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Foreword

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






Preface

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
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Chest Radiography Today
and Its Remaining Indications

Emmanuel E. Coche

> Today, chest radiography remains the corner-
1.1 Introduction ............................. 4 . .
stone for the diagnosis of many pulmonary
12~ Main Indications of Chest Radiography ...... 9 diseases but it has received less attention dur-
1.2.1 Pneumqma RERERS RETRRREES EEREREERRRPPPY 9 ing the past several years due to the explosion
1.2.2  The Patient in Intensive Care Unit............. 11 £ . . hni H h
1.2.3 Position of Catheters and Thoracic Devices . . ... 14 © 'neW imaging techniques. However, chest
1.2.4 The Patient in the Emergency Room ........... 16 radiography has many advantages. It offers
1.2.5 The 'Patier.lt’s Eollow-Up EERRRERERE EEEREREE 21 simplicity, low cost, low radiation, large
1.2.6 Clinical Situations in Which Chest Badlography amounts of information, and is widely avail-
Has Been Abandoned or Its Role Discussed . . . . . 21
able throughout the world.
1.3 Conclusions. . ............................ 24

> In this chapter, the remaining indications for
References. . ............c.oooiiiiiiiiiiiiai.. 25 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

E.E. Coche . .
Department of Medical Imaging, Cliniques Universitaires follow-up will be discussed.
St-Luc, Avenue Hippocrate, 10, 1200, Brussels, Belgium .
e-mail: emmanuel.coche @uclouvain.be

E.E. Coche et al. (eds.), Comparative Interpretation of CT and Standard Radiography of the Chest, 3
Medical Radiology, DOI: 10.1007/978-3-540-79942-9_1, © Springer-Verlag Berlin Heidelberg 2011



E.E. Coche

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).

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. (¢) 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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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).

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.

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,

Note the right pleural effusion. (e) "*Fludeoxyglucose 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
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Fig. 1.2 (continued)
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Fig. 1.2 (continued)

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
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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. (¢) 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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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)

-

)
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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

.

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

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
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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
ininterpretation. 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 10°/mm?
(4-10 10*/mm?), 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. (¢) 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



1 Chest Radiography Today and Its Remaining Indications

13

Fig. 1.5 (continued)
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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

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 10*/mm?
(4-10 10*/mm®) 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

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).

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
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Fig. 1.6 (continued)

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

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). (¢) 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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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-

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

10cm

side the central box). (¢) 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

(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
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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.

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. (¢) 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)

90 Degrees
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Fig. 1.10 (continued)

Fig. 1.11 Images obtained from a 2I-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
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Fig.1.11 (continued)

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.
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Fig. 1.12 Images from a patient with lung cancer (poorly dif-  chest radiograph performed several months after therapy with an
ferentiated adenocarcinoma) treated by surgery and an anti- anti-angiogenetic agent demonstrates a large radiolucency in the
angiogenetic agent. (a) At admission chest radiograph reveals a  right upper lung zone. (¢) Reformatted frontal CT image shows
large mass located in the right upper lobe. (b) Posteroanterior  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’smanagement (Henschkeetal. 1983, Bekemeyer
et al. 1985, Strain et al. 1985).


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

24

E.E. Coche

10cm

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

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-

5 K by

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

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.
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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).

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

e the detection of lung nodules, even those obscured
by overlaying structures

e other types of focal opacities, such as those caused
by infection

e 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):

e Direct search is a method whereby a specific pattern
of inspection is carried out.

e 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).

. 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.

. 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°.

. 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).

. 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).

. 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).



2 Difficulties in the Interpretation of Chest Radiography

35

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. (¢, 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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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

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.

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)

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
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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). (¢) 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)



38

L. Delrue et al.

Fig. 2.4 (continued)

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

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
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Fig. 2.5 (continued)

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). (¢, 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,

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.

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, 1) Fibrosis. The X-ray reveals
areticulonodular 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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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-

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.

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

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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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

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.

dorsal and first lumbar vertebra. (¢) 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

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.
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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. (¢, 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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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). (¢) Mutli-detector row

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

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)

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. 2.11 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. (¢, 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 ¢) 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

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

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.
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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

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

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

(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
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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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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.
]

3.1 Introduction

One of the most significant advantages of computed
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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 o (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 @’R, which
is proportional to the square of the rotation frequency
o 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 o is the slice acqui-
sition rate (SAR), given by SAR=Mo (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 MSCTImage 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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Slice thickness

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

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

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

b cm

1k

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
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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 (i) 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

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)

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
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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

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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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.

