspect. Though 
large masses are easily identified, small lesions may be 
more difficult to detect. Knowledge and careful evalua-
tion of hilar anatomy, however, yield significant infor-
mation. Abnormalities of hilar anatomy can also be the 

Imaging of Hila and Pulmonary Vessels

Benoît Ghaye

7

E.E. Coche et al. (eds.), Comparative Interpretation of CT and Standard Radiography of the Chest,�  
Medical Radiology, DOI: 10.1007/978-3-540-79942-9_7, © Springer-Verlag Berlin Heidelberg 2011

Contents

7.1	� Introdtuction . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                             	 165

7.2	� Normal Anatomy  . . . . . . . . . . . . . . . . . . . . . . . . .                         	 166
7.2.1	 �The Hila  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                 	 166
7.2.2	� Pulmonary Veins . . . . . . . . . . . . . . . . . . . . . . . . . . .                          	 171
7.2.3	� Intrapulmonary Vessels . . . . . . . . . . . . . . . . . . . . . .                     	 171

7.3	 Pulmonary Vascular Diseases  . . . . . . . . . . . . . . .               	 171
7.3.1	 Congenital Diseases . . . . . . . . . . . . . . . . . . . . . . . .                        	 171
7.3.2	 Acquired Diseases  . . . . . . . . . . . . . . . . . . . . . . . . .                         	 183

7.4	� Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                               	 192

References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                     	 192

Abstract

Chest X-ray remains important to depict ››
lesions located in hilar and pulmonary vessels, 
despite the variable accuracy of the technique. 
Whereas large hilar masses are easily identi-
fied, small lesions may be more difficult to 
detect. Knowledge and careful evaluation of 
hilar anatomy, however, yield significant infor-
mation. There is a large variety of congenital 
and acquired diseases affecting the pulmonary 
vessels, which can be detected on chest X-ray. 
When the presence of a pulmonary vascular 
abnormality is suspected, computed tomogra-
phy is invaluable because it allow analysis of 
the pulmonary vessels, the lung parenchyma, 
the heart, the pleura, the mediastinum, and the 
thoracic wall in a single examination.
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indirect indicator of a pathological process located else-
where in the lung, such as an atelectasis. When the pres-
ence of a pulmonary vascular abnormality is detected 
on chest X-ray, CT is invaluable because it allows 
analysis of the pulmonary vessels, the lung parenchyma, 
the heart, the pleura, the mediastinum, and the thoracic 
wall at the same time.

7.2 � Normal Anatomy

7.2.1  �The Hila

The shadows of the hila on chest X-ray are mainly 
formed by the pulmonary arteries (PAs) and some of 
their main branches and the upper pulmonary veins 
(PVs). The wall of the bronchi accounts for little of the 
hilar opacity and the inferior PVs are usually too infe-
rior to contribute to the hilar shadow. The hila are not 
symmetrical but contain the same basic structures on 
each side. In normal patients, lymph nodes, bronchial 
vessels, and nerves are too small, and fat and connec-
tive tissue are of insufficient quantity to contribute to 
the bulk of the hila (Felson 1973).

7.2.1.1 � Frontal View

The main PA lies and bifurcates within the pericardial 
sac. It measures 4–5 cm in length and has a diameter of 
3 cm. It is responsible for the middle arc on the left 
side of the mediastinum (sometimes together with the 
left PA).

�Right Hilum

The right PA has a horizontal course to the right and 
divides within the mediastinum in two branches 
(Fig.  7.1). The upper branch (mediastinal PA of the 
right upper lobe [RUL] or truncus anterior) is directed 
obliquely and superiorly toward the RUL and supplies 
most of the pulmonary vasculature of this lobe. The 
mediastinal PA of the RUL contributes little to the 
opacity of the upper part of the right hilum because it 
arises inside the mediastinum. Nevertheless its recog-
nition is important because its absence may suggest a 
right lobar atelectasis (Don and Hammond 1985).

The lower branch (right interlobar PA, also named 
intermediate arterial trunk or right descending PA) 
continues horizontally for 5–20 mm in the axis of the 
right PA, and then descends obliquely along the lateral 

a b c

Fig. 7.1  Anatomy of the right hilum, frontal view. (a) Close-up 
view of the right hilum on a frontal chest X-ray. Correlation with 
computed tomography volume-rendering reformat, (b) anterior 
view, and (c) posterior view. MARULPA, main or mediastinal 

pulmonary artery (PA) of the right upper lobe; IPA, intermediate 
pulmonary artery; RUPV, right upper PV; RLPV, right lower PV 
(cutted in c). The star indicates the hilar angle
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side of the bronchus intermedius. The right interlobar 
PA accounts for most of the right hilum shadow. The 
interlobar PA tapers as it branches inferiorly into the 
middle lobe (ML) and right lower lobe (RLL) PAs. 
Some branches (called ascending or fissural PA of the 
RUL) directed to the RUL may originate from the 
angle between the horizontal and descending part of 
the right interlobar PA (Yamashita 1978). Although 
those branches contribute to the arterial supply of the 
RUL in 90% of individuals, they may be difficult to 
recognize on chest X-ray due to their small size.

The right upper PV is located anteriorly to the hilar 
PAs and will superimpose on them. It forms the lateral 
margin of the right upper hilum. A shallow external 
angle (“hilar angle”) is formed at the point where the 
right upper PV crosses the interlobar PA (Fig. 7.1). Its 
absence should raise the suspicion of a pathological 
process, either a lobar atelectasis or a hilar lesion (Don 
and Hammond 1985). The medial portion of the hori-
zontal fissure often terminates at this angle.

�Left Hilum

Contrary to the right side, the left PA arches over the 
left main bronchus and gives off usually two or three 
small PAs to the culmen of the left upper lobe (LUL) 

(Fig. 7.2). Thereafter it is called the left interlobar PA 
and descends posterolaterally to the left lower lobe 
(LLL) bronchus. This vessel tapers and branches as it 
extents inferiorly, but is less clearly seen compared 
with the right side, due in part to the superimposition 
of the heart shadow. Similar to the right side, the left 
upper PV is located anteriorly to the hilar PAs and will 
superimpose on them.

�Tips and Tricks

Position: On frontal view, the right hilum cannot be 
located higher than the left. Indeed the left hilum is 
higher than the right in 97% of individuals and at the 
same level in the reminder (Fig.  7.3) (Felson 1973).  
A higher right hilum suggests a pathological process, 
i.e., atelectasis of the RUL or LLL.

Measurements: Measurements of hila are of uncer-
tain usefulness because of large variations in the popu-
lation. In roughly 84% both hila are equal in size, 
whereas the right can be larger than the left in 8%, and 
the left can be larger than the left in 8%. When needed, 
measurements may be obtained with reasonable accu-
racy at the level of the RLL PA. Its widest diameter 
should normally be 10–16 mm in men and 9–15 mm in 
women (Felson 1973).

a b c

Fig. 7.2  Anatomy of the left hilum, frontal view. (a) Close-up 
view of the left hilum on a frontal chest X-ray. Correlation with 
computed tomography volume-rendering reformat, (b) anterior 
view, and (c) posterior view. MPA, main pulmonary artery (PA); 

LUPA, left upper lobe PA; LGPV, lingular pulmonary vein (PV) 
(branch of left upper PV); LIPA, left intermediate PA; LPA, left 
PA; LUPV, left upper PV; LLPV, left lower PV
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Radiopacity: Opacity of both hila is similar in 91% 
of patients, whereas the right is more opaque in 6% 
and the left in 3%. All asymmetry of opacity should 

raise the suspicion of a pathological process, i.e., a 
lesion located in or projecting on the more opaque 
hilum (Felson 1973).

Shape: Occasionally, the lower part of the right 
interlobar PA may appear rounded, mimicking a mass 
or enlarged lymph nodes. This is most commonly seen 
when lung volumes are low (Fig. 7.4).

The hilum convergence sign and hilum overlay sign 
are described in chapters 2 and 5.

7.2.1.2 � Lateral View

Both hilar shadows are globally superimposed on the 
lateral chest X-ray, but specific parts of each hilum can 
be demonstrated around tracheal and bronchial radio-
lucencies. The tracheal air column ends caudally in a 
rounded lucency that represents the distal left main 
bronchus or the LUL bronchus. The RUL bronchus 
can be identified approximately 1–2 cm above the lat-
ter. Between the RUL and LUL bronchi that are seen 
end-on is a thin, vertical, white line that represents the 
posterior wall of the bronchus intermedius.

�Right Hilum

The right PA and its central branches are located ante-
riorly to the major bronchi (Fig.  7.5). The right PA 
usually does not contribute to the hilar shadow because 
it is surrounded by mediastinal fat. Therefore most of 
the right hilum shadow on the lateral view is formed by 
the right interlobar PA, the mediastinal PA of the RUL, 
and the right upper PV, which form a large opacity that 
should not be confused with a mass (the left upper PV 
is also superimposed on the right hilum shadow) 
(Genereux 1983). This oval-shaped opacity is in con-
tact with the intermediate bronchus posteriorly and the 
ML bronchus inferiorly.

�Left Hilum

The left PA forms a comma-shaped opacity above and 
posterior to the lucency of the left main or LUL bron-
chus, parallel to but at distance below the aortic arch 
(Fig. 7.5).

a

b

c

Fig. 7.3  Position of hila. (a) Normal position of both hila, the 
right being at a lower level than the left. (b and c) Abnormal 
position of the right hilum at a higher level than the left, in a 
patient with a history of radiation pneumonitis at the right lung 
apex caused by breast cancer treatment
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Right and left interlobar PAs may be superimposed 
or not, based on the degree of inflation of lower lobes.

�Inferior Hilar Window

Right and left hila form an inverted horseshoe–shaped 
shadow around central bronchi that is interrupted in 
its lower part by an area called the inferior hilar win-
dow. The inferior hilar window area corresponds to 
the area delineated by the projection of angles between 

the ML and the RLL bronchi on the right side, and the 
LUL and LLL bronchi on the left (Fig. 7.5). Normally 
there should be no large vessels traversing this trian-
gular area. Therefore any opacity of more than 1 cm 
projecting over this zone is likely to be a mass or 
lymphadenopathy, with accuracy around 90% (Park 
et al. 1991). Such pathological processes may result 
in the appearance of a complete circular shadow 
around the central bronchi, which has been termed the 
“doughnut sign” (Andronikou and Wieselthaler 2004; 
Marshall et  al. 2006) (Fig.  7.6). The side of the 

a b

c d

Fig. 7.4  Nodular pattern of pulmonary arteries on frontal view. 
(a–d) A 27-mm nodule (arrows) is depicted in the right infrahi-
lar area on the frontal view. (a) Such a finding may be due to a 
lower lobe pulmonary artery presenting with horizontal course 

when a patient presents with severe hypoventilation or ascen-
sion of a hemidiaphragm. In the present case, acute pulmonary 
embolism is responsible for further dilation of the correspond-
ing pulmonary artery (b–d)



170 B. Ghaye

a b c

Fig.  7.5  Anatomy of the hila on lateral view, (a) Correlation 
with computed tomography MPR reformat, (b) on right hilum, 
and  (c) MPR on left hilum. The star indicates the inferior hilar 

window. LIPA, left intermediate pulmonary artery (PA); LPA left 
PA; LUPV, left upper pulmonary vein (PV); RIPA, right interme-
diate PA; RUPV, right upper PV

a b

c

Fig. 7.6  Doughnut sign. 
Disappearance of the inferior 
hilar window on lateral chest 
X-ray (a), resulting in a 
complete circular shadow 
around the central bronchi 
(“Doughnut sign”). 
Computed tomography (b) 
confirmed that this was the 
result of a 13-mm lymphade-
nopathy located lateral to the 
middle lobe bronchus 
(arrows). Lateral view thick 
multiplanar reformat (c) 
shows filling of the space 
below the middle lobe 
bronchus and in front of right 
lower bronchus, namely the 
infrahilar window
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anomaly may, however, be difficult to determine on 
the lateral view, but if the anterior wall of a lower lobe 
bronchus is visible as a linear shadow, the mass must 
be on the opposite side. Also, a frontal chest X-ray 
may help.

7.2.2 � Pulmonary Veins

As previously mentioned, the upper PVs are superim-
posed on the hilar PA shadows on the frontal view and 
on the right PAs on the lateral view (Figs. 7.1–7.3). On 
frontal view, the right lower PV is depicted as a hori-
zontal, slightly oblique vascular shadow crossing the 
PAs of the RLL and the shadow of the right atrium. 
The left lower PV presents with the same pattern and 
topography but is more difficult to demonstrate because 
of superimposition of the heart shadow. It may be 
slightly higher and posterior than the right, or it may 
join the left upper PV to form a common confluent 
(Genereux 1983; Ghaye et al. 2003).

Two particular patterns are noteworthy. On the fron-
tal view, confluence of the PVs may occasionally be 
prominent and present as a convex paramediastinal 
opacity. This pattern is seen more frequently but not 
exclusively on the right in 5–27% of individuals and 
should not be confused with a mediastinal mass (Felson 
1973; Genereux 1983) (Fig. 7.7). On the lateral view, 
confluence of inferior PVs may simulate a mass inferi-
orly to the inferior hilar window (Fig. 7.7).

7.2.3 � Intrapulmonary Vessels

Pulmonary blood vessels are responsible for linear 
branching markings within the lungs. There are wide 
differences in the appearance of the pulmonary vascu-
lature between individuals and depend on age, body 
habitus, and technical parameters (Felson 1973). 
Contrary to CT, PAs are not easily differentiated from 
PVs on chest X-rays. It is usually not possible to dis-
tinguish both types of vessels in the outer two thirds of 
the lungs. Some findings, however, may help.

Orientation: Centrally, in the lower lung zones, the 
orientation of PVs is more horizontal and PAs more 
vertical. In the upper zones, PAs and PVs show both a 
similar gentle curve to the hilum, although PVs may 
show a wider arc to the hilum.

Relation with bronchi: PAs are in close contact with 
their accompanying bronchi, whereas PVs are interseg-
mental and therefore not in contact with bronchi. As 
shown on CT, in the RUL and culmen PAs are internal 
to their bronchi; they are external in the lingula, ML, 
and lower lobes. PVs are external to bronchoarterial 
bundles in upper lobes and internal in other lobes. The 
relationship between PAs and bronchi can only be 
shown on chest X-ray when both structures are seen 
end-on, resulting in the “double circles” (one white 
and one black) pattern. Unfortunately, the anterior or 
posterior segmental PAs and bronchi of upper lobes 
are the more frequently depicted but are seen only in 
50% of individuals (Fig. 7.8). Peripheral PAs (segmen-
tal, subsegmental) should have a diameter similar to 
that of their accompanying bronchus.

Pattern of bifurcation: PVs may show a pattern of 
bifurcation that may be slightly different from PAs. PA 
divisions are considered to be more regularly dichoto-
mous and proportional and have a more acute angle than 
PVs. As a result, the size of PVs may be larger compared 
with PAs in the lung periphery. However, those findings 
should be used cautiously because of inconstancies.

7.3 � Pulmonary Vascular Diseases

This chapter will review the main pulmonary vascular 
diseases affecting the “macroscopic” pulmonary ves-
sels. Some “microscopic” pulmonary vascular diseases 
are presented in Chap. 8. All pathologies would benefit 
from a complete workup with CT or magnetic reso-
nance imaging (MRI) but most are readily detectable 
on chest X-ray.

7.3.1 � Congenital Diseases

Congenital diseases affecting the PVs are more fre-
quent than those affecting the PAs. Although variations 
of the number of PVs are frequent, there is invariably 
one PA per side in normal individuals.

7.3.1.1 � Absence of a Pulmonary Artery

Unilateral “absence” of a PA is better termed “interrup-
tion” of a PA because branches of the “absent” PA are 



172 B. Ghaye

a b c

d e

f

Fig.  7.7  Particular patterns of pulmonary veins (a–c). On the 
frontal view (a), confluence of pulmonary veins on the right side 
may present as a convex paramediastinal and retrocardiac opacity 
(arrowheads). Thin (b) and thick (c) multiplanar reformats 
(MPRs) confirm the venous origin of this finding, which should 

not be confused with a mediastinal mass. On the lateral view (d), 
confluence of pulmonary veins may simulate a mass inferiorly to 
the inferior hilar window, as confirmed on axial computed tomog-
raphy section (e) and thick MPR (f) (arrows)
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present in the hilum distally to the short proximal atre-
sia (Morgan et al. 1991). It is a rare disease more fre-
quently found on the right side, and is found as an 
isolated finding in most instances. When occurring on 
the left side, it may be associated with various cardio-
vascular abnormalities as a right-sided aortic arch and 
tetralogy of Fallot (Ten Harkel et  al. 2002). The 
involved lung is frequently hypoplastic but lobation, 
number of segments, and bronchial anatomy are nor-
mal. Collateral systemic arterial supply develops from 
birth to adulthood and may be responsible for hemop-
tysis in 10–20% of patients, which may be life threat-
ening. Pulmonary hypertension is found in 25–40% of 
patients and is one of the most important determinants 
of the prognosis. Other symptoms include recurrent 
pulmonary infections, mild dyspnea, or limited toler-
ance for exercise. Mortality rate is 7% and surgery, 
either pneumectomy or revascularization, is indicated 
in up to 15% of patients (Ten Harkel et al. 2002). Chest 
X-ray shows a small ipsilateral lung, depicted as a dia-
phragmatic elevation with the heart and mediastinum 
shifted towards the affected side and contralateral lung 
hyperinflation (Morgan et  al. 1991). The ipsilateral 
hilum is small or absent and pulmonary vascular mark-
ings are grossly diminished, whereas the contralateral 

hilum and lung blood volume are frequently increased 
as they drain the entire right cardiac output. The 
affected lung may be hyperlucent (with no air-trapping) 
or show mild to extensive opacities (Fig. 7.9). Although 
best seen on CT, reticular opacities (and bronchial wall 
thickening) reflect the systemic arteries to PAs shunts, 
which may be associated with pleural thickening and 
evidence of rib notching due to hypertrophied trans-
pleural collateral vessels (Morgan et  al. 1991; Ryu 
et al. 2004). Bronchiectasis or fibrotic changes second-
ary to recurrent infections may be seen (Fig.  7.9). 
Differential diagnosis includes fibrosing mediastinitis, 
Takayasu arteritis, and Swyer-James syndrome. The 
absence of more distal branches of a PA has been also 
exceptionally reported (Ryu et al. 2008).

7.3.1.2 � Left Pulmonary Artery Sling

Rarely, the left PA originates from the posterior wall of 
the right PA and then turns to the left, passing between 
the trachea and the esophagus to join the left hilum, 
forming a “sling” around the distal trachea. Two types 
have been described. Type 1 is an isolated anomaly, 
usually asymptomatic and incidentally discovered in 
adulthood. Type 2 is diagnosed in children and is asso-
ciated with tracheal stenosis and cardiovascular or lung 
anomalies (“ring-sling” complex) (Siripornpitak et  al. 
1997). Symptoms include stridor, apneic spells, hypoxia, 
dysphagia, and repeated pulmonary infections. Chest 
x-ray may be normal. On frontal chest X-ray, the anom-
alous PA may be seen as a right suprahilar opacity or 
right mediastinal enlargement in the region of the azy-
gos arch (Fig. 7.10). Repercussions on airways may be 
seen as a leftward deviation and right-sided compres-
sion of the distal trachea, a low carina at the level T5–T7 
presenting with “inverted T” flat bronchial division pat-
tern, and hyperinflation or consolidation of the right 
pulmonary lobes due to right-sided bronchi compres-
sion. The left hilum may be located at a lower level than 
usual because the pulmonary artery reaches the hilum in 
a more caudal location (Procacci et al. 1993). It should 
be differentiated from right-sided adenopathy, broncho-
genic cyst, or azygo-caval continuation (Procacci et al. 
1993). On a lateral view, the detection of a mass located 
between the distal trachea and esophagus must lead to 
suspicion of a left PA sling. The most specific finding is 
seen after opacification of the esophagus on lateral 

Fig.  7.8  Relation between pulmonary arteries and bronchi. 
Pulmonary arteries are always in close contact with their accom-
panying bronchi. In the right upper lobe and culmen, pulmonary 
arteries are internal to their bronchi (arrows), whereas they are 
external in the remaining lobes, here the superior segment of the 
left lower lobe (arrowhead). The relationship between pulmo-
nary arteries and bronchi can only be seen on chest X-ray when 
both structures are viewed end-on, resulting in the “double cir-
cles” (one white and one black) pattern
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Fig.  7.9  Proximal interruption of the left pulmonary artery.  
Proximal interruption of the left pulmonary artery in a 75-year-
old man presenting with recurrent pulmonary infections in the 
left lung. Frontal chest X-ray (a), multiplanar reformat (b), and 
volume rendering technique frontal (c) and axial (d) show a 
small left lung, depicted as left diaphragmatic elevation, with the 
heart and mediastinum shifted towards the left side, and right 
lung hyperinflation. The aortic arch is right-sided. The main and 

right-sided pulmonary arteries are dilated, indicating pulmonary 
hypertension. The left lung shows extensive fibrotic changes and 
bronchiectases due to repeated pulmonary infections. The arrow 
in (d) indicates the theoretical origin of the absent left pulmo-
nary artery. In (d), the red-colored lacing in the left lung repre-
sents dilated systemic arteries originating from bronchial and 
nonbronchial systemic arteries. MPA, main pulmonary artery; 
RPA, right pulmonary artery
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Fig.  7.10  Left pulmonary artery sling. Left pulmonary artery 
sling in a 75-year-old man investigated for lung cancer. The lung 
tumor is responsible for the nodular opacity located in the right 
lower lobe (arrowheads in a, b, and d). On axial computed 
tomography view (c) the left pulmonary artery (PA) originates 
from the posterior aspect of the right PA and then turns to the 
left, passing between the trachea (indicated by a star in c) and 
the esophagus to join the left hilum. On frontal chest X-ray (a) 
the anomalous PA is seen as a right mediastinal enlargement in 

the region of the azygos arch (arrow). The most specific finding 
is seen on the lateral view (b), demonstrating a rounded opacity 
(arrow) posterior to the distal trachea that is slightly compressed 
posteriorly. The arrows on the frontal thick multiplanar reformat 
(MPR) (d) delineate the superior aspect of the left PA. Sagittal 
thick multiplanar reformat (MPR) reformat (e) demonstrates a 
posterior compression of the distal trachea (arrowhead) by the 
left PA (arrow). LPA, left pulmonary artery; MPA, main pulmo-
nary artery; RPA, right pulmonary artery

a

c

d

b

fluoroscopy demonstrating a pulsating mass between 
the carina anteriorly and esophagus posteriorly. This is 
different from systemic vascular ring compression that 
is located posterior to the esophagus (Procacci et  al. 

1993; Berdon 2000). Differences in PA caliber, flow, 
and lung perfusion between both sides (up to four times 
superior for the right side) have been reported 
(Siripornpitak et al. 1997).



176 B. Ghaye

7.3.1.3 � Idiopathic Dilation of the Main 
Pulmonary Artery

Idiopathic dilation of the pulmonary arteriys is a rare 
and probably congenital anomaly that involves abnor-
mal enlargement of the pulmonary trunk, with or with-
out dilatation of right and left PAs. Imaging features 
are similar to true aneurysm of the main PA found in 
older patients (Fig. 7.11). It is usually benign and non-
progressive, and patients, mostly young women, are 
generally asymptomatic (Ring and Marshall 2002). 
Therefore, it is usually fortuitously found on chest 
X-ray as a focal bulge of the left middle arc, caudal to 
the aortic arch and cephalad to the LMB. In some 
cases, the right and left PAs may be enlarged, but 
peripheral PA and heart size are normal. Concomitant 
dilation or hypoplasia of the ascending aorta has been 
reported (Ugolini et al. 1999). It remains, however, a 
diagnosis of exclusion; any pulmonary and cardiac dis-
eases have to be excluded (particularly pulmonary 
valve stenosis), and pressure in the right ventricle and 
PAs should be normal. Complications including dis-
section or compression of adjacent structures have 
been exceptionally reported, confirming that appropri-
ate follow-up is mandatory (Ugolini et al. 1999; Ring 

and Marshall 2002). It should be differentiated from 
other diseases associated with dilation of the main PA, 
such as pulmonary valve stenosis, pulmonary hyper-
tension, pulmonary embolism, PA tumor, adenopathy, 
and anterior mediastinal tumor.

7.3.1.4 � Pulmonary Arteriovenous 
Malformations

Pulmonary arteriovenous malformations (PAVMs) are 
real arteriovenous (right-to-left) shunts, meaning that 
there is no capillary between the PA and PV. The con-
nection between the PA and PV is frequently dilated 
(aneurismal sac or dilated and tortuous connection). 
PAVMs may be congenital (Rendu–Weber–Osler dis-
ease or hereditary hemorrhagic telengectasia [HHT] 
syndrome) or less commonly acquired (i.e., hepatopul-
monary syndrome). They may be isolated or multiple, 
particularly in the HHT disease, and are more fre-
quently found in lower lung zones (Gossage and Kanj 
1998). They may be simple, meaning that a single seg-
mental artery feeds the malformation, or complex 
(multiple segmental feeding arteries). Although the 
proportions of both types are highly variable in the lit-
erature, it is considered that 80–90% is of the simple 
type (White et al. 1983; Haitjema et al. 1995).

Patients are often asymptomatic but may present 
with systemic oxygen desaturation, particularly when 
in the erect position (orthodeoxia), or with heart failure 
when the shunt is large (Gossage and Kanj 1998). 
Typically, PAVMS may be associated with complica-
tions such as ischemic or infectious paradoxical emboli 
(notably in the brain) due to absence of pulmonary 
capillarfilter, or hemorrhage (hemoptysis, hemotho-
rax) due to rupture of the sac.

On chest X-ray, PAVMs manifest as 1- to 5-cm, 
sharply defined lung nodules, usually with a lobulated 
contour. The key finding is the demonstration of large 
serpiginous feeding artery(ies) and draining vein(s) 
when the PAVMs are peripheral, a finding more diffi-
cult to depict in central lesions (Fig. 7.12). Calcifications 
are exceptional and surrounding tissue is usually nor-
mal. CT is the method of choice for the diagnostic 
workup of PAVMs before treatment by vaso-occlusion. 
A feeding artery larger than 3 mm in diameter is con-
sidered to be an indication for treatment.

Fig. 7.10  (continued)
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Fig.  7.11  Aneurysm of the main pulmonary artery (PA).
Idiopathic dilation of the main PA known for many years in 
79-year-old man. Frontal chest X-ray (a) demonstrates an abnor-
mal bulge (arrow) of the left middle mediastinal arc. Maximum 
intensity projection frontal view (b) shows that dilation of the 
main PA (arrow) is responsible for this bulge. Lateral chest 
X-ray (c) shows an ill-defined opacity in the area of the main PA 

(arrows) whereas the size of right and left PAs is normal (arrow-
heads). Volume rendering technique lateral-view reformat (d) 
confirms abnormal enlargement of the main pulmonary trunk 
(arrow), with only mild dilation of left PAs (arrowhead). 
Pulmonary arterial pressure was normal and no cardiac disease 
was detected during echocardiography. Note that the retrosternal 
anterior bulge in (c) is due to the ascending aorta
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Fig. 7.12  Pulmonary arterio-
venous malformations 
(PAVMs). Lingular complex 
PAVM in a 26-year-old woman. 
Close-up view on frontal chest 
X-ray (a) shows a 3-cm 
arteriovenous malformation 
(star) connected to the left 
hilum by two feeding arteries 
(arrow and arrowheads) and 
one large draining vein (thick 
arrow). Findings are confirmed 
on the axial computed 
tomography sections (b), 
superior-view three-dimensional 
shaded surface display (c), and 
slightly oblique frontal digital 
angiography (d)

a

b
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Fig. 7.12  (continued)

7.3.1.5 � Anomalies of Pulmonary Veins

Congenital anomalies of the PVs can be conveniently 
classified into the following categories: (a) anomalous 
pulmonary venous drainage or return (APVR) with or 
without abnormal course in the lung, (b) anomalous pul-
monary venous course without abnormal connection, or 
(c) abnormal venous diameters including varicosities, 
stenoses, and atresia (Remy-Jardin and Remy 1999). 
Overlapping conditions between categories may exist.

Anomalous Drainage

Partial anomalous pulmonary venous returns (PAPVRs) 
are congenital malformations in which a portion of the 
PVs drains into the right atrium or one of its tributaries, 
resulting in a left-to-right shunt (Ghaye and Couvreur 
2009). PAPVRs occur on the right side twice as often as 
the left. PAPVRs are generally asymptomatic and are dis-
covered incidentally, but some will present with a large 
left-to-right shunt that requires surgery. Detection is par-
ticularly important in patients undergoing contralateral 
lung surgery; a PAPVR may drain a significant amount 
of the cardiac output and may require reimplantation. CT 
is currently considered to be the first-line technique in the 
workup of PAPVRs because it evidences the anomalous 
vein and its drainage and shows associated tracheobron-
chial, lung, or vascular abnormalities, but some may be 
depicted on the chest X-ray.

�Anomalous Drainage Without Anomalous Course

Chest X-ray findings will depend on the configuration of 
the PAPVR and the degree of the left-to-right shunt. 
Associated atrial septal defect is not uncommon. Chest 
X-ray is usually normal but may show the uncommon 
course, often crescent-shaped, of the anomalous vein that 
is frequently dilated. The anomalous PV usually drains 
to the nearest systemic vein, often the superior vena cava 
(SVC) on the right side and the left brachiocephalic vein 
on the left. Right-sided PAPVR is easier to detect on 
chest X-ray because an abnormal mediastinal contour 
due to dilation of the vein collecting the PAPVR, i.e., the 
azygos arch or SVC, may be demonstrated (Posniak 
et  al. 1993; Haramati et  al. 2003). Left-sided PAPVR 
draining into the left brachiocephalic vein may mimic a 
left-sided SVC (Ghaye and Couvreur 2009) (Fig. 7.13). 
Larger shunts may result in signs of right heart and pul-
monary artery enlargement and pulmonary congestion 
(Kalke et al. 1967; Saalouke et al. 1977).

Anomalous Drainage with Anomalous Course

PAPVRs with anomalous courses are easier to depict 
than those without anomalous courses. Anomalous 
drainage in the inferior vena cava (IVC), also known as 
the Halasz syndrome, represents 3–5% of all PAPVRs. 
The Halasz syndrome often but not always includes a 
spectrum of associated anomalies: abnormal lobation 
of the right lung with mediastinal shift to the right 
(hypogenetic right lung syndrome), dextroposition of 
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the heart, a small right PA and large left PA in half of 
patients, systemic arterial supply originating from the 
abdominal aorta, and other tracheal, bronchial, dia-
phragmatic, or cardiovascular malformations (cysts or 
diverticula, bronchiectasis) (Mathey et al. 1968; Dupuis 
et al. 1992).

Halasz syndrome is also known as the scimitar 
syndrome because of the demonstration of the “Turkish 
curved sword” pattern of the anomalous PV. On fron-
tal chest X-ray, the anomalous PV shows a gently 
curved tubular shadow from the right mid-lung toward 
the internal part of the right diaphragm, which gets 
larger as it progress caudally (Fig. 7.14). The “scimi-
tar sign” on chest X-ray may be absent or overlooked 
in more than 50% of patients at initial presentation 
and should be searched for carefully when the right 
hemithorax is small and hyperlucent (Dupuis et  al. 
1992). It should be differentiated from the meander-
ing vein that has normal connection with the left 
atrium.

Anomalous Course Without Anomalous Drainage

Any dilated PV showing an anomalous course in the 
lung does not represent a PAPVR. In particular, any 
scimitar-shaped opacity located in the right paracar-
diac area is not pathognomonic of APVR in the IVC 
(Blake et al. 1965). The whole right pulmonary venous 
return may present as a varicose venous dilatation with 
an anomalous scimitar-like course before entering the 
left atrium. Such abnormality results in a dilated ves-
sel, which may simulate vascular malformation of a 
nodule on chest X-ray (Ghaye and Couvreur 2009). It 
has been called pseudo-scimitar syndrome, but should 
be better termed “meandering vein” or “wandering 
vein” to avoid confusion. Such anomaly may neverthe-
less be associated with other malformations that arealso 
found in the scimitar syndrome (Agarwal et al. 2004; 
Furuya et al. 2007). Therefore, scimitar syndrome and 
meandering vein cannot be differentiated by mean of 
chest X-ray alone.

a b

Fig.  7.13  Anomalous drainage of pulmonary veins. Partial 
anomalous pulmonary venous return of the left upper lobe in a 
72-year-old patient. Frontal chest X-ray (a) shows an abnormal 
and oblique left mediastinal border directing upward and cross-
ing the left hilum and the aortic arch (arrowheads). Frontal-view 

volume rendering technique (b) confirms that this anomalous 
border (arrowheads) is due to the lateral margin of an anoma-
lous pulmonary venous return of the left upper lobe into the left 
brachiocephalic vein, which is dilated
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Fig.  7.14  Scimitar syndrome. Partial anomalous pulmonary 
venous return with abnormal course into the inferior vena cava 
(Scimitar syndrome) in a 20-year-old woman presenting with pal-
pitations. Frontal chest X-ray (a), axial computed tomography 
(CT) (b), and curved-multiplanar reformat (c) show a small right 
hemithorax, small right hilum, and dextroposition of the heart. 

The anomalous vein (arrows) presents with a vertical and oblique 
course behind the right heart and drains into the supradiaphrag-
matic part of the inferior vena cava. CT also shows anomalous 
lobation of the right lung (arrowhead in b) (Case from the Club 
Thorax, courtesy of Jacques Giron, Toulouse France)

Anomalous Caliber

Congenital anomalies of the PVs presenting with abnor-
mal diameter can be classified as stenosis, atresia, or 
varices. Congenital PV stenosis is frequently associated 

with cardiovascular abnormalities that dominate the 
imaging pattern in childhood, although cases of primary 
PV stenosis revealed later in life are reported (Latson and 
Prieto 2007). Pulmonary varix is defined as a localized 
enlargement or an aneurysmal dilatation of a segment of 
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a PV that drains normally into the left atrium. Pulmonary 
varix is generally considered to be congenital, but mitral 
valvular disease was noted in 26–33% of patients in some 
studies (Asayama et al. 1984; Andrikakos et al. 2004). 
Symptoms are unusual, but rare cases of dyspnea or 
hemoptysis have been reported. Exceptional complica-
tions include rupture or systemic embolism consecutive 
to in situ thrombosis. According to imaging, pulmonary 

varix can be morphologically classified as saccular, tortu-
ous, and confluent types. Pulmonary varices are preferen-
tially located in the right lower lobe (RLL) (60%). Such a 
lesion is a fortuitous finding at chest X-ray and appears as 
a mass with smooth, well-defined, and sometimes lobu-
lated margins, similar to coin lesions of various origins 
(Andrikakos et al. 2004) (Fig. 7.15). CT and magnetic 
resonance imaging (MRI) provide the correct diagnosis.

a b

c d

Fig. 7.15  Pulmonary varix. Pulmonary varix in an 83-year-old 
woman presenting with cardiac failure secondary to persistent 
atrial fibrillation. The chest X-ray (a and b) demonstrate an 
enlarged heart and a 15 mm right paracardiac nodular opacity 
(arrow). Axial contrast-enhanced computed tomography (c), 

and almost frontal view volume rendering technique (d) refor-
matting demonstrate a sacciform vascular structure (arrows) 
measuring 18 mm of great axis that expanded from the inferior 
root of the right inferior pulmonary vein
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7.3.2 � Acquired Diseases

Acquired diseases responsible for increased or 
decreased size of pulmonary vessels are numerous. 
Some diseases may result in both dilation and stenosis 
of pulmonary vessels (Tables 7.1 and 7.2). Pulmonary 
embolism (PE) and pulmonary hypertension are pre-
sented in Chap. 18.

7.3.2.1 � Pulmonary Aneurysm

Aneurysms or pseudoaneurysms are much rarer in  
PAs than in other locations, e.g., the aorta. Pulmonary 
aneurysms are focal enlargement of the PAs. Causes of 
focal or diffuse dilatation of pulmonary vessels are 
presented in Table 7.1.

Central aneurysms affecting the PAs up to the lobar 
level may be suggested by an enlarged and lobulated 
PA or, more generally, an asymmetric hilar enlarge-
ment (Fig. 7.11). They may be multiple but are usually 
asymmetric. Walls may show calcifications. Central PA 
aneurysms may be found in patients who have primary 
or secondary pulmonary hypertension, congenital car-
diovascular diseases (particularly persistent ductus 
arteriosus or a bicuspid pulmonary valve), Marfan syn-
drome, cystic medial necrosis, PA stenosis, trauma, and 
vasculitis or infections (mycotic aneurysms). A double 
wall sign (displaced intimal calcifications) should sug-
gest dissection, a life-threatening complication in 
patients who have pulmonary hypertension.

Peripheral PA aneurysms are elliptical or rounded 
opacities and present as solitary pulmonary nodules. 
The location along a PA may be difficult to assess on 
chest X-ray. Nevertheless, when elliptical, their long 
axis should parallel the normal course of PAs. They 
may also be multiple and follow PA trauma, lung infec-
tions, or vasculitis.

�Pulmonary Pseudoaneurysm

Pseudoaneurysm is dilation of a vessel, formed when 
bleeding from vascular disruption is contained by sur-
rounding tissues. It may result from any destructive 
process that erodes the wall of a pulmonary vessel, such 
as trauma (Swan-Ganz catheter particularly and pene-
trating or, more rarely, blunt trauma), various infec-
tions, tumors or inflammatory diseases. Chest X-ray 
shows a sharply defined elliptical or round opacity in an 
area that presented in the previous days with focal 
consolidation, caused by hemorrhage after PA rupture 
or the infectious or inflammatory process responsible 
for the pseudoaneurysm (Ghaye et al. 1997). They are 
virtually not detectable on chest X-ray when located in 
a persistent consolidation of the lung parenchyma. 
Pseudoaneurysms secondary to Swan-Ganz trauma are 
generally located at the level of the segmental or 
subsegmental PA. Previous chest X-ray may have 
shown a Swan-Ganz catheter located too peripherally 

Causes of focal or diffuse dilation of pulmonary vessels

Pulmonary hypertension

Left-to-right shunt (intracardiac, persistant ductus  
arteriosus, etc.)

Pulmonary valve or pulmonary artery stenosis

Pulmonary embolism

Pulmonary artery aneurysm

Pulmonary artery pseudoaneurysm (mycotic, trauma, etc.)

Dissecting aneurysm

Idiopathic dilation of pulmonary artery

Vasculitis (Takayasu arteritis, Behçet disease, Hughes-Stovin 
disease, Giant cell arteritis, Williams Syndrome, etc.)

Pulmonary arteriovenous malformations

Pulmonary varice

Pulmonary artery primary tumor or metastasis

Marfan syndrome

Cystic medial necrosis

Table 7.1

Causes of decreased size of pulmonary vessels 

Congenital disease resulting in lung hypoplasia

Congenital heart disease (Tetralogy of Fallot, pulmonary 
atresia, etc.)

Proximal interruption of a pulmonary artery

Compression or invasion (bronchogenic carcinoma, fibrosing 
mediastinitis, aortic aneurysm, sarcoidosis, etc.)

Pulmonary embolism, particularly chronic

Vasculitis (particularly Takayasu arteritis, Behçet disease, 
Wegener granulomatosis, connective tissue disorders, etc.)

Ipsilateral bronchial or parenchymal disease

Atelectasis

Postradiofrequency ablation of atrial fibrillation

Table 7.2 
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in the PAs (normally the tip should not be located more 
than 2 cm from the hilum). Any nodule located in the 
wall of a cavitary lesion, particularly in the tuberculosis, 
should raise the suspicion of a mycotic pseudoaneu-
rysm (also called Rasmussen aneurysm) (Remy et al. 
1984) (Fig.  7.16). The risks of pseudoaneurysms are 
enlargement and eventually rupture, resulting in fatal 
hemoptysis in more than 50% of cases.

7.3.2.2 � Pulmonary Valve Stenosis

Pulmonary valve stenosis may be associated with dila-
tion of the PAs, predominantly affecting the main pul-
monary trunk and/or the left PA. Pulmonary valve 
stenosis may be due to commissural fusion of the pul-
monary cusps or bicuspid valve or valvular dysplasia 
(Amplatz and Moller 1993). Elevated pressure in the 

a

c d

b

Fig.  7.16  Pulmonary pseudoaneurysm. Pseudoaneurysm in a 
cavitary lung tumor in a 60-year-old man presenting with haemop-
tysis. The frontal chest X-ray (a) shows a cavitary lesion in the left 
parahilar area (arrow). A nodular contour is suspected on the supe-
rior aspect of the lesion (arrowhead). Axial maximum intensity 

projection (b), frontal multiplanar reformat (c), and digital pulmo-
nary angiography (d) show a 4-mm pseudoaneurysm (arrowheads) 
of a subsegmental pulmonary artery of the left upper lobe that 
required vaso-occlusion with steel coils (Case from the Club 
Thorax, courtesy of Antoine Khalil, Hôpital Tenon, Paris, France)
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right ventricle results in muscular hypertrophy of the 
ventricle and clockwise rotation of the heart. As a 
result, increased velocity of the pulmonary outflow 
produces a jet impact selectively oriented to the wall of 
the main and left PAs that progressively dilate (Remy 
and Boroto 2009). Poststenotic dilation mainly occurs 
in the case of moderate stenosis of the valve; severe 
stenosis results only in a poor jet through the valve. 
Chest X-ray will show discrepancy in the size of both 
hila, with the left being larger (Fig. 7.17). Like other 

causes of main PA dilation, it may simulate other 
pathologies responsible for hilar or left middle medi-
astinal arc enlargement on frontal chest X-ray, includ-
ing lymphadenopathy, hilar tumor, anterior mediastinal 
mass, mediastinal pleural mass, or pericardial congen-
ital defect (Cole et al. 1995). Associated dilation of the 
left PA is a clue to the diagnosis of pulmonary valve 
stenosis. Furthermore, LUL PAs may appear larger 
than those of the RUL due to increased blood flow. 
Calcifications of the pulmonary valve are rare.

a b

c
d

Fig.  7.17  Pulmonary valve stenosis in a 58-year-old patient 
presenting with increasing dyspnea. Frontal chest X-ray (a), 
axial computed tomograpy (b), and frontal maximum intensity 
projection (c) show selective dilation of the left pulmonary 
artery (LPA) and normal caliber of the right pulmonary artery 

(RPA). Magnetic resonance imaging (d) confirmed a commis-
sural fusion of the pulmonary cusps causing a moderately thick-
ened, dome-shaped valve. The jet flow (black area – arrow) is 
selectively oriented towards the dilated left PA
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7.3.2.3 � Vasculitis

Behçet disease, Takayasu arteritis, and giant cell arteritis 
are forms of vasculitides that may affect the central or 
medium-sized PAs in young or middle-aged patients. 
They are characterized by wall thickening and stenotic 
or, less commonly, dilation changes, which can cause 
peripheral perfusion asymmetry, arterial thrombosis, or 
thromboembolism with distal pulmonary infarction. 
Pulmonary aneurysms have also been occasionally 
reported in other “systemic diseases,” including syphilis, 
ankylosing spondylitis, rheumatoid disease, rheumatic 
fever, systemic lupus erythematosus, relapsing polychon-
dritis, and Reiter’s syndrome (Hartley and al. 1978).

Behçet Disease

Behçet disease is a systemic vasculitis that may involve 
arteries and veins of any size. It is characterized by recur-
rent oral and genital ulcerations, ocular and skin lesions, 
sometimes associated with arthritis, gastrointestinal, and 
thoracic involvement. Pulmonary involvement is found 
in 1–10% of cases (Hiller et al. 2004). It consists mainly 
in vascular complications (20–40%), resulting in aneu-
rysm (65%) or occlusion (35%) of PAs, SVC, and the 
aorta. PA aneurysms are more frequent with this disease 
than in other types of vasculitides (Grenier et al. 1981; 
Tunaci et al. 1995). They may be single or multiple, cen-
tral or peripheral, frequently rupture, and have a poor 
prognosis; 30–80% of patients die within 2 years (Hiller 
et al. 2004; Castaner et al. 2006). Because endovascular 
thrombosis is frequent, signs of pulmonary infarcts or 
hemorrhage, oligemic areas, atelectasis, pleural effusion, 
and ultimately pulmonary hypertension can be seen 
(Fig. 7.18). Organizing pneumonia, eosinophilic pneu-
monia, and fibrosis have also been described (Tunaci 
et al. 1995; Hiller et al. 2004). Therefore, the most com-
mon pulmonary parenchymal findings in Behçet disease 
are subpleural infiltrates and wedge-shaped or ill-defined 
rounded opacities (Grenier et  al. 1981; Tunaci et  al. 
1995; Ahn et al. 1995). Other patterns of alveolar con-
solidation may represent pneumonia or lung filling by 
blood secondary to hemoptysis. Sudden hilar enlarge-
ment or apparition of intraparenchymal rounded opaci-
ties are signs of PA aneurysm. Poor margins suggest 
hemorrhage or inflammation around the aneurysm. 
Disappearance of some aneurysms after steroids treat-
ment has been reported (Tunaci et al. 1995). Mediastinal 

widening may suggest edema due to thrombosis or 
stenosis of the SVC (Ahn et al. 1995).

Hughes–Stovin Disease

Hughes–Stovin disease is characterized by the combi-
nation of multiple PA aneurysms and deep venous 
thrombosis. It is currently considered to be a variant of 
Behçet disease or an incomplete Behçet disease (also 
called vascular Behçet) because they share similar 
clinical, radiological, and histopathological findings 
with Behçet disease (Tunaci et al. 1995; Ketchum et al. 
2005; Emad et al. 2007).

Takayasu Disease

Although most frequently found in young Asian women, 
Takayasu arteritis has a worldwide distribution. This 
granulomatous arteritis mainly affects the elastic arter-
ies (aorta and its major branches). PAs can be affected in 
15%–80%, often as a late manifestation of the disease, 
and more frequently at the segmental and subsegmental 
than lobar or main level (Yamada et al. 1992). CT and 
MRI may show (often smooth) thickening and enhance-
ment of arterial walls in early phases, and mural calcifi-
cations, stenosis or occlusion, and collateral vessels in 
chronic phases (Ferretti et al. 1996). Unilateral occlu-
sion can occur during late phases, whereas aneurysms 
are more uncommon. Early PA involvement is difficult 
to detect on chest X-ray, but the late phase may show 
patchy areas of decreased perfusion, sometimes 
affecting a single lung, and signs of PA hypertension 
(Fig.  7.19). Subpleural reticular changes and pleural 
thickening has been attributed to local thromboembo-
lism (Takahashi et al. 1996). Contrary to PE, upper lung 
zones seem to be predominantly affected (Yamada et al. 
1992). Chest X-ray may show premature calcification of 
the aorta and branches, as well as rib notching due to 
formation of collateral vessels in severe stenosis of the 
aorta. Differential diagnosis includes aortic coarctation, 
other vasculitis, and fibromuscular dysplasia.

Giant Cell Arteritis

Giant cell arteritis may occasionally affect the  
central PAs and the aorta (Landrin et  al. 1997). 
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Differentiation from Takayasu arteritis or PE may 
be difficult.

7.3.2.4 � Tumor

Tumoral processes affecting the PAs are infrequent 
and are not commonly detected on chest X-ray. Tumors 
may involve the pulmonary vasculature in four ways: 
large central emboli, microscopic emboli, lymphatic 
dissemination (i.e., lymphangitic carcinomatosis), and 
a combination of all. They are important to know 
because they may mimic other conditions such as PE, 
PA aneurysms, or pulmonary hypertension. Primary 
tumors are generally central while secondary tumors 

are more frequently peripheral. Lymphangitic carcino-
matosis is presented in Chap. 8.

Primary Tumor

Most primary tumors of pulmonary vessels are sarcomas 
(leiomyosarcomas, angiosarcomas, etc.). They mainly 
affect young and middle-aged adults, around 30–45 years 
of age, sometimes with history of radiation therapy. Even 
on CT they mimic acute and chronic PE because they 
present as an endoluminal mass in the proximal and 
dilated PA, sometimes associated with distal oligemia or 
pulmonary infarcts (Fig.  7.20). The diagnosis may be 
even more difficult because secondary thromboembolic 

a b

c
d

Fig.  7.18  Two examples of patients with Behçet disease. Chest 
X-ray (a) shows lobulated increase of size of both hila, correspond-
ing to aneurysms of pulmonary arteries (arrows) on computed 
tomography (CT) (b). CT also shows mural thrombi bilaterally and 
central filling defects on the left side, responsible for the decrease of 
perfusion of left lung basis demonstrated on chest X-ray. In another 

patient chest X-ray (c) and CT (d) show a huge pulmonary artery 
aneurysm (arrow) on the left side. Prognosis of such a large aneu-
rysm is particularly poor. Indeed, this patient presented with mas-
sive hemoptysis secondary to aneurysm rupture 1 week later (Cases 
from the Club Thorax, courtesy of Mostafa El Hajjam and Pascal 
Lacombe, Hôpital Ambroise Paré, Paris, France)
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a b

c

d

e

f

Fig.  7.19  Takayasu arteritis. Thrombosis of posterior segmental 
pulmonary artery (PA) of the right upper lobe (RUL) in a patient with 
a history of Takayasu arteritis known for more than 20 years. Chest 
X-ray (a) and frontal (b), and oblique (c) multiplanar reformats show 
a chronic ground glass infiltrate in the RUL due to increased sys-
temic vascularisation, ill-defined consolidation probably related to 
pulmonary infarct (arrow), and premature calcifications in the bra-

chiocephalic arterial trunk (arrowhead). Axial computed tomogra-
phy (d and e) and axial maximum intensity projection (f) show 
thrombosis of the posterior segmental PA of the RUL (arrow in d and 
f), wall thickening and stenosis of supra-aortic vessels (arrow in e), 
and collateral vessel development from bronchial arteries and inter-
costals vessels (arrowheads in d and e) (Case courtesy of Gilbert 
Ferretti, University hospital of Grenoble, France)
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events are common and may be the only clinical evi-
dence of tumor at presentation (Engelke et  al. 2002). 
Tumoral process should be suspected when risk factors 
for PE are absent; there is no dissolution despite the 
administration of anticoagulation an atypical distribution 
such as upper lobe predominance or a single large unilat-
eral lesion; a defect occupying the entire section of a cen-
tral PA; a lobulated or heterogeneous mass that may 
show enhancement after contrast media injection; and, 
ultimately, transmural growth in the hilum and mediasti-
num and lymphadenopathies (Tschirch et  al. 2003, Yi 
et al. 2004). They are differentiated from intravascsular 

(IV) metastasis as dilatation of the peripheral PA is not 
common in sarcoma of PA.

Therefore, chest X-ray is often normal or shows find-
ings that may suggest PE, including dilation of the cen-
tral PAs containing an endoluminal tumor, sometimes 
associated with distal oligemia (Westermark sign) or an 
“Hampton hump” caused by pulmonary infarct, and 
small- volume pleural effusion. A lobulated pattern of 
dilated PAs and lung nodules should raise suspicion of a 
tumoral process. Other differential diagnoses include 
hilar tumor or adenopathy, fibrosing mediastinitis, or 
rarely central IV metastasis.

a b

c

d

Fig.  7.20  Primary tumor of pulmonary artery (PA). Angiosar
coma of the left lower lobe PA in a 65-year-old man presenting with 
recurrent infections on the left lower lobe. Close-up view of frontal 
chest X-ray (a) shows a tubular structure (arrows) in the left retro-
cardiac area, oriented along the bronchovascular bundles of the left 
lower lobe. Axial computed tomography (b and c) and curved 

multiplanar reformat (d) show an expanding intraluminal process in 
the left lower lobe PA (arrows), invading the neighboring bronchus 
of the left lower lobe (arrowheads). Pathology after fibroscopy 
showed an angiosarcoma (Case from the Club Thorax, courtesy of 
Daniel Jeanbourquin,  Hôpital Val de Grâce, Paris, France)



190 B. Ghaye

Intravascular Metastasis

IV metastases are not rare at autopsy (3–26%) and are 
particularly found in solid tumors that tend to invade 
systemic veins (hepatocellular carcinoma, renal cell 
carcinoma, stomach, breast, or lung cancer, etc.), but 
they are not uncommonly seen on medical imaging 
examinations, even CT or MRI, which are usually nor-
mal (Roberts et al. 2003). A ventilation/perfusion lung 
scan is considered to have the greater diagnostic utility 
because it demonstrates numerous, symmetric, and 
distal perfusion defects (Roberts et  al. 2003). Most 
tumor emboli are microscopic and involve peripheral 
arteries and arterioles, except the right atrial myxoma 
and renal cell carcinoma that may embolize to the large 
central and segmental PAs. Symptoms include pro-
gressive dyspnea and subacute pulmonary hyperten-
sion or a more acute manifestation that simulates PE 

(Roberts et al. 2003). On CT they may present as mul-
tifocal dilatation or beading of vessels, sometimes with 
a tree-in-bud appearance (Shepard et  al. 1993; Tack 
et al. 2001) (Fig. 7.21). Areas of mosaic perfusion or 
pulmonary infarction have been reported (Engelke 
et  al. 2002). Rarely, larger emboli may cause filling 
defects that mimic acute PE. Such findings are undoubt-
edly difficult to demonstrate on chest X-ray, which is 
typically normal. Indeed, a normal chest X-ray with 
acute or subacute dyspnea and hypoxemia in a patient 
with a known malignancy should raise the suspicion of 
IV metastasis. In the advanced stage, signs of PA 
hypertension, nodular or linear opacities presenting as 
a vascular distribution, or a branching pattern may be 
seen (Shepard et  al. 1993; Tack et  al. 2001). They 
should be differentiated from PAVMs or filling of a 
dilated bronchial structure, i.e., mucous plugging in 
bronchiectasis or intrabronchial growth of a tumor.

a b

c

Fig. 7.21  Intravascular (IV) 
metastasis. In a patient with 
an uncontrolled neck tumor. 
Chest X-ray (a) shows a 
linear and branching opacity 
(arrow) in the anterior 
segment of right lower lobe 
progressively growing over 
months. Chest computed 
tomography was performed 
because of suspicion of 
pulmonary embolism since 
the patient presented with 
hemoptysis. Maximum 
intensity projection (b and c) 
shows branching intra-arterial 
filling defects (arrow) in a 
subsegmental pulmonary 
artery (PA) of A8D, showing 
a marked dilation of the PA, 
largely superior to dilation 
observed in patients who have 
acute cruoric clots. Beading 
of small branches represent-
ing tree-in-bud pattern is also 
demonstrated (arrow in b). 
Other small peripheral foci of 
IV metastasis were found 
(arrowhead in c). The  
right ventricle/left ventricle 
ratio (1:1) was increased 
compared with a CT 
performed 8 months earlier, 
indicating increased pressure 
in the PA
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7.3.2.5 � Fibrosing Mediastinitis

Fibrosing mediastinitis is a rare benign disorder caused 
by proliferation of acellular collagen and fibrous tissue 
within the mediastinum that may lead to encasement, 
reduced caliber, and sometimes occlusion of mediasti-
nal structures. Veins and airways are most frequently 
involved (33–39%); narrowing or obstruction of PAs is 

reported in 18% and esophageal narrowing is reported 
in 9% (Sherrick et  al. 1994). Two types should be 
distinguished: The focal type (82%) usually manifests 
on CT as a localized, partially calcified (63%) mass 
obliterating normal mediastinal fat planes and encas-
ing adjacent structures in the paratracheal or subcari-
nal regions of the mediastinum or in the pulmonary 
hila (Sherrick et al. 1994) (Fig. 7.22). The right side of 

ba

c d

Fig. 7.22  Fibrosing mediastinitis in a 38-year-old man present-
ing for dyspnea, cough, chest pain, and hemoptysis. Frontal 
chest X-ray (a) shows blurring of the right hilum contour and 
parahilar parenchymal opacities. Axial computed tomography 
(b) shows calcifications in the right hilum (arrowheads).  
After contrast medium injection, maximum intensity projection  

(c and d) demonstrates a “pseudo-tumoral” hilar soft tissue 
infitration compressing the pulmonary artery, including the right 
interlobar pulmonary artery and the internal segmental pulmo-
nary artery of the middle lobe (arrows). The infiltrate in the 
upper lobe corresponds to a pulmonary hemorrhage or infarction 
(arrowheads)
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the mediastinum is more commonly involved than the 
left. It is considered to result from an abnormal immu-
nologic reaction to organisms such as Histoplasma 
capsulatum or tuberculosis and in rare cases to other 
infectious agents including aspergillosis, mucormyco-
sis, blastomycosis, and cryptococcosis (Rossi et  al. 
2001). The diffuse type (18%) manifests as a diffusely 
infiltrating, often noncalcified mass that affects multi-
ple mediastinal compartments. It is mostly due to an 
autoimmune disease associated with other idiopathic 
fibroinflammatory disorders such as retroperitoneal 
fibrosis, sclerosing cholangitis, Riedel thyroiditis, and 
drug reaction, or it is idiopathic (Sherrick et al. 1994).

Chest X-ray is often normal or underestimates the 
extent of the disease. It may show a focal or diffuse 
mediastinal widening and distortion or obliteration of 
normally recognizable mediastinal interfaces or lines 
(Rossi et al. 2001). Calcifications may be difficult to 
assess on chest X-ray. Compression or stenosis of the 
tracheal or central bronchi is rarely depicted. Secondary 
signs of vascular (SVC syndrome with dilation of col-
laterals, i.e., the aortic nipple, pulmonary edema, lung 
infarction) or bronchial involvement (pneumonitis, 
atelectasis, hyperlucent area due to hypoxemic vaso-
constriction) are more commonly seen. Differential 
diagnosis is large on chest X-ray, requiring CT or MRI 
to differentiate the various causes of tumoral or non-
tumoral mediastinal enlargement or encasement.

7.3.2.6 � Postablation Stenosis  
of Pulmonary Veins

Percutaneous ablation using radiofrequency energy 
has become a well-established technique for treatment 
of atrial fibrillation and consists of removing or isolat-
ing tissue at the site of the abnormal impulse forma-
tion, namely the PVs. The technique is, however, 
associated with complications, including PV stenosis 
and, more rarely, PV thrombosis (Ghaye et al. 2003). 
The incidence of PV stenosis varies from 1% to 5% in 
experienced hands. Early stenosis is caused by tissue 
swelling that may regress, or progress to fibrosis and 
contraction of the venous wall. If a single PV is 
obstructed, the clinical symptoms may be mild or 
unrecognized. Pulmonary hypertension is unlikely to 
develop unless a substantial portion of the pulmonary 
venous drainage is affected. Multiple PV stenoses are 
potentially life threatening. Recurrence of stenosis 

after treatment is frequent and patients must be fol-
lowed carefully (Latson and Prieto 2007). Chest X-ray 
may evidence septal thickening and ground-glass opaci-
ties, which may reflect localized pulmonary venous 
hypertension or focal pulmonary edema. Nodules and 
wedge-shaped parenchymal consolidation, reflecting 
venous infarction, can also be seen. CT and MRI are 
necessary to evidence the stenosis or thrombosis of PV 
(Ghaye et al. 2003).

7.4 � Conclusion

Most pulmonary vessel diseases can be detected with 
chest X-ray, and a definite diagnosis can be reached using 
CT or MRI. In an appropriate clinical setting, the aware-
ness of radiologic manifestations of pulmonary vessel 
diseases can lead to early diagnosis, workup, and treat-
ment, or, on the contrary, can prevent unnecessary exami-
nations in patients with benign congenital diseases.
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8.1 � Introduction

The term interstitial lung disease (ILD) refers to a 
broad category of lung diseases rather than a specific 
disease entity. However, the term interstitial is mis-
leading because most of these disorders are also asso-
ciated with extensive alterations of alveolar and airway 
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Abstract

Interstitial lung disease (ILD), also known as ››
diffuse parenchymal lung disease, is a broad 
category of lung diseases that are grouped 
together because of their similar clinical, radio-
graphic, physiologic, or pathologic manifesta-
tions. It includes more than 130 disorders 
characterized by scarring (i.e., “fibrosis”) and/
or inflammation of the lungs.
The traditional approach to radiographic ››
assessement of ILD consists primarily of deter-
mining whether the pulmonary parenchymal 
process is located within the interstitium. This 
is often difficult, although radiographic criteria 
have been established over the past years. 
Therefore, radiologists use a more descriptive 
approach to analyze the predominant pulmo-
nary pattern, lung volumes, lesion distribution, 
and the presence of associated findings. 
High-resolution computed tomography (HRCT) ››
has been widely accepted as the imaging gold 
standard for ILD. 
This chapter reviews the different interstitial ››
patterns seen on chest radiograph classified and 
based on their appearance patterns on HRCT.
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architecture. ILD includes a variety of illnesses with 
various causes, treatments, and prognoses. These dis-
orders are grouped together because of similarities in 
their clinical presentations, radiographic appearance, 
and physiologic features.

The interstitium of the lung is normally not visible 
radiographically because of the summation effect and 
the low spatial resolution, and radiological findings are 
nonspecific in most pathologies. High-resolution com-
puted tomography (HRCT) has been widely accepted 
as the imaging standard of reference when an ILD is 
suspected. In certain clinical settings, the presence of a 
typical pattern on HRCT may be sufficient to make a 
presumptive diagnosis.

8.2 � Anatomy

Comprehensive knowledge of lobar, segmental, and 
subsegmental structures is mandatory to understand 
CT features of ILD. The differential diagnosis of 
ILD can be narrowed down when one can decide 
whether the disease likely is located in or around the 
airways, the blood vessels, the lymphatics, or the 
lung interstitium.

The lung is made up of numerous anatomic units 
much smaller than a lobe or segment. The secondary 
pulmonary lobule refers to the smallest unit of lung 
structure and is defined as the portion of lung distal to a 
lobular bronchiole (Miller 1947). They are irregular 
polyhedral in shape and their sides are lined by the 
incomplete interlobular connective tissue septa and their 
base, which is 1–2  cm in diameter, usually faces the 
pleural surface of the lung. Lobules that occupy a more 
central position in the lung are not well defined and are 
considered to consist of three to five pulmonary acini.

The lung is supported by a network of connective 
tissue fibers referred to as the lung interstitium. For the 
purpose of interpreting HRCT images and identifying 
abnormal findings, the interstitium can be thought of 
as three components that communicate freely: (1) the 
peripheral connective tissue, (2) the axial connective 
tissue, and (3) the parenchymal connective tissue 
(Weibel and Gil 1977; Weibel 1979).

The peripheral connective tissue includes the sub-
pleural space and the interlobular septa of the lung. 
The interlobular septa are fibrous strands that penetrate 
deeply as incomplete partitions from the subpleural 

space into the lung (Weibel 1979). Hence, the pleura is 
in anatomic continuity with the different lung septa, 
including the interlobular septa and the septa between 
the acini.

The axial connective tissue is a system of fibers that 
surrounds bronchi and pulmonary arteries, forming a large 
connective tissue sheath from the lung root to the level of 
the respiratory bronchiole. It terminates at the center of the 
acini in the form of a fibrous network that follows the wall 
of the alveolar ducts and sacs (Weibel 1979).

The parenchymal connective tissue is a network of 
elastic and collagen fibers that forms a connective tis-
sue mesh between the sacs and alveoli and bridges the 
gap between the peripheral connective tissue and the 
axial connective tissue (Weibel 1979).

The arteries of the human lung accompany the air-
ways and their pattern of division is similar to the 
branching pattern of the airways. The pulmonary veins 
are formed by the confluence of pulmonary venules at 
the periphery of the secondary pulmonary lobule and 
run across the interlobular septa and through the more 
central connective tissue sheets.

This highly detailed microscopic anatomy is not vis-
ible on chest radiograph in a normal situation. Only CT 
with high-frequency algorithm reconstructions, known 
as HRCT, is capable of visualizing this complex ana-
tomical structure. Therefore, since the development of 
HRCT, this method dominates the recent literature 
about the imaging of ILD (Webb et al. 2009).

The diagnosis of ILD can be suspected initially on 
the basis of an abnormal chest radiograph, but an accu-
rate diagnosis of ILD is rarely obtained except in some 
clinical conditions such as pulmonary edema, idio-
pathic pulmonary fibrosis, complicated silicosis, and 
end-stage sarcoidosis.

8.3 � Patterns of Interstitial Lung Disease

The traditional approach to the radiographic assess-
ment of ILD first involves determining whether the 
pulmonary parenchymal process is located within the 
interstitium or in the alveolar spaces. This is often dif-
ficult, although radiographic criteria have been estab-
lished over the past years to make this differentiation. 
Because of these limitations, a more descriptive 
approach has been proposed by radiologists for ILD. 
This takes into account an analysis of the predominant 
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pulmonary pattern, analysis of lung volumes, lesion 
distribution (focal or multifocal, versus diffuse or dis-
seminated), and finally the appearance of other tho-
racic structures such as heart, lymph nodes, 
mediastinum, and ribs.

Pulmonary patterns may be classified as alveolar, 
interstitial, bronchial, and vascular. Interstitial pat-
terns on chest radiography have been described as 
linear, reticular, nodular, and reticulonodular. Many 
attempts have been made to establish criteria for the 
radiographic recognition of interstitial involvement 
of the lung on chest radiographs. Often, there is 
another type of lesion or none at all to account for 
the shadows. The summation effect and the low spa-
tial resolution are two possible explanations for this 
phenomenon.

HRCT, however, has been widely accepted as the 
imaging gold standard for ILD and occupies the mid-
dle ground between the vague information provided by 
chest radiography and the microscopic, but otherwise 
localized, information obtained from histopathologic 
examination of a lung biopsy.

Therefore, we present in this chapter the interstitial 
findings based on their HRCT patterns. For each pattern, 
the description starts from the viewpoint of chest radio
graphy with a short differential diagnosis based on the 
radiographic findings. These findings are more accu-
rately and specifically defined on HRCT with a more 
extensive differential diagnosis. The interstitial patterns 
on HRCT include linear and reticular pattern, nodular 
pattern, decreased lung density, and increased lung 
density.

