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F O R E W O R D

As a teacher of chest imaging I was delighted to see the sec-
ond edition of Chest Radiology: The Essentials. As in its first
edition, the book is concise enough to read cover to cover in
a short period of time yet comprehensive enough to include
the essential aspects of thoracic imaging. The second edition
includes needed updates and a large number of new images. It
is an improved version of an excellent book.

The book is easy to read and provides the reader with the
basic knowledge required to interpret the chest radiograph and
the essential CT findings. The first two chapters illustrate nor-
mal anatomy and signs of disease. The remaining chapters fol-
low the pattern approach, the optimal approach to reach a
radiologic differential diagnosis. The book contains descrip-
tions of the essential patterns, relevant illustrations, and the
most important differential diagnostic considerations.

Each chapter starts by delineating the learning objectives.
Chapters contain schematic drawings that greatly facilitate the
understanding of the various radiologic signs and numerous

tables that summarize the most common causes of any given
radiographic abnormality. I particularly enjoyed Chapter 20, a
self-assessment review that will be particularly helpful to resi-
dents and other physicians to evaluate their knowledge of the
core aspects of chest imaging.

Both authors have completed the AJR Figley Fellowship in
Radiology Journalism and have considerable teaching and pub-
lishing experience. In addition, Dr. Collins has a master’s degree
in education. The authors’ backgrounds and talents as writers
are reflected in the clear outline of the book’s contents and the
concise manner in which it provides a comprehensive review
of the basics of chest radiology.

Nestor L. Müller, MD, PhD, FRCPC
Professor and Chairman

Department of Radiology
University of British Columbia

Vancouver, British Columbia, Canada
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P R E F A C E

Give me facts but above all give me understanding.
—Solomon

The objective of this book is to provide a practical tool for
those wanting to quickly acquire a broad base of knowledge
in thoracic imaging. The content is limited to the essentials of
chest radiology so as not to overwhelm the novice, yet provides
enough detail that it can serve as a quick review for residents
or practicing radiologists, a guide for those who teach thoracic
imaging, and a reference for internists, pulmonologists, tho-
racic surgeons, critical care physicians, family practitioners,
and other health care professionals whose patients undergo
thoracic imaging procedures. What sets this book apart from
other similar texts are (a) it is compact and of practical size
for a resident to read during an initial 4-week chest radiology
experience, (b) it closely follows an established cardiothoracic
radiology curriculum, and (c) it provides an exercise for self-
assessment.

This second edition carries over the pattern approach, use
of mnemonics, and emphasis on chest radiograph/CT cor-
relation. However, several changes were made to the first
edition to reflect current technology (in particular, the introduc-
tion of fast multidetector CT scanning) and updated curricular
guidelines. The specific behaviorally based learning objectives
at the beginning of each chapter follow the 2005 revised cur-
riculum on cardiothoracic radiology for diagnostic radiology
residency developed by the Education Committee of the Society
of Thoracic Radiology (1). A new chapter devoted to cardiac
imaging reflects the increased cardiac content in the revised
curriculum.

Nearly 800 new images were added to the second edition,
many replacing those from the first edition that reflected older
technology. All of the new figures were acquired and transferred
to the publisher in digital format.

The content of the second edition was expanded to include
the new classification of the idiopathic interstitial pneumonias,
current techniques used to evaluate solitary pulmonary nod-
ules, guidelines for management of small incidental nodules
detected on chest CT, new World Health Organization classi-
fication of lung tumors, and numerous new imaging cases for
self-assessment.

Many comments from readers of the first edition, particu-
larly residents, were considered in preparing the second edi-
tion. Those parts of the first edition that were positively re-
garded, such as the self-assessment chapter, were expanded. A
new section was added on “Patterns of Lung Disease” to pro-
vide a one-stop guide to the recognition and understanding of
the findings of honeycomb lung, cystic lung disease, interstitial
nodules, mosaic lung attenuation, ground-glass opacification,
and “tree-in-bud” opacities on thin-section chest CT.

To address the inherent limitations in a book of “essen-
tials,” selected scientific literature and larger comprehensive
textbooks are referenced at the end of each chapter for readers
who want to broaden their foundation of knowledge. The in-
terpretation of chest radiographs and CT scans does not always
lend itself to a “cookbook” approach, but as much as possible,
this book attempts to provide a logical approach to learning
that will not only prepare readers for but also stimulate them
to pursue lifelong learning in chest radiology.

Reference

1. Collins J, Abbott GF, Holbert JM, et al. Revised curriculum on cardiothoracic
radiology for diagnostic radiology residency with goals and objectives related to
general competencies. Acad Radiol. 2005;12:210–223.

Jannette Collins, MD, MEd, FCCP
Eric J. Stern, MD
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CHAPTER 1

NORMAL ANATOMY OF THE CHEST

LEARNING OBJECTIVES
1. Name and define the three zones of the airways.
2. Define a secondary pulmonary lobule and its appearance

on high-resolution computed tomography (CT).
3. List the lobar and segmental bronchi of both lungs.
4. Identify the following structures on the posteroanterior

chest radiograph:

Lungs—right and left; right upper, middle, and lower
lobes; left upper (including lingula) and lower lobes

Pulmonary arteries—main, right, left, right interlobar,
left lower lobe

Airway—trachea, carina, main bronchi
Fissures—minor, superior accessory, inferior accessory,

azygos
Aorta—ascending, arch (“knob”), descending
Veins—superior vena cava, azygos, left superior

intercostal (“aortic nipple”)
Aortopulmonary window
Right paratracheal stripe
Junction lines—anterior, posterior
Azygoesophageal recess
Paraspinal lines
Left subclavian artery
Heart—right atrium, left atrial appendage, left ventricle,

locations of the four cardiac valves
Bones—spine, ribs, clavicles, scapulae, humeri

5. Identify the following structures on the lateral chest
radiograph:

Lungs—right and left; right upper, middle, and lower
lobes; left upper (including lingula) and lower lobes

Fissures—major, minor, superior accessory
Aorta—ascending, arch, descending
Retrosternal clear space
Veins—inferior and superior vena cavae, left

brachiocephalic (innominate), pulmonary vein
confluence

Brachiocephalic (innominate) artery
Airway—trachea, upper lobe bronchi, posterior wall of

bronchus intermedius
Heart—right ventricle, right ventricular outflow tract,

left atrium, left ventricle, locations of the four cardiac
valves

Pulmonary arteries—right, left
Posterior tracheal stripe
Hemidiaphragms—right, left
Bones—spine, ribs, scapulae, humeri, sternum

6. Identify the following structures on chest CT:

Lungs—right and left; right upper, middle, and lower
lobes; left upper and lower lobes

Fissures—major, minor, accessory (azygos, superior, and
inferior)

Pleura and extrapleural fat
Airway—trachea, main bronchi, carina, lobar and

segmental bronchi
Heart—left ventricle, right ventricle, left atrium, right

atrium, mitral valve, aortic valve, tricuspid valve,
pulmonary valve, coronary arteries (left main, left
anterior descending, left circumflex, right, posterior
descending), coronary sinus

Pericardium, including pericardial recesses
Pulmonary arteries—main, right, left, right interlobar,

segmental
Aorta—ascending, arch, descending
Arteries—brachiocephalic (innominate), common

carotid, subclavian, axillary, vertebral, internal
mammary, intercostal

Veins—superior and inferior pulmonary, superior and
inferior vena cavae, brachiocephalic, subclavian,
axillary, internal jugular, external jugular, azygos,
hemiazygos, left superior intercostal, internal
mammary

Bones—ribs, costochondral cartilages, clavicles, scapulae,
sternum, spine

Esophagus
Thymus
Thyroid gland
Muscles—sternocleidomastoid, anterior and middle

scalene, infrahyoid, pectoralis major and minor,
deltoid, trapezius, infraspinatus, supraspinatus,
subscapularis, latissimus dorsi, serratus
anterior

Aortopulmonary window
Azygoesophageal recess
Diaphragm

1
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2 Chest Radiology

Anatomy is to physiology as geography is to history: it describes
the theatre of events.

Jean Ferne (1497–1558), On the Natural Part of Medicine

You’ve heard it before—what’s important in real estate holds
true for understanding diseases of the chest: “location, loca-
tion, location.” A good radiologist knows the anatomy, so
don’t skip this chapter! This chapter is an abbreviated review
of thoracic anatomy as seen on chest radiographs and com-
puted tomography (CT) of the chest. As a result of differences
in patient age, body habitus, positioning, inspiratory effort,
exam technique, and many other factors, normal anatomic
structures will vary in appearance on chest radiographs from
exam to exam, patient to patient, and even breath to breath.
Some structures are not seen consistently (posterior junction
line), whereas others are seen on most exams (left upper lobe
bronchus on lateral view). Showing the myriad different ap-
pearances of normal anatomic structures is beyond the scope
of this chapter; they are learned by paying close attention
to and identifying normal structures on thousands of chest
radiographs.

A frequent question of medical students and residents on
their first rotation on a chest radiology service is: “How do you
look at a chest radiograph?” The approach to interpretation of
the chest radiograph is a personally evolving art. A person’s ap-
proach changes over time after seeing many chest radiographs.
That answer doesn’t help the beginner, so a few general “chest
radiograph rules” are offered in Table 1-1, and reference stan-
dards are presented in Table 1-2. Normal anatomic structures
are labeled on posteroanterior (PA) and lateral chest radio-
graphs (Figs. 1-1 and 1-2) and axial CT images (Figs. 1-3 and
1-4). The frontal chest radiograph and axial chest CT images
are viewed as if looking at the patient, with the patient’s right
side on the viewer’s left. Lateral radiographs are, by conven-

TA B L E 1 - 1

INTERPRETATION OF THE CHEST RADIOGRAPH: “RULES” TO FOLLOW

1. When you have them, always look at both views (PA and lateral). To confirm that pathology is within the chest, it must usually
be seen in the chest on both views.