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

1

(em)=—""—
2f.(Lp/cm)

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
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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 (6=0.41 mm) will enable to
resolve smaller details in the images than filter A
(6=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.
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Filter A

v -

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

Filter B

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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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

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”

Bone

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)

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

1

(em)=————=%
2f.(Lp/cm)

sw(cm) /2 = w:i:2 s
/.,

c

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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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, i <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, 7i <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, i <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.

Itis 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,,_ ) is the one
providing a pixel size equal to the smallest resolvable
detail () in the reconstructed image and that is deter-
mined by the cutoff frequency of the reconstruction
filter. From this,

. . FOV(cm) 1
pixel size (cm) = =0=
Migeal 2f.(Lp/cm)
=m,,, =2FOV(cm)f.(Lp/cm)

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,, =768
(6=0.042 cm). If the pixel size is larger than & (or
equivalently m<m, ), 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 mg. would not result in
an improved image quality compared with an image
reconstructed with m, . In that case, the spatial reso-
Iution 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,,_ 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
6=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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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-

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.

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

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.
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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

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

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

MSCT: Slab 320mm
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MSCT: Slab 320mm MSCT: Slab 100mm

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

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

o B

Fig. 3.13 Left: Slab minimum intensity projection (MinlP) 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

intensities can also be generated. This tool, named min-
imum intensity projection (MinlP), 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
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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

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: AHigh-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. 3.15 Three-dimensional volume-rendered images obtained with two different weighting functions
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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

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,

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

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 achest 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
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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

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

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

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
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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-

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),

-
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ple shown, the dose is reduced by a factor 3.2 and the noise
measured in the images is similar

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.
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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

100 \\
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Fig. 3.20 Images (a) and (b) are reconstructed with a lung filter  reconstruction filter optimized for the visualization of the lung.
(sharp) and an abdominal filter (smooth), respectively. Image (al)  Gaussian filtration (smoothing) of image (al) gives image (a2),
displays image (a) with an abdominal window. Note that the noise ~ which has an image quality very close to image (b)

is too high with this window setting because of the use of a sharp
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Fig. 3.21 Various amount of Gaussian filtration and slice thick-  improve the visualization of all organs. The image quality
ening can be applied online to the multiplanar-reconstructed  obtained is then very high for any window displayed by the user,
images according to the window width, which is chosen to  with only one reconstructed “sharp and thin” dataset
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PACS - Tips and Tricks for Imaging
Comparison
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4.2 RISand PACS........ ... ... ... ... ... ... 76 (CT), which makes a lung examination with
420 RIS oottt 77 more than 1,000 axial slices in few seconds
422 PACS. .. 77 possible, and the progressive improvements
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viewing and diagnostic workstations become
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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

e Communication networks

* Display systems

e 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).

Table 4.1 Major functions of a PACS controller and archive
server (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

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.

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

Function Description

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

Case preparation

Selection of cases for a given
subpopulation

Case selection

Tools for arranging and grouping
images for easy review

Image arrangement

Interpretation Measurement tools for facilitat-
ing the diagnosis
Documentation Tools for imaging annotation,

text, and voice reports

Tools for comprehensive case
presentation

Case presentation

Image reconstruction Tools for various types of image

reconstruction for proper display
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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

e 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 MinlP

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-MinlP 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

—)

A4 MinIP .
A4 Averaging

Fig. 4.1 The principles of
MIP, MinlP, 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
minlP should be applied.

In case I (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. (¢) 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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Fig. 4.2 (continued)

Case 2 (Fig. 4.3a—) 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-1).

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.
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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. (¢) 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). (1) 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). (m) 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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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
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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.

E.E. Coche et al. (eds.), Comparative Interpretation of CT and Standard Radiography of the Chest, 93
Medical Radiology, DOI: 10.1007/978-3-540-79942-9_5, © Springer-Verlag Berlin Heidelberg 2011
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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).

e 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.

e 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.

e 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:

¢ s it a mediastinal mass?

The following features indicate that a lesion truly

originates within the mediastinum:

e 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.

e 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 tracheal and oesophageal compression and deviation,
and coronal (e) reformats. Mediastinal lesions are not necessar-  extending inferiorly behind the trachea and the carina. The mass
rily bound to one single compartment. A huge goiter, initially  is quite heterogeneous and calcified in its lower portion

located in the lower neck and the superior middle mediastinum,
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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



98

R. Gosselin et al.

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)



5 Semeiology of the Mediastinum

929

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

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):

