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Foreword

Anyonewhohas seen the lively public interest in the printedmedia
sold at conferences and book fairs might easily conclude that the
“electronic media revolution” does not exist.

On the other hand, it is clear that growing numbers of younger
people are no longer reading printedmedia, especially newspapers
and periodicals. Fortunately, this trend has not yet reached the
world of science and professional education, which still values the
classic printed text and still thirsts for technical information drawn
from the print medium. This climate has helped to motivate the
authors of this book.

Diagnostic imaging of the chest and abdomen accounts for
much of the routine daily work in radiology. Anyone who has
written a book knows how much work and effort are needed to
convey facts and knowledge in a didactically appealing way. That
challenge has been met here with outstanding success. A book of
this kind can expect a wide readership, especially in the setting of

specialist training and also as a reference work for practicing
radiologists and interested physicians in other disciplines.

The editors of this book are from the radiology department at
Aachen University Hospital, Germany, which I directed for many
years, and I am pleased that they have worked together from their
academic offices in Giessen and Marburg to complete this chal-
lenging project.

I hope, therefore, that Body Imaging: Thorax and Abdomen will
be well received, will gain a wide readership, and will resonate
strongly with the medical community.

Professor Rolf W. Guenther, MD
Department of Radiology

Charité Hospital
Berlin, Germany
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Preface

Radiology plays a central role in the diagnostic algorithm for most
patients. Selecting a modality that is best for a particular case
represents the first challenge on the path to a correct diagnosis.
Guidelines or evidence-based recommendations have already
been established for most indications and inquiries, helping phy-
sicians to make the correct decision for any given case. Once the
appropriate modalities have been selected and the images have
been obtained, the results must be interpreted within the context
of the clinical presentation. This process requires an awareness of
possible causative disorders, a directed look at specific body
regions, and a systematic image analysis that includes the critical
evaluation of all available findings. For an experienced radiologist,
anatomical landmarks provide an indispensable aid for image
analysis. Radiologists have honed their skills over many years and
apply them on an intuitive basis. But this option is not available to
beginners, who must painstakingly learn and learn to recognize
anatomical landmarks and the typical signs of pathologic changes.

The authors contributing to this book are all experts in their
respective fields. Their goal was to introduce less experienced
readers to diagnostic imaging of the chest and abdomen, placing
special emphasis upon linical signs and symptoms and relevant
anatomical landmarks.

The modalities of plain radiography, ultrasonography, CT, and
MRI are all covered in this textbook. The scope of the book reflects
the application of these modalities in routine clinical use. Every
author has made a special effort to take note of current guidelines
and recommendations. The images have been selected for their
value as teaching aids and are supplemented by diagrams and
drawings.

The text in each section is arranged by subheads—Brief Defini-
tion, Clinical Features, Imaging Signs, Differential Diagnosis, and
Key Points (and occasionally others)—so that readers can quickly
and easily locate specific areas of interest relating to radiological
interpretation. Important teaching points have been condensed
and highlighted in color boxes.

In presenting the triad of clinical symptoms, anatomical land-
marks, and radiological findings, this book seeks to familiarize
current and future generations of radiologists and allied specialties
with this systematic approach to image interpretation.

We hope that our readers will derive the greatest possible
benefit from this approach and will gain a lasting understanding
of radiological interpretation in the chest and abdomen.

Gabriele A. Krombach, MD
Andreas H. Mahnken, MD, MBA, MME
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1 Mediastinum
Gabriele A. Krombach

1.1 Anatomy
▶ Location and divisions. The mediastinum extends from the
thoracic inlet to the diaphragm and is bounded laterally by
mediastinal pleura. The mediastinum constitutes a single,
coherent space that has no natural (fascial) barriers to the
spread of tumors or inflammation. Nevertheless, it is useful
conceptually to divide the mediastinum into parts because
various diseases tend to occur at specific sites within the
mediastinum, and the location of a pathologic process can be
helpful in narrowing the diagnosis. The mediastinum is div-
ided into anterior, middle, and posterior parts (▶ Fig. 1.1). The
cervical fasciae communicate freely with the mediastinum,
allowing inflammatory processes to spread contiguously from
the neck into the mediastinum.
The mediastinum is further subdivided into the superior

mediastinum and inferior mediastinum. The superior media-
stinum extends downward from the thoracic inlet to the
pericardium.

▶ Radiographic landmarks. ▶ Fig. 1.2 shows the mediastinal
landmarks that appear on a standard chest radiograph.

Note

● The anterior mediastinum contains the thymus, lymph nodes,
and fat. Its upper portion extends from the chest wall to the
ascending aorta and superior vena cava, its lower portion from
the retrosternal surface to the pericardium.

● The largest of the three compartments, themiddle mediastinum,
contains the heart, trachea, and large vessels arising from the
aortic arch.

● The posterior mediastinum contains the esophagus, descending
aorta, azygos and hemiazygos veins, and thoracic duct.

●GCaution

The pericardial reflection extends far in a cranial direction anteri-
orly and encloses almost the entire ascending aorta as far as the
horizontal segment of the aortic arch.

▶ CT landmarks (▶ Fig. 1.3)
● The sternum and ascending aorta provide landmarks for the
thymic bed, which is located between those structures.

Fig. 1.1 Divisions of the mediastinum. (a) The divisions outlined in an axial CT scan. (b) The divisions outlined in a sagittal reformatted CT image.
White indicates the anterior mediastinum (thymus, lymph nodes, and fatty tissue); yellow indicates the middle mediastinum (heart, aortic arch,
pulmonary artery trunks, vena cava, trachea); light blue indicates the posterior mediastinum (descending aorta, esophagus, azygos and hemiazygos
veins, thoracic duct); horizontal darker blue lines indicate the superior mediastinum (space above the pericardial reflection).

1
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● The most important landmarks in the superior mediastinum are
the supra-aortic branch vessels. From right to left they are the
brachiocephalic trunk, which branches into the right subclavian
artery and common carotid artery; the left carotid artery; and
the left subclavian artery (see ▶ Fig. 1.3a). The next vessel to the
right is the superior vena cava. The trachea is located behind
those vessels and is just anterior to the esophagus.

● The thoracic duct ascends to the right of the aorta and opens
into the junction of the left subclavian vein and left jugular vein.
It collects lymphatic fluid from the lower extremities and
abdominal organs in the upper left half of the body except for
the left lower lobe of the lung. Its maximum diameter in the
mediastinum is approximately 5mm. The remaining areas on
the right side are drained by the smaller right lymphatic duct.

● The vagus nerve descends with the major vessels in the neck,
entering the chest through the thoracic inlet. Below the level of
the aortic arch it accompanies the esophagus in its descent
through the mediastinum.

● The right recurrent laryngeal nerve leaves the vagus nerve at
the level of the subclavian artery, winds around that vessel, and
ascends to the neck in the groove between the trachea and
esophagus. The left recurrent laryngeal nerve is longer; it leaves
the vagus nerve at the level of the aortic arch, passes behind the
ductus arteriosus and around the aorta, and runs cephalad
between the trachea and esophagus (▶ Fig. 1.4). Compression
or infiltration of the nerve by a tumor leads to hoarseness.

● The phrenic nerve arises from the C3–C5 nerve roots, leaves the
brachial plexus, and accompanies the subclavian artery and
vein through the thoracic inlet. It descends in the middle
mediastinum along the pericardium to the diaphragm. Infiltra-
tion of the phrenic nerve by a mass leads to unilateral elevation
of the diaphragm (▶ Fig. 1.5).

▶ Selection of modalities. The most common mediastinal dis-
eases are masses. These present clinically with nonspecific
complaints caused by the compression of surrounding struc-
tures. Typical presenting complaints are dyspnea, foreign-body
sensation, and dysphagia. Chest radiographs in two planes are
the imaging study of first choice in these cases; they can fur-
ther narrow the diagnosis and may indicate a need for sec-
tional imaging by CT or MRI. When mediastinal imaging is
required in patients with a known disease entity or in cases
where the history and symptoms are suspicious for a particu-
lar disease, CT is the modality of choice for defining the loca-
tion and extent of the changes and for tumor staging. MRI
should be added in selected cases where CT alone cannot
detect or exclude conditions such as tumor infiltration of the
pericardium or invasion of the spinal canal through the neural
foramina. Ultrasound imaging has a minor role and may have
limited applications in the anterior superior mediastinum.
Transesophageal ultrasonography is needed to access the pos-
terior mediastinum with ultrasound.

Aorta

RA

RPA

LPA

Aorta

R

L

SVC

Fig. 1.2 Landmarks for mediastinal structures on chest radiographs. (a) PA view: the right mediastinal borders are formed by the superior vena
cava (SVC), the pulmonary arteries in the hilum, and the right atrium (RA). The aortic contour is prominent on the left side. The left atrial appendage
and left ventricle form the cardiac borders. The paravertebral line (black) is an edge-on projection of the pleura and immediate paravertebral soft
tissues. (b) Lateral view: the left pulmonary artery (LPA) forms a cane-shaped figure that arches over the left main bronchus (L). The right pulmonary
artery (RPA) runs for some distance across the mediastinum and appears end-on in the lateral view, creating an elliptical figure. The right main
bronchus (R) runs just above it. The left main bronchus is projected below the right main bronchus. The aortopulmonary window is the gap between
the left pulmonary artery and the aorta visible in the lateral projection.
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Fig. 1.3 Landmarks for mediastinal structures on axial CT. (a) Superior mediastinum, supra-aortic branches. Just posterior to the sternum is the left
brachiocephalic vein (LBV). Just to the left of it are the vessels arising from the aortic arch, the brachiocephalic trunk (1), left common carotid artery (2), and
left subclavian artery (3), which run anterior to the trachea (T). Just posterior to the trachea is the esophagus (E), whose small lumen can be traced through all
the slices down to its passage through the diaphragm at the esophageal hiatus. The superior vena cava (C) can be traced through all slices from the union of
both brachiocephalic veins to the right atrium. It occupies a right anterolateral position relative to the trachea and borders the brachiocephalic trunk on the
right side. (b) At the level of the aortic arch (A), the azygos vein (AV) curves around the right main bronchus and opens into the superior vena cava (C).
Additional landmarks for identifying the vessel are the spinal column and trachea (T). The azygos vein follows a right prevertebral path. (c) Below the aortic
arch are themain trunk of the pulmonary artery and its division into the right and left pulmonary arteries, which forms a typical Y-shaped structure (PA). The
left and right internal thoracic artery and vein, which arise from the subclavian artery and drain into the subclavian vein, respectively, follow a parasternal path
on the inner chest wall. 1, ascending aorta; 2, descending aorta; C, superior vena cava; E, esophagus; IT, internal thoracic artery; AV, azygos vein. (d) The
ascending aorta (1) arises from the middle of the heart. The descending aorta (2) occupies a left anterolateral position relative to the spinal column. E,
esophagus. (e) The inferior vena cava (IVC) is identified at this level. 2, descending aorta; E, esophagus. (f) The hemiazygos vein ascends in a left prevertebral
path to approximately the level of the T7 vertebral body,where it empties into the azygos vein (AV). 2, descending aorta; E, esophagus; IVC, inferior vena cava.

RVN

LVN

RRN LRN

T2

RVN
LVN

LRN

T5

Fig. 1.4 The course of the vagus nerve and the recurrent laryngeal
nerve. Axial scans demonstrate the course of the right vagus nerve
(RVN) and left vagus nerve (LVN) and the right and left recurrent
laryngeal nerve (RRN, LRN). The vagus nerve emerges from the skull
base through the jugular foramen and runs behind the carotid artery in
the carotid sheath. (a) The right recurrent laryngeal nerve leaves the
vagus nerve at the level of the subclavian artery origin, loops around the
vessel, and ascends to the larynx between the trachea and esophagus.
(b) The left recurrent laryngeal nerve leaves the vagus nerve at the level
of the aortic arch and runs below the aortic arch between the trachea
and esophagus, where it ascends toward the head.

1.2 Evaluation of the
Mediastinum on Conventional
Radiographs
1.2.1 Silhouette Sign
When seen on conventional radiographs, soft tissues such as
muscles, organs, and fluid are indistinguishable from one another
in terms of their radiographic density. The radiographic phenom-
enon termed the silhouette sign may be helpful in determining
the location of a mass.
● When organs of equal density border directly on one
another, they form a composite silhouette of uniform den-
sity when viewed on a projection radiograph. This image
resembles a paper cutout (the original “silhouette”) with
one continuous outline and no internal gradations of shad-
ing or color (▶ Fig. 1.6).

● When two structures of equal density are located at different
depths in the chest and are separated by a third structure of
lower density, the two structures will appear sharply outlined
relative to each other (▶ Fig. 1.7). They do not exhibit the sil-
houette sign.

1.2.2 Edge-on Effect
In conventional radiography, the edge-on effect describes the
visualization of a very thin structure, such as the pleura, when

Mediastinum
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*
PN

Fig. 1.5 Infiltration of the right phrenic nerve by a mediastinal metastasis (asterisk in [b]) has led to elevation of the diaphragmon the affected side.
The location of the phrenic nerve (PN) is indicated in image (a). (a) Axial CT after IV injection of contrast medium. (b) Coronal reformatted image.