2. The right heart border is formed by the right atrium, and it is obscured by medial segment right middle lobe processes (disease
limited to the lateral segment will not obscure the right heart border).

3. The left heart border is formed mainly by the left ventricle and is obscured by lingular processes.
4. The right diaphragm is usually 1.5 to 2.0 cm higher than the left.
5. The diaphragm is obscured by lower lobe processes (unless only the superior segment of the lower lobe is involved).
6. Portions of the major fissures are variably seen on the lateral view as oblique lines from the anterior diaphragm to the upper

thoracic spine, to the level of the aortic arch.
7. The minor fissure is on the right, separating the right upper lobe from the right middle lobe. It courses from the right hilum to

the right lateral anterior chest wall and is variably seen on PA and lateral chest radiographs.
8. Normal hilar opacities are predominantly caused by the pulmonary arteries and should be symmetric in size and density.
9. The aortic arch, or “knob,” is above the left hilum. (Watch out for the right aortic arch variant!)

10. The trachea is midline but may be deviated to the right or forward from a tortuous aorta.
11. The costophrenic angles should be sharp on both views (sharp enough to pick your teeth with), except in patients with severe

pulmonary emphysema, resulting in flattening of the hemidiaphragms.
12. With good inspiratory effort, the size of the heart on the PA radiograph is normally less than or equal to 50% of the widest

diameter of the thoracic cage.
13. Right middle lobe and lingular processes are projected over the heart on the lateral view.
14. A young healthy person can take a breath deep enough to inflate the lungs to the level of the 10th rib posteriorly (or the sixth rib

anteriorly).
15. Opacity of the lungs should be symmetric unless the patient is rotated.
16. The stomach bubble is under the left hemidiaphragm. (Watch out for situs inversus.)
17. Don’t forget to look at the bones and soft tissues.

tion, viewed with the patient facing to the viewer’s left (patient’s
left side closest to the imaging plate).

ZONES OF THE AIRWAYS
The airways are composed of three zones. The conductive zone
includes the trachea, bronchi, and nonalveolated bronchioles
(air cannot diffuse through the well-developed wall). The tran-
sitory zone has both conductive and respiratory functions and
consists of respiratory bronchioles, alveolar ducts, and alveolar
sacs. The respiratory zone consists of alveoli. The primary func-
tion of this zone is the exchange of gases between air and blood.

LUNG ARCHITECTURE
The primary pulmonary lobule consists of all alveolar ducts,
alveolar sacs, and alveoli, together with their accompanying
blood vessels, nerves, and connective tissues distal to the last
respiratory bronchiole. This unit is too small to be seen radio-
logically. The secondary pulmonary lobule is the smallest dis-
crete portion of the lung that is surrounded by connective tissue
septae, and it is composed of three to five terminal bronchioles
with their accompanying transitory airways and parenchyma
(Fig. 1-5). A secondary pulmonary lobule contains 30 to 50
primary lobules, is polyhedral in shape and 1.0 to 2.5 cm in
diameter, and can be appreciated on thin-section (1- to 2-mm)
images of the lung. A pulmonary acinus is also an anatomic
unit, defined as that portion of lung distal to the terminal bron-
chiole, comprising the respiratory bronchioles, alveolar ducts,
alveolar sacs, and alveoli. Typically, six to 12 acini are grouped
together in a secondary pulmonary lobule (1).

(Text continues on page 7)
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Chapter 1: Normal Anatomy of the Chest 3

TA B L E 1 - 2

SIZE AND DENSITY RATIOS ON THE PA CHEST RADIOGRAPH

Size
Cardiothoracic The heart diameter should be half or less than half of the chest diameter. An easy way to eyeball this—assuming the

spine is straight and in the middle of the chest—is to see if the heart to the right of the midline fits between the left heart border
and the left ribs.

Aortopulmonary The left pulmonary artery, as it passes over the left main bronchus, should be less than the width of the aortic knob.
The aortic arch is approximately 3 cm above the carina in adults until the aorta begins to get tortuous. The left pulmonary artery is
approximately 3 cm down the left main bronchus then ascends up and out at approximately 45 degrees.

Azygotracheal The azygos vein, if visualized (at the right tracheobronchial angle), should be no wider than approximately one half
the width of the trachea, and its height should be no greater than the width of the trachea.

Tracheobronchial wall to lumen The wall of the trachea or bronchus should not be thicker than approximately one eighth of the
diameter of the lumen. The tracheal diameter should be equal on the PA and lateral views and should be less than the width of a
vertebral body.

Right lower lobe artery to trachea The right lower lobe pulmonary artery should not be wider than the width of the tracheal lumen.
Hilar height The left hilus should be approximately 2 cm higher than the right, because the left pulmonary artery has to go over the

left main bronchus.
Arteriobronchial An artery and its accompanying bronchus should be the same size (seen best “end-on”).

Density
Cardiohepatic The heart should be about half as dense as the middle of the liver (it’s about half as thick). This reference requires

good exposure. Beware the “ivory heart” of left lower lobe collapse.
Intracardiac The heart should be the same density on each side of the spine.
Intrahepatic The top of the liver should be about half as dense as the middle, because it’s about half as thick, provided the diaphragm

domes normally.
Right paratracheal–aortic The density to the right of the trachea at the level of the aortic arch should never be as great or greater

than the density of the aortic knob.
Hilar The hila should be the same density (they are composed of the same vascularity).
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FIGURE 1-1. Normal anatomic structures on posteroanterior (PA) and lateral chest radiographs. A: PA view showing trachea (1), right main-
stem bronchus (2), left mainstem bronchus (3), aortic “knob” or arch (4), azygos vein emptying into superior vena cava (5), right interlobar
pulmonary artery (6), left pulmonary artery (7), right upper lobe pulmonary artery (truncus anterior) (8), right inferior pulmonary vein (9),
right atrium (10), left ventricle (11), and other structures as labeled. B: Lateral view showing pulmonary outflow tract (1), ascending aorta (2),
aortic arch (3), brachiocephalic vessels (4), trachea (5), right upper lobe bronchus (6), left upper lobe bronchus (7), right pulmonary artery (8),
left pulmonary artery (9), confluence of pulmonary veins (10), and other structures as labeled.
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4 Chest Radiology

A B

FIGURE 1-2. Normal PA (A) and lateral (B) chest radiographs, showing the structures numbered and labeled in
Figure 1-1.

A B

C

FIGURE 1-3. Axial CT images (1.25-mm reconstructions) of the nor-
mal lungs and airways. For all images, the window widths and levels
are 1,700 and 500, respectively. A: The intrathoracic trachea has a flat
or rounded contour posteriorly on inspiration (arrow). Pulmonary ar-
teries branch and taper from the central portion of the lungs to the
periphery. B: Just below the level of the carina, the right (white arrow)
and left (black dashed arrow) mainstem bronchi are visualized. C: Im-
age inferior to (B) shows right upper lobe bronchus (arrow) branching
into anterior (dashed arrow) and posterior (curved arrow) segmental
bronchi. (Continued )
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FIGURE 1-3. (Continued) D: Image inferior to (C) shows thin posterior wall of bronchus intermedius (arrow) and left upper lobe bronchus
(dashed arrow). E: Image inferior to (D) shows right middle lobe bronchus (black arrow) and right (white solid arrow) and left (dashed arrow)
lower lobe bronchial trunks. F: Image inferior to (D) shows right middle lobe medial (white solid arrow) and lateral (white dashed arrow) segmental
bronchi. G: Image inferior to (F) shows individual lower lobe basilar segmental bronchi: right medial (A), anterior (B), posterolateral (C), and left
medial (D), anterior (E), lateral (F), and posterior (G). Note that individual left anterior and medial basilar segmental bronchi are seen, which
arise from a common anteromedial basilar trunk. Separate right posterior and lateral basilar segmental bronchi are not seen on this image.

A B

FIGURE 1-4. Axial CT images (5-mm collimation) of the normal mediastinum with intravenous contrast enhancement. For all images, the
window widths and levels are 350 and 35, respectively. A: The intravenous contrast was injected from a right antecubital vein. Every axial CT
scan of the chest (10-mm collimation or less) in patients with standard anatomy will have at least one “five-vessel image” like this, showing
the left brachiocephalic vein (1), right brachiocephalic vein (2), innominate (brachiocephalic) artery (3), left common carotid artery (4), and left
subclavian artery (5). B: Image inferior to (A) shows the aortic arch (A) and superior vena cava (S) densely enhancing with contrast. (Continued )
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FIGURE 1-4. (Continued) C: Image inferior to (B) shows ascending aorta (AA), descending aorta (DA), left pulmonary artery (LPA), and superior
vena cava (SVC). D: Image inferior to (C) shows the right pulmonary artery (RPA). E: Image inferior to (D) shows the right (RLL) and left (LLL)
pulmonary arteries. F: Image inferior to (E) shows the left superior pulmonary vein (LSPV). G: Image inferior to (F) shows the right superior
pulmonary vein (RSPV). H: Image inferior to (G) shows the left atrium (LA) and left inferior pulmonary vein (LIPV). I: Image inferior to (H)
shows the right atrium (RA), aortic outflow (AO), left atrium (LA), and right inferior pulmonary vein (RIPV). J: Image inferior to (I) shows the
right ventricle (RV), left ventricle (LV), interventricular septum (dashed black arrow), papillary muscles (solid black arrow), esophagus (white
arrow), and inferior vena cava (IVC).

6
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FIGURE 1-5. Secondary pulmonary lobule. Nor-
mal visceral pleural thickness is 0.1 mm. Lobular
artery and bronchiole diameters are 1.0 mm. The
secondary pulmonary lobule has a polyhedral shape
and is the smallest discrete portion of lung that is
surrounded by connective tissue septae (interlob-
ular septae). Pulmonary veins and lymphatics are
within the interlobular septae. A pulmonary acinus
is defined as that portion of lung distal to the ter-
minal bronchiole, and up to 12 acini can make up
one secondary pulmonary lobule.