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

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

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)

e Deformity and reduction in volume of one
hemithorax

e Pectus excavatus

* Hypertrophic costochondral junctions and osteo-
phytes of the manubiosternal junction

e Obesity, mediastinal lipomatosis
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Fig. 5.5 Routine chest radiograph. The frontal film (b) showsa reformats in parenchymal (¢) and mediastinal (d) window set-
left paracardial rounded mass with the left hilar vessels clearly  tings confirms its cystic nature, independent of the hilum. Final
visible through the mass (hilum overlay sign); the lateral film  diagnosis: pericardial cyst

(a) shows the central localization of the mass. MDCT with axial

e Other fatty masses (lipoma, liposarcoma, brown * Main pulmonary artery hypertrophy
fat tumors) * Hematoma secondary to sternal fracture or sur-
* Sternal tumors gery (Fig. 5.9)
* Vascular mass or dilatation (aortic aneurysm, e Lymph node enlargement (Hodgkin’s disease,
coarctation) breast carcinoma) (Fig. 5.10)

* Right ventricular hypertrophy * Any anterior mediastinal tumor (Fig. 5.11)
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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:

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

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

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
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Fig. 5.7 Frontal (a) and lateral (b) chest radiograph and axial
CT in parenchymal (¢) 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

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

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

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
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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
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Fig. 5.8 (continued)

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
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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
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Fig.5.10 (continued)

Fig. 5.11 Routine chest radiograph of a patient who had no  in the anterior mediastinum. The multidetector computed tomog-
medical history. Elevation/displacement of the aortopulmonary  raphy with axial (c,d) and sagittal (e) reformats shows a lobu-
stripe on the frontal chest radiograph (a, red arrow). Obliteration  lated, slightly irregular, and heterogeneous mass in the
of the retrosternal space is seen on the lateral chest radiograph  retrosternal space without evidence of invasion of the mediasti-
(b, red arrow). These findings indicate the location of the mass  nal structures. Final diagnosis: malignant thymoma
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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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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 Biilo 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

02).

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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Fig.5.13 Rightparatracheallineorstripe (a,inred). Physiologically  tissue and the adjacent pleura (¢, MDCT with triplanar reformats,
1-4 mm thick. It extends from the thoracic inlet to the right tracheo-  red arrows). This is a major landmark that should be checked sys-
bronchial angle. It is formed by the tracheal wall, the mediastinal ~ tematically on frontal chest radiographs (b, red arrows)
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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

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

(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

(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)
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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 Biilo 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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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
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Fig.5.17 (continued)

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).
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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, ¢, red arrows).
A normal line gives a good
indication of absence of
pathology in this
mediastinal space
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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).

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, ¢, 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)
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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, ¢, red
arrows). The position of the
line with respect to the
midline is variable




122

R. Gosselin et al.

Fig. 5.20 (continued)

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)

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).




5 Semeiology of the Mediastinum

123

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)
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Fig.5.22 (continued)

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 PreaorticLine 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
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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

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,

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

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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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 major anatomical landmarks on every conventional frontal
by the tangential contact of the lungs and the pleura with the radiograph (c); abnormal contours or displacement can be
posterior paravertebral soft tissues (MDCT with triplanar refor-  caused by varied benign or malignant entities

mats, coronal image bottom right, red arrows) (b). They are
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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
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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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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

Table 6.1 Anatomic outline of the heart on chest radiographs

Most prominent anatomic structures

contributing to the heart shadow contour

Frontal projection

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

Lateral projection

Distal portion of the aortic arch

Left border

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

Posterior border

Right ventricle
Main pulmonary artery
Ascending aorta

Superimposing pulmonary veins
Left atrium

Left ventricle

Inferior vena cava
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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

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

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

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
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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).

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.
(¢) 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)
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Fig. 6.3 Coronary artery calcifications. (a and b) frontal and  radiographs (a and b). These calcifications are nevertheless eas-
lateral chest radiographs. (c—e) Coronal and sagittal maximum  ily seen on CT images, where left anterior descending (black
intensity projection computed tomography (CT) images. Even  arrow), left circumflex (open arrow), and right coronary artery
extensive coronary calcifications can be difficult to see on chest  calcifications (gray arrow) can be identified
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Fig.6.4 Tricuspid valve prosthesis in a young woman. (aandb)  the tricuspid valve can best be evaluated when it is replaced by a
Frontal and lateral chest radiographs. (¢ and d) Coronal and sag-  prosthesis, as in this case, where valve replacement was indi-
ittal reformatted computed tomography images. The position of  cated after valve destruction due to infectious endocarditis
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Fig.6.5 Extensive annular mitral valve calcificationina52-year-  images. Extensive calcifications along the fibrous annulus of the
old man. (a and b) Frontal and lateral chest radiographs. (¢ and  mitral valve can be seen (arrow)
d) Coronal and sagittal reformatted computed tomography



138

R.A. Salgado

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

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

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.
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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

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

anterior

lateral

inferior

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

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

Fig. 6.8 A 52-year-old man with known arterial hypertension.
(a) Conventional chest radiograph. (b and ¢) 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).