8.3.1 � Linear and Reticular Pattern

Thickening of the interstitial network of the lung by 
fluid or fibrous tissue, or because of interstitial infiltra-
tion by cells or other substances, results in an increase 
in linear or reticular lung opacities.

On chest radiography, a linear pattern is most com-
monly caused by thickening of the interlobular septa or 
thickening of the peribronchial intersitium. However, 
sometimes parenchymal bands or pleuroparenchymal 
scars can also lead to line shadows on chest radio-
graphs. A reticular pattern on chest radiography will 
be the result of a summation of small irregular opaci-
ties, cystic spaces, or both.

The distinction between the components responsi-
ble for the reticular pattern on a chest radiograph can 
readily be made on HRCT because of the highly 
detailed information.

On HRCT, linear or reticular opacities can manifest 
as peribronchovascular interstitial thickening, inter-
lobular septal thickening, parenchymal bands, sub-
pleural interstitial thickening, intralobular septal 
thickening, honeycombing, irregular linear opacities, 
and subpleural lines.

8.3.1.1 � Linear Pattern

Chest Radiograph

On chest radiography, a linear pattern is seen when 
there is a thickening of the interlobular septa or when 
there is bronchial wall (peribronchial) thickening. 
(Webb and Higgins. 2004). The interstitial septa of 
normal lungs are not visible on chest radiographs 
except in a very small minority of thin patients, and 
even in this condition only on very high-quality films 
(Armstrong 2000). The same applies for the normal 
walls of the bronchi beyond the hila, which are invisi-
ble unless they are visualized end-on to the X-ray 
beam. Thickening of the interlobular septa is caused 
by infiltration of the lung interstitium by fluid, fibrous 
tissue, cells, or other materials (Webb 1989). The 
thickened septa are anatomically divided into deep and 
peripheral interlobular septa (Ried 1959).

Kerley B lines (peripheral septal lines) are short, •	
thin lines, 1–2 cm in length. They are perpendicular 
to the pleural surface and continuous with it and are 
in direct contact with the pleura. They are readily 
recognizable laterally at the costophrenic angles on 
frontal views and in the substernal region on lateral 
views. They are generally absent along the surfaces 
of the fissures. The characteristic appearance of 
Kerley B lines results from the consistent size and 
regular organization of pulmonary lobules at the 
lung bases.
Kerley A lines (deep septal lines) are less often •	
seen. They are longer (at least 2 cm), unbranching 
lines coursing diagonally from the periphery toward 
the hila in the inner half of the lungs. They also rep-
resent thickened interlobular septa, but their appear-
ance is different from that of B lines because of the 
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different arrangement of pulmonary lobules in the 
parahilar regions.

Septal lines must be distinguished from blood vessels 
on plain radiographs. The identification of septal lines 
is an extremely useful diagnostic feature because, thick-
ened septal lines occur in few conditions (Table 8.1).

Differential diagnoses of septal lines on chest radi-
ography (Armstrong 2000) include:

Pulmonary edema (hydrostatic most common, sym-•	
metric) (Fig. 8.1)
Lymphangitic spread of neoplasm (often asymmet-•	
ric) (Fig. 8.2)
Congenital lymphangiectasia•	
Viral and mycoplasma pneumonia•	
Interstitial pulmonary fibrosis from any cause•	
Pneumoconiosis•	
Sarcoidosis•	
Lymphocytic giant-cell interstitial pneumonitis•	
Late-stage hemosiderosis•	
Lymphangioleiomyomatosis (LAM; and tuberous •	
sclerosis)

When edema or cells infiltrate the peribronchial inter-
stitial space, the combination of the bronchial wall 
and the thickened interstitium produces so-called 
bronchial wall thickening (Armstrong 2000). This 
condition can be seen with edema or neoplastic infil-
tration. Distinction between lymphangitic carcinoma-
tosis and edema can usually be accomplished on the 
basis of clinical findings. In cases in which there is a 

doubt, HRCT may be helpful. Peribronchial thickening 
is also seen in recurrent asthma, allergic bronchopul-
monary aspergillosis, bronchiolitis, cystic fibrosis, and 
bronchiectasis.

HRCT

On HRCT scans, thickened interlobular septa are iden-
tified because they are perpendicular to the pleura or 
by the fact that they form polygonal structures (Johkoh 
et al. 1999). Only a few septa should be visible in nor-
mal patients. Numerous, clearly visible interlobular 
septa always indicate the presence of an interstitial 
abnormality.

Peribronchovascular interstitial thickening cannot 
be distinguished from the underlying opacity of the 
bronchial wall or pulmonary artery and therefore result 
in an increased bronchial wall thickness or an increase 
in diameter of the pulmonary artery branches on unen-
hanced HRCT.

On HRCT, depending on the cause, smooth, nodular, 
and irregular thickening of the interlobar septa or peri-
bronchial interstitium can be identified (Webb 1989; 
Kang et al. 1996).

Smooth Septal Thickening

Smooth septal thickening is seen in patients who 
have venous, lymphatic, or infiltrative diseases. It 
may reflect pulmonary edema, congestive heart fail-
ure, fluid overload, or hemorrhage (Cassart et  al. 
1993); pulmonary veno-occlusive disease (Cassart 
et al. 1993); lymphangitic spread of carcinoma, lym-
phoma, or leukemia (Munk et al. 1986); lymphopro-
liferative disease; lymphangiomatosis (Colby and 
Swensen 1996); amyloidosis; and in some cases 
pneumonia.

Nodular Septal Thickening

Nodular septal thickening occurs in lymphatic or infil
trative diseases, including lymphangitic spread of 
carcinoma or lymphoma (Munk et  al. 1986), lympho-
proliferative disease, sarcoidosis (Lynch et  al. 1989; 
Traill et al. 1997), silicosis or coal worker’s pneumoco-
niosis (Remy-Jardin et al. 1990), and amyloidosis.

Table 8.1  Differential diagnosis of septal lines on chest 
radiograph (Armstrong 2000)

Pulmonary edema (hydrostatic most common, symmetric) •	
(Fig. 8.1)

Lymphangitic spread of neoplasm (often symmetric)  •	
(Fig. 8.2)

Congenital lymphangiectasia•	

Viral and mycoplasma pneumonia•	

Interstitial pulmonary fibrosis from any cause•	

Pneumoconiosis•	

Sarcoidosis•	

Lymphocytic giant-cell interstitial pneumonitis•	

Late-stage hemosiderosis•	

Lymphangiomyomatosis (LAM) and tuberous sclerosis•	
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Fig. 8.1  Hydrostatic pulmonary edema in a patient with conges-
tive heart failure. Two successsive axial computed tomography 
slices (a and b) demonstrate a nodular thickening of the interlobu-
lar septa reflecting the enlarged pulmonary veins (blue arrows) 
with bilateral pleural effusion. Note the peribronchial cuffing on 
(b; orange arrow). The chest radiograph equivalent (c) and the 

focused view on the left upper lobe (d) show a loss of definition of 
vascular markings throughout both lungs associated with Kerley 
lines (yellow arrows), reminiscent of interstitial edema. Note the 
enlargement of the cardiac silhouette. By viewing average coronal 
slabs (c–f) of decreasing slice thickness, Kerley A lines seen on (f) 
corresponding to septal thickening are perfectly understood
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Fig. 8.3  Progressive systemic sclerosis. Chest radiograph equi
valent obtained with a thick slab average of 200 mm (a) and a 
focused view at the level of the right lower lobe (b) demonstrate 
bilateral basal fine reticular opacities with honeycombing pat-
tern with a loss of volume of both lower lobes. Axial (c) and 
coronal (d) minimum intensity projection (MinIP) slabs of com-
puted tomography (CT) images show bilateral ground-glass 

opacities, reticulations, traction bronchiectasis (blue arrows), 
and honeycombing (yellow arrows). Note the various sizes of 
the cysts that are impossible to assess on the chest X-ray. Despite 
the exquisite morphological details offered with CT, a definite 
diagnosis of fibrotic nonspecific interstitial pneumonia versus 
usual interstitial pneumonia may not be done with CT

Fig. 8.2  Lymphangitis carcinomatosis from a bronchopulmo-
nary carcinoma. Axial computed tomography slice (a) and two 
successive coronal reformats (b and c) demonstrate a perilym-
phatic pattern predominantly located at the level of the right 
upper lobe. The spiculated nodule that is related to the bron-
chopulmonary carcinoma and located at the level of the apical 
segment of the right upper lobe is obviously demonstrated in 

(b). The peribronchovascular thickening (blue arrows) and sep-
tal lines (yellow arrows) are well demonstrated in (a–c). Note 
the pulmonary nodules related to lung metastasis (orange 
arrows) and the ground-glass opacity of the right upper lobe 
probably related to lymphatic stasis. All these findings are very 
difficult to individualize on the chest X-ray equivalent (d). The 
linear pattern may be suspected in (e)
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Irregular Septal Thickening

Irregular septal thickening can be seen in patients with 
fibrosis and honeycombing, although it is usually not a 
predominant finding (Akira et al. 1990).

8.3.1.2 � Reticular Pattern

Chest Radiograph

On chest radiography, a reticular pattern corresponds 
to a summation of small irregular opacities, cystic 
spaces, or both. By summation, these lead to an appear-
ance resembling a network (Hansell et al. 2008). The 
reticular pattern can be subdivided into three subpat-
terns based on the width of the opacities: a fine reticu-
lar pattern (smaller than 3  mm), a medium reticular 
pattern (3–10 mm), and a coarse pattern (larger than 
10  mm). Medium and course reticular patterns are 
most common and most easily depicted on chest 
radiographs.

A fine reticular pattern (seen as intralobular linear 
opacities) may indicate fine lung fibrosis or lung infil-
tration with fluid or cells. A medium reticular pattern 
is typical in patients who have pulmonary fibrosis and 
“honeycombing.” Because of its cystic appearance, 
honeycombing is also discussed in the chapter dis-
cussing low attenuation patterns. Honeycombing is 
the typical feature of usual interstitial pneumonia 
(UIP). Some cystic lung disease (e.g., Langerhans 
cell histiocytosis, LAM) result in a coarse reticular 
pattern because of superimposition of the walls of the 
cysts. The differential diagnosis of reticular pattern 
depends upon the acuteness or the chronicity of the 
process (Table 8.2).

Differential diagnosis of reticular pattern on chest 
radiograph (Müller et al. 2001):

Acute disease – Acute diseases that produce a retic-
ular pattern include:

Hydrostatic pulmonary edema (reticular pattern •	
seen in association with septal lines, prominent 
upper lobe vessels, pleural effusions, and cardio-
megaly is common) (Fig. 8.1)
Acute viral or mycoplasma pneumonia (often in •	
association with segmental consolidation; HRCT 
shows centrilobular nodules and tree-in-bud pattern)

Chronic disease – Chronic reticular changes are gener-
ally due to:

Idiopathic pulmonary fibrosis and pulmonary fibro-•	
sis associated with connective tissue disease (lower 
lung zone predominance)
Asbestosis (lower lung zone predominance; almost •	
always in association with pleural plaques or dif-
fuse pleural thickening)
End-stage hypersensitivity pneumonia (usually •	
middle and superior or lower lung zone predomi-
nance attenuation)
Sarcoidosis (coarse reticulation as seen with chronic •	
fibrosis; involves mainly the perihilar region of the 
middle and upper lung)

HRCT

Distinction between the components responsible for a 
reticular pattern on a chest radiograph is accomplished 
readily on HRCT scans. A reticular pattern on HRCT 
can be caused by intralobular linear opacities (thicken-
ing of the interstitium within the secondary lobule), 
irregular thickening of the interlobular septa, honey-
combing, and cystic lung disease.

Table 8.2  Differential diagnosis of a reticular pattern on chest 
radiograph (Müller et al. 2001)

Acute disease Acute diseases that produce a reticular pattern 
include:

Hydrostatic pulmonary edema (reticular pattern seen in •	
association with septal lines, prominent upper lobe vessels, 
pleural effusions, and cardiomegaly) (Fig.8.1)
Acute viral or mycoplasma pneumonia (often in  •	
association with segmental consolidation; HRCT  
shows centrilobular nodules and tree-in-bud pattern)

Chronic disease Chronic reticular changes  
are generally due to:

Idiopathic pulmonary fibrosis and pulmonary fibrosis •	
associated with connective tissue disease (lower lung  
zone predominance)
Asbestosis (lower lung zone predominance; almost  •	
always in association with pleural plaques or diffuse 
pleural thickening)
End-stage hypersensitivity pneumonia (no zonal •	
predominance)
Sarcoidosis (coarse reticulation as seen with chronic •	
fibrosis; involves mainly the perihilar region of the  
middle and upper lung)
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8.3.2 � Nodular Pattern

Chest Radiograph

A nodular pattern is characterized by the presence of 
multiple nodular opacities with a maximum diameter of 
3 cm. Generally, the nodules in the pattern range from 
1 mm to 1 cm and it may be difficult to discriminate 
between nodules (Webb et al. 2009). Larger nodules are 
often the result of the fusion of multiple small nodules. 
The term “micronodule” usually refers to nodules no 
larger than 3 mm in diameter (Hansell et al. 2008). The 
term “miliary pattern” indicates the presence of multi-
ple small (1–3 mm) micronodules with sharp contours 
distributed throughout most of the lungs (Andreu et al. 
2002). On a chest radiograph, the differential diagnosis 
depends upon the acuteness or the chronicity of the pro-
cess (Table 8.3).

Differential diagnosis of nodular pattern on chest 
radiograph (Müller et al. 2001):

Acute disease – Acute diseases that produce a nodu-
lar pattern include:

Miliary tuberculosis or histoplasmosis (diffuse •	
throughout both lungs) (Fig. 8.6)
Endobronchial spread of tuberculosis (patchy or •	
asymmetrical bilateral distribution)
�Viral infection (diffuse or patchy)•	

�Subacute of chronic diseases – Subacute or chronic 
changes are generally related to:

Sarcoidosis (usually perihilar and upper lobe pre-•	
dominance; generally associated with hilar and 
mediastinal lymphadenopathy)
Hypersensivity pneumonitis (generalized or middle •	
and upper or lower lung zone predominance)
Silicosis and coal workers’ pneumoconiosis (upper •	
lung zone predominance)
Metastatic carcinoma (diffuse or lower lung zone •	
predominance)

HRCT

Because pathologically many nodules involve both the 
interstitium and alveolar compartments, the distinction 
between interstitial nodules and airspace nodules is 
somewhat arbitrary and often difficult (Patti et  al. 
2004). Hence, the assessment of the distribution of the 
nodules is generally more valuable to the differential 
diagnosis than their appearance (Verschakelen and De 
Wever 2007) .

Compared with chest radiographs, HRCT can accom-
plish a differential diagnosis based on the distribution of 
the nodules. In different conditions, nodules can appear 
perilymphatic in distribution, randomly distributed, or 
centrilobular (Gruden et al.1999; Lee et al. 1999)

Perilymphatic Distribution

In patients with a perilymphatic distribution, nodules 
are seen in relation to lymphatics. Lymphatics are found 
in the axial peribronchovascular connective tissue, the 
connective tissue around the centrilobular bronchioles 
and arteries, the interlobular septa, and the subpleural 
connective tissue. Hence, a nodular pattern with (peri)
lymphatic distribution typically shows peribronchovas-
cular nodules, subpleural nodules, nodules in the inter-
lobular septa, and centrilobular nodules (Colby and 
Swensen 1996; Webb et al. 2009). These nodules are 
mostly well defined, are of soft-tissue attenuation, and 
show a patchy distribution. They are most frequently 
found in sarcoidosis, silicosis, coal worker’s pneumo-
coniosis, lymphangitic carcinomatosis, diffuse amyloi-
dosis, and lymphoproliferative disease (lymphoma, 

Table 8.3  Differential diagnosis of a nodular pattern on chest 
radiograph (Müller et al. 2001)

Acute disease Acute diseases that produce a nodular pattern 
include:

Miliary tuberculosis and histioplasmosis (diffuse •	
throughout both lungs) (Fig.8.6)
Endobronchial spread of tuberculosis (patchy or asym-•	
metrical bilateral distribution)
Viral infection (diffuse or patchy)•	

Subacute of chronic diseases Subacute or chronic changes 
are generally related to:

Sarcoidosis (usually perihilar and upper lobe predomi-•	
nance; generally associated with hilar and mediastinal 
lymphadenopathy)
Hypersensivity pneumonitis (generalized or middle and •	
upper or lower lung zone predominance)
Silicosis and coal workers’ pneumoconiosis (upper lung •	
zone predominance)
Metastatic carcinoma (diffuse or lower lung zone •	
predominance)
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lymphocytic interstitial pneumonia [LIP]) (Verschakelen 
and De Wever  2007) (Table 8.4).

Differential diagnosis of perilymphatic nodules on 
HRCT (Verschakelen and De Wever 2007) includes:

Sarcoidosis (perihilair, peribronchovascular, sub-•	
pleural, centrilobular, septal, upper lobes frequently 
asymmetric) (Fig. 8.4)
Silicosis and coal worker’s pneumoconiosis (sub•	
pleural, centrilobular, upper lobes, bilateral, right-
sided predominance) (Fig. 8.5)
Lymphangitic carcinomatosis (peribronchovascu-•	
lar, subpleural, centrilobular, septal, uni- or bilat-
eral, may be asymmetric)
Diffuse amyloidosis (subpleural, peribronchovas-•	
cular, septal, lower lung)
Lymphoproliferative disease (Lymphoma, LIP; sub-•	
pleural, centrilobular, peribronchovascular, septal)

8.3.2.1 � Random Distribution

Nodules are randomly distributed relative to struc-
tures of the lung and secondary lobule. These nodules 
are often of a high density with a sharp border. They 
usually involve the pleural surface and fissures but 
show a uniform and diffuse distribution. A random 
distribution of nodules results from a vascular spread. 
They are characteristically found in hematogenous 
metastases, miliary tuberculosis, miliary fungal infec-
tions, sarcoidosis, and langerhans cell histiocytosis 
(Hong et al. 1998; Lee et al. 1999) (Table 8.5).

Differential diagnosis of random distribution of nod-
ules on HRCT (Verschakelen and De Wever 2007):

Hematogenous metastases (thyroid cancer, renal •	
cancer, melanoma; lower lobe, peripheral, some-
times right-sided predominance)
Miliary tuberculosis (bilateral symmetrical, uni-•	
form distribution) (Fig. 8.6)

Table 8.4  Differential diagnosis of perilymphatic nodules on 
HRCT (Verschakelen and De Wever 2007)

Sarcoidosis (perihilair, peribronchovascular, subpleural, •	
centrilobular, septal, upper lobes; frequently asymmetric)
(Fig.8.4)

Silicosis and coal worker’s pneumoconiosis (subpleural, •	
centrilobular, upper lobes, bilateral, right-sided predomi-
nance; Fig.8.5)

Lymphangitic carcinomatosis (peribronchovascular, •	
subpleural, centrilobular, septal, uni- or bilateral,  
may be asymmetric)

Diffuse amyloidosis (subpleural, peribronchovascular, •	
septal, lower lung)

Lymphoproliferative disease (lymphoma, lymphocytic •	
interstitial pneumonia {LIP}; subpleural, centrilobular, 
peribronchovascular, septal)

Table 8.5  Differential diagnosis of random distribution of 
nodules on HRCT (Verschakelen and De Wever 2007)

Hematogenous metastases (thyroid cancer, renal cancer, •	
melanoma; lower lobe, peripheral, sometimes right-sided 
predominance)

Miliary tuberculosis (bilateral symmetrical, uniform •	
distribution) (Fig.8.6)

Miliary fungal infections (bilateral symmetrical, uniform •	
distribution)

Sarcoidosis (may mimic this pattern when very extensive) •	

Langerhans cell histiocytosis (early nodular stage)•	

Table 8.6  Differential diagnosis of centrilobular nodules on 
HRCT (Verschakelen and De Wever 2007)

Bronchiolar and peribronchiolar diseases
Infectious bronchiolitis (viral, mycoplasma, aspergillus, •	
bacterial, tuberculosis) and bronchopneumonia  
(Figs. 8.7 and 8.8)
Aspiration•	
Cystic fibrosis•	
Allergic bronchopulmonary aspergillosis•	
Hypersensivity pneumonitis (generalized or middle and •	
upper or lower zone predominance)
Organising pneumonia (lower lobe, peripheral •	
predominance)
Bronchioloalveolar carcinoma•	
Follicular bronchiolitis•	
Panbronchiolitis•	
Smoking-associated bronchiolar disease (respiratory •	
bronchiolitis in smokers [RB], respiratory bronchiolitis 
interstitial lung disease [RB-ILD]; upper lobe predominance)
Early asbestosis (lower lobe peripheral predominance)•	
Langerhans cell histiocytosis (upper lobe predominance)•	

Vascular and perivascular diseases
Vasculitis (Wegener’s granulomatosis, Churg-Strauss •	
syndrome)
Pulmonary hemorrhage•	
Tumour thrombotic microangiopathy•	
Metastatic calcification•	
Fat embolism•	
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Fig. 8.4  Sarcoidosis. Perilymphatic nodular pattern with mul-
tiple, well-defined nodules predominantly located in the upper 
lobes. Computed tomography on axial view (a) and coronal 
reformat (b) shows an extensive nodular involvement along the 
peribronchovascular bundles (blue arrows in b), fissures and 

interlobular septa (yellow arrows in a). This perilymphatic dis-
tribution appears as reticulonodular opacities on average refor-
mats of increasing slab thickness (c and d) with chest X-ray 
equivalent (d) focused on the right upper lobe

Miliary fungal infections (bilateral symmetrical, •	
uniform distribution)
Sarcoidosis (may mimic this pattern when very •	
extensive)
Langerhans cell histiocytosis (early nodular •	
stage)

8.3.2.2 � Centrilobular Distribution

Unlike perilymphatic and random nodules, centrilobu-
lar nodules tend to spare the subpleural region and 
interlobular fissure and tend to surround the surface of 
small vessels. They are limited to the centrilobular 
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region (Webb 2006) and have a diffuse or patchy dis-
tribution. Centrilobular nodular opacities can result 
from bronchiolar or peribronchiolar and from vascular 
or perivascular diseases (Table 8.6).

Differential diagnosis of centrilobular nodules on 
HRCT (Verschakelen and De Wever 2007):

Bronchiolar and peribronchiolar diseases•	
Infectious bronchiolitis (viral, mycoplasma, asper-•	
gillus, bacterial, tuberculosis) and bronchopneumo-
nia (Figs. 8.7 and 8.8)
Aspiration•	
Cystic fibrosis•	
Allergic bronchopulmonary aspergillosis•	
Hypersensivity pneumonitis (generalized or middle •	
and upper or lower zone predominance)
Organizing pneumonia (lower lobe, peripheral •	
predominance)
Bronchioloalveolar carcinoma•	
Follicular bronchiolitis•	
Panbronchiolitis•	
Smoking-associated bronchiolar disease (respiratory •	
bronchiolitis [RB] in smokers, respiratory bronchi-
olitis interstitial lung disease [RB-ILD]; upper lobe 
predominance)
Early asbestosis (lower lobe peripheral predominance)•	
Langerhans cell histiocytosis (upper lobe predomi•	
nance)
Vascular and perivascular diseases•	
Vasculitis (Wegener’s granulomatosis, Churg–•	
Strauss syndrome)
Pulmonary hemorrhage•	
Tumor thrombotic microangiopathy•	
Metastatic calcification•	
Fat embolism•	

When centrilobular nodules are present, the recogni-
tion of a “tree-in-bud” pattern is of value to narrow 

the differential diagnosis. The “tree-in-bud sign” 
reflects the presence of dilated centrilobular bronchi-
oles with lumina impacted with mucus, fluid, or pus 
and is often associated with peribronchiolar inflam-
mation (Gruden et  al. 1994; Aquino et  al. 1996). 
“Tree-in-bud” describes the appearance of an irregu-
lar and often nodular branching structure, most eas-
ily identified in the lung periphery. The presence of 
“tree-in-bud” is indicative of small airway disease 
and in most cases is associated with airway infection 
(Table 8.7).

Differential diagnosis of “tree-in-bud” pattern on 
HRCT (Verschakelen and De Wever 2007):

Infectious bronchiolitis (bacterial tuberculosis and •	
nontuberculous mycobacteria) and bronchopneu-
monia (Figs. 8.7 and 8.8)
Aspiration•	
Cystic fibrosis•	

Fig.  8.5  Complicated silicosis in a dental prothesist. 
Reticulonodular and nodular interstitial pattern on chest 
radiograph equivalent (a) and on the focused view at the level of 
the left upper area (b) with signs of retraction of the upper lobes 
predominating (exceptionally) on the left side and with a right 
hilar mass. Axial computed tomography slice (c), coronal 
160-mm thick maximum intensity projection (MIP) reformat (d), 

and sagittal 5.70-mm thick MIP (e) show numerous small, 
sharply marginated nodules that have a centrilobular and sub-
pleural predominant distribution (blue arrows in d) with a pos-
terior and upper lobe predominance (yellow arrows in e). There 
is an associated distortion of lung architecture related to lung 
fibrosis with development of a conglomerated mass on the right 
side (c)

Table 8.7  Differential diagnosis of “tree-in-bud”pattern on 
HRCT (Verschakelen and De Wever 2007)

Infectious bronchiolitis (bacterial tuberculosis and •	
nontuberculous mycobacteria) and bronchopneumonia 
(Figs. 8.7 and 8.8)

Aspiration•	

Cystic fibrosis•	

Bronchiectasis•	

Panbronchiolitis•	

Allergic bronchopulmonary aspergillosis•	

Bronchioloalveolar carcinoma•	

Organising pneumonia•	

Follicular bronchiolitis (rheumatoid arthritis, Sjögren •	
disease, AIDS)
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Fig. 8.6  Miliary tuberculosis. Axial computed tomography (a) 
and coronal reformat (b) show numerous, well-defined 
micronodules that are diffuse and uniform in distribution. No 
predominance may be observed, some nodules having a sub-
pleural or septal distribution, whereas others appear to be located 

along vessels or everywhere. This is a typical pattern of miliary 
distribution of hematogenous origin. Micronodules are visual-
ized on the equivalent chest X-ray (c) and on the focused view 
on the left lower area (d) despite their small size because of the 
high profusion of the lesions

Bronchiectasis•	
Panbronchiolitis•	
Allergic bronchopulmonary aspergillosis•	
Bronchioloalveolar carcinoma•	
Organizing pneumonia•	
Follicular bronchiolitis (rheumatoid arthritis, •	
Sjögren disease, AIDS)

8.3.3 � Decreased Lung Attentuation

Diseases that decrease lung density result in an 
increased radiolucency on the chest radiograph and 
decreased attenuation on CT. This can be the result of 
alteration in pulmonary volume or alteration of pulmo-
nary vasculature.
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8.3.3.1 � Alteration of Pulmonary Volume

Alteration of pulmonary volume can be caused by pul-
monary emphysema, cystic lung disease, or overinfla-
tion (Fraser et al. 2005).

Pulmonary Emphysema

Pulmonary emphysema combines a permanent abnor-
mal enlargement of airspaces distal to the terminal 
bronchioles and a destruction of the walls of the 

a

c
d

b

Fig. 8.7  Endobronchial spread of tuberculosis. Axial (a and b) 
and sagittal (c) images show bilateral micronodules predominat-
ing on the left side associated with cavities. The maximum-
intensity projection image (b) corresponding to the same 
anatomical level than on (a) shows the appearance of tree-in-bud 

opacities to better advantage (blue arrows). Cavities and alveo-
lar consolidation on (c) perfectly explain the aspect shown on 
the equivalent lateral chest X-ray (d). This pattern strongly sug-
gests reactivation tuberculosis
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Fig.  8.8  H. Influenza infectious bronchiolitis in a patient with 
bronchiectasis. On the axial computed tomography (CT) slice (a) 
at the level of the middle zones of the lung, the 6.70-mm thick 
axial maximum intensity projection (MIP) reformat at the same 
level (b), the coronal single reformat (c), and the 4-mm thick MIP 
reformat at the same level (d), the centrilobular location of 
micronodules is recognized because of the respect of 3 mm from 
adjacent pleural surfaces. The numerous tree-in-bud appearances 
located within the center of secondary pulmonary lobules are 

much more obvious in (b) than in (a) and in (d) than in (c) (blue 
arrows). Follow-up confirmed complete resolution of the nodules 
after antibiotherapy.Note the extensive cylindrical bronchiectasies 
in the right upper lobe associated with mucoid impaction (orange 
arrows), and the small accompanying arteries corresponding to 
vasoconstriction related to hypoxia (yellow arrow). Compared 
with the heterogeneity of the distribution of micronodules that is 
well assessed on the chest X-ray equivalent (e), the centrilobular 
distribution is impossible to recognize as done with CT (f)
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involved airspaces. This will result in an increase of 
intrapulmonary air and radiologic findings on chest 
radiographs are related to the diaphragm, the retro
sternal space, and cardiovascular silhouette. On 
HRCT, diagnosis of pulmonary emphysema is based 
on the recognition of focal areas of very low attenua-
tion that can be easily differentiated from surround-
ing normal lung..

Cystic Lung Disease

Lung cyst is a nonspecific term used to describe the 
presence in the lung of a thin-walled, well-defined, and 
well-circumscribed lesion greater than 1 cm in diame-
ter. Cysts may contain either air or fluid, but this term 
is used to refer to an air-containing lesion. The most 
common cause is end-stage pulmonary fibrosis giving 
rise to honeycombing (air-filled cystic spaces that often 
predominate in a peripheral subpleural location on 
HRCT) (Fig. 8.3). Other causes include LAM (Fig. 8.9), 
langerhans cell histiocytosis, LIP (Sjörgen syndrome, 
AIDS), and bronchogenic cyst (Verschakelen and De 
Wever 2007) (Table 8.8).

Differential diagnosis of cystic lung disease on 
HRCT (Verschakelen and De Wever 2007):

End-stage pulmonary fibrosis: honeycombing or •	
honeycomb cysts
LAM: cysts are round and uniform in size•	
Langerhans histiocytosis: cysts can have bizarre •	
shapes and different sizes
LIP: cysts are thin walled and may be multiple•	
Bronchogenic cyst•	

On chest radiographs, cystic lung diseases may result 
in a reticular pattern, but it is not unusual that the radio-
graph appears normal. HRCT eliminates the problem 
of superimposition of multiple thin walls of lung cysts 
responsible for the interstitial pattern observed on chest 
radiography and can display the extent and distribution 
of cystic changes of the wall. Cavitary nodules (cyst-
like structures as a result of necrosis in a pre-existing 
nodule), pneumatoceles (thin-walled, air-filled spaces 
within the lung), and bullae (emphysematous spaces 
larger than 1 cm) are other causes of cystic and cyst-
like lung changes. Bronchiectasis can also mimic cys-
tic lung disease in certain circumstances.

Overinflation

Overinflation or hyperinflation is an increased expan-
sion of the lungs with air. Overinflation of the lungs 
must be considered at full inspiration and distinguished 
from air trapping during expiration. When the overin-
flation is diffuse (e.g., severe emphysema, asthma, 
constrictive bronchiolitis, and cystic lung disease), the 
chest radiograph shows a low position and flattening of 
the diaphragm, deepening of the retrosternal space, 
and changes of the cardiovascular silhouette. Isolated 
hyperinflation is rarely seen on a chest radiograph but 
can easily be demonstrated on HRCT. On HRCT, a 
local hyperinflation with and without air trapping 
(abnormal retention of air in the lungs after expiration) 
can be differentiated. Overinflation with air trapping 
results from obstruction of the outflow of air in the 
affected lung parenchyma (lobar emphysema in infants 
and bronchial atresia). Overinflation without air trap-
ping is a compensatory process when a part of the lung 
takes a larger volume than normal in response to loss 
of volume elsewhere in the thorax. This may occur 
after surgical resection of lung tissue, or as a result of 
atelectasis or parenchymal scarring.

8.3.3.2 � Alteration in Pulmonary Vasculature

An alteration in the vascular pattern indicates an abnor-
mality of perfusion. Hypoperfusion of a part of the lung 
may be due to a vascular obstruction (e.g., chronic pul-
monary thromboembolism) or regional vasoconstric-
tion resulting from airway disease and abnormal lung 
ventilation (Fig.  8.10) (Verschakelen and De Wever 

Table 8.8  Differential diagnosis of cystic lung disease on 
HRCT (Verschakelen and De Wever 2007)

End-stage pulmonary fibrosis (honeycombing or honeycomb 
cysts)

Lymphangiomyomatosis (LAM): cysts are round and 
uniform in size

Langerhans histiocytosis: cysts can have bizarre shapes and 
different sizes

Lymphocytic interstitial pneumonia (LIP): cysts are 
thin-walled and may be numerous

Bronchogenic cyst
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Fig. 8.9  Cystic lung disease suggestive of lymphangioleiomyo-
matosis in a 31-year-old woman. Thick slab average (a) giving a 
rendering of a chest radiograph does not show any abnormality. 
Thin axial slice (b) and coronal 1.27-thick maximum intensity 

projection (c) demonstrate multiple, thin-walled cysts with nor-
mal lung parenchyma between the cystic air spaces. Most cysts 
are round in shape and uniformly distributed throughout both 
lungs

2007). On chest radiographs, this hypoperfusion is 
rarely visible unless the vascular cause is central (e.g., 
massive pulmonary thromboembolism). The distinc-
tion between small airway disease and primary vascu-
lar disease requires the use of paired inspiratory/
expiratory CT scans.

When the distribution is patchy and when the sur-
rounding normal lung tissue shows an increased 

attenuation caused by a compensatory hyperperfusion, 
the term “mosaic perfusion” is used (Lynch et al. 1990; 
Webb 1994). Often with mosaic perfusion, the pulmo-
nary arteries will be reduced in size in the lucent lung 
fields, thus allowing mosaic perfusion to be distinguished 
from ground-glass opacities (GGOs) from other causes.

Mosaic patterning is occasionally seen on HRCT 
images and is a nonspecific finding.
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Fig. 8.10   Postinfectious constrictive bronchiolitis. Axial com-
puted tomography slice (a), coronal 4.5-mm-thick minimum 
intensity projection (MinIP) slab (b) 200-mm-thick average slab 
giving a on face chest X-ray equivalent (c), sagittal 6-mm-thick 
MinIP slab (d) and lateral chest X-ray equivalent focused on the 
middle lobe (e) show a mosaic perfusion pattern associated with 
cystic bronchiectasis. The hyperattenuated areas are associated 
with an increased perfusion (blue arrows in a) and contrast with 

hypoattenuated areas that are associated with a decreased perfu-
sion (yellow arrows) related to hypoxia. The middle lobe atelecta-
sis with bronchiectasis is very well assessed on (a, d and e). 
Conversely, the heterogeneity in attenuation is much more diffi-
cult to assess on the chest X-ray equivalent (c) than on the MinIP 
slab (b). The dilated bronchi within the hypoattenuated areas 
allow recognition of the airway origin of the mosaic perfusion
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Table 8.9  Differential diagnosis of ground-glass opacities on 
HRCT (Verschakelen and De Wever 2007)

Acute disease
Pulmonary infection (bacterial, viral, Pneumocystis carinii 
pneumonia, mycoplasma pneumonia) (Fig.8.11)
Pulmonary oedema
Pulmonary hemorrhage
Adult respiratory distress syndrome
Acute interstitial pneumonia
Eosinophilic pneumonia (acute)
Radiation pneumonitis (acute)

Subacute/chronic disease 
Hypersensivity pneumonitis
Usual interstitial pneumonia (UIP): idiopathic pulmonary 
fibrosis and disease associated with UIP (Fig.8.3)
Nonspecific interstitial pneumonia
Smoking related parenchymal lung disease (respiratory 
bronchiolitis, respiratory bronchiolitis-interstitial lung 
disease, desquamative interstitial pneumonia)
Organizing pneumonia
Eosinophilic pneumonia (Fig.8.12)
Bronchioloalveolar carcinoma
Alveolar proteinosis
Asbestosis
Vasculitis (Churg-Strauss syndrome)
Lipoid pneumonia
Sarcoidosis

8.3.4 � Increased Lung Attenuation

Diseases that increase the lung density result in a 
decreased radiolucency on the chest radiograph and 
increased attenuation on CT. The degree of parenchy-
mal attenuation depends on the amount or reduction of 
air in the airspaces and the increase in size and/or vol-
ume of the soft tissues (Engeler et  al. 1993; Leung 
et  al. 1993; Müller et  al. 1987a; Wells et  al. 1992). 
When the changes are limited it will result in a GGO, 
defined as a hazy increased lung opacity without 
obscuration of the underlying vessels or bronchial 
margins on HRCT. On the other hand, when the 
changes are prominent, the underlying vessels are 
obscured and this results in a “consolidation” (Webb 
et al. 1993; Austin et al. 1996; Verschakelen and De 
Wever 2007).

When GGO is present on HRCT, the chest radio-
graph may have a variety of appearances. In some 
cases, the chest radiograph will appear normal. In 
some cases, the chest radiograph will demonstrate a 
diffuse alveolar opacity and occasionally it will have 
an appearance of interstitial opacities. The differential 
diagnosis of GGO depends upon the acuteness or the 
chronicity of the process (Table 8.9).

Differential diagnosis of GGO on HRCT 
(Verschakelen and De Wever 2007):

Acute disease – Acute diseases that produce GGO 
include:

Pulmonary infection (bacterial, viral, •	 Pneumocystis 
carinii pneumonia, mycoplasma pneumonia) 
(Fig. 8.11)
Pulmonary edema•	
Pulmonary hemorrhage•	
Adult respiratory distress syndrome•	
Acute interstitial pneumonia•	
Eosinophilic pneumonia (acute)•	
Radiation pneumonitis (acute)•	

Subacute/chronic disease – Chronic diseases that  
produce GGO include:

Hypersensivity pneumonitis•	
Idiopathic pulmonary fibrosis (IPF) and disease •	
associated with UIP (Fig. 8.3)
Nonspecific interstitial pneumonia (NSIP)•	

Smoking-related parenchymal lung disease RB, •	
RB-ILD, desquamative interstitial pneumonia 
Organizing pneumonia•	
Eosinophilic pneumonia (Fig. •	 8.12)
Bronchioloalveolar carcinoma•	
Alveolar proteinosis•	
Asbestosis•	
Vasculitis (Churg–Strauss syndrome)•	
Lipoid pneumonia•	
Sarcoidosis•	

GGO is a highly significant finding on HRCT because 
it often indicates the presence of an active and poten-
tially treatable process; active disease is present in 
more than 80% of patients who show GGOs. 
Recognition of other HRCT findings can often narrow 
the differential diagnosis. Because consodilation is 
due to an alveolar disease, it is not discussed in this 
chapter.
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Fig. 8.11  Pneumocystis carinii pneumonia in an HIV-positive 
patient. Chest radiograph (a) and the focused view on the left 
upper area (b) shows a subtle ill-defined ground-glass opacity 
(GGO) in the left axillary area that corresponds on axial com-
puted tomography image (c) to patchy areas of GGO with geo-
graphic margins (blue arrows). The minimum intensity projection 
(MinIP) on axial oblique view (d) and coronal reformat  

(e) reinforce the abnormal contrast between GGO and normal 
parenchyma and help to guide the bronchioalveolar lavage 
within the anterior bronchus of the left upper lobe. The equiva-
lent size of pulmonary vessels as demonstrated with maximum 
intensity projection (MIP) on coronal reformat (f) allows exclu-
sion of a mosaic perfusion pattern

a

b
d

c
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Fig.  8.12  Chronic eosinophilic pneumonia. Axial computed 
tomography slice (a), coronal reformat (b), 15-mm-thick slab 
average (c), and 200-mm-thick slab average giving a chest X-ray 
equivalent (d) show ground-glass opacities with intralobular 

interstitial thickening and nonsegmental airspace consolidation 
(blue arrows) primarily involving the peripheral lung with an 
upper lobe predominance. Linear bandlike opacities are also 
present (yellow arrows)

e f

Fig. 8.11  (continued)
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8.4 � Some Examples of Diseases

When the chest radiograph shows a clear pattern of 
ILD, a differential diagnosis based on the pattern of 
parenchymal disease can be suggested. However, dif-
ficulties arise when widespread small shadows are dif-
ficult to categorize into one group or the other on chest 
radiography. The next step is to assess which is the 
predominant pattern, taking into consideration the 
clinical history and any associated radiographic find-
ings, or to further define the pattern(s) and distribution 
of disease with HRCT.

In some diseases such as cardiogenic pulmonary 
edema, idiopathic pulmonary fibrosis, complicated sili-
cosis, or end-stage sarcoidosis, features on a chest 
radiograph may often lead to the correct diagnosis. 
However, in the majority of pathologies, radiologic 
findings are nonspecific and without the use of HRCT 
only a differential diagnosis can be suggested.

8.4.1 � Cardiogenic Pulmonary Edema

Cardiac pulmonary edema results in two principal 
radiologic patterns related to whether the fluid remains 

localized in the interstitial space or whether it also 
occupies the air spaces of the lung. Displacement of 
fluid into the interstitial space is the first stage of pul-
monary edema. When pulmonary venous hypertension 
is moderate, fluid accumulates within the perivascular 
interstitial tissue and interlobular septa, which pro-
duces a loss of the normal vascular margins and typical 
thickening of the interlobular septa (Kerley A and B 
lines) (Fig.  8.1). Evidence for interstitial pulmonary 
edema is also provided by an increase in the thickness 
of the wall of bronchi seen in the perihilar zones. 
However, these are often not the first radiographic 
signs of cardiogenic pulmonary edema at presentation. 
Redistribution of blood flow from the lower to the 
upper zones precedes those interstitial signs (Morgan 
and Goodman 1991).

When the pulmonary venous hypertension rises, 
fluid accumulates into the alveolar walls that can give 
rise to a “haze” (ground glass) with a predominantly 
lower zone or perihilar distribution. Ultimately, the 
alveoli become edematous, which leads to an alveolar 
consolidation pattern on chest radiographs. Besides 
the interstitial and alveolar pattern, chest radiographs 
show enlargement of the cardiac silhouette, enlarge-
ment of the azygos vein, and sometimes pleural 
effusion.

c d

Fig. 8.12  (continued)
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Patients with pulmonary edema usually are not 
imaged with HRCT because their diagnosis is based 
on a combination of clinical and chest radiographic 
findings. However, sometimes the diagnosis is not so 
straightforward and knowledge of the appearance of 
pulmonary edema on HRCT can be helpful in avoiding 
misdiagnosis. Image findings on HRCT are bilateral 
septal thickening and GGOs, perihilar and gravita-
tional distribution predominantly in the dependent 
lung, cardiomegaly, and pleural fluid.

8.4.2 � Idiopathic Pulmonary Fibrosis

IPF has been defined as “a specific form of chronic 
fibrosing interstitial pneumonia limited to the lung and 
associated with the histologic appearance of UIP.” 
Peripheral (subpleural) reticular opacities, predomi-
nant at the lung bases, are a characteristic finding on 
the chest radiograph (Fig.  8.3). These opacities are 
usually bilateral, and often asymmetric (Carrington 
et al. 1978; McLoud et al. 1983; Müller et al. 1987b; 
McAdams et al. 1996). As the disease progresses, the 
abnormalities become more diffuse and assume a 
coarser reticular or reticulonodular pattern with forma-
tion of cysts (honeycombing) associated with progres-
sive loss of volume. Chest radiographs have limited 
prognostic value, but serial radiographs (including old 
films) may measure the pace and evolution of the 
disease.

HRCT findings in UIP are the following: honey-
combing consisting of multilayered, thick-walled cysts 
with predominance in basal and subpleural regions, 
architectural distortion with traction bronchiectasis 
caused by fibrosis, and mild mediastinal lymphade-
nopathy (Müller and Colby 1997). In the presence of a 
surgical biopsy showing a UIP pattern, the diagnosis 
of IPF requires exclusion of other known causes of 
UIP, including drug toxicities, environmental expo-
sures (asbestosis), collagen vascular diseases like 
reumatoid arthritis, systemic lupus erythematosus, 
polyarteritis nodosa, and sclerodermia.

8.4.3 � Complicated Silicosis

Silicosis refers to a spectrum of pulmonary diseases 
caused by inhalation of free crystalline silica (silicon 

dioxide) and can be classified as acute silicosis, also 
known as silicoproteinosis, and classic or chronic 
silicosis.

Acute silicosis follows massive exposure to dust 
and is a rapidly progressive disease that is often fatal. 
The chest radiographic appearance mimics pulmonary 
alveolar proteinosis with alveolar filling opacities and 
is often nonspecific.

Classic silicosis is an indolent disease that requires 
more than 10 years of low-dose silica inhalation. Classic 
silicosis has two forms: simple and complicated silico-
sis. Simple silicosis refers to a profusion of small (less 
than 10 mm in diameter) nodular opacities (nodules). 
The nodules are generally rounded but can be irregular, 
and are distributed predominantly in the upper lung 
zones (right sided predominance) with a subpleural or 
centrilobular distribution (Begin et al. 1987). Their size 
and opacity vary little. These nodules are calcified in 
10–20% of patients and chest radiograph shows a nod-
ular pattern of radiography (Fig. 8.5).

With progression of the disease, the nodules become 
confluent and form conglomerate masses. The term 
complicated silicosis is used when conglomerate 
masses are greater than 1 cm in diameter (Webb et al. 
2009). The masses can reach 10 cm in diameter and 
there is associated cicatrization atelectasis of the upper 
lobes, hilar retraction, bibasilar hyperexpansion, and 
emphysema. The masses may undergo ischemic 
necrosis and cavitation. The formation of conglomer-
ate masses is the hallmark of progressive massive 
fibrosis (PMF) that eventually destroys the lung archi-
tecture, and it occurs more frequently in silicosis than 
in coalworker’s pneumoconiosis.

Hilar lymph node enlargement is common and fre-
quently associated with calcifications. The calcifications 
involve mainly the periphery of the lymph nodes, a find-
ing referred to as eggshell calcifications. Though occa-
sionally seen in other conditions (Gross et al.1980), this 
pattern is almost pathognomonic of silica-induced 
disease.

8.4.4 � Sarcoidosis

Sarcoidosis is a multisystem, granulomatous disorder 
of unknown etiology that affects individuals world-
wide and is characterized pathologically by the 
presence of noncaseating granulomas in involved 
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organs. Lung involvement occurs in more than 90% of 
patients who have sarcoidosis. The stage of pulmonary 
involvement is based on the chest radiograph. Stage I 
is defined by the presence of bilateral hilar adenopathy. 
Stage II consists of bilateral hilar adenopathy and 
reticular opacities (the latter occurring in the upper 
more than the lower lung zones). Stage III consists of 
reticular opacities with shrinking of hilar nodes. Stage 
IV findings include reticular opacities with architec-
tural distortion, retraction of the hila and the fissures 
superiorly, cysts and bullae, bronchiectases, honey-
combing, and conglomerate masses of progressive 
fibrosis (end-stage sarcoidosis).
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Abstract

The alveolar pattern is the imaging represen-››
tation of a variety of diseases that tend to 
occupy the lung airspaces. This pattern is the 
most common alteration identified in imaging 
studies of the lungs, and results in an increase 
in density of the lung parenchyma. The major-
ity can be readily detected in chest radio-
graphs, but some cases will only be detected 
in CT. The air bronchogram, consolidation, 
and the silhouette sign are usually detected in 
plain films. The distribution of the pathology 
and its temporal presentation can provide 
clues to specific groups of diseases. Combining 
the imaging signs and the clinical presenta-
tion will narrow the differential diagnosis. 
Acute airspace disease is usually secondary 
to pulmonary edema, infectious pneumonia, 
acute respiratory distress syndrome, pulmo-
nary hemorrhage, and drug-related diseases, 
whereas subacute and chronic alveolar patterns 
can be produced by organizing pneumonia, 
bronchioalveolar cell carcinoma, eosinophilic 
pneumonia, lymphoma, and radiation pneu-
monitis. CT can further improve the detection 
and characterization of airspace disease in the 
lungs. Specific CT signs of airspace pathol-
ogy are ground-glass opacities, crazy paving 
pattern, CT angiogram sign, and the leafless 
tree sign. The radiologist must be aware of 
the key points in cases of alveolar disease: 
morphology, temporal presentation, clinical 
data, and when to use CT.
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9.1 � Introduction

On chest radiography and CT scanning, air attenuation 
is the main density pattern of the lung. Most pathologic 
conditions present as an increase in lung density. The air 
spaces in the lungs correspond anatomically to the most 
distal areas of the airways, such as the terminal bronchi-
oles, and include the alveolar sacs (Hansell et al. 2008). 
Airspace occupation is seen as an increase in density 
that is easily differentiated from density increases sec-
ondary to involvement of other structures, such as the 
alveolar walls, the connective tissue structures, the tis-
sues, surrounding vessels, and bronchi (i.e., the intersti-
tium). The features observed on chest radiographs often 
are sufficient for the detection and sometimes the char-
acterization of alveolar diseases. CT can provide some 
signs that allow a more precise diagnosis.

In this chapter we will present the most common 
signs of the various diseases that manifest as alveolar 
occupation.

9.2 � Basic Features of Alveolar Pattern

9.2.1 � Morphology

Airspace occupation can present in a variety of pat-
terns, including consolidation, ground-glass density, 

and, more rarely, nodules. There are often combina-
tions of these signs.

9.2.1.1 � The Silhouette Sign

On chest radiographs, the silhouette sign is commonly 
associated with alveolar disease. It consists of oblitera-
tion of an anatomic border due to direct contact with an 
alveolar density (Hansell et  al. 2008). The silhouette 
sign occurs not only in airspace disease, but also in pul-
monary collapse, masses, and even some normal vari-
ants, such as pectus excavatum (Figs.  9.1–9.3). This 
sign is a useful localizer of disease; when one of the 
heart borders is obscured, anterior lung diseases located 
in middle lobe or lingula should be suspected (Figs. 9.1 
and 9.2). The silhouette sign applies also to other struc-
tures such as the paraspinal lines or the diaphragm.

9.2.1.2 � Pulmonary Consolidation

Consolidation appears as a homogeneous increase in 
the attenuation of the pulmonary parenchyma that 
obscures (silhouettes) the margins of vessels and air-
way walls. The margin of a pulmonary consolidation is 
usually indistinct, except when in contact with fissures, 
where it shows a very sharp edge (Fig. 9.4). In most 
situations, the attenuation characteristics of the con-
solidated lung are not helpful in the differential 

a b

Fig. 9.1  (a) Silhouette sign. Posteroanterior chest radiograph. There is an obliteration of the left heart border (arrow). (b) Coronal 
CT shows an alveolar consolidation (pneumonia) in the lingula adjacent to the left heart (arrow)
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a b

Fig. 9.3  False silhouette sign. The posteroanterior chest radiograph (a) shows a loss of the right heart border. The lateral radiograph 
(b) shows a pectus excavatum and absence of pulmonary pathology (arrow)

a b

Fig. 9.2  (a) Silhouette sign: posteroanterior chest radiograph. The right heart border is obscured (arrow). (b) Lateral radiograph 
shows consolidation in middle lobe (arrows)
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a

c

e

d

b

Fig.  9.4  Air bronchogram. (a) Chest radiograph shows right 
upper lobe pneumonia with tubular structures filled with air 
(arrows). (b) CT in the same patient shows extensive right upper 
lobe consolidation with air bronchograms (arrows). (c) Right 

upper lobe pneumonia. Ill-defined borders and lobar distribution 
with small air bronchograms. (d) CT of same patient showing 
branching structures of air bronchograms (arrows). (e) Pulmonary 
hemorrhage; the secondary lobules are identified (arrows)
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diagnosis. However, in bronchoalveolar carcinoma and 
lipoid pneumonia, there may be a decreased lung atten-
uation that provides a clue to the diagnosis. In other 
conditions, such as amiodarone lung, silicoproteinosis, 
and amyloidosis, consolidation may present with very 
high lung attenuation (Marchiori et al. 2008). Changes 
in lung attenuation are usually depicted only on CT.

9.2.1.3 � Air Bronchogram

An air bronchogram may be present within a consolida-
tion. This chest radiograph and CT sign is defined as 
visualization of the air-filled bronchi on a background 
of opaque, airless lung (Hansell et al. 2008). Air bron-
chograms are seen in alveolar patterns (Figs. 9.4 and 
9.5), but occasionally may appear in extensive intersti-
tial disease.

9.2.1.4 � Ground-Glass Opacities

Ground-glass opacities indicate a slight increase in 
lung density. They show lower attenuation than  

consolidation and do not obscure the margins of bron-
chi or vessels (Figs. 9.6 and 9.7) (Hansell et al. 2008). 
This increased density usually results from partial fill-
ing of the alveolar spaces, but can also have other eti-
ologies, such as interstitial thickening, partial collapse 
of alveolar spaces, increased capillary blood volume, 
or a combination of these factors.

Fig. 9.5  Bronchoalveolar cell carcinoma: leafless tree sign. The 
air bronchogram shows absence of branching of the bronchi

a

b

Fig. 9.6  Ground-glass opacity in Pneumocystis carinii pneumo-
nia. (a) Chest radiograph shows a slight increase in density in 
both lungs in a perihilar location (arrow). (b) CT shows perihilar 
ground-glass density in both lungs (arrows)



226 J. Vilar and J. Andreu 

9.2.1.5 � Nodules

On chest radiographs and CT, alveolar disease can 
present as a nodular opacity. The lesion characteristi-
cally has poorly defined borders on chest radiographs 

(Figs.  9.7 and 9.8). In some alveolar diseases, CT 
sometimes shows micronodules with a centrilobular 
distribution. The micronodules appear as small dot-like 
or linear opacities in the center of a normal secondary 
pulmonary lobule (Hansell et al. 2008) (Fig.  9.9).

a

c

b

Fig.  9.7  Invasive aspergillosis in a patient with leukemia.  
(a) Chest radiograph demonstrates a right upper lobe consolida-
tion (C) with ill-defined margins. (b) Coronal CT reconstruction 
shows a consolidation with a surrounding halo of ground-glass 

density (arrows). (c) In another patient with invasive aspergillosis 
we see multiple poorly defined pulmonary nodules. The loss of 
definition is produced by the presence of alveolar disease (inflam-
mation and hemorrhage) surrounding the nodules (arrows)
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9.2.1.6 � Specific Signs Only Seen on CT

CT has a greater resolution for the visualization of the 
lung, and therefore some signs will be better depicted 
on CT whereas others signs will be only depicted using 
it. The two CT specific signs of alveolar disease for CT 
are discussed below.

CT Angiogram

On CT scans after contrast administration, it is sometimes 
possible to see normal branching lung vessels within a 
consolidation. This feature is known as the “CT angio-
graphic sign.” Two conditions are usually required for this 
sign to be present manifest: a low-density consolidation 
and normal pulmonary circulation. The CT angiographic 
sign has been described as characteristic of bronchoalveo-
lar carcinoma (Fig. 9.10), but can also be observed in other 
conditions, such as obstructive pneumonia, bacterial 

a b

Fig.  9.8  40-year-old man with varicella pneumonia. (a) Chest radiograph shows ill-defined densities in both lungs (arrows).  
(b) Coronal CT shows multiple nodules with a surrounding halo (arrows)

Fig.  9.9  Tuberculosis: acinar nodules on CT with filling of 
distal bronchioles showing some areas of tree-in-bud pattern 
(arrows)
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pneumonia, pulmonary lymphoma, lipoid pneumonia, 
and pulmonary edema (Murayama et al. 1993; Maldonado 
et al.1999; Patsios et al. 2007; Collins 2001).

Crazy Paving

The crazy paving pattern on CT consists of ground-
glass attenuation opacity with superimposed interlobu-
lar and intralobular thickening, usually in a geographical 
distribution. Pathologically, this pattern represents 
mixed involvement of the alveolar and interstitial 

spaces. Crazy paving was originally reported in patients 
with alveolar proteinosis, and it is also encountered in 
other diffuse lung diseases (Frazier et al. 2008; Rossi 
et al. 2003) (Fig. 9.11).

9.2.2 � Distribution

Several distributions of the alveolar pattern have been 
described, and these are sometimes useful for deter-
mining the underlying cause. A central distribution 

a

c

b

Fig. 9.10  CT angiogram sign in bronchoalveolar cell carcinoma. (a) Chest radiograph shows left lower lobe consolidation.  
(b, c) A vessel is seen through the pulmonary consolidation (arrows)
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around the hilum with preservation of peripheral lung, 
known as the “butterfly-wing” or “bat-wing” pattern, 
is typically present in rapid-onset lung edema 
(Fig. 9.12). In contrast, a purely peripheral distribution 
(“anti–butterfly-wing” pattern) (Fig.  9.13) is charac-
teristic of chronic eosinophilic pneumonia. Other dis-
eases, such as bacterial pneumonia and bronchoalveolar 
carcinoma, show a tendency toward a lobar or segmen-
tal distribution (Fig. 9.4).

9.2.3 � Evolutive Changes

A useful radiological feature for the differential diag-
nosis of alveolar patterns is changes occurring over 
time, which allow them to be divided into acute and 
subacute/chronic conditions. Acute patterns develop 
rapidly, in less than a few weeks, whereas subacute/
chronic patterns have a slow onset (several weeks) and 
may remain stable for months.

a b

c

Fig. 9.11  Crazy paving pattern in three different diseases. (a) Patient with pulmonary alveolar proteinosis. (b) Pulmonary hemor-
rhage shows an almost identical pattern. (c) Acute respiratory distress syndrome
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Some diseases migrate; that is, their location in the 
lungs changes over time. This is a typical finding in 
chronic eosinophilic pneumonia and organizing pneu-
monia (Fig. 9.14).

Fig. 9.12  Distribution: Radiograph showing a typical perihilar 
distribution of pulmonary edema (“bat-wing appearance”).

a

b

Fig. 9.13  (a, b) Distribution of “anti–bat-wing” appearance in a 
patient with chronic eosinophilic pneumonia (arrows)

a

b

Fig. 9.14  Evolution of COP. (a) Chest radiograph shows a left 
pulmonary consolidation without a lobar or segmental distribu-
tion. (b) Two months later the consolidation appears in the oppo-
site lung
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9.3 � Most Relevant Conditions that 
Present with an Alveolar Pattern

A practical approach to airspace disease should relate 
to the clinical situation and its translation into imaging. 
Thus, alveolar diseases can be divided in two groups: 
those of acute onset and subacute/chronic diseases. 
The clinical situation is often inconclusive, but the 
rapid or slow appearance of pulmonary alterations can 
help the radiologist to identify the underlying disease.

9.3.1 � Acute Alveolar Pattern

9.3.1.1 � Pulmonary Edema

Pulmonary edema can be classified according to its eti-
ology as cardiogenic or noncardiogenic (Ware and 
Matthay 2005). On chest radiography, cardiogenic pul-
monary edema usually presents with cardiac enlarge-
ment and widening of the vascular pedicle (Milne et al. 
1985; Aberle et al. 1988). Septal lines and pleural effu-
sion are often present, and there may be thickening of 
the bronchovascular interstitium and fissures. Air 
bronchograms are uncommon.

In noncardiogenic edema, the cardiac silhouette 
and vascular pedicle are usually normal. Pleural fluid 
and septal lines are generally not seen but air broncho-
grams are frequent (Milne et  al.1985; Aberle et  al. 
1988).

Cardiogenic pulmonary edema is commonly dis-
tributed in the central and lower lobes, but a perihilar 
distribution (bat-wing appearance) can sometimes be 
seen, particularly in acute cases (Fig. 9.12) (Gluecker 
et  al. 1999). Cardiogenic edema may be unilateral, 
caused by emphysema or another disease in one of the 
lungs (Fig. 9.15). Noncardiogenic edema is patchy and 
usually shows a peripheral distribution (Fig. 9.16).

Chest radiographs suffice to establish the diagnosis 
in most cases of pulmonary edema. When CT is per-
formed for another indication, the most common find-
ings are areas of ground-glass attenuation (Fig. 9.16) 
and septal and peribronchovascular thickening (Storto 
et al. 1995) (Table 9.1).

A presentation of rapid-onset bilateral airspace 
occupation should make us think of pulmonary edema. 
Chest radiographs suffice to distinguish cardiogenic 

from noncardiogenic pulmonary edema and to monitor 
the disease’s evolution.

9.3.1.2 � Infectious Pneumonia

One of the most common causes of airspace occupa-
tion is acute pneumonia. Classically, the radiological 
and histological findings differ between community- 
and hospital-acquired pneumonia (Franquet 2001). 
Currently, pneumonia is classified into four groups: 
community-acquired, aspiration, healthcare-associated, 
and hospital-acquired pneumonia.

The radiographic patterns of community-acquired 
pneumonia can vary and are often related to the caus-
ative agent. This condition usually manifests as an air-
space pattern (Figs. 9.1 and 9.4). Bacterial pneumonia, 
particularly the disease caused by Gram-positive micro-
organisms, provokes an inflammatory response in the 
peripheral lung, and edema quickly spreads through the 
underlying acini, lobes, segments, and lobules. This 
rapid spread causes large consolidations. Small lesions, 
such as centrilobular and tree-in-bud nodules, are lim-
ited, and ground-glass areas are seen around the con-
solidations (Fig. 9.4).

Fig.  9.15  Unilateral right pulmonary edema (O) in a patient 
with cardiac failure
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Aspiration pneumonia presents as a bilateral alveo-
lar pattern, usually involving the lower lobes (Figs. 9.17 
and 9.18). The radiographic patterns of healthcare-
associated and hospital-acquired pneumonia are vari-
able, the most common being diffuse and multifocal 
involvement with pleural effusion. The diagnosis of 
pneumonia is based on consistent symptoms and a 
chest radiograph showing airspace occupation. CT can 
be used to detect complications and to provide an early 
diagnosis for immunocompromised patients (Fig. 9.7) 
(Vilar et al. 2004).

The diagnosis of pneumonia relies on radiographic 
findings of alveolar disease. In most cases chest 

radiographs will suffice. CT should be used in unre-
solved cases or when complications are suspected.

9.3.1.3 � Pulmonary Hemorrhage

Several entities can cause pulmonary hemorrhage, such 
as glomerulonephritis, immunocomplex diseases, basal 
antimembrane diseases, drug-related causes, bleeding 
diathesis, and trauma. The bleeding arises from the pul-
monary microvasculature and extends to large areas of 
the lung parenchyma (Green et al. 1996). The clinical 
presentation is nonspecific and includes cough, chest 
pain, and dyspnea. More specific findings such as 
hemoptysis and anemia may also be present. In acute 
hemorrhage, the hematocrit value can be markedly 
decreased (Albelda et al. 1985).

The chest radiograph shows nonspecific findings. 
The usual presentation is that of perihilar or basal air-
space disease, mimicking pulmonary edema or an 
opportunistic pneumonia (Albelda et  al. 1985; Witte 
et al. 1991) (Fig. 9.19a). Initially, pulmonary hemor-
rhage may have a unilateral distribution (Witte et  al. 
1991), and there may be an associated reticular pat-
tern. In about 2 weeks’ time, the features can evolve 

a b

Fig.  9.16  Noncardiac (renal) pulmonary edema. (a) Chest 
radiograph shows bilateral diffuse densities in both lungs. There 
is no cardiomegaly. (b) Coronal CT shows bilateral ground-glass 

opacities with septal thickening (arrows) that result in areas of 
crazy paving. Note the irregular distribution of the edema.

Cardiogenic Noncardiogenic

Lower lobes Peripheral

Perihilar Patchy

No air bronchograms Air bronchograms

Large heart and vascular 
pedicle

No cardiovascular 
enlargement

May be asymmetric in COPD May be asymmetric in COPD*

Table  9.1  Chest radiograph in cardiogenic versus noncardio
genic pulmonary edema

* chronic obstructive pulmonary disease
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toward a normal radiograph. Some pulmonary consoli-
dations migrate during the evolution. There is no asso-
ciated pleural fluid, lymphadenopathy, or atelectasis.

On CT scans, acute hemorrhage presents as areas of 
ground-glass attenuation (Cortese et  al. 2008) and 
sometimes consolidations (Fig 9.19b). A “crazy pav-
ing” pattern may be seen (Fig. 9.11) (Rossi et al. 2003). 

The disease evolves rapidly to resolution, at which 
time small nodules, uniform in size, can be visualized. 
These represent partial accumulations of hemosiderin 
and macrophages with hemosiderin.

Despite the fact that the radiographic changes  
are similar to those of pulmonary edema or an oppor-
tunistic infection, pulmonary hemorrhage should be 

a b

Fig. 9.17  Aspiration pneumonia. (a) Chest radiograph shows bilateral lower lobe infiltrates. (b) CT, coronal reconstruction, shows 
consolidations in both lower lobes with areas of ground-glass density

a b

Fig. 9.18  Chronic aspiration in a patient with oral cancer. (a) Right lower lobe alveolar consolidation (arrow). (b) Consolidation 
with air bronchograms and irregular borders (arrows)
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suspected when airspace disease with a rapid evolu-
tion is observed, associated with hemoptysis and a low 
hematocrit value (Table 9.2).

9.3.1.4 � Acute Respiratory Distress Syndrome

Acute respiratory distress syndrome (ARDS) is a seri-
ous condition related to acute hypoxemia (but not  
heart failure) that occurs in association with several 
clinical situations. Chest radiographs show pulmonary 

opacities that are usually bilateral and are gravity-
dependent; thus, they are located in the lung bases 
(Fig. 9.20) (Table 9.3). On CT scans the alterations can 
have a homogeneous distribution but frequently show 
patchy areas of consolidation alternating with areas of 
ground-glass opacity (Fig.  9.20). Air bronchograms 
are present in most patients, and small pleural effu-
sions are seen in half of cases.