TRACHEOBRONCHIAL
ANATOMY

The intrathoracic trachea is 6 to 9 cm in length (2) and en-
ters the thorax 1 to 3 cm above the level of the supraster-
nal notch. The upper limits of normal for coronal and sagit-
tal tracheal diameters in adults on chest radiography are 21
and 23 mm, respectively, for women, and 25 and 27 mm for
men (3). The trachea has 15 to 20 C-shaped rings of hyaline
cartilage (absent in the posterior membranous trachea), which
provide the rigidity that prevents the trachea from collapsing
(4). The trachea divides into right and left mainstem bronchi at
the carina. The right main bronchus, about 2.5 cm in length,
is shorter, wider, and more nearly vertical than the left. Be-
cause it is almost in a direct line with the trachea, foreign ob-
jects passing through the trachea usually enter the right main
bronchus.

The lobar and segmental branching patterns of the main-
stem bronchi and pulmonary lobes and segments are shown in
Figures 1-6 to 1-8. There are ten segmental bronchi on the right.
On the left, apicoposterior and anteromedial combinations re-
sult in eight left segmental bronchi, although some anatomists
refer to ten segments on the left. Segmental bronchi divide, and
after six to 20 divisions they no longer contain cartilage in their
walls and are referred to as bronchioles. The bronchioles di-
vide, and the last of the purely conducting airways is referred
to as the terminal bronchiole. Beyond the terminal bronchioles
lie the acini, the gas exchange units of the lung. Subsegmental
bronchi can routinely be identified with thin-section CT.

PULMONARY HILA
On chest radiography, normal hilar opacities are composed of
both major bronchi and blood vessels, but most of what you see
are pulmonary arteries. The left hilus is higher than the right,
as seen on the PA chest radiograph, because the left pulmonary
artery is higher than the right. The right upper lobe bronchus
is higher than the left upper lobe bronchus, as seen on the lat-
eral chest radiograph, because the right upper lobe bronchus
is eparterial (above the artery); the left lower lobe bronchus
is hyparterial (below the artery). The transverse diameter of
the lower lobe arteries should normally be 9 to 16 mm (1).
Bronchi and pulmonary arteries branch out from the hilum to-
gether, whereas pulmonary veins drain to the heart, separate
from the bronchi and arteries. In the outer two thirds of the
lungs, arteries cannot be distinguished from veins on chest ra-

diography. More centrally, the orientations of the arteries and
veins differ. The inferior pulmonary veins draining the lower
lobes run more horizontally and are directed toward the left
atrium, whereas the lower lobe arteries are oriented more ver-
tically. In the upper lobes, the arteries and veins show a similar
gently curving vertical orientation; the upper lobe veins lie lat-
eral to the arteries and can sometimes be traced to the superior
pulmonary vein. There are right and left superior and infe-
rior pulmonary veins, which drain into the left atrium. Lymph
flows to the hilum via lymphatic channels that are found in a
subpleural location and within the interlobular septae.

FISSURES
The major (oblique) fissures run obliquely forward and down-
ward from approximately the level of the fifth thoracic verte-
bral body to the diaphragm and divide the lungs into upper and
lower lobes (Fig. 1-9). The right major fissure is more oblique,
ends further forward inferiorly (more anterior on the lateral
chest radiograph), merges with the right hemidiaphragm, and
joins the minor fissure. The minor (horizontal) fissure sepa-
rates the right middle from the right upper lobe and fans out
forward and laterally from the right hilus (Fig. 1-10). It is un-
usual to be able to trace both fissures in their entirety on chest
radiographs. Fissures are often “incomplete” and only partially
separate lobes.

On CT scans, the region of the major fissures can usually
be seen as a band of avascularity. The fissure itself may be
invisible, or it may be seen as a poorly defined or well-defined
band of density, depending upon slice thickness. The position
of the minor fissure can be inferred on CT scans from the large
oval deficiency of vessels on one or more sections at the level
of the bronchus intermedius.

Numerous accessory fissures may be identified as normal
variants. Approximately 1% of the population will have an
accessory azygos fissure, creating an accessory azygos lobe in
the right superomedial lung (Fig. 1-11). The azygos fissure con-
tains the azygos vein (which, in the case of an azygos fissure,
is always located higher than its usual location in the tracheo-
bronchial angle) within its lower margin, and it is easily seen on
chest radiography because it contains four pleural layers (two
visceral and two parietal). The left minor fissure separates the
lingula from the other left upper lobe segments. The superior
accessory fissure separates the superior segment from the basal
segments in either lower lobe, is horizontally oriented, and is
seen below the level of the minor fissure on the right. The in-
ferior accessory fissure separates the medial basal segment from
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FIGURE 1-6. Diagram of normal airway anatomy, frontal view. Note how the basilar segmental bronchi are oriented
from lateral to medial. The anterior basilar segmental bronchus is most lateral (pneumonia confined to the lateral
segment of the right lower lobe extends to the periphery of the lung), and the posterior basilar segmental bronchus
is medial, just lateral to the right medial basilar segmental bronchus. Climbing the diaphragm from lateral to medial
can be thought of as climbing the ALPs (Anterior, Lateral, and Posterior basilar segmental bronchi), as a way to
remember this orientation. RUL, right upper lobe; RML, right medial lobe; RLL, right lower lobe; LUL, left upper
lobe, LLL, left lower lobe.
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FIGURE 1-7. Diagrams of normal airway anatomy, lateral views. A: Right bronchial tree. Note that the middle lobe
bronchi are relatively anterior (right middle lobe pneumonia is projected anteriorly over the heart on a lateral chest
radiograph). RLL, right lower lobe; RML, right middle lobe; RUL, right upper lobe. B: Left bronchial tree. Note
that the lingular bronchi are relatively anterior (analogous to the right middle lobe bronchi). LLL, left lower lobe;
LUL, left upper lobe.

other basal segments in either lower lobe, and it runs obliquely
upward and medially toward the hilus from the diaphragm
(Fig. 1-12).

MEDIASTINAL BLOOD VESSELS
The thoracic aorta has ascending, transverse (arch), and
descending portions. The ascending portion becomes more
prominent as a patient ages. On a frontal chest radiograph,
the arch is seen to the left of midline as a smooth “knob.” The
descending portion gradually moves from a position to the left
of the vertebral bodies to an almost midline position before ex-
iting the chest through the aortic hiatus in the diaphragm. The
three major aortic branches, lying anterior to and to the left of
the trachea, are (in order from the patient’s right to left) the
brachiocephalic (innominate) artery, the left common carotid
artery, and the left subclavian artery.

The superior vena cava (SVC) is seen in the right paratra-
cheal area, typically representing the right superior mediastinal
contour. In 0.3% to 0.5% of people without congenital heart
disease, a left superior vena cava is present (5). A left SVC arises
from the junction of the left jugular and subclavian veins and
travels vertically through the left mediastinum, usually empty-
ing into the coronary sinus, which drains into the right atrium.

Patients with a left SVC may also have a right SVC, which is
typically smaller than usual.

The azygos vein courses anterior to the spine, either behind
or to the right of the esophagus, until it arches anteriorly to
join the posterior wall of the SVC. The azygos vein usually
remains within the mediastinum and occupies the right tra-
cheobronchial angle (in the case of an azygos lobe, the azygos
vein traverses the lung before entering the SVC). The hemiazy-
gos and accessory hemiazygos veins lie against the vertebral
bodies, posterior to the azygos vein. The accessory hemiazygos
vein drains into the left superior intercostal vein, which arches
around the aorta at the junction of the arch and the descend-
ing portion, and joins the left brachiocephalic vein (this contact
with the aorta forms the so-called “aortic nipple” occasionally
seen on the PA chest radiograph). Venous anatomy is illustrated
in Figure 1-13. In patients with absence of the inferior vena cava
(IVC), the azygos vein forms the venous conduit draining the
“IVC blood” back to the heart (hepatic veins then drain into
the right atrium, not into the IVC). In such cases, the azygos
vein will be very large, as seen on the PA chest radiograph in
the tracheobronchial angle, and can resemble adenopathy.

The main pulmonary artery is anterior and to the left of the
ascending aorta. The left pulmonary artery arches higher than
the right and passes over the left main bronchus.

(Text continues on page 12)
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FIGURE 1-8. Diagrams of pulmonary lobes and segments. A: Anterior view. B: Posterior view. RUL,
right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe, LLL, left lower
lobe.
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FIGURE 1-9. Major and minor fissures on lateral chest radiograph.
The inferior portions of the major fissures (dashed white arrows) and
the right minor fissure (solid white arrows) are shown. They outline the
location of the right middle lobe. The superior portions of the major
fissures are not well seen. It is not uncommon that portions of the
fissures are not visualized on normal chest radiographs.

FIGURE 1-10. Minor fissure on PA chest radiograph. The minor fis-
sure has a horizontal course from the right hilum to the periphery of
the right lung (arrow).

FIGURE 1-11. Accessory azygos fissure. The accessory azygos fissure
(solid arrows) creates an accessory azygos lobe. The fissure contains
the azygos vein (dashed arrow), which is higher than its usual location
in the tracheobronchial angle.

FIGURE 1-12. Inferior accessory fissure. Axial CT scan shows the
right inferior accessory fissure (larger arrows), which separates the me-
dial from the other basilar segments of the right lower lobe, and the
left major fissure (smaller arrows).
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FIGURE 1-13. Diagrams of normal venous anatomy of the thorax. A: Frontal view. B: Lateral view. v,
vein.