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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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.

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)
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Fig. 6.10 (continued)

r s

Fig. 6.11 A 54-year-old man with left ventricular dilalation ventricular dilatation on the multidetector computed tomogra-
secondary to an old anterior myocardial infarct. The images phy image (b), corresponding to extensive wall thinning and
show leftward extension of the cardiac shadow (a), with left apical dilatation after myocardial infarction
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Fig. 6.12 A 63-year-old man with an old apical infarction. (a
and b) Conventional chest radiograph. (¢) 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 (¢ and d)
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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

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.

dilation, but also shows the enlarged myocardium with a promi-
nent trabecular morphology (b and c¢), compatible with a
noncompaction cardiomyopathy

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
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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. (¢ 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 (¢ and d, arrow) without
concomitant dilation
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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

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

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).

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

Table 6.2 Differentiation between annular mitral valve and
aortic valve calcifications

Mitral valve Aortic valve

Involved Annulus Annulus and leaflets

structure
Leaflets (rare)

Etiology chronic <4th decade: congeni-
degeneration tal (bicuspid valve)
accelerated by >6th decade: acquired
hypertension, valve degeneration
diabetes mellitus, (tricuspid valve)
hyperlipidemia

Character Dense, ring-like Thick, heavy calcifica-
clumps (annulus) tions (leaflets)

Function Usually normal Stenosis

function

Mostly insufficiency
when present

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

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

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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Fig.6.16 (continued)

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

(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

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

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

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

ventricle on the conventional images (a and b). On MDCT, these
calcifications are shown to a better extent (¢ and d) (Images
courtesy of Dr. N. Goyal and Dr. S. Abbara, Massachusetts
General Hospital, Boston, MA, USA)

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
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Table 6.3 Differentiation between myocardial and pericardial
calcifications

Myocardium Pericardium

Etiology Ischemic

(most common)

Infection, trauma,
hemorrhage, radiation

Most common  Left ventricle Atrioventricular
location (apex, anterior grooves
wall)

Lower/diaphragmatic
portions of the
pericardium

Distribution Localized Diffuse

Character Fine, curvilinear ~ Small or thick

(long-standing disease)
clunky calcifications

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

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

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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Fig. 6.20 A 72-year-old man with postoperative dyspnea after
surgical abdominal aneurysm repair. (a and b) Conventional
chest radiograph. (¢ 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

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

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)

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,
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Table 6.4 Differentiation between pneumopericardium, pneumomediastinum, and pneumothorax

Pneumopericardium

Pneumomediastinum

Pneumothorax

Relative frequency

Configuration of gas

Distribution

Position variable with

Rare

Broad band surrounding heart

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

Yes

Occasionally

Multiple thin, lucent streaks
of air

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

No

Frequent

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

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

Yes

patient position?

Associated findings Thickening of pericardium

Hydropneumopericardium

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 2040 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

i

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

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

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.

[

Fig. 6.22 A 56-year-old woman with an angiosarcoma of the
heart. (a and b) Conventional chest radiograph. (¢ 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

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

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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Table 6.5 Signs suggestive of a cardiac mass

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

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 thythm 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
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Fig. 6.23 A young woman with suspected pacemaker lead
perforation. (a and b) Conventional chest radiograph. (¢ 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 The correct position of the bypasses is better assessed with
device. (a and b) Conventional chestradiographs. (c—f) Contrast- MDCT (c—e), which further reveals an arterial leak adjacent to
enhanced multidetector computed tomography (MDCT) images.  one of the bypasses (f, arrow) with subsequent development of
The chest radiographs show several bypasses from the left- a large hematoma

ventricular assist device to the various cardiac chambers (a and b).
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Fig. 6.24 (continued)

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

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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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

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

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)

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.
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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.
]

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

E.E. Coche et al. (eds.), Comparative Interpretation of CT and Standard Radiography of the Chest, 165
Medical Radiology, DOI: 10.1007/978-3-540-79942-9_7, © Springer-Verlag Berlin Heidelberg 2011
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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

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; /PA, intermediate
pulmonary artery; RUPV, right upper PV; RLPYV, right lower PV
(cutted in ¢). 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).