Respiratory distress can have pulmonary or non-
pulmonary causes. In the pulmonary cases, asymmet-
rical areas of ground-glass density and consolidations 

a b

c

Fig. 9.19  Pulmonary hemorrhage. (a) Chest radiograph shows 
bilateral lower lobe consolidations. (b) CT shows that the con-
solidations have a predominance of ground-glass densities and a 

perihilar distribution. (c) Hemorrhage after thoracic traumatism. 
An air bronchogram caused by the filling of the alveolar spaces 
is seen in the middle lobe (arrow)
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are most commonly seen. Extra-pulmonary ARDS is 
usually symmetrical and ground-glass densities pre-
dominate (Goodman et al. 1999). In the initial exuda-
tive phases of ARDS, opacities without bronchiectasis 
are found, whereas the advanced proliferative or 
fibrotic phases show traction bronchiectasis, a sign of 
a poor prognosis (Ichikado el al. 2006).

ARDS syndrome should be included in the group of 
diffuse alveolar diseases. The imaging findings can 
help to define the causes and the prognosis of the con-
dition (Table 9.4).

9.3.1.5 � Drug-Induced Lung Disease

More than 100 drugs have been reported to produce pul-
monary lesions. The pathologic findings of drug-induced 
lung disease vary and include patterns of diffuse  
alveolar damage, organizing pneumonia, nonspecific 

Features of alveolar pattern

Basal and perihilar (simulates edema)

May be unilateral

Reticular pattern

Rapid change

No pleural fluid

aGround glass

aCrazy paving

Nodules

Table 9.2  Imaging findings in pulmonary hemorrhage

aOnly seen with CT

ba

Fig.  9.20  Acute respiratory distress syndrome. (a) Portable 
chest radiograph shows diffuse bilateral pulmonary opacities 
predominant in the lower lobes. (b) Coronal CT in another 

patient shows a combination of areas of ground-glass attenua-
tion (curved arrow), air bronchograms (black arrow), consolida-
tions, and thickened septa (white arrow)

Features of alveolar pattern

Uni-or multifocal airspace occupation

Ground glass

Septal thickening

Table 9.4  Imaging findings in drug-induced lung diseases

Features of alveolar pattern

Bilateral pulmonary opacities

Gravity dependent

Ground glass

Consolidations

Symmetric in extra-pulmonary origin

Asymmetric in pulmonary origin

Table  9.3  Imaging findings in acute respiratory distress 
syndrome
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interstitial pneumonia, chronic eosinophilic pneumonia, 
pulmonary edema, and hemorrhage (Rossi et al. 2000). 
A single agent can produce several pathologic changes. 
The clinical and radiologic presentation depends on the 
pathologic changes. Most patients present diffuse or 
multifocal airspace occupation. Ground glass and septal 
thickening are the most common radiological findings 
(Fig.  9.21) (Akira et  al. 2002; Rossi et  al. 2000) 
(Table 9.4).

Often the diagnosis of drug-induced lung disease is 
made by excluding other diseases that should always 
be ruled out before making a definitive diagnosis.

9.3.2 � Chronic Alveolar Pattern

9.3.2.1 � Organizing Pneumonia

Organizing pneumonia (OP) is characterized by a non-
specific pulmonary involvement that may be associated 
with several conditions, including infection, collagen 
disease, or aspiration, among others. OP can also be 
idiopathic, in which case it is known as cryptogenic 
organizing pneumonia (COP) (Epler 2001); the radio-
graphic presentation is similar in both forms of OP 
(Lohr et  al. 1997; Cazzato et  al. 2000; Oymak et  al. 
2005). Although OP is included in the group of intersti-
tial pneumonias, it involves the air spaces. Pathologically, 
OP presents as plugs of granulation tissue lying within 
small airways, alveolar ducts, and alveoli. It is more 
common during the fifth decade of life and has not been 
related to smoking. Clinically, OP has an acute or 

subacute presentation with cough and dyspnea; fever, 
chest pain, and hemoptysis, as in pneumonia, may also 
be seen (Oymak et al. 2005).

Chest radiographs of OP show bilateral or, less often, 
unilateral pulmonary consolidations with a random dis-
tribution and preservation of the lung volume, or a focal 
consolidation simulating a lung mass. Reticular pat-
terns are uncommon, and, when present, are considered 
to be sign of fibrosis. In one third of cases, the consoli-
dations are migratory on consecutive radiographs 
(Cazzato et al. 2000; Oymak et al. 2005) (Fig. 9.14).

The CT findings of OP usually include pulmonary 
consolidations in a subpleural, peribronchial, or bron-
chial location. The middle and lower lung fields are typi-
cally affected. Air bronchograms, bronchial dilatation, 
and ground-glass areas are common. Other presenta-
tions include nodules, masses, and linear patterns (Kim 
et  al.) in a perilobular distribution (Akira et  al. 1998; 
Ujita et al. 2004). Honeycombing is not a typical feature 
of OP and, when present, is scant. Lymphadenopathy is 
also infrequent (Souza et al. 2006) (Fig. 9.22).

In approximately 20% of patients, a reverse halo sign 
is observed. This is an area of ground-glass opacity sur-
rounded by an area of consolidation (Fig. 9.22c). The 
reverse halo sign has been also reported in other condi-
tions (Gasparetto et at. 2005; Benamore et  al. 2007; 
Agarwal et al. 2007; Wahba et al. 2008) and is nonspe-
cific for OP, but within the appropriate clinical context it 
has a high diagnostic value (Kim et al. 2003).

Organizing pneumonia OP typically responds well 
to steroids but may recur after the dose is reduced. 
After treatment of less than 1 year, one third of cases 
recurred (Epler, 2001).

a b

Fig. 9.21  Drug induced pulmonary disease. (a) Chest radiograph shows bilateral pulmonary densities. (b) High-resolution CT 
shows areas of ground-glass density and thickened septa (arrows) giving a crazy paving appearance
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a

c

b

d

Fig. 9.22  OP: (a, b) CT shows several areas of consolidation 
and others with ground-glass density (arrow). (c) Note the 
reverse halo sign seen as a round crescent (white arrow) with 

inner ground-glass density (black arrow). (d) Radiotherapy-
induced OP showing lower lobe consolidations
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OP should be suspected in patients with multiple 
pulmonary consolidations that do not respond to anti-
biotics and show a tendency to migrate (Table 9.5).

9.3.2.2 � Pulmonary Alveolar Proteinosis

Pulmonary alveolar proteinosis (PAP) is a rare entity 
of unknown pathogenesis characterized by occupation 
of the alveoli by lipoproteinaceous material. PAP may 
be idiopathic or present in association with some occu-
pation-related diseases, immunodeficiencies, or medi-
cations. The condition is more frequent in men (4:1), 
and usually occurs between the third and fifth decades 
of life. It has been related to smoking (Seymour and 
Presneill, 2002).

The symptoms of PAP are mild and include nonpro-
ductive cough and progressive dyspnea. Patients rarely 
present with fever, chest pain, or hemoptysis. Typically, 
a patient has a very mild clinical presentation com-
pared to the extensive pulmonary involvement seen 
with chest radiography.

On chest radiographs, bilateral and predominantly 
perihilar pulmonary consolidations are seen, similar to 
the findings for pulmonary edema (“bat-wing” pat-
tern), but with the absence of septal lines, pleural effu-
sion, and cardiomegaly (Fig. 9.23) (Frazier et al. 2008). 
A more diffuse form with a peripheral distribution as 
well as a unilateral distribution have been described. 
(Prakash et al. 1987).

CT reveals a geographical distribution and some-
times a more diffuse pattern. The most frequent find-
ings are ground-glass opacities, airspace consolidations, 
and smooth thickening of the interlobular septa 
(Holbert et al. 2001). The combination of ground glass 
and septal thickening gives rise to a “crazy paving” 
pattern that is highly suggestive of PAP. This pattern 
can also be present in bronchioalveolar carcinoma, 

Features of alveolar pattern

Random distribution

50% migratory

Sub pleural and peribronchial

Middle and lower lobes

aReverse halo sign

Response to steroids

Table 9.5  Imaging findings in organizing pneumonia

a Only seen with CT

Fig.  9.23  Pulmonary alveolar proteinosis. (a) Chest radio-
graph shows bilateral pulmonary opacities (arrows). (b) CT 
shows bilateral central crazy paving pattern. (c) Another case 
of alveolar proteinosis with a subpleural distribution (arrows)

a

c

b



2399  The Lung Parenchyma: Radiological Presentation of Alveolar Pattern

pulmonary hemorrhage, and lipoid pneumonia. The 
ground glass is caused by filling of air spaces with a 
positive periodic acid-Schiff stain in proteinaceous 
material. The septal thickening is due to edema and 
infiltration of the interstitium by lymphocytes and 
macrophages (Fig. 9.11). Bronchioalveolar lavage may 
resolve the septal thickening (Trapnell et al. 2003). In 
25% of patients, PAP appears as an isolated ground-
glass opacity (Frazier et al. 2008). Air bronchograms 
are infrequent. Few cases progress to fibrosis; thus, 
signs of fibrosis are not commonly seen on CT scans 
(Holbert et al. 2001).

Patients with PAP are prone to infections, some of 
them opportunistic. When a lobar consolidation or 
cavitation is seen in a patient with alveolar proteinosis, 
opportunistic infection, frequently Nocardia, should 
be suspected (Holbert et al. 2001)

Pulmonary alveolar proteinosis should be suspected 
when a patient presents with perihilar consolidations, 
few clinical symptoms a crazy paving pattern on CT 
(Table 9.6).

9.3.2.3 � Bronchioloalveolar Cell Carcinoma

Bronchioloalveolar cell carcinoma (BAC) is a subtype of 
adenocarcinoma that has intra-alveolar extension and a 
lepidic growth pattern through an intact pulmonary struc-
ture. It does not invade the vascular or pleural stroma 
(Travis et al. 1999); hence, the pulmonary architecture is 

preserved. BAC has been classified into three subtypes: 
mucinous, nonmucinous, and mixed with adenocarci-
noma, but with prominence of BAC. Clinically, BAC 
presents in a nonspecific form with cough, expectora-
tion, weight loss, dyspnea, hemoptysis, and fever. 
Occasionally, and rather late in the disease, patients with 
diffuse disease may show bronchorrhea.

The radiological presentation of BAC is variable. It 
may present as solitary or multiple nodules, as airspace 
disease that is segmental, lobar, or diffuse in distribu-
tion. Airspace occupation occurs in about 30% of 
patients and corresponds to the mucinous histological 
type (Lee et al. 2000; Patsios et al. 2007). On plain films, 
BAC presents as a lobar or segmental consolidation, 
often progressive. The differential diagnosis with pneu-
monia is difficult; thus, there is usually a delay in the 
diagnosis (Fig. 9.24).

Features of alveolar pattern

Perihilar distribution

No signs of cardiac failure

Ground glass; geographical

aCrazy paving

Mild clinical presentation

May have superimposed infection

Table 9.6  Imaging findings in pulmonary alveolar proteinosis

a Only seen with CT

a b

Fig.  9.24  Diffuse bronchoalveolar cell carcinoma. (a) Chest 
radiograph shows several right pulmonary alveolar consolida-
tions. Note bulging of the minor fissure. (b) Coronal CT shows 

consolidation in right upper lobe and additional nodular areas of 
alveolar disease
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On CT scans the consolidations are usually hetero-
geneous with some cystic areas (Akira et al. 1999; Kim 
et al. 2006). Air bronchograms are frequent. The bron-
chi can show stretching, squeezing, or widening and 
sometimes dilatation (Akira et  al. 1999). Other signs 
include the “leafless tree” sign (Fig. 9.4) and the “CT 
angiographic” sign (Fig. 9.10), which are seen in one 
third of patients, although these are nonspecific signs 
that are present in other diseases, such as infectious 
pneumonia (Jung et al. 2001). Mucin-producing BAC 
may increase the volume of the lobe with bulging of the 
fissures, a finding that has been considered very charac-
teristic of the condition (Fig. 9.24) (Jung et al. 2001). 
The affected area rarely loses volume and pleural  
fluid, and lymphadenopathies are infrequent (Akira 
et al.1999). The diffuse form shows a combination of 
ground glass areas, consolidations, pulmonary nodules, 
centrilobular nodules, and air bronchograms with a 
peripheral distribution, most commonly in the lung 
bases (Fig. 9.24) (Akira et al.1999). The ground-glass 
density accompanying the consolidations has a ten-
dency to be intralobular. This explains the straight and 
undulated borders. Ground-glass areas can appear at a 
distance from the consolidations, a finding rarely pres-
ent in other diseases (Akira et al. 1999). Occasionally 
there is a combination of ground-glass and thickening 
of the interlobular septa, showing a crazy paving pattern 
(Aquino et al. 1998; Jung et al. 2001; Rossi et al. 2003). 
Follow-up studies are useful, showing progression of 
the disease with increased size of the ground-glass areas 
and new lesions. Sometimes ground glass will evolve 
into areas of consolidation (Akira et al. 1999).

Bronchioloalveolar cell carcinoma should be sus-
pected when plain films show chronic pulmonary con-
solidations. CT can provide imaging findings that 
indicate the neoplastic nature of the lesion (Table 9.7).

9.3.2.4 � Lymphoma

Pulmonary lymphoma may cause airspace occupation. 
Primary lung lymphomas are very rare. Most of these 
are bronchus-associated lymphoid tissue (BALT) lym-
phomas (Maksimovic et al. 2008). Clinically, pulmo-
nary lymphoma can be asymptomatic or present with 
cough and dyspnea. These tumors have a good progno-
sis because most of them are a low-grade B-cell, non-
Hodgkin type. BALT is associated with immunologic 
diseases, such as Sjögren, collagen disease dysgam-
maglobulinemia, and AIDS (Bae et al. 2008).

On chest radiography lymphomas present as iso-
lated or multiple nodules or infiltrates that may be 
bilateral. The pulmonary consolidations are usually 
central or peripheral and less often lobar (Figs.  9.25 
and 9.26) (Kinsely et al. 1999).

On CT scans, nodules and consolidations without a 
specific regional predominance can be identified (Lee 
et al. 2000). The majority have a random distribution. 
Lymphadenopathy and pleural fluid are uncommon 
findings. Air bronchograms are often seen in both the 
nodules and consolidations (Lee et al. 2000) (Figs. 9.25 
and 9.26). The CT angiographic sign can also be 
observed in lymphoma. Some patients present with 
cystic pulmonary lesions that likely represent dilata-
tion of the distal airways due to bronchiolar obstruc-
tion (King et al. 2000; Lee et al. 2000; Bae et al. 2008) 
(Table 9.8). The pulmonary lesions in lymphoma usu-
ally show slow growth and may remain stable through 
serial studies (Bae et al. 2008).

Pulmonary lymphoma should be suspected when 
plain films show a slow-growing pulmonary consolida-
tion or nodules with ill-defined borders and air bron-
chograms. CT can provide some additional imaging 
findings.

9.3.2.5 � Chronic Eosinophilic Pneumonia

Chronic eosinophilic pneumonia is an idiopathic pneu-
monia with symptoms of progressive pulmonary 
involvement. It is characterized histologically by 
eosinophilic and lymphocytic infiltrates in the alveolar 
space and interstitium, with associated fibrosis. Areas 
of organizing pneumonia and low-grade vasculitis may 
appear (Lee 2000; Kim et al. 2006). The clinical pre-
sentation is subacute with fever, cough, dyspnea, and 
weight loss. It may be associated with asthma. An 
important element in the diagnosis is the presence of 

Features of alveolar pattern

Airspace occupation (30% of cases)

Progressive

Bronchi stretched and widened: Leafless tree sign

Bulging of fissures

aCT angiographic sign

Combines ground glass and consolidations

aCrazy paving

Table 9.7  Imaging findings in bronchioloalveolar cell carcinoma

aOnly seen with CT
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peripheral eosinophilia, which is usually mild or mod-
erate, but sometimes severe (Jeong et al. 2007).

The chest radiographic findings include peripheral 
lung consolidations that are nonlobar, nonsegmental 
and usually subpleural. There is a predominance of 

upper lobe distribution. This pattern has been called a 
photographic negative of pulmonary edema, and is seen 
in half of cases (Fig. 9.13) (Gaensler and Carrington. 
1977; Mayo et al. 1989; Jeong et al. 2007). Pleural effu-
sion is rare.

a b

Fig. 9.25  Pulmonary lymphoma. (a) Chest radiograph shows a focal pulmonary consolidation seen in the left lower lobe. (b) CT of 
the pulmonary consolidation shows ill-defined borders and an air bronchogram (arrows)

a b

Fig. 9.26  Patient with angioimmunoblastic lymphoma. (a) Bilateral pulmonary consolidations are present. (b) CT shows extensive 
alveolar disease with air bronchograms
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CT images show subpleural consolidations. In 
advanced stages there will be ground-glass opacities, 
nodules, and reticular densities (Fig.  9.27) (Johkoh 
et al. 2000). The infiltrates respond readily to steroids 
but may reappear when the dose is reduced or the treat-
ment changed.

Chronic eosinophilic pneumonia should be sus-
pected in a patient with eosinophilia and pulmonary 
consolidations distributed peripherally in the lungs 
(Johkoh et al. 2000) (Table 9.9).

9.3.2.6 � Radiation Pneumonitis

Radiation therapy of the thorax may harm the lung and 
give rise to airspace disease. This can occur with doses 
above 30 Gy and particularly with doses above 40 Gy. 
The lung involvement has two phases. Pneumonitis 
occurs 1–3 months after the completion of treatment, 
and fibrosis predominates in the later phase, at 
6–12  months after treatment (Choi et  al. 2004). 
Chemotherapy may enhance the negative effects of 
radiation in these patients.

On the chest radiograph, pulmonary consolidations 
are seen in the areas of the radiation field. Areas out-
side of this zone are rarely affected. In the fibrotic 
phase, volume loss and bronchiectasis are observed 
(Fig. 9.28).

CT during the initial phase shows pulmonary con-
solidations and areas of ground-glass attenuation. In 
the fibrotic phase, traction bronchiectasis and atelecta-
sis may be seen (Fig. 9.28). OP associated with radia-
tion has been described and may simulate other 

Features of alveolar pattern

Solitary or multiple consolidations and nodules

Not lobar

Central or peripheral

Air bronchograms in consolidations and nodules

aCT angiographic sign

Cysts (rare)

Table 9.8  Imaging findings in pulmonary lymphoma

aOnly seen with CT

a

b

Fig.  9.27  Chronic eosinophilic pneumonia. (a) CT shows a 
typical peripheral distribution. (b) Another case of chronic 
eosinophilic pneumonia shows a combination of ground-glass 
areas (thin arrow), subpleural lines (thick arrow), and opacities

Features of alveolar pattern

Peripheral

Patchy upper lobes

Ground glass

Reticular opacities

Response to steroids

Table 9.9  Imaging findings in chronic eosinophilic pneumonia
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airspace processes, especially pneumonia or recur-
rence (Fig. 9.22) (Bayle et al. 1995).

The diagnosis of radiation pneumonitis should be 
made when focal pulmonary disease coincides with the 
areas of the radiation field (Table 9.10).
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Features of alveolar pattern

Lesions in radiation field
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Organizing pneumonia may appear

Table 9.10  Imaging findings in radiation pneumonitis
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Abstract

Airways may be affected by a variety of diseases. ››
Diseases of the large airways can result from 
abnormalities of the wall (intrinsic abnormalities) 
or from compression from adjacent structures 
(extrinsic abnormalities). Intrinsic abnormalities 
are classified as either focal or diffuse, depending 
on the extent of involvement of the airways. The 
diffuse abnormalities are less common and usu-
ally benign, most of the time caused by autoim-
mune illnesses or multisystem disorders. Focal 
abnormalities include tumors, infections, granu-
lomatous diseases, and iatrogenic disorders. 
Focal disease tends to produce decreased airway 
diameter. The diffuse diseases may be divided 
into those that increase the diameter and those 
that decrease the diameter of the airway.
Plain chest radiography remains a convenient ››
first-line investigation for any patient who pres-
ents with respiratory symptoms and signs. The 
air within the trachea and main bronchi gives 
good, inherent radiographic contrast. Well-
penetrated films may demonstrate tracheobron-
chial pathology: however, abnormalities of the 
major airways can easily be missed on radio-
graphs. Computed Tomography (CT) has been 
shown to be superior to conventional radiogra-
phy in the detection of abnormalities of the air-
ways. The axial CT images are primarily used 
for diagnostic purposes. Two-dimensional and 
three-dimensional reformatted images offer a 
number of advantages, such as a better assess-
ment of the craniocaudal extent of disease and 
the ability to detect subtle airway stenoses.
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10.1 � Anatomy of the Large Airways

10.1.1 � Normal Anatomy

The airways are divided into conducting airways and 
transitional airways. Conducting airways include the 
trachea, bronchi, and membranous bronchioles. The 
primary function of these bronchial structures is to 
conduct air to the alveolar surface. The transitional air-
ways consist of respiratory bronchioles and alveolar 
ducts. They conduct air to the most peripheral alveoli 
(Fraser and Müller 1999).

The trachea is a cartilaginous and fibromuscular 
tube extending from the inferior aspect of the cricoid 
cartilage to the carina. Typically, the trachea contains 
16–22 cartilaginous rings that help to support the tra-
cheal wall and maintain an adequate tracheal lumen 
during forced expiration. The posterior tracheal wall or 
membrane lacks cartilage and is supported by a thin 
band of smooth muscle, the trachealis muscle.

Airways divide by dichotomous branching, with 
approximately 23 generations of branches identifiable 
from the trachea to the alveoli. This dichotomy is 
asymmetric. Usually the bronchus divides into two 
branches; however, variation in both number and size 
of the branches is common (Horsfield and Cumming 
1968). The trachea bifurcates into the right and left 
mainstem bronchi at the carina (Fig. 10.1). The right 
main bronchus is shorter, wider, and more vertical than 
the left. The mainstem bronchi divide into their lobar 
and then segmental bronchi. Bronchi are composed of 
both cartilaginous and fibromuscular elements. 
Bronchioles differ from the bronchi in that the bronchi 
contain cartilage and glands in their walls, whereas the 
bronchioles do not. The term small airways is gener-
ally used to refer to airways that are 3 mm or less in 
diameter (Stone et al. 2006).

Several systems of bronchial nomenclature have 
been described. The system described by Jackson and 
Huber in 1943 has been the most widely accepted and 
remains the generally accepted terminology. Bronchi 
are also designated using a numeric system popular-
ized by Boyden (1961) (Table  10.1). It should be 
remembered, however, that the pattern of bronchial 
branching described is far from standard because there 
is considerable anatomic variation (Lee et  al. 1991; 
Naidich et al. 1988). Contrary to the numerous varia-
tions of lobar or segmental bronchial subdivisions, 
abnormal bronchi originating from the trachea or main 

bronchi are rare. Major bronchial abnormalities include 
“tracheal” bronchus and accessory cardiac bronchus 
(ACB). Minor bronchial abnormalities include vari-
ants of tracheal bronchus, displaced bronchi, and bron-
chial agenesis. By definition, a displaced bronchus is 
one that arises at another level (most of them a lower 
level) than normal in the bronchial tree. This same 
bronchus is considered to be supernumerary if a nor-
mal bronchus also supplies the same lung segment 
(Fig. 10.2). The displaced type is more frequent than 
the supernumerary type (Kubik and Muntener 1971).

10.1.2 � Anatomical Variations  
and Abnormalities

10.1.2.1 � Tracheal Bronchus

A tracheal bronchus was described by Sandifort in 1785 
as a right upper lobe bronchus originating from the tra-
chea (Kubik and Muntener 1971) (Fig. 10.2). In recent 
literature, the term tracheal bronchus encompasses a 
variety of bronchial anomalies originating from the tra-
chea and main bronchus and directed to the upper lobe 
region. The right tracheal bronchus has a prevalence of 
0.1–2% (Ritsema 1983). The right tracheal bronchus is 
located at the junction of the middle and distal thirds of 
the right lateral trachea, is more common in men and 
children with other congenital anomalies, and may be 
associated with right main bronchus stenosis (Doolittle 
and Mair 2002). When the entire right upper lobe bron-
chus is displaced on the trachea, it is also called a “pig 
bronchus” and has a reported frequency of 0.2% (Ghaye 
et al. 2001). The left tracheal bronchus has a prevalence 
of 0.3–1% (Ghaye et al. 2001).

10.1.2.2 � Accessory Cardiac Bronchus

ACB was defined by Brock in 1946 as a “supernumerary 
bronchus arising from the inner wall of the right main 
bronchus or intermediate bronchus opposite to the ori-
gin of the right upper lobe bronchus.” The bronchus pro-
gresses conically for 1–5 cm in a caudal direction toward 
the pericardium, paralleling the intermediate bronchus. 
Most ACBs have a blind extremity, but they can also 
develop into a series of small bronchioles, which may 
end in vestigial or rudimentary bronchiolar parenchymal 
tissue, cystic degeneration, or a ventilated lobulus. An 
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a

b

Fig. 10.1  (a and b) Evaluation of normal trachea. The trachea is 
a midline structure. The walls of the trachea are parallel except 
on the left side just above the bifurcation, where the aorta com-
monly impresses a smooth indentation. The air columns of the 
trachea have a smoothly serrated contour created by the indenta-
tions of the cartilage rings in their walls at regular intervals. The 

right paratracheal stripe is seen on posteroanterior chest radio-
graphs as a thin, water-density stripe between the air column of 
the trachea and the adjacent right lung. The posterior tracheal 
band is a thin band of uniform width consisting primarily of the 
posterior tracheal wall, which is observed almost constantly in a 
well-positioned and exposed lateral view of the chest
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ACB is different from the medial basilar segmental 
bronchus and does not correspond to proximal migra-
tion of this structure, which arises from the right lower 
lobe bronchus (Ghaye et al. 2001).

10.1.2.3 � Bronchial Agenesis

The uncommon agenesis–hypoplasia complex cor-
responds to arrested development of one lung at dif-
ferent stages: agenesis (absence of bronchus and 
lung), aplasia (absence of lung with bronchus 

present), and hypoplasia (bronchus and rudimentary 
lung present) (Mata and Caceres 1996). Diagnosis is 
easy when an entire lung or lobe is involved (hypo-
genetic lung syndrome) but can be more difficult 
when segmental bronchi are involved. Segmental 
bronchial agenesis predominates in the right upper 
lobe (Ghaye et al. 2001).

10.2 � Evaluation of Trachea  
and Bronchial Structures

The plain chest radiograph remains a convenient first-
line investigation for any patient who presents with 
respiratory symptoms and signs. The air within the 
trachea and main bronchi gives good inherent radio-
graphic contrast. Well-penetrated films may demon-
strate tracheal abnormalities (Stone et al. 2006).

Computed tomography (CT) has been shown to be 
superior to conventional radiography in detecting 
abnormalities of the airways (Kwong et  al. 1992). 
The axial CT images are primarily used for diagnos-
tic purposes. Two-dimensional and three-dimensional 
reformatted images offer a number of advantages, 
such as a better assessment of the craniocaudal extent 
of disease and the ability to detect subtle airway 
stenoses (Boiselle 2003).

10.2.1 � Evaluation of the Trachea

The trachea is a midline structure. A slight deviation 
to the right after entering the thorax is a normal find-
ing and should not be misinterpreted as evidence of 
displacement. The walls of the trachea are parallel 
except on the left side just above the bifurcation, 
where the aorta commonly impresses a smooth inden-
tation. The air columns of the trachea have a smoothly 
serrated contour created by the indentations of the 
cartilage rings in their walls at regular intervals 
(Fig. 10.1). Various conditions, including mediastinal 
masses and vascular anomalies, may bow, displace, 
or indent the trachea. Such appearances are most com-
monly seen in patients who have thyroid masses or a 
right-sided aortic arch. Enlarged nodes do not usually 
narrow the trachea unless they are much harder 
than  the cartilaginous rings, as occurs in nodular 

Jackson-Huber Boyden

Right lung

Upper lobe

Apical B1

Anterior B2

Posterior B3

Middle lobe

Lateral B4

Medial B5

Lower lobe

Superior B6

Medial basal B7

Anterior basal B8

Lateral basal B9

Posterior basal B10

Left lung

Upper lobe

Upper division

Apical-posterior B1–3

Anterior B2

Lingular division

Superior B4

Inferior B5

Lower lobe

Superior B6

Anteromedial B7–8

Lateral basal B9

Posterior basal B10

Table 10.1  Nomenclature of the bronchopulmonary anatomy
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b

a

Fig.  10.2  Displaced and supernumerary bronchi. A tracheal 
bronchus is a right upper lobe bronchus originating from the 
trachea and main bronchus and directed to the upper lobe region. 
The right tracheal bronchus is located at the junction of the mid 
and distal thirds of the right lateral trachea. When the entire right 
upper lobe bronchus is displaced on the trachea, it is also called 

a “pig bronchus” (a, arrow). By definition, a displaced bronchus 
is one that arises at another level than normal in the bronchial 
tree. This same bronchus is considered supernumerary (b, arrow) 
if a normal bronchus (b, dotted arrow) also supplies the same 
lung segment. The displaced type is more frequent than the 
supernumerary type
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sclerosing Hodgkin’s disease, or the rings are soft, as 
it is in children (Dennie and Coblentz 1993).

Important tracheal interfaces include the right and 
left paratracheal stripes and the posterior tracheal 
band (PTB). The right paratracheal stripe (RPS) 
(Fig.  10.1) is seen on posteroanterior chest radio-
graphs as a thin, water-density stripe between the air 
column of the trachea and the adjacent right lung. 
The range of width of the RPS is 1–4 mm. An RPS 
width of 5 mm or more is reliable evidence of disease 
arising in trachea, mediastinum, or pleura (Savoca 
et  al. 1977). The PTB (Fig.  10.1) is a thin band of 
uniform width consisting primarily of the posterior 
tracheal wall that is observed almost constantly in a 
well-positioned and exposed lateral view of the chest. 
It is formed by two interfaces: an internal junction 
line between the inner tracheal wall and air in the 
lumen, and an external junction line between the 
adventitial surface of the right posterior wall with 
paper-thin mediastinal covering and aerated lung in 
the right retrotracheal recess. Any pathological pro-
cess in the mediastinum, pleura, or right upper lobe 
medially that affects the external interface causes an 
alteration or disappearance of the PTB (Bachman and 
Teixidor 1975).

The trachea measures 10–12  cm in length in 
adults, including the extrathoracic trachea (measur-
ing 2–4 cm in length) and the intrathoracic trachea, 
which measures from 6 to 9 cm (mean, 7.5 ± 0.8 cm) 
(Gamsu and Webb 1982) beginning at the point 
where the trachea passes posterior to the manubrium. 
Anterolaterally, the trachea lies behind the great ves-
sels and adjacent to the aorta. This position accounts 
for the frequent finding of focal displacement of the 
trachea to the left, resulting from marked tortuosity 
of the brachiocephalic artery, and to the right, result-
ing from tortuosity of the aortic arch. The most com-
mon tracheal shape is round, oval, or horseshoe 
shaped. In men, the upper normal limit for coronal 
and sagittal diameters is 25 and 27 mm, respectively 
(Breatnach et al. 1984); in women it is 21 and 23 mm, 
respectively. The lower normal limit for both dimen-
sions is 13 mm in men and 10 mm in women. The 
shape of the intrathoracic trachea can change dra-
matically with expiration as a result of invagination 
of the posterior membrane, resulting in a crescent-
moon-shaped or horseshoe-shaped lumen. The mean 
anteroposterior diameter of the trachea can decrease 
by as much as 30% (Stern et al. 1993).

10.2.2 � Evaluation of the Carina

The trachea bifurcates into right and left main bronchi 
at the carina. Many different “normal” values for bifur-
cation angles exist in the literature. Several factors 
account for the discrepancies found in the various 
studies. First, the definition of the term carinal angle is 
often vague; in some studies it refers to the subcarinal 
angle, whereas in others it refers to the interbronchial 
angle (Fig.  10.3) (Haskin and Goodman 1982). The 
angle of bifurcation varies considerably with a broad 
range between 35° and 90.5° (mean, 60.8° ± 11.8°) 
(Haskin and Goodman 1982). Karabulut (2005) found 
in his study mean values of 77° ± 13° (range, 49°–
109°) for the interbronchial angle and 73° ± 16° (range, 
34°–107°) for the subcarinal angle. The width of the 
tracheal bifurcation angle may be of value in recogniz-
ing subcarinal masses, lobar collapse, left atrial 
enlargement, generalized cardiomegaly, or pericardial 
effusion (Fig. 10.4) (Haskin and Goodman 1982).

Fig. 10.3  The carinal angle. The definition of the term carinal 
angle is often vague: in some studies it refers to the subcarinal 
angle (SCA), whereas in others it refers to the interbronchial 
angle (IBA)
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10.2.3 � Evaluation of the Bronchi

10.2.3.1 � Evaluation of the Diameter

Various methods for measuring airway dimensions 
have been proposed. Subjective visual criteria for 
establishing the presence of bronchial dilatation are 
most often used in the interpretation of chest X-ray 
and CT scans. Bronchial dilatation may be diagnosed 
by comparing the bronchial diameter to that of the 
adjacent pulmonary artery branch (i.e., determining 
the bronchoarterial ratio), by detecting a lack of bron-
chial tapering, and by identifying airways in the 
periphery of the lung. In Table 10.2, the approximate 
diameter of the different generations of airways is 
listed.

�Bronchoarterial Ratio

In most normal subjects, the diameters of bronchi and 
adjacent pulmonary arteries are nearly the same. Their 
diameter may be compared by using the bronchoarte-
rial (B/A) ratio (Fig.  10.5a), defined as the internal 
diameter (luminal diameter) of the bronchus divided 
by the diameter of the adjacent pulmonary artery. The 
B/A ratio in normal subjects generally averages from 
0.65 to 0.70 (Matsuoka et al. 2003).

�Lack of Bronchial Tapering

Lack of bronchial tapering has come to be recognized 
as an important finding in the diagnosis of bronchus 

Fig. 10.4  Enlargement of the carinal angle. The width of the 
tracheal bifurcation angle may be of value in recognizing sub-
carinal masses, lobar collapse, left atrial enlargement, general-

ized cardiomegaly, or pericardial effusion. In (a) we see a normal 
carinal angle. In (b) we see an enlargement of the carinal angle 
due to enlarged subcarinal lymph nodes
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dilatation. It has been suggested that, for this finding to 
be present, the diameter of the airway should remain 
unchanged for at least 2 cm distal to a branching point 
(Fig. 10.5c and e) (Kim et al. 1997a).

�Visibility of Peripheral Airways

The smallest airways normally visible on high-resolution 
CT or thin-collimation spiral CT techniques have a diam-
eter of approximately 2 mm and a wall thickness of about 
0.2–0.3 mm. In normal subjects, airways in the periph-
eral 2 cm of the lung are not commonly seen (Webb et al. 
1988) So, the visibility of airways in the peripheral 1 cm 
of the lung is a sign of dilatation of the bronchial struc-
ture (Fig. 10.5c and d).

10.2.3.2 � Evaluation of the Wall Thickness

There is no widespread agreement as to what constitutes 
bronchial wall thickening or how it should be measured 
using CT. Various methods have been proposed. 
Anatomically, the normal thickness of an airway wall  
is related to its diameter. This relationship may be ex
pressed by using the thickness-to-diameter (T/D) ratio 
(Fig.  10.5b), which is defined as wall thickness (T) 
divided by the total diameter of the bronchus (D). This 
ratio may be measured using CT and averages about 

20% for segmental and subsegmental bronchi. Table 10.3 
summarizes the T/D ratios for different bronchial struc-
tures. The relationship between bronchial wall thickness 
and bronchial diameter may also be assessed by using 
the bronchial lumen ratio (BLR), defined as the inner 
diameter of the bronchus divided by its outer diameter. In 
essence, the BLR represents 1 – (2 × T/D). At the subseg-
mental level, the BLR in normal subjects averaged 0.66 
± 0.06 with a range of 0.51–0.86 (Kim et al. 1995).

10.3 � Diseases of Trachea and Bronchial 
Structures

The large airways may be affected by a variety of dis-
eases, producing symptoms such as cough, stridor, dysp-
nea, or wheezing. Diseases of the large airways can result 
from abnormalities of the wall (intrinsic abnormalities) or 
from compression from adjacent structures (extrinsic 
abnormalities). Intrinsic abnormalities are classified as 
either focal or diffuse, depending on the extent of involve-
ment of the airways (Table 10.4). The diffuse abnormali-
ties are less common and usually benign, most of the time 
caused by autoimmune illnesses or multisystem disor-
ders. Focal abnormalities include tumors, infections, 
granulomatous diseases, and iatrogenic disorders (Kwong 
et al. 1992). Focal disease tends to produce decreased air-
way diameter. The diffuse diseases may be divided into 
those that increase the diameter of the airway and those 
that decrease the diameter (Table 10.4).

The chest radiograph is usually the first type of 
image used in the assessment of patients who have air-
way abnormalities. It is well known, however, that 
abnormalities of the major airways can easily be 
missed on radiographs. Chest radiography and CT 
demonstrate well the degree of widening or narrowing 
airways, the location and extent of tracheobronchial 
abnormalities, the presence of associated mediastinal 
disease, postobstructive atelectasis, and pneumonitis.

10.3.1 � Bronchiectasis

Bronchiectasis is most simply defined as irreversible 
bronchial dilation. It is usually associated with structural 
abnormalities of the bronchial wall. Chronic or recurrent 

Structure Generation Diameter (mm)

Trachea 0 25

Main bronchi 1 11–19

Lobar bronchi 2–3 4–13

Segmental bronchi 3–6 4–7

Subsegmental bronchi 4–7 3–6

Bronchi 6–8 1.5–3

Terminal bronchi 1

Bronchioles 9–15 0.8–1

Lobular bronchioles 0.8

Terminal bronchioles 15–16 0.6–0.7

Respiratory bronchioles 17–19 0.4–0.5

Alveolar ducts and sacs 20–23 0.4

Alveoli 0.2–0.3

Table 10.2  Approximate diameter of different generations of 
airways



25510  The Respiratory Tract

infection is usually present. Bronchiectasis may occur as 
a result of various pathologic processes and thus may be 
a feature of a number of different lung and airway dis-
eases (Barker 2002; Hansell 1998). From a morphologi-
cal aspect, bronchiectasis has traditionally been 
subdivided into three categories: cylindrical, varicose, 

and cystic, each reflecting increasing severity of disease 
(Fig. 10.6).

Radiologic signs on chest radiographs (Fig.  10.6) 
(Woodring 1994) are: (1) bronchial dilation, identified 
by visually comparing bronchial diameters in affected 
areas with bronchial diameters in normal areas at equal 

Fig. 10.5  Evaluation of the diameter and wall thickness. The 
diameter of the bronchial structures may be evaluated by using 
the bronchoarterial ratio (a), defined as the internal diameter of 
the bronchus divided by the diameter of the adjacent pulmonary 
artery. For the finding of “lack of bronchial tapering” to be pres-
ent, the diameter of the airway should remain unchanged for at 
least 2 cm distal to a branching point (c and e; white arrows). 

The visibility of airways in the peripheral 1 cm of the lung is 
also a sign of dilatation of the bronchial structure (c and d) (cir-
cled areas). The normal thickness of an airway wall is related to 
its diameter. This relationship may be expressed by using the 
thickness-to-diameter ratio (b), defined as wall thickness divided 
by the total diameter of the bronchus

Structure Generation Wall thickness Mean diameter T/D ratio

Lobar to segmental bronchi 2–4 1.5 mm 5–8 mm 20–30%

Subsegmental bronchi 6–8 0.3 mm 1.5–3 mm 10–20%

Subsegmental bronchi 11–13 0.1–0.15 mm 0.7–1 mm 15%

Table 10.3  Thickness-to-diameter ratios for different bronchial structures
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distances from the hilum; (2) the signet-ring sign, with 
dilated, thick-walled bronchus adjacent to a smaller 
accompanying artery; (3) bronchial wall thickening; 
(4) volume loss; (5) compensatory hyperinflation of 
surrounding segments or lobes; (6) mucus-or fluid-
filled bronchi resulting in tubular structures sometimes 
presenting as the “finger in glove sign”(Fig. 10.7); and 
(7) obvious thin-walled cyst formation. By combining 
these signs, the diagnosis of bronchiectasis is quite 
obvious. Measurements of the B/A ratio in cases dem-
onstrating the signet-ring sign can be obtained and are 
useful in validating the signet-ring sign as a relevant 
sign of bronchiectasis on plain films. Although radio-
graphs are abnormal in 80–90% of patients who have 
bronchiectasis, findings are often nonspecific and a 
definitive diagnosis is usually difficult to make except 
in advanced cases. Overall, the correct diagnosis can 
be made from chest radiographs in only about 40% of 
patients (Currie et al. 1987).

CT findings of bronchiectasis can be divided into 
direct and indirect findings (Table 10.5). A combina-
tion of these findings enables an accurate diagnosis 
for a large percentage of patients. Because bron-
chiectasis is defined by the presence of bronchial 
dilation, recognition of increased bronchial diameter 
is mandatory to the CT diagnosis of this abnormality. 

The B/A ratio can be used to evaluate bronchial dila-
tation (Naidich et  al. 1982). The classic signet-ring 
sign (Fig.  10.8) is very useful in recognizing bron-
chiectasis and in distinguishing dilated airways from 
other cystic lung diseases, which tend not to be asso-
ciated with this finding (Ouellette 1999). Lack of 
bronchial tapering is another important finding in the 
diagnosis of bronchiectasis. Visibility of airways in 
the peripheral 1 cm of the lung is a valuable finding 
for the diagnosis of bronchiectasis (Kim et al. 1997b). 
Although bronchial wall thickening is a nonspecific 
finding seen in various airway diseases, it is usually 
present in patients who have bronchiectasis. Simply 
determining the T/D ratio is problematic in the diag-
nosis of bronchial wall thickening because bron-
chiectasis increases the bronchial diameter and at the 
same time the wall becomes thickened. Comparing 
the bronchial wall thickness with the diameter of the 
adjacent pulmonary artery is useful as an objective 
measurement. Bronchial wall thickening is diagnosed 
if the airway wall is at least 0.5 times the width of an 
adjacent, vertically oriented pulmonary artery (Reiff 
et al. 1995).

10.3.2 � Focal Diseases

10.3.2.1 � Tracheal Stricture

Tracheal stenosis is defined as the cicatricial narrow-
ing of the endotracheal lumen (Fig. 10.9). Endotracheal 
manipulation (intubation or tracheotomy) remains the 
most common etiology, followed by inflammatory and 
collagen vascular diseases. Stenosis can occur many 
years after the initial insult. Tracheotomy is more trou-
blesome than intubation; the prevalence of stenosis is 
greater and occurs at the stoma site (Stark 1995). With 
intubation, it is hypothesized that the cuff pressure in 
these intubation devices (more than 30  mmHg) may 
exceed capillary pressure, leading to ischemic necrosis 
and subsequent fibrosis (Stauffer et al. 1981). In most 
cases, CT scans better demonstrate the site of narrow-
ing compared with chest radiography. However, 
because of volume averaging, a web or stenosis that 
involves a short segment can be missed. CT interpreta-
tion may also result in the overestimation of the sever-
ity of a fixed stenotic segment and the underestimation 
of the length of the abnormal trachea.

Airway diseases

Focal diseases Diffuse diseases

Decreased diameter Increased diameter

Tracheal strictures Tracheobronchomegaly 
(Mounier-Kuhn disease)

Benign neoplasms Bronchiectasis/bronchiolectasis

Primary malignant 
neoplasms

Decreased diameter

Secondary malignant 
neoplasms

Saber-sheath trachea

Infectious disorders Tracheopathia osteoplastica

Infectious disorders

Relapsing bronchitis

Amyloidosis

Sarcoidosis

Wegener granulomatosis

Tracheobronchitis associated 
with ulcerative colitis

Table 10.4  Classification of airway diseases
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a

b

b1 b2

Fig.  10.6  (a) Bronchiectasis and (b) cystic bronchiectasis. In 
(a) cylindric bronchiectasis are seen in both lower lobes as tubu-
lar shadows, resulting in an increase in lung markings. Bronchial 
wall thickening may be manifested as ring shadows end-on or as 
tubular shadows en face (“tram lines”; left and right lower lung 

regions). In (b) cystic bronchiectasis are seen in the right middle 
lobe. These bronchiectasis are seen as ring shadows, cystic 
lucencies, both on chest radiograph (b1) and axial computed 
tomography images (b2)
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Fig. 10.7  Finger in glove sign. The radiographic appearance of mucoid impaction is variable. In the large airways the condition is 
classically manifested by tubular or branching opacities that resemble fingers (left upper lobe)

Direct signs Indirect signs

(1) Increased B/A ratio (1) Bronchial wall thickening

(2) Lack of tapering >2 cm 
distal to bifurcation

(2) Mucoid impaction

(3) Visibility of peripheral 
airways within 1 cm of the 
costal pleura

(3) Centrilobular nodules or 
tree-in-bud

(4) Mosaic perfusion

(5) Air trapping on expiratory scan

(6) Bronchial artery hypertrophy

(7) Atelectasis or emphysema

Table 10.5  CT findings in bronchiectasis

Fig. 10.8  The signet-ring sign. This finding is composed of a 
ring-shaped opacity representing a dilated bronchus in cross 
section and a smaller adjacent opacity representing its pulmo-
nary artery, with the combination resembling a signet (or pearl) 
ring (arrows)
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10.3.2.2 � Neoplastic Lesions

Tracheal tumors are rare and account for less than 1% 
of all tumors. In adults, 90% of such lesions are malig-
nant, but in children, 90% are benign. Most malignant 
lesions are squamous or adenoid cystic carcinomas. 
The majority of carcinoid tumors (80–90%) arise in 
lobar, segmental, or proximal subsegmental bronchi, 
where they appear as polypoidal masses that protrude 
into the airway lumen (Fig. 10.10). Carcinoid tumors 
are low-grade malignant tumors of neuroendocrine 
origin. The endobronchial location is usually easier to 
appreciate on CT than on plain radiographs and thereby 
is often associated with atelectasis or obstructive pneu-
monitis (Fig. 10.11) (Stone et al. 2006).

Benign neoplasms involving the trachea and main-
stem bronchi include papillomas, submucosal salivary 
gland adenomas, and primary mesenchymal tumors 
such as hamartoma, leiomyoma, schwannoma, and 
lipoma. They tend to be well circumscribed, round or 
smooth masses, and less than 2 cm in diameter. CT 
scans will usually demonstrate the polypoidal configu-
ration and intraluminal location of the mass, which is 

limited by the tracheal cartilage. Hamartoma may be 
formally diagnosed using CT if fat can be demon-
strated. Tracheobronchial papillomatosis is caused by 
the human papillomavirus, which is usually acquired 
at birth from an infected mother. Dissemination of 
upper airway and laryngeal lesions occurs in 5% of 
patients and results in multiple nodules projecting into 
the airways. The papillomas are benign but may 
undergo malignant transformation to squamous cell 
carcinoma (Gruden et al. 1994). Chest radiography or 
CT may reveal intraluminal masses, parenchymal nod-
ules (after distal airway dissemination), air-filled cysts 
(pneumatocoeles), or thick-walled cavities.

Endotracheal or endobronchial metastases from non-
pulmonary tumors are uncommon. The prevalence 
depends on how they are defined and ranges from 
approximately 2–50% (Baumgartner and Mark 1980; 
Kiryu et al. 2001). Four types of development of endo-
tracheal or endobronchial metastases can be found: (1) 
direct metastases to the bronchus; (2) bronchial invasion 
by a parenchymal lesion; (3) bronchial invasion by 
mediastinal or hilar lymph node metastasis; and (4) 
peripheral lesions extended along the proximal 

a b

Fig.  10.9  Tracheal stricture: chest X-ray (a), CT (b) in a 
59-year-old man with tracheal stenosis after intubation. Tracheal 
stenosis is defined as a cicatricial narrowing of the endotracheal 
lumen. With intubation, the cuff pressure in the intubation 

devices (more than 30 mmHg) may exceed capillary pressure, 
leading to ischemic necrosis and subsequent fibrosis. Computed 
tomography scans better demonstrate, in most cases, the site of 
narrowing compared with chest radiography
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bronchus. The radiographic findings are quite variable. 
Patients may present with evidence of atelectasis, mul-
tiple nodules, hilar masses, mediastinal lymphadenopa-
thy, or a normal chest (Baumgartner and Mark 1980; 
Braman and Whitcomb 1975). Colletti et  al. (1990) 
reported that CT was more sensitive in detecting and 
localizing endobronchial neoplasms, including meta-
static lesions.

10.3.3 � Diffuse Diseases

10.3.3.1 � Tracheobronchomegaly

Tracheobronchomegaly is a rare disorder of uncertain 
etiology, characterized by marked dilatation of the  

trachea and major bronchi and associated with tracheal 
diverticulosis, bronchiectasis, and recurrent respira-
tory tract infections (Fig.  10.12) (Al-Mubarak and 
Husain 2004). This entity refers to a heterogeneous 
group of patients who have marked dilatation of the 
trachea and mainstem bronchi. Conditions that can 
result in tracheobronchomegaly include congenital 
disorders such as Mounier-Kuhn’s and Ehlers–Danlos 
syndromes, sarcoidosis and cystic fibrosis, and inflam-
matory disorders of the airways such as allergic bron-
chopulmonary aspergillosis (Marom et  al. 2001). 
Tracheobronchomegaly is defined as a transverse and 
sagittal diameter exceeding 25 or 27 mm, respectively, 
or the left and right mainstem bronchi exceeding 18 or 
21 mm in diameter, respectively, in men. The respec-
tive figures for women are 21, 23, 17.4, and 19.8 mm, 
respectively (Fraser and Müller 1999). Radiologic 

Fig.  10.10  Carcinoid of the trachea: chest X-ray (a), CT (b).   
Scans of a 70-year-old man with a polypoid mass into the trachea 
(arrows). The majority of carcinoid tumors arise in lobar, seg-
mental, or proximal subsegmental bronchi, where they appear as 

polypoidal masses that protrude into the airway lumen. These 
masses are better visualized on computed tomography imaging 
(b) than on chest radiograph (a)
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findings of an irregular air column reflect the “corru-
gated” effect that is produced when redundant mucosa 
prolapses through the tracheal rings. Tracheobronchial 
diverticula and central bronchiectasis occur. CT scans 
reveal these abnormalities better than chest radio-
graphs. Expiratory studies may reveal collapse of the 
major airways (Fraser and Müller 1999; Stark 1991).

10.3.3.2 � Infectious Tracheobronchitis 

A number of infections, both acute and more often 
chronic, may affect the trachea and proximal bronchi, 
resulting in focal and diffuse airway disease. The prin-
ciple abnormalities are bronchial wall thickening and 
an increase in lung markings (Webb 1997). The latter 
(sometimes termed “dirty chest” or simply “prominent 
lung markings”) (Fig. 10.13) refers to a general accen-
tuation of markings throughout the lungs associated 
with loss of definition of the vascular margins 
(Takasugi and Godwin 1998). Bronchial wall thick-
ening may be manifested as ring shadows end-on or as 
tubular shadows (“tram lines”) (Fraser et al. 1976).

10.3.3.3 � Saber-Sheath Trachea

Narrowing of the intrathoracic trachea in the coronal 
plane with anteroposterior lengthening is characteris-
tic of the “saber-sheath” trachea deformity (Fig. 10.14). 
This deformity can be symmetric or asymmetric. The 
condition occurs primarily in middle-aged to elderly 
men and is rare in women. This structural disorder is 
strongly associated with chronic obstructive pulmo-
nary disease and may be related to chronic bronchitis 
(Callan et al. 1988). At least 95% of patients who have 
saber-sheath trachea show evidence of chronic obstruc-
tive pulmonary disease. The saber-sheath appearance 
is found when mechanical forces of hyperinflated 
lungs cause the coronal diameter of the intrathoracic 
trachea to narrow and the sagittal diameter to elongate 
so that the sagittal-to-coronal diameter ratio exceeds 
2:1. The extrathoracic trachea remains normal in con-
figuration. Saber-sheath deformity of the trachea can 
be identified on chest radiographs, and its characteris-
tic shapes and dimensions can be appreciated on CT 
(Stark and Norbash 1998). CT may also reveal mild 
intrathoracic tracheal wall thickening, frequently with 

a b

Fig. 10.11  Typical carcinoid of the left main bronchus: chest 
X-ray (a), CT (b). Scans of a 56-year-old woman with a tumoral 
lesion in the left mainstem bronchus. On chest radiograph (a), 
an atelectasis of the left lower lobe is visible. On computed 
tomography (CT) imaging (b) a calcified endobronchial lesion 

in the left mainstem bronchus is visible. Carcinoid tumors are 
low-grade malignant tumors of neuroendocrine origin. The 
endobronchial location is usually easier to appreciate on CT 
than plain radiographs, and there is often associated atelectasis 
or obstructive pneumonitis
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ossification of the trachea rings (Fraser and Müller 
1999; Stark 1991).

10.3.3.4 � Relapsing Polychondritis

Relapsing polychondritis is an autoimmune connective 
tissue disease that causes inflammation and destruc-
tion of cartilage and other connective tissues. 
Predominant clinical manifestations include auricular 
chondritis, polyarthritis, nasal chondritis, ocular 
inflammation, audiovestibular damage, and respiratory 
tract chondritis. A relapsing course is characteristic. 
Airways are involved in 50% of patients and may cause 
dyspnea, stridor, wheezing, hoarseness, aphonia, and 
laryngeal or tracheal tenderness (Staats et  al. 2002). 
Recurrent pulmonary infection is the most common 

cause of morbidity and mortality in these patients 
(Fraser and Müller 1999; Michet et al. 1986). Imaging 
may demonstrate long-segmental tracheobronchial 
strictures and destruction of the cartilaginous rings 
with soft tissue thickening, characteristically sparing 
the posterior membranous portions of the trachea and 
calcification (Meyer and White 1998; Im et al. 1988). 
Expiratory collapse of the affected airway may be 
revealed on fluoroscopy or dynamic CT.

10.3.3.5 � Amyloidosis

Primary pulmonary amyloidosis is a rare disorder that 
can appear in three forms: tracheobronchial, nodular 
parenchymal, and diffuse parenchymal. Tracheobronchial 
involvement with amyloids can be local or extensive 

Fig. 10.12  Tracheobronchomegaly: chest X-ray (a), CT (b) in a 
57-year-old man. Chest X-ray (a) and computed tomography 
(CT; b) show a dilatation of the trachea and the main bronchi. 

Small diverticles along the main bronchi are also visible due to 
the mucosa prolapse through the cartilage rings. These diverti-
cles are only seen on the CT images (black arrows)
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a

b

Fig. 10.13  Acute infectious bronchitis: chest X-ray (a), CT (b). 
Principle abnormalities of acute bronchial infection are bronchial 
wall thickening and an increase in lung markings, sometimes 
termed “dirty chest” or simply “prominent lung markings.” It 
refers to a general accentuation of bronchial structures throughout 

the lungs associated with loss of definition of the vascular margins 
(Takasugi anvd Godwin 1998). Bronchial wall thickening may 
manifest as ring shadows end-on or as tubular shadows on poster-
oanterior view (“tram lines”)
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a

b

Fig.  10.14  Saber-sheath trachea: chest X-ray (a), CT (b). 
Narrowing of the intrathoracic trachea in the coronal plane with 
anteroposterior lengthening is characteristic of the “saber-

sheath” trachea deformity. The saber-sheath appearance is found 
when the sagittal-to-coronal diameter ratio exceeds 2:1. The 
extrathoracic trachea remains normal in configuration
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(Fig. 10.15). In extensive disease, CT demonstrates tra-
cheal or bronchial circumferential wall thickening with 
luminal narrowing and linear calcification of the airway 
walls. Localized forms of amyloids affecting the airway 
may appear as plaque-like or tumor-like nodules or 
masses partially or completely occluding airways and 
with infiltration of the adjacent paratracheal or bronchial 
tissue (Kim et al. 1999).

10.3.3.6 � Sarcoidosis

Sarcoidosis is a systemic disease of unknown etiology 
with variable presentation, prognosis, and progression. 
At diagnosis, about 50% of patients are asymptomatic, 
25% complain of cough or dyspnea, and 25% have skin 

lesions or eye symptoms (Miller et al. 1995). Airway 
involvement can occur at virtually any location, from 
the epiglottis to the bronchioles. The trachea is a rela-
tively rare site to be affected by sarcoidosis, occurring 
in less than 3% of cases (Prince et  al. 2002). When 
present, sarcoidosis has a predilection for the upper tra-
chea. Granulomata within the mucosa or submucosa 
will appear as a soft-tissue thickening of the tracheal 
wall. The bronchi can be extrinsically compressed by 
enlarged lymph nodes or, less frequently, obstructed by 
endobronchial granuloma (1% of cases) (Freundlich 
et al. 1970). Scarring and fibrosis lead to bronchiecta-
sis, stenosis, or occlusions (Fraser and Müller 1999). 
CT is more sensitive than chest radiography in the 
detection of adenopathy and subtle parenchymal dis-
ease (Hamper et al. 1986).

Fig. 10.15  Amyloidosis: chest X-ray (a), CT (b,c). A 64-year-
old man with primary pulmonary amyloidosis. Chest X-ray (a) 
and computed tomography (CT; b and c) show extensive involve-
ment of the bronchial structures. There is also parenchymal 
involvement and calcified mediastinal and hilar lymph nodes. 

Chest X-ray (a) shows a dirty lung image with thickening of the 
walls of the bronchial structures, especially in the lower lung 
regions. CT (b and c) shows calcifications of the bronchial walls 
with narrowing of the bronchial structures that are filled with 
mucus
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10.3.3.7 � Wegener’s Granulomatosis

Wegener’s granulomatosis induces airway abnormali-
ties in 59% of patients and is seen during bronchoscopy. 
Endobronchial abnormalities caused by Wegener’s 
granulomatosis include subglottic stenosis, ulcerating 
tracheobronchitis with or without inflammatory pseudo-
tumor, and tracheal or bronchial stenosis that varies in 
length from several millimeters to several centimeters 
without inflammation (Stark 1991; Daum et al. 1995). 
CT scans depict focal or diffuse wall thickening, which 
can be concentric or eccentric, and airway narrowing 
(Screaton et al. 1998). The cartilaginous tracheal rings 
may calcify. When evaluating tracheal stenosis caused 
by Wegener’s granulomatosis, the larynx should also be 
included because focal stenosis from this disease most 
commonly affects the subglottic trachea.

10.3.3.8 � Tracheopathia Osteochondroplastica

Tracheopathia osteochondroplastica is a rare disorder 
of the laryngotracheobronchial tree. The condition is 
benign and is characterized by submucosal nodules 
containing combinations of cartilaginous, osseous, and 
hematopoietic tissue and calcified acellular protein 
matrix protruding into the bronchial lumen (Fig. 10.16) 
(Meyer et al. 1997). Tracheopathia osteochondroplas-
tica is distinguished from tracheobronchial amyloido-
sis or relapsing polychondritis because it does not 
involve the posterior membranous portion of the tra-
chea. Tracheal irregularity and thickening can be sug-
gested on chest radiographs. Calcification in the 
nodules can sometimes be seen on a lateral chest radio-
graph. On CT, focal tracheal thickening, calcification 
of the tracheal rings, multiple calcified tracheal 

Fig.  10.16  A 40-year-old man with tracheopathia osteochon-
droplastica presenting with nodular calcified thickening of the 
trachea and mainstem bronchi. On computed tomography focal 

tracheal thickening, calcification of the tracheal rings, multiple 
calcified tracheal nodules, and long-segment tracheal narrowing 
are typically seen
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nodules with or without punctuate calcification, and 
long-segment tracheal narrowing are typically seen 
(Manning et al. 1998).
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Abstract

Diseases of the pleura and pleural space are ››
common and present a significant contribution 
to the workload of the chest radiologist. The 
radiology department plays a crucial role in the 
imaging and management of pleural disease.
While a number of different imaging modali-››
ties may be used, chest radiography remains 
the first examination in the initial assessment 
of these patients. Depending on the clinical 
context, the optimal imaging technique for 
further evaluation may be computed tomogra-
phy (CT), ultrasound (US) or magnetic reso-
nance (MR).
This chapter reviews chest radiograph findings ››
for some pathologic pleural manifestations by 
correlating them with their appearance on CT.
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11.1 � Introduction

The thoracic cage is constructed like a vertical cone-
shaped bellows, with the diaphragm as the moving part at 
the bottom. The pleura is a serous membrane that lines 
the lungs and the thoracic cage. It folds back upon itself 
to form a two-layered membrane structure, forming the 
pleural cavity. It normally contains a small amount of 
pleural fluid that provides a friction-free surface for the 
lungs to expand and retract against. In other words, the 
pleural cavity is like a sealed, wet, and stretchable elastic 
bag inserted between the lung and the thoracic wall.

The pleura and pleural cavity are essential for effi-
cient functioning of the lung, as the pericardium and 
pericardial cavity are for the heart. Pleural diseases rep-
resent a frequent problem in routine clinical practice, 
representing around 25% of pulmonary unit consulta-
tions. The chest X-ray remains the imaging modality of 
choice for the initial investigation of pleural disease. 
However, ultrasound, computed tomography (CT), and 
magnetic resonance imaging may also be helpful. In 
this chapter, we present the radiologic manifestations 
of many conditions that primarily or secondarily affect 
the pleura by comparing chest X-rays and CT findings 
side by side. Nevertheless, this comparison suffers 
because of the major drawbacks that X-ray is mainly 
obtained in an upright position and CT always in a 
recumbent position, which makes a strict comparison 
of pleural diseases difficult; their radiological aspects 
are frequently position dependent.

11.2 � Anatomy

The pleura is divided into visceral and parietal pleura. 
The visceral pleura covers the lungs and the interlobar 
fissures, while the parietal pleura lines the ribs, dia-
phragm, and mediastinum. Both are continuous with 
each other as they reflect around the hilum and the 
inferior pulmonary ligament. They both consist of a 
single layer of flattened mesothelial cells that are sub-
tended by layers of fibroelastic connective tissue. The 
connective tissue component of the visceral pleura is 
part of the “peripheral” interstitial fiber network and 
contains small vessels and lymphatic branches. These 
lymphatics, however, do not connect with the pleural 
space. The parietal pleura receives its vascular supply 
from and is drained by the systemic circulation. 
External to the parietal pleura is a layer of fatty areolar 

connective tissue, which separates the pleura from the 
endothoracic fascia (Collins and Sterns 1999).

A thin film of fluid (pleural fluid) is normally present 
between the parietal and visceral pleura. The pleural 
cavity contains a small amount of fluid (approximately 
1–10 ml) on each side (Black 1972). A complex balance 
between fluid production and removal maintains pleural 
fluid volume. As the thickness of pleural space and vis-
ceral and parietal pleura is only 0.2–0.4 mm, they are 
usually not identified on chest radiographs or CT scans 
except when outlined by air (or extrapleural fat visible 
on CT), or where the visceral pleura invaginates into the 
lung to form the fissures and where the two lungs con-
tact each other at junctional lines (Im et al. 1989).

11.3 � Basic Imaging Principles

A peripheral opacity can be located in three different 
locations related to the pleura:

An extrapleural opacity (Fig. 11.1) originates from 
the chest wall and, when not invading the pleura and 
lung, it presents with obtuse angles and an internal 
sharp medial margin.

A pleural-based opacity (Fig.  11.2) has margins 
that are partially or completely well circumscribed, 
indicating contiguity with a pleural surface, and usu-
ally presents with obtuse or right pleural angles.

A subpleural opacity (Fig.  11.3) is located in the 
parenchyma and usually has acute pleural angles and 
often has irregular internal margins.

11.4 � Pleural Effusion

Pleural effusion results from the accumulation of fluid in 
the pleural space when forces that control the flow in and 
out of the space are disrupted (Raasch et  al. 1982). 
According to their composition, most pleural effusions 
can be classified into two categories: transudate and exu-
date. Pleural transudate is a clear fluid with a protein 
content of less than 3  g/dl. Pleural exudate is a more 
opaque fluid with a protein content of more than 3 g/dl. 
In general, transudates reflect a systemic perturbation 
(and therefore are commonly bilateral), whereas exu-
dates usually signify underlying local (pleuropulmonary) 
disease. The more common causes of transudative effu-
sion are congestive heart failure and hypoalbuminemic 
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states (e.g., cirrhosis), whereas those of exudative effu-
sions are malignancy, infections (e.g., pneumonia), and 
inflammatory diseases. Other sorts of pleural effusions 
include hemothorax, chylothorax, and pancreatic, bil-
ious, and cerebrospinal fluid pleural effusions. The 
aspect of the effusion depends on patient position and 
mobility of the effusion (free or constrained to a variable 
extent) at the time of acquisition.

11.4.1 � Distribution of Pleural Effusion  
in the Erect Patient

The distribution of free pleural fluid depends on 
patient position because it moves in dependent posi-
tion due to gravity. In the upright position, the initial 
site of fluid accumulation is between the base of the 
lung and the diaphragm, namely the subpulmonic 

d

ba

c

Fig. 11.1  Extrapleural 
opacity – Hodgkin’s 
lymphoma of the rib cage. 
Frontal chest radiograph  
(a) shows a homogeneous 
retrocardiac opacity with 
sharp borders (black arrow). 
Lateral chest radiograph  
(b) shows a posterior opacity, 
presenting with obtuse angles 
related to chest wall (black 
arrows). Note a hiatal hernia 
(white arrow). Sagittal 
reformat in mediastinal  
(c) and lung window  
(d) shows the posterior mass 
invading the chest wall with 
rib destruction (arrows)



272 B. Ilsen et al.

region, sometimes to a large extent (Fig. 11.4). This 
represents a diagnostic challenge on posteroanterior 
and lateral chest radiographs because the upper edge 
of the fluid mimics the contour of the diaphragm and 
results in a pattern of only slight hemidiaphragm ele-
vation (“pseudo-diaphragm”) (Collins et  al. 1972). 

As the amount of fluid increases there may be flatten-
ing and some inversion of the diaphragm without sig-
nificant blunting of the lateral costophrenic angle.