MEDIASTINAL SPACES, LINES,
STRIPES, AND BORDERS

The aortopulmonary window is the space under the aortic arch
and above the left pulmonary artery. The ligamentum arterio-
sum (remnant of the ductus arteriosus) and recurrent laryn-
geal nerve traverse this space (a mass in the aortopulmonary
window can involve the recurrent laryngeal nerve and result

in hoarseness). The subcarinal space is inferior to the carina,
bounded by the main bronchi, and is a site where adenopa-
thy occurs. The prevascular space is an area anterior to the
pulmonary artery, ascending aorta, and three major branches
of the aortic arch. This space lies between the two lungs and
is bounded anteriorly by the chest wall. Where the lungs ap-
proximate, there is no prevascular space but rather an ante-
rior junction line. Within the prevascular space is the left bra-
chiocephalic vein, internal mammary arteries, lymph nodes,
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FIGURE 1-14. Anterior junction line on PA chest radiograph
(arrows). Note that the line does not extend above the level of the
clavicles.

thymus, and phrenic nerve. The retrocrural space (aortic hia-
tus) is the space bounded by the diaphragmatic crura and the
spine. Structures that pass through this area can be thought of
as the “birds of the mediastinum”: azygos vein (“azygoose”),
hemiazygos vein (“hemiazygoose”), and thoracic duct (“tho-
racic duck”). The esophagus (“esophagoose”) is another of
the birds of the mediastinum; however, it passes through the
esophageal hiatus.

The right and posterior tracheal stripes are formed where
the lung contacts the trachea to the right and posteriorly, and
they are normally 3 mm wide or less. The anterior junction
line is where the right and left lungs approximate above the
level of the heart and below the manubrium (Fig. 1-14). It is
composed of four layers of pleura (both the parietal and vis-
ceral layers from each hemithorax), may reach the level of the
clavicles superiorly, and is not always evident on chest radiog-
raphy because of intervening fat and/or thymus. Deviation of
the anterior junction line suggests a mass or shift of the me-
diastinum. The posterior junction line is where the two lungs
meet behind the trachea and heart. Unlike the anterior junc-
tion line, it extends to the lung apices, projecting above the
clavicles (Fig. 1-15). It is also composed of four pleural layers,

FIGURE 1-15. Posterior junction line on PA chest radiograph
(arrows). Note that the line extends above the level of the clavicles.

and bulging of the border is normal only in the area of the
azygos vein or aortic arch. The azygoesophageal line, seen on
the frontal chest radiograph below the aortic arch, is where
the right lower lobe makes contact with the right wall of the
esophagus and the azygos vein as it ascends next to the esoph-
agus. This portion of lung is known as the azygoesophageal
recess and the interface is known as the azygoesophageal line.
The upper few centimeters of the azygoesophageal line are
always straight or concave toward the lung in adults; a convex
shape indicates a subcarinal mass. Paraspinal lines are stripes
of soft tissue density, parallel to the left and right margins of the
spine, formed by the approximation of the lung with the spine.
They are usually less than 1 cm in width. Aortic tortuosity will
contribute to the thickness of the left paraspinal line.

Above the aortic arch, the left paratracheal shadow is caused
by the left carotid and subclavian arteries and the left jugular
vein. The outer margin of the left tracheal wall is almost never
outlined because the trachea is not contiguous with the lung
(it is separated by the aorta and great vessels). Below the arch,
the left mediastinal border is formed by the aortic pulmonary
pleural stripe, the main pulmonary artery, and the heart. The
right mediastinal border is formed by the right brachiocephalic
vein, SVC, and right atrium. A right paratracheal stripe is seen
in approximately two thirds of normal subjects through the
right brachiocephalic vein and SVC.

DIAPHRAGM
The diaphragm can normally have a smooth or a scalloped con-
tour. The right hemidiaphragm is higher than the left in approx-
imately 88% of people by 1.5 to 2.0 cm. The left is higher than
the right in approximately 3% of people but by less than 1 cm.
The hemidiaphragms are at the same level in approximately 9%
of people (6). Eventration (incomplete muscularization of the
diaphragm) refers to a thin membranous sheet replacing what
should be muscle, causing a smooth hump on the contour of
the diaphragm (frequently the anteromedial right diaphragm).
Total eventration, more common on the left than on the right,
results in elevation of the whole hemidiaphragm.

LATERAL CHEST RADIOGRAPH
What follows is an abbreviated review of chest anatomy as seen
on the lateral chest radiograph. A complete review of the left
lateral chest radiograph was published in 1979 by Proto and
Speckman (7).

The brachiocephalic (innominate) artery arises anterior to
the tracheal air column. Its posterior wall can be seen as a
gentle S-shaped interface crossing the tracheal air column. The
left brachiocephalic vein often forms an extrapleural bulge be-
hind the manubrium. The posterior border of the right bra-
chiocephalic vein and the SVC can occasionally be identified
curving downward in much the same position and direction
as the brachiocephalic artery, but they are sometimes traceable
below the upper margin of the aortic arch. The convex mar-
gin of the innominate artery–right subclavian artery complex
projects through the tracheal air column and merges with the
posterior aspect of the right brachiocephalic vein–SVC to form
a sigmoid-shaped interface.

The course of the trachea is straight or bowed forward in
patients with aortic tortuosity. The carina is not visible on the
lateral chest radiograph. The anterior wall of the trachea is
visible in only a minority of people. The posterior wall of the
trachea is usually visible, because lung often passes behind the
trachea, forming the posterior tracheal stripe (seen in 50% to
90% of adults). This stripe is normally narrower than 3 to
4 mm. If there is little or no air in the esophagus, this stripe
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FIGURE 1-16. Diagram illustrating how magnifica-
tion results in the right (R) ribs being larger and pro-
jected behind the left (L) ribs on a properly positioned
left lateral chest radiograph. Note that the stomach
bubble is under the left hemidiaphragm. The heart ob-
scures the anterior portion of the left hemidiaphragm.

is formed by the full width of a collapsed esophagus (leading
to a band of density 1 cm or wider) and is then called the
tracheoesophageal stripe.

The retrosternal line is a bandlike opacity along the lower
half or third of the anterior chest wall. Because the left lung
does not contact the anterior portion of the left thoracic cav-
ity at this level, the heart with its epicardial fat occupies this
space.

The posterior wall of the IVC is visible just before it en-
ters the right atrium. The ascending aorta projects slightly
superior and posterior to the right ventricular outflow tract.
These structures are distinguished as discrete bulges on approx-
imately 10% of lateral chest radiographs. The right pulmonary
artery is seen on end as a round or oval structure anterior to
the bronchus intermedius. The left pulmonary artery has an
arcuate contour and courses superior and then posterior to the
orifice of the left upper lobe bronchus (it can be likened to a
miniaturized version of the transverse aortic arch).

At the hilum, the right upper lobe bronchus is superior to
the left upper lobe bronchus, and the posterior wall of the

bronchus intermedius is seen as a thin opaque stripe between
the two and intersecting the left upper lobe bronchus. Often,
only the left upper lobe bronchus (and not the right upper lobe
bronchus) is seen on the lateral view. The posterior wall of the
bronchus intermedius should be no thicker than 3 mm. The
most common causes of thickening are pulmonary edema and
variation in patient positioning, but malignancy can also result
in thickening.

Several methods can be used to localize the right and left
hemidiaphragms on the lateral chest radiograph (Fig. 1-16).
On the standard left lateral chest radiograph, the right ribs
are projected behind the left and appear larger because of
magnification (unless the patient is not in a true left lateral
position). Occasionally, the diaphragm can be followed out to
its respective ribs. The stomach bubble is under the left hemidi-
aphragm (unless the patient has situs inversus). Pathologic
processes obscuring only one hemidiaphragm on the PA view
will confirm which diaphragm is being obscured by the same
pathology on the lateral view. The right diaphragm will often
be seen extending more anteriorly than the left hemidiaphragm,
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because the left hemidiaphragm will be partially obscured by
the heart anteriorly. In some cases, however, none of these
methods work, and which hemidiaphragm is which cannot be
determined.

CHEST RADIOLOGY CONCEPTS
The chest radiograph is really more of a “lung radiograph.”
It is not optimized for examination of the mediastinum or
osseous structures. Nonetheless, how do you tell if the chest
radiograph is adequately exposed? Ideally, there is a balance
between overexposure (good for seeing the mediastinum) and
underexposure (good for seeing the lungs). This balance is gen-
erally reached when the vertebral disc spaces are just barely
visible. On hard-copy film, overexposure is better than under-
exposure, because you can see the darker areas under a bright
light (copy films cannot be bright-lighted, as information has
been lost in copying). With underexposure, information is ir-
retrievably lost. With digital radiography systems, this is less
of a problem.

Was the film exposed during optimal inspiration? The de-
gree of inspiration is limited in obese patients, or in patients
with intra-abdominal mass effect, such as ascites, especially
when imaged in the supine position. In general, expiratory
films demonstrate more “doming” of the diaphragm, causing
the apex of the heart to project below the left lung–diaphragm
interface. The lungs are more dense and the blood vessels more
crowded together. If you judge that the inspiration is poor or
limited, be cautious and do not overinterpret; this is particu-
larly true for patients with suspected mild pneumonia or con-
gestive heart failure.

Extrapericardial fat pads vary in size from patient to pa-
tient and may result in relatively radiolucent opacities in the
cardiophrenic angles that can obscure the lower inch or so of
the heart border(s). When present, they can be visible on either
frontal or lateral views or on both views, and they can be very
large.

Reference standards are used in making judgments of ab-
normality either clinically or radiologically. External reference
standards are equivalent to experience. If you see enough ex-
amples, you will eventually get good at it. This is not much
help to the novice. Four types of internal reference standards
can be used by the novice: time (interval change, which al-
lows instant judgment as to activity or chronicity); symmetry
(paired structures, such as ribs, should look alike); continuum
disturbance (similar structures, such as ribs or vertebral bod-
ies, should show a progressive change); and ratios (density and

FIGURE 1-17. “Nobody’s perfect” (courtesy of June Unger, MD,
Scottsdale, AZ).

size—density ratios require a well-exposed film, size ratios do
not). Size and density ratios are outlined in Table 1-2. These
ratios are for everyday use and will quickly become instinc-
tive. When all else fails, remember that “nobody’s perfect”
(Fig. 1-17), neither you nor the patient!
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CHAPTER 2

SIGNS AND PATTERNS OF LUNG DISEASE

LEARNING OBJECTIVES
1. Recognize the air bronchogram sign on a chest

radiograph and computed tomographic (CT) scan and
that the sign indicates a lung parenchymal process,
including nonobstructive atelectasis, as distinguished
from pleural or mediastinal processes.