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; LLPYV, left lower PV
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Fig. 7.3 Position of hila. (a) Normal position of both hila, the
right being at a lower level than the left. (b and ¢) 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

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).
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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

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

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)

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
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Fig. 7.5 Anatomy of the hila on lateral view, (a) Correlation — window. LIPA, left intermediate pulmonary artery (PA); LPA left
with computed tomography MPR reformat, (b) on right hilum, PA; LUPYV, left upper pulmonary vein (PV); RIPA, right interme-
and (c) MPR on left hilum. The star indicates the inferior hilar  diate PA; RUPV, right upper PV

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.

FPattern 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 aresult, 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
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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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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

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
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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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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).

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 ¢) 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
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Fig. 7.10 (continued)

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-
culttodepictincentral 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.



7 Imaging of Hila and Pulmonary Vessels

177

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)
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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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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

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
etal. 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.

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

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.
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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.

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

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)

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.

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.

Table 7.1

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, Behget 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 7.2

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, Behcet disease,
Wegener granulomatosis, connective tissue disorders, etc.)

Ipsilateral bronchial or parenchymal disease
Atelectasis

Postradiofrequency ablation of atrial fibrillation

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
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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.

-

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

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

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, Hopital 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.

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

Behget 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).

Behcet Disease

Behget 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 Behget 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
Behget disease or an incomplete Behcet disease (also
called vascular Behcet) because they share similar
clinical, radiological, and histopathological findings
with Behget 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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Fig. 7.18 Two examples of patients with Behget 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

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

patient chest X-ray (¢) 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, Hopital Ambroise Paré, Paris, France)

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 3045 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



B. Ghaye

A

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 (¢) 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 ind 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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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 ¢) and curved

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

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, Hopital Val de Grace, Paris, France)

(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.
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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

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 ¢)
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 ¢). The

right ventricle/left ventricle
ratio (1:1) was increased
compared with a CT
performed 8 months earlier,
indicating increased pressure
in the PA

(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.

d
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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

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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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 c¢m 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

e Lymphocytic giant-cell interstitial pneumonitis

e Late-stage hemosiderosis

e 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

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

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.
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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. 8.2 Lymphangitis carcinomatosis from a bronchopulmo-
nary carcinoma. Axial computed tomography slice (a) and two
successive coronal reformats (b and ¢) 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)

<<
<

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 (¢) 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
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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 (Miiller 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)

Table 8.2 Differential diagnosis of a reticular pattern on chest
radiograph (Miiller 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)

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)

e End-stage hypersensitivity pneumonia (usually
middle and superior or lower lung zone predomi-
nance attenuation)

e 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.
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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 (Miiller et al. 2001):

Acute disease — Acute diseases that produce a nodu-
lar pattern include:

e Miliary tuberculosis or histoplasmosis (diffuse
throughout both lungs) (Fig. 8.6)

e Endobronchial spread of tuberculosis (patchy or
asymmetrical bilateral distribution)

» Viral infection (diffuse or patchy)

Table 8.3 Differential diagnosis of a nodular pattern on chest
radiograph (Miiller 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)

e Silicosis and coal workers’ pneumoconiosis (upper lung
zone predominance)

® Metastatic carcinoma (diffuse or lower lung zone
predominance)

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)

e 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,
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Table 8.4 Differential diagnosis of perilymphatic nodules on
HRCT (Verschakelen and De Wever 2007)

Table 8.5 Differential diagnosis of random distribution of
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)

lymphocyticinterstitial pneumonia [LIP]) (Verschakelen
and De Wever 2007) (Table 8.4).

Differential diagnosis of perilymphatic nodules on
HRCT (Verschakelen and De Wever 2007) includes:

e Sarcoidosis (perihilair, peribronchovascular, sub-
pleural, centrilobular, septal, upper lobes frequently
asymmetric) (Fig. 8.4)

e 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)

e Diffuse amyloidosis (subpleural, peribronchovas-
cular, septal, lower lung)

e 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).

* 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)

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)

e Miliary tuberculosis (bilateral symmetrical, uni-
form distribution) (Fig. 8.6)

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

e Miliary fungal infections (bilateral symmetrical,
uniform distribution)

e Sarcoidosis (may mimic this pattern when very
extensive)

e Langerhans cell histiocytosis (early nodular
stage)

interlobular septa (yellow arrows in a). This perilymphatic dis-
tribution appears as reticulonodular opacities on average refor-
mats of increasing slab thickness (¢ and d) with chest X-ray
equivalent (d) focused on the right upper lobe

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

e Allergic bronchopulmonary aspergillosis

e Hypersensivity pneumonitis (generalized or middle
and upper or lower zone predominance)

e 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)

e Langerhans cell histiocytosis (upper lobe predomi-
nance)

e Vascular and perivascular diseases

e Vasculitis (Wegener’s granulomatosis, Churg—
Strauss syndrome)

e Pulmonary hemorrhage

e 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):

e Infectious bronchiolitis (bacterial tuberculosis and
nontuberculous mycobacteria) and bronchopneu-
monia (Figs. 8.7 and 8.8)

e Aspiration

* Cystic fibrosis

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, Sjogren
disease, AIDS)