*

*

a b

c

Fig. 1.6 Positive silhouette sign of a thymo-
ma. (a) AP chest radiograph: the right media-
stinal border is widened by a mass (arrows)
abutting the heart and hilum. The mass and
heart appear to have the same density in this
frontal projection, so the boundary between
them is indistinct (negative silhouette sign). (b)
The lateral view confirms the anterior location of
the tumor (asterisk; arrows indicate the tumor
margins). (c) Axial CT demonstrates the
enhancing mass (asterisk) in the anterior and
middle mediastinum.

1

5



Krombach - 2sp | 14.06.18 - 21:29

several centimeters of that structure occupy a plane that is
oriented “edge-on” relative to the detector. Another common
example of this effect is the visualization of the pulmonary
interlobar fissures in a lateral chest radiograph.
When the mediastinum is viewed in a PA chest radiograph,

multiple lines can be seen due to the edge-on effect as well as
the density difference between the soft tissues and lung. Lines
visible in the anterior and middle mediastinum include the
right paraesophageal line, the anterior pleural interface line,
and the paracaval line (▶ Fig. 1.8). Lines visible in the poste-
rior mediastinum include the paravertebral and para-aortic
lines. The close proximity of masses or inflammatory proc-
esses may disrupt these lines (e.g., obliteration of the right
paravertebral line [see ▶ Fig. 1.7]).

Note

It is important to realize that lines produced by an edge-on pro-
jection are visible in healthy subjects only if the structures in
question are aligned in the plane of the detector. It is very rare for
all the lines to be visualized in a healthy individual.

1.3 Diffuse Mediastinal Diseases
1.3.1 Acute Mediastinitis
▶ Brief definition. Acute mediastinitis is a bacterial infection of
the mediastinal fat and connective tissue that may be a mixed

*

*

*

Fig. 1.7 Negative silhouette sign of neuroblastoma. (a) In the PA chest radiograph, a sharp line separates the cardiac border (arrows) from the
mass (asterisk). This sign proves that a structure of different density—in this case aerated lung—is located between the cardiac border and mass
and that both are in different planes. This radiographic sign is called a “negative silhouette sign”. (b) Lateral view: the tumor (asterisk; arrows
indicate the tumor margins) is posterior to the heart and is not in direct contact with it. (c) Axial CT confirms the location of the mass (asterisk)
in the posterior mediastinum. The arrow indicates lung tissue that is interposed between the heart and mass and is responsible for the positive
silhouette sign.

Mediastinum
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infection (type I) or may be caused by group A beta-hemolytic
streptococci (type II). It may develop as a postoperative complica-
tion, after trauma including esophageal perforation, or in the form
of descending necrotizing mediastinitis secondary to a deep soft
tissue infection in the neck.1 The majority of cases result from an
esophageal perforation. The negative intrathoracic pressure gener-
ated by each inspiration promotes the contiguous spread of infec-
tious organisms from the cervical soft tissues to the mediastinal
connective tissue. This leads to a high tissue concentration of bac-
terial toxins, resulting in tissue necrosis. Predisposing factors are
diabetes mellitus, obesity, and alcohol and nicotine abuse. If
untreated, the necrotizing mediastinitis will lead to generalized
sepsis and death. In recent decades the mortality rate of this dis-
ease has declined from 49% in the early 1900s to the current level
of 11 to 15% as a result of prompt imaging evaluation combined
with aggressive surgical and interventional therapy (excision of
the necrotic tissue and drain insertion).2

▶ Imaging signs
● The chest radiograph shows widening of the mediastinum as a
nonspecific sign. CT after IV administration of contrast medium
is the modality of choice for confirming the diagnosis and plan-
ning treatment.

● Mediastinitis may present as a diffuse, suppurative inflamma-
tion of the mediastinal fat and connective tissue, or may lead to
the formation of necrotic tracks and abscesses in the mediasti-
num. In diffuse mediastinitis, the mediastinal fat initially shows
streaky infiltration followed later by homogeneous, diffusely
increased density with positive attenuation values (▶ Fig. 1.9).
Reactive lymphadenopathy is often present.

● If the mediastinitis results from an esophageal perforation,
imaging may reveal small air inclusions or larger collections
including mediastinal emphysema.

● Fluid collections are found in mediastinitis with abscess forma-
tion. Like abscesses elsewhere in the body, a mediastinal
abscess may display an enhancing rim formed by inflammatory
cells. This rim is not always initially defined in early acute cases,
however, so the absence of enhancement in the tissue sur-
rounding a fluid collection does not exclude mediastinitis.

● In very pronounced cases, mediastinitis may spread into the lung
through the hila. This creates a streaky pattern of perihilar density.

● Mediastinal abscess may be complicated by perforation of the
abscess into the esophagus or trachea.

▶ Clinical features. Acute mediastinitis presents as a highly
acute, severe illness of sudden onset with rapid debilitation,

Fig. 1.8 Boundary lines in the anterior and middle mediastinum that are visible in the chest radiograph, with corresponding CT scans.

1.3 Diffuse Mediastinal Diseases
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fever, chills, elevated ESR, left shift, and elevated C-reactive pro-
tein. The history may suggest the correct diagnosis, for example:
● Previous esophageal perforation (either iatrogenic or due to
vomiting as in Boerhaave syndrome).

● Previous endoscopy.
● Esophageal carcinoma (perforation).
● Sinusitis.
● Tonsillitis.
● Dental root infection.
● Retropharyngeal abscess.

▶ Differential diagnosis. Postoperative air inclusions, postope-
rative hematomas, and chronic mediastinitis with increased

mediastinal density and pruning of vessels should be considered
in the differential diagnosis.

▶ Pitfalls. Mediastinitis is difficult to diagnose in the early post-
operative period. Mediastinal air inclusions may persist for up to
3 weeks after surgery. Postoperative hematomas may lead to
increased density of mediastinal fat and persist for up to 2 months
after surgery. They are difficult to distinguish from mediastinitis
by their imaging appearance, as the changes are similar. The clin-
ical presentation is the decisive factor.

▶ Key points. Acute mediastinitis has a high mortality rate with-
out treatment. Cardinal CT features are increased density of the
mediastinal fat, fluid collections, and air inclusions. In patients
who have just undergone surgery, these features require differen-
tiation from postoperative changes that may display the same
imaging characteristics. Laboratory values and clinical symptoms
aid differentiation.

1.3.2 Chronic Mediastinitis and
Multifocal Fibrosclerosis
▶ Brief definition
● Chronic mediastinitis is a fibrosing inflammation that may have
a variety of causes such as infection (e.g., Actinomyces israelii or
Aspergillus species), prior radiotherapy, or autoimmune
processes.

● Multifocal fibrosclerosis is a disorder characterized by the occur-
rence of fibrous lesions at various sites. The fibrosis may be ret-
roperitoneal (Ormond’s disease), intraorbital, or may occur in
the form of a Riedel goiter.3 To date, fewer than 50 cases of
multifocal fibrosclerosis with mediastinal involvement have
been described in the literature. The disease is characterized
histologically by the presence of lymphocytes and plasma cells.
Leukocytes are absent, so the disease is interpreted as an auto-
immune inflammation. The extracellular collagen proliferation
and fibrosis are attributed to cell mediators from eosinophilic
granulocytes.4 No causative organism has been isolated in any
case of multifocal fibrosclerosis described to date. The current
treatment of choice is anti-inflammatory steroid therapy.

▶ Imaging signs. Increased density is noted in the mediastinal
fat (▶ Fig. 1.10). CT and MRI frequently show narrowing of the
mediastinal vessels.

Fig. 1.9 Mediastinitis. The mediastinal fat (dashed arrow) shows
increased density and contains air inclusions (solid arrow).

a b

P

**

Fig. 1.10 Mediastinal fibrosis. (a) CT shows
increased density in the mediastinum with
connective tissue proliferation (asterisks). The
superior vena cava is occluded (arrow), giving
rise to collateral flow through the azygos vein
(dashed arrow) and hemiazygos vein into the
inferior vena cava. The right pulmonary artery
(P) is narrowed. The mediastinal fat and
perivascular areas provide useful landmarks for
image interpretation. (b)MR angiography shows
the decreased perfusion of the right upper lobe
(arrow) due to stenosis of the anterior trunk
(upper lobar artery).
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▶ Clinical features. Symptom onset is insidious, occurring grad-
ually over a period of time. Inflammatory markers are only
slightly elevated. The most common signs and symptoms relate
to compression of the superior vena cava with “superior vena
cava syndrome” (swelling of the neck and face, bluish discolora-
tion of the face, distended veins in the face and neck, headache,
vision problems). Other common findings are narrowing of the
trachea (stridor) and stenosis of the pulmonary arteries with
decreased lung perfusion and dyspnea. The stenosing processes
are responsible for the mortality in chronic mediastinitis, and the
stenoses should be treated surgically or by interventional radio-
logy in accordance with the symptoms.

▶ Differential diagnosis. Unlike acute mediastinitis, chronic me-
diastinitis is not associated with the presence of fluid collections.

▶ Key points. Chronic mediastinitis is a rare disorder. Dominant
clinical findings relate to the stenosis of blood vessels or the tra-
chea. Inflammatory markers are not elevated. On imaging,
increased density is noted on CT and fibrotic tissue is found on
MRI. Fluid collections do not occur.

1.4 Mediastinal Masses
Mediastinal masses caused by malignant tumors may manifest
clinically through B symptoms or symptoms relating to the com-
pression or invasion of neighboring structures:
● Narrowing of the trachea leads to dyspnea, while obstruction of
the superior vena cava by the mass leads to superior vena cava
syndrome. Sudden onset of clinical complaints requiring emer-
gency diagnosis may result from a fast-growing tumor or from
decompensated stenosis due to a slower-growing tumor. When
vascular narrowing occurs gradually, circulation can be main-
tained by the development of collaterals, and superior vena
cava syndrome does not occur.

● If the recurrent laryngeal nerve is damaged by compression or
infiltrated by a mass, the result is unilateral vocal cord paralysis
with hoarseness. Persistent hoarseness may be the only symp-
tom of a small tumor impinging on the recurrent laryngeal
nerve.

Note

In patients with longstanding hoarseness and no associated cold
symptoms, exclusion of a tumor involving the recurrent laryngeal
nerve is necessary.

▶ Selection of modalities. The initial imaging study is often a
plain chest radiograph, which can demonstrate the location and
extent of a mediastinal tumor. The radiographic signs described
earlier are helpful in determining the location of a mass. Sectional
imaging can then accurately define the extent of the lesion while
also revealing the compression or possible infiltration of adjacent
organs. CT is most commonly used for this purpose, as it can dis-
play structures in high resolution while scanning the entire chest
for any metastases that may already be present. MRI, on the other
hand, is more time-consuming and usually does not add new in-
formation. It should be reserved for specific questions that could
not be answered by CT.

Important considerations:
● The location of mediastinal tumors will often suggest the cor-
rect diagnosis.

● Morphological imaging criteria such as the distribution of en-
hancement within a mass and the morphological appearance of
the tissue (homogeneity, necrosis, calcifications, fat content,
relationship to neighboring structures with possible displace-
ment, invasion, or cystic components) can further narrow the
diagnosis. Cystic masses can be differentiated from solid tumors.

The correlation of imaging findings with the clinical presentation,
including patient age and gender, is sufficient for making a differ-
ential diagnosis and may even allow characterization of the lesion
in many cases. The presumptive diagnosis is then confirmed his-
tologically by CT-guided percutaneous biopsy or excision.

Note

In the reporting of mediastinal masses, it is important to describe
the exact size, location, and relationship of the mass to neighboring
structures.

1.4.1 Anterior Mediastinum
The most common masses in the anterior mediastinum are goi-
ters with intrathoracic extension, thymoma and thymic carci-
noma, extragonadal germ cell tumors (usually the benign variant
of teratoma but occasionally malignant teratomas, seminomas,
embryonic cell carcinomas, and other germ cell tumors).

Intrathoracic Goiter
▶ Brief definition. Iodine deficiency leads to enlargement of the
thyroid gland in patients with a euthyroid or hypothyroid meta-
bolic state. Approximately 15 to 30% of all adults, depending on
eating habits, have an enlarged thyroid gland. If more than 50% of
the enlarged gland extends into the chest, the patient is said to
have an intrathoracic (or retrosternal) goiter. Intrathoracic goiter
is a common incidental finding on chest radiographs, CT, and
MRI in iodine-deficient geographic regions.