2. Recognize the air crescent sign on a chest radiograph
and CT scan as a sign of a cavity within the lung, often
caused by fungal infection.

3. Recognize the continuous diaphragm sign on a chest
radiograph and that the sign represents
pneumomediastinum.

4. Recognize the CT angiogram sign on a CT scan and
state the mechanism of how the sign is produced (e.g.,
enhancing pulmonary vessels against a background of
low-attenuation material in the lung).

5. Recognize the deep sulcus sign on a supine chest
radiograph and that the sign represents pneumothorax.

6. Recognize the fallen lung sign on a chest radiograph
and CT scan and that the sign represents a fractured
bronchus.

7. Recognize the flat waist sign on a chest radiograph and
that the sign represents lower lobe collapse.

8. Recognize the finger-in-glove sign on a chest radiograph
and CT scan and that the sign represents bronchial
impaction, which is seen in allergic bronchopulmonary
aspergillosis.

9. Recognize the S sign of Golden on a chest radiograph
and that the sign represents lobar collapse, potentially
caused by an obstructing endobronchial carcinoma in
an adult.

10. Recognize the halo sign on a CT scan and that the sign
suggests the diagnosis of invasive pulmonary
aspergillosis in a leukemic patient.

11. Recognize the Hampton hump sign on a chest
radiograph and CT scan and that the sign represents
hemorrhagic edema or pulmonary infarction as a result
of pulmonary embolism.

12. Recognize the luftsichel sign on a chest radiograph and
that the sign is associated with upper lobe collapse,
potentially caused by an obstructing endobronchial
carcinoma in an adult.

13. Recognize air around the pulmonary artery on frontal
and lateral chest radiographs and CT scan as the ring
around the artery sign and that the sign represents
pneumomediastinum.

14. Recognize loss of the contour of the heart or diaphragm
as the silhouette sign, and localize a lung parenchymal
process by knowing that a process involving the medial
segment of the right middle lobe obscures the right heart
border, lingular processes obscure the left heart border,
and basilar segmental lower lobe processes obscure the
diaphragm.

15. Recognize the split pleura sign on a CT scan as a sign of
empyema or other exudative pleural effusion.

16. Recognize the Westermark sign on a chest radiograph
and CT scan as a sign of focal oligemia that is
potentially caused by pulmonary embolism.

17. Recognize the honeycomb pattern on a chest
radiograph and CT scan as a sign of pulmonary fibrosis.

18. Recognize the pattern of septal thickening on a chest
radiograph and CT scan as representing thickening of
the interlobular septae (Kerley lines) and suggesting the
diagnosis of pulmonary edema with smooth septal
thickening and lymphangitic carcinomatosis with
beaded septal thickening.

19. Recognize a cystic pattern on a chest radiograph and
CT scan as suggesting the diagnosis of
lymphangioleiomyomatosis in a female patient and
Langerhan cell histiocytosis when nodules and an upper
lung distribution are seen in a cigarette smoker.

20. Recognize a nodular pattern on a CT scan; classify the
nodules as perilymphatic, random, centrilobular, or
bronchovascular in distribution; and list an appropriate
differential diagnosis for each.

21. Recognize a mosaic pattern of lung attenuation on a CT
scan, which suggests an infiltrative process, small
airway disease, or pulmonary vascular disease,
depending on the caliber of pulmonary vessels, presence
of air trapping on expiration, other associated CT
findings, and clinical history.

22. Recognize the tree-in-bud pattern on a CT scan and list
an appropriate differential diagnosis, indicating
infection and aspiration as the most common causes.

16
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A sign in chest radiology refers to a radiographic and/or com-
puted tomographic (CT) scan finding that implies a specific
pathologic process. Understanding the meaning of a sign in-
dicates comprehension of an important concept related to the
radiologic findings. Knowing the name of the sign is not as im-
portant as recognizing and understanding the meaning of the
radiologic findings, but it will help in communicating with clin-
icians and radiologists who use the “sign” terminology. A CT
“pattern” refers to a nonspecific radiologic finding or collection
of findings suggesting one or more specific disease processes.
The material that follows is not an all-inclusive list but repre-
sents a collection of the more common and useful signs and
patterns of focal and diffuse lung disease.

AIR BRONCHOGRAM SIGN
This sign refers to a branching, linear, tubular lucency rep-
resenting a bronchus or bronchiole passing through airless
lung parenchyma (Fig. 2-1). This sign does not differenti-
ate nonobstructive atelectasis from other abnormal parenchy-
mal opacities such as pneumonia. An air bronchogram in-
dicates that the underlying opacity must be parenchymal
rather than pleural or mediastinal in location. Although
cancers tend to be solid masses, air bronchograms are a
characteristic feature of lymphoma and bronchoalveolar cell
carcinoma.

AIR CRESCENT SIGN
A mass growing within a pre-existing cavity, or an area of
pneumonia that undergoes necrosis and cavitates, may form
a peripheral crescent of air between the intracavitary mass and
the cavity wall, resulting in the air crescent sign (Fig. 2-2). In-
tracavitary masses are most often caused by mycetomas. In
immunocompromised patients with invasive aspergillosis, the
appearance of the air crescent sign, representing necrosis and
cavitation, indicates recovery of the immune system and white
blood cell response to the infection.

FIGURE 2-1. Air bronchogram sign. CT of the chest shows bilateral
subpleural areas of airspace opacity with air bronchograms (arrows)
resulting from acute eosinophilic pneumonia. Air bronchograms can
also be seen with other causes of airspace disease, including infectious
pneumonia, hemorrhage, edema, bronchoalveolar cell carcinoma, lym-
phoma, lipoid pneumonia, “alveolar” sarcoidosis, and alveolar pro-
teinosis and can also be seen in atelectasis not caused by central obstruc-
tion. The presence of the sign indicates that the process is parenchymal
in location, rather than mediastinal or pleural.

BULGING FISSURE SIGN
Historically, the bulging fissure sign was seen as a result of pne-
umonia caused by Klebsiella pneumoniae involving the right
upper lobe (Fig. 2-3). Also called Friedländer pneumonia, the
disease is often confined to one lobe, with consolidation spread-
ing rapidly, causing lobar expansion and bulging of the adjacent
fissure inferiorly (1). Because of timely antibiotic treatment,
pneumonia rarely progresses to this state.

CONTINUOUS DIAPHRAGM SIGN
This sign is seen as a continuous lucency outlining the base
of the heart, representing pneumomediastinum (Fig. 2-4). Air
in the mediastinum tracks extrapleurally, between the heart
and diaphragm (2). Pneumopericardium can have a similar
appearance but will show air circumferentially outlining the
heart.

CT ANGIOGRAM SIGN
This sign refers to the identification of vessels within an air-
less portion of lung on contrast-enhanced CT (Fig. 2-5). The
vessels are prominently seen against a background of low-
attenuation material (3,4). This sign has been associated with
bronchoalveolar cell carcinoma and lymphoma, but it can
also be seen with other processes, including many infectious
pneumonias.

DEEP SULCUS SIGN
This sign refers to a deep, sometimes fingerlike collection of
intrapleural air (pneumothorax) in the costophrenic sulcus as
seen on the supine chest radiograph (5). In the supine pa-
tient, air rises to the nondependent anteromedial basilar pleural
space and may not cause displacement of the visceral pleu-
ral line laterally or at the apex, as seen on upright chest ra-
diographs (Figs. 2-6 and 2-7). When present, this sign may
represent a pneumothorax that is much larger than initially
expected.

FIGURE 2-2. Air crescent sign. CT of the chest shows bilateral pul-
monary nodules in a predominantly subpleural distribution resulting
from septic emboli. Some of the nodules are cavitary. A resulting cres-
cent of air (arrows) is contained within and outlined by the thin cavity
wall.



P1: PBU/OVY P2: PBU/OVY QC: PBU/OVY T1: PBU Printer: Maple Press

GRBT226-02 Collins-Stern-3203G GRBT226-Collins-Stern-v5.cls April 18, 2007 19:1

18 Chest Radiology

A B

FIGURE 2-3. Bulging fissure sign. A: Posteroanterior (PA) chest radiograph shows dense opacification of the right
upper lobe resulting from Klebsiella pneumonia. The inflammatory process is extensive and results in expansion of
the lobe and bulging of the fissure inferiorly (arrows). B: Lateral view shows bulging of the superior portion of the
major fissure inferiorly (larger arrows). The right upper lobe is outlined by the superior portion of the major fissure
and the minor fissure (arrowheads). The middle lobe is outlined by the inferior portion of the major fissure (smaller
arrows) and the minor fissure. The right lower lobe is outlined by the major fissure, which is divided into superior
and inferior portions by the minor fissure.

FIGURE 2-4. Continuous diaphragm sign. In this patient with pneu-
momediastinum, a continuous lucency is seen between the heart and the
diaphragm (solid arrows). Air in the mediastinum is also seen tracking
into the neck bilaterally (dashed arrows).

FIGURE 2-5. CT angiogram sign. CT with intravenous contrast
shows opacification of the left lower lobe from bronchoalveolar cell
carcinoma. The pulmonary vessels (arrows) are seen prominently
against a background of low-attenuation mucus within the tumor.
Other processes producing low-attenuation material within the lung
can also produce this sign, including lymphoma, lipoid pneumonia,
and bacterial pneumonia.
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FIGURE 2-6. Deep sulcus sign. Anteroposterior (AP) supine chest ra-
diograph shows bilateral pneumothoraces (intrapleural air) as a result
of barotrauma from mechanical ventilation. On the right, the visceral
pleura is separated from the parietal pleura by intrapleural air along
the apicolateral chest wall (larger arrows). On the left, the intrapleural
air is collecting at the lung base, expanding the costophrenic sulcus
(smaller arrows). The stiff lungs do not collapse completely in this
patient with acute respiratory distress syndrome.