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 (¢)
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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

* Bronchiectasis

e Panbronchiolitis

e Allergic bronchopulmonary aspergillosis

¢ Bronchioloalveolar carcinoma

e Organizing pneumonia

e Follicular bronchiolitis
Sjogren disease, AIDS)

(theumatoid arthritis,

» %o
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oy B
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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

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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Fig. 8.7 Endobronchial spread of tuberculosis. Axial (a and b)
and sagittal (¢) 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

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).

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

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
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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 (Sjorgen 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
e LAM: cysts are round and uniform in size
e Langerhans histiocytosis: cysts can have bizarre
shapes and different sizes
e LIP: cysts are thin walled and may be multiple
* Bronchogenic cyst

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

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
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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

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

projection (¢) 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

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
MinlP 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 (¢) 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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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; Miiller 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
(Verschakelen and De Wever 2007):

HRCT

Acute disease — Acute diseases that produce GGO
include:

* Pulmonary infection (bacterial, viral, Pneumocystis
carinii pneumonia, mycoplasma pneumonia)
(Fig. 8.11)

e Pulmonary edema

e Pulmonary hemorrhage

e 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)

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

* Smoking-related parenchymal lung disease RB,
RB-ILD, desquamative interstitial pneumonia

* Organizing pneumonia

* Eosinophilic pneumonia (Fig. 8.12)

* Bronchioloalveolar carcinoma

e Alveolar proteinosis

* Asbestosis

e Vasculitis (Churg—Strauss syndrome)

e Lipoid pneumonia

e 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
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Fig. 8.11 (continued)

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)
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Fig. 8.12 (continued)

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.
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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; Miiller 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 (Miiller 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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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

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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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)

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)



224

J.Vilar and J. Andreu

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). (¢) 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). (¢) 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

Fig. 9.5 Bronchoalveolar cell carcinoma: leafless tree sign. The
air bronchogram shows absence of branching of the bronchi

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.9.6 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)
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9.2.1.5 Nodules (Figs. 9.7 and 9.8). In some alveolar diseases, CT
sometimes shows micronodules with a centrilobular
On chest radiographs and CT, alveolar disease can distribution. The micronodules appear as small dot-like
present as a nodular opacity. The lesion characteristi- or linear opacities in the center of a normal secondary
cally has poorly defined borders on chest radiographs  pulmonary lobule (Hansell et al. 2008) (Fig. 9.9).

Fig. 9.7 Invasive aspergillosis in a patient with leukemia. density (arrows). (¢) In another patient with invasive aspergillosis
(a) Chest radiograph demonstrates a right upper lobe consolida-  we see multiple poorly defined pulmonary nodules. The loss of
tion (C) with ill-defined margins. (b) Coronal CT reconstruction  definition is produced by the presence of alveolar disease (inflam-
shows a consolidation with a surrounding halo of ground-glass  mation and hemorrhage) surrounding the nodules (arrows)
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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)

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
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Fig. 9.10 CT angiogram sign in bronchoalveolar cell carcinoma. (a) Chest radiograph shows left lower lobe consolidation.
(b, ¢) A vessel is seen through the pulmonary consolidation (arrows)

pneumonia, pulmonary lymphoma, lipoid pneumonia,
and pulmonary edema (Murayamaetal. 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
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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. (¢) Acute respiratory distress syndrome

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.
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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”).

Fig. 9.14 Evolution of COP. (a) Chest radiograph shows a left

pulmonary consolidation without a lobar or segmental distribu-
Fig.9.13 (a, b) Distribution of “anti—bat-wing” appearance ina  tion. (b) Two months later the consolidation appears in the oppo-
patient with chronic eosinophilic pneumonia (arrows) 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

Fig. 9.15 Unilateral right pulmonary edema (O) in a patient
with cardiac failure

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).
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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

Table 9.1 Chest radiograph in cardiogenic versus noncardio-
genic pulmonary edema

Cardiogenic Noncardiogenic
Lower lobes Peripheral
Perihilar Patchy

No air bronchograms Air bronchograms

No cardiovascular
enlargement

Large heart and vascular
pedicle

May be asymmetric in COPD  May be asymmetric in COPD"

*chronic obstructive pulmonary disease

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

opacities with septal thickening (arrows) that result in areas of
crazy paving. Note the irregular distribution of the edema.