▶ Imaging signs. When viewed on chest radiographs, an intra-
thoracic goiter appears as a sharply circumscribed density in the
superior mediastinum that displaces the trachea laterally at the
level of the thoracic inlet in the PA view (▶ Fig. 1.11) and displaces
it anteriorly in the lateral view. This feature is useful in distinguish-
ing goiters from other diseases in the superior mediastinum, since
other tumors as well as mediastinal widening due to other causes
will rarely cause tracheal displacement. If tracheomalacia (pressure
injury to the cartilage leading to tracheal instability during respira-
tion) is suspected on clinical grounds, a standard tracheal radio-
graph should be obtained during a Valsalva maneuver (bearing
down against a closed glottis to raise the intrathoracic pressure)
and a Müller maneuver (inspiring against a closed glottis with the
nostrils held shut to increase the negative intrathoracic pressure). If
the luminal width changes by more than 50% during these maneu-
vers, tracheomalacia is present (▶ Fig. 1.12). A sectional imaging
diagnosis of intrathoracic goiter relies on two main criteria:
● The mediastinal mass is in continuity with the thyroid gland.
● The tissue has the same density (CT) or signal intensity (MRI) as
the thyroid gland.

1.4 Mediastinal Masses

1

9



Krombach - 2sp | 14.06.18 - 21:29

Both the thyroid gland and ectopic thyroid tissue are markedly
hyperdense to muscle on plain CT scans due to their high iodine
content. Their unenhanced attenuation values are in the range of
65 to 120 HU. Thyroid tissue shows intense contrast enhance-
ment owing to its rich blood supply. Large goiters generally con-
tain calcifications. Most extend into the anterior mediastinum,
and some may even extend as far as the middle or posterior
mediastinum. Because most goiters are multinodular and contain
colloid cysts, intrathoracic goiters often have a heterogeneous CT
appearance and include areas that enhance less than the sur-
rounding thyroid tissue.

▶ Clinical features. Patients usually present clinically with visible
enlargement of the thyroid gland, typically located at a supracla-
vicular level in the midline. The goiter may become symptomatic

due to tracheal displacement, and large goiters may cause tracheo-
malacia with cough, dyspnea, and inspiratory stridor.

▶ Differential diagnosis
● Enlargement of the thyroid glandmay be a result of thyroiditis or
thyroid carcinoma. CT scans of thyroid carcinomamay show only
indirect signs such as extraglandular growth or the invasion of
adjacent structures. Small carcinomas in the thyroid gland are
indistinguishable from regressive nodules or thyroid adenomas by
ultrasound or CT. Thyroid carcinomamay also contain calcifica-
tions, so the presence of calcifications is not a useful criterion for
benign/malignant differentiation. Iodine 123 (123I) (or iodine 131
[131I) thyroid scintigraphy can detect nodules that do not concen-
trate iodine. Suspicious nodules are then evaluated by ultrasound-
guided fine needle aspiration biopsy to exclude thyroid carcinoma.

a b

Fig. 1.12 Tracheomalacia due to extrinsic
compression by a goiter. In tracheal spot views,
the luminal width of the trachea changes by
more than 50% (arrows) in response to Valsalva
maneuver (a) and a Müller maneuver (b).

a b c

Fig. 1.11 Multinodular goiter. (a) Chest radiograph demonstrates mediastinal widening (arrow). The trachea is markedly displaced to the left
(dashed arrow). (b) Axial CT: the thyroid parenchyma appears inhomogeneous after IV injection of contrast medium. (c) Coronal reformatted image
shows continuity of the goiter from the cervical to intrathoracic level.
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● Ectopic thyroid tissue in the mediastinum is rare. It has smooth
margins and its enhancement characteristics are identical to
those of thyroid tissue. With an ectopic thyroid gland in the
mediastinum, the compartment normally occupied by the
thyroid gland will be empty.

▶ Key points. Intrathoracic goiter is a common incidental radio-
logical finding in iodine-deficient geographic regions. In imaging,
the intrathoracic tissue is continuous with the thyroid gland and
has the same attenuation values on CT and same signal intensity
on MRI.

Thymic Hyperplasia
▶ Brief definition. The thymus originates from the third pharyn-
geal pouch, and during embryogenesis it ascends from the level of
the pharynx into the anterior mediastinum in front of the aortic
arch. Thymic cysts may form anywhere along this path. The imag-
ing appearance of the thymus varies with age. In newborns, the
thymus may be larger than the heart (▶ Fig. 1.13). It begins to
atrophy at puberty, continues to regress with aging, and by age 40
years is visible on CT scans in only about 5 to 17% of the popula-
tion. Reactive thymic hyperplasia, known also as rebound hyper-
plasia, may occur as a result of chemotherapy, chemoradiotherapy,
or severe illness and characterizes recovery of the immune sys-
tem. During this period the thymus may grow up to 50% larger
than its original size. On average, reactive thymic hyperplasia
occurs 6 months after the cessation of chemotherapy in children
and 9 months after in adults, but intervals from 2 months to 5
years have been reported in the literature.5 Rebound hyperplasia
may occur in just 2 to 3 weeks in children who discontinue steroid
therapy, taking somewhat longer in adults. Thymic hyperplasia
also occurs in response to thyrotoxicosis, lupus erythematosus,
Behçet’s syndrome, Addison’s disease, and Hashimoto’s thyroiditis.

▶ Imaging signs. Viewed in axial images, the thymus in adults
usually presents a triangular shape with the apex pointing
toward the sternum. Severe diseases, chemotherapy, and steroid
therapy elicits rapid atrophy of the thymus, which later recovers
to a state of reactive hyperplasia. The hyperplastic thymus may
abut blood vessels but never displaces them, whereas actual
tumors of the thymus will cause vascular displacement. Another
criterion for the diagnosis of reactive hyperplasia is the arrow-
head shape that is typical of the thymus.

▶ Clinical features. Thymic hyperplasia has no clinical mani-
festations.

▶ Differential diagnosis. An important differential diagnosis is a
thymoma, which usually has an oval shape unlike that of a nor-
mal or hyperplastic thymus. Recurrent lymphoma also requires
differentiation from reactive hyperplasia, especially if there has
been previous thymic involvement by lymphoma. It may be diffi-
cult in any given case to distinguish a recurrence from reactive
thymic hyperplasia after the cessation of chemotherapy.

▶ Key points. The thymus slowly atrophies after puberty. This
atrophy may occur rapidly after severe illness or chemotherapy,
followed by rebound enlargement of the gland after recovery from
the disease or the withdrawal of chemotherapy. This reactive
hyperplasia requires differentiation from recurrent lymphoma,
especially if there was primary involvement of the thymus.

Thymoma and Thymic Carcinoma
▶ Brief definition. Thymoma is a tumor originating from the
epithelial cells of the thymus that are responsible for the matura-
tion of T lymphocytes. Often the thymus is also found to contain
collections of abnormal T cells that have been influenced by the
excessive proliferation of altered epithelial cells. These cells form
autoantibodies that may cause myasthenia gravis by blocking ace-
tylcholine receptors at the motor end plates of striated muscle.
Approximately 15% of patients with myasthenia gravis have a thy-
moma. By the same token, the thymus is not always enlarged in
patients with a clinical diagnosis of myasthenia gravis. Histology
in these patients shows a lymphoid reaction with an increased
number of T lymphocytes in the thymus, which does not correlate
with imaging abnormalities. Thymoma is most commonly diag-
nosed in the fourth to sixth decades and accounts for approxi-
mately 20% of all masses in the anterior mediastinum. As a
general rule, thymomas have a smooth round or oval shape and
enhance markedly after administration of contrast medium. Thy-
momas are typically located in the anterior superior mediastinum
(▶ Fig. 1.14, see also ▶ Fig. 1.6), but 10% are found in the posterior
mediastinum. Thymomas may contain cysts or calcifications.
Numerous classifications were used for thymoma until 1999,
when the WHO proposed a uniform classification that is often
used today in its 2004 modification. This histological classification
is based on the presence and number of cellular atypias. Types A,

a b

T
S

A

T

c

Fig. 1.13 Normal thymus in three patients. (a) Chest radiograph of an 8-week-old infant. The superior mediastinum is markedly widened by the
thymus (arrows). (b) CT scan in a 6-year-old girl. The thymus (T) shows homogeneous contrast enhancement. The sternum (S) and aorta (A) serve as
landmarks, as the thymus is located between them. (c) Coronal T2W MR image in a 6-week-old infant. The thymus (T) extends well beyond the heart.
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AB, and B1 are low-risk thymomas, types B2 and B3 are high-risk
thymomas; and type C is thymic carcinoma.6 All thymomas, even
type A, may be locally invasive and may give rise to distant meta-
stases, leading many authors to question the validity of the WHO
classification. The incidence of thymoma and thymic carcinoma in
the United States and Europe is 1 per 1 million population.

▶ Imaging signs. Thymomas have soft tissue attenuation on CT
and enhance markedly with administration of intravenous con-
trast medium. They may contain cysts. Thymic carcinoma fre-
quently invades blood vessels, with associated intravascular
extension into the heart (▶ Fig. 1.15). If the tumor does not trans-
gress the boundaries of the thymus, only histology can distin-
guish between thymoma and thymic carcinoma and provide an
accurate classification. Recent studies suggest that thymic carci-
noma has a higher standardized flurodeoxyglucose (FDG) uptake
value on PET/CT than low- and high-risk thymomas.7 On MRI,
thymomas are hyperintense in T2 W images, are isointense to
muscle on unenhanced T1 W images, and enhance intensely after
administration of contrast medium. If thymoma is suspected, the
entire chest and upper abdomen should be evaluated by CT, as
15% of patients will be found to have drop metastases along the
pleura, and intra-abdominal metastasis may occur through the
physiologic apertures in the diaphragm.

▶ Clinical features. One-third of all thymomas lead to myasthe-
nia gravis, with presenting symptoms of muscle weakness, fa-
tigue, and ptosis. Another one-third of thymomas present with
signs and symptoms attributable to local tumor growth. These
include chest pain, superior vena cava syndrome, and a visible
and palpable cervical mass with tumors that have grown up
through the thoracic inlet. Another one-third of thymomas are
detected incidentally by imaging done for a different indication.
Given the difficulty of distinguishing benign thymoma from thy-
mic carcinoma, all lesions should be resected.

▶ Differential diagnosis. Enlargement of the thymus in adults
may also result from its involvement by Hodgkin’s disease, non-
Hodgkin’s lymphoma, or acute lymphocytic leukemia. It is

important to be aware of the presence or otherwise of these dis-
eases in making a differential diagnosis.

▶ Key points. Thymoma and thymic carcinoma are distinguish-
able by imaging only if the invasion of surrounding structures
can be demonstrated.

Thymic Cysts
▶ Brief definition. Cysts of the thymus may be congenital or
acquired. The thymus originates from the third pharyngeal
pouch, and cysts may develop along the path by which it
descends from the level of the pharynx to the anterior mediasti-
num at the level of the aortic arch. The peak incidence is from 3
to 15 years of age.

▶ Imaging signs. Thymic cysts display CT features that are char-
acteristic of cysts: an enhancing wall with contents that are

*

Fig. 1.15 Thymic carcinoma (asterisk). The tumor has invaded the
left brachiocephalic vein (arrow).

a b

Fig. 1.14 Thymoma. (a) On axial CT the tumor (arrow) displays cystic and solid components. Its solid portions enhance faintly after administration
of contrast medium. (b) T2W/T1W TrueFISP MRI sequence demonstrates the multiple cysts (arrow). (TrueFISP, true fast imaging with steady
precession.)
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isodense to water, or hyperdense if intracystic hemorrhage has
occurred (▶ Fig. 1.16). MRI shows the high T2W signal intensity
and low T1W signal intensity that are typical of cysts. Thymic
cysts may form outside or inside the thymus.

▶ Clinical features. Thymic cysts are usually an asymptomatic
incidental finding on chest radiographs or sectional images.

▶ Differential diagnosis. Cysts located within the thymus
require differentiation from seminomas, which may also develop
large cysts. Equivocal cases should be resolved by percutaneous
biopsy. Thymic cysts may also be associated with carcinomas of
variable size.

▶ Key points. Thymic cysts may develop within the thymus or
outside the thymus along its path of descent during embryo-
genesis. They have typical attenuation values on CT (0 HU)
and typical cystic signal intensity on MRI (high T2W signal,
low T1W signal, with a reversal of signal intensities in cysts
with a high protein content). Most thymic cysts are incidental
imaging findings.

Neuroendocrine Tumors of the Thymus;
Thymic and Mediastinal Carcinoids
▶ Brief definition. Carcinoids are tumors of neuroendocrine
origin that arise from primitive stem cells. Carcinoids are usu-
ally slow-growing and may metastasize. They are most com-
mon in middle age, and men are affected more frequently
than women.

▶ Imaging signs. Carcinoids of the thymus are often indistin-
guishable from thymoma or thymic carcinoma by their imaging
appearance. They may occur in the mediastinum and other sites
and may not be localized to a particular organ (▶ Fig. 1.17), appear-
ing on CT as an enhancing mass of soft tissue density. Carcinoids
have high T2W signal intensity on MRI. They are isointense to
muscle on T1W images and show marked contrast enhancement.

▶ Clinical features. Symptoms result from hormones produced
in the tumor. Approximately one-third of carcinoids form adreno-
corticotropic hormone leading to Cushing’s syndrome. Hyperten-
sion, diarrhea, and paroxysmal flushing due to capillary
vasodilation may also occur.