Some radiographic signs can suggest a subpulmo-
nary effusion on posteroanterior radiographs of the 
erect patient (Raasch et al. 1982).

a c

b

Fig.  11.2  Pleural opacity – Encapsulated pleural effusion. 
Frontal chest radiograph (a) shows a lenticular opacity with 
smooth borders and obtuse angles related to the chest wall (black 

arrows). Corresponding axial (b) and coronal (c) images dem-
onstrate clearly the encapsulated pleural effusion (arrows)
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a
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Fig. 11.3  Parenchymal opacity – Adenocarcinoma of the right 
upper lobe. Frontal chest radiograph (a) shows a large mass in 
the right upper lobe presenting acute angles (black arrow) 

related to the pleura and chest wall. Corresponding coronal 
reformat in mediastinal (b) and lung window (c) views
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The apex of the “pseudo-diaphragm” is often more •	
lateral than the apex of the normal diaphragm, par-
ticularly on expiration films, being situated near the 
junction of the middle and lateral thirds. Thus, the 
medial part of the pseudodiaphragm may appear 
more horizontal (Fig. 11.5 and 11.6).
Through the “pseudo-diaphragm,” the pulmonary •	
blood vessels may be obliterated, but this finding 
can also be produced by lower lobe disease, abdom-
inal conditions such as ascites, or underexposed 
films (Fig. 11.4).
On the left side, the distance between pulmonary air •	
and the gastric air is increased. A distance of more 
than 2 cm strongly suggests subpulmonic effusion 
(Fig. 11.6).

The findings on the frontal view are supported by the 
aspect of a subpulmonary effusion on the lateral view:

On lateral projection, a characteristic configuration •	
is seen anteriorly where the convex upper margin of 
the fluid meets the major fissure. In such a condi-
tion, the “diaphragmatic” contours anterior and 
posterior to the fissure are flattened (Fig. 11.7).
A small amount of fluid is usually apparent in the •	
lower end of major fissure where it joins the infra-
pulmonary effusion (Fig. 11.7).

Because the posterior costophrenic sulcus is the deeper 
part of the pleural cavity, relatively large amounts of 

pleural fluid may accumulate there without being appar-
ent on the upright posteroanterior view. Accumulation 
of 200 ml or more of pleural fluid usually leads to blunt-
ing of the lateral costophrenic sulcus, although some-
times up to 500 ml or even more may be present without 
any blunting (Collins et al. 1972). Therefore, because it 

a b

Fig.  11.4  Subpulmonary effusion. Frontal chest radiograph 
(a) shows an elevation of the left and right hemidiaphragm 
(“pseudo-diaphragm”). There is an obliteration of the retrodia-
phragmatic blood vessels. Note blunting of both costophrenic 

sulci, particularly on the left. The gastric air bubble is not 
seen.  Corresponding axial CT image shows large bilateral 
effusions (b)

Fig.  11.5  Subpulmonary effusion. Frontal chest radiograph 
shows a more lateral position of the apex of the right “pseudo-
diaphragm,” located near the junction of the middle and lat-
eral thirds. A correlation with computed tomography is in this 
case is almost not possible
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better demonstrates the posterior costophrenic sulcus, 
the lateral view is more sensitive for the detection of 
small pleural effusions than the frontal view.

With an increase of the amount of pleural fluid, 
the typical concave and upward sloping contour of 
free fluid is known as the meniscus sign (Fig. 11.8). 
Fluid collects at the base of the pleural space due to 
gravity. The combination of positive hydrostatic 
intrapleural pressure at the lung base on the one hand 
and the elastic recoil of the lung on the other hand 
act to force some fluid to rise against gravity and sur-
round the lower part of the lung. Because the X-ray 
beam must therefore penetrate a greater depth of 
fluid at the periphery of the thorax, the upper fluid 
margin appears higher at the periphery (Raasch et al. 
1982, Davis et  al. 1963). Large pleural effusions 
obscure the contour of the heart and eventually dis-
place the mediastinum contralaterally.

11.4.2 � Distribution of Pleural Effusion  
in the Supine Patient

In the supine patient, free pleural fluid layers posteri-
orly and produces a hazy increase in opacity without 

Fig.  11.6  Subpulmonary effusion. Frontal chest radiograph 
shows an increased distance between the intrapulmonary air 
and the gastric air, and external displacement of the apex of the 
left pseudodiaphragm, suggesting a left subpulmonic effusion. 
There is no correlation with computed tomography

a b

Fig.  11.7  Subpulmonary effusion. Lateral chest radiographs 
show a small amount of fluid in the major fissure where it joins 
the subpulmonary effusion in two patients (a and b). The “dia-

phragmatic” contours anterior and posterior to the fissure are 
flattened (b). There is no exact correlation with computed 
tomography
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obscuration of the bronchovascular markings, which 
may be difficult to detect, particularly when they are 
bilateral (Müller 1993). This homogeneous opacity may 
occupy only the lower part of the pleural cavity, making 
the lower half of the hemithorax more opaque than the 
upper. Blunting of the lateral costophrenic sulcus in the 
supine position occurs when the amount of fluid is suf-
ficient to fill the posterior hemithorax up to the level of 
the sulcus (Woodring 1984). Other signs include obscu-
ration of the hemidiaphragm, apparent elevation of the 
hemidiaphragme, decreased visibility of the lower lobe 
vessels below the level of the apparent dome of the dia-
phragm, increased opacity of the spleen in a left-sided 
effusion, and thickening of the minor fissure (Fig. 11.9) 
(Ruskin et al. 1987; Woodring 1984).

Free pleural fluid can also cap the apex of the lung 
on supine radiographs, known as the apical cap sign 
(Fig. 11.10). Due to the small capacity of the apex, 
this is considered to be an early sign as fluid extends 
tangentially to the X-ray beam to a greater degree 
between the lung and chest wall at the apex than at 
the base (Raasch et al. 1982).

11.4.3 � Atypical Distribution and 
Loculation of Pleural Fluid

Loculation of pleural effusion can occur when adhe-
sions between contiguous surfaces of the pleura develop, 
often in the case of a pyothorax or hemothorax. When 
it occurs between two lobes, it can be misdiagnosed  

as a pulmonary neoplasm on chest radiographs. 
However, fluid accumulations between two lobes  
tend to absorb spontaneously and therefore have been 
called “vanishing tumors” or pseudotumors (Fig. 11.11). 
Fluid loculated in a fissure may have a distinctive len-
ticular configuration, frequently on the lateral view, 
allowing for differentiation from condensation or atelecta-
sis (Fig. 11.12).

Fig. 11.9  Pleural effusion in a supine patient. Frontal chest radio-
graph shows a hazy increase in opacity on the lower left side, 
obscuration of the hemidiaphragm, decreased visibility of the 
lower lobe vessels, and increased opacity of left hypochondrium

a b

Fig. 11.8  Meniscus sign. When pleural fluid is free, it presents 
with the typical concave and upward sloping contour (arrows) 

due to association of hydrostatic and elastic recoil forces. Chest 
radiograph (a) and axial CT view (b) 
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a b

Fig.  11.10  Apical cap sign. Similar to the meniscus sign on 
erect chest radiographs, the apical cap sign (arrows) may be 
seen in a decubitus chest radiograph (a). Due to the association 

of hydrostatic and elastic recoil forces, fluid may extend tangen-
tially to the X-ray beam at apex. Corresponding sagittal com-
puted tomography view (b)

a

b

Fig. 11.11  Vanishing tumor 
or pseudotumor. Frontal chest 
radiograph (a) shows a 
rounded opacity at the right 
lung base presenting with 
smooth borders (black 
arrows). Corresponding axial 
computed tomography image 
(two consecutive images) in 
lung windows (b) clearly 
demonstrate the encapsulated 
fluid in the major fissure 
simulating a tumor
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a b

c d

Fig.  11.12  Lenticular configuration of loculated fluid in the 
fissure. Frontal chest radiograph (a) shows an unsharply 
defined opacity in the upper part of the right hemithorax. 

Lateral chest radiograph (b) shows the loculated fluid in the 
major fissure (black arrows), confirmed on sagittal (c) and 
coronal (d) reformatted images on computed tomography
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When the elastic recoil of the lung is restricted, the 
retractility of the lung is modified and the pleural fluid 
is attracted toward this area (Rigby et al. 1976). 
Therefore, it must be kept in mind that any atypical 
distribution of pleural fluid may be a sign of both 
parenchymal and pleural disease.

11.5 � Empyema

Thoracic empyema, or pyothorax, is defined as pus in 
the pleural cavity. The majority of empyemas follow 
acute bacterial pneumonia or lung abscesses. Other 
causes include thoracic surgery, trauma, mediastinitis, 
and spread from extrapulmonary sites, such as osteo-
myelitis of the spine and cervical or subphrenic 
abscesses. Empyemas are associated with an inflam-
matory pleural reaction and the influx of polymorpho-
nuclear neutrophils, fibrin, and other plasma clotting 
factors into the pleural space (Sahn 1988). The fibrin 
coats both the visceral and parietal pleura. If the infec-
tion is inadequately treated, organization of this fibrin 
peel with ingrowths of capillaries and fibroblasts can 
be seen as early as 7 days from the development of the 
empyema. The end result is pleural fibrosis that may 
impede medical or percutaneous treatment (Hanna 
et al. 1991).

Pleural fluid is often present and is usually unilat-
eral, but when it is bilateral it is substantially greater in 
volume on the infected side (Hanna et  al. 1991). 
Similar to sterile effusions, nonloculated empyemas 
are homogeneous in opacity, move with patient posi-
tion, and have a meniscus sign. When loculated, empy-
emas should be differentiated from lung abscess, which 
may be difficult but has important therapeutic conse-
quences. Differentiation is more easily achieved using 
CT than chest X-ray (Table 11.1). With CT, the visual-
ization of enhancement of the parietal and visceral 
pleura, thickening of the extrapleural subcostal tissues, 
and increased attenuation of the extrapleural fat should 
suggest an empyema (Fig. 11.13). The combination of 
fluid between the pleural space and thickening of the 
visceral and parietal pleura is referred to as the split 
pleura sign (Fig. 11.14) (Stark et al. 1983).

Because of overlying lung disease or unfavorable 
localization and the inability to resolve adequately 
the pleural-parenchymal interface, differentiation  
of empyema versus lung abscess often results in 

ambiguous findings on chest X-rays. The features that 
may help to differentiate an empyema from a lung 
abscess on chest X-rays are the shape of the collec-
tion, their angles and contact with the chest wall, their 
margins, and the pattern of the air-fluid level 
(Fig. 11.15). The shape of empyema is ovoid, which 
makes that dimensions will change with X-ray inci-
dences, whereas lung abscess are more rounded and 
therefore will not change with various incidences. 
Similarly, when present, the length of the air-fluid 
level will change with different projections whereas it 
is similar on frontal and lateral views of a lung abscess 
(Hanna et al. 1991; Stark et al. 1983). The angles of 
the collection related to the chest wall are obtuse for 
an empyema and acute for a lung abscess. Empyemas 
present with broader contact to the chest wall and 
their margins are smooth and regular.

11.6 � Pneumothorax

A pneumothorax is the presence of air between the two 
layers of the pleura, resulting in a partial or complete 
collapse of the lung (Fig. 11.16). Normally, the pres-
sure in the pleural space is lower than that inside the 
lungs or outside the chest. When a perforation causes a 
connection between the pleural space and the lungs or 
outside the chest, air enters the pleural space until the 
pressures become equal or the connection closes. 
Pneumothorax can be divided into spontaneous and 
traumatic types.

The diagnosis of pneumothorax is usually made on 
a chest radiograph, which may also detect 

Empyema Lung abscess

Shape Lenticular Round

Wall Smooth Irregular

Split pleural sign Dots of air

Wall thickness Thin Thick

Uniform Nonuniform

Lung compression Yes No

Vessels and bronchi Distorted Normal or attracted

Chest wall angles Obtuse Acute

Table  11.1  CT pattern of empyema versus lung abscess 
(Modified from Stark et al. 1983)
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complications and predisposing conditions. Pneumo
thorax is seen on chest radiograph as a thin curvilin-
ear opacity corresponding to the visceral pleura 
separating the vessel-containing lung from the air-
containing avascular pleural space (Fig.  11.16). As 
free air moves to the nondependent part of the chest, 
difficulties arise when pleural adhesions are present; 
these can result in a part of the lung being tethered to 
the thoracic wall, thereby distorting the usual radio-
graphic appearance. As for pleural fluid effusion, the 
radiographic appearance of a pneumothorax depends 
on the radiographic projection, the patient’s position, 
and the presence or absence of loculation. 
Pneumothorax has to be differentiated from other cur-
vilinear shadows caused by hair, clothes, skinfolds, 

lines or tubes, and bullae. A complex and distorted 
radiographic appearance in scans of patients with 
giant bullous emphysema may hinder the detection 
of, or even may falsely suggest, a pneumothorax. Air 
surrounding both sides of the bulla wall, known as the 
double-wall sign on CT, should aid in the triage of 
those patients (Waitches et al. 2000).

11.6.1 � Pneumothorax in the  
Erect Patient

Fluid falls to the bottom whereas air rises to the apex 
in the erect position. The apical visceral pleural line 
is usually readily identifiable. When a pneumothorax 

a

c

b

Fig. 11.13  Empyema in a patient who has had cough and fever 
for 1 week. Chest radiograph (a) demonstrates a pleural opacity 
with multiple air-fluid levels overlying the lower lung. An axial 
contrast-enhanced computed tomography view in mediastinal 

(b) and lung window (c) at the level of the lung base shows 
thickening and an enhancement of the parietal pleura. Note the 
multiple air bubbles in the empyema
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is highly clinically suggested but not visualized on 
the inspiratory chest radiographs, a full expiratory (or 
more rarely a lateral decubitus chest radiograph with 
horizontal X-ray beam) should be obtained (Harvey 
et al. 1989) (Fig. 11.17). A tension pneumothorax is 
a life-threatening complication that occurs when the 
pleural tear acts as a one-way valve, responsible for 
progressively increasing positive intrapleural pres-
sure. Suggestive signs of tension include diaphrag-
matic contour straightening, contralateral shift of the 
mediastinum, diaphragmatic flattening, or depression 
and enlargement of the intercostal spaces. Lung col-
lapse may not be significant in severely diseased 
lungs (Fig. 11.18).

11.6.2 � Pneumothorax in the  
Supine Patient

When a pneumothorax is present in a patient in supine 
position, the air rises to the highest point in the hemith-
orax, which is usually the inferoanteromedial part of 

the pleural space. Detecting a pneumothorax in a 
patient in a supine position is challenging because a 
poorly defined basilar hyperlucency may be the only 
detectable finding. Depending on its size, a pneu-
mothorax can result in a deep, fingerlike lateral costo-
phrenic sulcus (deep sulcus sign) (Gordon 1980); a 
visible anterior costophrenic recess seen as an oblique 
line or interface directed downward and outward over 
the hypochondrium; the visualization of the inferior 
surface of the lung or the epipericardic fat pads; and an 
unusually sharp delineation of the diaphragm or left 
cardiac apex (Fig. 11.19) (Zitter and Westcott 1981).

The lateral decubitus film (with the involved hemith-
orax uppermost) is more sensitive than the erect or 
supine film and can be as sensitive as CT in the detec-
tion of pneumothorax (Carr et al. 1992).

11.7 � Pleural Fibrosis

Pleural fibrosis or the development of fibrous tissue in 
the pleura has various origins and can be the result of a 
primary pleural disease or an inflammatory condition 
that affects the lungs. It can be either a focal or a diffuse 
process. In most cases, the fibrosis is localized in a small 
area and has no clinical impact. Less commonly, the 
fibrosis is diffuse and functional abnormalities may be 
apparent if the fibrosis involves the visceral pleura.

11.7.1 � Focal Pleural Fibrosis

11.7.1.1 � Healed Pleuritis

An organized fibrinous pleuritis or fibrinopurulent 
pleuritis secondary to pneumonia is the most common 
cause of localized pleural fibrosis. Because of gravity, 
the distribution of the pleural thickening related to this 
cause is usually basal. In the case of obliteration of the 
costophrenic sulci, differentiation from a small pleural 
effusion may be difficult (Fig. 11.20).

11.7.1.2 � Apical Cap

An apical cap is defined radiographically as a 1- to 
30-mm-thick curved soft tissue opacity in the extreme 
apex of the lung. The lower border is usually sharply 

Fig. 11.14  Split pleura sign. An axial contrast-enhanced com-
puted tomography view in mediastinal window at the right base 
shows a loculated pleural effusion with enhancement and thick-
ening of the visceral and parietal pleura (arrows) 



282 B. Ilsen et al.

Fig. 11.15  Empyema.  
Frontal (a) and lateral  
(b) chest radiographs show a 
right pleural effusion and an 
air-fluid level at the right 
base. The length of the 
air-fluid level is twice as long 
on the lateral view than on 
the frontal view, suggesting 
an ovoid shape (as found in 
pleural collections) rather 
than a round shape (as in 
pulmonary abscess). 
Computed tomography 
images in three different 
planes (c, d and e) show the 
pleural effusion and a 
loculated empyema with an 
air-fluid level (white arrow). 
The ovoid form, the large 
contact with the diaphragm 
(black arrows), the smooth 
inner wall of the collection, 
and enhancement of the 
visceral and parietal pleura 
further reinforce the pleural 
origin

a b
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d
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Fig. 11.17  Left pneumothorax in a 25-year-old man. Full inspiratory frontal chest radiograph (a) shows an important pneumothorax 
on the left, accentuated on the full expiratory chest radiograph (b)

a b

Fig. 11.16  Right pneumothorax in a 19-year-old woman. Frontal 
chest radiograph (a) shows a thin curvilinear opacity correspond-
ing to visceral pleura separating the vessel-containing lung from 

the air-containing avascular pleural space. Computed tomography 
image (b) demonstrates the same finding and also a ruptured bulla 
(black arrow) as the origin of the pneumothorax
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marginated and may be curvilinear or undulating. 
Although apical caps are similar in appearance, their 
clinical significance varies widely. Whether unilateral or 
bilateral, they are mostly isolated radiographic findings 
of a benign nature and of no clinical significance due 
to thickening of extrapleural fat and pleuroparenchymal 
fibrosis as sequellae of prior infectious disease (Fig. 11.21) 
(Im et al. 1989). Occasionally, particularly when thick 
and unilateral, an apical cap may be a sign of a significant 
lesion arising in the region of the apex of the lung, known 
as a Pancoast tumor. Comparison with previous films is 
helpful; otherwise, CT may be recommended.

11.7.1.3 � Pleural Plaques

Pleural plaques are a circumscribed accumulation of 
dense acellular bundles of collagen, which may or may 
not be calcified. Pleural plaques are the most common 
manifestation of inhalation of asbestos fibers and are 
well known as an indication of previous exposure to 
asbestos fibers, being radiologically seen in 20–60% 
of workers who have been exposed to high concentra-
tions of asbestos (Schwartz 1991). The prevalence of 
pleural plaques correlates with the intensity of asbes-
tos exposure and the time interval from initial 

exposure. The latency period between exposure to 
asbestos and development of pleural plaques is 
approximately 15 years; for radiologically visible cal-
cified pleural plaques, the latency period is at least 
20–30 years (Schwartz 1991; Greene et al. 1984).

The plaques involve mainly the posterior and antero-
lateral aspects of the pleura, following the contours of 
the posterolateral seventh to tenth intercostal spaces. 
They spare the lung apices and costrophrenic angles and 
rarely extend vertically for more than four interspaces. 
They almost always involve only the parietal pleura but 
have been rarely described in the interlobar fissures.

Chest radiography has been the primary radio-
graphic method for the detection of asbestos-related 
pleural disease for a long time. When viewed en face, 
pleural plaques may be difficult to recognize unless 
they are large or calcified and are recognized as mul-
tiple and bilateral nodular, stippled, irregular, leaflike, 
or “geographic” opacities (Fig. 11.22). Plaques within 
fissures can rarely mimic solitary pulmonary nodules. 
When viewed tangentially, pleural plaques are seen on 
chest radiographs as focal areas of pleural thickening. 
Over the diaphragm they produce either curvilinear 
calcifications or scalloping.

Chest radiography, however, has a relatively low 
sensitivity for the detection of asbestos-related pleural 
diseases, and new techniques such as dual-energy 
digital subtraction chest radiography may improve 
detection (Gilkeson et  al. 2004). Another potential 
source of difficulty when reading conventional radio-
graphs is the misinterpretation of extrapleural fat as 
pleural thickening. Subcostal fat may mimic pleural 
thickening in obese individuals. Typically, it appears 
as a symmetrical, smooth, sometimes undulating soft-
tissue density. It typically extends from the fourth to 
the eighth ribs.

CT has greater sensitivity and specificity for identify-
ing asbestos-related pleural diseases than conventional 
radiography (Aberle et al. 1988; Friedman et al. 1987). 
Pleural plaques appear as well-circumscribed areas of 
pleural thickening separated from the underlying rib and 
extrapleural fat by a thin layer of fat. These plaques can 
look like “table mountains” or mesas. They can have a 
nodular configuration and can impinge slightly on the 
adjacent lung parenchyma, in some cases resulting in 
the formation of a pulmonary subpleural curvilinear line 
adjacent to the plaque.

Fig.  11.18  Tension pneumothorax in a 65-year-old man with 
severely diseased lungs. Frontal chest radiograph shows marked 
lowering of the right diaphragm, contralateral mediastinal shift, 
and enlargement of the right intercostal spaces. Note the absence 
of lung collapse
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Fig. 11.19  Pneumothorax in a supine patient. Findings on supine 
chest radiographs (a) include an avascular area at the left lung 
base, a visible anterior costophrenic recess (arrowheads), and the 

visualization of the epipericardic fat pads (arrow). Computed 
tomography views (b, c, and d) show the anterior costophrenic 
recess (arrowheads) and the epipericardic fat pads (arrows)
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Fig. 11.20  Healed pleuritis in a patient with past history of left 
pleuritis. Chest radiograph (a) and computed tomography scans 
(b and c) show lateral pleural adhesion on the left side, resulting 

in a large contact between the diaphragm and the chest wall. On 
the chest radiograph, differentiation from a small pleural effu-
sion is difficult

11.7.2 � Diffuse Pleural Fibrosis

11.7.2.1 � Asbestosis-Related Diffuse  
Pleural Thickening

Asbestosis-related diffuse pleural thickening is less 
common than pleural plaques and results in the 
fusion of visceral and parietal pleura, impairing  
the pulmonary function (Schwartz 1991). Radio
graphically, it is considered to be present when a 

smooth, uninterrupted pleural opacity is seen extending 
over at least a fourth of the chest wall with or with-
out obliteration of the costophrenic sulci (Lynch 
et  al. 1989). On CT, the abnormality is diagnosed 
when it extends for more than 8 cm in a craniocau-
dal direction and 5 cm in a lateral direction and the 
pleura is more than 3 mm thick (Müller 1993). It is 
more frequently associated with rounded atelectasis 
than other types of diffuse pleural thickening 
(Fig. 11.23).
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Fig.  11.22  Asbestos-related pleural plaques in a 59-year-old 
man. Frontal chest radiograph (a) shows leaflike or “geographic” 
opacities when the pleural plaques are viewed en face (black 

arrows). Tangentially viewed, pleural plaques are seen as focal 
areas of pleural thickening (white arrows). Corresponding axial 
computed tomography image (b)

a b

c

Fig.  11.21  Apical cap. A 10-mm-thick curved soft tissue 
opacity (arrowheads) is demonstrated at both apices on chest 
radiographs (a). Axial and coronal computed tomography 

views (b and c) clearly explain the apical cap by the presence 
of thickened extrapleural fat (arrowheads) and pleuroparen-
chymal fibrosis (arrows) 
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Fig.  11.23  Asbestos-related diffuse pleural thickening in a 
55-year-old man. Chest radiographs (a and b) show an ill-
defined opacity (arrows) in contact with posterior pleural 
thickening (arrowheads). Note on the frontal view bilateral 
platelike atelectasis due to hypoventilation secondary to large 

pleural adhesions. Axial and sagittal computed tomography 
views (c and d) show bilateral posterior pleural thickening 
(arrowheads) and a left round atelectasis (arrows) 

11.7.2.2 � Non–Asbestosis-Related  
Pleural Thickening

Hemorrhagic effusions, tuberculous effusions 
(Fig. 11.24), other types of empyema, or a complication 

of various other pleuritic processes often result in an 
unilateral pleural thickening (Müller 1993; Leung et al. 
1989). Diffuse pleural thickening can result in a marked 
decrease in volume of the affected hemithorax and in 
marked impaired ventilation of the underlying lung.
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Fig. 11.24  Diffuse pleural thickening in a patient with a his-
tory of bilateral tuberculous pleurisy and chronic left tubercu-
lous empyema. Frontal (a) and lateral (b) chest radiographs 
show bilateral coarse pleural calcifications and a lenticular and 
partially calcified pleural opacity in the left hemithorax. Axial 

contrast-enhanced computed tomography slice (c) shows the 
bilateral diffuse pleural thickening and a left chronic empyema 
with soft tissue density centrally and heavy calcifications both 
in visceral and parietal pleura (black arrow)
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11.8 � Pleural Neoplasms

11.8.1 � Localized Pleural Tumors

The most common localized pleural tumors are local-
ized fibrous tumors of the pleura, pleural lipomas, and 
pleural invasions of bronchogenic carcinoma.

11.8.1.1 � Localized Fibrous Tumor of the Pleura

Localized fibrous tumor of the pleura is a slowly grow-
ing primary pleural neoplasm unrelated to asbestos 
exposure. It is a relatively uncommon neoplasm, 
accounting for less than 5% of all pleural tumors 
(Theros et al. 1977). Due to great diversity of patho-
logic findings it has been known by a variety of terms, 
including benign localized mesothelioma, benign pleu-
ral fibroma, fibrosing mesothelioma, and pleural fibro-
myxoma. It has been described in all age groups but 
has a peak incidence in persons older than 50 years of 
age. Approximately 80% arise from the visceral pleura 
and the majority presents as a pedunculated mass with 
benign pathologic features (Ferretti et al. 1997).

The radiographic appearance depends on the  
size of the tumor, which ranges from 1 to 39 cm. A 
small- to medium-sized tumor usually appears as a 
solitary, homogeneous, sharply delineated, often 
lobulated nodule or mass arising from the visceral 
pleura forming obtuse angles with the chest wall 
(Fig. 11.25). Large tumors can appear as an opacity 
occupying a considerable portion of one hemithorax 
and lose their obtuse angle with the chest wall even 
as pedunculated tumors. In this case, determination 
of an extrapulmonary origin may not be possible on 
the chest radiograph. The stalk can be as long as  
9 cm, allowing the lesion to move according to the 
patient’s position.

CT imaging shows a well delineated and often  
lobulated mass (Ferretti et al. 1997). On unenhanced 
CT scans, they appear with soft-tissue attenuation. 
Calcification can be present in large tumors and are 
related to areas of necrosis. Contrast enhancement can 
be homogeneous and intense as a result of the rich vas-
cularization of the tumor. However, heterogeneous 
enhancement can be seen due to necrosis, myxoid 
degeneration, or hemorrhage within the tumor (Ferretti 
et al. 1997; Lee et al. 1992).

Malignant forms are often larger then 10 cm in diam-
eter and demonstrate central necrosis. Nevertheless, 
there are no definite radiologic features to differentiate 

benign and malignant fibrous tumors and therefore sur-
gery is advised in all patients.

11.8.1.2 � Pleural Lipoma and Liposarcoma

Pleural lipomas are uncommon tumors, usually 
asymptomatic and found incidentally on the chest 
radiograph. Lipomas may be intrathoracic or trans-
mural, with an intrathoracic and extrathoracic com-
ponent (Buxton et  al. 1988). They are accurately 
diagnosed on CT, where they appear as a well-
defined mass of homogeneous fat attenuation pre-
senting with obtuse angles related to the chest wall 
and displacing the adjacent pulmonary parenchyma 
(Fig. 11.26) (Buxton et al. 1988). Liposarcoma is an 
even rarer tumor that usually has a heterogeneous 
mixture of fat and mainly soft tissue attenuation 
(Munk et al. 1988).

11.8.1.3 � Pleural Extension of Bronchogenic 
Carcinoma

A bronchogenic carcinoma invading the visceral pleura 
is classified as a T2 lesion, whereas extention into the 
parietal pleura upgrades the classification to T3. If  
the lesion extends into the pleura and chest wall, all the 
margins of the lesion may be indistinct.

11.8.2 � Malignant Mesothelioma

Malignant mesothelioma is an aggressive malignant 
tumor of serosal surfaces. It most commonly affects the 
pleura, but occasionally involves other serosa. It was 
considered a rare disease before about 1960, but has 
increased dramatically in incidence since that time due 
to the widespread use of asbestos fibers during the post-
war industrial boom. Abundant epidemiologic studies 
show a close association between asbestos exposure 
and the development of mesothelioma, reported in 
50–90% of patients (Edge and Choudhury 1978; Yates 
et  al. 1997). However, some patients have no recog-
nized exposure to this mineral, and other factors are 
probably important in occasional cases such as other 
minerals, infection, genetic factors, and radiation. A 
latency of 20–40 years is reported from first exposure to 
asbestos to presentation of the tumor.

Pleural malignant mesothelioma manifests most 
commonly as multiple tumoral masses that involve the 
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Fig. 11.25  Localized fibrous tumor of the pleura. Two consecu-
tive chest radiographs (a and b) at 3-year interval show a sharply 
delineated, slow-growing left retrocardiac mass. Unenhanced 
axial computed tomography (CT) image (c) shows a well-

defined homogeneous soft-tissue-density mass. Note the intact 
subpleural fat (black arrows). Enhanced CT images (d and e) 
show heterogeneous enhancement corresponding to areas of 
necrosis (Courtesy of G. Ferretti, Grenoble, France)



292 B. Ilsen et al.

parietal and visceral pleural surfaces, with greater 
involvement of the parietal pleura. Chest wall and 
mediastinal involvement, including pericardial and 
cardiac invasion, may occur. The diaphragm is fre-
quently invaded. Tumor extension into the peritoneal 
cavity is identified in at least one third of autopsies. 
Tumoral spread across the mediastinum may result in 
the involvement of the opposite pleural cavity.

The most frequent radiographic manifestation of 
malignant mesothelioma is unilateral sheetlike of lobu-
lated pleural thickening up to several centimeters thick 
encasing the entire lung, growing into the fissures, and 
creating a pleural rind (Fig. 11.27) (Miller et al. 1996). 
This results in volume loss of the ipsilateral hemitho-
rax with narrowing of the intercostal spaces and eleva-
tion of the hemidiaphragm. Less commonly, the tumor 

a
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Fig. 11.26  Pleural lipoma in a 79-year-old man. Frontal chest 
radiograph (a) shows a homogeneous peripheral opacity with a 
sharply defined medial edge (black arrows). A coronal refor-
mat computed tomography (CT) view in mediastinal window 

(b) clearly shows the pleural-based lesion (b). The axial CT 
view (c) shows the smooth marginated lesion forming obtuse 
angles with the chest wall. Note the fat attenuation of the pleu-
ral-based lesion
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Fig.  11.27  Mesothelioma in a 65-year shipyard employee. 
Frontal chest radiograph (a) shows a unilateral lobulated pleural 
thickening encasing the entire lung with an associated left 
pleural effusion. Axial (b) and coronal reformatted (c) contrast-

enhanced computed tomography views demonstrate a thick 
enhancing pleural tumor involving the left hemithorax. Note the 
invasion into the subpleural fat (black arrow)

manifests as multiple, pleural-based masses. Most of 
the patients develop a pleural effusion that is typically 
unilateral, which may obscure underlying pleural 
thickening or masses. In advanced tumors, chest wall 
invasion may manifest by a periosteal reaction along 
the ribs, rib erosion, or rib destruction (Miller et al. 
1996). Occasionally, hematogenous metastases to the 
lung are seen as lung nodules or masses (Krumhaar 
et al. 1985).

CT is superior to conventional radiography for 
the identification of early abnormalities, in deter-
mining the presence and extent of tumor in the 
pleura, and in assessing invasion of the mediastinum, 

chest wall, and upper part of the abdomen. 
(Fig. 11.27) (Rabinowitz et al. 1982; Alexander et al. 
1981). The most common findings are similar to con-
ventional radiography, a pleural thickening and effu-
sion. In a review of 50 patients, the pretreatment CT 
findings were pleural thickening (92%), thickening 
of the pleural surface in the interlobular fissures 
(86%), pleural calcifications (20%), and pleural effu-
sions (74%) (Kawashima et al. 1990). Less common 
findings include loss of volume of ipsilateral hemith-
orax, a contralateral shift of the mediastinum, lymph 
node enlargement, and chest wall invasion. Findings 
suggestive of chest wall invasion are obscuration of 
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Fig. 11.28  Sarcoma of the pleura in a 33-year-old man. Frontal 
chest radiograph (a) shows a large right pleural effusion at 
admission. After thoracocentesis, a large opacity in the right 
lung base is demonstrated (b). Axial (c) and coronal (d) con-
trast-enhanced computed tomography (CT) views show a 

hypodense mass developed at the anterior part of the right mid-
dle lobe. An axial CT view (e) shows several tissular masses 
located in the pleural cavity (black arrows). Pathology revealed 
a poorly differentiated sarcoma of the pleura

fat planes, infiltration of intercostal muscles, 
periosteal reaction, and bone destruction. Obliteration 
of fat planes, nodular pericardial thickening, and 
direct soft tissue extension are features of mediasti-
nal invasion.

11.8.3 � Other Tumors of the Pleura

Other pleural tumors include sarcoma of the pleura 
(Fig. 11.28), lymphoma (Fig. 11.29), and pleural plas-
macytoma. Most of the sarcomas of the pleura are 
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Fig.  11.29  Primary B-cell lymphoma of the pleura in a 
63-year-old man with a history of bilateral bilateral tuberculous 
pleurisy. Frontal chest radiograph (a) shows severe bilateral 
pleural thickening and calcifications. Note the post-tuberculous 
apical cap on the right. The posterolateral arch of the right ribs 5 
and 6 are disrupted, presuming an infiltrating mass (black 

arrow). Axial (b) and coronal (c) contrast-enhanced computed 
tomography (CT) views demonstrate the right pleural mass 
invading the chest wall with rib destruction and extension into 
the underlying muscles (black arrows). Corresponding positron 
emission tomography (PET) image (d) and PET-CT image  
(e) show an important hypermetabolic mass

metastatic. Pleural involvement by lymphoma is rela-
tively common; however, a primary pleural lymphoma 
is more uncommon.

11.8.4 � Pleural Metastases

Metastatic disease to the pleura is a frequent finding 
with intrathoracic or extrathoracic primary tumors 

because of the rich lymphatic network of the pleura. 
Almost all cancers can metastasize to the pleura, includ-
ing, among others, lung or breast tumors, lymphoma, 
thymoma, or sarcoma (Fig.  11.30). In approximately 
10–30% of patients with malignant pleural effusion, the 
primary site remains unknown. Differentiating primary 
tumors from metastatic disease sometimes can be diffi-
cult because they may mimic primary tumors of the 
pleura radiologically, clinically, grossly, and histopatho-
logically. The pattern is very close to mesothelioma.
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Fig. 11.30  Pleural metasta-
ses of osteosarcoma in a 
42-year-old man. Chest 
radiograph (a) shows an 
almost complete opacification 
of the left hemithorax and 
diffuse calcified pleural 
thickening (black arrows). 
Axial computed tomography 
images in mediastinal and 
lung windows (b and c) show 
the large pleural calcifications 
with associated pleural 
effusion. Note the contralat-
eral calcified lung metastases 
in the right lower lobe (white 
arrow). Pathology confirmed 
metastases of an osteosar-
coma of the humerus (d) 
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Abstract

Radiology of the diaphragm may be difficult, ››
mainly because there is no imaging technique 
that can clearly and entirely visualize the dia-
phragm. Although we usually speak of the top 
of the opaque abdominal mass as the dia-
phragm on a chest X-ray, this is not the dia-
phragm itself because this structure is only 
directly visible on this chest X-ray when there 
is abnormal abdominal air below and normal 
lung parenchyma above it. Ultrasonography 
(US), computed tomography (CT), and mag-
netic resonance imaging (MRI) are the only 
imaging modalities that can visualize the dia-
phragm itself, although visualization is usu-
ally partial and dependent on the presence of 
pleural disease when using US and on the pres-
ence of subdiaphragmatic fat when using CT 
and MRI. In general, the aim of the standard 
chest X-ray for diaphragmatic imaging is three-
fold: (1) Looking for diaphragmatic pathology, 
which is often an incidental finding on the 
chest X-ray. (2) Given the fact that the dia-
phragm is not directly visible on a chest X-ray, 
deciding whether the abnormality is indeed 
located in the diaphragm or whether what is 
seen is secondary to other disease located 
adjacent to the diaphragm. (3) Because of the 
variable presentation of the diaphragm, many 
changes seen on a chest X-ray are not related 
to pathology or to “important” pathology, so a 
decision needs to be made about the impor-
tance of the finding and the necessity of per-
forming additional imaging. A complete or 
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12.1 � Introduction

The diaphragm is a thin, flat, musculotendinous struc-
ture that has two important functions: (1) it divides the 
chest from the abdominal cavity and (2) being a respi-
ratory muscle, it has an important role in respiration.

Radiology of the diaphragm is difficult mainly 
because there is no imaging technique that can clearly 
and entirely visualize the diaphragm. On conventional 
chest films, the diaphragmatic muscle is only visible 
when air is present above and below it (Fig.  12.1). 
Nevertheless, we usually speak of the top of the opaque 
abdominal mass (usually composed of the liver, spleen, 
stomach, or colon with the overlying diaphragm) as 

the diaphragm on a chest X-ray. Ultrasonography (US), 
computed tomography (CT), and magnetic resonance 
imaging (MRI) are the only imaging modalities that 
can visualize the diaphragm itself, although visualiza-
tion is usually partial and dependent on the presence of 
pleural disease when using US and on the presence of 
subdiaphragmatic fat when using CT and MRI 
(Verschakelen et al. 1989; Brink et al. 1994; Gierada 
et al. 1998). In addition, the radiologic appearance of 
the diaphragm is related to the function and the integ-
rity of the diaphragmatic muscle, to the thoracic and 
abdominal volumes, and to the motion and configura-
tion of the ribcage and the abdomen.

In general, the aim of the standard chest X-ray for 
diaphragmatic imaging is threefold. (1) Look for dia-
phragmatic pathology that is often an incidental find-
ing on the chest X-ray. (2) Given the fact that the 
diaphragm is not directly visible on a chest X-ray, try 
to decide whether the abnormality is indeed located in 
the diaphragm or whether what is seen is secondary to 
other disease located adjacent to the diaphragm. (3) 
Because of the variable presentation of the diaphragm, 
many changes seen on a chest X-ray are not related to 
pathology or to “important” pathology, so a decision 
needs to be made about the importance of the finding 
and the necessity to perform additional imaging.

The posteranterior (PA) and lateral chest X-rays 
together with CT are the basic imaging modalities  
of the chest, and this is also true for the diaphragm 
(Gierada et  al. 1998). As can be deduced from the 
objectives of diaphragmatic imaging mentioned earlier, 
a good knowledge of the presentation of the normal and 
abnormal diaphragm on a chest X-ray is mandatory. 
This chapter will review the chest X-ray presentation of 
the normal and abnormal diaphragm and correlate these 
findings with their CT presentation.

12.2 � The Normal Diaphragm

As mentioned in the introduction, the diaphragm, as 
such, is not normally visualized on a chest X-ray unless 
there is air present above and below it, as in a patient 
who has a pneumoperitoneum (Fig.  12.1). The dia-
phragm then presents as a 2- to 3-mm-thick line between 
the air-containing lung and the abdominal air. In a nor-
mal situation, however, we usually speak of the top of 
the opaque abdominal mass causing a smooth curved 

Fig.  12.1  The diaphragm, as such, is only visible on a chest 
X-ray when there is air above and below it. In this patient with a 
pneumoperitoneum, the diaphragm presents as thin, 2- to 3-mm 
thick line between the air-containing lung and the abdominal air

focal change in the contour delineation of the 
diaphragm (irregularity, disappearance); a 
unilateral, bilateral, or focal elevation; and a 
unilateral, bilateral, or focal depression are the 
three basic changes of the diaphragm that can 
be seen on a chest X-ray.
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contour, as the diaphragm on a chest film. Loss of clar-
ity of this contour occurs when the diaphragm is not 
tangential to the X-ray beam, but this usually means 
adjacent pleural or lung disease. However, because the 
heart is located against the middle part of the diaphragm, 
the contour is also lost adjacent to this structure.

In this way on a PA chest X-ray, the diaphragmatic 
contour is divided into two parts: the right and the left 
hemidiaphragm (Fig.  12.2). Each hemidiaphragm is 
normally represented on the PA chest X-ray by a 
smooth, curved line, which is convex upward. The 
right side is normally higher than the left side, proba-
bly because of the underlying liver. After deep inspi-
ration, the dome of the right hemidiaphragm is located 
at the level of the fifth or sixth anterior rib interspace 
and the left dome is located half a rib interspace (usu-
ally 15 mm) lower (Lennon and Simon 1965; Padovani 
1999). It may lie at a lower level in normal young indi-
viduals (Fig. 12.3), particularly those of an asthenic 
build, and at a slightly higher level in the obese, the 
elderly, and infants. It is also located higher on bed-
side radiographs when the patient is in a supine posi-
tion. The lateral attachment to the ribs is represented 
by the lateral costophrenic recess, which presents as a 
sharply defined acute angle. Medially the diaphragm 
meets the heart and the cardiophrenic angle, which is 
higher than the costophrenic angle and often ill-

defined because of paracardial fat (Tarver et  al. 
1989).

On the lateral radiograph, each dome makes an 
acute angle with the ribs posteriorly, approximately at 
the level of the 12th thoracic vertebral body, to form 

a b

Fig. 12.2  Normal diaphragm on a posteroanterior (PA) and lateral 
chest X-ray. On deep inspiration PA chest X-rays (a), the dome of 
the right hemidiaphragm is, in the majority of the population, 
higher than the left dome and located at the level of the fifth or 
sixth rib interspace (dotted lines, 5, 6) anteriorly whereas the left 
dome is located half an interspace lower. On the lateral view (b), 
both hemidiaphragms project on each other, but usually a correct 

identification of each leaf is possible. For this, one or more signs 
can be used: the left diaphragm is obscured anterior by the heart 
(arrow a) and often has an air-distended gastric fundus beneath it 
(arrow b); the leaf nearer to the film is related to the smallest 
costophrenic angle (arrow c) and to the least magnified ribs (arrow 
d) by the diverging beam; the contour caused by the inferior vena 
cava stops at the level of the right hemidiaphragm (arrow e)

Fig.  12.3  Low position of the diaphragm in a normal young 
individual taking a very deep breath
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the posterior costophrenic recess. The right hemidia-
phragm makes an upward curve as it extends anteriorly 
to the sternum. The anterior part of this hemidiaphragm 
is often poorly defined because of adjacent fat. The left 
hemidiaphragm is obscured anteriorly by the heart. 
This observation helps to differentiate the left and right 
hemidiaphragm on a lateral chest X-ray (Fig. 12.2b). 
Other signs that can be helpful are the air-distended 
gastric fundus beneath the left hemidiaphragm; the 
hemidiaphragm that is related to the ribs least magni-
fied by the diverging beam or that has the smallest pos-
terior costophrenic angle is nearer to the film and is, in 
most instances, the left hemidiaphragm; and the con-
tour caused by the inferior vena cava stops at the level 
of the right hemidiaphragm.

12.3 � Pathology of the Diaphragm

Starting from the PA and lateral chest X-rays, pathology 
of the diaphragm basically can present in three ways:

1.	 A change in the contour of the diaphragm can occur. 
This contour can be partially or totally obscured or 
can become abnormal in shape. An increase in den-
sity or a mass-like opacity can project on or below 
this diaphragmatic contour.

2.	 The diaphragm can be elevated. This elevation can 
be bilateral and symmetrical, unilateral or focal. In 
the latter situation, a focal bulge on the otherwise 
normal diaphragmatic contour occurs.

3.	 The diaphragm can be depressed. Again, this 
depression can be bilateral and symmetric, unilat-
eral or focal. Depression of the diaphragm is often 
difficult to evaluate because the cause of this depres-
sion usually not only causes downward displace-
ment of the entire diaphragm or of a part of it but 
also obscures it.

12.3.1 � Change in Diaphragmatic Contour

As mentioned earlier, the diaphragm, as such, is not 
visible on a chest X-ray. However, the top of the 
abdominal mass, which is usually composed of the 
liver, spleen, fat, stomach, and colon with overlying 
diaphragm, becomes visible as a sharply defined 

contour between the air-containing lung above and 
these abdominal structures that have a density that is 
higher than air. Localized loss of clarity can occur 
when the diaphragm is not tangential to the X-ray 
beam but usually indicates adjacent pleural or pulmo-
nary disease. Typical examples are a pleural effusion 
that obliterates the costophrenic or costovertebral 
angles (Fig. 12.4) and a basal lung opacity such as a 
pneumonia (Fig.  12.5). The diaphragmatic contour 
can lose its smooth convexity by diaphragmatic pleu-
ral adhesions (Fig. 12.6).

12.3.2 � Elevation of the Diaphragm

12.3.2.1 � Unilateral and Bilateral Symmetrical 
Elevation of the Diaphragm

The diaphragm can be elevated because it is pushed 
upward by abdominal structures, i.e., when the abdom-
inal pressure on the diaphragm increases. This is, for 
example, seen in patients in a supine position, in obese 
patients, and during pregnancy. It can also be related to 
abnormal abdominal extension (ascites, intestinal 
obstruction, and abdominal mass) (Fig. 12.7). In most 
of these circumstances, the elevation is bilateral and 
symmetric although the diaphragm can be pushed 
upward asymmetrically in a patient in a lateral decubi-
tus position when the abdominal pressure increase is 
highest on the dependent side. Other causes can be a 
subphrenic mass or infection and gaseous distension of 
the stomach or colon (Fig. 12.9).

The diaphragm can also be elevated because it is 
pulled upward by changes in the chest that cause vol-
ume loss. Pulmonary fibrosis (Fig. 12.8), pleuropulmo-
nary scarring, lymphangitis carcinomatosa, pulmonary 
hypoplasia, and pulmonary collapse can be responsible 
for both unilateral and bilateral elevation of the 
diaphragm.

Finally, the diaphragm can be elevated because there 
is a functional disturbance of the diaphragmatic mus-
cle. Bilateral elevation can be seen in painful condi-
tions after abdominal surgery, whereas unilateral 
diaphragmatic dysfunction and elevation can be the 
result of pulmonary thromboembolism (Fig.  12.9), 
adjacent pneumonia or pleurisy, subphrenic infection, 
and rib fracture or other painful conditions. If none of 
these causes is present, one should think about phrenic 
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palsy with resulting elevation of the diaphragm, which 
can be unilateral or bilateral and even focal (see 
Sect. 12.3.2.2). Paralysis is the result of a lesion some-
where on the “respiratory chain” from the brain to the 
diaphragm and can be related to trauma (road accidents, 
birth injury, brachial plexus block, and phrenic crush), 
irradiation, and a variety of neurological conditions 
such as poliomyelitis, herpes zoster, and cervical disk 

degeneration. However, a frequent cause is a lung 
tumor that is invading or affecting the phrenic nerve. If 
there is suspicion of phrenic nerve damage, one should 
carefully look for the site of this involvement. In a small 
number of patients, no cause can be discovered (Riley 
1962). In this group, the right leaf is more commonly 
affected than the left, and it has been suggested that the 
palsy is the result of a previous viral neuritis. Paralysis 

a b

c

Fig. 12.4  Patient with a pleural effusion causing obliteration 
of both hemidiaphragms including the costophrenic and costo-
vertebral angles (a, b). Computed tomography (c) with the 

patient in a supine body position shows the pleural effusion 
against the posterior chest wall, filling the posterior costoverte-
bral sinus



304 J.A. Verschakelen

a

b

Fig. 12.6  Irregular contour of the right hemidiaphragm caused by diaphragmatic pleural adhesions. (a) Posteroanterior chest radio-
graph; (b) CT coronal view

a b

Fig. 12.5  Patient with a basal pneumonia obscuring the left hemidiaphragm. (a) Posteroanterior chest radiograph; (b) CT coronal view
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of one hemidiaphragm can be confirmed with fluoros-
copy (that should, ideally, be performed in both the 
anteroposterior and lateral projections with the patient 
in erect and supine positions) and in a bedside condition 
with ultrasound by comparing the diaphragmatic 
motion of the normal and abnormal hemidiaphragm 

(Houston et  al. 1995; Gottesman and McCool 1997; 
Dorffner et al. 1998). The recognition of diaphragmatic 
palsy depends on finding a high hemidiaphragm, which 
exhibits absent, restricted, or paradoxical motion. The 
latter is well demonstrated during sniffing. Dysfunction 
of both hemidiaphragms is mostly associated with 

Fig.  12.7  Bilateral symmetrical elevation of the diaphragm caused by ascites, which increases the abdominal pressure.  
(a, b) Posteroanterior and lateral chest radiograph; (c, d) CT coronal and axial view

a b

c

d
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chronic neuromuscular disease and causes severe clini-
cal disability. It may not be recognized by fluoroscopic 
examination because passive descent of the diaphragm 
may occur with inspiration (Loh et al. 1977).

It should be emphasized that there are some condi-
tions that can mimic elevation of one hemidiaphragm. 
These conditions are dorsal scoliosis (Fig.  12.10), a 
subpulmonic pleural effusion (Fig. 12.11), an encapsu-
lated pleural effusion (Fig.  12.22), a supradiaphrag-
matic mass in contact with the diaphragm, an important 
hernia, and a large eventration (see Sect. 12.3.2.2). The 
differential diagnosis between a subpulmonic pleural 
effusion and an elevated hemidiaphragm is based on 
the study of the dome, which has a lateral peak in cases 
of effusion and a medial peak in cases of paralysis, and 

on the lateral downslope of this peak, which is steep 
when caused by a subpulmonic effusion (Fig. 12.11). 
When in doubt, ultrasound can be performed. 
Table 12.1 shows the most frequent causes of a bilat-
eral symmetrical elevation of the diaphragm whereas 
Table 12.2 shows the causes of an unilateral elevation 
of the diaphragm.

12.3.2.2 � Focal Elevation of the Diaphragm 
Presenting as a Bulge on the  
Contour of the Diaphragm

A focal elevation of the diaphragm usually presents as 
a smooth, focal bulge on the contour, although in some 

Fig. 12.8  Volume loss of the lung caused by pulmonary fibrosis is responsible for the elevation of the diaphragm. (a) Posteroanterior 
chest radiograph; (b, c) CT coronal and axial view

a b

c
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a

c

e

d

b

Fig.  12.9  Posteroanterior and lateral chest X-ray in a patient 
before (a and b) and after (c and d) the development of pulmo-
nary embolism in the left pulmonary artery (confirmed with 

computed tomography (e)). Notice the elevation of the left hemi-
diaphragm, which may, in part, also be related to the gaseous 
distention of the stomach
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cases this elevation can have a triangular or irregular 
shape. The latter situation can occur when the dia-
phragm is focally pulled up by a fibrous scar 
(Fig.  12.12). A smooth bulge is seen when the dia-
phragm is focally pushed upward by a subphrenic pro-
cess or when there is focal muscular dysfunction or 
focal absence of the diaphragmatic muscle. In the case 
of a defect of the diaphragm with herniation of a small 
amount of abdominal content toward the chest, a focal 
swelling or mass originating in the diaphragm or a 
small, well-defined pleural or lung mass adjacent to 
and in contact with the diaphragm is seen.

The presence of a focal bulge on the contour of the 
diaphragm is often an incidental finding, and in many 
cases no further action is required. However, some-
times additional imaging is necessary. The decision 
whether or not a patient should have additional imag-
ing depends very much on the size of the bulge, whether 
or not the patient exhibits symptoms, the presence of a 
pleural effusion or pleural thickening, and whether or 
not there is a history of diaphragmatic pathology or 
pathology that can result in diaphragmatic disease, 
such as cancer or severe trauma to the chest or the 
abdomen. Table 12.3 lists the causes of a focal eleva-
tion of the diaphragm.

a

b

c

Fig. 12.11  A subpulmonic pleural effusion (a, c) can mimic an 
elevation of the diaphragm (b). However, in a subpulmonic pleu-
ral effusion, the dome has a more lateral peak than in an elevated 
hemidiaphragm (arrows), whereas the lateral downslope is also 
more steep in a subpulmonary effusion (arrowheads)

Fig.  12.10  Scoliosis mimicking elevation of the left hemi
diaphragm
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�Focal Diaphragmatic Dysfunction

As mentioned earlier, phrenic palsy can be unilateral 
or bilateral but also focal. The result is a small weak 
or paralyzed area of the diaphragmatic muscle. Deep 
inspiration and contraction of the surrounding normal 
diaphragmatic muscle causes bulging of the weak 
area into the chest. Differential diagnosis with even-
tration can be difficult or even impossible.

�Eventration

Eventration of the diaphragm is a disorder in which all 
or part of the diaphragmatic muscle is replaced by a 
thin layer of connective tissue and a few scattered mus-
cle fibers. The unbroken continuity differentiates it 
from a diaphragmatic hernia (Bisgard 1947; Shah-
Mirany et al. 1968; Silverman et al. 1992; Tiryaki et al. 
2006). Eventration can be partial, unilateral, and bilat-
eral (Rao et al. 1993).

Some authors consider eventration only as a congeni-
tal anomaly resulting from a congenital failure of proper 
muscularization of a part or of the entire diaphragmatic 

Gaseous distension of stomach or colon

Posture–lateral decubitus position (dependent side)

Dorsal scoliosis

Eventration

Pulmonary hypoplasia

Pulmonary collapse

Pneumonia or pleurisy

Pulmonary thromboembolism

Rib fracture and other painful conditions

Phrenic nerve palsy

Subphrenic mass

Subphrenic infection

Table 12.2  Causes of unilateral elevation of the diaphragm
Fig. 12.12  A triangular elevation of the diaphragmatic contour 
caused by a fibrous scar

Partial eventration

Diaphragmatic tumor

Diaphragmatic hernia

Focal diaphragmatic dysfunction

Focal diaphragmatic adhesions

Pleural tumor

Pulmonary tumor

Table 12.3  Causes of focal elevation (bulge) of the diaphragm

Supine position

Bilateral diaphragmatic paralysis

Poor inspiration

Pregnancy

Obesity

Supine position

Abdominal distension (ascites, intestinal obstruction, 
abdominal mass)

Lymphangitis carcinomatosa

Disseminated lupus erythematosus

Diffuse pulmonary fibrosis

Bilateral basal pulmonary emboli

Painful conditions (after abdominal surgery)

Table  12.1  Causes of bilateral symmetrical elevation of the 
diaphragm
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leaf. However, most authors use the term eventration not 
only for diaphragmatic elevation as a result of congenital 
anomaly but also for total or partial elevation as a result 
of acquired paralysis (Deslauriers 1998). The idea is that 
long-lasting paralysis causes atrophy and scarring of the 
diaphragmatic muscle. That many adults with surgically 
proven eventration have had previous normal chest films 
indicates that permanent eventration can be an acquired 
condition. Total eventration of one hemidiaphragm is 
more often seen on the left side. Partial eventrations are 
usually right sided with a predilection for the anterome-
dial portion. Congenital eventrations are most often iso-
lated and detected incidentally, but they can be associated 

with other generic syndromes such as Poland syndrome, 
cleft palate, congenital heart disease, situs inversus, or 
undescended testicle (Yazici et al. 2003; Kulkarni et al. 
2007).

On conventional chest X-rays, partial eventration 
presents as a semicircular or semioval homogeneous 
shadow of soft-tissue density arising from the dia-
phragm (Fig. 12.13). It becomes more prominent dur-
ing deep inspiration, when the lateral and dorsal 
portions of the diaphragm move downward while the 
convex segment either remains at the same level or 
perhaps even moves upward. CT (Fig.  12.13c), US 
(Fig. 12.13d), and MRI can be helpful to differentiate 

a

c d

b

Fig. 12.13  Partial eventration of the right hemidiaphragm pre-
senting as a semicircular homogeneous shadow arising from the 
anterior part of the right hemidiaphragm (a, b). Ultrasound (d) 

and computed tomography (c) confirm that this shadow is filled 
with normal liver tissue. Notice the obtuse angle between the 
eventration and the normal part of the diaphragm (arrows)
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this entity from pleural, mediastinal, and pericardial 
tumors or cysts (Rubinstein and Solomon 1981; 
Yamashita et al. 1993). Differentiation from a hernia is 
possible when the presence of bowel or stomach above 
the diaphragm can be demonstrated. However, differ-
entiation with herniation of liver or fat through an old 
tear or through the foramen of Morgagni can be diffi-
cult (Moore et al. 2001). Differential diagnostic signs 
on CT can be (1) the angle between the bulge and the 
normal diaphragm, which is obtuse in eventration 
(Fig. 12.13c) and sharp in herniation (Fig. 12.17), and 
(2) direct visualization of the diaphragm overlying the 
elevated abdominal structure (Fig. 12.14). It can also 
be difficult to differentiate an eventration, which 
involves a large portion of a hemidiaphragm, from a 
paralyzed hemidiaphragm.

�Diaphragmatic Hernias

Intrathoracic herniation of abdominal contents occurs 
through congenital defects in the muscle (Ebbs and 
McGarry 1952; Clugston and Greer 2007), through 
traumatic tears or, most commonly, through acquired 
areas of weakness at the central esophageal hiatus.

�Bochdalek Hernia

Bochdalek hernias are the most common manifesta-
tion of congenital diaphragmatic herniation and occur 
when there is a failure of the diaphragm to completely 
close during development. Large Bochdalek hernias 
usually become evident during the neonatal period 

because they cause respiratory distress. Small asymp-
tomatic Bochdalek hernias are sometimes an inciden-
tal finding in adults. These hernias present on lateral 
chest films as a single, smooth focal bulge centered 
approximately 4–5 cm anterior to either posterior dia-
phragmatic insertion (Fig.  12.15a, b). It has been 

Fig.  12.14  Partial eventration of the right hemidiaphragm. 
Computed tomography allows for a differential diagnosis of her-
niation because the intact right hemidiaphragm is seen

a

b

Fig.  12.15  Left-sided Bochdalek hernia presenting as a small, 
smooth focal bulge on the posterior part of the right hemidiaphragm 
a few centimeters from the posterior chest wall (arrows). Computed 
tomography shows the defect in the diaphragm with herniation of 
subdiaphragmatic fat toward the chest. (a, b) Posteroanterior and 
lateral chest radiograph; (c, d) CT axial and sagital view
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shown that asymptomatic small Bochdalek hernias are 
present in 6% of otherwise normal adults (De Martini 
and House 1980). On CT, the diagnosis of a Bochdalek 
hernia can be made when a soft-tissue or fatty mass is 
seen abutting the upper surface of the posteromedial 
aspect of either hemidiaphragm (De Martini and House 
1980). This mass is in continuity with subdiaphrag-
matic structures through a diaphragmatic defect pre-
senting as a discontinuity of the soft-tissue line of the 
diaphragm (Fig. 12.15c, d).

Morgagni Hernia

The Morgagni, retrosternal, or parasternal hernia is 
characterized by herniation of abdominal contents 
through the foramina of Morgagni, which are located 
immediately adjacent to the xyphoid process of the 
sternum and correspond with small zones between the 
costal and sternal attachments of the diaphragm (Das 
et  al. 1978). The incidence of Morgagni herniad 
detected in the neonatal period, because of respiratory 
symptoms, is low. In older children and adults, a 
Morgagni hernia is often an incidental finding because 
there are mostly no symptoms (Machmouchi et  al. 
2000). Although the weak area is caused by an embry-
onal failure of muscularization, the herniation of 
abdominal content to the thorax can be acquired. 
Increase of intra-abdominal pressure due to severe 

effort, trauma, or obesity is probably responsible. In 
most cases, an acquired Morgagni hernia is right sided 
because the heart and pericardium cover left-sided 
defects. On chest films, a Morgagni hernia containing 
fat or liver presents as a rounded density of varying 
size in the right (or, rarely, left) anterior cardiophrenic 
angle (Fig. 12.16a). If the hernia contains bowel, gas 
shadows can be present (Fig. 12.16c). Herniated liver 
and bowel can be identified on CT (Fig. 12.16b and d), 
MRI, or ultrasound (Gale 1986; Yeager et  al. 1987; 
Yildirim et al. 2000).

Esophageal Hiatus Hernia

The frequent occurrence of these hernias in older people 
compared with their rare occurrence in infants would 
indicate that these hernias are usually acquired (Caskey 
et  al. 1989). However, congenital hiatal hernias have 
been described. Diagnosis can be made on conventional 
PA chest films where the herniated part of the stomach 
presents as a mass (sometimes with an air-fluid level) 
projecting through the heart and causing a bulge on the 
distal part of the paraesophageal line (Tumen et  al. 
1960). On lateral views, the mass projects behind the 
heart. A barium study can confirm the presence of the 
hernia and show complications such as esophagitis or 
volvulus. Hiatal hernias are often an incidental finding 
on CT.

c d

Fig. 12.15  (continued)
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Fig. 12.16  Morgagni hernia with first herniation of liver (a and 
b) and later herniation of bowel (c and d) toward the chest. First 
chest X-ray (a) shows a density in the right anterior cardio-
phrenic angle (arrows), confirmed on computed tomography 
(CT) (b) to be a small amount of liver tissue herniating through 

a defect in the diaphragm. A few months later bowel also is her-
niated, presenting on chest X-ray (c) as a gas shadow projecting 
on the heart (arrows); on CT (d) the defect in the diaphragm and 
the herniated bowel is clearly shown

a b

c d

Hernia through Traumatic Tear of the Diaphragm

Because diaphragmatic rupture is often associated 
with thoracic or abdominal injuries that require surgi-
cal treatment, the diagnosis is often made during sur-
gery. If surgery is not indicated, a diaphragmatic tear 
can be missed, especially when it is small and when 
there is no herniation of abdominal structures into the 
chest (Shapiro et al. 1996) (Fig. 12.17). Because clini-
cal symptoms are also often very aspecific and because 
missing a diaphragmatic rupture can have severe 

consequences when strangulation of herniated viscera 
occurs, special attention has to be given to small 
changes in the diaphragmatic contour or basal lung 
translucency when a conventional chest film of a 
patient with trauma to the lower chest or the pelvis is 
interpreted (Sliker 2006). If possible, the posttraumatic 
thorax should always be compared with previous chest 
X-rays. Diagnosis is easier when a gas and fluid 
shadow is seen in the thorax. However, radiologic 
signs are very often aspecific and can be limited to a 
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localized density in close relationship to the diaphragm 
or to a focal bulge on the diaphragmatic contour. Chest 
films can even appear completely normal. Additional 
findings that often obscure the delineation of the dia-
phragm include mediastinal shift, pleural effusion, 
athelectasis, and consolidation. The position of a naso-
gastric tube can help to localize the gastric fundus, but 

it does not reveal anything about the position of the 
diaphragm, which is essential in the diagnosis of a dia-
phragmatic tear. On the chest X-ray, the differential 
diagnosis includes other causes of diaphragmatic ele-
vation and lung contusion, collapse, infection, tension 
pneumothorax, traumatic pneumatocoele, etc. A fol-
low-up X-ray of an acutely injured patient showing 

a b

c d

Fig.  12.17  Rupture of the right hemidiaphragm diagnosed 1 
year after the trauma. On the chest X-ray 1 month after the 
trauma (a) the rupture was not suspected because no herniation 
was present. However, 1 year later a chest X-ray was performed 
because of atypical chest pain that revealed a sharply defined 

bulge on the contour of the right hemidiaphragm (b and c) cor-
responding with herniated liver tissue on a computed tomogra-
phy scan (d). Notice the sharp angle between the herniated liver 
and the surrounding diaphragm (“collar sign”) (arrows)
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progressive opacification of one hemithorax by a gas-
filled structure is highly suggestive of a diaphragmatic 
rupture and herniation of stomach or bowel toward the 
chest (Fig. 12.18).

Barium studies can be helpful in making the correct 
diagnosis, when an extrinsic narrowing occurs on the 
border of the stomach or bowel at the point where they 
pass the diaphragmatic tear. Ultrasound can be diag-
nostic if both the diaphragm and the herniated organs 
can be visualized. However, this technique is limited 
by the oftenminimal visualization of the diaphragm 
itself, the tenderness over the upper abdomen, and the 
presence of gas in herniated bowel. Multislice CT is 
superior because of its high image quality. CT signs of 
diaphragmatic rupture include discontinuity of the dia-
phragm with direct visualization of the diaphragmatic 
injury; herniation of abdominal organs with liver, 
bowel, or stomach in contact with the posterior ribs 
(“dependent viscera sign”); thickening of the crus 
(“thick crus sign”); constriction of the stomach or 
bowel (“collar sign”) (Fig. 12.17); a hypodense band 
crossing the liver or spleen (“band sign”); active arte-
rial extravasation of contrast material near the dia-
phragm; and, in cases of a penetrating diaphragmatic 
injury, depiction of a missile or puncturing instrument 
trajectory (Heiberg et  al. 1980; Murray et  al. 1996; 
Ringler et al. 2003; Stein et al. 2007).

When the rupture is missed at the time of the trauma 
and the patient has recovered from the associated 
lesions, a “latent” phase of diaphragmatic rupture can 
occur (Fig. 12.17). Symptoms and signs are then caused 
by recurrent herniation of abdominal structures through 

the diaphragmatic defect and are again often aspecific. 
In these circumstances the chest X-ray can show a focal 
bulge on the contour of the diaphragm caused by her-
niation of the liver, spleen, or subdiaphragmatic fat 
through the tear. Differential diagnosis with other 
causes of focal elevation of the diaphragm may be dif-
ficult. For this reason, it is important to check the his-
tory of the patient and ask whether a severe trauma to 
the chest or abdomen has previously occurred. The 
appearance of a gas-containing shadow in the basal part 
of the thorax is, in that situation, also suggestive of a 
missed tear at the time of the trauma, which now appears 
as herniation of air-containing bowel (Fig. 12.18). CT 
and MRI can be helpful to further diagnose these missed 
tears (Holland and Quint 1991).