FIGURE 2-7. Deep sulcus sign. AP supine chest radiograph of a pa-
tient involved in chest trauma shows a right basilar pneumothorax
(arrow), which expands the costophrenic sulcus, creating a tonguelike
extension of air that continues inferiorly along the right lateral chest
wall. Note bilateral lung contusion, pneumomediastinum, and bilateral
subcutaneous emphysema.

FIGURE 2-8. Fallen lung sign. AP supine chest radiograph of a man
involved in a motor vehicle accident. There is a large pneumothorax
on the right, which persists with adequate chest tube placement, as a
result of a fractured right mainstem bronchus. The lung has collapsed
inferiorly and laterally (arrows), instead of toward the hilum, because
it is hanging from a fractured pedicle (bronchus).

FALLEN LUNG SIGN
This sign refers to the appearance of the collapsed lung oc-
curring with a fractured bronchus (6). The bronchial frac-
ture results in the lung “falling” away from the hilum, ei-
ther inferiorly and laterally in an upright patient (Fig. 2-8)
or posteriorly, as seen on CT in a supine patient. Normally,
a pneumothorax causes a lung to collapse inward toward the
hilum.

FLAT WAIST SIGN
This sign refers to flattening of the contours of the aortic knob
and adjacent main pulmonary artery (Fig. 2-9). It is seen in
severe collapse of the left lower lobe and is caused by leftward
displacement and rotation of the heart (7).

FINGER-IN-GLOVE SIGN
In allergic bronchopulmonary aspergillosis, a clinical disor-
der secondary to Aspergillus hypersensitivity, the bronchi
become impacted with mucus, cellular debris, eosinophils, and
fungal hyphae. The impacted bronchi appear radiographically
as opacities with distinctive shapes (Fig. 2-10), variously de-
scribed as “gloved finger,” “Y,” “V,” “inverted V,” “tooth-
paste,” and so forth (8).
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FIGURE 2-9. Flat waist sign. A: Frontal chest radiograph shows left lower lobe opacification from left lower lobe
collapse. Note loss of the medial contour of the left hemidiaphragm, which is known as the silhouette sign. The
left lower lobe bronchus has a more vertical course than normal (arrowheads). Leftward displacement and rotation
of the heart in left lower lobe collapse results in flattening of the contours of the aortic knob and adjacent main
pulmonary artery (arrows), termed the flat waist sign. B: Frontal chest radiograph obtained 1 day later shows partial
re-expansion of the left lower lobe. The medial left hemidiaphragm is now visible (smaller arrows). There is a notch
between the aorta and the pulmonary artery (larger arrow) and no flat waist sign.

A B

FIGURE 2-10. Finger-in-glove sign. A: PA chest radiograph of a patient with cystic fibrosis and allergic bronchopul-
monary aspergillosis. Bronchi impacted and distended with mucus, cellular debris, eosinophils, and fungal hyphae
produce tubular or masslike opacities, as seen in both lower lobes (arrows). Also shown is diffuse bronchiectasis
related to cystic fibrosis. B: CT scan of the same patient shows dilated and impacted central bronchi in the left lower
lobe (arrow).
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FIGURE 2-11. Golden S sign. A: PA chest radiograph of a man with bronchogenic carcinoma of the right upper lobe.
The endobronchial tumor causes collapse of the right upper lobe, and upward displacement of the minor fissure (solid
arrow). The tumor mass produces a convex margin toward the lung at the right hilum (dashed arrow). The contour
of the displaced fissure and central mass creates a reverse S shape. Note the elevation of the right hemidiaphragm,
another sign of right upper lobe volume loss. B: CT of the chest shows tumor encasing and occluding the right upper
lobe bronchus (solid arrow) and collapse of the right upper lobe, with superior and medial displacement of the minor
fissure (dashed arrow).

GOLDEN S SIGN
When a lobe collapses around a large central mass, the periph-
eral lung collapses and the central portion of lung is prevented
from collapsing by the presence of the mass (Fig. 2-11). The
relevant fissure is concave toward the lung peripherally but
convex centrally, and the shape of the fissure resembles an S or
a reverse S (9). This sign is important because it signifies the
presence of a central obstructing mass that, in an adult, may
represent bronchogenic carcinoma.

HALO SIGN
This sign refers to ground-glass attenuation on CT scanning
that surrounds, or forms a halo around, a denser nodule or
area of consolidation (Fig. 2-12). Although most hemorrhagic
pulmonary nodules produce this sign (10), when seen in pa-
tients with acute leukemia, the halo sign suggests early invasive
pulmonary aspergillosis (11).

HAMPTON HUMP SIGN
Pulmonary infarction secondary to pulmonary embolism pro-
duces an abnormal area of opacification on the chest radio-
graph, which is always in contact with the pleural surface
(Fig. 2-13). The opacification may assume a variety of shapes.

When the central margin is rounded, a “hump” is produced,
as described by Hampton and Castleman (12).

JUXTAPHRENIC PEAK SIGN
This sign refers to a small triangular shadow that obscures the
dome of the diaphragm (Fig. 2-14), secondary to upper lobe
atelectasis (13). The shadow is caused by traction on the lower
end of the major fissure, the inferior accessory fissure, or the
inferior pulmonary ligament.

FIGURE 2-12. Halo sign. CT shows nodular consolidation associated
with a halo of ground-glass opacity (GGO) in both apices (arrows)
resulting from invasive pulmonary aspergillosis. This halo represents
hemorrhage and, when seen in leukemic patients, is highly suggestive
of the diagnosis of invasive pulmonary aspergillosis.
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FIGURE 2-13. Hampton hump sign. A: CT with lung windowing shows a focal subpleural area of consolidation in the left lower lobe (arrows).
This hump-shaped area of opacification represents pulmonary infarction secondary to pulmonary embolism. There are also small bilateral pleural
effusions, which are commonly seen with acute pulmonary emboli. B: CT with mediastinal windowing shows low-attenuation filling defect, which
represents a saddle embolus (arrows) bridging the lingular and left lower lobe pulmonary arteries.

LUFTSICHEL SIGN
In left upper lobe collapse, the superior segment of the left
lower lobe, which is positioned between the aortic arch and
the collapsed left upper lobe, is hyperinflated. This aerated seg-
ment of left lower lobe is hyperlucent and shaped like a sickle,
where it outlines the aortic arch on the frontal chest radio-
graph (Fig. 2-15). This peri-aortic lucency has been termed the
luftsichel sign, derived from the German words luft (air) and

FIGURE 2-14. Juxtaphrenic peak sign. PA chest radiograph of a man
treated with mediastinal radiation shows paramediastinal radiation
fibrosis (dashed arrows) and upward retraction of both hila. There is
tenting of the left hemidiaphragm (solid arrow), indicating a loss of
left upper lobe volume, seen as the juxtaphrenic peak sign.

sichel (sickle) (14). Although this sign can also be seen on the
right, it is more common on the left because of the difference
in anatomy and the presence of a minor fissure on the right.
This sign and associated findings of upper lobe collapse sig-
nify the probable diagnosis of bronchogenic carcinoma in an
adult.

MELTING ICE CUBE SIGN
This sign refers to the appearance of a resolving pulmonary
infarct on a chest radiograph or CT scan, which looks
like an ice cube that is melting peripherally to internally
(Fig. 2-16). This is distinguished from the pattern of resolv-
ing pneumonia, where the opacification disappears in a patchy
fashion (15).

RING AROUND THE
ARTERY SIGN

This sign refers to a well-defined lucency encircling the
right pulmonary artery (Fig. 2-17), as seen on frontal and
lateral chest radiographs, representing pneumomediastinum
(16).

SILHOUETTE SIGN
Felson and Felson (17) popularized the term silhouette sign to
indicate an obliteration of the borders of the heart, other me-
diastinal structures, or diaphragm by an adjacent opacity of
similar density. An intrathoracic lesion not anatomically con-
tiguous with a border of one of these structures will not oblit-
erate that border. Parenchymal processes involving the medial
segment of the right middle lobe obliterate the right heart bor-
der (Fig. 2-18). If the lingula is involved, the left heart border
is obliterated (Fig. 2-19). Lower lobe processes involving one
or more basilar segments result in obliteration of all or a part
of the border of the diaphragm.

(Text continues on page 25)



P1: PBU/OVY P2: PBU/OVY QC: PBU/OVY T1: PBU Printer: Maple Press

GRBT226-02 Collins-Stern-3203G GRBT226-Collins-Stern-v5.cls April 18, 2007 19:1

Chapter 2: Signs and Patterns of Lung Disease 23

A B

FIGURE 2-15. Luftsichel sign. A: PA chest radiograph shows a crescentic lucency adjacent to the aortic arch (arrows),
representing hyperaeration of the superior segment of the left lower lobe, which is positioned between the aortic
arch medially and the collapsed left upper lobe laterally. There is hazy opacification of the left lung (sparing the
apex and costophrenic angle), elevation of the left hemidiaphragm, and partial obscuration of the left heart border
(the silhouette sign), indicating a loss of left upper lobe volume. B: Lateral view shows anterior displacement of the
major fissure (arrows). The superior extent of the displaced fissure indicates extension of the superior segment of
the lower lobe to the lung apex. The luftsichel sign is just one sign of upper lobe collapse. The associated signs of
volume loss make the diagnosis obvious. In an adult, left upper lobe collapse is highly suggestive of an obstructing
bronchogenic carcinoma.

A B

FIGURE 2-16. Melting ice cube sign. A: PA chest radiograph of a 69-year-old man with a 6-week history of cough,
pleuritic chest pain, and hemoptysis shows bilateral, subpleural airspace opacities at the costophrenic angles (arrows),
representing parenchymal infarcts. B: CT scan obtained 2 weeks later shows bilateral peripheral opacities (arrows),
an appearance typical of resolving pulmonary infarcts. Note that the opacities are not wedge shaped or rounded, as
expected with acute infarcts. Infarcts resolve from the periphery inward, like a melting ice cube.
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FIGURE 2-17. Ring around the artery sign. A: PA chest radiograph of a patient with acute respiratory distress
syndrome shows a ring of lucency around the right pulmonary artery (arrows), signifying pneumomediastinum.
B: CT confirms air surrounding both pulmonary arteries (arrows).