▶ Differential diagnosis. The differential diagnosis should
include thymoma, thymic carcinoma, and sarcoma.

▶ Pitfalls. Carcinoids cannot be diagnosed from imaging find-
ings alone. Diagnosis requires the correlation of imaging findings
with clinical symptoms relating to hormone production or with
histology.

▶ Key points. Carcinoids may occur within the thymus or sepa-
rately in the mediastinum. They do not have typical imaging fea-
tures that permit a definite diagnosis. This requires clinical and
laboratory correlation.

Extragonadal Germ Cell Tumors
“Extragonadal germ cell tumors” is a collective term for all
tumors that originate from embryonic germ cells and are his-
tologically indistinguishable from tumors of the gonads. They
include teratomas (benign and malignant forms), seminomas,
dermoid cysts, embryonic cell carcinomas, and chorionic carci-
nomas. Extragonadal germ cell tumors occur predominantly in
the mediastinum and comprise 15% of all mediastinal tumors.
Approximately 80% are benign teratomas. Seminomas follow
teratomas in absolute numbers and account for most
malignant forms (ca. 40% of malignant germ cell tumors in
the mediastinum).

Teratomas; Dermoid and Epidermoid Cysts
▶ Brief definition
● Teratomas may contain tissue elements derived from all three
germ layers (mesoderm, endoderm, and ectoderm). Ectodermal
cells may give rise to cutaneous appendages such as hair and

Fig. 1.17 Carcinoid (arrow) and adjacent lymph node metastases.Fig. 1.16 Thymic cyst. CT scan demonstrates the thin-walled cyst
anterior to the aortic arch.
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sebaceous glands as well as teeth. Muscle, cartilage, and bone
may develop from mesodermal cells, while epithelium and pan-
creatic glands may arise from endodermal cells. Mature terato-
mas are benign, with a peak age of incidence in young adult-
hood (20 to 40 years).

● Dermoid cysts are composed of ectodermal and mesodermal
elements and are not distinguishable from cystic teratomas by
their imaging morphology. In 5% of cases, squamous cell carci-
noma develops in dermoid cysts.

● Epidermoid cysts are composed entirely of ectodermal ele-
ments. They contain squamous epithelium and may gradually
enlarge through desquamation.

The great majority of teratomas, dermoid cysts, and epidermoid
cysts occur in the anterior superior mediastinum. Only about 8%
of all cases occur in the posterior mediastinum.

▶ Imaging signs. Imaging of teratomas often reveals cystic com-
ponents (88% of teratomas) and fatty components (76% of terato-
mas) that contrast with areas of soft tissue density found in
almost every teratoma. Calcified areas are found in 53% of terato-
mas (▶ Fig. 1.18). Teratomas or dermoid cysts that form teeth or
bone are easily diagnosed by CT. Teratomas and dermoid cysts
present a heterogeneous tissue structure on both CT and MRI. Dif-
fusion imaging of dermoid and epidermoid cysts shows severe dif-
fusion abnormalities: imaging at high b values (b=1000) shows
an intense signal with a marked decrease in the apparent diffu-
sion coefficient. Fat–fluid levels in cystic areas have repeatedly
been described as pathognomonic in individual case reports but
are very rarely found. Epidermoid cysts are purely cystic in almost
all cases. All three tumor entities are smoothly marginated. Malig-
nant teratoma has indistinct margins and an inhomogeneous
matrix; it is also composed of elements of all three germ layers
and may therefore contain fatty tissue and calcifications. Their
other imaging features coincide with those of teratomas.

▶ Clinical features. Teratomas and dermoid and epidermoid
cysts are generally asymptomatic. Large teratomas or dermoid
cysts may compress adjacent structures, resulting in symptoms
that may include chest pain. Intralesional hemorrhage in a

teratoma or dermoid cyst may cause sudden enlargement of the
mass, leading to sudden compression of mediastinal structures
with associated symptoms. The treatment of a mature teratoma
or mature dermoid or epidermoid cyst is complete resection of
the mass. If this is accomplished, the tumor will not recur.

▶ Differential diagnosis. Differential diagnosis of teratomas
requires mainly differentiation from sarcomas. With malignant
teratomas, differential diagnosis cannot always rely on imaging
findings. Lymphomas are another possibility but are more homo-
geneous. Dermoid and epidermoid cysts can be classified more
accurately by diffusion-weighted MRI.

▶ Key points. Teratomas have components derived from all three
germ layers and a heterogeneous imaging appearance. Dermoids
are composed of ectodermal and mesodermal elements, while
epidermoids are purely ectodermal. Dermoids and epidermoids
can be differentiated from other cysts by diffusion-weighted MRI.

Primary Seminomas
▶ Brief definition. Primary extragonadal seminomas are rare
malignant masses. The most common site of occurrence is the
anterior mediastinum, followed by the pineal gland and retroper-
itoneum. Approximately 10% of all malignant mediastinal tumors
are primary seminomas. Over 90% of all primary seminomas in
the mediastinum occur in males, with a peak age of incidence at
20 to 40 years. It is now believed that primary extragonadal
seminomas arise from pluripotent primitive germ cells that
become trapped in the mediastinum as they migrate across the
midline into the gonads during early embryogenesis. These heter-
otopic cells may differentiate into both ectodermal and endoder-
mal tissues; they are believed to be responsible for the
development of chorionic carcinoma, embryonic cell carcinoma,
and other germ cell tumors in the mediastinum.

▶ Imaging signs. Primary seminomas of the mediastinum are
usually quite large by the time they are diagnosed. They have
smooth, lobulated margins. Seminomas may contain stippled cal-
cifications and cysts along with other areas showing slight,
homogeneous enhancement. They have homogeneous signal
intensity on MRI, appearing hyperintense in T2W images and
showing intense contrast enhancement.

▶ Clinical features. The symptoms of primary mediastinal semi-
noma are nonspecific and result from the compression of struc-
tures in the superior mediastinum. Compression of a recurrent
laryngeal nerve may cause cough and hoarseness. Other possible
symptoms are dyspnea, dysphagia, and chest pain; obstruction of
the superior vena cava is rare. Approximately one-third of patients
are asymptomatic. Tumor markers such as alpha-fetoprotein (AFP)
and human chorionic gonadotropin (β-HCG) (see ▶Table 1.1) are
not elevated. Primary seminomas of the mediastinum are treated
by excision, followed if necessary by adjuvant radiation. Recent
reports describe the addition of cisplatin chemotherapy and indi-
cate very high survival rates with this combination.

▶ Differential diagnosis. Seminomas resemble lymphomas in
their imaging appearance. Unlike lymphomas, however, semino-
mas compress surrounding structures, most notably vessels, and

Fig. 1.18 Teratoma. CT scan shows the well-circumscribed mass with
mixed attenuation values
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may also show vascular invasion. Differentiation is mainly
required from sarcomas and thymomas, which may also contain
cysts and calcifications.

Note

Primary seminomas are not distinguishable from other mediasti-
nal tumors by their imaging appearance; their diagnosis requires
biopsy.

▶ Pitfalls. Following the histological diagnosis of a mediastinal
seminoma or other mediastinal germ cell tumor, a primary gona-
dal tumor should be definitively excluded before a mediastinal
extragonadal germ cell tumor is diagnosed.

▶ Key points. Extragonadal seminomas of the mediastinum arise
from pluripotent primitive germ cells that become trapped in the
mediastinum as they migrate across the midline to the gonads
during early embryogenesis. The peak age of incidence is 20 to 40
years with a male predilection. The tumors show prominent en-
hancement at imaging and may contain cysts and calcifications.
Given the lack of pathognomonic imaging features, the diagnosis
of extragonadal seminoma should be confirmed histologically.

Chorionic Epithelioma, Embryonic Cell
Carcinoma, and Mixed Germ Cell Tumors
▶ Brief definition. Malignant germ cell tumors that are histolog-
ically distinct from primary mediastinal seminoma are associated
with a poorer prognosis. Like seminomas, these tumors arise
from pluripotent primitive germ cells that become trapped in the
mediastinum. These cells may differentiate in various ways:
● Embryonic cell carcinoma is composed of various poorly differ-
entiated cell types.

● Chorionic carcinoma contains syncytiotrophoblasts and cytotro-
phoblasts. Hematogenous metastasis is common. This property is
analogous to the ability of the placenta to invade blood vessels.

● As noted earlier, malignant teratoma is composed of cells
derived from all three germ layers.

Germ cell tumors may be considered “caricatures” of embryogen-
esis. The various tumor types differentiate from pluripotent germ
cells along different lines and reflect the varying cellular compo-
nents of embryogenesis.8 These tumors, unlike seminomas, form
tumor markers (▶ Table 1.1) that are useful in monitoring treat-
ment response and detecting recurrence. Like other tumors, they
occur predominantly in the anterior mediastinum.

▶ Imaging signs. Extragonadal germ cell tumors of the media-
stinum have a heterogeneous appearance on CT and MRI with
areas of varying density or signal intensity. They show a non-
homogeneous pattern of enhancement (▶ Fig. 1.19). Because
of their rapid growth, malignant germ cell tumors other than
seminoma are prone to intratumoral hemorrhage and often
exhibit necrotic areas. They may also contain cysts. The vari-
ous tumor types may not be clearly distinguishable from one
another by their imaging features and require a histological
diagnosis.

▶ Clinical features. Clinical features are the same as for semi-
noma. These germ cell tumors typically produce tumor markers
(see ▶Table 1.1). Treatment consists of surgical resection fol-
lowed by radiation and chemotherapy.

▶ Differential diagnosis. Sarcoma, lymphoma, thymoma, and
thymic carcinoma should be included in the differential diagno-
sis. Extragonadal germ cell tumors that are histologically distinct
from seminoma also require a histological diagnosis.

▶ Key points. Extragonadal germ cell tumors have a heterogene-
ous appearance on CT and MRI, with areas of varying density or
signal intensity, and show inhomogeneous contrast enhance-
ment. They are diagnosed histologically.

Liposarcoma
▶ Brief definition. Primary liposarcomas of the mediastinum
are very rare malignant masses of adipose tissue with a peak inci-
dence in the fifth decade. Different types are distinguished by
their grade of differentiation.

Sarcomas
▶ Brief definition. Sarcomas are mesenchymal malignancies
that may occur in all mediastinal compartments. Primary sarco-
mas of the mediastinum are very rare. Types other than liposar-
coma include fibrosarcoma, chondrosarcoma, osteosarcoma, and

Fig. 1.19 Germ cell tumor in the anterior mediastinum. On CT the
mass shows low attenuation and inhomogeneous enhancement. It has
compressed the superior vena cava and right pulmonary artery.

Table 1.1 Markers for various extragonadal germ cell tumors

Tumor entity Typical tumor markers

Seminoma None

Embryonic cell carcinoma AFP

Chorionic carcinoma β-HCG

Malignant teratoma AFP, β-HCG

Yolk sac tumor AFP

Abbreviations: AFP, alpha-fetoprotein; HCG, human chorionic
gonadotropin.
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rhabdomyosarcoma. The overall incidence of soft tissue sarcomas
(including gastrointestinal stromal tumor) in all body regions in
adults is 2 per 100,000 population.

▶ Imaging signs. Well-differentiated liposarcoma is composed
mainly of fatty tissue, has negative CT attenuation values, and
is isointense to fat on MRI. The presence of septa thicker than
2mm or of enhancing areas within the tumor are signs of well-
differentiated liposarcoma on sectional imaging. Mixed tumors
additionally contain other cell types such as fibrocytes. Poorly
differentiated liposarcomas contain large areas of denser tissue

that shows intense enhancement (▶ Fig. 1.20). The treatment of
choice is surgical excision. Sarcomas appear on radiographs as
well-circumscribed masses that may have lobulated margins. The
tumors are usually inhomogeneous on CT and MRI (▶ Fig. 1.21).
Osteosarcomas may contain calcifications and bone matrix,
which are more clearly depicted by CT than MRI.

▶ Clinical features. Symptoms result from the compression of
adjacent structures such as the heart, trachea, or esophagus. If
compression is absent, B symptoms may be predominant. The
treatment of choice is excision followed by radiation.

▶ Differential diagnosis. Lymphomas encase vessels but do not
compress them. Seminomas and other extragonadal germ cell
tumors cannot be distinguished from sarcomas. Thymomas are
located in the thymic compartment and may contain cysts but
otherwise show the same characteristics on CT and MRI. Lipoma-
tosis mediastinalis (▶ Fig. 1.22) usually occurs in obese patients.

a b

Fig. 1.21 Rhabdomyosarcoma. (a) On CT the tumor shows inhomogeneous density with areas of varying enhancement. Its boundary with the
pericardium and heart is indistinct (arrow), suggesting possible invasion. (b) Coronal T2W MRI shows that the tumor has reached the pericardium
but has not yet penetrated it.

Fig. 1.20 Liposarcoma. CT after IV injection of contrast medium. The
mass contains areas of variable density and shows inhomogeneous
enhancement.