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
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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

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)

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
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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

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

perihilar distribution. (¢) Hemorrhage after thoracic traumatism.
An air bronchogram caused by the filling of the alveolar spaces
is seen in the middle lobe (arrow)

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
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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).

Table 9.2 Imaging findings in pulmonary hemorrhage

Features of alveolar pattern
Basal and perihilar (simulates edema)
May be unilateral
Reticular pattern
Rapid change
No pleural fluid
*Ground glass
*Crazy paving
Nodules
*Only seen with CT

Table 9.3 Imaging findings in acute respiratory distress
syndrome

Features of alveolar pattern

Bilateral pulmonary opacities
Gravity dependent

Ground glass

Consolidations

Symmetric in extra-pulmonary origin

Asymmetric in pulmonary origin

Table 9.4 Imaging findings in drug-induced lung diseases

Features of alveolar pattern

Uni-or multifocal airspace occupation
Ground glass

Septal thickening

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

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)



236

J.Vilar and J. Andreu

~

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

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, itinvolvestheair 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).
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Fig. 9.22 OP: (a, b) CT shows several areas of consolidation inner ground-glass density (black arrow). (d) Radiotherapy-
and others with ground-glass density (arrow). (¢) Note the induced OP showing lower lobe consolidations
reverse halo sign seen as a round crescent (white arrow) with
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Table 9.5 Imaging findings in organizing pneumonia

Features of alveolar pattern

Random distribution

50% migratory

Sub pleural and peribronchial
Middle and lower lobes
“Reverse halo sign

Response to steroids
2Only seen with CT

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,

R

Fig. 9.23 Pulmonary alveolar proteinosis. (a) Chest radio-
graph shows bilateral pulmonary opacities (arrows). (b) CT
shows bilateral central crazy paving pattern. (¢) Another case
of alveolar proteinosis with a subpleural distribution (arrows)
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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

k

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

Table 9.6 Imaging findings in pulmonary alveolar proteinosis

Features of alveolar pattern
Perihilar distribution

No signs of cardiac failure
Ground glass; geographical
*Crazy paving

Mild clinical presentation

May have superimposed infection

*Only seen with CT

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).

N

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).

Table 9.7 Imaging findings in bronchioloalveolar cell carcinoma

Features of alveolar pattern

Airspace occupation (30% of cases)

Progressive

Bronchi stretched and widened: Leafless tree sign
Bulging of fissures

*CT angiographic sign

Combines ground glass and consolidations

*Crazy paving
*Only seen with CT

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 Sjogren, 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



9 The Lung Parenchyma: Radiological Presentation of Alveolar Pattern 241

R

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)

Fig. 9.26 Patient with angioimmunoblastic lymphoma. (a) Bilateral pulmonary consolidations are present. (b) CT shows extensive

alveolar disease with air bronchograms

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.
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Table 9.8 Imaging findings in pulmonary lymphoma

Features of alveolar pattern

Solitary or multiple consolidations and nodules
Not lobar

Central or peripheral

Air bronchograms in consolidations and nodules
*CT angiographic sign

Cysts (rare)
#Only seen with CT

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

Al 'l'?'-l_',_. ¢

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

Table 9.9 Imaging findings in chronic eosinophilic pneumonia

Features of alveolar pattern

Peripheral

Patchy upper lobes
Ground glass
Reticular opacities

Response to steroids
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Fig. 9.28 Radiation pneumonitis. (a) Chest radiograph shows a
right lower lobe opacity (arrow) caused by radiation pneumoni-
tis in a patient with right breast cancer 3 months after being

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).

Table 9.10 Imaging findings in radiation pneumonitis

Features of alveolar pattern

Lesions in radiation field
Airspace 1-3 months
Fibrosis 6—12 months

Organizing pneumonia may appear
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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 Miiller 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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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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Table 10.1 Nomenclature of the bronchopulmonary anatomy

Jackson-Huber Boyden

Right lung
Upper lobe
Apical Bl
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 BS
Lower lobe
Superior B6
Anteromedial B7-8
Lateral basal B9
Posterior basal B10

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
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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 itis 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)



10 The Respiratory Tract

253

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-

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.