A B

FIGURE 2-18. Silhouette sign. A: PA chest radiograph of a patient with pneumococcal pneumonia shows opacifica-
tion of the right lower lung, which partially obscures the right heart border (the silhouette sign), indicating a process
involving the right middle lobe. B: Lateral view shows a triangular opacity over the heart (arrows), confirming a
right middle lobe process.
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FIGURE 2-19. Silhouette sign. A: PA chest radiograph of a patient with pneumonia shows opacification of the left lower lung partially obscuring
the left heart border (silhouette sign), indicating a lingular process. Note that the left hemidiaphragm is not obscured, as would be seen with a
process involving any of the basilar segments of the lower lobe. B: Lateral view shows an opacity over the heart (arrows), confirming the lingular
location of the pneumonia.

SPLIT PLEURA SIGN
Normally, the thin visceral and parietal pleura cannot be dis-
tinguished as two separate structures on CT scanning. With an
exudative pleural effusion, such as empyema (Fig. 2-20), the
fluid separates or “splits” the thickened and enhancing pleural
layers (18).

WESTERMARK SIGN
This sign refers to oligemia of the lung beyond an occluded
vessel in a patient with pulmonary embolism (Fig. 2-21) (19).

FIGURE 2-20. Split pleura sign. CT with intravenous contrast shows
empyema in an intrapleural location with associated thickening, con-
trast enhancement, and separation of the visceral and parietal pleura
(arrows).

SPINE SIGN
Lower lobe pneumonia may be poorly visualized on a pos-
teroanterior (PA) chest radiograph. In such cases, the lateral
view is often helpful when it shows the spine sign, which is
an interruption in the progressive increase in lucency of the
vertebral bodies from superior to inferior (Fig. 2-22) (20).

PATTERNS
The following patterns are not always isolated findings on chest
radiographs or CT scans. They commonly occur in combina-
tion with other patterns and findings and may or may not rep-
resent the predominant imaging feature.

Honeycomb Pattern

Honeycombing is characterized by the presence of cystic
airspaces with thick, clearly definable fibrous walls lined by
bronchiolar epithelium. It results from destruction of alveoli
and loss of acinar architecture and is associated with pul-
monary fibrosis. The cysts are typically layered along the pleu-
ral surface, helping to distinguish them from the nonlayered
subpleural lucencies seen with paraseptal emphysema.

Honeycombing produces a characteristic appearance on
CT that allows a confident diagnosis of lung fibrosis (Fig. 2-23)
(21). On CT, the cystic spaces usually average 1 cm in diameter,
although they can range from several millimeters to several cen-
timeters in size. They have clearly definable walls that are 1 to
3 mm thick, they are air-filled, and they appear lucent in com-
parison to normal lung parenchyma. Honeycombing is usually
associated with other findings of lung fibrosis, such as archi-
tectural distortion, intralobular interstitial thickening, traction
bronchiectasis, and irregular linear opacities. Honeycomb-
ing on CT usually represents idiopathic pulmonary fibrosis,
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FIGURE 2-21. Westermark sign. A: PA chest radiograph shows
oligemia of the right lung, the so-called Westermark sign. Note
how the vessels on the right are diminutive compared with those
on the left. As a result, the right hemithorax appears hyperlu-
cent. B: CT with lung windowing better shows the diminution
of vessels on the right compared with the left. There is also a
right pleural effusion. C: CT with mediastinal windowing shows
thrombus expanding and filling the main and right pulmonary
arteries (arrows).

A B

FIGURE 2-22. Spine sign. A: PA chest radiograph of a patient with left lower lobe pneumonia shows abnormal opacity in the left lower lung.
B: Lateral view shows this opacity projected over the lower spine (arrows). Normally, the spine becomes progressively more lucent from the top to
the bottom on the lateral view. The presence of increased opacity over the lower spine is an indication of a lower lobe process, typically pneumonia,
and is called the spine sign.

26
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FIGURE 2-23. Honeycomb pattern. CT shows layers of subpleural
cysts (solid arrows) representing the honeycomb pattern of pulmonary
fibrosis. Also shown is traction bronchiectasis (dashed arrow), another
sign of pulmonary fibrosis.

TA B L E 2 - 1

DIFFERENTIAL DIAGNOSIS OF PATTERNS OF DISEASE ON CT OF THE LUNGS

Honeycomb
Idiopathic pulmonary fibrosis
Collagen vascular diseases
Asbestosis
Chronic hypersensitivity pneumonitis
Drug-related fibrosis

Interlobular septal thickening
Smooth
Pulmonary edema
Pulmonary hemorrhage
Lymphangitic spread of carcinoma
Infectious pneumonia
Lymphoma and leukemia
Amyloidosis

Beaded
Lymphangitic spread of carcinoma
Lymphoma
Sarcoidosis
Silicosis and coal worker’s pneumoconiosis
Lymphocytic interstitial pneumonitis
Amyloidosis

Cystic
Langerhan cell histiocytosis
Lymphangioleiomyomatosis
Sarcoidosis
Lymphocytic interstitial pneumonitis
Collagen vascular diseases
Pneumocystis pneumonia
Honeycombing
Centrilobular emphysema

Nodular
Perilymphatic
Sarcoidosis
Random
Silicosis and coal worker’s pneumoconiosis

Tuberculosis and fungal infection
Metastases
Langerhan cell histiocytosis
Centrilobular
Subacute hypersensitivity pneumonitis
Respiratory bronchiolitis
Bronchovascular
Lymphoproliferative disorders
Leukemia
Kaposi sarcoma
Cavitating
Metastases
Wegener granulomatosis
Septic emboli
Mycobacterial or fungal infection

Ground-glass opacity
Infectious pneumonia
Pulmonary edema
Pulmonary hemorrhage
Acute or subacute hypersensitivity pneumonitis
Desquamative interstitial pneumonitis
Pulmonary alveolar proteinosis
Inadvertent exhalation

Mosaic lung attenuation
Infiltrative lung processes
Small airway disease
Pulmonary vascular disease

Tree-in-bud
Infection
Aspiration
Allergic bronchopulmonary aspergillosis
Cystic fibrosis
Diffuse panbronchiolitis
Obliterative bronchiolitis
Asthma

collagen vascular disease, asbestosis, chronic hypersensitivity
pneumonitis, or drug-related fibrosis (Table 2-1).

Septal Thickening

An interlobular septum marginates part of a secondary pul-
monary lobule and contains pulmonary veins and lymphatics.
These septa measure approximately 0.1 mm in thickness and
are occasionally seen on normal thin-section CT scans. Ab-
normal thickening of interlobular septa is caused by fibrosis,
edema, or infiltration by cells or other material. Within the pe-
ripheral lung, thickened septa 1 to 2 cm in length may outline
part or all of a secondary pulmonary lobule, perpendicular to
the pleural surface. They represent the CT counterpart of Ker-
ley B lines seen on chest radiographs.

Interlobular septal thickening can be smooth (Fig. 2-24) or
nodular (22) (Table 2-1). Smooth thickening is seen in pa-
tients with pulmonary edema or hemorrhage, lymphangitic
spread of carcinoma, lymphoma, leukemia, interstitial infil-
tration associated with amyloidosis, and some pneumonias.
Nodular or “beaded” thickening occurs in lymphangitic spread
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FIGURE 2-24. Smooth septal thickening. CT shows smooth thicken-
ing of the interlobular septae (arrows) in this patient with pulmonary
edema. There are also small pleural effusions and scattered areas of
GGO, which support the diagnosis.

of carcinoma (Fig. 2-25) or lymphoma, sarcoidosis, silicosis or
coal worker’s pneumoconiosis, lymphocytic interstitial pneu-
monia, and amyloidosis.

Cystic Pattern

The term “cyst” is nonspecific and refers to a thin-walled (usu-
ally less than 3 mm thick), well-defined, well-circumscribed,
air- or fluid-containing lesion, 1 cm or more in diameter, that
has an epithelial or fibrous wall. A cystic pattern results from a
heterogeneous group of diseases that have in common the pres-
ence of focal, multifocal, or diffuse parenchymal lucencies and
lung destruction (Table 2-1). Pulmonary Langerhan cell histio-
cytosis, lymphangioleiomyomatosis, sarcoidosis, lymphocytic
interstitial pneumonitis, collagen vascular diseases, Pneumo-
cystis pneumonia, and honeycombing can manifest a cystic
pattern on CT. Although they do not represent true cystic dis-
ease, centrilobular emphysema and cystic bronchiectasis mimic
cystic disease on chest CT scans.

In cases of Langerhan cell histiocytosis, the cysts are often
confluent, usually thin-walled, and often associated with

A B

FIGURE 2-26. Cystic pattern. A: CT of this patient with Langerhan cell histiocytosis shows irregular, variably sized cysts with definable walls
(solid arrow) and scattered small nodules (dashed arrow) involving both upper lungs. B: CT at a level inferior to A shows normal lower lungs.
The sparing of the lower lungs and the combination of cysts and nodules is highly suggestive of Langerhan cell histiocytosis.

FIGURE 2-25. Nodular septal thickening. CT shows nodular thicken-
ing of the septae (arrows), other scattered small nodules, and areas of
GGO, involving only the right lung. These findings are highly sugges-
tive of this patient’s diagnosis: lymphangitic carcinomatosis associated
with primary bronchogenic carcinoma involving the right lung. Lym-
phangitic carcinomatosis from an extrathoracic malignancy usually
involves both lungs.

pulmonary nodules 1 to 5 mm in diameter that may or may
not be cavitary (Fig. 2-26). The intervening lung parenchyma is
typically normal, without evidence of fibrosis or septal thick-
ening. The distribution of findings is usually upper lungs, with
sparing of the costophrenic sulci. The cysts are distributed
diffusely throughout the lungs in lymphangioleiomyomatosis
(Fig. 2-27), and nodules are not a common feature. The
“cystic” spaces seen with centrilobular emphysema often
contain a small nodular opacity representing the centrilobular
artery (Fig. 2-28). This finding is helpful in distinguishing
emphysema from lymphangioleiomyomatosis and Langerhan
cell histiocytosis.