Fig. 1.22 Mediastinal lipomatosis. An increased volume ofmediastinal
fat is noted in this obese patient. Themediastinal structures are uniformly
surrounded by fat (arrows). The thymic compartment is a useful
landmark in older patients. The perivascular tissue in the superior
mediastinum provides a landmark in patients of all age groups.
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As with lipomas (▶ Fig. 1.23), density is similar to that of fat in
other locations.

▶ Key points. Sarcomas enhance in all modalities. They present
a heterogeneous pattern, depending on the parent tissue, and are
diagnosed histologically. The role of imaging is to accurately
describe the size, location, and surrounding structures. A specific
diagnosis requires histology.

Cystic Masses
Cystic masses of the mediastinum are very rare. Bronchogenic
cysts and cysts of the esophagus fall in the category of foregut
duplication cysts.

Bronchogenic Cysts
▶ Brief definition. Bronchogenic cysts are congenital changes that
result from abnormal budding of the trachea between the fourth
and sixth gestational weeks. They are lined by respiratory epithe-
lium and may contain cartilage. Up to 85% of bronchogenic cysts are
located in the mediastinum, usually at the infracarinal level; the rest
occur in the lung parenchyma. These cysts develop somewhat later
in embryogenesis and are more likely to communicate with the
tracheobronchial tree than mediastinal bronchogenic cysts.

▶ Imaging signs. Bronchogenic cysts appear as homogeneous,
well-circumscribed densities on chest radiographs. CT and MRI
identify them as fluid-filled structures with thin walls
(▶ Fig. 1.24). Only the walls enhance after administration of con-
trast medium. CT attenuation and MRI signal intensity depend on
the protein content of the cyst fluid. Bronchogenic cysts may be
air-filled if they communicate with the tracheobronchial tree.

▶ Clinical features. Bronchogenic cysts may cause dyspnea and
stridor, depending on their location. If they are located close to
the main bronchi, they may lead to areas of compression atelecta-
sis even in infants. Smaller cysts may remain asymptomatic for
some time. If the cyst becomes infected, symptoms develop as a
result of associated inflammatory signs and rapid enlargement of
the cyst with compression of surrounding structures.

▶ Differential diagnosis. Bronchogenic cysts are often indistin-
guishable from esophageal duplication in terms of their imaging
appearance, and a specific diagnosis requires cyst resection and
histological identification of respiratory epithelium lining the cyst.

Note

As a general rule, morphological imaging studies will not demon-
strate the relationship of bronchogenic cysts to the trachea or
segmental bronchi.

▶ Key points. Bronchogenic cysts are developmental anomalies of
the tracheobronchial tree. They are lined by respiratory epithelium
and may become symptomatic due to compression of surrounding
structures or superinfection. Often they are indistinguishable from
esophageal duplication cysts by their imaging appearance.

Pericardial Cysts and Diverticula
▶ Brief definition. Pericardial cysts are rare masses that account
for approximately 7% of all mediastinal tumors. They are located
predominantly in the left (70%) or right (30%) cardiophrenic
angle (▶ Fig. 1.25). They are of mesothelial origin and represent
outpouchings of the parietal pericardium (persistence of a peri-
cardial recess during embryogenesis) that do not communicate
with the rest of the pericardium. By contrast, pericardial divertic-
ula communicate directly with the pericardial cavity. They may
also be acquired and may occur postoperatively. Rapid enlarge-
ment over time suggests a pericardial diverticulum rather than a
true pericardial cyst (▶ Fig. 1.26).

▶ Imaging signs. Pericardial cysts and diverticula have smooth,
well-defined margins on chest radiographs and abut the cardiac
silhouette. CT and MRI show their direct relationship to the heart.
Pericardial cysts and diverticula have an extremely thin cyst wall,
and internal septa are rarely present. CT attenuation and MRI

Fig. 1.23 Lipoma. Axial CT demonstrates a circumscribed mass of fat
density.

Fig. 1.24 Bronchogenic cyst. CT demonstrates a thin-walled cyst
with contents of water attenuation. The esophagus is displaced. There
is no apparent relationship to the trachea or large bronchi. After
resection, the cyst was found to be lined by respiratory epithelium. By
its imaging appearance the cyst is indistinguishable from a duplication
of the esophageal wall (see ▶ Fig. 1.27).
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signal intensity depend on the protein content of the cyst.
Because pericardial cysts usually contain a clear, serous fluid,
they have also been termed “spring water cysts.” This results
in high T2W signal intensity and low T1W signal intensity.
CT attenuation is approximately 10 HU. Asymptomatic
patients do not require treatment. The treatment of choice for
symptomatic cases is surgical removal; resected cysts do not
recur. The cysts can be decompressed by percutaneous aspira-
tion but will refill over time unless obliterated by the injec-
tion of alcohol or tissue adhesive.

▶ Clinical features. Most pericardial cysts and diverticula are
detected incidentally at imaging. In very rare cases where other
structures, such as lung, are compressed by a mass effect, pericar-
dial cysts may lead to dyspnea or even symptoms of heart failure
(e.g., by hemodynamically significant compression of the right
ventricle). Persistent cough and atypical chest pain have also

been described in a few instances. Intracystic hemorrhage may
cause significant cyst enlargement with acute onset of symptoms
due to compression of adjacent organs. Cyst infection and rupture
are extremely rare.

▶ Differential diagnosis. The differential diagnosis of well-
circumscribed masses on the chest radiograph should include
large epicardial fat pads as well as mediastinal tumors. CT or MRI
is useful for the differentiation of solid tumors and fat.

Note

The cardiophrenic angle is the principal landmark for pericardial
cysts and diverticula.

▶ Pitfalls. The pericardial reflections at the level of the ascend-
ing aorta show small amounts of fluid, even in healthy individu-
als, and should not be taken to indicate small pericardial cysts.

▶ Key points. Pericardial cysts communicate with the pericar-
dium, while pericardial diverticula communicate with the
pericardial cavity. Both entities show the typical characteristics
of cysts in sectional imaging studies.

Esophageal Duplication Cysts
▶ Brief definition. Duplication cysts of the esophagus are rare
congenital malformations that result from abnormal budding of
the foregut in the third to fourth gestational week. The wall of
the cyst may contain smooth or striated muscle. The cysts are
lined by esophageal epithelium, which rarely may include areas
of ectopic gastric epithelium. Secretions from this tissue may
erode through the cyst wall, leading to intracystic hemorrhage or
perforation of the cyst.9

▶ Imaging signs. Esophageal duplication cysts are often
detected incidentally on chest radiographs of asymptomatic
patients, appearing as well-circumscribed, oblong densities pro-
jected over the posterior inferior mediastinum. The contents are

ba

Fig. 1.26 Pericardial diverticulum detected incidentally in a patient with cor pulmonale. (a) CT shows a thin-walled paracardial mass of fluid
attenuation (arrow). (b) A later scan documents spontaneous reduction in the size of the mass (arrow). This distinguishes it from a pericardial cyst
and confirms the diagnosis of pericardial diverticulum.

Fig. 1.25 Pericardial cyst. CT demonstrates a thin-walled cyst (arrow)
of water attenuation that abuts the pericardium.
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isodense to water on CT and may show soft tissue density due to
intracystic hemorrhage. Postcontrast enhancement is limited to
the cyst wall. As with other types of cyst, T2W MRI shows high
signal intensity (or low intensity after intracystic hemorrhage),
while T1W images show absent or moderate signal depending
on the protein content of the cyst fluid. Esophageal duplication
cysts occur in the distal part of the esophagus in the posterior
mediastinum. Most are entirely extramural, but some may be
located within the esophageal wall (▶ Fig. 1.27). They often have
an elliptical shape with a longitudinal orientation.

▶ Clinical features. Esophageal duplication cysts may lead to
esophageal compression and dysphagia, but most are asympto-
matic and are detected incidentally on chest imaging.

▶ Differential diagnosis. Differentiation from bronchogenic cysts
is not always possible on the basis of imaging appearance alone.

▶ Key points. Esophageal duplication cysts are usually an inci-
dental imaging finding. They are in contact with the esophagus
and display the typical characteristics of cysts on sectional
images, depending on the protein content of the cyst and possible
intracystic hemorrhage.

Lymphangioma and Cystic Hygroma
▶ Brief definition. Lymphangioma and cystic hygroma are con-
genital malformations of the lymphatic system formed by hetero-
topic tissue from one of the five embryonic lymph sacs. This
sequestration most commonly arises from the jugular lymph sac,
with the result that 75% of these cystic masses are located in the
neck. Lymphangiomas may already be present at birth or may
present clinically during the second year of life, when the great-
est growth of the lymphatic system takes place. A lymphangioma
may be of the capillary or the cavernous type, depending on the
size of its internal spaces. Cystic hygroma is a special form that
consists of multiple large cysts.

▶ Imaging signs. Lymphangioma and cystic hygroma may
contain solid components interspersed among the cysts.

Ultrasonography can demonstrate the cystic nature of the
mass. Hygromas are hypodense on CT scans, and only their
solid portions enhance (▶ Fig. 1.28). The cysts are hyperin-
tense on T2W MRI. Their signal intensity on T1W images
depends on their protein content and on possible intracystic
hemorrhage, which produces visible fluid levels within the
cyst. Only the solid components enhance.

▶ Clinical features. Lymphangioma and cystic hygroma are usu-
ally apparent at birth, appearing as a tense swelling in the neck
or upper chest. Infection may lead to acute enlargement and
compression of the trachea, esophagus, or vessels. Dysphagia and
dyspnea may occur acutely or develop over time.

Note

An accurate description of the tumor’s extent and surrounding
structures is important if surgical excision of the lymphangioma
or cystic hygroma is intended.

▶ Differential diagnosis. Lymphangioma and cystic hygroma
may occur in all areas of the mediastinum. They are composed
almost entirely of cysts, so generally their diagnosis should
present no difficulties. The lack of enhancement of the contents
of the cyst serves to distinguish them from vascular malforma-
tions and cavernomas.

▶ Key points. Lymphangioma and cystic hygroma are congen-
ital malformations of the lymphatic system. They may contain
solid elements in addition to typical cystic components.
Intracystic hemorrhage with fluid levels is a typical imaging
finding.

1.4.2 Middle Mediastinum
Conditions in the middle mediastinum predominantly involve
the lymph nodes.

▶ Anatomy. The lymph nodes in the chest are divided into 14
stations described by the American Joint Committee on Cancer
(AJCC) and the Union for International Cancer Control (UICC; or

Fig. 1.27 Duplication of the esophagus. CT shows an immediate
paraesophageal cyst that does not communicate with the esophageal
lumen.

Fig. 1.28 Lymphangioma in the anterior mediastinum. Axial CT
demonstrates the septated cystic mass.
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Union Internationale Contre le Cancer), as shown in ▶Table 1.2.
Nine of the lymph node stations are located in the mediastinum
(▶ Fig. 1.29).

Sarcoidosis
▶ Brief definition. Sarcoidosis is a multisystem disease of
unknown etiology in which an abnormal immune response pro-
vokes the formation of noncaseating granulomas that contain
epithelioid cells, multinucleated giant cells, and lymphocytes.
These granulomas may form almost anywhere in the body but
occur predominantly in the lung and mediastinal lymph nodes.
The peak incidence of the disease is at 40 years of age, with a
slight female predilection. The number of new cases per year is
approximately 10 to 12 per 100,000 population. Pulmonary and
mediastinal sarcoidosis is classified into four radiographic stages
(▶Table 1.3). Bilateral lymphadenopathy develops in 80% of sar-
coidosis patients. The treatment of sarcoidosis is geared toward
clinical complaints; acute cases are managed with oral steroids.
Up to 95% of acute sarcoidosis cases resolve spontaneously over a
period of several months. Chronic sarcoidosis is associated with
permanent impairment of lung function in 20 to 30% of patients,
with progression to pulmonary fibrosis occurring in 10%.

▶ Imaging signs. The chest radiograph shows symmetrical
enlargement of the hilar lymph nodes. Enlargement of the media-
stinal lymph nodes causes widening of the mediastinum. The
mediastinal lymphadenopathy in sarcoidosis has a markedly

symmetrical appearance on axial CT (▶Fig. 1.30). Symmetrical
involvement of the hila is also seen in most cases. Over time,
approximately 40% of patients develop an eggshell pattern of lymph
node calcification. Stage 2 disease is marked by the appearance of
reticulonodular changes with nodules up to 5mm in diameter; they
are usually bilateral. The granulomas show a typical subpleural dis-
tribution along lymphatic vessels, along interlobar fissures, accom-
panying the bronchovascular bundles, and along interlobular septa.
This pattern of involvement on CT is diagnostic of sarcoidosis.

▶ Clinical features. The clinical presentation includes B symp-
toms that may be associated with dry cough, dyspnea, arthritis,
erythema nodosum, and facial nerve palsy depending on the pat-
tern of involvement. Clinical and radiological suspicion is confirmed
by bronchoalveolar lavage, which indicates a greater than 2:1 ratio
of CD4+ to CD8+ T cells (T-helper cells and T-suppressor cells).