Tumors of the Diaphragm

Primary tumors of the diaphragm are rare. Both benign 
and malignant varieties are mostly derived from mus-
cle, fibrous tissue, blood vessels, or fat. Tumors may 
be cystic (Mayer et  al. 2004). They are usually well 
defined and on the right may mimic an elevated dia-
phragm, a focal eventration, or herniation. One should 
think about malignancy when a pleural effusion is 
accompanies the diaphragmatic change or when the 
patient has symptoms (Lee et  al. 1991; Vade et  al. 
2000; Froehner et al. 2001).

Secondary tumors are more frequently seen. 
Metastatic thickening of the diaphragm can present as 
a focal bulge on the diaphragmatic contour or as a 

a b

Fig. 12.18  Follow-up chest X-ray of a patient after severe trauma shows the appearance of a gas-filled structure, suggestive of 
diaphragmatic rupture and herniation of the stomach toward the chest. (a) day 30; (b) day 65 after the trauma
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basal opacity (Fig. 12.19). Secondary invasion of the 
diaphragm by malignant tumors of the lung, pleura, 
stomach, or pancreas may also occur.

Visualization of the peridiaphragmatic area in fron-
tal or sagittal views with spiral CT or MRI can also 
give additional information and is particularly helpful 
in the diagnosis.

12.3.3 � Depression of the Diaphragm

The diaphragm can project lower than normal. As 
mentioned earlier, this can be seen in normal young 
individuals taking a very deep breath in (Fig.  12.3), 
particularly those of an asthenic build. The depressed 
diaphragm is flatter than normal and can be seen when 

a b

c d

Fig.  12.19  Small (a (arrows) and b) and large (c (arrows) and d) opacity corresponding with metastatic thickening of the 
diaphragm
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the cause of this compression has a low density, i.e., 
contains air. Typical examples are a tension pneu-
mothorax (Fig.  12.20), which can cause a unilateral 
downward displacement of the diaphragm. Bilateral 
depression of the diaphragm is typically seen in 
patients who have pulmonary emphysema (Fig. 12.21) 

(Ruel et al. 1998). An important free or encapsulated 
(Fig. 12.22) pleural effusion and a large mass originat-
ing from the lung or pleura can also be responsible for 
the downward displacement of the diaphragm, but 
these high-density changes usually obscure the delin-
eation of the diaphragm on the chest X-ray.

Fig.  12.20  Left-sided diaphragmatic depression in a patient 
with a tension pneumothorax

a b

Fig. 12.21  Bilateral diaphragmatic depression in a patient with severe pulmonary emphysema
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The chest wall comprises the muscles, bones, joints, 
and soft tissues situated between the neck and the 
abdomen. Any pathologic process may involve the 
chest wall, including congenital and developmental 
anomalies, trauma, inflammatory and infectious di
seases, and tumors. The purpose of this chapter is to 
highlight anatomical variants and lesions that are 
frequently encountered in the chest wall by providing 
radiological and cross-sectional imaging correlations 
(Kuhlman et  al. 1994; Jeung et  al. 1999). Disorders 
affecting the thoracic segment of the spine will be 
excluded from this chapter because they are not specific 
to the chest wall and are similar to those observed 
elsewhere in the spine.
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Abstract

The chest wall comprises the muscles, bones, ››
joints, and soft tissues situated between the 
neck and the abdomen. Any pathologic process 
may involve the chest wall, including congeni-
tal and developmental anomalies, trauma, in
flammatory and infectious diseases, and tumors. 
The purpose of this chapter is to highlight ana-
tomical variants and lesions that are frequently 
encountered in the chest wall by providing 
radiological and cross-sectional imaging 
correlations.
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13.1 � Normal Variants, Congenital 
Disorders, and Thoracic Wall 
Deformities

13.1.1 � Rib Variants and Deformities

Lack of visualization of the lower border of the mid-
portion of the mid-thoracic ribs is by far the most 
frequent normal anatomic finding on conventional 
radiographs that should not be misinterpreted as oste-
olysis (Fig. 13.1a). When available, computed tomog-
raphy (CT) images confirm the persistence of normal 
cortical bone as well as the absence of any soft-tissue 
mass. On a short axis transverse section of the poste-
rior aspect of the chest wall, the rib is not oval but 
rather comma shaped, with round upper and thin lower 
borders (Fig.  13.1b). More medially, near the spine, 
and more laterally, the rib’s shape becomes more oval 
with a similar round upper and lower cortex (Fig. 13.1c). 
This occasionally extreme thinning of the lower cortex 
may cause its focal disappearance on radiographs. Any 

similar finding involving any area other than the lower 
cortex of the mid-portions of the mid-thoracic ribs 
should be considered abnormal.

Rib notching consists of focal deformation of the 
lower margin of one or more rib and is generally asso-
ciated with coarctation of the thoracic aorta (Fig. 13.2). 
The notches are located bilaterally several centimeters 
lateral to the costovertebral junction on the ribs 3–9. 
They result from rib erosion by dilated intercostal 
arteries taking part in collateral arterial flow. Isolated 
rib notching may also be due to an intercostal mass 
like a nerve tumor.

Acquired rib hypertrophy may develop in some rare 
conditions. Focal rib hypertrophy with cortical thick-
ening is associated with costovertebral joint ankylosis, 
a frequent finding in diffuse idiopathic skeletal hyper-
ostosis or Forestier’s disease (Huang et  al. 1993). 
Altered biomechanics due to joint ankylosis and a sub-
sequent relative increase in mechanical stress on the 
fused ribs is believed to account for a progressive cor-
tical thickening. Homogeneous rib hypertrophy with 
cortical thinning can be observed in chronic disorders 

a b c

Fig. 13.1  (a) Posteroanterior chest radiograph of a patient with 
breast cancer demonstrates lack of visualization of the lower 
border of the mid-portion of the mid-thoracic ribs (arrows). 
Compare with upper ribs in which lower cortex is well depicted. 
(b) Sagittal computed tomography (CT) reformat of the mid-
portion of the ribs demonstrates the presence of a thin cortical 

lower margin of the ribs (arrows). The shape of the lower corti-
cal margin is different from that of the upper margin. (c) Sagittal 
CT reformat of the paraspinal portion of the ribs (medial to b) 
demonstrates the presence of a thick cortical bone at the round 
upper and lower rib margins (arrows)
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that are associated with hypertrophy of hematopoietic 
marrow or in storage disorders and a subsequent 
increase in medullary space volume (Fig.  13.3). In 
some cases, extramedullary hematopoiesis that tends 

to predominantly involve the inner aspect of the ribs, 
can be present, either alone or in association with 
paraspinal extramedullary hematopoiesis.

Thoracic wall deformity may develop in association 
with chronic metabolic bone diseases in which the 
skeleton is weakened and is subject to plastic defor-
mity, such as in osteomalacia and renal osteodystro-
phy. Focal deformity of the anterolateral aspect of the 
chest wall in teenagers is a common cause of clinical 
concern. Radiographs are generally normal, and ultra-
sound may demonstrate that the clinical mass is related 
to asymmetric disposition of the rib cartilage with 
respect to the sternum and anterior protrusion of one 
rib cartilage without any intrinsic enlargement of the 
cartilage, therefore excluding the hypothesis of a tumor 
(Fig.  13.4). The syrinx syndrome is a clinical syn-
drome associated with respiratory-associated pain in 
the lower part of the chest wall. It is believed to be due 
to a snapping phenomenon between adjacent or super-
imposed cartilaginous ribs.

Congenital rib anomalies may be found in 1–2% of 
chest radiographs (Glass et  al. 2002; Guttentag and 
Salwen 1999). Hypoplastic or intrathoracic ribs, bifid 
or forked ribs, and fused ribs generally lack clinical  
significance. Associated rib shortening may cause a 
relative medial displacement of its lateral portion, pro-
truding within the chest, on posteroanterior chest 
radiographs. Cervical rib generally arises from the 

Fig.  13.2  Posteroanterior chest radiograph of a 16-year-old 
man with thoracic aorta coarctation demonstrates the presence 
of notches at costal inferior borders (arrows)

a b

Fig. 13.3  (a) Posteroanterior 
chest radiograph of a 
34-year-old man with 
thalassemia major demon-
strates marked expansion of 
the medullary cavity of the 
ribs with homogeneous 
cortical thinning. (b) Oblique 
radiograph of the anterior 
aspect of the ribs better 
demonstrates soft-tissue 
masses (arrows) on the inner 
aspects of the ribs corre-
sponding to extramedullary 
hematopoiesis. (c) Frontal 
computed tomography 
reformat illustrates the 
soft-tissue lesions and rib 
abnormalities on both sides 
of the chest
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seventh cervical vertebra in about 0.5% of the popula-
tion and is frequently bilateral (Guttentag and Salwen 
1999). Cervical rib can occasionally cause a thoracic 
outlet syndrome (upper limb paresthesias, pain, and 
claudication resulting from pressure on nerves and 
vessels at the thoracic inlet) but other causes are rec-
ognized, including abnormal scalenus muscle and 
fibromuscular bands (Cotten et al. 1995).

13.1.2 � Sternal Deformities

Pectus excavatum, a very common malformation of 
the chest wall, consists of a depression of the anterior 
chest wall (Fig. 13.5). It develops progressively as the 
patient grows, especially during puberty, although it  
is generally present at birth or shortly thereafter 
(Fefferman and Pinkney 2005). Pectus excavatum can 

a b c

Fig. 13.4  (a) Chest radiograph of a 56-year-old man presenting 
with a mass of the thoracic wall is normal. (b) Oblique radio-
graph demonstrates a mass in the chest wall (arrow) in front of a 

metallic marker. (c) Sagittal computed tomography reformat 
shows that the thoracic wall protrusion is related to an abnormally 
orientated rib cartilage (arrow) without intrinsic costal rib lesion

cFig. 13.3  (Continued)
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be associated with other congenital abnormalities 
including scoliosis, mitral valve prolapse, osteogenesis 
imperfecta, and Ehlers-Danlos syndrome. A severe 
form of pectus excavatum can be observed in the 
Marfan syndrome. The changes associated with pec-
tus excavatum on the posteroanterior chest radiogra-
phy are well known: obscuration of the right heart 
border and apparent cardiomegaly. On lateral chest 

radiography, the posterior displacement of the lower 
portion of the sternum is well depicted.

Pectus carinatum is a protrusion deformity of the 
anterior chest wall consisting of anterior displacement 
of the sternum that may involve the body of the ster-
num and, more rarely, the manubrium (Fig.  13.6). 
Compared with pectus excavatum, it occurs more rarely 
but it also predominates in male subjects.

a b

Fig. 13.5  (a) Posteroanterior chest radiograph of an 11-year-old boy suggests cardiomegaly. (b) Sagittal computed tomography 
reconstruction demonstrates pectus excavatum with focal depression of the mediastinum by a deformed sternum

a b

Fig. 13.6  (a) Lateral chest radiograph of a 63-year-old man demonstrates anterior bowing of the sternum indicative of pectus cari-
natum. (b) Sagittal computed tomography reformat demonstrates the abnormal shape of the sternum typical of pectus carinatum
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13.1.3 � Sternal Defect

Sternal hole or defect is a normal variant caused by the 
lack of or incomplete fusion of the various ossification 
centers of the body of the sternum during growth. On 
lateral radiography of the chest, sternal holes may cre-
ate the disappearance of the anterior and posterior cor-
tex of the sternum in large defects, as in lytic sternal 
lesions. The lack of a soft-tissue mass and the presence 
of a cortical border at the upper and lower aspects of 
the defect on lateral radiography enable recognition of 
this normal variant. When observed during CT imag-
ing, fat should be present in the bony defect.

13.1.4 � Poland Syndrome

Poland syndrome is a rare autosomal recessive condi-
tion characterized by unilateral partial or complete 
absence of the pectoralis major muscle. It is seen more 
frequently in men than women, and most frequently 
occurs on the right side. It is associated with multiple 
bone deformities. Chest radiography usually shows 
unilateral hyperlucency with the absence of the normal 
axillary fold on the affected side. Chest ultrasound is 
the best technique to demonstrate the absence of the 
pectoralis major muscle.

13.2 � Traumatic Lesions of the Chest Wall

Fractures of the chest wall skeleton are extremely fre-
quent and develop either spontaneously or in response 
to an abnormal external event. Post-traumatic lesions 
develop when an abnormal stress is suddenly applied 
to the skeleton, such as in traffic accidents, in sports 
injuries, or penetrating traumas. Soft-tissue lesions 
also develop within or around the chest cavity, depend-
ing on the causative event.

Spontaneous fractures develop without any external 
event in different clinical situations. First, spontaneous 
stress fractures of the thoracic wall develop when a 
repetitive abnormal biomechanical stimulus is applied 
on a normal bone. Typically, the involved bone and the 
fracture topography and orientation depend on the 
causative event, e.g., fractures of the lateral aspects of  
the seventh to ninth rib from chronic coughing, or frac-
tures of the posterior aspects of the upper ribs in golf 
players or deep-sea divers. Second, spontaneous insuf-
ficiency fractures of the chest wall develop in response 
to normal biomechanical stress when the resistance of 
bone is diffusely decreased, as in metabolic bone dis-
orders. They generally involve the thoracic spine but 
the ribs and the sternum can also be involved. Finally, 
spontaneous pathological fractures develop because of 
focal weakening of bone due to the presence of a focal 
lytic lesion (Fig.  13.7). The bone involved and the 

a b

Fig.  13.7  (a) Posteroanterior chest radiograph of a 67-year-old 
woman with treated multiple myeloma. The anterolateral segments of 
the ribs demonstrate multiple areas of bone sclerosis. The alignment 

of these lesions suggests the diagnosis of multiple healed rib fractures. 
(b) Transverse oblique reconstruction of mid-thoracic ribs demon-
strates diffuse bone abnormalities and healed fractures (arrows)
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topography of the fracture depend on the underlying 
lesion, except in multiple myeloma, in which bone 
weakening is diffuse and spontaneous fractures can 
develop anywhere.

13.3 � Inflammatory and Infectious 
Diseases of the Chest Wall

A wide spectrum of inflammatory and infectious dis-
eases may occur in the bone, muscles, joints, and soft 
tissues of the chest wall. They derive from hematoge-
neous spreads or, contiguous extension from lung or 
pleural infection, or are iatrogenic. In western coun-
tries, the most common chest wall infection is caused 
by median sternotomy for cardiac surgery (Templeton 
and Fishman 1992). Infection may involve presternal 
and retrosternal soft tissues and can be differentiated 
from hematoma by the presence of sinus tracts, adja-
cent fat infiltration, and gas bubbles (Sharif et  al. 
1990). Sternal osteomyelitis must be suspected when 
soft-tissue anomalies are associated with bone destruc-
tion superimposed on sternotomy-related changes. CT 
is accurate for the assessment of the extent and depth 
of infection and can be useful for surgical planning.

Septic involvement of the rib cartilage is an uncom-
mon disorder most frequently observed in drug abus-
ers, although other immunocompromised patients may 
be involved as well. Cross-sectional images are man-
datory for evaluation to demonstrate destruction of the 
costal cartilage by the infectious process, which is the 
hallmark of this condition. However, in neoplastic dis-
orders the cartilage is preserved.

Necrotizing fasciitis is a potentially fatal septic 
condition that can develop either spontaneously or in 
high-risk patients who are immunocompromised, alco-
holic, or diabetic (Fig. 13.8). The process involves the 
subcutaneous fat and the superficial fascia and should 
not extend deeper into the adjacent muscles. Magnetic 
resonance imaging (MRI) may depict the longitudinal 
and transverse extent of the process, and CT imaging 
may depict gas formation (Wysoki et al. 1997). In pyo-
myositis, the muscle is predominantly involved by the 
process. MRI better displays intramuscular necrosis 
than CT or ultrasound.

The acronym SAPHO designates a cluster of mani-
festations including Synovitis, Acne, Palmoplantar pus-
tulosis, Hyperostosis, and Osteitis. SAPHO occurs with 

c

a

b

Fig. 13.8  (a) Scout view from computed tomography imaging of 
the chest of a 35-year-old man with a painful and swollen left 
thoracic wall demonstrates diffuse soft-tissue swelling. (b) Coronal 
CT reconstruction confirms swelling of the lateral soft tissue with 
deep-seated changes. (c) Transverse T2-weighted spin-echo image 
demonstrates diffuse alteration of the left muscle and infiltration 
of the subcutaneous and intermuscular fat planes
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equal frequency in men and women and most frequently 
in young and middle-aged adults. The clinical manifes-
tations of SAPHO syndrome vary depending on the age 
of the patient. Chronic multifocal osteomyelitis and 
periostitis develop more frequently in young patients 
without cutaneous abnormalities whereas palmoplantar 
pustulosis and osteitis develop more frequently in adult 
and elderly patients (Cotten et  al. 1995). Typically, 
osteitis involves the sternocostoclavicular region. 
Radiologic manifestations include trabecular and corti-
cal bone sclerosis. In addition to these bone changes, 
articular manifestations are present and include erosions 
of the claviculosternal or manubriosternal joint. In some 
severe forms of palmoplantar pustulosis, a soft-tissue 
mass adjacent to the bone or the hypertrophic bone itself 
may cause compression of the venous or nerve struc-
tures (Lazzarin et  al. 1999). Differential diagnosis 
includes chronic osteomyelitis and inflammatory spon-
dylitis. These articular changes are also observed in 
other aseptic inflammatory disorders like ankylosing 
spondylitis (Laredo 2007). In this latter condition, bone 
changes are not as extensive as in SAPHO. Finally, in 
condensing osteitis of the clavicle, an unusual pattern of 
degenerative disorder of the claviculosternal joint, ero-
sions are better defined and bone sclerosis is limited 
(Harden et al. 2004). An osteophyte developing at the 
inferior aspect of the clavicule, at the level of the clavic-
ular costal joint, is usually associated.

13.4 � Chest Wall Tumors

Any tissue of the thoracic wall can give birth to benign 
or malignant tumors. In adults, benign soft-tissue 
masses are much more frequent than malignant lesions, 
but malignant bone tumors are more frequent than 
benign tumors.

13.4.1 � Benign Tumors of the Chest Wall

Fibrous dysplasia and osteochondroma are the most 
common benign bone lesions, but are relatively uncom-
mon among lesions in general. Fibrous dysplasia is a 
skeletal developmental anomaly in which the medullary 
bone is replaced by fibrous tissue (Fig. 13.9). It devel-
ops sporadically during the period of skeletal growth 
and may involve any bone of the skeleton. This 

nonhereditary disorder can be either monostotic (80% 
of cases) or polyostotic. This latter condition may be a 
part of a McCune-Albright syndrome (fibrous dyspla-
sia, patchy cutaneous pigmentation, and precocious 
puberty) or Mazabraud syndrome (fibrous dysplastic 
lesion in close proximity to soft-tissue myxomas) 
(Kransdorf et al. 1990). The radiographic appearance of 
fibrous dysplasia includes an osteolytic expansile lesion 
involving the medullary cavity of the bone with 
endosteal scalloping. Periosteal reaction should be 
absent if there is no fracture. The lesion may be sur-
rounded by a rim of sclerotic reactive bone (rim sign). 
Usually the matrix of the lesion can be well recognized 
on CT images and shows relatively homogeneous aspect 
(ground glass appearance) with a moderate increase in 
Hounsfield units to around 200–250. Irregular areas of 
sclerosis can be present within the lesions.

Osteochondroma is a frequent benign tumor of the 
skeleton that consists of a bony outgrowth in continu-
ity with the medullary cavity of the parent bone and 
that is covered by a thin cartilage layer (Murphey et al. 
2000) (Fig. 13.10). Because they are derived from the 
physeal cartilage, most osteochondromas involve the 
metaphyseal region of the rib or of the scapula. 
Osteochondromas may cause a mass effect on adjacent 
structures, may induce frictional bursitis, and may 
undergo malignant transformation. Osteochondromas 

Fig.  13.9  Posteroanterior chest radiograph of a 32-year-old 
man demonstrates multiple expansile rib lesions. The presence 
of several normal rib segments (paravertebral and lateral seg-
ments) is a keyfinding for the differentiation from disorders 
related to marrow expansion (compare with Fig. 13.3)
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appearing on a chest radiograph show a deformity or 
expansion of the bone with calcification of the carti-
laginous cap. CT or MRI plays a crucial role in the 
delineation of the extent of the lesions and in the 

assessment of the cartilage cap thickness. Actually, in 
an adult, a cartilage cap thickness greater than 20 mm 
should indicate malignant transformation, whereas 
malignancy is unlikely if the cartilage thickness is 
lower than 10 mm. CT is accurate in the assessment of 
the cartilage thickness when the lesions develop on the 
inner side of the chest wall and are in contiguity with 
the lungs. MRI should be preferred for lesions that 
extend outward because it enables differentiation 
between cartilage, bursitis, and muscles.

Benign soft-tissue tumors of the chest wall are rela-
tively uncommon lesions that typically manifest as 
painless, slow-growing, palpable masses. Lipoma is by 
far the most frequent benign soft-tissue tumor in adults 
but other fat-containing masses can also be observed 
(Kransdorf 1995). Hibernoma, which is derived from 
brown fat cells, typically develops in the lateral aspects 
of the chest wall near the axilla (Lee and Collins 2008). 
Diagnostics and staging of this lesion do not differ in 
the chest wall from those elsewhere in the body.

Elastofibroma is a relatively common fibroelastic 
pseudotumor that typically involves the subscapular 
area (Kransdorf et  al. 1992). Lesions are bilateral in 
60% of patients and occur in all age groups but occur 
most frequently in elderly patients. Clinically, patients 
present with a large, well-circumscribed mass in the 
subscapular area that becomes more prominent with 
dorsal flexion and antepulsion of both arms. Its topog-
raphy is typical as it develops in the area between the 
latissimus dorsi muscle superficially and the thoracic 
wall anteriorly, near the lower aspect of the scapula. 
Ultrasound and radiographic examination of the lesion 
are relatively nonspecific. CT and MRI reveal the spe-
cific intrinsic organization of the lesion related to the 
presence of alternating planes of adipose and fibrous 
tissue. The etiology of this lesion is unclear, but 
repeated trauma caused by mechanical friction of the 
scapula against the ribs has been suggested to induce 
the process.

13.4.2 � Malignant Tumors  
of the Chest Wall

13.4.2.1 � Bone Metastases

Metastases from carcinoma are the most common 
malignant tumor involving the skeleton, including the 

a

c

b

Fig.  13.10  (a) Posteroanterior chest radiograph of a 36-year-
old man demonstrates alterations of the shape of the right upper 
thoracic wall. Several ribs demonstrate altered shape and con-
tours. (b and c) Transverse computed tomography reconstruc-
tions demonstrate a bony outgrowth developed on the deep 
aspect of the right scapula, typical of an enchondroma. The car-
tilage layer as well as the possible friction bursitis is better seen 
on magnetic resonance imaging
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ribs. Cancers most likely to metastasize to bones origi-
nate from the breast, lung, prostate, thyroid, and kid-
ney. The ribs and the sternum are frequently involved 
because they contain hematopoietic bone marrow in 
which metastases can grow (Roodman 2004). Chest 
wall invasion can also occur from contiguous expan-
sion from a pleural or lung cancer (Fig.  13.11). On 
radiographs, bone metastases may be osteolytic, scle-
rotic, or mixed. The most common radiographic fea-
tures include a lytic destructive process in the medullary 
cavity with poorly delimited margins, erosions of the 
cortex, and, frequently, extension into the soft tissues. 
Pathologic fractures are common.

13.4.2.2 � Cancers of the Hematopoietic System

Multiple myeloma is a neoplastic proliferation of 
plasma cells that is characterized by bone destruction 
and by the presence of an increase in monoclonal 
immunoglobulins and light-chain proteins in the blood 
and urine. Radiographically, multiple myeloma typi-
cally results in multifocal osteolytic lesions, the pat-
tern of which reflects the space of development of the 
lesion. A moth-eaten appearance is observed in rapidly 
growing lesions but, more frequently, small endosteal 
scalloping with or without rib enlargement may be 
observed in slow-growing lesions.

a b

c

Fig.  13.11  (a) Posteroanterior chest radiograph of a 57-year-
old man with left upper lobe pulmonary neoplasm demonstrates 
osteolysis of the posterior aspect of the second rib. (b) Transverse 
computed tomography reconstruction demonstrates the lesion, 

but its margins are not clearly depicted. (c) Transverse 
T1-weighted spin-echo image better demonstrates neoplastic 
involvement of the chest wall and vertebral body. Extension of 
the lesion in the epidural space is also obvious
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In non-Hodgkin lymphomas, the bones of the chest 
wall can be involved and bone lesion areas are gener-
ally mixed lytic and sclerotic with adjacent soft-tissue 
involvement.

Histiocytosis and other Langerhans cell-derived 
tumors are lytic lesions that generally develop in 
children.

13.4.2.3 � Chondrosarcoma

Chondrosarcoma is the most common malignant pri-
mary tumor of the chest wall in adults and most fre-
quently involve the ribs (Tateishi et  al. 2003). Most 
costal chondrosarcomas arise from the anterior rib or 
chondrocostal junction, especially along the upper five 
ribs (Fig. 13.12). Most chondrosarcomas are classified 
as primary and develop in the medullary cavity of pre-
viously normal bone (Murphey et al. 2003). Secondary 
chondrosarcoma develops in a primary benign chon-
dral tumor such as enchondroma or osteochondroma. 
Radiographs of costal or sternal chondrosarcoma typi-
cally reveal a large mineralized mass with a character-
istic ring-and-arches or popcorn pattern of calcification. 
CT and MRI show a destructive lesion with a large 

soft-tissue mass. On MRI, nonmineralized areas are 
isointense relative to skeletal muscle on T1-weighted 
SE images. On T2-weighted magnetic resonance 
images, cartilaginous lobules have high signal inten-
sity and are surrounded by septa with low signal inten-
sity. Matrix mineralization manifests as area of low 
signal intensity on all pulse sequences.

13.4.2.4 � Ewing’s Sarcoma and Primitive 
Neuroectodermal Tumor

Ewing’s sarcoma are small, round-cell, malignant neo-
plasms of bone and soft tissues that usually affect 
patients younger than 30 years. About 40% of Ewing’s 
sarcoma involve flat bones, most commonly the pelvis, 
scapula, and ribs (Moser et al. 1990). Radiographs and 
CT images usually show a predominantly osteolytic 
lesion, although Ewing’s tumor can also demonstrate 
important sclerosis. Cortical destruction, periosteal 
reaction, ad soft-tissue masses are common associated 
findings. Ewing’s sarcoma of ribs is a typically oste-
olytic lesion associated with the larger soft-tissue mass 
that is usually disproportionately large as compared 
with the extent of bone involvement (Fig. 13.13).

a b

Fig. 13.12  (a) Posteroanterior chest radiograph of a 46-year-old 
woman demonstrates an poorly delimited area of bone sclerosis 
(arrow) in the anterior aspect of the right fifth rib. (b) Transverse 
oblique computed tomography reconstruction demonstrates a 

lytic lesion with inner calcifications and cortical bone destruction. 
The osseous borders of the lesion are well delimited, indicating a 
slow-growing process. A well-differentiated chondrosarcoma 
was found during histologic analysis of the resected specimen
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Fig.  13.13  (a) Posteroanterior chest radiograph of a 32-year-
old man demonstrates the presence of a right mass. (b) Transverse 
computed tomography reconstruction demonstrates a sclerotic 

lesion (arrow) within the anterior aspect of the seventh rib with 
important extraosseous component. Ewing’s tumor was found 
during histology
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Abstract

Traditionally, chronic obstructive pulmonary ››
disease (COPD) includes pulmonary emphy-
sema and chronic bronchitis. This definition of 
COPD has been recently modified by the 
Global Initiative for Chronic Obstructive Lung 
Disease, which has defined it as a disease state 
characterized by airflow limitation that is not 
fully reversible. Pathologically, the chronic 
airflow limitation characteristic of COPD is 
caused by a mixture of small airway disease 
and parenchymal lung destruction. Computed 
tomography (CT) is superior to chest radiogra-
phy in the detection of emphysema and in the 
assessment of its distribution and extent. The 
introduction of multidetector CT (MDCT) 
allows acquisition of high-resolution scans in a 
volumetric manner over the entire lung, and 
this approach has been shown to be suitable for 
the assessment of emphysema. The inherent 
limitations of subjective visual scoring, the 
characteristic CT morphology of emphysema, 
and the digital nature of the CT dataset have 
fostered considerable interest in the use of CT 
as an objective quantification tool for pulmo-
nary emphysema. The evaluation of the air-
ways on chest radiograph is limited, but it 
provides an ideal contrast in composition for 
CT image analysis. MDCT now allows for the 
acquisition of a contiguous thin section. The 
current techniques for evaluation of COPD 
increase the importance of MDCT beyond the 
clinical context toward its truly experimental 
and preclinical research modality.
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14.1 � Definitions

Traditionally, chronic obstructive pulmonary disease 
(COPD) includes pulmonary emphysema and chronic 
bronchitis. Pulmonary emphysema is defined, using 
histologic criteria, as a condition of the lung character-
ized by abnormal, permanent enlargement of airspaces 
distal to the terminal bronchioles, accompanied by 
destruction of their walls and without obvious fibrosis 
(Snider et al. 1985). Figures 14.1 and 14.2 show photo-
graphs of macroscopic and microscopic samples illus-
trating the difference between an emphysematous and 
a normal individual. As a consequence of the histologic 

definition of pulmonary emphysema, the diagnosis of 
emphysema during life, without the availability of lung 
tissue, should always be indirect; however, imaging 
signs suggestive of pulmonary emphysema can be 
detected on chest radiograph and on CT scans.

Two types of pulmonary emphysema are recognized: 
centrilobular emphysema and panlobular emphysema. 
Centrilobular emphysema results from dilatation or 
destruction of the respiratory bronchioles and is the type 
of emphysema most closely associated with cigarette 
smoking (Snider et  al. 1985) (Fig.  14.3). Panlobular 
emphysema is associated with a

1
-antitrypsin deficiency 

and results in an even dilatation and destruction of the 
entire acinus (Snider et al. 1985) (Fig. 14.4).

Fig.  14.1  Macroscopic paper-mounted, whole-lung sections 
illustrating normal lung tissue

Fig.  14.2  Macroscopic paper-mounted, whole-lung sections 
illustrating severely emphysematous lung tissue

Fig.  14.3  Centrilobular emphysema. Histologic specimen 
stained with hematoxylin-eosin from a patient with centrilobular 
emphysema (magnification x20)

Fig. 14.4  Panlobular emphysema. Histologic specimen stained 
with hematoxylin-eosin from a patient with a

1
-antitrypsin defi-

ciency associated with severe widespread panlobular emphy-
sema (magnification x20)
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Chronic bronchitis is defined as a clinical disorder 
characterized by excessive mucous secretion (of 
unknown cause) by the bronchial tree, manifested by 
chronic or recurring productive cough on most days of 
more than 3 months of each of two successive years 
(Snider et al. 1985).

The traditional definition of COPD as including 
pulmonary emphysema on one hand and chronic bron-
chitis on the other hand has been recently modified. 
The Global Initiative for Chronic Obstructive Lung 
Disease (GOLD) – a collaborative project of the US 
National Heart, Lung, and Blood Institute and the 
World Health Organization – have prepared a consen-
sus report in which COPD is defined as a disease  
state characterized by airflow limitation that is not 
fully reversible (Pauwels et al. 2001). Based on of this 
definition, the diagnosis of COPD is thus determined 
with lung function tests, best measured by spirometry, 
because this is the most widely available and reproduc-
ible test of lung function (Calverley 2004).

In GOLD reports, subdivision of COPD into pulmo-
nary emphysema and chronic bronchitis has been 
removed from the definition of COPD given the overlap 
between the two conditions and the poor delineation 
between them (Pauwels et al. 2001; Rabe et al. 2007). 
The new definition of COPD, as proposed by the 
GOLD scientific committee, has been rapidly and widely 
accepted by the medical community and is now used in 
most major clinical trials. Nevertheless, the possible 
advance provided by the GOLD classification in our 
understanding of this complicated and heterogeneous 
disease is still a matter of debate (Calverley 2004).

The characteristic symptoms of COPD are chronic 
and progressive dyspnea, cough, and sputum produc-
tion. A diagnosis of COPD should thus be considered 
in any patient who has symptoms of cough, sputum 
production, dyspnea, and/or a history of exposure to 
risk factors for the disease. The diagnosis is confirmed  
with spirometry by the presence of a postbronchodi-
latator FEV

1
 < 80% of the predicted value in combina-

tion with an FEV
1
/FVC < 70% (Pauwels et al. 2001; 

Rabe et al. 2007). Chronic cough and sputum produc-
tion may precede the development of airflow limitation 
by many years. Conversely, significant airflow limita-
tion may develop without chronic cough and sputum 
production (Rabe et al. 2007).

Pathologically, the chronic airflow limitation char-
acteristic of COPD is caused by a mixture of small air-
way disease (obstructive bronchiolitis) and parenchymal 
lung destruction (pulmonary emphysema), the relative 

contributions of which vary from person to person 
(Rabe et al. 2007). Small airways are defined as smaller 
than 2 mm in diameter (Hogg et al. 2004). In COPD, 
the lumen of these small airways is reduced and their 
wall is thickened (Fig. 14.5).

The only radiographic statement in the GOLD 
guidelines (Rabe et al. 2007) is that chest radiographs 
are useful in the identification of alternative diagnoses 
that can mimic symptoms of an exacerbation. The role 
of chest radiograph thus seems to be marginal in the 
diagnosis of COPD. Nevertheless, COPD is so fre-
quent that it is very usual to read chest radiographs and 
CT scans performed in patients who have COPD. We 
divide the radiographic and CT imaging features of 
COPD into two main categories: imaging of the emphy-
sema and imaging of the airways.

14.2 � Radiography in Emphysema

The only direct sign of emphysema on plain radio-
graphs is the presence of bullae. However, because of 
the limited contrast resolution of the chest radio-
graph, these focal areas of increased lucency can be 
difficult to detect (Figs.  14.6–14.9) (Müller and 
Coxson 2002). Indirect signs of lung destruction 
caused by emphysema, such as focal absence of pul-
monary vessels and the reduction of vessel caliber 
with tapering towards the lung periphery are highly 
suggestive of emphysema, but their sensitivity is as 

Fig.  14.5  Small airway disease. Histologic specimen stained 
with hematoxylin-eosin from a patient with COPD. The bron-
chial wall is thickened and fibrosed. The lumen contains some 
pigmented macrophages
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Fig. 14.6  Frontal chest radiograph (a), coronal CT reconstruc-
tion (b), and transverse CT section (c, detail) of a patient with 
severe emphysema. The chest radiograph (a) shows no particular 
abnormalities in the lung apices (arrows). Coronal CT recon-

struction (b) shows extensive bilateral areas of parenchymal 
destruction (open arrows) that were not visible on the chest radio-
graph. Transverse CT section (c) reveals that the emphysema 
shows a mixed centrilobular–panlobular pattern (open arrows)
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Fig. 14.7  Frontal (a) and lateral (b) chest radiographs and coro-
nal and transverse CT reconstruction (c, d) in a patient with 
severe emphysema. Hyperlucent zones in both lung apices (white 
arrows) on the frontal chest radiograph (a) suggest the presence 
of emphysema. Flattening of the hemidiaphragm is depicted on 

the lateral view (b; open white arrow). The overall extent of the 
disease, combining centrilobular emphysema predominantly 
involving lung apices (white arrows) with bullous disease (open 
white arrows) can be fully reflected only by CT (c, d)

low as 40% (Thurlbeck and Simon 1978). Findings 
related to overinflation of the lungs include flattening 
of the diaphragm and an increased retrosternal space 
on the lateral view (Fig.  14.9). These findings are 
more common than abnormalities of the vascular pat-
tern, but their specificity is also low (Thurlbeck and 
Simon 1978). The combined signs of hyperinflation 
and vascular alterations have been shown to allow the 

diagnosis of emphysema in 29 of 30 necropsy-proven 
and symptomatic patients, but in only 8 of 17 
necropsy-proven and asymptomatic patients (Sutinen 
et al. 1965). The combination of signs of hyperinfla-
tion and vascular alterations on radiography allow for 
the diagnosis of emphysema in the majority of 
patients who have moderate or severe disease (Müller 
and Coxson 2002).



340 D. Litmanovich et al.

Fig. 14.8  Frontal chest radiograph (a) and coronal CT recon-
struction (b) from a patient with severe emphysema. Subtle 
hyperlucent zones in both lung apices (arrows) on the chest 

radiograph (a) suggest the presence of emphysema. The overall 
extent of the disease, reflected by subtotal lung destruction (open 
arrows), is visualized only by CT (b)

Fig. 14.9  Frontal (a) and lateral (b) chest radiograph, coronal CT 
reconstruction (c), and transverse CT section (d) from a patient 
who has severe emphysema. The chest radiograph (a) shows 
increased lucency of the lung apices, right more than left, with rar-
efaction of the lung parenchyma (white arrows). Open white arrows 
on the lateral radiograph (b) indicate increased retrosternal space 
and flattening of the diaphragm, consistent with overinflation. 

Coronal CT reconstruction (c) shows extensive bilateral areas of 
parenchymal destruction (white arrows) more visible than on the 
chest radiograph. Transverse CT section (d) reveals that the emphy-
sema shows a panlobular pattern (white arrow). Both upper and 
lower lung zones are affected, which can be better appreciated on 
coronal reconstructions 
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Obvious limitations of radiography in the assessment 
of emphysema include low specificity, low sensitivity in 
the evaluation of mild disease, considerable interob-
server variability in the interpretation of findings, and 
the inability to quantify the severity of emphysema 
(Müller and Coxson 2002; Sutinen et al. 1965; Thurlbeck 
and Simon 1978; Thurlbeck and Müller 1994).

Because emphysema is diagnosed anatomically, 
only studies comparing radiographs to morphologi-
cally proven emphysema are relevant. M.W. Thurlbeck 
and G. Simon (1978) have extensively compared chest 
radiographs and paper-mounted whole-lung Gough–
Wenthworth sections (Gough and Wentworth 1949) in 
a vast study including 696 necropsies. They have con-
sidered the following radiographic variables: lung 
length, lung width, diaphragm level, heart size, retros-
ternal space, and arterial deficiency. Emphysema was 
considered present when the lung was hypertranspar-
ent with diminished or absent vascularity in the outer 
lung fields (Thurlbeck and Simon 1978). The radio-
graphic findings were compared with the amount of 
emphysema assessed subjectively on paper-mounted, 
whole-lung Gough–Wenthworth sections using a stan-
dard grading panel, on which the amount of emphy-
sema was scored (Thurlbeck et  al. 1970). This very 
meticulous study revealed that chest radiograph is not 
a very precise method of diagnosing emphysema. 

Occasional patients who have no, trivial, or mild 
emphysema will indeed be diagnosed as having 
emphysema, and a fairly high proportion of patients 
who have severe emphysema will not be diagnosed 
using the radiologic criterion of arterial deficiency. On 
the other hand, centrilobular emphysema was usually 
present when emphysema was diagnosed radiographi-
cally in the upper lung zones, and panacinar emphy-
sema was usually present when emphysema was 
diagnosed in the lower zones. Finally, lung length and 
the size of the retrosternal space increased, the level of 
the diaphragm lowered, heart size decreased, and lung 
width did not change as emphysema became more 
severe (Thurlbeck and Simon 1978). In accordance 
with other studies, it is now well established that plain 
chest radiograph has high accuracy in the diagnosis of 
severe emphysema using criteria of attenuation of vas-
cular shadows and the presence of bullae with pulmo-
nary overdistention. Moderate emphysema cannot be 
diagnosed unless the process is locally severe; mild 
emphysema is rarely diagnosable (Pugatch 1983). 
These studies clearly reveal the limitation of chest 
radiography in the diagnosis of pulmonary emphysema 
on the basis of arterial deficiency, with other signs 
being nonspecific reflections of hyperinflation that is 
more precisely investigated through pulmonary func-
tion tests (PFTs).

Fig. 14.9  (continued)
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Interestingly, some radiologic studies have reported 
“increased markings” emphysema (Boushy et  al. 
1971). Is such emphysema, the vascular markings 
appear to be increased with irregular small opacities 
throughout the lungs on the chest radiographs. 

Comparisons with CT suggest that these irregular 
opacities could be explained, at least in part, by the 
superimposition of the walls of small bullae (Fig. 14.10) 
and/or by bronchiectases with thickened bronchial 
walls (Fig. 14.11).

Fig. 14.10  Frontal chest radiograph (a) with irregular markings in a patient who has emphysema. CT scan (b) suggests that the 
irregular markings are related to the superimposition of the walls of adjacent bullae

Fig. 14.11  (a) Frontal chest radiograph with irregular markings in a patient who has emphysema. (b, c) CT scans suggest that the 
irregular markings are related to the superimposition of the thickened walls of dilated bronchi

a b
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In pulmonary emphysema, the heterogeneity of lung 
destruction with subsequent heterogeneity in elastic 
recoil will lead to atelectasis of the less emphysematous 
parts of the lungs as compared with the more emphyse-
matous parts of the lungs. This heterogeneity in lung 
elastic recoil may lead to displacement of anatomical 
structures such as lung fissure, pulmonary hilum 

(Fig. 14.12), and even irregular opaque bands of atelec-
tatic lung surrounding the most emphysematous areas 
(Fig.  14.13). It is important to remember that lung 
parenchyma is an elastic structure that tends to retract. 
As a consequence, atelectasis adjacent to the emphyse-
matous lung (or bulla) is not the result of any compres-
sion by the emphysematous lung (or bulla) against 

a b

Fig. 14.12  (a, b) Severe emphysema with an upper predominance. The heterogeneity of lung destruction leads to heterogeneity in 
elastic recoil and subsequent downward displacement of anatomical structures such as the right pulmonary artery (arrows)

cFig. 14.11  (continued)
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normal lung. In fact, the normal lung (or the less emphy-
sematous lung) just has a stronger elastic recoil–and 
thus a stronger tendency to retract—as compared with 
the neighboring more emphysematous lung (or bulla).

14.3 � CT in Emphysema

CT is superior to chest radiography in the detection of 
emphysema and in the assessment of its distribution 
and extent. Emphysema will be visible in many con-
ventional CT sections with thicknesses of 5–8 mm. 
However, it is more readily detected in high-resolution 
CT (HRCT) sections with thicknesses of 1–2 mm 
reconstructed with an edge-enhancing algorithm 
(Kuwano et al. 1990; Miller et al. 1989) (Figs. 14.14–
14.16). The introduction of multidetector CT units 
now allows acquisition of such HRCT in a volumetric 
manner over the entire lung, and this approach has 
been shown to be suitable for the assessment of emphy-
sema (Madani et  al. 2006). The assessment of mild 
emphysema can further benefit from the minimum 

intensity projection (MinIP) technique (Figs.  14.17 
and 14.18), which utilizes dedicated software to iden-
tify only areas of lung parenchyma with the lowest 
attenuation values and simultaneously suppresses nor-
mal lung and pulmonary vessels. The technique is 
based on “slabs” of contiguous HRCT sections through 
a sample of lung tissue. Comparing MinIP and 1-mm 
HRCT sections, Remy-Jardin and colleagues (1996) 
found that the MinIP technique was more sensitive for 
the detection of subtle emphysema.

On HRCT scans, emphysema is characterized by 
the presence of areas of low attenuation that contrast 
with the surrounding lung parenchyma with normal 
attenuation (Figs.  14.16, 14.19, and 14.20) (Hruban 
et al. 1987; Webb et al. 1988). Mild to moderate centri-
lobular emphysema is characterized by the presence of 
multiple rounded and small areas of low attenuation, 
which have diameters of several millimeters and usu-
ally are predominant in the upper lobe. The lesions 
have no walls because they are limited by the sur-
rounding lung parenchyma. Sometimes the lesions 
may appear to be grouped around the center of second-
ary pulmonary lobules (Figs. 14.16, 14.19, and 14.20) 

a b

Fig. 14.13  (a, b) Severe emphysema with a right and lower pre-
dominance. The heterogeneity of lung destruction leads to het-
erogeneity in elastic recoil and subsequent atelectasis of the less 

emphysematous parts of the lungs compared with the more 
emphysematous parts of the lungs. The atelectatic lung appears 
as opaque bands (white arrows)
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Fig. 14.14  Frontal chest radiograph (a), coronal CT reconstruc-
tion (b), and transverse CT section (c, detail) in a patient who 
has moderate emphysema. The chest radiograph (a) shows rela-
tively mild abnormalities in the lung apices (arrows). Coronal 
CT reconstruction (b) shows extensive bilateral areas of paren-

chymal destruction (open arrows) that were not visible on the 
chest radiograph. Transverse CT section (c) reveals that the 
emphysema shows mixed centrilobular–panlobular (open arrow) 
and paraseptal patterns (white arrow)

(Murata et  al. 1986; Webb et  al. 1988). Panlobular 
emphysema is characterized by uniform destruction of 
the secondary pulmonary lobule. This leads to wide-
spread and relatively homogeneous patterns of low 
attenuation (Murata et  al. 1989; Webb et  al. 1988). 
Panlobular emphysema can involve the entire lung in a 
rather homogeneous manner, or it may show lower-
lobe predominance.

The accuracy of HRCT in assessing the presence 
and extent of emphysema has been documented in 
numerous studies (Gevenois et  al. 1995, 1996b; 
Kuwano et al. 1990; Murata et al. 1986, 1989). In one 

study based on necropsy specimens, investigators were 
able to identify even mild centrilobular emphysema 
(Kuwano et  al. 1990). The correlation between the 
in  vitro CT emphysema score and the pathological 
grade of emphysema was excellent (r = 0.91). Because 
it is difficult to translate the excellent in vitro correla-
tions into an in vivo context, correlations between the 
in vivo CT assessment and pathological severity range 
from 0.7 to 0.9 (Gevenois et  al. 1995, 1996b), and 
some authors have noted that very mild emphysema 
could be missed in  vivo (Remy-Jardin et  al. 1996). 
This suggests that the in vivo assessment of the extent 
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Fig. 14.15  Frontal chest radiograph (a), coronal CT reconstruc-
tion (b), and transverse CT section (c, detail) in a patient who 
has mild to moderate emphysema. The chest radiograph (a) 
shows relatively mild abnormalities in the lung apices (open 
arrows). Coronal CT reconstruction (b) shows moderate bilat-

eral asymmetric (right more than left) areas of parenchymal 
destruction (arrows) corresponding to increased lucency seen on 
the chest radiograph. Transverse CT section (c) reveals that the 
emphysema shows a centrilobular (thick white arrows) pattern 
with a paraseptal component (thin white arrows)
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of emphysema is at risk for either under- or overesti-
mation. A computer-assisted method for obtaining 
objective quantification of horizontal paper-mounted 
lung sections as a standard of reference was compared 
with the densitometric evaluation of mean lung 

attenuation and to subjective visual assessments by 
three readers (Bankier et  al. 1999). The study found 
that subjective grading of emphysema was signifi-
cantly less accurate than objective CT densitometric 
results when correlated with pathological scores. 
Moreover, the analysis of visual scoring suggested 
systematic overestimation of emphysema by all three 
readers. The majority of studies, however, have shown 
reasonably good correlations between CT emphysema 
scores and pathologic specimens, good agreement 
between expert readers for the assessment of presence 
and extent of emphysema, and good correlations 
between subjective and objective assessments of 
emphysema (Gelb et  al. 1998; Müller and Coxson 
2002; Müller et al. 1988).

The destruction of lung parenchyma that is present 
in emphysema can, in practice, lead to atypical appear-
ances of coexisting lung disease. Therefore, CT in 
patients who have emphysema and coexisting lung dis-
ease should be performed early, upon clinical suspi-
cion (Figs. 14.21–14.31)

14.3.1 � Objective CT Quantification  
of Emphysema

The inherent limitations of subjective visual scoring, 
the characteristic CT morphology of emphysema, and 
the digital nature of the CT dataset have fostered con-
siderable interest in the use of CT as an objective quan-
tification tool for pulmonary emphysema (Gevenois 
and Yernault 1995; Madani et  al. 2001). Three main 
approaches have been used to objectively quantify 
emphysema with CT. First is the use of a threshold 
density value below which emphysema is considered 
to be present (threshold technique). Second, the assess-
ment of a range of densities present in a CT section 
and displayed as a distribution curve. Third, the  
measurement of the overall CT density of the lung 
parenchyma.

Hayhurst et al. (1984) showed that the distribution 
curve of numbers of attenuations was significantly 
shifted toward lower attenuation values in patients who 
had emphysema compared with normal individuals. In 
a CT pathologic correlation study based on microscopic 
measurements, Gould et  al. (1988) showed that the 

Fig. 14.16  Combined centrilobular and panlobular emphysema 
seen on a transverse CT section through the upper lobes. The 
emphysematous pattern in the right lung is centrilobular (open 
arrow); the structure of the secondary pulmonary lobule in the 
left lung begins to disappear (solid white arrow) and the pattern 
of emphysema becomes more diffuse and thus assumes charac-
teristics of panlobular emphysema

Fig. 14.17  Transverse CT sections through the upper lobes of  
a patient with normal chest radiograph (not shown). The pattern 
of destruction seen on a cross-sectional imaging study is focal 
centrilobular emphysema with the structure of the secondary 
pulmonary lobule still seen (open arrows)
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Fig. 14.19  Transverse CT section (a) and minimum intensity 
projections (MinIPs) of 5-mm (b), 10-mm (c), and 20-mm (d) 
section thickness. Though subtle upper-lobe predominant 

emphysema can barely be seen on reconstructed image (a), it is 
increasingly well seen with increasing thickness of the MinIPs 
(b–d)

Fig. 14.18  Diffuse 
centrilobular emphysema. 
Transverse CT section 
through the upper lobes 
shows the typical pattern of 
diffuse centrilobular 
emphysema. Despite the 
severity of destruction, the 
structure of the secondary 
pulmonary lobule is still 
visible (open arrows)
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lowest fifth percentile of the histogram of attenuation 
values was significantly correlated with the surface 
area of the walls of distal airspaces per unit lung vol-
ume (AWUV). In 1988, Müller et al. used a commer-
cially available CT program called “Density Mask®” 
(General Electric Medical Systems, Milwaukee, WI, 
USA) that highlights pixels within a given attenuation 
range and automatically calculates the area of 

highlighted pixels (Müller et al. 1988). In their study, 
Müller et al. compared the relative area highlighted on 
a single 1-cm-thick CT section after the injection of 
contrast material with the corresponding macroscopic 
section of the fixed lung cut in the same plane as the 
CT section and graded using a modification of the 
picture-grading system from Thurlbeck et  al. (1970). 
The highest correlation was observed with attenuation 

Fig. 14.20  Coronal reconstruction (a) and minimum intensity 
projections (MinIPs) of 5-mm (b), 10-mm (c), and 20-mm (d) 
section thickness. Though subtle upper-lobe predominant 
emphysema can barely be seen on the coronal reconstructed 

image (a), it is increasingly well seen with increasing thickness 
of the MinIPs (b–d, white arrows). Minimal paraseptal emphy-
sema in the left upper lobe can be seen on the thickest recon-
structions (d, small white arrow, d)
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Fig. 14.21  Frontal (a) and lateral (b) chest radiographs, coronal 
CT reconstruction (c), and sagittal CT section (d) in a patient  
who has centrilobular emphysema. The chest radiographs (a, b) 
show increased lucency of the lung apices, with rarefaction  
of the lung parenchyma and centrilobular emphysema on CT 

(c, d; open arrows). Both the chest radiographs and the cross-
sectional images show bilateral areas of bronchial wall thickening 
and peribronchial consolidation consistent with bronchopneu-
monia (solid arrows)
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Fig. 14.22  Emphysema and multifocal pneumonia. Three areas 
of consolidation are difficult to diagnose on chest radiograph (a, 
open and solid white arrows) and better seen on CT (b, c, d) in 
a patient who has moderate to severe centrilobular emphysema 

(c, d, small white arrows) in right upper and lower lobes (b, c, d, 
large solid white arrows) and in left lower lobe, better seen on 
coronal reconstruction (d, open white arrow)

values lower than -910 HU; consequently, this thresh-
old was recommended for the identification of emphy-
sema. In an attempt to determine the best attenuation 
threshold for the recognition of emphysema, Gevenois 
et al. applied to 1-mm-thick CT sections a program that 
automatically recognizes the lungs, traces the lung 

contours, determines histograms of attenuation values, 
and measures the lung area occupied by pixels included 
in the predetermined range of attenuation value 
(Kalender et  al. 1991). They showed that the only 
threshold for which there was no statistically signifi-
cant difference between the distribution of the CT 
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Fig.  14.23  Infected large bulla and surrounding pneumonia in 
right lower lobe. Severe emphysema (a, open white arrow) and 
large right lower lobe bulla car be seen on sagittal reformat (b, 
white arrow). The same patient was hospitalized due to non-
resolving pneumonia. Posteroanterior and lateral chect radiographs 

obtained at hospitalization (c, d) show air-fluid level within the 
bulla (e, open black arrow) as well as large right lower-lobe con-
solidation (d, f, thin white arrow), that can be even better appreci-
ated on CT reformats (f, large white arrow)
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Fig. 14.23  (continued)

measurements and the distribution of macroscopic 
measurements was −950 HU. Thresholds lower than 
−950 HU underestimated emphysema, and thresholds 
above −950 HU overestimated emphysema (Gevenois 
et al. 1995).

Given that McLean et al. (1992) recommend that 
pulmonary emphysema should be measured micro-
scopically rather than macroscopically, comparisons 
between CT and morphometry should also include 
microscopic measurements and comparisons. Using 
AWUV as a microscopic measurement of the alveolar 
wall surface in 28 subjects referred for surgical resec-
tion of lung tumors, Gould et al. (1998) reported sig-
nificant correlations between AWUV and the lowest 
fifth percentile of the frequency distribution curve of 
attenuation values calculated on 13-mm-thick CT 
sections. In a more recent study based on 38 patients 
who were also referred for lung resection, Gevenois 
et al. measured the mean interwall distance and mean 
perimeter and compared the percentage of the surface 
area of lung occupied by attenuation values lower 
than the thresholds (range, −900 to −970 HU) to the 
microscopic indexes. They showed that the highest 
correlation was obtained with −950 HU. Thus, both 

the macroscopic and the microscopic study conducted 
by Gevenois’ group suggest that RA

950
 is a valuable 

parameter for quantifying emphysema on incremental 
thin-section CT (Gevenois et al. 1995).

To predict the lung surface to volume ratio from CT 
attenuation values, Coxson et  al. (1999) considered a 
threshold of −910 HU and compared CT measurements 
with histologic estimates of surface area. Lung volume 
was calculated by summing the voxel dimensions in 
each slice, and lung weight was estimated by multiply-
ing the mean lung attenuation value by the lung volume. 
This method seemed to be more accurate than the histo-
logic surface area occupied by emphysema because 
Coxson et al. (1999) observed a reduced surface to vol-
ume ratio in mild emphysema whereas surface area and 
tissue weight were decreased only in severe disease. 
Finally, Desai et al. (2007) recommended the use of a 
combined morphologic and functional (“composite”) 
score to assess emphysema.

Overall, the findings from the single-section CT era 
were an important basis for research about the radio-
logic/pathologic correlation of emphysema. However, 
with the advent of multidetector CT units, new chal-
lenges have arisen and will be discussed below.
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Fig. 14.24  Emphysema and lung fibrosis. Chest radiograph (a) 
demonstrates a slight increase in upper lung lucency correspond-
ing to upper-lobe centrilobular emphysema (c, d, open white 

arrows) in combination with increased subpleural reticulation 
that can be seen on both chest radiograph and transverse, coro-
nal, and sagittal reformats (a–c, solid white arrows)

14.3.2 � Tissue Characterization

Quantification of pulmonary emphysema by com-
puter-assisted methods is based on mathematic 
approaches called metrics, mean lung density, and 
areas of low attenuation that may be used to describe 
the heterogeneity of the spatial distribution of the 

attenuation values within the reconstructed image 
(Hoffman and McLennan 1997). In order to differ-
entiate normal from emphysematous lungs and nor-
mal from emphysematous regions within one lung, 
Uppaluri et al. (1997) developed an adaptive mul-
tiple features method (AMFM) based on textural 
analysis. The accuracy of AMFM, mean lung 
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Fig. 14.25  Frontal chest radiograph (a), coronal CT reconstruc-
tion (b), and transverse CT section (c) in a patient with a history 
of asbestos exposure. Only CT (b, c) shows the presence of sub-
tle but widespread emphysema (thin arrows). Chest radiograph 

(a) shows a right linear opacity (solid arrow) and a left ill-
defined opacity (open arrow). CT (b, c) reveals that both lesions 
correspond to right (b, solid arrow) and left (c, open arrow) 
rounded atelectases

density, and the lowest fifth percentile were 100%, 
95%, and 97%, respectively. However, there was no 
correlation between these three parameters and 
PFTs. The authors explained this lack of correla-
tion by a too small number of sections per subject 
and by the absence of patients with mild and mod-
erate emphysema (Hoffman and McLennan 1997; 
Uppaluri et al. 1997).

In an attempt to detect early emphysema, Mishima 
et  al. (1999a, b) quantified the size distribution of 
low attenuation–area (i.e., lower than −960 HU) clus-
ters on 2-mm-thick HRCT sections obtained at full 

inspiration in 30 healthy subjects and 73 COPD 
patients. All normal subjects had a low attenuation 
area smaller than 30% of the total lung area; the area 
size varied from 2.6% to 67.6% in COPD patients. 
Although the COPD group of patients with a low 
attenuation area smaller than 30% of total lung area 
and the normal subjects had similar low attenuation 
areas, the corresponding D values were significantly 
smaller among the COPD patients. The authors con-
cluded that 30% could be the critical value of low 
attenuation areas to discriminate normal and mild from 
severe COPD patients but that a low attenuation area is 
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Fig. 14.26  Frontal (a) and lateral (b) chest radiographs, coronal 
CT reconstruction (c), and transverse CT section (d) in a patient 
with a history of tuberculosis. Bi-apical fibrotic changes and cal-
cifications on chest radiograph (a, b) and CT (c, d; thick white 

arrows in a, c, and d) are obvious. The extent of centrilobular 
emphysema is underestimated on radiographs, and only CT 
images (c, d) show its extent (thin white arrows)

not sufficiently accurate to distinguish early emphy-
sematous patients from normal subjects. The value 
of D could be a sensitive parameter for detecting the 
terminal airspace enlargement that occurs in early 
emphysema.

More recently, on the basis of an automated tech-
nique, Chabat et  al. (2003) attempted to distinguish 

between centrilobular emphysema, panlobular emphy-
sema, constrictive obliterative bronchiolitis, and normal 
lung tissue. Local texture information was extracted 
from four regions of interest on thin-section CT images 
obtained from 33 subjects and represented by first- and 
second-order measurements. Texture feature segmenta-
tion was applied after training and testing steps and 
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Fig. 14.27  Frontal chest radiograph (a), coronal CT reconstruc-
tion (b), and transverse CT section (c) in a patient who has moder-
ate emphysema. The chest radiograph (a) shows no abnormalities. 
Coronal CT reconstruction (b) and transverse CT section (c) show 

minimal areas of parenchymal destruction (thick white arrows) 
that were not visible on the chest radiograph. Subtle postradiation 
changes in a patient with right breast cancer are noted only on the 
cross-sectional imaging (thin white arrows in b, c)

based on the visual classification of these four patterns. 
Given the possible coexistence of both types of pulmo-
nary emphysema in the same individual, the proposed 
technique discriminated between patterns of obstructive 
lung disease with sensitivity ranging from 55% to 89%, 
specificity from 88% to 92%, and positive predictive 
value from 71% to 77% (Chabat et al. 2003).

14.3.3 � Factors Influencing  
CT Densitometry

Airspace size correlates with age according to mor-
phometric data (Thurlbeck 1967; Gillooly and Lamb 
1993). Thus, an increase in airspace size associated 
with advanced age could potentially influence the CT 
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Fig. 14.28  Posteroanterior chest radiograph (a) and coronal (b) 
and axial (c) CT reformats demonstrate speculated lesion (white 
arrow) in the left upper lobe of a patient who has severe centri-
lobular emphysema. This lesion has a radiological appearance 

highly suspicious of lung cancer. In fact, it represented as a scar-
ring formation at the area of pre-existing extensive pneumonia 
(white arrow, d) that was shown to be unchanged at 2-year 
follow-up (not shown)

density parameters and should be taken into account in 
longitudinal study designs (Gevenois et  al. 1996a; 
Soejima et al. 2000).

Independent from the lung volume at which CT is 
obtained, the lung size could influence CT parameters. 
Morphometric studies showed contradictory results, 
suggesting that the number of alveoli in the human 

lung either was or was not positively correlated with 
body length (Dunnill 1982; Gevenois et  al. 1996a). 
Because the structure of the alveolar wall is unrelated 
to lung size, the dimensions of the airspaces should be 
bigger in larger lungs than in smaller lungs.

On the basis of image quality, exposure dose, and 
correlations with lung function tests, Mishima et  al. 
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Fig. 14.29  Frontal (a) and lateral (b) chest radiographs, coronal 
CT reconstruction (c), and transverse CT section (d) in a patient 
with a history of smoking. Chest radiograph (a) shows a small 
subcentimeter nodule in the left lower lobe (open white arrow) 

that on both CT images corresponds to solid lobulated nodule (c, 
d, open white arrow). Apical hyperlucencies (a, c, white arrows) 
are suggestive of emphysema that was demonstrated as a mild 
centrilobular pattern on CT (c, d)

(1999b) suggested that the following CT parameters: 
three 2-mm-thick CT sections acquired with 200-mA 
tube current, are the most appropriate parameters to 
assess pulmonary emphysema.

Pulmonary emphysema is heterogeneously distrib-
uted throughout the lung, and studies based on point-
counting have shown that an adequate assessment 
cannot be obtained from one lung slice alone (Turner 

and Whimster 1981). Although no CT study has defined 
the minimum number of images necessary to provide 
accurate results (Gevenois et al. 1995), Mishima et al. 
(1999, b) concluded that three slices were sufficient to 
determine the overall extent of emphysema. Madani and 
colleagues (2008) have recently demonstrated that sec-
tions with 10-mm intervals might be required for pre-
cise quantification of emphysema.
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14.3.4 � Spiral and Multidetector  
CT – New Challenges

14.3.4.1 � Density Thresholds

In a recent study, Madani et  al. (2006) prospectively 
compared PFTs and multidetector CT indexes for quan-
tifying pulmonary emphysema with macroscopic and 

microscopic morphometry. Their study was based on 
material from 80 patients and on datasets acquired with a 
four-row multidetector CT unit. They found that for rela-
tive lung areas the strongest correlation with macroscopy 
was seen with a threshold of −970 HU (r = 0.543, P < 
0.001) and with microscopy the strongest correlation was 
seen at −960 and −970 HU, depending on the index con-
sidered (r = 0.592, P < 0.001 and r = −0.546, P < 0.001, 

Fig. 14.30  Frontal chest radiograph (a), coronal CT reconstruc-
tion (b), and transverse CT section (c) in a patient with a long-
standing history of smoking. Chest radiograph (a) shows apical 
hyperlucencies (thin arrows) that suggest emphysema, but the 

true extent of disease is better seen on CT (b, c; thin arrows). CT 
also reveals the presence of a subsolid nodule (b, c; thick arrows) 
that is not visible on the radiograph and later proved to be 
adenocarcinoma
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Fig. 14.31  Asymmetric severe panlobular emphysema mostly 
affecting the right lung. Posteroanterior (a) and lateral (b) chest 
radiographs and two transverse sections (c, d) through the upper 

lobes demonstrate severe panlobular emphysema (thick white 
arrows) affecting mostly the right lung with two primary lung 
cancers (thin white arrows)

respectively). For percentiles, the first percentile showed 
the strongest correlation with both macroscopy 
(r = −0.463, P < 0.001) and microscopy (r = −0.573, 
P < 0.001; r = 0.523, P < 0.001 for each microscopic 
measurement). Forced expiratory volume in 1 s and vital 
capacity ratio, diffusing capacity of lung for carbon 
monoxide, and each of the three CT indexes were 
complementary to predict microscopic indexes. From 

these observations, Madani et al. (2006) concluded that 
the relative lung areas with attenuation coefficients lower 
than −960 or −970 HU and the first percentile were valid 
indexes to quantify pulmonary emphysema on multide-
tector row CT scans. Clearly, a nearly identical density 
threshold can thus be used for quantifying emphysema 
on both incremental thin-section CT and multidetec-
tor CT.
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14.3.4.2 � Radiation Dose Exposure

With the advent of multidetector CT, dose reduction 
has became a more pressing issue (Mayo et al. 2003). 
Recently, Madani et al. (2007) studied the effects of 
radiation dose and section thickness on quantitative 
multidetector CT indexes of pulmonary emphysema. 
Their study was based on 70 patients and CT data-
sets acquired with a 4- × 1-mm collimation, 120 peak 
kilovoltage, and 20–120 effective mAs. At each radi-
ation dose, 1.25-, 5.0-, and 10.0-mm-thick sections 
were reconstructed at 10-mm intervals. RAs of lung 
with attenuation coefficients lower than nine thresh-
olds and eight percentiles of the distribution of  
attenuation coefficients were compared with the his-
topathologic extent of emphysema, which was mea-
sured microscopically using the corrected mean 
interwall distance and the corrected mean perimeter 
and macroscopically. The authors found that the first 
percentile (r range, −0.394 to −0.675; P < 0.001) and 
attenuation coefficients of −980, −970, and −960 HU 
(r range, 0.478–0.664; P < 0.001) yielded the stron-
gest correlations with the macroscopic extent of 
emphysema, regardless of radiation dose or section 
thickness. The effects of radiation dose and section 
thickness on RAs of lung with attenuation coeffi-
cients lower than −960 HU (P = 0.007 and P < 0.001, 
respectively) and lower than −970 HU (P = 0.001 
and P < 0.001, respectively) were significant. The 
effect of section thickness on the first percentile was 
significant (P < 0.001), whereas the effect of dose 
was not (P = 0.910). From that the authors concluded 
that, in CT quantification of pulmonary emphysema, 
the tube current-time product can be reduced to 20 
mAs, but both tube current-time product and section 
thickness should be kept constant in follow-up exam-
inations (Madani et al. 2007).