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

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
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Table 10.2 Approximate diameter of different generations of
airways

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

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. 10.5¢ 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. 10.5¢ 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 — (2xT/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
etal. 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
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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 (¢ and e; white arrows).

el ¥

The visibility of airways in the peripheral 1 cm of the lung is
also a sign of dilatation of the bronchial structure (¢ 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

Table 10.3 Thickness-to-diameter ratios for different bronchial structures

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%

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
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Table 10.4 Classification of airway diseases

Airwa es

Focal diseases

Increased diameter

Decreased diameter

Tracheal strictures Tracheobronchomegaly

(Mounier-Kuhn disease)
Benign neoplasms Bronchiectasis/bronchiolectasis

Primary malignant Decreased diameter

neoplasms

Secondary malignant Saber-sheath trachea

neoplasms
Infectious disorders Tracheopathia osteoplastica
Infectious disorders
Relapsing bronchitis
Amyloidosis

Sarcoidosis

Wegener granulomatosis

Tracheobronchitis associated
with ulcerative colitis

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.
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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)

Table 10.5 CT findings in bronchiectasis

Direct signs Indirect signs

(1) Increased B/A ratio (1) Bronchial wall thickening

(2) Lack of tapering >2 cm (2) Mucoid impaction
distal to bifurcation

(3) Visibility of peripheral (3) Centrilobular nodules or
airways within 1 cm of the tree-in-bud
costal pleura

(4) Mosaic perfusion

(5) Air trapping on expiratory scan Fig. 10.8 The signet-ring sign. This finding is composed of a

ring-shaped opacity representing a dilated bronchus in cross
(6) Bronchial artery hypertrophy section and a smaller adjacent opacity representing its pulmo-
nary artery, with the combination resembling a signet (or pearl)

(7) Atelectasis or emphysema .
ring (arrows)
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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

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 c¢cm in diameter. CT
scans will usually demonstrate the polypoidal configu-
ration and intraluminal location of the mass, which is

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

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
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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

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

polypoidal masses that protrude into the airway lumen. These
masses are better visualized on computed tomography imaging
(b) than on chest radiograph (a)

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 Miiller 1999). Radiologic
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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

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 Miiller 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).

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

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
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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.

ossification of the trachea rings (Fraser and Miiller
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

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)

cause of morbidity and mortality in these patients
(Fraser and Miiller 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,anddiffuseparenchymal. Tracheobronchial
involvement with amyloids can be local or extensive
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Fig. 10.13 Acute infectious bronchitis: chest X-ray (a), CT (b). the lungs associated with loss of definition of the vascular margins
Principle abnormalities of acute bronchial infection are bronchial ~ (Takasugi anvd Godwin 1998). Bronchial wall thickening may
wall thickening and an increase in lung markings, sometimes manifest as ring shadows end-on or as tubular shadows on poster-
termed “dirty chest” or simply “prominent lung markings.” It  oanterior view (“tram lines”)

refers to a general accentuation of bronchial structures throughout
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Fig. 10.14 Saber-sheath trachea: chest X-ray (a), CT (b). sheath” trachea deformity. The saber-sheath appearance is found
Narrowing of the intrathoracic trachea in the coronal plane with ~ when the sagittal-to-coronal diameter ratio exceeds 2:1. The
anteroposterior lengthening is characteristic of the “saber-  extrathoracic trachea remains normal in configuration
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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 ¢) show extensive involve-
ment of the bronchial structures. There is also parenchymal
involvement and calcified mediastinal and hilar lymph nodes.

(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

PR = N

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 ¢) shows calcifications of the bronchial walls
with narrowing of the bronchial structures that are filled with
mucus

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 Miiller 1999).
CT is more sensitive than chest radiography in the
detection of adenopathy and subtle parenchymal dis-
ease (Hamper et al. 1986).
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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
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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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> 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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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)

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
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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

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).

arrows). Corresponding axial (b) and coronal (¢) images dem-
onstrate clearly the encapsulated pleural effusion (arrows)

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).
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Fig. 11.3 Parenchymal opacity — Adenocarcinoma of the right  related to the pleura and chest wall. Corresponding coronal
upper lobe. Frontal chest radiograph (a) shows a large mass in  reformat in mediastinal (b) and lung window (¢) views
the right upper lobe presenting acute angles (black arrow)
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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

* 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).

e 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:

e 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

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

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
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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

/

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-

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

i

phragmatic” contours anterior and posterior to the fissure are
flattened (b). There is no exact correlation with computed
tomography
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Fig. 11.8 Meniscus sign. When pleural fluid is free, it presents
with the typical concave and upward sloping contour (arrows)

obscuration of the bronchovascular markings, which
may be difficult to detect, particularly when they are
bilateral (Miiller 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

due to association of hydrostatic and elastic recoil forces. Chest
radiograph (a) and axial CT view (b)

[

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

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).
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Fig. 11.10 Apical cap sign. Similar to the meniscus sign on  of hydrostatic and elastic recoil forces, fluid may extend tangen-
erect chest radiographs, the apical cap sign (arrows) may be tially to the X-ray beam at apex. Corresponding sagittal com-
seen in a decubitus chest radiograph (a). Due to the association  puted tomography view (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 im