▶ Key points. Symmetrical enlargement of the hilar lymph
nodes (station 10) and mediastinal nodes is characteristic of sar-
coidosis. The nodules in stage 2 disease show a typical distribu-
tion on CT: peribronchial along the lymphatics, subpleural, and
along the interlobar fissures.

Lymphoma
▶ Brief definition. Lymphomas are neoplasms of the lymphatic
system. They are divided into two main groups: Hodgkin’s lym-
phoma (lymphogranulomatosis) and non-Hodgkin’s lymphoma.
The incidence of all lymphomas is approximately 12 new cases
per 100,000 population per year.
● Hodgkin’s lymphoma has a bimodal age distribution with peaks
in young adults (15 to 35 years) and after age 50 years. Generally
the disease starts in a localized nodal region and then spreads to
adjacent lymph node stations. Affected lymph nodes are
enlarged and painless. The lymph nodes of the anterior mediasti-
num are affected in 60% of patients (▶ Fig. 1.31, ▶ Fig. 1.32). Over
time the disease spreads from the initial site to adjacent nodal
stations and then to extranodal tissues. Untreated, it leads to
death. Treatment depends on histological subtype in the Rye
classification (lymphocyte-predominant, nodular sclerosis, mixed
cellularity, lymphocyte depletion). One histological characteristic
of Hodgkin lymphoma is the presence of (multinucleated)
Sternberg–Reed giant cells and large blasts (Hodgkin cells).

● Non-Hodgkin’s lymphomas are a heterogeneous group of lym-
phomas composed of various cell types, include T-cell and B-cell
lymphomas, and have a peak incidence in older adults. The inci-
dence is greatly increased in immunosuppressed patients (organ
recipients, AIDS sufferers). Besides the dysregulation of immune
homeostasis, chromosomal translocations play an important
role in the pathogenesis of non-Hodgkin’s lymphoma. The
majority of cases present with painless lymph node swelling,
similar to lymphogranulomatosis. The abdominal lymph nodes
are more commonly affected than the mediastinal nodes. Non-
Hodgkin’s lymphoma tends to affect lymph node stations not
typically involved by Hodgkin’s lymphoma (▶ Fig. 1.33) such as
the posterior mediastinal nodes. Low- and high-grade non-
Hodgkin’s lymphomas are distinguishable by their clinical
course and histology. The Kiel classification identifies subtypes
based on the predominance of “cytes” or “blasts.”As with
Hodgkin’s lymphoma, treatment is based on tumor histology.

Table 1.2 Lymph node stations of the mediastinum based on the
1997 classification of the AJCC and UICC17

Station Location

Mediastinal

1 R/L Superior mediastinum (cranial to
brachiocephalic vein)

2R/L Upper paratracheal

3 ● Retrotracheal (designated as 3P)
● Prevascular (designated as 3A)

4R/L Lower paratracheal (R: includes the
azygos nodes)

5 Aortic window, pulmonary trunk

6 Para-aortic to the level of the
aortic arch

7 Subcarinal

8 Paraesophageal, subcarinal

9 Pulmonary ligament

Pulmonary (within the visceral pleura)

10 R/L Hilar

11R/L Interlobar

12R/L Lobar

13R/L Segmental

14R/L Subsegmental

Note: R/L designates the right or left side. Lymph node stations without
an R/L designation are located in the midline.
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▶ Imaging signs. The chest radiograph shows enlargement of
the hilar lymph nodes and opacity of the aortopulmonary win-
dow due to lymphadenopathy, or a large well-circumscribed
mass usually located in the anterior mediastinum or at other sites
in the case of non-Hodgkin’s lymphoma. Large lymphomas gen-
erally encase vessels without occluding them (see ▶ Fig. 1.32).
Vascular compression occurs only with very large tumors and
then is limited chiefly to veins.

▶ Clinical features. Lymphomas typically present with B symp-
toms, consisting of fever, night sweats, and weight loss. Affected
lymph nodes are enlarged and painless.

●GCaution

In the work-up of lymphoma, do not use a fine needle for the
percutaneous biopsy of lymph nodes. Use an 18G or 16G core
needle to ensure that the pathologist will have enough tissue
with which to determine the histological type.

▶ Differential diagnosis. The differential diagnosis of large lym-
phomas should include sarcoma. The enhancement characteristics
of the two entities may be identical. Sarcomas are distinguished
by their tendency to compress and occlude blood vessels.

▶ Key points. Lymphomas are divided into Hodgkin’s lymphoma,
characterized histologically by Sternberg–Reed giant cells with
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Fig. 1.29 Lymph node stations (light blue outlines) in the mediastinum based on the 1997 classification of the AJCC and UICC.17 R/L designates
the side (right/left). Lymph node stations without a R/L designation (5 to 8) refer to unpaired sites. Other, unmarked lymph node stations are station
12 (lobar), station 13 (segmental), and station 14 (segmental). Stations 11 to 14 are parabronchial. (a) Station 1 (high mediastinal). (b) Station 2
(high paratracheal). (c) Station 6 (para-aortic). (d) Station 3 (prevascular, retrotracheal). (e) Station 4 (low paratracheal, tracheobronchial). (f) Station
5 (subaortic [aortopulmonary window]). (g) Station 7 (subcarinal) and station 10 (hilar). (h) Station 8 (paraesophageal) and station 11 (interlobar).
(i) Station 9 (pulmonary ligament).

Table 1.3 Staging of sarcoidosis

Stage Description

0 Normal chest radiograph

1 Thoracic lymphadenopathy

2 Thoracic lymphadenopathy and lung changes

3 Nodular lung changes without thoracic
lymphadenopathy

4 Pulmonary fibrosis
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multiple cell nuclei and Hodgkin cells (large blasts), and non-
Hodgkin’s lymphomas, a histologically diverse group of B-cell and
T-cell tumors. Lymph node enlargement is a characteristic fea-
ture. Lymphomas are diagnosed histologically. Percutaneous CT-
guided biopsy requires a core needle, as fine-needle aspiration is
inadequate for classification. The role of CT is to provide an accu-
rate description of all affected lymph node stations and sites of
extranodal involvement.

Castleman’s Disease (Angiofollicular
Hyperplasia)
▶ Brief definition. The pathologist Benjamin Castleman’s first
described this rare disease in the 1950s.10 Its prevalence is esti-
mated at 1 per 1 million population. Today the disease is
attributed to infection with human herpesvirus 8, which is
also responsible for Kaposi sarcomas in AIDS. The cytokine
interleukin-6 leads to immune dysregulation with the prolifer-
ation of lymphocytes. In the more common hyaline vascular
type of Castleman’s disease, the lymph node follicles are char-
acterized by regressive changes in the germinal centers and
thickening of the mantle zone, which contains many very
small lymphocytes. In the plasma cell type of Castleman’s dis-
ease, the germinal centers are hypertrophic due to the accu-
mulation of polyclonal plasma cells. In addition, a localized
form of Castleman’s disease is distinguished from a multicen-
tric form with multiple sites of occurrence. The localized form

a

c

b

Fig. 1.30 Sarcoidosis. (a) Stage 1 and 2 disease
is marked by symmetrical, bihilar lymphaden-
opathy (arrows). (b) Opacity of the aortopul-
monary window due to lymphadenopathy
(arrow; for landmarks see ▶ Fig. 1.2). (c) Axial
CT shows symmetrical enlargement of the
lymph nodes at stations 7, 8, and 10R and L.

Fig. 1.31 Hodgkin’s lymphoma. The lymphoma has caused a typical
“chimney” appearance of mediastinal widening (arrows). The lateral
radiograph showed opacity of the retrosternal space and superior
mediastinum.
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has an excellent prognosis, and excision of the isolated focus
is generally curative. The multicentric form is associated with
a much poorer prognosis.

▶ Imaging signs. The chest radiograph shows a mediastinal
mass or lymphadenopathy that is indistinguishable from the
changes characteristic of lymphoma. Both types of Castleman’s
disease are associated with the proliferation of blood vessels
among the affected enlarged and confluent lymph nodes, result-
ing in intense enhancement on CT and MRI (▶ Fig. 1.34). Three
distinct CT patterns have been described11:
● Approximately 50% of all patients have a solitary, noninvasive
mass.

● In 40% of patients the mass is invasive and accompanied by
lymphadenopathy.

● The remaining 10% of patients show lymph node enlargement
at a single nodal station in the mediastinum.

Calcifications are found within the masses in up to 10% of cases.

▶ Clinical features. The more common hyaline vascular type
of Castleman’s disease is usually asymptomatic. The less com-
mon plasma cell type is associated with B symptoms, most
notably fever and anemia. The unifocal form has a very good
prognosis, and surgical resection of the tissue is curative in
most cases. The multifocal form is associated with a poorer
prognosis. It is treatable with chemotherapy and radiation,
but often the disease will still progress to lymphoma. One
study in patients with the plasma cell type reported a 20%
incidence of non-Hodgkin’s lymphoma over an approximately
2-year period.12

▶ Differential diagnosis. The main differentiation required is
that from lymphoma and this is aided by the intense, homogene-
ous lesion enhancement that occurs in Castleman’s disease.

▶ Key points. The localized form limited to a single site is dis-
tinguished from the multifocal form and is curable by local
excision. The hyaline vascular type of Castleman’s disease is

Fig. 1.32 Hodgkin’s lymphoma. (a) The mass shows slight contrast enhancement on CT. There is no evidence of vascular compression.
(b) T1W MRI with fat suppression after IV injection of contrast medium.

Fig. 1.34 Castleman’s disease. CT demonstrates markedly enlarged
station 4 R lymph nodes (arrow) that show intense, homogeneous
enhancement.

Fig. 1.33 B-cell lymphoma. The tumor shows slight, inhomogeneous
enhancement on CT. The differential diagnosis would include
sarcoma.
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distinguished from the plasma cell type. Both are character-
ized by enlarged lymph nodes that show intense, homogene-
ous enhancement.

1.4.3 Posterior Mediastinum
The most common masses in the posterior mediastinum are neu-
rogenic tumors. Extramedullary hematopoiesis and hernias may
also manifest in that region.

Neurogenic Tumors

Schwannoma (Neurinoma)
▶ Brief definition. Schwannomas (synonym: neurinomas) are
common benign tumors that arise from the Schwann sheath cells
of peripheral nerves and have a true fibrous capsule. Schwannomas
may occur at any age but are most prevalent in young adults (the
fourth to sixth decades). Histologically, areas with compact cells in
a “shoal-of-fish” arrangement, palisading nuclei, and high vascular
density (Antoni type A) are distinguished from hypocellular areas
with a myxoid stroma (Antoni type B).

▶ Imaging signs. Schwannomas appear on chest radiographs as
well-circumscribed tumors in the posterior mediastinum.
Schwannomas show intense contrast enhancement on CT and
MR images. On MRI, schwannomas are hypointense on unen-
hanced T1W images and hyperintense on T2W images. Regres-
sive changes (cystic areas, calcifications, fat deposits) are
common and are independent of tumor size. Generally speaking,
the nerve from which the tumor arises can be visualized
(▶ Fig. 1.35).

Note

It is typical for schwannomas to protrude from neural foramina,
forming a dumbbell-shaped mass that enlarges the foramen. It is
also common for schwannomas to grow along a nerve in the
posterior mediastinum below the ribs.

▶ Clinical features. Most benign neurogenic tumors (schwan-
noma/neurinoma, neurofibroma) are asymptomatic and are
detected incidentally at chest radiography, CT, or MRI. Some
lesions may cause dysesthesia if sensory nerve branches are
involved. The treatment of choice is complete surgical excision.

▶ Key points. Schwannomas are benign tumors of Schwann cells
that develop on peripheral nerves. Spinal schwannomas tend to
widen the neural exit foramina. They appear on sectional imag-
ing as well-circumscribed, intensely enhancing lesions.

Neurofibroma
▶ Brief definition. Neurofibromas are benign tumors that arise
from peripheral nerve sheaths. They are distinguished histologi-
cally from schwannomas by the involvement of mesenchymal
cells of the peri- and epineurium (endo- and perineural fibro-
blasts) and the absence of a capsule. Neurofibromas may show a
localized or diffuse growth pattern, and the lesions may be soli-
tary (negative family history) or multiple in neurofibromatosis
type 1 (von Recklinghausen’s disease). Neurofibromatosis type 1
is a phacomatosis with neurocutaneous manifestations and the
involvement of multiple organ systems. The disease has an auto-
somal dominant mode of inheritance and an incidence of 1 in
3,000 births. Approximately 50% of all new cases are spontaneous
mutations. A defect on the long arm of chromosome 17 is respon-
sible for neurofibroma formation. Neurofibromatosis type 1 is
characterized by the development of multiple neurofibromas on
peripheral nerves, café au lait spots on the skin, sphenoid dyspla-
sia, pigmented iris nodules, and optic nerve glioma. Plexiform
neurofibromas are pathognomonic for neurofibromatosis type 1.
They occur in very early childhood, preceding the appearance of
cutaneous neurofibromas, and involve a long nerve segment
including its branches. The neurofibromas in neurofibromatosis
type 1have a 4% likelihood of malignant transformation. One
clinical feature of neurofibromas is their rapidly progressive
growth. Only about 10% of patients with a solitary neurofibroma
are diagnosed with neurofibromatosis.