14.3.4.3 � Potential Role of Expiratory CT

The possible role of CT obtained after deep expiration 
in the assessment of emphysema was first suggested by 
Knudson et al. (1991). Gevenois et al. (1995, 1996b) 
found two different thresholds, respectively validated 
by comparisons against macroscopy (−910 HU) and 
microscopy (−820 HU), that were quite different from 
the threshold found valid for CT images obtained at 
full inspiration (−950 HU). In addition, multiple regres-
sion analysis showed that CT measurements obtained 

at full expiration did not yield any additional signifi-
cant information compared with those obtained at  
full inspiration. In a study based on visual scoring, 
Nishimura et  al. (1998) showed that expiratory CT 
underestimates the degree of emphysema compared 
with inspiratory CT. In summary, expiratory CT is not 
as adequate as inspiratory CT for measuring the extent 
of pulmonary emphysema. The renewed interest in em
physema, given its contributing role in COPD, could 
also renew the interest in expiratory CT. Expiratory CT 
is a key technique for assessing the small airways 
in vivo, and combined imaging of the parenchyma and 
the airways with CT during inspiration and expiration, 
respectively, could open new prospects for a more 
holistic imaging approach to COPD. Recent studies 
that found good correlations between expiratory CT 
and PFTs indeed seem to confirm this prospect.

14.4 � Airway Analysis in COPD

The airway exhibits a tree-like structure with almost 
cylindrical branches of decreasing radius. The evalua-
tion of the airways on chest radiograph is limited. On 
chest radiograph, signs of overinflation are usually the 
only signs related to small airway disease, consisting of 
flattened or even inverted hemidiaphragms, the dia-
phragm lower than the anterior aspect of the seventh rib, 
a narrow vertically oriented heart, increased retrosternal 
space, and a sterno-diaphragmatic angle greater than 
90° (Fig.  14.28). With a central air-filled lumen sur-
rounded by higher density mural tissue, proximal air-
way walls provide an ideal contrast in composition for 
CT image analysis. The major challenge for quantitative 
analysis of the airway tree is the partial volume effect 
that blurs the inner lumen and bronchial wall into an 
indistinguishable mass with a CT density similar to the 
lung parenchyma; this is crucial at the level of distal 
generations.

The advent of multidetector row CT scanning now 
allows users to acquire thin-slice contiguous images 
of the lung using a Z dimension that approaches that 
of the X–Y dimensions with near isotropic voxel reso-
lution and during a single breath-hold (Coxson 2008; 
Tschirren et al. 2005). A CT scanner with a minimum 
of 64 detectors is preferable to achieve a 0.5-mm slice 
thickness, although most studies still use CT slices 
with a 1- to 1.25-mm slice thickness. If the CT images 
are acquired using a 1-mm-or-less slice thickness, it is 
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possible for investigators to segment the airway tree in 
three dimensions, starting in the trachea and project-
ing out to the fifth or sixth generation (Coxson 2008) 
(Figs. 14.32 and 14.33). CT slices used to create this 
three-dimensional reconstruction are contiguous; thus, 

airway reformation into a single long tube that is sec-
tioned in a true cross-section of the central axis is also 
possible. Then, by applying advanced knowledge to 
the branching pattern of the airway tree, bronchial seg-
ments can be labeled (Hasegawa et al. 2006).

Fig.  14.32  Frontal and lateral chest radiograph in a patient 
with overinflation of the lungs. Frontal radiograph (a) shows 
increased lung volumes and a relatively large intercostal space 
(large white arrows). On the lateral radiograph (b), flattened 
diaphragms and increased retrosternal and retrocardiac spaces 

suggest the presence of hyperinflation (large white arrows). 
Transverse CT section at the level of the carina (c) obtained 
from the same patient shows substantial bronchial wall thicken-
ing in the right lung and subtle bronchial wall irregularities in 
the left lung (small white arrows)
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Fig. 14.33  Surface-shaded reconstruction of the trachea, main 
bronchi, and segmental bronchi. The images (a, b) emphasize 
the potential of CT to visualize these structures in a three-
dimensional perspective. Multiplanar reformats of main bronchus 

with postprocessing technique create “straightened” bronchial 
structures that can be seen in perpendicular planes (c, d), which 
may allow for easier quantitative comparison during follow-up 
examinations and between patients
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14.4.1 � Quantitative CT Assessment  
of Airway Wall Dimensions

Small airways (<2 mm in diameter) are the known 
sites of the major airflow limitation in COPD (Hogg 
et al. 2004). Though there is great interest in CT mea-
surements of airway dimensions, the actual application 
of these techniques in the studies of COPD is still not 
widely used. Nakano and colleagues (2000) have ana-
lyzed the right apical segmental bronchus and demon-
strated that the percentage of the total airway (lumen 
plus wall) that was airway wall area (wall area percent) 
correlated with the FEV

1
, FVC, and the RV/TLC, but 

not the DL
CO

. The results of the study questioned the 
role of the small airways considered to be the site flow 
limitation rather than the relatively large apical seg-
mental bronchus (Hogg et  al. 2004). This is further 
backed up by other histologic data that show that in 
subjects with COPD there is a thickening of the airway 
wall in the large airways as well as the small airways 
(Tiddens et al. 1995). More pronounced thickening of 
the large airways in patients with symptoms of chronic 
bronchitis and the presence of a significant familial 
concordance of airway wall thickening with COPD 

encourage further research of airway wall parameters 
(Fig. 14.34) (Orlandi et al. 2005; Patel et al. 2008).

Recently, the potential association between 
COPD and tracheobronchomalacia has been investi-
gated (Fig. 14.35) (Lee et al. 2009). Anatomic label-
ing of the bronchial tree is the next step in the 
evaluation of the segmented bronchial tree. Inter
subject variability in airway anatomy, specifically  
in the small airways, may complicate this stage, 
although different techniques have shown promising 
results in achieving more than 90% accuracy in res-
olution of the right anatomical label up to the fifth 
generation (Mori et al. 2000).

14.4.2 � Clinical Applications and 
Limitations of Quantitative CT 
Assessment of Airway Wall 
Dimension and Three-Dimensional 
Airway Algorithm

As discussed previously, distal airways that are 
responsible for the airflow limitation in COPD are 
below the resolution of the CT scanner. Two studies 

a b

Fig. 14.34  Volume rendering technique for simultaneous three-dimensional evaluation of lung parenchyma (a, b) and airways (c, d)
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Fig. 14.35  Frontal chest radiograph (a), transverse end-inspira-
tion CT section (b), and transverse dynamic expiration section 
(c) in a patient with a long-standing history of smoking. Chest 
radiograph (a) shows minimal apical hyperlucencies (white 

arrows) suggesting emphysema, but the true extent of disease is 
better seen on CT (b, c; thick white arrows). CT also reveals the 
presence of a decrease in diameter of the trachea on expiration, 
a condition known as tracheomalacia (thin white arrows)

c d

Fig. 14.34  (continued)
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have examined this problem and have a potential for 
implication in further clinical practice. Using the 
two-dimensional approach on trans-axial CT scans, 
Nakano and coworkers (2005) showed that the wall 
thickness in the small airways, measured using his-
tology, was correlated with the wall area in the inter-
mediate-sized airways measured with CT. Another 
study by Hasegawa and colleagues (2006) using 
three-dimensional reconstructions of the airway 
walls showed that airway wall dimensions in the 
smallest airways that were measurable (i.e., sixth 
generation) had the strongest correlation with FEV

1
 

compared with larger segmental (third-generation) 
airways. These studies showed that the sophisticated 
software measurement of the airways might have 
future clinical use in general radiologic practice for 
better understanding of the pathophysiology behind 
COPD.

Airway analysis still has a long way to go before it 
becomes practical in the clinical setting. As such, it 
remains in the research domain and is limited in its 
applicability.

14.5 � Conclusion

Imaging is a robust tool for the analysis of COPD, and 
the historically important chest radiograph has been 
mostly replaced by multidetector CT. Cross-sectional 
imaging provides powerful and reliable measurements 
regarding not only the lung morphology in COPD, 
such as the extent and severity of emphysema, lung 
volumes and density, and airway wall assessment, but 
it also plays an important role in functional assessment 
in patients who have COPD. Furthermore, the nonin-
vasive imaging of lung parenchyma and airways has 
helped with the understanding of the complex interac-
tions between genetics and environmental exposures, 
and in subdividing the COPD into the major subtypes 
of predominant airway resistance or predominant 
increased lung compliance. There are still many chal-
lenging aspects of COPD waiting to be investigated, 
such as relationship between CT lung density and age 
and gender and ventilation-perfusion abnormalities in 
COPD. The current spectrum of imaging techniques 
represents a mixture of mature techniques, such as the 
evaluation of lung volumes and density, with options 
still in the “research phase,” including airway wall 
quantitative CT assessment and three-dimensional  
airway measurements that should be used with 

precautions in clinical practice. The current techniques 
for the evaluation of COPD increase the importance of 
multidetector row CT beyond the clinical context 
toward its truly experimental and preclinical research 
modality.
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15.1 � Introduction

Missed lung lesions are one of the most frequent causes 
of malpractice issues (Berlin 1986, 1995; Potchen and 
Bisesi 1990). Chest radiography plays an important 
role in the detection of and management of patients 

Missed Lung Lesions

Nigel Howarth and Denis Tack 

N. Howarth (*) 
Institut de radiologie, Clinique des Grangettes - Genève,  
7, chemin des Grangettes, 1224 Chêne-Bougeries Geneva, 
Switzerland 
e-mail: nigel.howarth@grangettes.ch

D. Tack 
Department of Radiology, RHMS Clinique Louis Caty,  
Rue Louis Caty 136, 7331 Baudour, Belgium 

15

Contents

15.1	� Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                            	 371

15.2	� Reasons for Missed Lung Lesions . . . . . . . . . . .           	 372

15.3	� Specific Problems  . . . . . . . . . . . . . . . . . . . . . . . .                        	 373

15.4	� Missed Nodules . . . . . . . . . . . . . . . . . . . . . . . . . .                          	 373
15.4.1	� Nodular Lesions – Tumors . . . . . . . . . . . . . . . . . .                  	 373
15.4.2	 Nodular Lesions – Infections . . . . . . . . . . . . . . . .                	 378
15.4.3	� Nodular Lesions – Miscellaneous . . . . . . . . . . . . .            	 379

15.5	� Missed Consolidation . . . . . . . . . . . . . . . . . . . . .                     	 381
15.5.1	 Airspace Disease . . . . . . . . . . . . . . . . . . . . . . . . . .                         	 381

15.6	� Missed Interstitial Lung Disease . . . . . . . . . . . .            	 384
15.6.1	� Diffuse (Interstitial or Mixed Alveolar  

Interstitial) Lung Disease . . . . . . . . . . . . . . . . . . . .                    	 384

15.7 � Take Home Messages . . . . . . . . . . . . . . . . . . . . . . . .                        	 385

References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                     	 386

Abstract

Missed lung lesions are one of the most frequent ››
causes of malpractice issues. The clinical value 
of the chest X-ray is uncontested despite recent 
advances in technology, in particular multi-
detector computed tomography (MDCT). The 
chest X-ray remains the most frequently requested 
radiologic examination and plays an important 
role in the detection of and management of 
patients with chest diseases. The skills for accu-
rate interpretation of the chest X-ray are often 
lacking due to the pressures required for master-
ing and making profitable high technology imag-
ing. Missing a lung lesion, especially lung cancer, 
can carry medico-legal implications. Many meth-
ods have been suggested for correct interpreta-
tion of the chest X-ray, but there is no preferred 
or recommended system. A systematic approach 
that addresses a clinical question is always help-
ful and being aware of the areas where mistakes 
are made is essential. By focusing on a side-by-
side comparison of the chest X-ray and MDCT 
of common missed lung lesions, this chapter 
aims to provide an understanding of the reasons 
certain lesions are missed and help to reduce the 
busy radiologist’s error rate.
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with lung cancer, chronic airway disease, pneumonia, 
and interstitial lung disease. Among all diagnostic tests, 
chest radiography is essential to confirm or exclude the 
diagnosis of most chest diseases. However, numerous 
lesions of a wide variety of disease processes affecting 
the thorax may be missed on a chest radiograph. For 
example, the frequency of missed lung carcinoma on 
chest radiographs can vary from 12% to 90%, depend-
ing on the study design (Quekel et al. 1999). Despite 
lack of convincing evidence that screening for lung 
cancer with the chest radiograph improves mortality, 
chest radiography is still requested for this purpose 
(Melamed 2000; Marcus 2001). The chest radiograph 
will also help narrow a differential diagnosis, help to 
direct additional diagnostic measures, and serve during 
follow-up. The diagnostic usefulness of the radiograph 
will be maximized by the integration of the radiologic 
findings with the clinical features of the individual 
patient (Aideyan et  al. 1995). In this chapter we will 
review the more important radiologic principles regard-
ing missed lung lesions in a variety of common chest 
diseases, with a special focus on how correlation with 
multi-detector computed tomography (MDCT) of 
missed lung lesions can help improve interpretation of 
the plain chest radiograph.

15.2 � Reasons for Missed Lung Lesions

Conditions contributing to missed lung lesions, espe-
cially carcinomas, have been extensively studied  
(Carmody et al. 1980; Berlin 1986; Potchen and Bisesi 
1990; Austin et al. 1992; Quekel et al. 1999; Turkington 
et  al. 2002). Poor viewing conditions, hasty visual 
tracking, interruptions, inadequate image quality, and 
observer inexperience are amongst the most important 
(Carmody et  al. 1980; Woodring 1990; Austin et  al. 
1992; Monnier-Cholley et  al. 2001; Krupinski et  al. 
2003). When looking at nodules, features of lesions 
themselves, such as location, size, border characteris-
tics and conspicuity, also play a role (Woodring 1990; 
Austin et al. 1992). Missing lung nodules during initial 
reading of a chest radiograph are not uncommon. One 
estimate is that nearly 30% of lung nodules may be 
overlooked (Samei et al. 1999). Missing a nodule that 
may represent malignancy will have adverse conse-
quences on patient management, essentially through 
delayed diagnosis, which may carry medico-legal 
implications. A number of authors have explored the 
reasons why lesions are overlooked (Kundel et  al. 

1989; Samuel et  al. 1995; Quekel et  al. 2001; 
Tsubamoto et al. 2002; Shah et al. 2003; Samei et al. 
2003). Specific studies have focused on size (Kelsey 
et al. 1977; Kimme-Smith et al. 1996; Krupinski et al. 
2003), contrast gradient (Kundel et al. 1979), conspi-
cuity (Kundel 1975; Revesz and Kundel 1977), and 
anatomic noise (Kundel and Revesz 1976).

A more recent study (Wu et al. 2008) examined the 
imaging features of non–small-cell lung carcinoma 
overlooked during review of digital chest radiography 
and compared general and thoracic radiologists’ per-
formance for lung carcinoma detection. Frontal and 
lateral chest radiographs from 30 consecutive patients 
with lung carcinoma that was overlooked during an 
initial reading and 30 normal controls were submitted 
to two blinded thoracic radiologists and three blinded 
general radiologists for retrospective review. The loca-
tion, size, histopathology, borders, presence of super-
imposed structures, and lesion opacity were recorded. 
Interobserver agreement was calculated and detection 
performance of thoracic and general radiologists was 
compared. The average size of carcinomas that were 
missed by the thoracic radiologists was 18.1  mm 
(range, 10–32 mm). The average size missed by gen-
eral radiologists was 27.7  mm (range, 12–60  mm). 
Seventy-one percent (5 of 7) of the missed lesions 
were obscured by anatomical superimposition. Forty-
three percent of lesions were located in the upper 
lobes, and 63% were adenocarcinomas. Compared 
with general radiologists, the lesions missed by tho-
racic radiologists tended to be smaller but also had 
significantly lower CT density measurements and 
more commonly had an ill-defined margin. The clini-
cal stage of the overlooked lesions did not differ 
between the two groups (p = 0.480). The authors con-
cluded that the lesion size, location, conspicuity, and 
histopathology of lesions overlooked on digital chest 
radiography were similar to those missed on conven-
tional film–screen techniques. Several other studies on 
the subject have led to similar conclusions (Herman 
and Hessel 1975; Kundel and Revesz 1976; Kelsey 
et al. 1977; Bass and Chiles 1990; Aideyan et al. 1995; 
Sone et al. 2000; Yang et al. 2001).

The detection of carcinoma on a chest radiograph 
remains difficult, with implications on patient man-
agement. Overlooking chronic airway disease, pneu-
monia, and interstitial lung disease may not have the 
same potential medico-legal implications, but the 
consequences on patient care could be critical.

We propose to review how correlations with 
MDCT  of missed lung lesions can help improve 
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interpretation of the plain chest radiograph. During 
the course of clinical work, when reporting chest CT, 
every effort should be made to review previous chest 
radiographs and their reports, thereby providing 
one  of the best learning tools for chest radiograph 
interpretation.

A CT scan can be performed in patients with a nega-
tive chest radiograph when there is a high clinical suspi-
cion of chest disease. CT, especially high-resolution CT 
(HRCT), is more sensitive than plain films for the evalu-
ation of interstitial disease, bilateral disease, cavitation, 
empyema, and hilar adenopathy. CT is not generally 
recommended for routine use because the data for its 
use in chronic airway disease and pneumonia are lim-
ited, the cost is high, and there is no evidence that out-
come is improved. Thus, a chest radiograph is the 
preferred method for initial imaging, with CT reserved 
for further characterization (e.g., evaluation of pattern 
and distribution, detection of cavitation, adenopathy, 
mass lesions, or collections).

Many methods have been suggested for correct 
interpretation of the chest radiograph. There is no pre-
ferred scheme or recommended system. The clinical 
question should always be addressed. An inquisitive 
approach is always helpful, and being aware of the 
areas where mistakes are made is essential. Hidden 
abnormalities can thus be looked for. The difficult 
“hidden areas” that must be checked are the lung apex 
and areas superimposed over the heart, around each 
hilum, and below the diaphragm. We will concentrate 
on difficult areas such as lesions at the lung apices or 
bases and lesions adjacent to or obscured by the hila or 
heart. For a systematic approach, we will divide the 
review into three sections representing specific prob-
lems: missed nodules, missed consolidations, and 
missed interstitial lung diseases.

15.3 � Specific Problems

Specific problems of missed lung lesions can be 
divided into missed nodules, missed consolidation, 
and missed interstitial lung disease. In cases of a 
missed nodule or missed consolidation, the overlooked 
pathology may have been detected if special attention 
was paid to known “difficult areas.” The examples that 
follow will show how a side-by-side comparison of the 
chest radiograph and CT images improves our under-
standing of the overlooked lesion. There is no harm 
done by learning from one’s mistakes!

15.4 � Missed Nodules

15.4.1 � Nodular Lesions – Tumors

Nodular lesions are frequently caused by lung cancer, 
which may be primary or secondary. Lung cancer is 
probably one of the most common lung diseases that 
radiologists encounter in practice. Berbaum (1995) 
formulated the concept that perception is better if you 
know where to look and what to look for. Our first 
example is that of a 53-year-old man who complained 
of pain in the right axilla for 4 months and underwent 
chest radiography. The posteroanterior and lateral 
radiographs were interpreted as showing normal find-
ings (Fig. 15.1a and b). The subsequent MDCT showed 
a right superior sulcus mass with rib destruction 
(Figs. 15.1c and d). The coronal and sagittal reformats 
demonstrated more precisely the lesion delineation 
(Figs. 15.1e–j). Needle biopsy (Fig. 15.1k) established 
a diagnosis of bronchogenic carcinoma (adenocarci-
noma). Hindsight bias (Berlin 2000) with the informa-
tion available from the MDCT makes the initial lesion 
extremely obvious. Careful scrutiny of both apices is 
essential when reporting a frontal chest radiograph.

Radiologic errors can be divided into two types 
(Berlin 2001): cognitive, in which an abnormality is 
seen but its nature is misinterpreted, and perceptual, or 
the “miss,” in which a radiologic abnormality is not seen 
by the radiologist during initial interpretation. The per-
ceptual type is estimated to account for approximately 
80% of radiologic errors (Berlin and Hendrix 1998). 
Our second example shows how conspicuity influences 
perception and how this is determined by a combination 
of size, density, location, and overlying structures rather 
than any one of these factors alone. A 50-year-old 
woman with known breast cancer underwent chest radi-
ography as part of a routine follow-up. A single nodule 
was reported in the right lung (Fig.  15.2a). MDCT 
showed bilateral nodules; the left upper lobe nodule was 
“missed” because of the overlying rib (Fig. 15.2b and 
c). The coronal reformats demonstrated more clearly the 
position of each nodule on the chest radiograph 
(Fig. 15.2d and e). The 3-month (Fig. 15.2f) and 6-month 
(Fig. 15.2g) follow-up chest radiographs after chemo-
therapy showed a decrease in the size and the density of 
the right lung nodule and the “disappearance” of the 
then-known left lung nodule. The follow-up MDCT at 6 
months, however, showed that the left lung nodule per-
sisted unchanged (Fig. 15.2h and i). The patient under-
went surgical resection of both lesions, with a final 
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Fig. 15.1  Fifty-three-year-old man who underwent chest radi-
ography for pain in the right axilla. (a and b) Posterioranterior 
(a) and lateral (b) radiographs interpreted as normal. With hind-
sight bias from multi-detector CT (MDCT), the right apical 
mass is obvious. (c and d) MDCT axial images with soft tissue 
(c) and bone (d) windows showing a right apical mass with bone 

destruction. (e, f, and g) Coronal reformats (lung window (e), 
soft tissue window (f), magnified view (g)) and (h, i, j) Sagittal 
reformats (lung window (h), bone tissue window (i), magnified 
view (j)) improve lesion delineation. (k) CT-guided needle 
biopsy established a diagnosis of bronchogenic carcinoma 
(adenocarcinoma)

a

c

e f

d

b
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Fig. 15.1  (continued)
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Fig. 15.2  Fifty-year-old woman with known breast cancer who 
underwent chest radiography as a part of a routine follow-up. 
(a) Posteroanterior radiograph clearly showing a right lung nod-
ule. The left lung nodule is seen overlying the anterior second 
rib and posterior fifth rib with hindsight after multi-detector CT 
(MDCT). (b and c) Two lung nodules are identified by MDCT 
(axial images, lung window). (d and e) Coronal reformats (lung 

window) show the position of each nodule. (f and g) 
Posteroanterior radiographs at 3-month (f) and 6-month (g) fol-
low-up after chemotherapy. The size and density of the right 
lung nodule have decreased ; the left lung nodule has « disap-
peared ». (h and i) Coronal reformats from MDCT at 6-months 
show that the left lung nodule persists unchanged

a

b

c

d

e
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histologic diagnosis of breast cancer metastasis in the 
right lung and fibrous tissue with pleural plaque in the 
left lung. In this case, “missing” the left lung lesion on 
the chest radiograph was not so dramatic!

Our third patient illustrates the complexity of the 
detection of a lung nodule close to the hilum. A 
77-year-old man with known prostate cancer under-
went chest radiography for right upper quadrant 
abdominal pain (Fig. 15.3a and b). The radiographs 
were reported as normal. Subsequent MDCT revealed 
liver metastases as the cause of the abdominal pain 
and a 13-mm lung nodule in the superior segment of 
the lingula (Fig. 15.3c and d). The coronal and sagit-
tal reformats demonstrate the position of the nodule 

(Fig. 15.3e and f), which, in hindsight, can be seen 
clearly on the posteroanterior and lateral chest 
radiographs.

15.4.2 � Nodular Lesions – Infections

Nodular lesions attributed to pulmonary infections are 
seen most often in nosocomial pneumonias and in imm
unocompromised patients. They may be caused by bac-
teria such as Nocardia asteroides and Mycobacterium. 
tuberculosis, septic emboli, and fungi. N. asteroides 
causes single or nodular infiltrates with or without 

Fig. 15.3  Seventy-seven-year-old man with right upper quadrant 
pain. (a) and (b) Posterioranterior (a) and lateral (b) radiographs 
interpreted as normal. With hindsight, the 13 mm nodule in the 
superior segment of the lingula can be seen. (c and d) Coronal 

reformat from multi-detector CT (MDCT) (soft tissue window) 
shows a nodule in the lingula and multiple liver metastases. (e) and 
(f) Coronal (e) and sagittal (f) reformats (lung window) show the 
position of the lingular nodule, close to the hilum

a b

dc
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cavitation. Invasive pulmonary aspergillosis (IPA), 
Mucor, and Cryptococcus neoformans may present with 
single or multiple nodular infiltrates, which often prog-
ress to wedge-shaped areas of consolidation. Cavitation 
(the “crescent sign”) is common later in the course of 
the infiltrate. In the appropriate clinical setting, CT may 
aid in the diagnosis of IPA by demonstrating the so-
called halo sign. Figure 15.4 shows a scan of a 43-year-
old woman with fever after a bone marrow transplant. 
The posteroranterior radiograph was interpreted as nor-
mal (Fig. 15.4a). On hindsight, a subtle infiltrate can be 
seen at the left apex. Conspicuity is lessened by the 
overlying clavicle and first rib. Axial CT image 
(Fig. 15.4b) shows nodular consolidation with crescen-
tic cavitation (the “crescent sign”) and surrounding 
ground-glass infiltrate (the “halo sign”). These charac-
teristic findings of IPA are best identified using CT.

15.4.3 � Nodular Lesions – Miscellaneous

A lesion of the chest wall may be mistaken for a paren-
chymal abnormality, sometimes leading to inappropri-
ate patient care. Figure  15.5 shows a 33-year-old 
cocaine abuser who presented with a cough. The pos-
teroranterior and lateral radiographs were interpreted 
as showing right upper lobe consolidation (Fig. 15.5a 
and b). MDCT was requested after follow-up radio-
graphs showed no change following a course of antibi-
otics. Coronal and sagittal reformats (Fig. 15.5c and d) 
and 3-dimensional surface renderings (Fig. 15.5e and f) 
demonstrate a lesion of the right second rib suggestive 
of fibrous dysplasia. Such an interpretation can be con-
sidered a cognitive error rather than perceptual error 
(Berlin 2001).

a

b

Fig.  15.4  Forty-three-year-old woman with fever after a bone 
marrow transplant. (a) Posterioranterior radiograph interpreted as 
normal. With hindsight, a subtle infiltrate can be seen at the left 
apex. Conspicuity is lessened by the overlying clavicle and first rib. 
Also note the in-dwelling catheter from the left brachial vein to the 
superior vena cava. (b) Axial CT image (lung window) shows 
nodular consolidation with crescentic cavitation (the « air-crescent 
» sign) and surrounding ground-glass infiltrate (the « halo » sign)

Fig. 15.3  (continued)

e f



380 N. Howarth and D. Tack

Fig.  15.5  Thirty-three-year-old man with cough and fever. 
(a)  and (b) Posterioranterior (a) and lateral (b) radiographs 
interpreted as showing right upper lobe consolidation (example 
of a cognitive error). (c and d) Coronal (c) and sagittal (d) refor-

mats showing a lesion of the right second rib. (e and f) 3D sur-
face renderings clearly demonstrating the bony abnormality of 
the chest wall

a b

c

d
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15.5 � Missed Consolidation

15.5.1  �Airspace Disease

Airspace disease is usually caused by bacterial infec-
tions. However, airspace disease can be seen in viral, 
protozoal, and fungal infections as well as malignan-
cies, typically brochioloalveolar carcinoma (Jung et al. 
2001). Acute airspace pneumonia is characterized by 
a  mostly homogeneous consolidation of lung paren-
chyma, well-defined borders, and does not typically 
respect segmental boundaries. An air bronchogram is 
common. Progression to lobar consolidation may 
occur. As with lung nodules, whether consolidation is 
detected or missed on the plain chest radiograph may 
be determined by any combination of the same factors 
of size, density, location, and overlying structures. 
Location is a significant factor for missed consolida-
tion (Melbye and Dale 1992; Albaum et  al. 1996). 
Consolidation in the middle lobe and both lower lobes 
can be difficult to diagnose, especially when only the 
posterioranterior view is obtained (Chotas and Ravin 
1994). Figure  15.6 shows a scan of a 46-year-old 
woman with cough and right-sided chest pain. The 

posteroanterior radiograph was interpreted as normal 
(Fig. 15.6a). Because of  a clinical suspicion of pulmo-
nary embolism, MDCT was requested and showed 
consolidation in the anterior segment of the right lower 
lobe (Fig. 15.6b and c). The coronal and sagittal refor-
mats demonstrate the extent of the consolidation 
(Fig. 15.6d and e). There were no signs of pulmonary 
embolism on the contrast media study. A diagnosis of 
right lower lobe pneumonia was established, and the 
patient was treated successfully with antibiotics.

Chest radiography is the most frequently performed 
diagnostic investigation requested by general practitio-
ners in Europe (Woodhead et al. 1996). Chest radiogra-
phy is considered the gold standard for the diagnosis of 
pneumonia. Chest radiography can diagnose pneumonia 
when an infiltrate is present and differentiate pneumonia 
from other conditions that may present with similar 
symptoms, such as acute bronchitis. The results of the 
chest radiograph may occasionally suggest a specific eti-
ology (for example, a lung abscess), and identify a com-
plication (empyema) or coexisting abnormalities 
(bronchiectasis, bronchial obstruction, interstitial lung 
disease). Chest radiography remains a valuable diagnos-
tic tool for use in primary care patients who are clinically 
suspected of having pneumonia and can substantially 

e f

Fig. 15.5  (continued)
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a

b

c

d

e

Fig. 15.6  Forty-six-year-old woman with cough and right-sided 
chest pain. (a) Posterioranterior radiograph interpreted as nor-
mal. (b and c) Axial CT images showing consolidation in the 

anterior segment of the right lower lobe. (d and e) Coronal  
(d) and sagittal (e) reformats showing the extent of the 
consolidation
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reduce the number of patients who are misdiagnosed 
(Speets et al. 2006). MDCT imaging is useful for patients 
who have community-acquired pneumonia when there 
is an unresolved or complicated chest radiograph, and at 
times is useful for immunocompromised patients who 
are suspected of having pulmonary infections. MDCT 
can help to differentiate infectious from noninfectious 
abnormalities. MDCT may detect empyema, cavitation, 
and lymphadenopathy when the chest radiograph can-
not. MDCT should be performed in immunocompro-
mised patients who are clinically suspected of having 
pneumonia when the chest radiograph is normal. This is 

especially true when the early diagnosis of pneumonia is 
critical, as is the case in immunocompromised and 
severely ill patients (Heussel et al. 2004).

Figure 15.7 shows a scan from a 38-year-old immu-
nocompromised man presenting with fever. The pos-
teroanterior and lateral radiographs (Fig. 15.7a and b) 
were interpreted as showing a perihilar reticular infil-
trate with right upper lobe consolidation. MDCT was 
requested to further characterize the infiltrate, and it 
revealed ground-glass opacification with bilateral lung 
cysts (Fig. 15.7c–e). Pneumocystic pneumonia was 
confirmed by bronchoalveolar lavage.

a b

c d

Fig. 15.7  Thiry-eight-year-old immunocompromised man with 
a fever. (a and b) Posterioranterior (a) and lateral (b) radiographs 
showing a perihilar reticular infiltrate with right upper lobe con-
solidation. (c, d, and e) Axial CT images showing bilateral lung 

cysts in addition to consolidation in the right upper lobe with 
patchy ground-glass opacification in both lungs. Pneumocystis 
pneumonia was confirmed by bronchoalveolar lavage
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15.6 � Missed Interstitial Lung Disease

15.6.1  �Diffuse (Interstitial or Mixed 
Alveolar Interstitial) Lung Disease

Diffuse lung disease presenting with widely distrib-
uted patchy infiltrates or interstitial reticular or nodular 
abnormalities can be produced by a number of disease 
entities. An attempt is usually made to separate the 
group of idiopathic interstitial pneumonias from known 
causes such as infections, associated systemic disease, or 
drugs related. The most common infectious organisms 

are viruses and protozoa. In general, the etiology of an 
underlying pneumonia cannot be specifically diagnosed 
because the patterns overlap. It is beyond the aim of this 
chapter to discuss in detail the contribution of MDCT 
to the diagnosis of diffuse infiltrative lung disease (refer 
to Chap. 7). The development of HRCT has resulted in 
markedly improved diagnostic accuracy in acute and 
chronic diffuse infiltrative lung disease (Mathieson 
et  al. 1989; Grenier et  al. 1991; Padley et  al. 1991; 
Webb et  al. 2001). The chest radiograph remains the 
preliminary radiological investigation of patients who 
have diffuse lung disease, but it is often nonspecific. 
Pattern recognition in diffuse lung disease has been the 
subject of controversy for many years. Extensive dis-
ease may be required before an appreciable change in 
radiographic density or an abnormal radiographic pat-
tern can be detected on the plain chest radiograph. At 
least 10% of patients who ultimately are found to have 
biopsy-proven diffuse lung disease have an apparently 
normal chest radiograph (Epler et al. 1978). HRCT and 
now MDCT have become integral components of the 
clinical investigation of patients who have suspected or 
established interstitial lung disease. These techniques 
have had a major impact on clinical practice (Flaherty 
et al. 2004; Aziz et al. 2005).

To end with a specific and striking example of  
the contribution of MDCT to patient management, 
Fig.  15.8 shows the preoperative chest radiograph 
(Fig. 15.8a) and subsequent MDCT (Fig. 15.8b–d) of 

Fig.  15.8  Forty-five-year-old man with renal cancer and no 
chest symptoms. (a) Preoperative posterioranterior radiograph 
showing bilateral ill-defined nodular ground-glass opacification. 
(b) Axial CT image shows nodular ground-glass opacification, 
with crescentic or ring-shaped opacities, representing an unusual 

CT feature encountered in organizing pneumonia. (c and d) 
Coronal reformats show the CT feature more clearly, referred to 
as a reversed halo sign or “atoll” sign. (e and f) Coronal refor-
mats showing normal lung after six months of corticosteroid 
therapy

a b

e

Fig. 15.7  (continued)
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a 45-year-old man who was recently diagnosed with 
renal cancer and had no symptoms of chest disease. 
On axial CT (Fig.  15.8b), nodular (crescentic or 
ring-shaped) ground-glass opacities are seen repre-
senting an unusual CT feature encountered in organiz-
ing pneumonia (Ujita et  al. 2004). The reformats 
(Fig.  15.8c and d) show more clearly this feature, 
referred to as a reversed halo sign or “atoll” sign 
(Zompatori et  al. 1999). Organizing pneumonia was 
confirmed by transthoracic needle biopsy of the larg-
est lesion in the apical segment of the left lower lobe. 
After renal surgery and six months of corticosteroid 
therapy, the pulmonary infiltrates resolved completely 
(Fig. 15.8e and f).

15.7 � Take Home Messages

Despite the increasing use of CT imaging in the 
diagnosis of patients who have chest disorders, chest 
radiography is still the primary imaging method for 
patients who have suspected chest disease. The pres-
ence of an infiltrate on a chest radiograph is consid-
ered to be the “gold standard” for diagnosing 
pneumonia. Extensive knowledge of the radiographic 
appearance of pulmonary disorders is essential when 
diagnosing pulmonary disease. Chest radiography is 
also the imaging tool of choice for the assessment of 
complications and during the follow-up of patients 
who have pulmonary diseases.

e f

c d

Fig. 15.8  (continued)
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MDCT plays an increasing role in the diagnosis of 
chest diseases, especially in patients who have unre-
solving symptoms. CT will aid in the differentiation of 
infectious and noninfectious disorders. The role of CT 
in suspected or proven chest disease can be summa-
rized as follows:

1.	 CT is valuable in the early diagnosis of chest dis-
ease, especially in patient groups in which an early 
diagnosis is important (immunocompromised 
patients, critically ill patients).

2.	 CT may help with the characterization of pulmo-
nary disorders.

3.	 CT is an excellent tool for the assessment of com-
plications of chest disease.

4.	 CT is required in the investigation of patients who 
have a persistent or recurrent pulmonary infiltrate.

A side-by-side comparison of the chest radiograph and 
MDCT when confronted with a missed lung lesion is 
very instructive. The radiologist should be able to 
understand the reasons for missing certain lesions. By 
adopting this inquisitive approach, both cognitive and 
perceptual errors could be reduced.
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Abstract

Atelectasis, or collapse, is used to define an ››
acquired diminution of volume of part of or the 
whole lung. Proximal or distal bronchial 
obstruction, adhesion, passivity, compression, 
cicatrization, and gravity dependence are the 
various mechanisms involved. The manifesta-
tions of atelectasis can be classified into direct 
and indirect signs. Direct signs include dis-
placement of the interlobar fissures and of 
bronchi and vessels within the affected part of 
the lung, and indirect signs include loss of lung 
volume, pulmonary opacification, and shift of 
hila and mediastinal, and diaphragmatic struc-
tures. Atelectasis can be divided into several 
types, including lobar, segmental, subsegmen-
tal, whole lung, platelike, and round atelecta-
sis. Lobar atelectasis of right upper lobe, right 
middle lobe, left upper lobe, right lower lobe,  
and left lower lobe have characteristic patterns 
on chest films and computed tomography.
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16.1 � Mechanisms

Atelectasis derives from the Greek words ateles and 
ektasis, meaning incomplete expansion. Therefore, 
the term is used to define an acquired diminution of 
volume of part of or the whole lung (Hansell et  al. 
2008). Acceptable synonyms are loss of volume and 
collapse, although the latter usually is reserved for 
total atelectasis.

Obstruction, adhesion, passivity, compression, cica
trization, and gravity dependence are the various 
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mechanisms that have been proposed for explaining 
atelectasis (Proto 1996; Woodring and Reed 1996b).

16.1.1 � Obstructive or resorptive 
atelectasis

Obstructive or resorptive atelectasis comes from the 
resorption of gas from the alveoli and occurs when 
communication between the alveoli and the trachea is 
lacking. Obstruction may involve the large airways or 
the bronchioles.

When obstruction of a large airway occurs, blood 
circulating through the capillary bed begins to absorb 
air, resulting in progressive diminution in size of the 
alveoli. Complete resorption occurs within 24 h in an 
otherwise healthy lung unless pneumonitis develops 
distal to the obstruction. This resorption can be much 
faster in patients who are receiving 100% oxygen. 
Diminished alveolar volume is associated with edema 
fluid drawn from the capillary bed of the atelectatic 
lung, which diffuses within the collapsed alveoli. 
When bronchial obstruction is slow, pathologic fea-
tures are those of a noninfectious process: bronchiecta-
sis with distal mucoid impaction, retention of fluid, 
and lymphocytic infiltration of the bronchial walls. As 
the process becomes more chronic, the pathologic con-
dition is termed cholesterol pneumonia or endogenous 
lipid pneumonia because the affected lung is filled by 
collagen and foamy macrophages containing intracy-
toplasmic lipid. Obstruction does not always result in 
atelectasis, and collateral air drift between segments or 
even contiguous lobes separated by an incomplete fis-
sure may keep the lung normally ventilated or even 
hyperinflated. Uncommonly, a localized collection of 
air may occur adjacent to the atelectasis (Berdon et al. 
1984). The most common cause of obstruction of large 
airways is bronchogenic carcinoma. Any other type of 
endobonchial tumor, benign or malignant, as well as 
infectious or inflammatory conditions that produce 
endobronchial granulomas or bronchial stenosis, aspi-
rated foreign bodies, mucous plugs, malpositioned 
endotracheal tubes, and extrinsic compression of the 
bronchus and lung torsion (Moser and Proto 1987; 
Shirakusa et al. 1990; Seiler et al. 2008) can result in 
atelectasis. The middle lobe syndrome refers to chronic 
atelectasis of the middle lobe caused by granuloma-
tous lymphadenitis with bronchial stenosis from tuber-
culosis or histoplasmosis.

Obstruction of the small peripheral airways is a 
common cause of atelectasis because of impairment of 
mucociliary transport, causing pooling of retained 
secretions with resultant bronchial and bronchiolar 
obstruction and distal resorption of air. A number of 
conditions are known to impair mucociliary clearance, 
including thoracic and abdominal pain, thoracic or 
abdominal surgery or trauma, central nervous system 
depression, general anesthesia, endotracheal intubation 
and ventilation, inhalation of toxic fumes or smoke, 
high concentrations of oxygen, chronic changes of air-
way walls caused by chronic obstructive lung diseases, 
cystic fibrosis, constrictive bronchiolitis, and pneumo-
nia. Computed tomography (CT) often provides valu-
able information, particularly with regard to the precise 
location and extent of the obstructive process. 
Intravenous contrast material-enhanced CT and mag-
netic resonance imaging may help to distinguish the 
proximal obstructing tumor from the collapsed lung.

16.1.2 � Adhesive atelectasis

Adhesive atelectasis is used to describe a type of atelecta-
sis that stems from surfactant deficiency. Surfactant nor-
mally acts to reduce the surface tension in the alveoli as 
their volume decreases. Therefore, the critical closing 
pressure occurs at a lower volume and distending pres-
sure. Hyaline membrane disease is a typical cause of 
adhesive atelectasis in neonates. Acute radiation pneu-
monitis, thromboembolism (Aithan et  al. 1994), and 
acute respiratory distress syndrome are the most com-
mon causes in adults. Adhesive atelectasis is common 
after cardiac surgery and accounts for the marked arte-
riovenous shunting observed despite a relatively normal 
chest film. Uremia, prolonged shallow breathing, and 
smoke inhalation have also been reported as causes.

16.1.3 � Passive Atelectasis

In the presence of a pneumothorax, intrapleural pres-
sure becomes atmospheric. Intra-alveolar pressure and 
intrapleural pressure are equalized, allowing the lung to 
collapse. The degree of collapse is proportional to the 
amount of air in the adjacent pleural space. The density 
of the shrunken lung does not increase so much until it 
is almost completely collapsed because the reduction in 
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blood volume balances the reduction in lung volume. 
Paralysis of the diaphragm, congenital weakness of the 
diaphragm, and pulmonary hypoventilation for full 
expansion of lungs may lead to similar effects.

16.1.4 � Compressive Atelectasis

Any space-occupying lesion of the thorax can com-
press the lung and squeeze air out of the alveoli. 
Intrathoracic causes include pleural effusion, tension 
pneumothorax, empyema, pleural tumors, large pleu-
ral masses, large emphysematous bullae, osteophytes, 
and diaphragmatic hernias. Abdominal causes include 
distension from obesity, large abdominal tumors, mas-
sive ascites, intestinal obstruction, and pregnancy; all 
these conditions can push the diaphragm upward and 
compress the lung. Compressive atelectasis is prone to 
occur in gravity-dependent areas of the lung. The 
increased attenuation reflects both greater perfusion 
and decreased alveolar expansion in the dependent 
areas and is greatest at low lung volume. Any condi-
tion that increases lung weight, such as pneumonia, 
increased blood volume, pulmonary edema, and bed-
ridden hospitalized patients with prolonged shallow 
breathing, exacerbates atelectasis. On CT, gravity-
dependent atelectasis is common in the dependent lung 
areas and seen as ill-defined areas of increased attenu-
ation; subpleural curvilinear opacities parallel to the 
pleura and pseudoplaques have been reported. 
Disappearance when the patient is scanned in the 
supine position is a clue, but the proper diagnosis can 
be suspected based on the dependent location of the 
abnormalities.

16.1.5 � Cicatrization Atelectasis

The volume loss is caused by decreased pulmonary 
compliance due to localized or diffuse fibrosis; the 
fibrous tissue undergoes retraction. The fibrosis may 
be localized, such as in cases of long-standing tubercu-
losis and radiation fibrosis (Davis et  al. 1992), or  
diffuse, as seen in idiopathic pulmonary fibrosis, sar-
coidosis, and pneumoconiosis. Increased elastic recoil 
from the surrounding fibrosis is responsible for dilata-
tion of bronchi and bronchioles, a finding called trac-
tion bronchiectasis (Westcott and Cole 1986).

It is important to understand the mechanisms and to 
diagnose atelectasis correctly. In a given patient, how-
ever, several mechanisms can work together to cause 
this condition. For example, in patients who have 
undergone cardiac bypass surgery, compression of the 
lower lobe, impaired mucociliary transport, surfactant 
deficiency, paralysis of the hemidiaphragm, and grav-
ity-dependent changes in the lung can combine to pro-
duce lower lobe atelectasis (Wilcox et al. 1988).

16.2 � Basic Concepts

The manifestations of atelectasis can be classified into 
direct and indirect signs. Direct signs are displacement 
of the interlobar fissures, bronchi, and vessels within 
the affected part of the lung. Manifestations for com-
pensating for the loss of lung volume, pulmonary 
opacification, and shift of hila and mediastinal and dia-
phragmatic structures, are indirect signs. In acute 
atelectasis, there is a predominance of displacement of 
mediastinal and diaphragmatic structures, whereas in 
chronic conditions compensatory overinflation of the 
nonaffected lung dominates.

16.2.1 � Direct Signs

The position and configuration of the displaced fis-
sures are easily recognizable and predictable for a 
given loss of volume. They will be described later in 
relation to patterns of specific lobar atelectasis. The 
earliest indicators of atelectasis are crowding together 
of the pulmonary vessels and bronchi. Crowded air 
bronchograms remain visible when increased opacifi-
cation of the atelectatic lobe results in obscuration of 
vessels. If the proximal bronchi are occluded or filled 
with secretions, air within the bronchi can also disap-
pear and displacement of interlobar fissure could be 
the only sign of atelectasis.

16.2.2 � Indirect Signs

Indirect signs of atelectasis include pulmonary opacifica-
tion; elevation of the diaphragm; shifting of the trachea, 
heart, and mediastinum; and displacement of the hila. 
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None of them are constant, and they are more pro-
nounced when the atelectasis is acute. The opacifica-
tion of a collapsed lobe correlates not only with its 
degree of volume loss but also with the amount of 
secretions within the lobe. However, because the lung 
contains a large amount of air, the lung must be almost 
completely collapsed before opacification is apparent 
on a chest radiograph.

The shift of the mediastinum is greater from the 
more mobile anterior and middle compartments than 
from the posterior one, and it is well demonstrated by 
CT. Elevation of the hemidiaphragm is more pro-
nounced in lower than in upper lobes and tends to 
occur in the area contiguous to the lobe involved. The 
right dome of the diaphragm is usually 1–2 cm higher 
than the left. However, in 10% of subjects, both hemi-
diaphragms are at the same level and, in 2% of sub-
jects, the right hemidiaphragm is more than 3  cm 
higher than the left. The juxtaphrenic peak is a triangu-
lar opacity noted at approximately the mid-portion of 
the ipsilateral hemidiaphragm, seen in ipsilateral upper 
lobe atelectasis and caused by the indrawing of dia-
phragmatic pleura into the inferior accessory fissure as 
the lower lobe overinflates to compensate for the vol-
ume loss. Hilar displacement occurs more commonly 
in atelectasis of the upper than that of the lower lobes. 
The left hilum typically lies higher than the right one 
in 97% of subjects. Because the collapsed lobe 
obscures the lower lobe artery, a small hilum rather 
than a depressed hilum is a sign of lower lobe collapse 
(Proto 1996). A marked lower lobe collapse or an 
upper lobectomy can be responsible for a reorientation 
of vessels in a parallel rather than a divergent pattern 
within the compensatory overinflated lung (Proto 
1996). When the upper lobe collapses, the ipsilateral 
main bronchus is more horizontally oriented than usual 
and the bronchus intermedius on the right or the left 
lower lobe bronchus on the left swings outward. On 
the other hand, the main bronchi are more vertically 
orientated with an inward swing of the lower lobe 
bronchi in atelectasis of the lower lobes.

Close approximation of the ribs also may occur but 
can be caused by poor positioning and is therefore con-
sidered an unreliable sign. In segmental and lobar 
atelectasis, the surrounding lung expands as the affected 
segment or lobe loses volume, the phenomenon being 
called compensatory hyperexpansion. A decreased 
number of visible vessels and wide separation of the 
vessels are seen in an hyperexpanded lung compared 

with a normal contralateral lung. The greater the 
degree of collapse, the greater overinflation is, and the 
compensatory overrinflated lobe will appear more 
dark on X-ray. However, changes of vessel direction 
are considered to be more reliable because technical 
conditions may be responsible for asymmetric attenu-
ation of hemithoraces. The displacement of a known 
granuloma, called “shifting granuloma,” has also been 
reported to indicate volume loss (Woodring and Reed 
1996a).

16.3 � Patterns of Atelectasis

Atelectasis can be divided into several types, including 
lobar, segmental, subsegmental, whole lung, platelike, 
and round atelectasis. Lobar atelectasis of the right 
upper lobe (RUL), right middle lobe (RML), left upper 
lobe (LUL), right lower lobe (RLL), and left lower 
lobe (LLL) will be described separately.

16.3.1 �R ight Upper Lobe Atelectasis

The collapsing RUL moves superiorly, anteriorly, and 
medially, and the RML and RLL expand proportionally 
at the same time (Woodring and Reed 1996a). On the 
frontal view, the minor fissure moves superiorly and 
medially and often bows in an upward direction, with 
the lateral portion being typically higher than the medial 
one (Fig. 16.1a). On the lateral view, the minor fissure 
moves superiorly and bows in an upward direction while 
the superior portion of the major fissure moves and 
bows in the anterior direction. When the lung remains 
partly aerated, the displaced interlobular fissures, the 
crowded vessels in the right upper mediastinal border, 
and a slight upward displacement of the right hilum are 
visible. Once opacification of the atelectatic lung ensues, 
the fissures are seen as interfaces between the displaced 
RML, RLL, and the atelectatic lobe (Fig.  16.1b, c). 
However, the right upper mediastinal border is obscured 
by the atelectatic upper lobe (silhouette sign) 
(Fig.  16.1b). On the lateral view, the collapsing RUL 
shows a triangular shape with the apex at the hilum and 
the base at the thoracic apex. The downward bulging of 
the medial portion of the minor fissure on the frontal 
view may point out the cause of obstruction by an 
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Fig. 16.1  Right upper lobe (RUL) atelectasis. Three different 
patterns are seen on the frontal chest radiograph. (a) 
Obstructive atelectasis of the RUL in a 8-year-old patient in 
postoperative status. Opacity of the RUL with upward dis-
placement of the minor fissure (arrows). Note the elevated 
right hilum and the lateral shift of the tracheal tube. (b) 
Chronic atelectasis of the RUL in a 56-year-old patient due to 

bronchiectasis. Note the major volume loss of the RUL and 
the marked concavity and elevation of both the minor fissure 
(arrows) and the right hilum (arrowhead). (c) Peripheral 
chronic upper lobe atelectasis in a 58-year-old patient. 
Findings are similar to those seen in (b), but overinflated lung 
is interposed between the RUL and the mediastinum (star)

expanding bronchial mass. This feature is combined 
with the concave appearance of the lateral aspect of the 
minor fissure and is known as the Golden S sign. Initially 
described with RUL atelectasis, this finding is actually 
applicable to any lobe (Fig. 16.2a, b).

In marked RUL atelectasis, the RUL becomes plas-
tered against the lung apex or upper mediastinum and 
can be mistaken for an apical pleural thickening or a 
mediastinal widening on a frontal view (Fig.  16.1b). 
On a lateral view, the collapsed lobe appears as a 
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triangular shadow with its apex at the hilum and its 
base contiguous to the parietal pleura and, posterior to 
the apex of the hemithorax (Fig. 16.2c).

Occasionally, the hyperexpanding superior segment 
of the RLL or the RML becomes insinuated between 
the mediastinum and the collapsed RUL. This appear-
ance has been termed peripheral atelectasis. The 
atelectatic lobe lies against the lateral chest wall and 
mimics a loculated pleural effusion (Fig. 16.1c).

On CT, an atelectatic RUL appears as a triangular 
soft density lying against the mediastinum and the ante-
rior chest wall (Fig.  16.2a, d, e). When atelectasis is 
severe, CT shows a band-like configuration plastered 
against the mediastinum that can be confused with 
mediastinal disease (Naidich et  al. 1983a, b; Khoury 
et al. 1985).

16.3.2 �R ight Middle Lobe Atelectasis

The diagnosis is difficult on the frontal chest radio-
graph and much easier on the lateral view (Woodring 
and Reed 1996). The projection of the RML is triangu-
lar in shape, with its apex against the chest wall and its 
base against the right border of the heart on the frontal 
chest radiograph. On the lateral projection the RML is 
also triangular, with its apex at the hilum and its base 
against the anterior chest wall. As the RML loses vol-
ume it moves inferiorly and medially. A slight down-
ward bowing of the minor fissure is the earliest sign on 
the frontal view. When opacification of the lobe occurs, 
it causes obliteration of the right heart border but the 
right hemidaphragm remains distinct. However, the 
opacity is so minimal that it is often overlooked 
(Fig. 16.3a). On the lateral view, a characteristic trian-
gular opacity limited by a minor and inferior portion of 
the major fissure bowing in opposite directions is vis-
ible (Fig. 16.3b). As the RML volume loss increases, 
the RML lies in an oblique plane and the minor fissure 
is no longer visible on the posteroanterior view. On the 
lateral view, the narrow triangular opacity tends to 
become so thin that it can be mistaken from thicken-
ing, a pleural effusion, or a thickened major fissure.

On CT, the RML atelectasis consists of a trian- 
gular opacity with the apex directed toward the hilum 
(Fig. 16.4a, b, c). The anterior border is outlined by the 
minor fissure displaced downward and the posterior 
border by the major fissure displaced upward and 

forward. The RML bronchus enters the posteromedial 
corner of the opacity, an important point in the differ-
ential diagnosis (Naidich et al. 1983a, b; Khoury et al. 
1985).

16.3.3 � Left Upper Lobe Atelectasis

The appearance is different from RUL atelectasis 
because there is no minor fissure on the left. The lobe 
moves predominantly forward, pulling the expended 
lower lobe behind it. Therefore, the fissure moves 
anteriorly and medially. The usual appearance on a 
frontal chest radiograph is a hazy density extending 
out from the left hilum, fading laterally and inferi-
orly. The loss of cardiac contour is a striking feature 
on the frontal view (Fig.  16.5a). With mild loss of 
volume, the entire upper mediastinum, cardiac bor-
ders, and diaphragm become invisible (Woodring and 
Reed 1996). Nevertheless, the upper margin of the 
left mediastinum and the aortic knob remains visible 
because of the overexpanded superior segment of the 
upper lobe, called the “Luftsichel sign.” Then, the 
upper segment of the lower lobe inserts itself between 
the atelectatic upper lobe and the mediastinum, creat-
ing a sharp interface with the aortic knob. With fur-
ther loss of volume, the superior mediastinal contour 
and left hemidiaphragm reappear and the medial bor-
der of the pulmonary opacity becomes sharp because 
the apex is occupied by the overexpanded upper seg-
ment of the LLL (Webber and Davies 1981). On the 
lateral view, the lateral portion of the major fissure is 
seen with a concave margin parallel to the anterior 
chest wall (Fig.  16.5b). Herniation of the opposite 
lung into the left hemithorax in front of the aorta 
leads to increased visibility of the aorta on the lateral 
view. A juxtaphrenic peak on the hemidiaphragm 
may be seen.

On CT (Fig. 16.5c, d), the atelectatic LUL is seen to 
abut the anterior chest wall and mediastinum. The 
major fissure is shifted anteriorly and upward. The 
posterior margin of the atelectatic LUL has a V-shaped 
contour.

Atelectasis of the upper division of the LUL, spar-
ing the lingula, results in findings similar to those of 
the RUL atelectasis; lingular atelectasis resembles the 
RML atelectasis (Fig. 16.6).
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Fig. 16.2  Atelectasis of the right upper lobe (RUL). Bronchogenic 
carcinoma. The frontal chest radiograph (a) shows the RUL 
opacity outlined inferiorly by the minor fissure displaced upward 
(arrows). Axial computed tomography (CT) section (b) shows 
the anterior and superior displacement of the major fissure, the 
atelectatic lobe lying against the mediastinum, and a right hilar 

mass with a focal convexity of the fissure medially (Golden S 
sign). The lateral view (c) and the CT coronal (d) and sagittal (e) 
reformation sections show medial and superior displacement of 
the minor fissure and anterior and superior displacement of the 
upper part of the right main fissure (arrows)
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16.3.4 �R ight Lower Lobe Atelectasis

The RLL, like the left one, is attached to the lower medi-
astinum and medial hemidiaphragm by the inferior pul-
monary ligament. Therefore, when atelectatic, the lobe 
is displaced medially and posteriorly. On a frontal chest 
radiograph, the hilum and main bronchus are displaced 
inferiorly and medially and the interlobar artery is 
obscured by the surrounding airless lobe (Fig. 16.7a and 
b). The fissure moves downwards and sagitally. On a lat-
eral view the lobe obscures the posterior part of the 
hemidiaphragm. When the atelectasis is marked, the 
only abnormal finding can be a subtle increased opacity 
of the lower thoracic vertebrae, normally more radiolu-
cent than the upper thoracic vertebrae (Fig. 16.7c and d). 
On CT, the atelectatic lower lobe occupies the posterior 
gutter and is limited by the displaced major fissure which 
the lateral portion demonstrates the greatest mobility 
(Fig. 16.7e). A lower lobe collapse has a sharply mar-
gined triangular opacity that lies over the diaphragm, 

presumably due to the attachment of the lobe by the 
inferior pulmonary ligament to the hemidiaphragm. At 
times, the inferior pulmonary ligament ends with a free 
border without attachment to the hemidiaphragm. the 
adjacent compensatory overinflated lobe places itself 
between the base of the collapsed lobe and the dia-
phragm and the atelectasis can then simulate a mass.

16.3.5 � Left Lower Lobe Atelectasis

When LLL atelectasis is mild, the lobe is not entirely dis-
placed behind the heart. The superolateral portion of the 
main fissure, which can be seen in 14% of normal indi-
viduals as a curvilinear line in the upper lung area on a 
frontal chest radiograph, is displaced downward and 
medially. On the lateral view, the inferior part of the major 
fissure moves posteriorly and can be seen as an arcuate 
line projecting posterior to the hilum, whereas the 

a b

Fig. 16.3  Atelectasis of the middle lobe. The frontal chest radio-
graph (a) shows a poorly defined area of increased attenuation. The 
lateral view (b) shows a triangular area of increased attenuation 
limited by the downward shift of the minor fissure and the forward 

shift of the right major fissure (arrows). Note the thoracic disten-
sion due to chronic obstructive lung disease in this 56-year-old 
patient
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Fig.  16.4  Atelectasis of the middle lobe. The patient was a 
50-year-old woman who had persistent cough and fever after an 
acute pneumonia 3 weeks earlier. Computed tomography multi-
planar reformatted (MPR) sections in the axial (a), coronal  

(b), and sagittal (c) show the characteristic triangular area of 
consolidation with dilated bronchi. Thick MPR in the coronal 
plane (d) demonstrates the tipped-up configuration of the 
atelectasis
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Fig. 16.5  Left upper lobe (LUL) atelectasis. Bronchogenic car-
cinoma. The frontal chest radiograph (a) shows a poorly defined 
opacity of the left hemithorax with obliteration of the left heart 
border (silhouette sign) and loss of volume of the left hemitho-
rax. The lateral view (b) shows an anterior opacity limited by the 
forwarded displaced major fissure (arrows). Axial (c) and coro-
nal (d) computed tomography (CT) sections demonstrate an 
obstructing mass and the distal atelectatic LUL bordered by the 

left major fissure displaced anteriorly and medially. Note the 
lucency (arrow) visible on the frontal chest radiograph and on 
the coronal CT section between the atelectasis and the aortic 
arch (Luftsichel sign) due to the upward displacement of the left 
upper segment of the left lower lobe. The left hemidiaphragm is 
obscured on both the frontal and lateral chest radiographs by a 
left pleural effusion
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Fig. 16.6  Atelectasis of the upper division of the left upper lobe 
(LUL) due to chronic bronchiectasis. The chest radiograph (a) 
shows a left apical opacity abutting the apex and the upper medi-
astinum (star). Coronal (b), axial (c), and sagittal (d) multipla-
nar reformatted thick computed tomography sections depict the 

opacity of the culmen, the upward and forward displacement of 
the major fissure (arrows), the elevation of the left hilum, the 
horizontally orientated main right bronchus, and the dilated 
bronchi without proximal obstruction (arrowhead)
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Fig. 16.7  Atelectasis of the right lower lobe (RLL). Broncho
genic carcinoma. The frontal chest radiograph (a) and coronal 
computed tomography (CT) reformation (b) show an opacity of 
the lower part of the right hemithorax sharply limited by the 
inferiorly displaced right main fissure (arrows). The lateral view 
(c) and the sagittal CT reformation (d) show the atelectatic lobe 

(stars) lying on the posterior part of the right hemidiaphragm. 
Axial (e) and coronal (b) CT sections show the hilar mass (m) 
responsible for the obstruction of the right inferior bronchus and 
the minor fissure displaced posteriorly, inferiorly, and sagitally 
(arrows)
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Fig. 16.7  (continued)

superior portion of the major fissure bows inferiorly. 
When the volume loss is marked, the LLL, with the 
major fissure as its anterior boundary, moves posteriorly 
and medially against the lower mediastinum and spine 
in a fashion similar to that of the RLL (Fig. 16.9a). This 
results in a triangular opacity visible behind the heart on 
the frontal view with inferior displacement of the left 

hilum and obscuration of the descending branch of the 
LLL artery. On the lateral view an opacity over the lower 
thoracic spine is seen, as is blunting of the posterior 
costophrenic angle. CT typically shows a wedge-shaped 
opacity against the posterior mediastinum, descending 
aorta, and thoracic spine (Fig. 16.9c, d).

16.3.6 � Combined Middle Lobe and Right 
Lower Lobe Atelectasis

A single lesion of the bronchus intermedius gives 
rise to combined atelectasis of these lobes. On the 
frontal view the atelectatic right middle and lower 
lobes obscure both the right cardiac border and the 
right hemidiaphragm. Depression of both major and 
minor fissures is present and most marked laterally. 
On the lateral view increased opacity is seen through-
out the lower part of the chest. Combined middle 
lobe and RLL atelectasis can be confused with single 
RLL atelectasis and subpulmonic effusion. When 
atelectasis is nearly complete, it is difficult to detect 
it on the frontal view and the diagnostic should be 
suspected in patients who have a small hilum and an 

a b

Fig. 16.8  Postoperative resolutive atelectasis of the right lower 
lobe. The patient was a 72-year-old man who underwent cardiac 
surgery 1 week previously. Frontal chest radiographs 5 days 
after cardiac surgery (a) shows the downward displacement of 

both minor (arrowhead) and major fissures (arrows). Incomplete 
resolution occurred at 21 days (b) with return to its normal posi-
tion of the minor fissure (arrowhead)
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Fig. 16.9  Left lower lobe (LLL) atelectasis. Postoperative sta-
tus of a 75-year-old man after surgery for aortic dissection. The 
frontal chest radiograph (a) shows a well-defined interface 
extending obliquely downward and laterally from the left hilum. 
The lateral view (b) shows an ill-defined posterior opacity 
obscuring the silhouette of the posterior part of the left hemidi-
aphragm (star). Computed tomography (CT) axial section (c) 

shows the sagittally orientated left main fissure bordering the 
LLL displaced posteriorly and medially. No bronchial obstruc-
tion was found. Note the double channel of the descending aorta. 
Thick CT coronal reformation (d) demonstrates the almost 
entirely opacified atelectatic lobe and the course of the main left 
fissure. Thick sagittal CT reformation (e) shows the atelectatic 
LLL (star) on the posterior part of the hemidiaphragm

a b

c

d
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oligemic hyperexpanded RUL. On CT, the atelectatic 
lobes occupy the lower hemithorax and abut the right 
cardiac border medially and the hemidiaphragm 
anteriorly. The lateral and anteromedial margins of 
the lobes are bordered by the major and minor fis-
sures, respectively.

16.3.7 � Combined Middle and Right  
Upper Lobe Atelectasis

On a frontal chest radiograph the opacity obscures the 
outline of the mediastinum and fades laterally. The sil-
houettes of the ascending aorta and right atrium are 
usually obscure. On the lateral view the major fissure 
is displaced anteriorly. Retrosternal radiolucency is 
caused by herniation of the left lung. On CT the atelec-
tatic lobes cause a wedge-shaped area of soft tissue 
attenuation abutting the chest wall anteriorly and the 
ascending aorta and right cardiac border medially. The 
major fissure is displaced anteriorly and the hyperex-
panded lower lobe fills most of the right hemithorax. 

The atelectatic right upper and middle lobe can move 
with changes in the patient’s position.

16.3.8 � Combined Right Upper and Lower 
Lobe Atelectasis

Combined atelectasis of right upper and lower lobes is 
rare. Findings on a frontal chest radiograph are similar 
to those of isolated atelectasis of each lobe (Fig. 16.10). 
The middle lobe is overinflated and the minor fissure is 
higher than normal because of the atelelectasis of the 
upper lobe; it is more posterior than normal because of 
the atelectasis of the RLL.

16.3.9 � Whole Lung Atelectasis

Whole lung atelectasis on either side leads to opacity 
of the whole hemithorax. Compensatory phenomena 
are identical to those that develop with less severe 

e

Fig. 16.9  (continued)

Fig.  16.10  Combined right upper lobe and right lower lobe 
atelectasis. Gadolinium-enhanced magnetic resonance (MR) coro-
nal section shows triangular opacities of the apex and medial part 
of the right lung corresponding to upper (U) and lower (L) lobes, 
respectively. The patient was a 2-year-old boy undergoing a car-
diac MR examination for complex congenital cardiac abnormality
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Fig. 16.11  Atelectasis of the whole right lung in two different 
patients. The chest radiograph (a) shows a complete opacity of 
the right lung with mediastinal shift. Axial computed tomogra-
phy (CT) (b) shows the atelectatic right lung containing necrotic 
changes. Note that the shift of the mediastinum is mainly caused 
by anterior and middle part of the mediastinum. In another 

patient, the chest radiograph (c) demonstrates a less pronounced 
mediastinal shift. This was due to an ipsilateral pleural effusion 
seen on axial CT (d). The coronal CT reformation (e) demon-
strates a large mass obstructing the main right bronchus that is 
responsible for the atelectasis
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atelectasis. Elevation of the left hemidiaphragm is bet-
ter recognized on the left side because the stomach 
bubble indicates its position. The whole mediastinum 
shifts to the affected side, with the greatest shift occur-
ring anteriorly. The margin of the overinflated lung is 
usually seen to extend into the affected hemithorax, 
mostly anteriorly, as CT demonstrates (Fig. 16.11).

16.3.10 � Subsegmental Atelectasis

Identification of subsegmental atelectasis can be dif-
ficult because many secondary pulmonary lobules 
within the affected segment may remain aerated while 
others collapse. In such a case, the degree of volume 
loss can be very slight and opacification is limited to 
patchy opacities that resemble bronchopneumonia. 
They are mostly recognized on CT. Atelectasis of the 
apical segment stands out as an opacity against the 
mediastinum or thoracic apex on frontal chest radio-
graph. The elevated minor fissure usually remains 
visible. Atelectasis of anterior and posterior segments 
of the RUL produces opacities that project over the 
right hilum on the frontal view. On the lateral view 
they are triangular with the apex directed toward the 
hilum and the bases directed the anterior or posterior 
chest wall.

16.3.11 � Platelike atelectasis

Platelike atelectasis, also called linear or discoid 
atelectasis, is usually located 1–3  cm above the dia-
phragm and rarely involves the upper lobes. It may be 
single or multiple, but it invariably extends to the pleu-
ral surface. Platelike atelectasis represents sheets of 
peripheral atelectasis, the formation of which is not 
dependent on segmental or subsegmental bronchial 
obstruction. It corresponds to sheets of atelectasis in 
the subpleural region of the lung extended to the pleu-
ral surface and is associated with linear invagination of 
the overlying pleura (Fig.  16.12). Gravity-dependent 
alterations in alveolar volume, surfactant deficiency, 
and hypoventilation seem to be the main predisposing 
factors to the development of platelike atelectasis. It is 
known to accompany a variety of thoracic and abdomi-
nal conditions, including pulmonary thromboembolism 

and infarction, pneumonia, pulmonary edema, dia-
phragmatic dysfunction, and any cause of hypoventila-
tion (thoracic and abdominal pain, trauma or surgery, 
general anesthesia, pregnancy, abdominal masses and 
distension, morbid obesity). Although often unimpres-
sive in appearance, it often indicates more widespread 
peripheral atelectasis that is radiologically apparent 
and can be associated with significant disturbances in 

ventilation and hypoxemia (Westcott and Cole 1985).

16.3.12 �R ound atelectasis

Round atelectasis is a loss of volume in the lung in 
which a portion of the lung turns or invaginates. Various 
names have been employed to describe this entity, 
including Blesovsky’s syndrome, helical atelectasis, 
folded lung, pleuroma, atelectatic pseudotumor, and 
shrinking pleuritis. Two mechanisms have been pro-
posed for the development of round atelectasis. The 
first relates to the pleural effusion on which a portion 
of lung floats. The floating lung tilts around a cleft 
formed at an area of volume loss, and fibrous tissue 
forms within the cleft and maintains volume loss when 
the effusion resolves. The second mechanism relates to 
pleural fibrosis. The adjacent lung loses volume to pro-
duce a masslike opacity, which simulates a neoplasm. 

Fig. 16.12  Platelike atelectasis. Frontal chest radiograph shows 
linear opacities (arrows) of both lower hemithoraces in a patient 
after liver surgery
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Fig. 16.13  Round atelectasis. Frontal chest radiograph (a) and 
thick multiplanar reformatted computed tomography (CT) (b) 
show the downward orientation of both lower lobe vessels and 
the downward position of right and left hila indicating a lower 
lobes volume loss. Axial (c) and coronal (d) CT reformations 
show two roughly symmetrical round masses abutting the thick-

ened pleura and attracting main fissures downward and medi-
ally (arrows). Sagittal CT reformation (e) through the right 
hemithorax shows the characteristic curvature of bronchi and 
vessels (arrows) toward the right mass (m). Note the thickened 
pleura and interlobular septae. The patient was a 55-year-old 
man with high professional exposure to asbestos



40716  Atelectasis

e

Fig. 16.13  (continued)

Most lesions are located in the lower lobes. CT find-
ings include a peripheral or oval mass, ipsilateral pleu-
ral thickening not always immediately adjacent to the 
mass, and an unsharp central margin of the mass 
(Hillerdal 1989; McHugh and Blaquiere 1989; 
Yamaguchi et al. 1997). Fissural, bronchial, and vascu-
lar displacements with vessels curving toward the mass 
are important features (Fig. 16.13).
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17.1 � Introduction

Lung cancer (bronchogenic carcinoma) is one of the 
leading causes of cancer mortality in the world. Cigarette 
smoking is a strong causative factor in the development 
of lung cancer and accounts for approximately 85% of 
all cases (Beckett 1993). Although the risk decreases 
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Abstract

Lung cancer is one of the leading causes of can-››
cer mortality in the world. In clinical practice, 
lung cancers are divided into non–small cell car-
cinoma (80% of cases) and small cell carcinoma 
(20% of cases) due to clinical distinction in pre-
sentation, metastatic diffusion, and therapy. 
Early diagnosis of lung cancer may be associ-
ated with better operability and prognosis. Chest 
X-ray (CXR) remains the most commonly per-
formed test in diagnostic radiology. It is there-
fore of paramount importance for radiologists to 
be aware of the radiological presentation of lung 
cancer because it is often discovered when a 
CXR is obtained in a patient for another purpose 
and the frequency of missed lung cancer is high. 
Because there is a large spectrum of radiologic 
manifestations of lung cancer, detection of these 
findings is essential for proper patient manage-
ment. To highlight the CXR presentation of lung 
carcinoma, correlations with computed tomog-
raphy findings in coronal, axial, sagittal, virtual 
bronchoscopy, and three-dimensional imaging 
are presented in this chapter.
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with smoking cessation, it never completely disappears. 
The four main cell types of lung cancer are adenocarci-
noma, squamous cell carcinoma, small cell carcinoma 
(SCC), and large cell undifferentiated carcinoma 
(Brambilla et  al. 2001). In clinical practice, however, 
lung cancers are often divided into non–small cell carci-
noma (NSCC) (80% of cases) and SCC (15–20% of 
cases) due to clinical distinction in presentation, meta-
static diffusion, and therapy (Hansell et al. 2005).

As of 2009, surgery remains the only technique that 
allows for curative treatment of lung carcinoma. 
However, surgery can only be performed in about 20% 
of patients who present with lung carcinoma (Scagliotti 
2001) either because of histologic type of the tumor 
(NSCC), diffusion of the disease (local, regional, or dif-
fuse extent), or because of poor clinical status of the 
patient. Early diagnosis of lung cancer may be associ-
ated with better operability and prognosis; therefore, 
screening by imaging (chest X-ray [CXR] or computed 
tomography [CT]) has been evaluated for this purpose. 
Studies performed in the 1970s failed to show the use-
fulness of CXR in reducing lung cancer mortality 
(Kubik et al. 1990; Marcus et al. 2000). CT detection of 
asymptomatic lung cancer in a high-risk population has 
raised great hope of detecting more and smaller cancers 
than with CXR, with these cancers being at an earlier 
stage (Henschke et  al. 1999; Swensen et  al. 2005). 
However, early CT detection of lung carcinoma has not 
yet been proven to decrease lung cancer mortality (Bach 
et al. 2007). Randomized controled trials are currently 
being processed (Berg and Aberle 2007).

In clinical practice, CXR remains the most commonly 
performed test in diagnostic radiology. It is therefore of 
paramount importance for radiologists to be aware of the 
radiological presentation of lung cancer since it is often 
discovered when a CXR is obtained in a patient for 
another purpose. The frequency of missed lung cancer 
with CXR is high: 51 of 78 lung cancers (65%) were 
retrospectively visible 1 year earlier (Heelan et al. 1984), 
and 25 of 36 central cancers (69%) were retrospectively 
visible on previous CXR (Muhm et al. 1983). However, 
improvements in global quality, contrast resolution, and 
reproducibility have been obtained using digital radiog-
raphy, which may have modified the ability of CXR to 
detect lung carcinoma. Reviewing CXRs on a picture 
archiving and communication system allows compari-
sons with former CXRs, permitting the detection of sub-
tle abnormalities and small lung carcinomas. Dual energy 
and temporal subtraction radiography can even enhance 

detection of subtle lung abnormalities on radiographs 
(McAdams et  al. 2006). Computer-assisted detection 
may also increase the radiologist’s ability to detect small 
peripheral cancers (Chen and White 2008). Because 
there is a large spectrum of radiologic manifestations of 
lung cancer, detection of these findings is essential for 
proper patient management. To highlight the CXR pre-
sentation of lung carcinoma, correlations with CT find-
ings in coronal, axial, sagittal, virtual bronchoscopy, and 
three-dimensional imaging are presented in this chapter.

17.2 � Clinical Presentations

The majority of patients with bronchogenic carcinoma 
are symptomatic. Symptoms are related to the local, 
regional, or general extent of the tumor or due to para-
neoplastic syndromes. In less than 20% of cases, lung 
cancer is discovered fortuitously on a CXR.

17.2.1 � Symptomatic Presentation

Approximately 75–85% of patients with bronchogenic 
carcinoma are symptomatic at the time of diagnosis 
(Filderman et al. 1986). Patients who have lung cancer 
are more frequently in the sixth or seventh decade of 
life. Clinical presentation is often nonalerting in patients 
with a long history of cigarette smoking and chronic 
obstructive pulmonary disease (COPD). The site of 
development of lung cancer, the local and regional 
extent, and general diffusion create a large variety of 
presentations. These factors are also strongly correlated 
with the histologic type of lung cancer (Table  17.1) 
(Rosado-de-Christenson et al. 1994). Symptoms can be 
related to the primary tumor involving the central air-
ways (frequent in case of squamous cell carcinoma and 
SCC) such as cough, hemoptysis, shortness of breath, 
wheezing, pneumonia, and bronchorrhea. Local extent 
of lung carcinoma to the mediastinum is responsible 
for dyspnea, cough, hoarseness, dysphagia, superior 
vena cava syndrome, and cardiac or pericardial effu-
sion (Spiro et al. 2007). Peripheral tumors can extend 
to the pleura or chest wall, producing pleuretic or chest 
wall pain, and are often associated with pleural effu-
sion. Pancoast syndrome is due to the invasion of the 
superior sulcus. Symptoms can be caused by metastatic 
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diffusion of the disease to bones, the liver, the central 
nervous system, or adrenals. Paraneoplastic syndromes 
are quite common and occur in 10–15% of patients 
(Beckles et  al. 2003). They include those related to 
secretion of ectopic hormones by the tumor (Cushing 
syndrome, acromegaly, hypercalcemia, syndrome of 
inappropriate secretion of antidiuretic hormone) or 
other manifestations (clubbing and hypertrophic 
osteoarthropathy, thrombophebitis, and various cutane-
ous or neurologic syndromes) (Spiro et al. 2007).

17.2.2 � Asymptomatic Presentation

Approximately 15–25% of patients have no symptoms 
at all and the cancer is discovered incidentally; this 

proportion is currently rising because of an increasing 
use of CT in patients who have COPD and cardiovas-
cular diseases, and who are at an increased risk of lung 
cancer (Beckles et al. 2003).

17.3 � Radiographic Manifestations  
of Lung Carcinoma

CXR shows two major types of presentation for bron-
chogenic carcinoma: centrally located and peripher-
ally located tumors.

17.3.1 � Factors That Affect Visualization 
of Lung Carcinoma on CXR

Five main factors have been described explaining 
radiographic visualization of lung carcinoma (Brogdon 
et al. 1983); i.e., the location within the lung, the size, 
the radiographic attenuation, the presence or absence 
of parenchyma abnormalities (Sone et al. 1997), and 
the extent of the tumor, either local or regional. Lung 
carcinoma can be detected when the contrast between 
the tumor and the surrounding structures is sufficient, 
which is limited by either radiographic noise or ana-
tomic noise (Samei et al. 2003). Because of the com-
plexity of adjacent structures to the tumor and the 
presence of superimposed anatomical details (vessels, 
ribs, clavicle), pulmonary carcinomas are usually 
detected when they are 1 cm or greater in diameter.

17.3.2 � Location

Pulmonary carcinoma occurs more frequently in the 
right lung and in the upper lobe, with a frequency of 
3:1 and 2:1 as compared with the left lung and the 
lower lobe, respectively. Regional distribution may be 
affected by underlying disease; patients who have 
idiopathic pulmonary fibrosis or asbestosis develop 
lung carcinoma within the peripheral areas of the lower 
lobes. Squamous cell carcinoma and SCC occur more 
frequently in the central part of the airways with a seg-
mental or lobar location whereas adenocarcinoma 
tends to be more peripheral in distribution. Tumors in 

Adenocarcinoma (~35% of lung carcinomas)

Solitary pulmonary nodule or mass (F)

Pleural invasion (F)

Unremarkable chest radiography (small pulmonary nodule, 
nonsolid and part-solid nodules) (F)

Chronic pulmonary consolidation (R)

Squamous cell carcinoma (~30% of lung carcinomas)

Postobstructive pneumonitis (F)

Atelectasis (lobar, lung) (F)

S-sign of Golden (R)

Localized thickening of the bronchial wall (R)

Enlarged hilum (F)

Dense hilum (R)

Solitary pulmonary nodule or mass (cavitation in about 10% 
of cases) (F)

Apical mass (the Pancoast syndrome) (R)

Small cell lung carcinoma (~15–25% of lung carcinomas)

Hilar or perihilar mass (isolated or in association with 
mediastinal enlargement) (F)

Mediastinal widening (associated with hilar  
mass or isolated) (F)

Lung nodule or mass (R)

Large cell carcinoma (~10–20% of lung carcinomas)

Large (>4 cm) peripheral lung mass

Table  17.1  Typical radiographic manifestations of lung car
cinomas according the histologic type (frequent: F; rare: R)
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the apex of the upper lobes (or Pancoast tumors) are 
rare, accounting for about 4%; tumors of the trachea 
are even rarer (less than 1% of cases).

17.3.3 � Central Tumors

Obstructive pneumonitis associated with partial •	
atelectasis is one of the most frequent radiologic 
presentations of central bronchogenic carcinoma.
Enlargement or increased opacity of one hilum may •	
be an early sign of lung carcinoma.
Mediastinal involvement is seen with all histologic •	
types of bronchogenic carcinoma, but bulky medi-
astinum should raise suspicion for SCC.

Due to their location in the central airways, some of 
these tumors can be responsible for bronchial obstruc-
tion beyond the lesion and subsequent pulmonary col-
lapse or pulmonary consolidation caused by obstructive 
pneumonitis. Rarely, partial obstruction results in the 
alteration of regional lung volume with air trapping  
in expiration. In other cases, these tumors alone or in 
association with hilar enlarged lymph nodes may 
appear as an enlarged hilum, increased density of the 
hilum, or both (Theros 1977).

17.3.3.1 � Obstructive Pneumonitis

This is the most common radiographic manifestation 
of airway obstruction. It is usually associated with 
atelectasis, bronchiectasis with mucous plugging, and 
parenchymal consolidation containing lipid-laden 
macrophages, fibrous tissue, and inflammatory cells. 
Radiologic patterns of atelectasis are presented in 
Chap. 16. Not surprisingly, obstructive pneumonitis is 
more frequently seen to be associated with squamous 
cell carcinoma (43%) and SSC (50%) than with large 
cell carcinoma (27%) or adenocarcinoma (29%) 
(Fraser and Paré 1999). Obstructive pneumonitis 
affects more commonly a segment or a lobe and more 
rarely an entire lung.

Obstructive pneumonitis appears on CXR as a 
homogeneous or patchy pulmonary opacity beyond the 
bronchial obstruction (Fig.  17.1). The severity of 

volume loss is variable, ranging from consolidation 
without loss of volume (Fig. 17.2) to marked atelecta-
sis (Fig.  17.3). Air bronchogram is rarely visible on 
CXR but may be seen using CT (Fig. 17.4). Absence 
of air bronchogram, however, highly suggests a proxi-
mal obstruction of the airways by lung carcinoma 
instead of infectious pneumonia. With obstructive 
pneumonitis, dilated bronchi filled with mucus are 
often noticeable in the late contrast-enhanced CT phase 
(Fig. 17.3). Differentiating centrally located broncho-
genic carcinoma from postobstructive pneumonitis 
may be difficult even when using CT, although this is 
of clinical relevance for planning radiotherapy.

The “S-sign of Golden” (Fig. 17.5) associates the 
mass effect of a centrally located tumor with the opac-
ity of a partially collapsed lobe beyond the bronchial 
obstruction and is highly suspicious for malignancy 
(Rosado-de-Christenson et al. 1994). CT scan confirms 
the central tumor, and shows the obstructed or severely 
narrowed bronchus (Woodring 1988), as well as the 
consolidation of the lung beyond it with some degree 
of pulmonary collapse.

17.3.3.2 � Unilateral Hilar Enlargement

Unilateral hilar enlargement can be the earliest radio-
graphic manifestation of lung cancer (Fig. 17.6), and 
was noticed in 38% of patients in a series (Byrd et al. 
1969). The hilar mass effect is due to the bronchogenic 
carcinoma, hilar metastatic enlarged lymph nodes, or 
the association of both (Fig. 17.7). Such presentation is 
more common in patients who have squamous cell car-
cinoma or SCC than in patients who have adenocarci-
noma. When enlarged lymph nodes or lung carcinoma 
are of limited size, they may not enlarge the hilum but 
appear as an increased opacity of one hilum. In both 
conditions, contrast-enhanced CT usually shows the 
primary tumor and the associated lymph nodes.

17.3.3.3 � Alteration of Regional Lung Volume

Partial obstruction of main or lobar bronchus lumen may 
result, in rare cases, in air trapping during expiration. 
Overinflation of a pulmonary territory due to check valve 
obstruction is also very uncommon (Fraser and Paré. 
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Fig.  17.1  Postobstructive pneumonitis of the upper segment 
of the right upper lobe (RUL) showing hyperexpansion in a 
60-year-old man with RUL squamous cell carcinoma. (a) 
Posteroanterior chest radiograph shows inhomogeneous consol-
idation of the RUL. (b) Lateral chest radiograph demonstrates 
that the consolidation predominates within the upper and poste-
rior segments of the RUL and is responsible for downward dis-

placement and bulging of the upper part of the major fissure 
(arrow). (c) Coronal reformation of contrast-enhanced com-
puted tomography confirms the massive consolidation of the 
RUL. Air bronchogram is visible within the posterior segmental 
bronchus (arrow). (d) Sagittal reformation shows the downward 
displacement of the upper part of the major fissure due to expan-
sive consolidation of the RUL (arrow)
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Fig.  17.3  Atelectasis and postobtructive pneumonitis of the 
right middle lobe and the right lower lobe (RLL), resulting from 
squamous cell carcinoma of the right intermediate bronchus in a 
63-year-old smoking woman. (a) Posteroanterior chest radio-
graph shows combined RLL (black arrow) and right main bron-
chus atelectasis (arrowheads) as well as pleural effusion (white 
arrow). (b) Coronal reformation of contrast-enhanced computed 

tomography (CT) at the level of the central airway demonstrates 
complete obstruction of the intermediate bronchus (arrow) with 
resulting atelectasis and obstructive pneumonitis. Note the right 
pleural effusion (stars). (c) Axial CT shows bronchi filled with 
mucous within the atelectasis (arrow). Notice the absence of air 
bronchogram. (d) Axial CT shows the obstruction by a soft tis-
sue tumor of the intermediate bronchus (arrow)

Fig.  17.2  Postobstructive pneumonitis of the left lung in a 
65-year-old woman with a history of carcinoma of the left breast. 
(a) Anteroposterior chest radiograph shows a complete opacifi-
cation of the left lung with shift of the mediastinum to the right. 
(b) Coronal average reformation (40-mm thick) shows obstruc-
tion of the left main bronchus (LMB) (arrow) and lack of air 
bronchogram within the left lung. (c) Coronal reformation of 
contrast-enhanced computed tomography at the level of the tra-

cheal bifurcation demonstrates obstruction of the LMB and 
extensive infiltration of the mediastinum (arrow). Postobstructive 
pneumonitis is enhanced by contrast media administration while 
basal pleural effusion is of low density (star). (d) Virtual bron-
choscopy confirms the complete obstruction of the origin of the 
LMB (arrow). (e) Coronal MIP shows the integrity of the left 
pulmonary artery and demonstrates the angiogram sign (arrows) 
within the postobstructive pneumonitis
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Fig. 17.4  Left upper lobe (LUL) postobstructive pneumonitis 
with distal necrosis due to a bacterial abscess in a 74-year-old 
man who has squamous cell carcinoma of the culmen. (a) 
Posteroanterior chest radiograph shows a dense, enlarged left 
hilum (arrow) associated with a heterogeneous consolidation of 
the LUL containing air bronchogram and thick-walled cavity 
(arrowheads). (b) Lateral chest radiograph demonstrates the 
location of the lesion within the culmen (arrow). (c) Contrast-

enhanced computed tomography coronal reformation at the level 
of the LUL bronchus shows the obstruction of the LUL bron-
chus by a soft-density mass (arrow), a large irregular cavity of 
the culmen, and enlarged lymph nodes within the mediastinum. 
(d) Coronal reformation (lung windows) shows the thick wall of 
the cavity and air bronchogram. The convex upper bulge of the 
major fissure indicates LUL atelectasis (arrow)
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Fig. 17.5  S-sign of Golden in a 61-year-old woman with a right 
upper lobe (RUL) bronchus obstruction revealing squamous cell 
carcinoma. (a) Posteroanterior chest radiograph demonstrates 
atelectasis of the RUL (arrowheads) and focal convexity of the 
hilum (arrow). (b) Axial computed tomography (CT) at the level 
of the RUL bronchus shows a soft tissue density mass, 3 cm in 
diameter, obstructing the RUL bronchus. (c) Axial CT at the 
level of the upper thoracic trachea demonstrates an atelectatic 

RUL as a soft tissue density well limited posteriorly by the anteri-
orly displaced major fissure (arrows) and lying against the medi-
astinum. (d) Axial CT at the level of lower trachea shows the 
centrally located tumor and the atelectasis of the RUL. Note the 
medially displacement of the minor fissure (arrow) and the ante-
rior displacement of the major fissure (arrowheads). The medi-
astinum is shifted to the right



418 G.R. Ferretti and A. Jankowski

1999). These signs are usually associated with slow-
growing, centrally located tumors such as carcinoids.

17.3.3.4 � Bronchial Wall Thickening

When seen early, infiltration of peribronchial intersti-
tial tissue by lung cancer can produce increased 
thickness of the bronchial wall or obscuration of the 

adjacent vessel (Fraser and Paré 1999). These signs 
have been described on the posteroanterior CXR for 
various bronchi, including the anterior segmental bron-
chi of the right and left upper lobes, the superior seg-
mental bronchus of the left lower lobe, and on the lateral 
CXR for the left main, lower lobe or intermediate bron-
chus (Fig.  17.8). Thickening of the bronchial wall 
should be noticed on CT scans because it may represent 
the only sign of bronchogenic carcinoma in rare cases.

a

c d

b

Fig. 17.6  Right upper lobe (RUL) carcinoma in a 73-year-old 
man with a history of RUL tuberculosis. (a) Posteroanterior 
chest radiograph demonstrates an elevation and enlargement of 
the right hilum compared with the left one (arrow). RUL sub-
pleural opacity at the apex (arrowhead) and linear bands between 
the right hilum and the apex are also present. (b) Thin slab mini-
mum intensity projection coronal reformation shows the irregu-

lar narrowing of the RUL bronchus (arrow) and a spiculated 
mass above it obstructing the upper segmental bronchus (arrow-
head). (c) Virtual bronchoscopy at the level of the RUL bron-
chus reveals narrowing and irregularity (arrow) of the wall of 
the RUL bronchus. (d) Coronal reformation in mediastinal 
windows shows the tumor obstructing the bronchus
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17.3.3.5 � Mediastinal Involvement

In patients with significant mediastinal involvement, 
CXR shows lobulated, often asymmetrical widening of 
the mediastinum. It can be due to direct invasion from 
a contiguous tumor (Fig.  17.9) or the presence of 

enlarged lymphadenopathy (Fig. 17.10). All cell types 
of lung cancer may be associated with mediastinal 
involvement. However, bulky mediastinum is com-
monly seen in patients who have SCC, often in asso-
ciation with a hilar or perihilar mass. In these cases, 
encasement or invasion (Fig.  17.11) of mediastinal 

a
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Fig.  17.7  Left enlarged hilum and bronchocele formation 
caused by centrally located adenocarcinoma with enlarged 
lymph nodes in a 52-year-old man with brain metastases. (a) 
Posteroanterior chest radiograph shows a dense enlarged left 
hilum (arrow) surmounted by a mass and finger-like opacities 
(arrowheads) extending into the culmen. (b) Coronal average 
reformation (35 mm thick) through the central airways demon-
strates the obstruction of the culminal bronchus (arrowhead), 
the hilar and perihilar mass, and an increased number of tubular 

structures within the culmen distally to the hilar mass compared 
with the RUL. (c) Coronal reformation of contrast-enhanced 
computed tomography shows a well-limited mass within the left 
hilum (arrow) and a second well-defined mass above it (arrow-
head). (d) Coronal thin slab maximum intensity projection 
shows the bronchoceles as enlarged bronchi filled with low-den-
sity material (arrow) and the satellite pulmonary arteries (arrow-
heads) within the left upper lobe
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Fig.  17.8  Small cell carcinoma of the right hilum in a 
56-year-old man. (a) Posteroanterior chest radiograph shows an 
enlarged and opaque right hilum. (b) Lateral chest radiograph 
demonstrates a thick and nodular intermediate bronchus line 

(arrow). (c) Sagittal average reformation confirms the thicken-
ing of the posterior wall of the intermediate bronchus (arrow). 
(d) Axial computed tomography shows the posterior wall thick-
ening of the right intermediate bronchus (arrow)
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Fig. 17.9  Direct mediastinal extent of a small cell carcinoma. 
The patient received tracheal intubation because of acute respi-
ratory distress. Pathological diagnosis was obtained by transtho-
racic needle biopsy because fiberoptic bronchoscopy did not 
provide adequate samples. (a) Anteroposterior chest radiograph 
taken in the intensive care unit reveals a large mass within the 

right upper lobe, shifting the mediastinum to the left. (b) Coronal 
average reformation (35 mm thick) demonstrates the obstruction 
of the right upper lobe (RUL) bronchus (arrow) and the mass of 
the RUL. (c) Coronal reformation without contrast enhancement 
shows a 12-cm soft tissue density mass involving the RUL and 
invading the right side of the mediastinum
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Fig. 17.11  A forty-seven-year-old man presented with acute tho-
racic pain. (a) Posteroanterior chest radiograph shows a large 
mass occupying the right upper lung and shifting the mediastinum 
to the left. (b) Coronal contrast-enhanced computed tomography 

scan shows direct extent of the tumor to the right atrium (arrow). 
(c) Coronal minimal intensity projection reconstruction at the 
level of the trachea shows the complete obstruction of the right 
upper lobe bronchus (arrow)

Fig. 17.10  Mediastinal lymph nodes in a 43-year-old woman 
with small cell carcinoma. (a) Posteroanterior chest radiograph 
reveals a large subcarinal mass elevating the main bronchi. 
Linear interstitial infiltration is visible in the left lower lung, 
along with pleural effusion (arrowhead). (b) Lateral chest radio-
graph demonstrates a lobulated mass within the subcarinal 
space, a left pleural effusion responsible for a silhouette sign 
with the left hemidiaphragm (arrow). (c) Coronal reformation 
(pulmonary window) shows the compression of the right and left 

central airways by the subcarinal mass. The left lower lobe veins 
(arrowheads) are enlarged compared with the right ones. (d) 
Coronal reformation shows the integrity of the left pulmonary 
artery (arrow). (e) Axial oblique maximum intensity projection 
reveals severe external compression of the left atrium and left 
pulmonary veins by the subcarinal mass. Compression of the left 
pulmonary veins (arrow) is supposed to be responsible for linear 
interstitial infiltration of the left lower lobe
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structures and tracheobronchial compression are fre-
quent (Pearlberg et al. 1988). In many cases, the pri-
mary tumor is not evident on the CXR.

Unilateral diaphragmatic paralysis resulting from 
tumoral extent to the phrenic nerve is a classic, although 
rare, presentation of lung cancer. CXR shows the eleva-
tion of one hemidiaphragm (Fig.  17.12), and in rare 
cases may not show any mediastinal abnormalities.

17.3.4 � Peripheral Tumors

The solitary nodule is a frequent incidental finding •	
that may represent bronchogenic carcinoma.
The larger the nodule, the more likely it is to be •	
malignant.
The most frequent malignant etiology of solitary •	
nodules is adenocarcinoma.

a
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Fig. 17.12  Left diaphragmatic paralysis caused in a 63-year-old 
man complaining of dyspnea during recent exercise. Computed 
tomography (CT)-guided biopsy revealed mediastinal invasion from 
primary pulmonary squamous cell carcinoma. (a) Posteroanterior 
chest radiograph shows abnormal elevation of the left hemidia-
phragm and a 3-cm mass projecting above the aortic arch (arrow). 

(b) Coronal CT average reformation shows the integrity of the cen-
tral airways, the mass abutting the left upper mediastinum (arrow), 
and the elevation of the left hemidiaphragm. (c) Coronal contrast-
enhanced CT reformation shows the soft-density mass invading the 
mediastinal fat and a small lymph node in the left anterior 
mediastinum
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Precise morphologic analysis of pulmonary nodules •	
requires volume high-resolution CT.
Persistent or chronic air-space consolidation can be •	
related to adenocarcinoma.
Cavitation associated with a thick and irregular wall •	
is highly suspicious of lung cancer.

They represent around 40% of bronchial carcinomas 
arising beyond the segmental bronchi. These tumors 
usually need to be more than 1 cm in diameter to be 
depicted on CXR, but larger lung cancers can be missed 
because of either intrinsic factors such as a low attenua-
tion, as in nodular bronchioloalveolar carcinomas (BAC) 
or mixed adenocarcinoma, or either extrinsic factors 
such as an unfavorable anatomical location (i.e., within 
the apex, retrodiaphragmatic or retrocardiac location) 
(Sider 1990) (see Chap. 15).

Peripheral tumors are categorized as nodules  
(<3 cm in diameter) or masses (>3 cm in diameter). 
The larger the nodule, the more likely it is to be malig-
nant; the majority of nodules larger than 2 cm are 
malignant. In rare cases, peripheral lung carcinoma 
appears as a chronic pulmonary consolidation or may 
mimic an apical cap.

17.3.4.1 � Pulmonary Nodules and Masses

A great variety of benign or malignant conditions may 
result in a solitary pulmonary opacity. In clinical series 
in which solitary pulmonary lesions have been resected, 
about 40% were primary lung carcinomas, 10% were 
solitary metastases, and 50% were benign (McLoud 
and Swenson 1999). The role of the radiologist lies in 
attempting to approach noninvasively the origin of 
nodular opacities that are seen on CXR. Due to intrin-
sic limitations of CXR, radiographic signs are of greater 
value because they suggest with confidence the diagno-
sis of benignity rather than the diagnosis of malignancy. 
Therefore, nodules should be categorized into those 
with a formal benign pattern that deserve no further 
examination and those with an indeterminate pattern 
that require further exploration, with CT being the first 
imaging to be performed (Gould et al. 2007). This is 
mainly based on the examination of previous CXR to 
evaluate change in size over time and the assessment of 
morphologic details of the nodule. It is generally admit-
ted that the stability in size of a pulmonary nodule for 
2 years or longer is indicative of a benign etiology 

(Yankelevitz and Henschke 1997). On the contrary, or 
in the absence of a previous radiograph, CT assessment 
is the next step in examination (Gould et  al. 2007). 
Morphologic features that are of value include shape 
and margin, calcification, and doubling time.

Shape and Margin

Usually peripheral bronchial carcinomas appear as 
spherical or oval opacities (Fig.  17.13). Many signs 
have been described to separate malignant from benign 
pulmonary nodules. The analysis of the CXR is limited 
compared with the one provided by high resolution 
computed tomography High resolution computed 
tomography (high-resolution (HR) CT). Although the 
signs listed below are well demonstrated using HRCT, 
none of them is very specific for malignancy.

1.	 Lobulation (Fig. 17.14) is a common sign in broncho-
genic carcinomas, indicating different growth rates of 
tumor populations within the tumor. This sign is, nev-
ertheless, frequently demonstrated in hamartomas.

2.	 Spiculations (Fig. 17.14) are also frequent in lung 
carcinoma, sometimes creating a “corona radiata” 
around the tumor. Pathologic–radiologic correla-
tions show that the strands extending into the sur-
rounding lung can be either a result of direct tumor 
extension along interstitial planes or more usually a 
simple fibrotic reaction to the tumor. Approximately 
90% of spiculated nodules are malignant (Zwirewich 
et al. 1991). It can also be demonstrated in benign 
conditions (subacute or chronic pneumonias, 
granulomas).

3.	 The pleural tail sign (Fig. 17.14) represents a linear 
band connecting the peripherally located tumor to 
the pleura (Hill 1982). They are seen predominantly 
in malignant nodules and represent fibrous strands or 
direct parenchymal invasion to the pleural surface.

4.	 Rarely, slow-growing bronchial carcinomas arise 
within the lumen of segmental or subsegmental bron-
chi, producing bronchoceles that appear on CXRs as 
V- or Y-shaped densities (Fraser and Paré 1999).

Calcifications

Calcifications are exceptionally visible within lung 
cancer opacities on CXRs and are frequently described 
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by pathologists. Because of a better contrast resolu-
tion, CT demonstrates such calcifications in about 
6–10% of lung cancers (Heitzman 1977). Malignant 
calcifications are either large granulomatous calcifica-
tions engulfed by the growing tumor (usually eccentric 

in location) or dystrophic tumor calcifications (tiny, 
cloudlike, or punctate) (Fig. 17.15). They are different 
from benign calcifications, appearing as a central, 
laminated, or “popcorn” pattern (Mc Loud and 
Swenson1999).

a

c d

b

Fig. 17.13  Solitary pulmonary nodule (small cell carcinoma) in 
a 54-year-old smoker involved in the French Lung Cancer 
Screening Programm (DEPISCAN). (a) Posteroanterior chest 
radiograph at year 0 was unremarkable. (b) Posteroanterior chest 
radiograph at year 1 reveals a small pulmonary nodule, 10 mm 

in diameter, projecting between the fifth and sixth ribs (arrow).  
(c) Coronal computed tomography reformation demonstrates 
the small pulmonary nodule within the right upper lobe (arrow). 
(d) Sagittal reformation shows the endobronchial location of the 
tumor, obstructing the anterior segmental bronchus (arrow)
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a b

Fig.  17.14  Solitary pulmonary nodule in an asymptomatic 
73-year-old smoker. (a) Posteroanterior chest radiograph reveals 
an oval, 2-cm, right-sided pulmonary nodule with regular 
margins. (b) Axial computed tomography shows morphologic 

criteria suggesting malignancy, such as spiculated margins 
(arrow a), lobulation (arrow b), cavitation (arrow c), and pleural 
tail sign (arrow d). Biopsy specimen showed adenocarcinoma

a b

Fig. 17.15  Punctuate calcifications within a solitary mass (ade-
nocarcinoma). (a) Posteroanterior chest radiograph shows a soli-
tary pulmonary mass projecting in the right lung basis associated 
with dense and enlarged right hilum. (b) Lateral view shows the 
right lower lobe location of the mass. (c) Coronal computed 

tomography reformation (close up) without contrast administra-
tion shows that the mass has irregular, lobulated margins with 
punctuate calcifications. (d) Coronal reformation at the level of 
the trachea shows the presence of right hilar (arrow) and sub-
carinal (arrowhead) enlarged lymph nodes
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Cavitation

Cavitation secondary to necrosis and fistulization in a 
bronchus (Fig. 17.16) is seen in any type of tumor but 
most frequently in 10–20% of squamous cell carcino-
mas, particularly in large peripheral lesions (30%) 
(Patz 2000), and is more often demonstrated by CT. 
Liquefaction, air, or a mixture of both may be seen on 
CT and is better demonstrated after contrast media 
injection. Typically the walls of malignant cavities are 
thickened (>8 mm) and irregular. However, thin-walled 
cavities have also been reported in bronchogenic carci-
nomas. Cavitation can also be caused by an infection 
of the tumor; the diagnosis, however, is difficult for the 
pathologist.

Air Bronchogram and Bubble-Like Lucencies

Air bronchogram and bubble-like lucencies (pseudo-
cavitation) are well demonstrated using HRCT and are 
frequently seen in BAC and adenocarcimomas. Due to 
their tiny size, these signs are not visible on CXR.

Pure or Mixed Nodular Ground  
Glass Opacification

Pure or mixed nodular ground glass opacification  
(GGO) representing BAC or adenocarcinoma is difficult 

to depict on CXR because of their low X-ray attenua-
tion. However, HRCT’s demonstration of GGO in a pul-
monary tumor is associated with a better prognosis if a 
GGO component is more than 50%.

17.3.4.2 � Chronic Air-Space Consolidation 
(Pneumonia-Like Appearances)

This is a rare presentation of lung carcinoma, mainly 
related to adenocarcinoma associated with a large 
BAC component. Radiographic presentation ranges 
from localized, hazy, unilateral air-space consolida-
tion to diffuse, dense, bilateral consolidations (Lee 
et al. 1997). The lesion persists for weeks or months 
(Fig. 17.17), enlarging slowly or rarely cavitating. Air 
bronchogram can be seen on CXRs but are more fre-
quently seen with CT. Contrast-enhanced CT also fre-
quently displays an angiogram sign, which is not 
specific for a pneumonic type of adenocarcinoma and 
has been described in infectious pneumonitis, obstruc-
tive pneumonitis, lymphoma, pulmonary edema, and 
lipoid pneumonia. Differentiating BAC mimicking 
pneumonia and infectious pneumonia at the lung 
periphery is difficult when using CT (Kim et al. 2006). 
Transthoracic lung biopsy may be used to obtain his-
tologic samples when fiberoptic bronchoscopy with 
bronchoalveolar lavage does not provide a diagnosis 
(Ferretti et al. 2008).

c d

Fig. 17.15  (continued)
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a

c

b

Fig. 17.16  Right upper lobe (RUL) mass (squamous cell carci-
noma) with cavitation in 60-year-old woman who presented 
with hemoptysis. (a) Posteroanterior chest radiograph shows 
pulmonary overinflation, heterogenous pulmonary consolida-
tion in the RUL containing a cavitated mass with a thickened 
wall (arrow). (b) Average thick slab coronal view confirms a 

cavitated mass within the RUL. (c) Coronal computed tomogra-
phy reformation at the level of the descending aorta shows an 
irregular, thick-walled subpleural upper lobe mass and heteroge-
neous alveolar air-space consolidation within the RUL caused 
by hemorrhage
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17.3.4.3 � Diffuse Interstitial Disease

It is quite uncommon that patients enter the disease 
with diffuse pulmonary interstitial infiltration. 
Lymphangitic carcinomatosis (Fig. 17.18) appears as 
localized or diffuse linear opacities often associated 
with hilar or mediastinal enlargement and pleural effu-
sion. HRCT shows the lymphatic pattern of the disease 

with interlobular septal thickening, sometimes nodu-
lar, thickened centrilobular dots, peribronchovascular 
thickening, and pleural effusion.

Multifocal BAC may appear as reticulonodular 
opacities simulating interstitial lung disease.

Chronic interstitial lung diseases, most often idio-
pathic pulmonary fibrosis, may be associated with an 
increased occurrence of lung cancer developing in the 

a

c

b

Fig. 17.17  Chronic pulmonary consolidation in a 65-year-old 
man caused by adenocarcinoma with a bronchioloalveolar com-
ponent. (a) Posteroanterior chest radiograph (June 23, 2005) 
demonstrates pulmonary consolidation within the left lower lobe 
(LLL) (arrow). The patient was complaining of cough, fever, 
and expectoration. Suspected diagnosis was infectious pneu-

monitis. (b) Posteroanterior chest radiograph (September 15, 
2005) shows enlargement of the LLL consolidation. (c) Coronal 
computed tomography (October 26, 2005) shows pulmonary 
consolidation and ground glass opacification of the LLL associ-
ated with slight volume loss of the LLL
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lower part of the lungs, i.e., the area of fibrosis. Radiologic 
diagnosis of these cancers is often late because the infil-
trative disease obscures the tumor (Fig. 17.19). Evaluation 

of sequential CXRs may help disclose the occurrence of 
a localized focal nodule. HRCT offers, however, a greater 
sensitivity and specificity than CXR.

a b

Fig. 17.18  A 52-year-old woman with progressively increas-
ing dyspnea revealing diffuse lymphangitic carcinomatosis 
from pulmonary adenocarcinoma. (a) Posteroanterior chest 
radiograph shows diffuse linear and reticular pattern associ-
ated with areas of pulmonary consolidation. (b) Coronal high-

resolution computed tomography demonstrates bilateral linear 
pattern with polygonal arcades (arrow a) due to thickening of 
the interlobular septa. Note thickened bronchoarterial bundles 
(arrow b), prominent centrilobular dots (arrow c), and focal 
air-space consolidations (arrow d)

a b

Fig.  17.19  Adenocarcinoma in an 80-year-old woman with 
usual interstitial pneumonia (UIP). (a) Posteroanterior chest 
radiograph shows a pulmonary mass (arrow) projecting on the 
right hemidiaphragm with a poorly defined border and bibasal 

pulmonary reticular infiltration. (b) Coronal computed tomogra-
phy shows a mass 4.5 cm in diameter (arrow) within the right 
lower lobe and UIP pattern associating reticulation, and traction 
bronchiectasis with little honeycombing
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17.3.5 � Pleural Effusion  
and Pleural Thickening

Pleural effusion may reveal bronchogenic carci•	
noma.

Pleural effusion occurs in about 10% of patients who 
have lung cancer. It is not always malignant and may 
be a serous or exudative effusion resulting from paren-
chymal infection or obstructive pneumonia.

The pleura can be involved by direct pleural inva-
sion in the case of peripherally located lung cancer, or 
by hematogenous or lymphatic spread. When associ-
ated with a peripheral or central nodule or mass, 
obstructive pneumonitis or atelectasis, or hilar or medi-
astinal enlargement, it should raise the suspicion of 
lung cancer.

Pleural thickening (Fig. 17.20), either nodular or dif-
fuse and encasing the lung with or without pleural effu-
sion, is less frequently caused by lung carcinoma than 
by pleural metastases from extrathoracic malignancies, 
lymphoma, and pleural mesothelioma (Leung et al.1990). 
Pathological diagnosis is therefore required but can be 
difficult.

Spontaneous pneumothorax has been described as 
an inaugural presentation of lung cancer in rare cases.

17.3.6 � Chest Wall Involvement

CXR has a low sensitivity and specificity for demon-
strating chest wall involvement. Direct extension or 
metastatic spread to the ribs, sternum, or the vertebrae 
can be seen on CXR but is better depicted using CT 
(Pearlberg et al. 1987). Osteolytic lesions (Fig. 17.21) 
are much more frequent than osteoblastic ones.

17.3.7 � Apical Tumors

Apical tumors are rare (3%).•	
The Pancoast syndrome is characterized by pain •	
limited to the shoulder or radiating to the arm, 
Horner’s syndrome, destruction of bone, and atro-
phy of hand muscles.
CXR is less specific and sensitive than for CT show-•	
ing an apical tumor.

A pulmonary apical tumor or Pancoast tumor develops 
in the superior sulcus of the lung and represents 
approximately 3% of primary NSCC (Bruzzi et  al. 
2008a). The Pancoast syndrome is associated with an 
apical lung cancer invading the costovertebral groove 

a b

Fig.  17.20  A 47-year-old patient complained of dyspnea and 
right thoracic pain. Scans revealed a metastatic pleural effu-
sion from bronchogenic adenocarcinoma. (a) Posteroanterior 
chest  radiograph reveals a large right pleural effusion. 

(b)  Contrast-enhanced computed tomography in coronal view 
shows a large right pleural effusion, passive atelectasis of the 
right lower lobe, and circumferential contrast-enhanced pleural 
thickening (arrows)
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in the posterior compartment of the superior sulcus, 
and symptoms include pain limited to the shoulder or 
radiating to the arm, Horner’s syndrome, destruction 
of bone, and atrophy of hand muscles. CXR can show 

an apical cap more than 8 mm in thickness, convex 
inferiorly, an asymmetry in apical caps more than 
5mm, an apical mass, and bone destruction of the first, 
second, or third ribs (Fig.  17.22) (Fraser and Paré 

a b

Fig. 17.22  Superior sulcus tumor (squamous cell carcinoma) in 
a 72-year-old man with a 2-month history of left shoulder pain. 
(a) Posteroanterior chest radiograph reveals a soft-tissue mass in 
the left lung apex with an inferior convex border (arrow). (b) 
Coronal computed tomography reformation depicts a soft-tissue 

mass within the superior sulcus (arrow). (c) Axial reformation 
(bone windows) shows focal destruction of the T2 vertebral body 
(arrow) and probable extension into the T2–T3 neurovertebral 
foramen (arrowhead). Note focal destruction of the first rib

a b

Fig. 17.21  Peripheral adenocarcinoma with chest wall invasion 
in an 82-year-old man with right upper anterior chest wall pain. 
(a) Posteroanterior chest radiograph shows a mass peripherally 
situated in the right upper lobe associated with destruction of the 

rib (arrowhead). (b) Axial computed tomography confirms the 
peripheral soft tissue density mass with destruction of the right 
lateral fourth rib (arrow)
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1999). CT is much more sensitive and specific than 
CXR, especially if isotropic multidetector coronal and 
sagittal reformations are performed (Chooi et al. 2005). 
CT is optimal for depicting bone erosion of the ribs 
and vertebral bodies and for the staging of intratho-
racic disease (detection of enlarged lymph nodes and 
pulmonary metastases) (Bruzzi et al. 2008b). The sub-
clavian artery, brachial plexus, vertebral bodies, and 
spinal canal should be assessed for tumor involvement. 
However, magnetic resonance imaging is superior to 
CT for evaluating tumor extension to the intervertebral 
neural foramina, the spinal cord, and the brachial 
plexus, primarily because of the higher contrast reso-
lution and multiplanar capability available with mag-
netic resonance imaging (Bruzzi et al. 2008b).

17.4 � Conclusion

CXR plays a pivotal role in the identification of lung 
cancer because it is commonly performed in patients 
who complain of respiratory symptoms and in asymp-
tomatic persons. Correlations between CXR and CT 
images, particularly coronal and sagittal views, help 
radiologists to recognize and understand the radio-
graphic presentation of bronchogenic carcinoma.
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18.1 � Pulmonary Embolism

Pulmonary thromboembolic disease spectrum is com-
prised of acute PE, chronic PE, and pulmonary (arterial) 
hypertension. Lower-extremity deep venous thrombosis 
is also considered to be  a part of the same spectrum. PE 
is a common condition that, if undiagnosed, can prove 
fatal. Approximately 8% of untreated cases may result 
in death (Dalen and Albert 1975). Besides thrombus, 
fat, air, and amniotic fluid are also known to cause PE 
(Rossi et al. 2000).
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Abstract

Pulmonary thromboembolic disease spectrum ››
is comprised of acute pulmonary embolism 
(PE), chronic PE, and pulmonary (arterial) hyper-
tension. Approximately 8% of the untreated 
cases may result in death. Besides thrombus, 
fat, air, and amniotic fluid are also known to 
cause PE. Pulmonary hypertension is defined as 
a pulmonary systolic arterial pressure equal to 
or exceeding 25 mmHg or a mean pulmonary 
artery pressure greater than 18 mmHg during 
rest (normal level, 10 mmHg). Pulmonary 
venous hypertension is defined by a measure-
ment of pulmonary venous pressure equal to or 
more than 18 mmHg. Pulmonary hypertension 
secondary to known cardiac, pulmonary, or 
hepatic disease is far more common than is pri-
mary pulmonary hypertension, which has no 
identifiable cause. This chapter will help corre-
late the plain radiographic features with com-
puted tomography.
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Various modalities have been utilized in the past for 
the diagnosis. These include chest radiography, pul-
monary angiography, ventilation-perfusion (VQ) scan, 
computed tomography (CT) scan, magnetic resonance 
imaging, and ultrasound. Of these, CT and VQ scan-
ning have been fairly accurate and feasible. Plain chest 
radiography is the least sensitive. This chapter will 
help correlate the plain radiographic features with CT.

18.1.1 � Acute Pulmonary Embolism

18.1.1.1 � Etiopathogenesis

The predisposing risk factors for PE are increasing 
age, hypercoagulable state, orthopedic surgery, malig-
nancy, medical illness, instrumentation, pregnancy, 
and bed rest (Black et al. 1993). Clinical outcome of 
PE depends on the size of the embolus and pre-existing 
cardiopulmonary disease. Common clinical presenta-
tions are dyspnea, chest pain, cough, hemoptysis, and 
tachycardia. PE can also present as pulmonary edema, 
left ventricular failure, or cardiac arrest.

When the emboli lodge in a pulmonary artery, a 
sequence of events follows. Arterial hypoxia with ces-
sation of blood flow to a portion of lung causes forma-
tion of an alveolar dead space. In the absence of 
adequate collateral pulmonary and bronchial circula-
tion and initiation of fibrinolysis, a process of infarction 
sets in (Uhland and Goldberg 1964; Dalen et al. 1977).

18.1.1.2 � Investigation

Nonimaging tests such as electrocardiogram, measure-
ment of arterial pO

2
, and D-dimers have low specific-

ity for the diagnosis but help rule in, or rule out, other 
diagnoses. Imaging modalities include direct and indi-
rect investigations (Egermayer et  al. 1998; Ginsberg 
et al. 1998; Wells et al. 2001). The indirect modalities 
include chest radiography and radionuclide ventila-
tion-perfusion imaging, whereas the direct modalities 
include CT, magnetic resonance imaging, and pulmo-
nary angiography.

Chest radiography has low sensitivity (33%) and 
specificity (59%) for PE (Greenspan et  al. 1982; 
Worsley et  al. 1993). There are some radiographic 
abnormalities in 60% of patients who have PE. They 
can be divided into pulmonary-vascular, parenchymal, 

and pleural abnormalities. Approximately 40% of 
cases with PE have a normal chest radiograph. The 
chest radiograph also serves to rule out other diagno-
ses that may simulate PE clinically, such as pneumo-
nia, pneumothorax, large pleural effusion, pulmonary 
edema, or rib fractures. It also assists in interpretation 
of ventilation-perfusion scintigraphy.

18.1.1.3 � Radiographic Features

Pulmonary Vascular Abnormalities

Westermark’s sign consists of subtle peripheral paren-
chymal lucency, which can be either due to localized 
peripheral oligemia secondary to the blocked pulmo-
nary artery or due to hypoxic vasoconstriction second-
ary to ventilation of a poorly perfused lung.

The enlargement of the central pulmonary arteries 
may be caused by the lodged embolus or an acute rise 
in pulmonary artery pressure (Fig. 18.1a, b, c).

The findings may only become apparent by com-
parison with prior radiographs. Figure 18.2b illustrates 
localized oligemia and dilation of the affected pulmo-
nary artery as compared with a previous normal radio-
graph (Fig.  18.2a). CT angiography revealed acute 
central saddle pulmonary embolism (Fig.  18.2c). 
Pulmonary edema due to left ventricular failure after a 
PE may often be seen in patients who have underlying 
cardiopulmonary disease.

Acute PE on CT angiography is reliably diagnosed 
by the presence of an intraluminal filling defect sur-
rounded to a variable degree by contrast. Depending on 
the vessel orientation, the doughnut sign and the rail-
road track sign are visible on cross-sectional and long 
axis images. Complete occlusion causes nonopacifica-
tion of the distal vessel (Fig. 18.3) (Coche et al. 2004; 
Gotway 1999; Gulsun Akpinar and Goodman 2008; 
Patel and Kazerooni 2005).

Focal Parenchymal Opacities

Peripheral airspace opacification may represent paren-
chymal hemorrhage (Fig.  18.4) without infarction 
or true pulmonary infarction with ischemic necrosis 
(Fig. 18.5). Pulmonary hemorrhagic opacities tend to 
resolve rapidly compared with infarcts, which require 
weeks to months for resolution. Frequency of infarc-
tion is variable and ranges from 10% to 60%. Typically, 
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infarcts tend to be multiple or subpleural and have pre-
dilection for occurrence in lower lobes. They usually 
develop within 12–24 h of the onset of the symptoms. 
Infarcts are variable in size, poorly defined, and some-
times have a triangular shape. The infarct has been 
classically described as “Hampton’s hump,” which 
is characterized by a round subpleural opacity with 
medial convexity directed toward the hilum. The infarc-
tion usually progresses into a well-defined focal opac-
ity over several days and then subsequently resolves 

completely or with mild residual scarring. Resolution 
of infarct is characterized by peripheral clearing simi-
lar to the melting of an ice cube, compared with the  
irregular patchy resolution of pneumonia (Woesner 
et al. 1971). Cavitation within an infarct is uncommon 
and occurs in infarcts larger than 4 cm. Typically, they 
are noninfected and occur within 2 weeks of develop-
ment of the infarct.

Focal nonhemorrhagic/noninfarcted parenchymal 
opacities occur quite frequently in patients who have 

a

c

b

Fig. 18.1  Prior frontal chest radiograph reveals no abnormality 
in a 48-year-old female. Subsequent radiograph obtained during 
an episode of acute shortness of breath after knee surgery reveals 

a subtle enlargement of the left pulmonary artery. CT angiogra-
phy demonstrates acute massive occlusive central PE
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PE. These are mainly due to linear atelectasis sec-
ondary to hypoventilation, mucus plugging, and col-
lapse secondary to depletion of surfactant. These are 
called Fleischner’s lines. These are usually transient, 
but persistent opacities may develop into scars.

Pleural and Diaphragmatic Abnormalities

Pleural effusion is seen on chest radiographs in about 
half of patients who have PE and is often small and 
unilateral. Larger hemorrhagic effusions are seen in 

a

c

b

Fig. 18.2  A 65-year-old female with history of left breast cancer 
treated with mastectomy and radiation complained of acute onset 
right chest pain and shortness of breath. Frontal chest radiograph 
(b) compared with prior examination (a) demonstrates a new small 

right pleural effusion. In addition, careful observation reveals subtle 
reduced vascularity and increased translucency in upper lung fields. 
CT angiography (c) demonstrates central saddle embolism. Small 
bilateral pleural and pericardial effusions are also present 
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cases of infarction. The latter usually take longer to 
resolve. Elevation of the hemidiaphragm can be seen 
but is a nonspecific finding (Coche et al. 1998; Shah 
et al. 1999).

18.1.2 � Chronic Pulmonary 
Thromboembolism

18.1.2.1 � Etiopathogenesis

Repeated numerous small episodes or a few large 
thromboembolic events that fail to resolve completely 
are essentially the primary events that lead to chronic 
PE. Thromboemboli induce pulmonary arterial hyper-
tension by occluding the vascular bed.

Fig. 18.3  Coronal reconstruction CT angio gram of the chest 
demonstrates acute occlusive central, lobar, and segmental PE. 
The orientation of the emboli simulates a doughnut (black 
arrow) and rail-road track (dotted arrow)

Fig.  18.4  A 68-year-old male with a history of sudden-onset 
shortness of breath and hemoptysis underwent an operation on 
his right hip 3 days before the onset of symptoms. Chest PA and 
lateral radiographs demonstrate a patchy opacity in the right 
lower lobe, mild cardiomegaly, and mildly enlarged central pul-
monary arteries. Axial and sagittal CT angio gram images of the 

chest reveal right lower lobar, segmental occlusive PE, and 
patchy ground-glass opacities in the right lower lobe, consistent 
with hemorrhage. A small right pleural effusion is also seen. The 
parenchymal opacities resolved in 48 h after initiation of 
anticoagulation

a b
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e

c d

Fig. 18.4  (continued)

18.1.2.2 � Radiographic Features

Plain radiographs typically demonstrate changes of 
pulmonary arterial hypertension characterized by large 
central pulmonary arteries with peripheral pruning. 
The features are described in Sect. 18.2.3. Pulmonary 
Arterial Hypertension on page 445. Small peripheral 
foci of consolidation from prior infarction may some-
times be seen.

CT also demonstrates classic changes of arterial hyper-
tension (Fig.  18.6). Additionally, it reveals sequelae of 
thromboembolism, which include eccentric filling defects 

adjacent to the vessel wall. These represent organizing 
thrombi and are well demonstrated on multiformatted 
coronal and sagittal reconstruction images. Some of the 
partially recanalized thrombi are seen as linear web-like 
filling defects (Schwickert et al. 1994; Bergin et al. 1997; 
Roberts et al. 1997). Peripheral pruning on radiographs, 
on CT is seen as an abrupt reduction in arterial diameter. 
Areas of prior infarction are seen as peripheral subpleural 
opacities. Other commonly found features are large areas 
of mosaic attenuation due to perfusion defects in the lung 
parenchyma, similar to other causes of chronic pulmo-
nary arterial hypertension.
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18.1.3 � Nonthrombotic  
Pulmonary Embolism

This is a relatively rare group of abnormalities, which 
can have clinical implications. Nonthrombotic causes 
of embolism include tumor emboli and particulates 
such as talc, mercury, air, and fat. The clinical presenta-
tion depends on the specific embolic factor and can 
range from asymptomatic to marked respiratory fail-
ure. The radiographic manifestations are based on the 
etiopathogenesis. In the case of tumor embolism, one 
sees radiographic manifestations of pulmonary hyper-
tension and thromboembolism. Nodularity may be vis-
ible along the vessels. Adenopathy and lymphangitis 
carcinomatosis may also be present. Air embolism can 
present acutely as frank pulmonary edema (Fig. 18.7) 
or can be asymptomatic. Air is quite often detected in 

a b

Fig. 18.5  A 75-year-old female who underwent recent abdomi-
nal surgery presented with acute onset of shortness of breath and 
hemoptysis. Coronal CT angio gram image reveals acute seg-
mental PE in right lower lobe (arrow). Focal peripheral ground-

glass opacity is seen in the subtended parenchyma. The opacity 
worsened during the next 48 h, with the development of periph-
eral consolidation on the chest radiograph consistent with devel-
opment of an infarct

Fig. 18.6  A 53-year-old female with a history of recurrent PE 
on anticoagulation presented with dyspnea during exertion. CT 
angio gram of the chest depicts large central pulmonary arteries 
with peripheral pruning. The right pulmonary artery wall is 
thickened, consistent with chronic PE (arrow)
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the central pulmonary arteries on a CT scan. The major-
ity of these patients have a small amount of air injected 
and is asymptomatic. Fat embolism can present acutely 
as worsening shortness of breath with radiographic fea-
tures consistent with increasing edema or acute respira-
tory distress syndrome (ARDS) in a case of trauma. 
This classically presents 2–3 days after major skeletal 
trauma. Very rarely, the fat as an embolus can be dem-
onstrated using CT. Other particulate causes of embo-
lism include mercury or cement from vertebroplasty, 
for which there are more radiographic features than 
clinical symptoms. Radiodense material is seen in the 
branching distribution of small pulmonary arteries on 
both X-ray and CT (Rossi et al. 2000).

Schistosomiasis is the most common parasitic 
embolization and is endemic in the Middle East, 
Africa, and South America. It is caused by migration 
of ova into the pulmonary circulation via porto-sys-
temic collaterals (Shaw and Ghareeb 1938; Lapa et al. 
2009). The most predominant cardiopulmonary 
changes that result from the infestation are pulmonary 
arterial hypertension and right heart failure. Chest 
radiography and CT demonstrate characteristic changes 
of pulmonary hypertension. Nodules representing par-
asitic granulomas are sometimes visualized.

18.2 � Pulmonary Hypertension

Pulmonary hypertension is defined as a pulmonary 
systolic arterial pressure equal to or exceeding  
25 mmHg or a mean pulmonary artery pressure greater 
than 18 mmHg during rest (normal level, 10 mmHg). 
Pulmonary venous hypertension (PVH) is defined as a 
measurement of pulmonary venous pressure greater 
than or equal to 18 mmHg. Pulmonary hypertension 
secondary to known cardiac, pulmonary, or hepatic 
disease is far more common than is primary pulmo-
nary hypertension, which has no identifiable cause.

18.2.1 � Pathophysiology

Elevated pressures are caused by increased vascular 
resistance, which in turn is caused by a decrease in the 
total number of small pulmonary arteries. The latter 
can be caused by intraluminal arterial occlusion, mus-
cular contraction of small arteries, arterial wall thick-
ening, and back pressure from PVH. It is a result of 
interplay between vasoconstrictors and dilators acting 
at the small arterial level (Remy-Jardin and Remy 
1999).

a

b

c

Fig. 18.7  A 34-year-old female with a history of sudden-onset 
shortness of breath after the removal of a large-bore jugular central 
catheter. ( a,b) Initial noncontrast CT images revealed air pockets
within the right internal jugular vein (arrow). (c) Contrast-

enhanced CT revealed marked interlobular septal thickening and, 
peribronchial thickening consistent with acute pulmonary edema 
after air embolism. Radiographic findings reverted back to normal 
after conservative management 
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18.2.2 � Classification

Several models have been used to categorize various 
causes of pulmonary hypertension. Causes are best 
categorized into pre- and postcapillary pulmonary 
hypertension (Fraser et  al. 1999; Frazier et  al. 2000; 
Remy-Jardin and Remy 1999).

1.	 Precapillary: Changes mainly limited to pulmonary 
arterial circulation:

(a)  Primary pulmonary hypertension – idiopathic
	(b) � Pulmonary hypertension associated with hepatic 

disease, HIV infection, drugs, and toxins
	(c) � Congenital cardiovascular disease with Eisen

menger’s physiology
	(d) � Chronic thromboembolic disease
	(e) � Nonthrombotic embolization – neoplastic, par-

ticulates and foreign material, and parasites 
(schistosomiasis)

	(f) � Chronic alveolar hypoxia – chronic obstructive 
pulmonary disesase (COPD), interstitial lung 
disease, hypoventilation syndromes

	(g) � Pulmonary capillary hemangiomatosis

2.	 Postcapillary: Changes within pulmonary venous cir-
culation between the capillary bed and the left atrium:

(a) � Left-sided cardiovascular disease – mitral valve 
disease, cor triatriatum, cardiac tumor, chronic 
left heart failure

(b)  Extrinsic pulmonary venous compression
(c) � Pulmonary veno-occlusive disease (PVOD)
(d) � Mediastinal fibrosis

18.2.3 � Pulmonary Arterial Hypertension

18.2.3.1 � Radiographic Signs

Vascular signs

1.	 Dilatation of the central pulmonary arteries is com-
monly caused by increased vascular resistance. Based 
on CT criteria, a main pulmonary arterial diameter of 
more than 29 mm is strongly suggestive of arterial 
hypertension if it is associated with segmental artery 
to bronchus ratio of more than 1:1 in either of the lungs 
(Kuriyama et al. 1984; Tan and Goodman 1998). The 
individual left or right pulmonary arterial diameters of 
more than 18 mm are poor indicators of pulmonary 

hypertension. The same can be assessed on the chest 
radiograph (Fig.  18.8 a, b). Right interlobar pulmo-
nary artery dimension is measured at the hilar point on 
a frontal chest radiograph (Fig. 18.8). A measurement 
of more than 18 mm is considered abnormal.

2.	 In long-standing hypertension, the peripheral pul-
monary arteries develop vasoconstriction, which  
is visualized as abrupt diminishing of peripheral 
vessels. This is termed “peripheral pruning” 
(Fig. 18.8 a, c) (Fleischner 1962).

3.	 Atherosclerotic calcification can be observed in the 
pulmonary arteries, usually in long-standing pul-
monary arterial hypertension (Fig. 18.9).

Additionally, CT imaging may reveal bronchial arte-
rial enlargement (more than 1.5 mm) and hypertrophy, 
especially in patients who have chronic thromboembo-
lic disease (Remy-Jardin et al. 2005).

In chronic thromboembolic disease, CT angiogra-
phy demonstrates eccentric filling defects along the 
vessel wall, which represents organizing thrombi.

Lung Parenchymal Signs

Pulmonary hypertension–induced peripheral vaso-
constriction causes development of areas in the lung 
parenchyma with reduced vascularity and perfusion 
compared with ventilation. This is usually very subtle 
unless a large area is affected, and it can be seen as an 
area of translucency. This manifests as mosaic attenu-
ation on CT (Fig.  18.10). The vessels in the region 
of decreased parenchymal attenuation are of smaller 
caliber compared with those within the normal or high 
attenuation parenchyma or smaller than the adjacent 
bronchi (Bergin et  al. 1996; King et  al. 1998; Griffin 
et al. 2007).

Other features include centrilobular ground-glass 
opacities representing foci of hemorrhage or choles-
terol granulomas (Griffin et al. 2007; Nolan et al. 1999). 
Areas of subpleural consolidation may be seen in 
patients who have chronic thromboembolic diseases 
because of prior infarction. In cases of tumor embo-
lization–induced pulmonary hypertension, CT may 
reveal vessels with a beaded appearance, which more 
peripherally at the centrilobular level would be seen in 
branching configuration resembling the tree-in-bud 
shape (Remy-Jardin and Remy 1999).