▶ Imaging signs. Neurofibroma appears on CT as a well-
circumscribed mass that is isodense or hypodense to muscle on
unenhanced images and usually shows predominantly central
enhancement. On MRI, neurofibromas are hyperintense in T2W
images due to their myxoid stroma (▶ Fig. 1.36) and enhance
intensely on T1W images after IV administration of contrast
medium.

▶ Clinical features. Neurofibromas may be asymptomatic or
may cause symptoms due to the compression of surrounding
structures. Rapid growth of a neurofibroma suggests malignant
transformation.

*
a b c

Fig. 1.35 Neurinoma. (a) CT displays the tumor (asterisk) as a dumbbell-shaped mass growing through the neural foramen and enlarging it (arrow).
(b) T2W MRI in a different patient demonstrates the location of the tumor (arrow) in relation to surrounding structures. (c) T1W image in the same
patient after IV administration of contrast medium shows marked enhancement of the neurinoma (arrow).
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▶ Differential diagnosis. Neurofibromas and malignant nerve
sheath tumors cannot always be positively differentiated from
one another at imaging. Nevertheless, a well-circumscribed
tumor with predominantly central enhancement and a target
pattern on T2W MRI is typical of neurofibroma, whereas irregu-
lar, predominantly peripheral enhancement of a tumor with
indistinct margins is suggestive of malignant transformation.

▶ Key points. Neurofibromas are benign tumors that arise from
peripheral nerve sheaths. They are distinguished histologically
from schwannoma by the involvement of mesenchymal cells of
the perineurium and epineurium. Neurofibromatosis type 1 is
characterized by the formation of multiple tumors along periph-
eral nerves. At imaging, neurofibromas have smooth margins and
show intense, predominantly central enhancement after IV ad-
ministration of contrast medium. Neurofibromas are hyperin-
tense on T2W MRI due to their myxoid stroma.

Neuroblastoma
▶ Brief definition. Neuroblastoma is an embryonic cell tumor
derived from neural-crest progenitor cells of the autonomic nerv-
ous system. The peak incidence of this tumor occurs in infancy;
the average age at diagnosis is 17 months. The incidence is 1 in
5,000 births. After Wilms’s tumor, neuroblastoma is the second
most common malignancy in children under 3 years of age.13

Only 15% of all neuroblastomas occur in the mediastinum. Media-
stinal neuroblastomas arise from the sympathetic trunk.

▶ Imaging signs. Chest radiographs show a posterior mass that
disrupts the paraspinal line on the affected side (see ▶ Fig. 1.37).
On CT, calcifications are found in the tumor matrix of thoracic
neuroblastomas in up to 80% of cases. The masses are inhomoge-
neous and contain areas of relatively low density. Only moderate
enhancement is seen on CT and MRI. The T1 and T2 times are
prolonged on MRI, resulting in low signal intensity on unen-
hanced T1W images and high signal intensity on T2W images.
A characteristic feature is tumor ingrowth into the spinal canal
through the neural foramina. In some cases this is defined more
clearly by MRI than by CT (▶ Fig. 1.37).

▶ Clinical features. Symptoms in most children result from
catecholamine production by the primary tumor or from meta-
stasis. Elevated urinary vanillylmandelic acid, a catecholamine
breakdown product, is found in 78% of patients. Elevated

catecholamine levels in the blood may induce episodes of flush-
ing and hypertension. Neuroblastomas of the sympathetic trunk
may extend into the spinal canal and cause symptoms due to cord
compression (paraparesis, pain, dysesthesia).

Note

Neuroblastomas occur at immediate paravertebral sites along the
sympathetic trunk.

▶ Differential diagnosis. Neuroblastoma is virtually the only
differential diagnosis for posterior mediastinal masses in very
small children.

▶ Key points. Neuroblastoma is the first differential diagnosis
for posterior mediastinal masses in small children. Laboratory
findings and sectional imaging narrow the diagnosis. Ingrowth
into the spinal canal through the neural foramina is typical and is
clearly visualized by MRI.

Paraganglioma
▶ Brief definition. Paragangliomas are derived from the chromaf-
fin cells of the paraganglia. Paragangliomas in the mediastinum
arise from the vagus nerve and para-aortic ganglia. They may
occur sporadically or may be inherited as an autosomal domi-
nant trait. Although the tumor shows no histological signs of

a b

Fig. 1.36 Neurofibroma. (a) The tumors (arrows) show high signal intensity on T2W MRI. (b) CT scan in a different patient with a large
neurofibroma involving peripheral nerves (arrows). The tumor shows only slight enhancement.

Fig. 1.37 Neuroblastoma. Same patient as in ▶ Fig. 1.3. Tumor
ingrowth into the neural foramina (arrow) is clearly depicted in this
T2W MR image (but not on CT).
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malignancy, it still metastasizes in 5% of cases. It has a reported
growth rate of approximately 5mm per year, with a peak age of
incidence in the fourth and fifth decades. The incidence of para-
ganglioma is 1 per 1 million population per year. Paraganglio-
mas are composed of chief cells and surrounded by a fibrous
pseudocapsule. The tumor matrix is richly vascularized. Para-
gangliomas may show locally invasive growth.

▶ Imaging signs. Paragangliomas may occur in the course of the
vagus nerve in the anterior mediastinum, at para-aortic sites, and
at cardiac sites in the roof of the right atrium, in the posterior wall
of the left ventricle, and in the atrial septum. Due to their rich
blood supply, paragangliomas show prominent enhancement in
all modalities. Paragangliomas appear as well-circumscribed
tumors on CT (▶ Fig. 1.38). They are hyperintense in T2W MR
images and isointense to muscle in unenhanced T1W images. A
specific diagnosis requires clinical correlation with attention to
potentially elevated catecholamine breakdown products in the
urine. Hormonally inactive tumors require a histological diagnosis.

▶ Clinical features. Hormonally inactive tumors (50% of para-
gangliomas) mainly cause symptoms by compressing adjacent
organs. Hormonally active (catecholamine-secreting) tumors lead
to hypertension, hyperhydrosis, and flushing. The treatment of
choice is complete surgical removal. Irradiation can be used for
paragangliomas located at unfavorable sites or in inoperable
patients, but radiotherapy is palliative.

▶ Differential diagnosis. The differential diagnosis should include
neurinomas and metastases from hypervascular tumors such as
renal cell carcinoma or neuroendocrine tumors.

▶ Key points. Paragangliomas may be locally invasive and
metastasize in 5% of cases. They are richly vascularized and show
correspondingly intense enhancement. Laboratory values (vanil-
lylmandelic acid, a catecholamine breakdown product) should be
considered in making the diagnosis.

Extramedullary Hematopoiesis
▶ Brief definition. Extramedullary hematopoiesis is a com-
pensatory mechanism for severe anemia, usually occurring in

the organs of the reticuloendothelial system (spleen, liver, and
lymph nodes) and very rarely in other organs such as the kid-
neys, adrenal glands, or even the brain. It is attributed to the
presence of ectopic pluripotent stem cells in parenchymal
organs and lymph nodes. Intrathoracic extramedullary hema-
topoiesis may occur at paravertebral sites in the posterior
inferior mediastinum. Based on current information, this
results from the contiguous spread of hematopoietic marrow
from the medullary cavities of the vertebral bodies and ribs.
The recent literature consists mainly of individual case
reports. In a small series of 29 patients with thalassemia, 65%
of the patients were found to have paravertebral sites of
extramedullary hematopoiesis in the chest.14

▶ Imaging signs. Imaging reveals lobulated paravertebral
masses with smooth margins (▶ Fig. 1.39). CT shows masses of
soft tissue density that are isoattenuating to spleen and have the
same enhancement characteristics as the spleen. The hemato-
poietic tissue is isointense to spleen on MRI.

a b

Fig. 1.38 Paraganglioma arising from a para-aortic ganglion. (a) CT demonstrates a paravertebral mass that is infiltrating the vertebral body
(arrow) and shows homogeneous enhancement. (b) On T1W MRI after IV administration of contrast medium, the tumor shows intense
homogeneous enhancement (arrow).

Fig. 1.39 Extramedullary hematopoiesis. Unenhanced CT shows
multiple bilateral, paravertebral masses of soft tissue density (arrows).
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▶ Clinical features. The dominant clinical features are those of
the known disease underlying extramedullary hematopoiesis
(myelofibrosis and hereditary anemias: thalassemia, sickle cell
anemia, hereditary spherocytosis), while the extramedullary
hematopoiesis itself is generally asymptomatic. Intraspinal exten-
sion with neurologic symptoms relating to cord compression has
been described in a few cases.

Note

In equivocal cases where an underlying disease has not yet been
identified, the diagnosis of extramedullary hematopoiesis can be
established by fine needle aspiration biopsy.

▶ Key points. Sites of extramedullary hematopoiesis in the
mediastinum appear as prevertebral and paravertebral masses
that have the same characteristics as splenic tissue on sectional
imaging.

Bochdalek, Morgagni, and Larrey Hernias
▶ Brief definition. The diaphragm has two anterior and two
posterior regions that are devoid of muscle, are covered only by
connective tissue, and form sites of predilection for diaphrag-
matic hernias (▶ Fig. 1.40):
● The Bochdalek triangle is a posterior region on each side of the
diaphragm, located between the costal and lumbar muscle bun-
dles, where a Bochdalek hernia may occur (▶ Fig. 1.41).

● The sternocostal triangle is an anterior parasternal region
located at the sternocostal junction on each side. Abdominal
contents, usually consisting of fat, greater omentum, or loops of
small or large bowel, may herniate into the anterior inferior
mediastinum through the right sternocostal triangle to form a
Morgagni hernia (▶ Fig. 1.42) or through the left sternocostal
triangle to form a Larrey hernia. Hiatal hernias are described in
the chapter on the gastrointestinal tract.

▶ Imaging signs
● A Bochdalek hernia is usually detected incidentally on the lat-
eral chest radiograph, appearing as a well-circumscribed opac-
ity in the posterior inferior mediastinum. It is differentiated
from a solid tumor (e.g., neurinoma) by CT, which demonstrates
the herniation of fat or the upper renal pole through the lumbo-
sacral triangle on the left side. A Bochdalek hernia on the right
side is very rare because the liver covers the lumbosacral trian-
gle on that side.

Sternocostal triangle
Esophageal hiatus
Caval opening

Lumbocostal
triangle

Aortic hiatus

Fig. 1.40 Schematic representation of the diaphragm and its weak
spots. Anterior: sternocostal triangle; posterolateral: Bochdalek
triangle (lumbocostal triangle).

**
Fig. 1.41 Bochdalek hernia on the left side. CT demonstrates the
hernia opening (asterisks), which is located posterolaterally at
approximately the level of the renal upper pole.

Fig. 1.42 Morgagni hernia with intrathoracic herniation of mesen-
teric fat and bowel loops.
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● AMorgagni hernia or a Larrey hernia appears on the PA chest
radiograph as a well-circumscribed paracardiac mass. The lat-
eral radiograph localizes it to the anterior mediastinum. The
Morgagni hernia (right-sided) is more common than the Larrey
hernia (left-sided).15 The defect in the diaphragm can be
directly visualized by sectional imaging and the herniated fat,
omentum, or bowel can be visually traced from the chest into
the abdomen.

▶ Clinical features
● Bochdalek hernias are usually asymptomatic. With a small
hernia, there may be pain due to incarceration of the herni-
ated tissue. With a large hernia, displacement of the media-
stinum and lung may lead to dyspnea and, less commonly,
tachycardia. The defect should be surgically repaired in
symptomatic patients.

● The majority ofMorgagni and Larrey hernias are also asympto-
matic and detected incidentally on the chest radiograph, CT, or
MRI. Symptomatic patients may complain of retrosternal pres-
sure, upper abdominal pain, or sudden and severe retrosternal
pain in extremely rare cases of incarceration. As a general rule,
Morgagni and Larrey hernias do not require treatment. Sympto-
matic patients can be treated by laparoscopic repair of the
defect in the sternocostal triangle.

▶ Pitfalls. The lumbosacral triangle is located far laterally and
posteriorly, well away from the esophageal hiatus. Axial and
para-axial hernias should not be confused with a Bochdalek her-
nia. The upper pole of the kidney is located below the lumbosac-
ral triangle and can provide a differentiating landmark.

▶ Differential diagnosis. If only the chest radiograph is avail-
able, the main differentiation required is from solid masses,
depending on the nature of the herniated tissue.

▶ Key points. The sternocostal triangle, an anterior region
located at the sternocostal junction on each side, is the site where
a Morgagni hernia may occur on the right side or a Larrey hernia
on the left side. The Bochdalek triangle is located posterolaterally
between the costal and lumbar muscle bundles on each side and
is the site where the eponymous hernia may form. These hernias
appear on chest radiographs as masses of soft tissue density
unless they include air-filled bowel loops. They are easily diag-
nosed on sectional images, which can define the hernial opening
and herniated tissue.