For other known causes of pulmonary arterial hyper-
tension, radiographic and CT features would show 
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Fig. 18.8  Posteroanterior and lateral radiographs of the chest 
depict pulmonary hypertension in a case of Eisenmenger’s 
syndrome in a 44-year-old female with an atrial septal defect. 
The right ventricular enlargement is seen encroaching on the 

retrosternal space. Large central pulmonary arteries and 
peripheral pruning are well demonstrated. Findings are well 
correlated with CT angio gram of the chest

a

c d

b
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additional specific changes such as those seen in COPD 
or interstitial fibrosis. Pulmonary capillary hemangiom-
atosis and PVOD are rare diseases that show overlap-
ping radiographic features of pulmonary arterial and 
venous hypertension with a normal pulmonary wedge 
capillary pressure (PWCP) (Lantuejoul et  al. 2006; 
Resten et al. 2004). The degree of enlargement of the 
pulmonary arteries is often severe in patients who have 
long-standing untreated congenital heart diseases with 
a left-to-right shunt, such as ASD (atrial septal defect), 
VSD (ventricular septal defect) and PDA (patent ductus 
arteriosus). This is usually associated with marked right 

ventricular dilatation. A decrease in right ventricular 
size suggests progression toward Eisenmenger’s physi-
ology with a rise in pulmonary arterial pressures and 
reversal of shunting (Griffin et al. 2007).

a

b

Fig. 18.9  (a) Frontal chest radiograph demonstrates large pul-
monary arteries with atherosclerotic calcification secondary to 
pulmonary hypertension. (b) Noncontrast axial CT image of the 
chest reveals large central pulmonary arteries and a thin rim of 
calcification along the anterior aspect of the right main pulmo-
nary artery, consistent with long-standing pulmonary hyperten-
sion, which in this case was due to chronic PE. A subtle 
low-attenuation eccentric chronic embolus is seen anteriorly in 
the right pulmonary artery

e

f

Fig. 18.8  (continued)
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Mediastinal and Cardiac Signs

Right-sided cardiac enlargement and hypertrophy 
develop as a result of pulmonary hypertension. This is 
seen as increased cardiac size on chest X-ray with 
upward deviation of the apex mainly due to right ven-
tricular enlargement. Lateral radiograph reveals right 
ventricular enlargement encroaching on the retroster-
nal space (Fig. 18.8b and e).

CT scanning reveals additional features such as 
dilatation of the coronary sinus and inferior vena cava. 
Elevated right heart pressures may cause a reflux of 
contrast material into the inferior vena cava and hepatic 
veins, which is a sign of right heart failure. Other fea-
tures of right atrial and ventricular enlargement are 
seen well with CT. An increase in right ventricular 
thickness and deviation of interventricular septum to 
the left are signs of severe pulmonary hypertension 
(Fig.  18.8f) (Yeh et  al. 2004; Reid and Murchison 
1998).

18.2.4 � Pulmonary Venous Hypertension

18.2.4.1 � Etiopathogenesis

PVH is another term for postcapillary pulmonary 
hypertension and is a result of increased resistance in 
the pulmonary veins. It is an important cause of sec-
ondary pulmonary arterial hypertension. The common 
causes are left ventricular failure, mitral valve disease, 
and aortic valve disease. Other causes include fibrosing 
mediastinitis and PVOD. With an increase in pulmo-
nary venous pressure, sequential changes in pulmo-
nary circulation occur, depending upon the degree of 
rise in pressures. This initially manifests as distension 
of upper lobe veins when compared with the lower 
lobe veins, which is known as “upper lobe venous 
diversion.” With further rise in pressure, fluid begins 
to accumulate in the interstitium, which is known as 
interstitial pulmonary edema. Further rise in venous 

a b

Fig. 18.10  (a) Coronal reconstruction CT image demonstrates 
large central pulmonary arteries and mosaic attenuation second-
ary to pulmonary hypertension. The low-density areas correspond 
to decreased attenuation. (b) Frontal chest radiograph shows 
moderate cardiomegaly and large pulmonary arteries in pulmo-

nary hypertension. The vessels on the right are smaller than those 
on the left. There is a subtle discrepancy in lung translucency, 
which is seen as mosaic attenuation on CT because of reduced 
lung perfusion



44918  Pulmonary Embolism (PE) and Pulmonary Hypertension

pressure leads to accumulation of fluid in alveolar air 
spaces, termed “alveolar edema.” These changes are 
reversible. However, secondary pulmonary arterial 
hypertension ensues with long-standing venous hyper-
tension. Edema may be due to noncardiogenic causes 
when the heart and vessel sizes are normal. Various 
causes include aspiration, ARDS, near-drowning, 
drugs, hepatorenal failure, and rapid lung expansion 
(Fraser et al. 1999; Frazier et al. 2000).

18.2.4.2 � Radiographic Features

Plain radiographs have good sensitivity when demon-
strating specific changes, depending on the degree of 
venous hypertension Simon et al. (1967). To a certain 
extent the changes can be correlated with PCWP. 
Normally, in an upright radiograph, the lower lobe 
veins have a slightly larger caliber compared with upper 
lobe veins because of gravity-dependent distribution. 
Upper lobe veins are distended when there is mild 
PCWP elevation. A further rise in PCWP (19–25 
mmHg) leads to interstitial edema. Interstitial edema is 
characterized by thickening of the interlobular septa. 
These are called the Kerley lines. They are further 
divided into types A, B, and C. The term “Kerley C 
line” is no longer used. Kerley A lines are approxi-
mately 4 cm in length and are seen in the upper and 
middle-portions of the lung and radiate from the hila 
into the central portions of the lungs but do not reach 
the pleura. Kerley B lines are shorter (1 cm or less) 
interlobular septal lines (Fig.  18.11) found predomi-
nantly in the lower zones peripherally and parallel to 
each other but at right angles to the pleural surface. 
Other signs of interstitial fluid overload include perihi-
lar haze, which is seen as an indistinct outline of the 
lower lobe and hilar vessels, and peribronchial cuffing 
(Fig. 18.12), which is apparent thickening of the bron-
chial walls as a result of fluid accumulation in the peri-
bronchial interstitium. Airspace opacities appear when 
PCWP rises above 25 mmHg. This is suggestive of 
alveolar edema. This is accompanied by Kerley B lines, 
airspace nodules, bilateral symmetric consolidation in 
the middle and lower-lung zones, and pleural effusions. 
The common description of “perihilar bat-wing” pat-
tern of airspace consolidation is seen most commonly 

in left ventricular and renal failure (Fig.  18.13a), 
whereas alveolar edema localized to the  right upper 
zone is seen with severe mitral regurgitation.

Signs of pulmonary arterial hypertension may 
develop in patients who have chronic PVH. Some
times a fine nodular pattern from the deposition of 

a

b

Fig. 18.11  Frontal chest radiograph reveals Kerley B lines (a), 
which correlate well with a coronal reconstruction CT image 
demonstrating interlobular septal thickening (b)
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a

c

b

Fig. 18.12  Frontal chest radiograph (a) and coronal CT (b) demonstrate Kerley B lines, perihilar haziness, and peribronchial cuff-
ing consistent with pulmonary edema. Findings reverted back to normal on subsequent radiograph (c)



45118  Pulmonary Embolism (PE) and Pulmonary Hypertension

hemosiderin may appear throughout both lungs and 
has been seen previously in patients with long-stand-
ing severe mitral stenosis. In very severe chronic 
PVH, pulmonary ossicles may form, measuring up to 
1 cm in size (Fraser et al. 1999; Frazier et al. 2000).

CT is highly sensitive in the detection of PVH 
and edema. The findings include thickening of sep-
tal and bronchovascular structures. Patchy perihilar 
ground-glass opacities may be seen in cases of mild 
parenchymal edema. Alveolar edema may initially 
be recognized as peribronchovascular airspace 
nodules progressing to dense airspace consolida-
tion (Fig. 18.13b).
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19.1 � Introduction

Chest injury is an important contributor to mortality in 
trauma patients (Trupka 1997; Stiell 1999); therefore, 
rapid and accurate diagnosis of chest injuries is impera-
tive to direct definitive therapy. Conventional chest 
radiography (CR) classically has been used as the sole 
diagnostic tool in the primary evaluation of trauma 
patients, but is now increasingly being replaced by 
computed tomography (CT) (Rieger 2002; Broder 2006; 
Wurmb 2007).

It is especially multidetector computed tomography 
(MDCT) that has a high diagnostic accuracy for 
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Abstract

Chest injury is an important contributor to mor-››
tality and deserves rapid diagnosis. Although 
conventional radiography (CR) is not as accu-
rate for chest injuries as multidetector com-
puted tomography (MDCT), CR remains an 
important initial diagnostic tool in trauma care.
Signs of chest injuries are, however, often subtle ››
and difficult to identify during CR of supine 
anteroposterior trauma. This chapter reviews 
subtle CR findings that suggest relevant chest 
injuries by correlating these CR signs with the 
appearance of injuries on coronal reformatted 
MDCT. Attention will be paid to the following 
diagnoses: aortic injury, diaphragmatic injury, 
tracheobronchial tree injury, pulmonary contu-
sion, pneumothorax, hemothorax, rib fractures, 
and scapulothoracic dissociation.
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predominantly pulmonary and vascular injuries (Rowan 
2002; Abboud 2003; Mirvis 1998; Parker 2001; Chen 
2004) and seems to improve diagnostic thinking and to 
influence the patient’s treatment (Trupka 1997; Guerrero-
Lopez 2000; Salim 2006a; Omert 2001). However, the 
negative side effects of CT cannot be neglected. Firstly, 
the risk of potential harmful effects of ionizing radiation 
exposure associated with CT is substantial, especially 
because the trauma population is young and therefore 
sensitive to those harmful effects. Secondly, CT might 
cause a delay in the diagnosis and treatment because 
transportation and positioning of the often obtunded 
patient dictate the time that is available for CT scanning 
examinations. Thirdly, CT is relatively expensive.

Although CR has increasingly been reported as a  
less accurate imaging tool when used for blunt trauma 
patients (Rowan 2002; Lopes 2006; Scaglione 2006; 
Wisbach 2007), this is nonetheless a quick method that 
uses a far smaller radiation dose. Effective radiation dose 
of CR is approximately 0.05 mSv, whereas effective 
dose is 5 mSv in chest CT (Mettler 2008; Brenner 2008). 
Furthermore, CR can be quickly used as an adjunct in 
the primary survey for abnormalities that require rapid 
treatment, such as tube malposition, large pneumotho-
races, or massive intrathoracic bleeding (American 
College of Surgeons Committee on Trauma 2004). 
Finally, CR remains the primary screening method 
for trauma patients in many European institutions when 
deciding whether CT is warranted: subtle CR signs 
might predict the presence of more, relevant chest inju-
ries that can be accurately visualized during CT.

It is therefore imperative for radiologists to recog-
nize these signs on CR to establish the need for CT. 
The purpose of this pictorial chapter is to evaluate sub-
tle CR signs of relevant injuries and to correlate these 
with the appearance of these injuries on CT. The rele-
vant injuries evaluated in this chapter include aortic 
injury, diaphragmatic injury, tracheobronchial tree 
injury, pulmonary contusion, pneumothorax, hemotho-
rax, rib fractures, and scapulothoracic dissociation.

19.2 � Chest Radiographs and  
MDCT

At our institution, we obtain CR scans of the chest in 
the trauma room within several minutes after arrival. 
These radiographs consist of at least one supine view 

of the chest in anterior–posterior direction. The major-
ity of patients undergo CR while they are still posi-
tioned on a spine board.

MDCT is executed in the room adjacent to the trauma 
bay. We position the patient with the arms raised above 
the acromioclavicular region and use automated tube 
current modulation for optimal image quality at the low-
est radiation dose possible (Brink 2008a). The chest 
MDCT is often obtained as a part of a thoracoabdominal 
scanning examination from the acromioclavicular joint 
to the lesser trochanter at a tube potential of 120 kV, with 
a reference value of effective tube current time product 
of 200 mAs and a small collimation size of 1.5 mm or 
less. For optimal imaging of soft tissue trauma and arte-
rial injuries, we preferably inject 100–150 mL of iodi-
nated contrast medium (at an iodine concentration of 
300–350 mg/mL, depending on the patient’s habitus) 
according to the following split-bolus protocol: two 
thirds of the contrast medium is injected at a rate of 3 
mL/s, followed by a saline chaser bolus. Thereafter, the 
remaining one-third of the contrast medium is injected at 
a rate of 4 mL/s, followed by a saline chaser bolus. The 
patient is scanned with a delay of 60 s. For optimal imag-
ing of the aortic arch, we use bolus tracking software and 
a contrast agent at a concentration of 350 mg/mL, which 
is administered at 4–5 mL/s followed by a saline chaser.

For reconstruction, lung, soft tissue, and bone ker-
nels are used, and sagittal and coronal multiplanar 
reformatted (MPR) images are obtained.

19.2.1 � Aortic Injury

Traumatic aortic injury is considered to be caused by a 
mechanism of severe acceleration–deceleration. It 
occurs in 1–2% of blunt trauma patients who have suf-
fered from a significant mechanism of trauma and who 
reach the hospital alive (Fabian 1998; Dyer 2000). 
Patients have a low survival rate if this injury is not 
detected and treated at an early stage (Parmley 1958).

Several radiographic signs have been described for 
aortic injury. These signs are based on the fact that aor-
tic rupture causes a local or more generalized mediasti-
nal hematoma. A mediastinal hematoma can be reflected 
by mediastinal widening on CR, which has classically 
been described as a distance of more than 8 cm from the 
right border to the left border of the mediastinum at the 
level of the aortic knob (Marsh 1976). Although a 
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widened mediastinum has been reported to be 100% 
sensitive for aortic injury in several studies (Grieser 
2001; Wong 2004; Mengozzi 2000; Haramati 1996), 
this sign has also been reported to be negative in some 
cases (Demetriades 1998; Ho 2002; Cook 2001). In 
addition, mediastinal widening is not specific for aortic 
injury: firstly, because patients are scanned positioned 
on top of a spine board with long mediastinum-to-film 
distances that result in a broad mediastinal projection. 
For this reason, a new upper limit of up to 9.7 cm has 
been proposed (Gleeson 2001). Secondly, patient com-
pliance to breathing instructions often fails in trauma 
patients (Costantino 2006). Thirdly, a widened medi-
astinum may also be present secondary to venous hem-
orrhage (Sandor 1967), thoracic vertebral fractures 
(Fig. 19.10) (Sandor 1967), spinal ligamentous injuries 
(Costantino 2006), first rib fractures (Sandor 1967), 
clavicular or sternal fractures (Demetriades 1998), or a 
fatty mediastinum (Wicky 2000).

Other findings that might reflect aortic injury are 
loss of sharpness of the aortic contour (Fig. 19.1) (Cook 
2001; Ungar 2006; Mengozzi 2000), opacification of 
the aortopulmonary window (Fig. 19.1) (Cook 2001; 
Ungar 2006), rightward deviation of the nasogastric 
tube within the esophagus (Ungar 2006; Cook 2001), 
rightward deviation of the trachea (Ungar 2006; Cook 
2001), downward displacement of the left mainstem 
bronchus (Cook 2001; Mengozzi 2000; Ungar 2006), 

widening of the right paratracheal stripe (>5 mm) 
(Woodring 1990; Ungar 2006), left apical capping 
(Ungar 2006; Cook 2001), which reflects a migrated 
mediastinal hematoma into the extrapleural space over 
the apex of the left lung (Simeone 1975), a displaced 
left or right paraspinous line (Gibbs 2007; Cook 2001; 
Ungar 2006), and a displaced vena cava superior 
(Ungar 2006). Finally, signs of hemothorax, pneu-
mothorax and pulmonary contusion at conventional 
radiography are associated with a higher incidence of 
aortic injury (Ungar 2006; Kirkham 2007).

None of these above signs occur in all patients 
with aortic injuries, and none of the signs are 100% 
specific for this injury. Hence, several authors have 
suggested that to rule out aortic injury at CR it is nec-
essary to consider a combination of all signs and the 
radiologist’s overall impression of the mediastinal 
contour (Ho 2002; Sriussadaporn 2000; Erpenbach 
1995). However, predicting the presence of aortic 
injury via CR remains a challenge in daily practice 
(Fig. 19.2).

19.2.2 � Diaphragmatic Injury

Although the incidence of diaphragmatic injury is high 
in penetrating trauma (occurring in 10–24% of patients 

a b

Fig. 19.1  A 37-year-old man was involved in a high-energy car 
accident and was intubated at the scene of the accident. During 
primary survey at the emergency department this patient had suf-
ficient respiration and was normotensive, but he had a tachycardia 
of 109 beats per minute and lacerations across the abdomen. (a) 
The initial chest radiograph showed a widened mediastinum, with 
an abnormal aortic contour and an opacified aortopulmonary win-

dow. In addition, this chest radiograph showed atelectasis of the 
left lower lung. (b) Coronal reconstructions of the chest multide-
tector computed tomography (MDCT) demonstrated a hematoma 
around the aortic arch and an aortic rupture (arrow). In addition, 
MDCT demonstrated pulmonary contusion, atelectasis, rib frac-
tures, and a pneumothorax (not shown). This patient was treated 
with an endovascular aortic stent
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who have a penetrating injury to the left lower chest 
[Murray 1998; Mirvis 2003]), this injury is found in 
only 0.8% of blunt trauma patients (Costantino 2006). 
If diaphragmatic injury is present in blunt trauma 

patients, the left dome of the diaphragm is most fre-
quently injured. Diaphragmatic injury has a substantial 
impact on patient mortality and morbidity if left 
untreated (Reber 1998).

a c

d
b

Fig. 19.2  A 56-year-old man entered the trauma room after a 
high-energy car collision, during which another occupant died. 
This patient had no respiratory problems and was hemodynami-
cally stable. (a) During initial resuscitation and before multide-
tector computed tomography (MDCT), the supine anteroposterior 
chest radiograph showed elevation of the right diaphragm, right-
ward deviation of the trachea, a widened paratracheal stripe, and 
a widened mediastinum. However, because there was a sharply 
marked aortic contour, aortic injury was not suspected during 

the  initial interpretation of this chest radiograph. (b) Although 
coronal reconstructions of MDCT with intravenous contrast did 
not show remarkable mediastinal widening, (c) transversal 
imaging showed a small periaortic hematoma in the central 
mediastinum (asterisk), partial thickening of the aortic wall 
(white arrow), and (c, d) an aortic transection with an intimal 
flap (black arrows) of the aortic arch. This patient was treated 
with an endovascular aortic stent
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Injury to the diaphragm is difficult to diagnose with 
CR unless typical findings are present. CR findings 
with a high positive predictive value include asymmet-
ric elevation of the diaphragm (sensitivity: 50% in blunt 
trauma patients) (Shackleton 1998) and herniation of 
the nasogastric tube or of bowel gas into the thoracic 
cavity (sensitivity: 44–60%) (Guth 1995; Shackleton 
1998) (Fig.  19.3). The latter can appear as the collar 
sign: a waist-like constriction of the gas containing vis-
cera at the level of the diaphragmatic tear (Mirvis 2003). 

It should be noted that herniation of abdominal contents 
especially occurs in spontaneously breathing patients; 
this sign is often absent in patients who receive mechan-
ical ventilation that causes a positive intrathoracic  
pressure (Shapiro 1996; van Vugt and Schoots 1989). 
Diaphragmatic injury might also be accompanied by a 
mediastinal shift away from the injured site (Shapiro 
1996). In addition, less specific, but still suggestive, 
findings of diaphragmatic injury are pleural effusion or 
plate-like atelectasis above an indistinct diaphragm 

a

c

b

Fig.  19.3  A 56-year-old man was involved in a car accident. 
During clinical evaluation, this patient had a normal breathing 
frequency. However, oxygen saturation was 88% and no respira-
tory sounds could be heard across the left hemithorax. (a) Chest 
radiography showed a pulmonary contusion, rib fractures, a  
tracheal shift, and signs of a diaphragmatic injury: asymmetric 

elevation of the left hemidiaphragm and herniation of abdominal 
contents (bowel gas) into the thoracic cavity. (b, c) Coronal and 
sagittal reconstructions of multidetector computed tomography 
verified these findings and demonstrated a diaphragmatic  
rupture (arrows). This diaphragmatic defect was confirmed and 
primarily closed during a laparotomy
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(Costantino 2006; Guth 1995; Shapiro 1996) (Fig. 19.4) 
and, in case of gunshot injuries, an unexplained hemotho-
rax (sensitivity: 33%) or a missile near the diaphragm 
(sensitivity: 36%) (Shackleton 1998).

19.2.3 � Tracheobronchial Injury

Injury to the trachea or bronchi occurs in only 0.4–1.5% 
of blunt trauma patients (Brink 2008b; Mirvis 2003) 
but can be a direct threat to airway continuity (Cassada 
2000) and oxygenation.

CR might indicate tracheobronchial injury by show-
ing subcutaneous emphysema (sensitivity: 75% [Ayed 
2004] (Fig 19.5); pneumomediastinum (Fig. 19.5) (i.e., 
free air surrounding mediastinal arteries and veins, tra-
chea, and esophagus, which is indicated by the thymic 
sail sign, “ring around the artery” sign, tubular artery 
sign, double bronchial wall sign, continuous diaphragm 
sign, extrapleural sign [Zylak 2000], and the elevation 
of the aortic-pulmonary stripe) (sensitivity: 67% [Ayed 
2004]); or a pneumothorax (sensitivity: 67% [Ayed 

2004]) that typically persists despite chest tube drainage 
(Wicky 2000) (Fig. 19.5). More specific, though rarely 
encountered signs are malposition of the endotracheal 
tube (overdistension or oblique or extraluminal position 
of the endotracheal balloon cuff) (Scaglione 2006), dis-
tortion of the normal tracheal configuration (Scaglione 
2006), intramural gas in the proximal airways (Costantino 
2006), or the fallen lung sign. The latter comprises a pos-
terolateral position of a collapsed lung at the distal end of 
the tracheobronchial injury (Wintermark 2001).

19.2.4 � Pulmonary Contusion

Pulmonary contusion is considered to contribute to 
morbidity and mortality in trauma patients in a substan-
tial way. Depending on the injury severity of the patient 
population, pulmonary contusion is estimated to occur 
in 7–75% of blunt trauma patients (Mirvis 2003; Salim 
2006b; Blostein 1997). Pulmonary contusion is consti-
tuted of disruption of the alveolar capillary membrane, 
secondary hemorrhage, and parenchymal oedema. On 

a

b

Fig.  19.4  An 18-year-old man was stabbed between the fifth 
and sixth ribs in the left hemithorax. On arrival at the emergency 
department the airway was not occluded. Oxygen saturation 
and  breathing sounds were normal. However, the patient had 
a high breathing frequency of 30 breaths per minute. (a) Chest 
radiography showed a hemopneumothorax above an indistinctly 

delineated diaphragm. (b) Multidetector computed tomography 
demonstrated a hemopneumothorax with the stomach herniating 
through a defect (arrow) in the diaphragm. A laparotomy was 
subsequently performed. This procedure confirmed the presence 
of injury to the left hemidiaphragm and a laceration of the stom-
ach wall. Both injuries could be successfully repaired
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CR this shows as irregular focal or multifocal areas of 
either discrete or confluent ground glass opacities or 
consolidation, not confined to anatomic limits of the 
segments and lobes (Fig. 19.6) (Trupka 1997; Wagner 
1989). The sensitivity of CR for pulmonary contusion 
ranges from 27% to 83% (Soldati 2006; Blostein 1997) 
depending on the severity of the contusion (Figs. 19.6 

and 19.7). Pulmonary contusion may be accompanied 
with pulmonary lacerations or traumatic pneumatoce-
les in severe cases (Mirvis 2003). These are blood- or 
air-filled cavities resulting from disruption of the alveo-
lar spaces (Mirvis 2003). Although these lesions are 
frequently encountered on CT, they are seldom diag-
nosed with CR (Wagner 1989).

c

a b

Fig. 19.5  A 35-year-old man was crushed between two heavy 
vans. This patient’s airway was secured with orotracheal intuba-
tion, and two chest tubes were placed while the patient was still 
at the scene of the accident. On arrival at the trauma bay, this 
patient had respiratory distress with reduced breathing sounds 
across the right hemithorax, an oxygen saturation of 75%, and a 
massive air leak from the right chest tube. (a) Chest radiography 
showed mediastinal and subcutaneous emphysema, bilateral 

persistent pneumothoraces with a mediastinal shift to the  
left side atelectasis, and signs of pulmonary contusion. (b) 
Multidetector computed tomography confirmed these findings 
and (c) demonstrated a subtotal rupture of the right main bron-
chus (arrow). After selective intubation of the left main bron-
chus to ensure optimal oxygenation of the left lung, the rupture 
was repaired by primary closure of the defect after a lateral tho-
racotomy. The patient fully recovered
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a b

Fig. 19.6  A 16-year-old car occupant was involved in a colli-
sion in which the driver died. This patient had orotracheal intu-
bation and received a chest drain in the prehospital setting. On 
arrival at the emergency department, oxygen saturation was low 
(76%) with a normal breathing frequency. The patient’s hemo-
dynamic status was normal. (a) Chest radiography showed sub-

cutaneous emphysema and a large, ill-defined dense area of  
the left upper lung. (b) Multidetector computed tomography 
(MDCT) demonstrated subcutaneous emphysema and pulmo-
nary contusion: irregular opacities in the area of the left superior 
lobe. In addition, MDCT demonstrated a pneumothorax and rib 
fractures of the left hemithorax (not shown)

a b

Fig. 19.7  An 18-year-old male driver of a motor-assisted bicy-
cle was involved in a collision with a car. This patient was treated 
with orotracheal intubation because of a depressed level of con-
sciousness. During physical examination oxygen saturation was 
94% and breathing sounds were minimal across both hemithora-
ces. (a) Chest radiography showed selective intubation of the 
right main bronchus, but there was no suspicion of pulmonary 

contusion during the initial interpretation of this CR. (b, c) 
However, multidetector computed tomography demonstrated a 
small ventral pneumothorax and multiple opacities in the dorsal 
region of both lungs, suggestive of pulmonary contusion. In ret-
rospect, this pulmonary contusion could already have been iden-
tified with CR, which showed a subtle decrease in translucency 
in the left hemithorax
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19.2.5 � Pneumothorax

Although a pneumothorax is encountered in 20–50% 
of blunt trauma patients (Lamb 2007; Blostein 1997), 
CR of a patient in a supine position is not very sensitive 
for pneumothoraces, especially if these lesions have a 
minimal to moderate size (sensitivity ranges from 24% 
to 64% [Haramati 1996; Sampson 2006]) (Figs. 19.8 
and 19.9). Most patients with pneumothoraces that 
were missed on CR do not require chest tube insertion 
(Brasel 1999; Ball 2005). However, it has been sug-
gested that patients who receive ventilatory support 
have a higher chance of progression of missed pneu-
mothoraces and might therefore benefit from chest 
tube drainage (Ball 2005).

Signs suggestive of pneumothoraces on CR done 
with the patient in the supine position include the fol-
lowing: a relatively hyperlucent hemithorax, visualiza-
tion of the visceral pleura separated from the chest 
wall with loss of lateral lung markings (Mirvis 2003; 
Trupka 1997), subcutaneous emphysema (Ball 2005) 
(Fig. 19.5), demonstration of a deep sulcus sign (Ball 
2006; Rhea 1979) (Fig.  19.8), a crisp outline of the 
mediastinal border or hemidiaphragm (Ball 2006), and 
a double diaphragm sign that is created by the outlines 
of the ventral and dorsal portions of the pneumothorax 
at the anterior and posterior aspects of the hemidia-
phragm (Zinck 2000).

19.2.6 � Hemothorax

Hemothorax is present in 6–11% of blunt trauma patients 
(Brink 2008b; Traub 2007), but occurs more frequently 
in patients who have suffered penetrating injury to  
the chest. Massive arterial hemothoraces may induce 
ventilation-perfusion mismatch and hypotension. They 

a

b

Fig. 19.8  A 19-year-old man who fell from a height of 10 m had 
orotracheal intubation because of neurological deterioration 
during the prehospital phase. The primary survey and further 
physical examination did not reveal any abnormalities. (a) Chest 
radiography demonstrated areas of pulmonary contusion of the left 
lung and a left, deep, abnormally lucent costophrenic sulcus, sugges-
tive of a pneumothorax. (b) This along with other trauma-related 
abnormalities were verified with multidetector computed tomog-
raphy. The patient was treated with a chest drain

c

Fig. 19.7  (continued)
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therefore require adequate diagnosis and immediate 
drainage or surgical intervention.

Signs of a hemothorax on CR of the supine patient are 
an increased opacity of the hemithorax, blunting of 
the costophrenic angles, or an apical pleural cap 
(Raasch 1982) (Fig. 19.10). However, CR fails to detect 
a large proportion of patients with hemothoraces; 
sensitivity ranges from 12% to 44% (Massarutti 
2004; Kalavrouziotis 1997) (Fig. 19.11).

19.2.7 � Rib Fractures

Rib fractures (incidence of 14–31% among blunt trauma 
patients [Salim 2006b; Brink 2008b]) are not in them-
selves life-threatening injuries; however, their presence 
has prognostic implications. They are associated with 
potentially life-threatening chest injuries (Rosado de 
Christenson 2005; Ungar 2006; Simon 1998), especially 
if a flail chest (defined as at least two fractures within 

a b

c

Fig. 19.9  A 24-year-old woman fell from a horse. This patient 
had no respiratory or hemodynamic abnormalities on arrival at the 
hospital but had tenderness to palpation of the left hemithorax. 
(a) Chest radiography did not demonstrate any traumatic abnor-

mality. (b, c) However, multidetector computed tomography 
revealed several rib fractures of the left hemithorax (not shown) 
and small pneumothoraces (arrows). This patient did not receive 
chest tube drainage
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c

a b

Fig.  19.10  A 32-year-old patient who fell from a height and 
who was intubated at the scene of the accident because of a 
depressed level of consciousness had neurological signs of insta-
ble spinal injury. On arrival at the hospital the patient’s respira-
tory status was good. However, there was a short episode of 
hypotension with a systolic blood pressure of 63 mmHg and a 
heart rate of 80 beats per minute. (a) Chest radiography demon-
strated selective intubation of the right main bronchus, a left 

crescent-shaped apical cap (arrow), an abnormal and widened 
mediastinal contour, and abnormal configuration of the thoracic 
spine, especially at the level of the eighth thoracic vertebra. (b) 
Coronal and (c) sagittal multidetector computed tomography 
reconstructions showed two fractured thoracic spinal corpora, 
dorsal atelectasis, and pleural effusion with a mean density of 36 
Hounsfield units, suggesting a dorsal hemothorax (asterisks), 
which was treated with a chest drain
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one rib in three or more consecutive ribs) is present 
(Borman 2006) (Fig. 19.11).

CR is specific but not sensitive in the detection of 
rib fractures; CR demonstrates rib fractures in only 
60–87% of patients with this injury (Exadaktylos 2001; 
Brink 2008b) (Figs. 19.6 and 19.9). The suspicion for 
rib fractures should be raised if one or more associated 
injuries are seen on CR. These injuries include pneu-
mothorax, hemothorax, and pulmonary contusions.

19.2.8 � Scapulothoracic Dissociation

This injury is very rare and often is associated with 
injury to the brachial plexus and the thoracic inlet veins 
and arteries. It is therefore important to recognize this 
injury on CR to indicate the need for further diagnostic 
workup to evaluate damage of the vessels and nerves 
(Ebraheim 1988).

The presence of scapulothoracic dissociation is 
reflected by lateral displacement of the medial border  
of the scapula on CR (specificity: 80%; sensitivity: 60%) 

(Wicky 2000). The degree of displacement can be quan-
tified by comparing the distance between the medial bor-
der of the scapula and the spinous process of the third 
vertebra or the distance between the sternal notch and the 
medial margins of the coracoid process or the glenoid 
fossa. In addition, associated injuries that can indicate 
scapulothoracic dislocation are acromioclavicular sepa-
ration, a displaced clavicular fracture, or sternoclavicular 
separation (Ebraheim 1988; Brucker 2005) (Fig. 19.12).

19.3 � Conclusion

CR of the supine trauma patient is difficult to interpret 
and not as sensitive as CT for relevant traumatic inju-
ries. However, besides the fact that CR can quickly 
confirm the clinical diagnosis of abnormalities that 
need rapid treatment, CR also serves as an initial 
screening to direct the need for further imaging. For 
this, special attention should be paid to subtle signs on 
CR that indicate relevant injuries that can only be 
accurately diagnosed with CT.

a b

Fig. 19.11   A 34-year-old woman who fell from a height showed 
a right-sided flail chest during physical examination. She 
received ventilatory support and a chest tube in the left hemith-
orax because of clinical suspicion of a pneumothorax. Oxygen 
saturation was, thereafter, normal. The patient had a tachycardia 
of 109 bpm at a systolic blood pressure of 120 mmHg. (a) Chest 
radiography demonstrated several rib fractures at the right side 

and a relatively dense right hemithorax that initially was consid-
ered to reflect a pulmonary contusion. (b) However, multidetec-
tor computed tomography also revealed, among other things, a 
severe hepatic injury, pleural effusion with a Hounsfield unit 
density of 40, suggestive of a severe hemothorax. She first 
underwent chest drain positioning in the right hemithorax, and, 
eventually, a thoracotomy. She did not survive
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A
Accessory cardiac bronchus (ACB), 248, 250
Acute pulmonary embolism

etiopathogenesis, 438
investigation, 438
MIP, 85, 89
radiographic features

focal parenchymal opacities, 438–440
pleural and diaphragmatic abnormalities,  

440–441
pulmonary vascular abnormalities, 438

Acute respiratory distress syndrome (ARDS), 229,  
234–235

Adenocarcinoma, 273, 411, 431
Air bronchograms

ARDS, 234, 235
bronchoalveolar cell carcinoma, 225
chest radiograph and CT, 224
chronic aspiration, 233
opacity, 36
post obstructive pneumonitis, 413, 416
pulmonary hemorrhage, 234
pulmonary lymphoma, 241
pulmonary nodules and masses, 428

Airspace disease
cause, 381
diagnosis, 381–383
immunocompromised patient, 383–384

Airway analysis, COPD
chest radiograph evaluation, 362
multidetector row CT scanning, 362–363
wall dimensions, quantitative CT assessment

clinical applications and limitations, 365, 367
small airways, 365

Alveolar pattern
acute alveolar pattern

acute respiratory distress syndrome (ARDS),  
234–235

drug-induced lung diseases, 235–236
infectious pneumonia, 231–233
pulmonary edema, 231, 232
pulmonary hemorrhage, 232–235

air bronchogram, 225
chronic alveolar pattern

bronchioloalveolar cell carcinoma (BAC), 239–240
eosinophilic pneumonia, 240–242

lymphoma, 240, 241
organizing pneumonia (OP), 236–238
pulmonary alveolar proteinosis (PAP), 238–239
radiation pneumonitis, 242–243

CT
angiogram, 227–228
crazy paving, 228, 229

distributions, 228–230
evolutive changes, 229–230
ground-glass opacities, 225, 226
nodular opacity

invasive aspergillosis, leukemia, 226
tuberculosis, 227
varicella pneumonia, 227

pulmonary consolidation, 222, 224–225
silhouette sign, 222–223

Amyloidosis, 262, 265
Aneurysms, PA, 183–184
Angioimmunoblastic lymphoma, 240, 241
Annular mitral valve vs. aortic valve calcification, 148–149
Anterior junction line, 97–100
Anterior lung herniation, 97, 100
Anterior mediastinal compartment

anterior junction line
anterior lung herniation, 97, 100
formation of, 97, 98
thymoma in young adult, 97, 99
thyroid disease, differential diagnosis, 97, 99

organs and tissues, 96
retrosternal line or stripe and space

anterior mediastinal tumor, 107
enlargement and reduction of, 100
hematoma, 105
Hodgkin’s disease, 105
location, 99

Anterior mediastinal tumor, 107
Anterior mediastinum, 96–108
Aortic injury

aortopulmonary window opacification, 455
mediastinal hematoma and widening, 454–455
signs, 454

Aortic nipple, 124, 126
Aortic valve calcifications, 134, 148
Aorto-pulmonary stripe, 102–103
Aorto-pulmonary window, 103, 108–109
Apical infarction, 144

Index
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Apical tumor, 432–434
Arterial hypertension, 140
Asbestosis-related diffuse pleural thickening, 286, 288
Asbestos-related pleural plaques, 287
Atelectasis

definition, 389
manifestations

direct signs, 391
indirect signs, 390–391

mechanisms
adhesive, 390
cicatrization, 391
compressive, 391
obstructive/resorptive, 390
passive, 390–391

types
left lower lobe (LLL), 396, 401–403
left upper lobe (LUL), 394, 398, 399
middle and right upper lobe combined, 403
middle lobe and right lower lobe combined, 401, 403
right lower lobe (RLL), 396, 400–401
right middle lobe (RML), 394, 396, 397
right upper and lower lobe combined, 403
right upper lobe (RUL), 392–394
subsegmental, 405
whole lung, 403–405

Atheromatous vascular disease, 125
Azygo-esophageal line, 116–118
Azygo-esophageal recess, 116, 118–120

B
B-cell lymphoma, pleura, 295
Behçet disease, 186, 187
Benign tumors, chest wall

elastofibroma, 329
fibrous dysplasia, 328
osteochondroma, 328
soft-tissue tumors, 329

Bochadalek hernias, 311–312
Bones, 41, 44, 329–330
Bronchi, 246. See also Large airways

amyloidosis, 262, 265
bronchiectasis

categories, 255
CT findings, 256, 258
cystic bronchiectasis, 255, 257
radiologic signs, 255–256
signet-ring sign, 256, 258

carcinoid tumors, 259, 260
diameter, 253, 254

bronchial tapering, 253–255
bronchoarterial ratio, 253
peripheral airways, 254, 255

endobronchial metastases, 259–260
hamartoma, 259
infectious tracheobronchitis, 261, 263
papilloma, 259
tracheobronchomegaly, 260–261
tracheopathia osteochondroplastica, 266–267
wall thickness, 254, 255
Wegener’s granulomatosis, 266

Bronchial wall thickening, 418, 420
Bronchioloalveolar cell carcinoma (BAC), 239–240
Bronchoalveolar cell carcinoma, 225
Bronchogenic carcinoma, pleura, 290
Bronchus intermedius, posterior wall of, 113, 115–116

C
CABG. See Coronary artery bypass grafts
Calcification

annular mitral valve vs. aortic valve, 148–149
aortic valve, 138
atherosclerotic, 445, 447
coronary artery, 133–135, 150
hilar lymph node enlargement, 218
left atrial wall, 149
mitral valve, 137
myocardial, 148
myocardial vs. pericardial, 150
pericardial, 150
pulmonary nodules and masses, 425–426
valvular, 148
vascular, 42
visibility, 148

CAP. See Community-acquired pneumonia
Carcinoid tumors, 259–261
Cardiac masses, 154, 155, 157
Cardiac pacemakers, 157, 158
Cardiac pulmonary edema, 217
Cardiomegaly, 142, 153, 325, 448
Cardiopulmonary support devices, 157, 159, 160
Catheter, 14–15, 444
Caudalization, 31
Centrilobular emphysema

COPD, 336
coronal CT reconstruction, 350
diffuse, 348
high-resolution CT, 344, 345
lung fibrosis, 354
MPR, 83
multifocal pneumonia, 351
PA chest radiograph, 358

Cervico-thoracic sign, 32, 97, 99, 102, 125, 128
Chest trauma

diagnosis, 453–454
radiographs and multidetector CT

aortic injury, 454–455
diaphragmatic injury, 455–458
hemothorax, 461–462
pneumothorax, 461
pulmonary contusion, 458–461
rib fractures, 462, 464
scapulothoracic dissociation, 464
tracheobronchial injury, 458

Chest wall
benign tumors

elastofibroma, 329
fibrous dysplasia, 328
osteochondroma, 328
soft-tissue tumors, 329

diffuse soft-tissue swelling, 327
inflammatory and infectious diseases
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SAPHO syndrome, 327–328
septic condition, 327
sternal osteomyelitis, 327

malignant tumors
bone metastases, 329–330
chondrosarcoma, 331
Ewing’s sarcoma, 331, 332
hematopoietic system, 330–331

Poland syndrome, 326
rib variants and deformities

acquired rib hypertrophy, 322
cervical rib, 323–324
mid-thoracic ribs, 322
thoracic aorta coarctation, 322, 323
thoracic wall deformity, 323

sternal deformities, 324–325
sternal hole/defect, 326
traumatic lesions, 326–327

Chest X-rays
anteroposterior erect view, 30
basic principles of, 32–33
errors and perception

observer errors, 48
perceptual and cognitive, 47

frontal view posteroanterior erect view, 29–30
interpretation of

basic principles, 32–33
evolution in time, 41–46
knowledge of anatomy and physiology, 31–32
knowledge of clinical presentation, history and  

correlation, 46–47
radiograph analysis by fixed pattern, 33–44

lateral view, 30
of lung cancer, 85–88
radiological report, 48–49
technique for

exposure, 28
image processing and post-processing, 30–31
positioning and inspiration, 28–30

Chilaiditi’s syndrome, 39
Cholesterol pneumonia, 390
Chondrosarcoma, 331
Chronic bronchitis, 337
Chronic obstructive pulmonary disease (COPD), 8, 45

airway analysis
chest radiograph evaluation, 362
multidetector row CT scanning, 362–363
wall dimensions, 365–366

characteristic symptoms of, 337
chest x-rays, 8, 45
definitions

chronic bronchitis, 337
Global Initiative for Chronic Obstructive Lung Disease 

(GOLD), 337
pulmonary emphysema, 336

emphysema
CT, 344–362
radiography, 337–344

Chronic pulmonary thromboembolism
etiopathogenesis, 441
radiographic features, 442, 443

Cicatrization atelectasis, 391
Cognitive errors, 47
Community-acquired pneumonia (CAP), 9, 231
Computer-aided detection (CAD), 82
Computer tomography (CT), Emphysema

factors influencing CT densitometry
airspace size, 357–358
lung slice, 359
parameters, 358–359

high-resolution, 344, 345
lung parenchyma, 347
minimum intensity projection (MinIP) technique,  

344, 348, 349
objective CT quantification

approaches, 347
attenuations value, 344, 349, 351
Density Mask®, 349
lung volume, 353
microscopic measurement, 353

spiral and multidetector
density thresholds, 360–362
expiratory CT role, 362
radiation dose exposure, 362

tissue characterization, 354–357
adaptive multiple features method (AMFM), 354–355
local texture information, 356
low attenuation area, 355–356

Conducting airways, 248
COPD. See Chronic obstructive pulmonary disease
Coronary arteries

calcification detection, 148, 150
contrast-enhanced MDCT images, 134

Coronary artery bypass grafts (CABG), 157, 160–162
Cough, chronic, 4, 14, 38, 43, 46, 47, 280, 380, 382, 397
Crazy paving pattern

diffuse lung diseases, 228, 229
drug induced pulmonary disease, 235–236
PAP, 238–239
renal pulmonary edema, 232

Cryptogenic organizing pneumonia (COP), 230, 236
Cystic bronchiectasis, 211, 213, 255, 257

D
Daily routine chest radiography, 23
Diaphragm

chest X-ray, 300
contour changes, 302

basal lung opacity, 302
pleural effusion, costovertebral angles, 302
right hemidiaphragm, pleural adhesions, 304

depression
bilateral, pulmonary emphysema, 317
encapsulated pleural effusion, 318
left-side, tension pneumothorax, 317

focal elevation
causes, 309
eventration, 309–311
focal bulge, contour, 308
Morgagni hernia, 312, 313
phrenic palsy, 309
triangular elevation, 308, 309
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functions, 300
hernia

Bochadalek hernias, 311–312
esophageal hiatus hernia, 312
traumatic tear, 313–315

injury, chest trauma
chest radiography (CR) diagnosis, 457
collar sign, 457
incidence, 455–456
pleural effusion/plate-like atelectasis, 457–458

lateral chest X-ray, 302
normal, 300–302
PA chest X-ray, 301–302
radiographic analysis, 34
tumors, 315–316
unilateral and bilateral symmetrical elevation

ascites, 302, 305
causes, 309
paralysis, 303
pulmonary embolism, 302, 307
pulmonary fibrosis, 302, 306
scoliosis, 306, 308
subpulmonic pleural effusion, 306, 308

Diffuse centrilobular emphysema, 348
Diffuse interstitial disease, peripheral tumors

idiopathic pulmonary fibrosis, 430–431
lymphangitic carcinomatosis, 430

Diffuse lung disease
causes, 384
radiological investigation, 384

Diffuse pleural fibrosis
asbestosis-related pleural thickening, 286, 288
non-asbestosis-related pleural thickening, 288, 289

Diffuse pleural thickening, 286–289
Dose modulation, 69, 70
Dosimetry

chest CT, 67–69
dose modulation, 69, 70

Doughnut sign, 169, 170
Drug-induced lung diseases, 235–236

E
Elastofibroma, 329
Emergency room

acute dyspnea, 17–20
dyspnea and chest pain, 16
Goodpasture syndrome and massive hempotysis, 16, 20
lymphoma and small cell carcinoma, 16, 17

Emphysema
CT

factors influencing CT densitometry, 357–359
high-resolution, 344–345
lung parenchyma, 347
minimum intensity projection (MinIP) technique, 344, 

348, 349
objective CT quantification, 347, 349, 351, 353
spiral and multidetector, 360–362
tissue characterization, 354–357

radiography
direct and indirect signs, 337–339
hyperinflation and vascular alterations, 339

irregular small opacities, 342
limitations, 341
lung elastic recoil, 343–344
variables and diagnosis, 341

Eosinophilic pneumonia, 216, 240–242
Esophageal hiatus hernia, 312
Eventration, diaphragm, 309–311
Ewing’s sarcoma, 331, 332

F
False silhouette sign, 222, 223
Fibrosis, pleura. See Diffuse pleural fibrosis; Focal pleural 

fibrosis
Finger in glove sign, 258
Fixed pattern radiograph analysis

of bones, 41, 44
of hilae, 38–39, 43
of lung field, 36, 38, 39
of pleura, 34, 38
of soft tissues, 41
technique, 34

Fleischner’s lines, 440
Focal parenchymal opacity

Hampton’s hump, 439
infarction frequency, 438–439
nonhemorrhagic/noninfarcted parenchymal, 439–440

Focal pleural fibrosis
apical cap, 279, 282, 287
healed pleuritis, 279, 286
pleural plaques, 284, 287

G
Gaussian filtration, 72
Giant cell arteritis, 186–187
Goodpasture syndrome, 20
Ground-glass opacity (GGO)

chronic eosinophilic pneumonia, 216
fibrosis, 47
HIV, 14
increased lung attenuation, 214
lymphangitis carcinomatosis, 200–201
parenchymal lucencies, 39
Pneumocystis Carinii, 215
progressive systemic sclerosis, 201
pulmonary nodules and masses, 428
Takayasu arteritis, 188

H
Halasz syndrome, 179–181
Hamartoma, 259
Hampton’s hump, 439
Heart

anatomic structures, 132
anatomy

of left ventricle, 138–139
radiographs/CT correlation, 132–138

chamber evaluation
general characteristics, 139
left heart imaging, 141–145
pathology, evaluation of, 140–141
right heart imaging, 145–147
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fixed pattern radiographic analysis, 34
pathology

calcifications, 148–150
pericardial effusion and pneumopericardium, 150–153
tumors, heart and pericardium, 153–156

postoperative
cardiac pacemakers and ICDs, 157
cardiopulmonary support devices, 157, 159–160
coronary artery bypass grafts, 157, 160

Heart chamber dilatation, 139
Hematoma, 105, 159, 162, 455, 456
Hemidiaphragm, 390

basal pneumonia, 304
hemopneumothorax, 458
LUL atelectasis, 398
PA chest X-ray, 301–302, 307
partial eventration of right, 310, 311
pleural effusion, 276, 303
pulmonary embolism, 307
RLL atelectasis, 400
rupture of, 314
scoliosis, 308
subpulmonary effusion, 274
subpulmonic pleural effusion, 308

Hemothorax, chest trauma, 461–462
Hempotysis, 20
Hibernoma, 329
High-kilovoltage (kVp) exposure, 28
Hila

frontal view
left hilum, 167
measurements, 167
position, 167, 168
radiopacity, 168
right hilum, 166–167
shape, 168, 169

lateral view
inferior hilar window, 169–171
left hilum, 168–169
right hilum, 168, 170

radiographic analysis, 38–39
Hilum overlay sign, 32, 97, 101
Hodgkin’s lymphoma, extrapleural opacity, 271
Hospital information system (HIS), 77
Hughes-Stovin disease, 186
Hydrostatic pulmonary edema, 199

I
Iceberg sign. See Cervico-thoracic sign
ICU. See Intensive care unit
Idiopathic pulmonary fibrosis (IPF), 218
Image acquisition, 55
Image interpretation

basic principles, 32–33
evolution in time, 41–46
knowledge of anatomy and physiology, 31–32
knowledge of clinical presentation, history and correlation, 

46–47
radiograph analysis by fixed pattern, 33–44

Image manipulation, 79
Image navigation, 79

Image post-processing
digital imaging, 30–31
goal of, 64
image reconscruction, 64, 66
MIP, 66
MSCT vs.radiograph, 64–65
slab thickness, 64, 65
volume rendering, 66, 67

Image processing, 30–31
Image reconstruction

filter
goal, 57–58
MTF, 58–59
properties of, 61

isotropic imaging, 61–62
reconstruction filter, 57–61
reconstruction matrix, 62–63
slice thickness, reconstruction increment, 55–57

Image routing, 78
Image segmentation, 81
Immunocompromised patient, 9–11, 14
Implantable cardioverter defibrillator (ICD), 157
Infectious pneumonia, 231–233
Intensive care unit (ICU), 11, 14
International commission on radiological protection  

(ICRP), 4
Interstitial lung disease (ILD)

cardiac pulmonary edema, 217, 218
decreased lung attenuation

pulmonary vasculature, 211–213
pulmonary volume alteration (see Pulmonary volume 

alteration)
idiopathic pulmonary fibrosis (IPF), 218
increased lung attenuation, 214, 216–217
linear pattern

chest radiography, 197–198
high-resolution computed tomography, 198
hydrostatic pulmonary edema, 199
irregular septal thickening, 202
lymphangitis carcinomatosis, 200–201
nodular septal thickening, 198
smooth septal thickening, 198

nodular pattern
centrilobular distribution, 205, 207–210
chest radiograph, 203
high-resolution computed tomography, 203
perilymphatic distribution, 203–207
random distribution, 204–205, 208

reticular pattern
chest radiography, 202
high-resolution computed tomography, 202
progressive systemic sclerosis, 201

sarcoidosis, 218–219
silicosis, 218

Intrapulmonary vessels, 171, 173
Isotropic imaging, 55, 61–62

L
Large airways. See also Bronchi; Trachea

anatomical variations and abnormalities
accessory cardiac bronchus (ACB), 248, 250
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bronchial agenesis, 250
tracheal bronchus, 248, 251

bronchial nomenclature, 248, 250
conducting airways, 248
trachea, 248, 249
trachea-bronchial structural evaluation

carina, 252–253
trachea, 250, 252

transitional airways, 248
Left heart imaging, 141–145
Left lower lobe (LLL) atelectasis

major fissure, 396–401
radiographic images, 402

Left paratracheal line, 109, 111
Left upper lobe (LUL) atelectasis

lateral view, 394
luftsichel sign, 394
radiographic images, 398, 399

Left ventricle imaging, 138–139
Left-ventricular assist device, 159–160
Lipoma, 329
Localized pleural tumors 

bronchogenic carcinoma, 290
fibrous tumor, 290
lipoma and liposarcoma, 290

Lung cancer
cell types, 410
chest X-ray (CXR), clinical practice, 410
clinical presentations

asymptomatic, 411
symptomatic, 410–411

curative treatment, 410
radiographic manifestations

apical tumors, 432–434
central tumors, 412–424
chest wall involvement, 432
histological type, 411
location, 411–412
peripheral tumors, 424–431
pleural effusion and thickening, 432
visualization, 411

screening, 21–22
Lung parenchyma. See Alveolar pattern
Lung parenchymal signs, 445, 447–448
Lymphangioleiomyomatosis, 39–40, 211, 212
Lymphangitis carcinomatosis, 200–201
Lymphoma

angioimmunoblastic, 241
extrapleural opacity, Hodgkin’s, 271
non-Hodgkin, 331
of pleura, primary B-cell, 295
pulmonary, 240–242

M
Malignant mesothelioma, pleura, 290, 292–294
Malignant tumors

chest wall
bone metastases, 329–330
chondrosarcoma, 331
Ewing’s sarcoma, 331, 332
hematopoietic system, 330–331

Maximum intensity projections (MIPs), 66, 80
Mayo Lung Project, 23
Mediastinal mass

anterior, 97, 99
chest radiograph, 106
features, 94
posterior, 97, 125

Mediastinum
contiguous tumor invasion, 419, 421
lymphadenopathy, 419, 422–423
semeiology

compartments and contents, 96–129
definition, 94, 129
mediastinal mass, 94
subdivision, 94–96

tracheobronchial compression, 419–424
unilateral diaphragmatic paralysis, 424

Meniscus sign, 275, 276
Middle mediastinal compartment

aorto-pulmonary stripe, 102–103
aorto-pulmonary window, 103, 108–109
left paratracheal line, 109, 111
organs involved, 96
posterior wall of bronchus intermedius, 113, 115–116
retrotracheal line or stripe, 111, 113–114
right paratracheal line or stripe, 109–112

Minimum intensity projection (MinIP), 80, 344, 347, 348
MIP. See Maximum intensity projections
Missed lung lesions

causes
CT scan, 373
features, 372
hidden areas studies, 373
non-small cell lung carcinoma imaging features, 372

chest radiography (CR), diagnostic test, 371–372
CT role, 385
interstitial lung disease (see Diffuse lung disease)
missed consolidation (see Airspace disease)
nodular lesions

infections, 378–379
miscellaneous, 379–381
tumors, 373–378

Missed nodular lesions
infections

invasive pulmonary aspergillosis (IPA), 379
Nocardia asteroides, 378

parenchymal abnormality, 379–381
tumors

breast cancer, 373–378
radiologic errors, 373
right axilla pain, 373–375
right upper quadrant pain, 378, 379

Mitral valve calcification, 134, 137, 148, 149
Modulation transfer function (MTF), 58–59
MSCT. See Multispectral computed tomography
Multiplanar averaging, 81
Multiplanar reformations (MPR), 80

of centrilobular emphysema, 83
of deep venous thrombosis, 89

Multispectral computed tomography (MSCT)
dosimetric aspects of
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chest CT, 67–69
dose modulation, 69, 70

image reconstruction
isotropic imaging, 61–62
reconstruction filter, 57–61
reconstruction matrix, 62–63
slice thickness, reconstruction increment, 55–57

postprocessing
3D volume rendering, 66
goal, 64
maximum intensity projection, 66
virtual endoscopy, 66–67

vs. radiograph, 64, 65
reconstruction filter, 69–71
spiral acquisition, 55

Myocardial calcification, 148, 150
Myocardial vs. pericardial calcification, 153

N
Neoplasms, pleura

localized pleural tumors, 300
bronchogenic carcinoma, 290
fibrous tumor, 290
lipoma and liposarcoma, 290

lymphoma, 294–295
malignant mesothelioma, 290, 292–294
pleural metastases, 295–296
sarcoma, 294

Non-asbestosis-related diffuse pleural thickening, 288–289
Non-Hodgkin lymphoma, 331
Nonthrombotic pulmonary embolism

radiographic manifestations, 443
schistosomiasis, 444

O
Observer errors, 47–48
Obstructive pneumonitis

airway obstruction, 412
CXR and CT, 412
post, 413, 415–416
S-sign of Golden, 412, 417

Obstructive/resorptive atelectasis, 390
Organizing pneumonia (OP)

characteristics, 236
cryptogenic organizing pneumonia (COP), 236
CT, 236, 237
imaging findings, 238

Oropharyngeal carcinoma, 4–7
Osteolytic lesions, 432, 433
Osteosarcoma, pleural metastases, 294

P
PACS. See Picture Archiving and Communication System
Pancoast syndrome, 432–434
Panlobular emphysema, 39, 40, 336, 345, 347, 361
Paraaortic lines, 122–126
Paraseptal emphysema, 39, 40, 349
Paraspinal lines, 124–125, 127–129
Parenchymal opacity

adenocarcinoma, 271
focal, 438–440

Partial anomalous pulmonary venous returns (PAPVRs), 179
Passive atelectasis, 390–391
Perceptual errors, 47
Pericardial calcification, 150, 152
Pericardial cyst, 155
Pericardial effusion, 152–154
Perilymphatic nodular pattern, 203–207
Peripheral tumors, lung cancer

chronic air-space consolidation, 428, 430
diffuse interstitial disease, 430–431
pulmonary nodules and masses

air bronchograms, 428
calcifications, 425–427
categorization, 425
cavitation, 428, 429
ground glass opacification (GGO), 428
shape and margin, 425
solitary pulmonary opacity, 425

Picture Archiving and Communication System (PACS)
basic elements of, 77–78
controller and archive server, functions of, 78
definition and advantages, 77
radiography, 75–76
and RIS, 76–78
workstations

advanced functions, 79–82
applications, 82–89
fundamental functions, 79
major functions, 78

Platelike atelectasis, 405
Pleura

anatomy, 270
empyema, 279

cough and fever, 279, 280
frontal and lateral chest radiograph, 282
vs. lung abscess, CT, 279
split pleura sign, 281

neoplasms
localized pleural tumors (see Localized pleural  

tumors)
lymphoma, 294–295
malignant mesothelioma, 290, 292–294
pleural metastases, 295–296
sarcoma, 294

peripheral opacity, 270
extrapleural opacity, 271
parenchymal opacity, 273
pleural-based opacity, 272

pleural effusion
categories, 270–271
distribution and location, 276–279
erect patient, 271–272, 274–276
supine patient, 275–277

pleural fibrosis
diffuse pleural fibrosis (see Diffuse pleural fibrosis)
focal pleural fibrosis (see Focal pleural fibrosis)

pneumothorax
chest radiograph, 279–280
erect patient, 280–281, 283–284
supine patient, 279, 285

radiographic analysis, 34, 36–39
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Pleural effusion, 432, 440–441
Pleural lymphoma, 293
Pleural thickening, 432

asbestosis-related diffuse, 286, 288
lung carcinoma, radiographic manifestations of, 432
mesothelioma, 293
non-asbestosis-related, 288, 289
osteosarcoma, 296
primary B-cell lymphoma, 295

Pneumocystis Carinii pneumonia, 214, 215
Pneumomediastinum, 155
Pneumonia

acute airspace, 381–383
air bronchogram, 224
aspiration, 232
chronic eosinophilic, 228, 240–242
community-acquired, 9
in immunocompromised patient, 9–11, 14
infectious, 231–232
organizing pneumonia, 236–238
partial RUL atelectasis and retro-obstructive, 114
Pneumocystis Carinii, 214, 215
varicella, 227

Pneumopericardium, 150–153
Pneumothorax, 16, 155
Pneumothorax, chest trauma, 461
Poland syndrome, 326
Posterior junction line or stripe (PJL), 120–122
Posterior mediastinal compartment

azygo-esophageal line, 116–118
azygo-esophageal recess, 116, 118–120
paraaortic lines, 122–126
paraspinal lines, 124–125, 127–129
posterior junction line or stripe, 120–122
preaortic line and recess, 124

Posterior mediastinum, 96, 116–129
Postinfectious constrictive bronchiolitis, 213
Preaortic line and recess, 124
Prefetching, 77–78
Primary B-cell lymphoma, 295
Pulmonary alveolar proteinosis (PAP), 238–239
Pulmonary arterial hypertension

lung parenchymal signs, 445, 447–448
mediastinal and cardiac signs, 448
vascular signs, 445

Pulmonary arteriovenous malformations (PAVMs), 176, 
178–179

Pulmonary artery (PA)
acquired diseases

fibrosing mediastinitis, 191–192
intravascular metastasis, 190
primary tumors, 187, 189
pseudoaneurysm, 183–184
pulmonary valve stenosis, 184–185
vasculitis (see Vasculitis, PA)

congenital diseases
absence of PA, 171, 173, 174
idiopathic dilation, 176, 177
left PA sling, 173, 175–176
pulmonary arteriovenous malformations (PAVMs),  

176, 178–179

Pulmonary wedge capillary pressures (PWCP), 447
Pulmonary contusion, chest trauma, 458–460
Pulmonary diseases

chest radiography, main indications of
catheters and thoracic devices, position of,  

14–15
clinical situations, 21–24
in emergency room, 16–21
ICU, patients in, 11, 14
patient’s follow-up, 21, 22
pneumonia, 9–15

chronic cough and fever, 4
COPD, 8
oropharyngeal carcinoma, 4–7

Pulmonary edema, 231, 232
Pulmonary embolism (PE)

acute
etiopathogenesis, 438
investigation, 438
radiographic features, 438–441

cause, 437
chronic

etiopathogenesis, 441
radiographic features, 442–443

diagnosis, 438
nonthrombotic, 443–444

Pulmonary hemorrhage, 232–235
Pulmonary hypertension, 146

arterial hypertension
atherosclerotic calcification secondary, 447
Eisenmenger’s syndrome, 446
lung parenchymal signs, 445, 447
mediastinal and cardiac signs, 448
vascular signs, 445

classification
post-capillary, 445
precapillary, 445

definition, 444
pathophysiology, 444
venous hypertension

etiopathogenesis, 448–449
radiographic features, 449–451

Pulmonary langerhans cell histiocytosis, 39
Pulmonary lymphoma, 240–242
Pulmonary thromboembolism

embolism (PE)
acute, 438–441
chronic, 441–443
nonthrombotic, 443–444

hypertension
arterial hypertension, 445–448
classification, 445
definition, 444
pathophysiology, 444
venous hypertension, 448–451

Pulmonary vascular diseases
acquired diseases

focal/diffuse dilation, 183
percutaneous ablation, PV, 192
pulmonary artery (see Pulmonary artery)

congenital diseases
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pulmonary artery (see Pulmonary artery)
pulmonary vein (see Pulmonary veins (PVs))

radiographic features, 438
Pulmonary veins (PVs), 171, 172

anomalous drainage
anomalous course, 179–181
pseudo-scimitar syndrome, 180
without anomalous course, 179, 180

percutaneous ablation, 192
pulmonary varix, 181–182

Pulmonary venous hypertension (PVH)
etiopathogenesis, 448–449
radiographic features

classic bat’s wing distribution, 451
computed tomography (CT), 449
Kerley lines, 449
signs, 449

Pulmonary volume alteration
cystic lung disease, 211, 212
overinflation, 211
pulmonary emphysema, 209, 211

R
Radiation pneumonitis, 242–243
Radiology information system (RIS), 77
Regional lung volume alteration, 412–418
Relapsing polychondritis, 262
Respiratory tract. See Large airways
Retrosternal line or stripe, 99–101, 105–108
Retrosternal space, 99, 100, 105–107
Retrotracheal line or stripe, 111, 113–114
Retrotracheal space, 112, 113
Rib fractures, chest trauma, 462–464
Right heart imaging, 145–147
Right lower lobe (RLL)

atelectasis, 396, 400, 401
volume loss, obtructive pneumonitis, 412, 415

Right middle lobe (RML) atelectasis
radiographic images, 396, 397
triangular opacity, 394
volume loss, obtructive pneumonitis, 412, 415

Right paratracheal line or stripe, 109–112
Right upper lobe (RUL) atelectasis

Golden S sign, 392–393
peripheral atelectasis, 394
radiographic images, 393, 395

RIS. See Radiology information system
Round atelectasis, 405, 406

S
Saber-sheath trachea, 261–262, 264
Sarcoidosis, 218–219, 263–264

nodular pattern, 203
perilymphatic distribution, 203–206 
reticular changes, 202

Sarcoma, pleura, 294
Scapulothoracic dissociation, chest trauma, 464
Scimitar syndrome. See Halasz syndrome
Shaded surface display (SSD), 81
Shifting granuloma, 392
Silhouette sign, 99, 103–105, 222–223

Silicosis, 206–207, 218
Small cell carcinoma, 16, 17
Sniff test, 30
Spatial resolution, 30, 55
Spiral acquisition. See image acquisition
Squamous cell carcinoma, 429
S-sign of Golden, 412, 417
Sternal deformities, 324–325
Sternal hole/defect, 326
Subpulmonary effusion, 274–275
Subsegmental atelectasis, 405
Surface rendering. See Shaded surface display (SSD)
Syrinx syndrome, 323

T
Takayasu disease, 186, 188
Tension pneumothorax, 284, 317
Thoracic devices, 14–15
Thoracoabdominal sign, 125
Threshold visibility, 33
Thymoma, 97, 99
Trachea, 34. See also Large airways

amyloidosis, 262, 265
carcinoid tumors, 259, 260
hamartoma, 259
metastases, 259
papilloma, 259
saber-sheath trachea, 261–262
sarcoidosis, 265
tracheal stricture, 256, 259
tracheobronchomegaly, 260–261
tracheopathia osteochondroplastica,  

266–267
Wegener’s granulomatosis, 266

Tracheal bronchus, 248, 251
Tracheobronchial injury, chest trauma, 458
Tracheobronchial papillomatosis, 259
Tracheobronchomegaly, 260–261
Transitional airways, 248
Tricuspid valve prosthesis, 136
Tuberculosis

endobronchial spread, 209
miliary tuberculosis, 203, 208
RUL carcinoma, 418

Tuberculous pericarditis, 150, 151
Tumors

chest wall
benign, 328–329
malignant, 329–332

diaphragm, 315–316
heart and pericardium, 155
pleural, 290–295
pulmonary artery, 187, 189–190

U
Unilateral hilar enlargement, 412, 419

V
Vanishing tumor, 276, 277
Varicella pneumonia, 227
Vasculitis, PA
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Behçet disease, 186, 187
giant cell arteritis, 186–187
Hughes-Stovin disease, 186
Takayasu disease, 186, 188

Virtual endoscopy (VE), 66–68, 82
Volume rendering techniques (VRTs), 66, 67, 81–82
VRT. See Volume rendering techniques

W
Wegener’s granulomatosis, 266
Westermark’s sign, 438

Whole lung atelectasis, 403–405
Workstations, PACS

advanced functions, 79–82
applications, 82–89
fundamental functions, 79
major functions, 78
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