1.5 Trauma with Mediastinal
Injury: Pneumomediastinum
▶ Brief definition. Pneumomediastinum (mediastinal emphy-
sema) refers to air in the mediastinum. It occurs in approximately
10% of patients who have sustained blunt trauma to the chest. It
may also occur spontaneously due to a rise of intra-alveolar pres-
sure in response to weight lifting, a Valsalva maneuver, vigorous
coughing or vomiting, or barotrauma in divers or stunt pilots, for
example. The pathogenic mechanism has been well understood
since animal studies conducted in the 1930s: small tears in the
alveoli permit air to escape into the interstitium. Because the
pressure in the mediastinum is lower than in the peripheral lung,

the air migrates centrally along the bronchovascular bundles.
From there the air spreads along the anatomical structures of the
mediastinum in the interstitium and may continue to spread into
the neck and into the subcutaneous tissues of the limbs.16 This
mechanism also underlies the pneumothorax that occurs with
blunt thoracic trauma. Generally these cases will resolve sponta-
neously, although this process will take several days due to the
high nitrogen content of approximately 78% in room air (nitrogen
has low solubility in blood). CT cannot demonstrate the small
tears in the alveoli and therefore is not indicated in patients with
a small pneumomediastinum whose cause cannot be determined
from the history. CT is appropriate only in patients with a sus-
pected severe tracheal injury following difficult intubation, for
example. In contrast to pneumopericardium, in which the air col-
lection is confined to the pericardium, the air crescent associated
with a pneumomediastinum may extend far into the superior
mediastinum (▶ Fig. 1.43).

▶ Imaging signs. Pneumomediastinum can usually be diag-
nosed on standard chest radiographs and a number of typical
signs have been identified:
● The continuous diaphragm sign occurs when air is trapped
between the pericardium and the diaphragm, and the dia-
phragm can be traced continuously across the midline from
both sides of the chest in the AP or PA radiograph. The continu-
ous diaphragm sign should not be mistaken for free air in the
abdominal cavity.

● The V sign describes a V-shaped air collection in the left hemi-
thorax between the diaphragm and paravertebral line.

● Air might be detectable as areas of hypertransparency around
large vessels such as the aortic arch, superior vena cava, or azy-
gos vein.

● Air in the interstitium around the bronchial wall creates high
contrast between the bronchial wall and surrounding struc-
tures, causing the bronchus to form a visible ring when viewed
in an end-on projection (the bronchial ring sign).

Fig. 1.43 Pneumomediastinum. Air has elevated a long segment of
pleura away from the mediastinum (arrows).
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● Air around the thymus in young adults, adolescents, and chil-
dren accentuates its typical bilobar structure. The thymus sign
results from the silhouette phenomenon, in which structures of
equal density are delineated by intervening material of a differ-
ent density, in this case air.

▶ Clinical features. Pneumomediastinum leads to crepitus as a
result of soft tissue emphysema in the neck. Patients with mild to
moderate pneumomediastinum are usually asymptomatic. Some
patients complain of pain radiating to the back of the neck. A
large pneumomediastinum may cause dyspnea in rare cases.

▶ Key points. Pneumomediastinum (mediastinal emphysema)
denotes the presence of air in the mediastinum, which occurs in
approximately 10% of patients who have sustained blunt thoracic
trauma but may also occur spontaneously due to a rise of intra-
alveolar pressure (from weight lifting, vigorous coughing or vom-
iting, or barotrauma in divers or stunt pilots). It is caused by
minute tears in the alveoli. CT is indicated only in patients with a
suspected severe tracheal injury (usually iatrogenic after difficult
intubation or bronchoscopy).
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2 Heart and Pericardium
Gabriele A. Krombach

2.1 Heart
2.1.1 Anatomy
Cardiac Borders
During embryogenesis, the heart initially forms as a symmetrical
midline organ in the chest and subsequently undergoes a rotation
in which the cardiac apex is slightly raised and rotated to the left.
This process moves the right ventricle to a position directly
behind the sternum. Approximately two-thirds of the heart is to
the left of the midline and one-third is to the right. The left
atrium rotates posteriorly; a blind pouch in its wall, the left atrial
appendage, contains stretch receptors and forms atrial natriuretic
peptide (ANP) in response to atrial wall distension.

▶ Selection of modalities. Chest radiography is the imaging
modality of first choice for examining patients with unexplained
cardiac disease. It is also useful in the follow-up of patients with
known heart disease. CT is used for risk stratification and for
imaging the coronary arteries in patients with an intermediate
pretest probability. In evaluation of transcatheter aortic valve im-
plantation (TAVI), CT is used to measure the dimensions of the
aortic annulus and the distance between the origins of the coro-
nary arteries. MRI is the gold standard for the quantification of
regional and global cardiac function. For this the ventricles are
covered with contiguous slices and their volumes are measured.
This differs from echocardiography, in which the chamber vol-
umes are not measured directly but derived from geometric
assumptions based on short-axis and long-axis scans. As a result,
the determination of functional parameters by echocardiography
is imprecise, especially in diseased hearts with changes in ven-
tricular shape. When it comes to perfusion imaging, MRI is supe-
rior to single-photon emission computed tomography (SPECT) in
its sensitivity and specificity, and its use for detecting perfusion
defects is already recommended in professional guidelines.1 MRI
is used for the assessment of myocardial viability after heart
attacks. Additionally, MRI has become well established for
the characterization of cardiomyopathies, the examination of
patients with cardiac tumors, and the examination of patients
with congenital heart disease based on its ability to measure flow
and also to quantify cardiac function.

▶ Radiographic landmarks
● PA radiograph (standard projection for radiographs in the
standing position):
○ The right atrium forms the right border of the cardiac silhou-
ette. It forms a convex bulge toward the lung and is continu-
ous superiorly with the superior vena cava (▶ Fig. 2.1).

○ The left ventricle forms the left border of the cardiac silhou-
ette. Just above it is a small portion of the left atrial append-
age and the left pulmonary trunk, followed by the aorta (see
▶ Fig. 2.1).

● Lateral radiograph:
○ The right ventricle forms the retrosternal border of the car-
diac silhouette. It is continuous superiorly with its outflow
tract, the pulmonary trunk.

○ The left atrium forms the posterior border (see ▶ Fig. 2.1). The
inferior vena cava is visible inferiorly as a small triangle.

Cardiac Chambers (▶ Fig. 2.2)
The left ventricle is conical in shape. In a healthy heart, imaging
of the left ventricle in slices directed at 90° to its long axis yields
a series of circular cross sections of the chamber (▶ Fig. 2.3).
Called “short-axis views” of the left ventricle, they represent the
standard slice orientation for cardiac imaging by MRI, echocar-
diography, and CT. Volume measurements are easily performed
in this slice orientation by scanning the left ventricle from the
apex to the base (valvular plane) in contiguous slices and then
summing the areas of the slices. The maximum wall thickness
measured in the septum during diastole should not exceed
12mm (▶ Fig. 2.4). The left ventricle contains the two papillary
muscles (anterior and posterior papillary muscles). The muscles
are connected to the mitral valve by fine tendons called the chor-
dae tendineae. The left ventricle is less trabeculated than the
right ventricle. This difference is grounded in embryogenesis:
The myocardium of both ventricles initially has a spongy struc-
ture and is composed of very heavily trabeculated muscle tissue.
The outer portions of each ventricle subsequently fuse to form a
compact wall. This process is more pronounced on the left side
than on the right, with the result that the left ventricle is less tra-
beculated but has a thicker wall.

Note

The maximum wall thickness of the left ventricle should not
exceed 12mm (measured in the septum during diastole). The
maximum wall thickness of the right ventricle in a healthy individ-
ual is generally less than 6mm, measured in the free wall of the
right ventricle (see ▶ Fig. 2.4). Measurements that exceed those
values indicate hypertrophy of the chamber in question. This
hypertrophy may result from a chronic pressure increase due, for
example, to pulmonary or aortic valve stenosis, arterial hyperten-
sion, or pulmonary hypertension. It may also result from a chronic
(obstructive) hypertrophic cardiomyopathy due to a genetic cause.

▶ Imaging landmarks. A uniform slice orientation must be used
in comparing different imaging modalities such as echocardiogra-
phy or SPECTwith MRI. The slice orientations in MRI are referred
to the axes of the left ventricle, as in echocardiography, so as to
obtain reproducible imaging planes (see ▶ Fig. 2.3). The position
of the diaphragm, which is influenced by the volume of intra-
abdominal fat, contributes to positional variants such as a heart
that is broadly apposed to the diaphragm or one that is narrower
and more upright. The orientation of the slices must accordingly
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be individually adapted. To aid location description for the path-
ologist, the left ventricle is divided into a basal portion (valvular
third), a midventricular portion (middle third), and an apical por-
tion (apical third; ▶ Fig. 2.5). It is also customary to further
subdivide the left ventricle into 17 segments based on a system
first adopted for echocardiography in the late 1980s and later
applied to MRI. Each third is systematically divided into segments
that are designated with the appropriate descriptors. The anterior
wall has one segment at each of at the basal, midventricular, and
apical levels, and each segment is designated by its level and the

word “anterior”—thus, basal anterior, midventricular anterior,
and apical anterior. The same is done with the posterior wall,
using the designation “inferior” (basal inferior, and so on). The
septum and lateral wall are each divided into a basal and midven-
tricular segment (inferoseptal and inferolateral, anteroseptal and
anterolateral). This segmentation scheme is illustrated in
▶ Fig. 2.6. The anterior and inferior attachments of the right ven-
tricle serve as landmarks for determining the position of the sep-
tal segments. The segments in the lateral wall are designated
accordingly (basal inferolateral, and so on).
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Fig. 2.1 Radiographic borders of the heart and great vessels. (a) PA chest radiograph. (b) Lateral radiograph. (c) Coronal image reformatted from
a CT data set. (d) Sagittal image reformatted from a CT data set. LA, left atrium, LPA, left pulmonary artery, LV, left ventricle, RA, right atrium, RPA,
right pulmonary artery, RV, right ventricle, RVO, right ventricular outflow tract, IVC, inferior vena cava, SVC, superior vena cava.
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Note

In patients with ischemic heart disease, the location of the ische-
mic region helps to identify the affected coronary vessel. If the
coronary circulation is “balanced,” the anterior and anterolateral
segments are supplied by the anterior interventricular branch of
the left coronary artery, the inferolateral and anterolateral seg-
ments by the circumflex branch of the left coronary artery, and
the inferoseptal and inferior segments by the right coronary
artery. The segmental distribution pattern is different in hearts
with a right-dominant or left-dominant coronary circulation.

The PA chest radiograph is taken with the patient standing
upright and the X-ray source placed 2 meters from the detector
(▶ Fig. 2.7a). Because the heart occupies a retrosternal position
and is close to the detector, it is projected in approximately its
true size. For the same reason, the lateral radiograph is taken
with the patient lying on his or her left side. The situation is dif-
ferent with an AP radiograph taken in a supine position. In this
case the X-ray tube is positioned closer to the cassette, while the
heart is farther away. This causes the heart to be projected larger
than its actual size (▶ Fig. 2.7b).

Note

In an upright chest radiograph taken at full inspiration, the trans-
verse cardiac diameter should not exceed 50% of the transverse
thoracic diameter (▶ Fig. 2.8). In a supine radiograph, it should
not exceed 60% of the transverse thoracic diameter.

When the heart decompensates in response to a chronic pressure
load or volume load, the result is cardiac enlargement.

2.1.2 Diseases
Heart Failure
▶ Brief definition. Heart failure develops as a result of myocardial
damage, which can have many potential causes. With heart failure
due to coronary disease, an acute infarction and, in certain cases of
myocarditis, pulmonary congestion develop as a result of backward
failure. This congestion can be recognized from typical radiographic
signs. In patients with right ventricular failure, on the other hand,
the principal effect is a damming back of blood in the systemic cir-
culation, with associated lower leg edema and nocturia. Frequently
both chambers are affected, resulting in mixed symptoms. In these
cases, however, minimal changes may be noted in the chest radio-
graph if the inability of the left ventricle to deliver adequate blood
to the systemic circulation is balanced by an absence of congestion
in the pulmonary circulation due to right ventricular failure.

●GCaution

An acute pressure load on the heart, due for example to acute
fulminant pulmonary embolism, leads to cardiac dilatation in
the acute stage. In contrast, a chronic pressure load on the heart
due to aortic or pulmonary valve stenosis, arterial hypertension,
or pulmonary arterial hypertension leads to cardiac hypertrophy.
This hypertrophy leads to wall thickening with no increase in
outer diameter (concentric hypertrophy) and is not detectable
on chest radiographs (▶ Fig. 2.9).
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Fig. 2.2 Cardiac chambers and great vessels on axial CT scans. (a) Pulmonary trunk (Tr), ascending aorta (AA), descending aorta (DA), and superior
vena cava (SVC). (b) Left coronary artery (LH). (c) Right coronary artery (RH) and right ventricular outflow tract (RVO). (d) Left atrium (LA). (e) Left
ventricle (LV). (f) Right ventricle (RV) and right atrium (RA).
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