Nodular Pattern

A nodular pattern refers to multiple round opacities, gener-
ally ranging in diameter from 1 mm to 1 cm, that may be very
difficult to separate from one another as individual nodules on a
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FIGURE 2-27. Cystic pattern. CT scan of a woman with lymphan-
gioleiomyomatosis shows fairly homogeneous thin-walled cysts with
normal intervening lung parenchyma. The cysts involve the upper and
lower lungs equally (not shown).

chest radiograph because of superimposition but which are ac-
curately diagnosed on CT. Nodular opacities may be described
as miliary (1 to 2 mm, the size of millet seeds), small, medium,
or large as the diameter of the opacity increases. Nodules can be
further characterized according to their margins (e.g., smooth
or irregular), presence or absence of cavitation, attenuation
characteristics (such as ground-glass opacity [GGO] or calcifi-
cation), and distribution (e.g., centrilobular, perilymphatic, or
random) (23) (Table 2-1).

Multiple small smooth or irregularly marginated nodules
in a perilymphatic distribution are characteristic of sarcoidosis
(Fig. 2-29). The nodules represent the coalescence of micro-
scopic noncaseating granulomas distributed along the bron-
choarterial bundles, interlobular septa, and subpleural regions.
A similar appearance can be seen with silicosis or coal worker’s
pneumoconiosis, although with the latter, the distribution of
nodules is random, with predominant upper lung zone in-
volvement. Within affected areas, the nodules of silicosis can
show a predominantly posterior distribution. As disease pro-
gresses, coalescence of the silicotic nodules leads to progressive
massive fibrosis. Numerous small nodules of GGO in a cen-

FIGURE 2-28. Cystic pattern look-alike. CT scan shows lucent ar-
eas throughout both lungs, which can occasionally be confused with
true lung cysts. However, the lucent areas do not have circumferen-
tial walls and in some areas, the centrilobular artery is visible within
the area of lucency (arrows). These findings, along with a distribution
that is predominantly in the upper lungs, are typical of centrilobular
emphysema.

FIGURE 2-29. Perilymphatic nodular pattern. CT scan of a young
man with sarcoidosis shows numerous small nodules distributed along
the bronchovascular bundles (solid arrow) and subpleural lung (dashed
arrows). This is a perilymphatic distribution, which is typical of sar-
coidosis.

trilobular distribution are characteristic of the acute or suba-
cute stage of extrinsic allergic alveolitis (Fig. 2-30) or respira-
tory bronchiolitis. The nodules are poorly defined and usually
measure less than 3 mm in diameter. A random distribution
of miliary nodules can be seen with hematogenous spread of
tuberculosis (Fig. 2-31), fungal infection, or metastases from
a variety of primary sources. When associated with irreg-
ularly shaped, thin-walled cysts, randomly distributed nod-
ules suggest Langerhan cell histiocytosis. Multiple cavitary
nodules can be seen with metastases (usually of squamous
cell histology), Wegener granulomatosis, rheumatoid lung dis-
ease, septic emboli, and multifocal infection (typically of fun-
gal or mycobacterial etiology). Multiple irregular nodules in
a bronchovascular distribution are characteristic of benign

FIGURE 2-30. Centrilobular nodular pattern. CT scan of a man with
acute hypersensitivity pneumonitis (also called extrinsic allergic alve-
olitis) shows numerous ill-defined ground-glass nodules in a centrilob-
ular distribution. This appearance is highly suggestive of the diagnosis
but can also be seen in respiratory bronchiolitis. A history of exposure
and the presence or absence of cigarette smoking help to make the
correct diagnosis.
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FIGURE 2-31. Random nodular pattern. CT scan of a patient with
miliary tuberculosis shows a pattern of diffuse, randomly distributed,
well-defined small pulmonary nodules. Some of the nodules appear
centrilobular and some are subpleural in location. The same pattern
can be seen with fungal infection or pulmonary metastases.

lymphoproliferative disorders (Fig. 2-32), lymphoma, leuke-
mia, and Kaposi sarcoma.

Ground-Glass Pattern

GGO is defined as “hazy increased attenuation of lung, with
preservation of bronchial and vascular margins; caused by par-
tial filling of airspaces, interstitial thickening, partial collapse
of alveoli, normal expiration, or increased capillary blood vol-
ume; not to be confused with consolidation, in which bron-
chovascular margins are obscured; may be associated with an
air bronchogram” (24). GGO is a common but nonspecific
finding on CT that reflects the presence of abnormalities be-
low the limit of CT resolution (Table 2-1). In one investigation
of patients with chronic infiltrative lung disease in whom lung
biopsy was performed in areas of GGO, the pattern was shown
to be caused by predominantly interstitial diseases in 54% of
cases, equal involvement of the interstitium and airspaces in
32%, and predominantly airspace disease in 14% (25). GGO
is an important finding. In certain clinical circumstances, it can
suggest a specific diagnosis, indicate a potentially treatable dis-
ease, and guide a bronchoscopist or surgeon to an appropriate
area for biopsy (26).

FIGURE 2-32. Bronchovascular nodular pattern. CT scan of a patient
with benign posttransplant lymphoproliferative disorder shows multi-
ple ill-defined nodules distributed along the bronchovascular bundles
(arrows). This appearance can also be seen with malignant lymphoma,
leukemia, and Kaposi sarcoma.

FIGURE 2-33. Ground-glass pattern. CT scan of a patient with diffuse
pneumonia shows extensive bilateral GGO. Note that the pulmonary
vessels and bronchi are still visible. This is a nonspecific pattern that
is also commonly seen with pulmonary hemorrhage and pulmonary
edema.

Acute lung diseases characteristically associated with diffuse
GGO include pneumonia (Fig. 2-33), pulmonary hemorrhage,
and pulmonary edema. In patients with acquired immunode-
ficiency syndrome, the presence of focal or diffuse GGO on
CT is highly suggestive of Pneumocystis pneumonia. In pa-
tients with lung transplants, GGO is very suggestive of Cy-
tomegalovirus pneumonia or acute rejection. When diffuse
GGO is seen in the first month after bone marrow transplanta-
tion, both infection and diffuse alveolar hemorrhage should be
considered.

Diffuse or patchy GGO is frequently the main abnormal-
ity seen in the acute or subacute phase of extrinsic allergic
alveolitis. It is also the predominant finding in patients with
desquamative interstitial pneumonia, in which it reflects the
presence of mild interstitial thickening and filling of the
airspaces with macrophages. In pulmonary alveolar pro-
teinosis, the areas of GGO usually have a patchy or geo-
graphic distribution. Although the abnormality consists mainly
of filling of airspaces with proteinaceous material, interlobu-
lar septal thickening is frequently identified on CT in the ar-
eas of GGO, creating a “crazy paving” pattern (Fig. 2-34).
Solitary small areas of GGO can signify early stage bronchi-
oloalveolar carcinoma or atypical adenomatous hyperplasia
(AAH).

FIGURE 2-34. “Crazy paving” pattern. CT scan of a patient with pul-
monary alveolar proteinosis shows patchy areas of GGO associated
with septal thickening, so-called “crazy paving.” This is a characteris-
tic but not pathognomonic finding of pulmonary alveolar proteinosis.
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FIGURE 2-35. Mosaic perfusion pattern. CT scan of a patient with
sickle cell disease shows a mosaic pattern of lung attenuation. The
abnormal lucent areas represent decreased perfusion secondary to mi-
crovascular occlusion.

Mosaic Pattern of Lung Attenuation

Lung attenuation normally increases during exhalation. In the
presence of airway obstruction and air trapping, lung remains
lucent on exhalation and shows little change in cross-sectional
area; this is best appreciated when patchy and compared to
normal lung. Areas of air trapping are seen as relatively low
in attenuation on expiratory CT scans. Areas of air trapping
can be patchy and nonanatomic; can correspond to individual
secondary pulmonary lobules, segments, and lobes; or may in-
volve an entire lung. Air trapping in a lobe or lung is usually
associated with large airway or generalized small airway ab-
normalities, whereas lobular or segmental air trapping is asso-
ciated with diseases that affect small airways. Bronchiolectasis
is a common associated finding. Pulmonary vessels within the
low-attenuation areas of air trapping often appear small rela-
tive to vessels in the more opaque normal lung regions (27).
This finding is also seen with vascular disease, such as chronic
thromboembolic disease, as a result of decreased perfusion to
affected areas of lung.

The presence of heterogeneous lung attenuation on inspira-
tory scans—the so-called mosaic pattern of lung attenuation—
can result from infiltrative processes, airway obstruction and

FIGURE 2-37. Tree-in-bud pattern. Maximum-intensity projection
axial CT image of a patient with bacterial bronchiolitis shows a pattern
of small nodular and linear branching opacities, predominantly in the
periphery of the lung (arrows). This is a bronchiolar distribution. The
most common etiologies for this pattern are infection and aspiration.

reflex vasoconstriction, mosaic perfusion resulting from vas-
cular obstruction (e.g., chronic thromboembolic disease; Fig.
2-35), or a combination of these (Table 2-1). In patients with
GGO from infiltrative processes, expiratory CT shows a pro-
portional increase in attenuation in areas of both increased and
decreased opacity. In patients with mosaic attenuation result-
ing from airway disease, such as obliterative bronchiolitis or
asthma, attenuation differences are accentuated or seen only
on expiration (Fig. 2-36). In patients with mosaic perfusion
caused by vascular disease, air trapping can be seen but is not
a dominant feature on expiratory CT.

Tree-in-Bud Pattern

The CT pattern of centrilobular nodular and branching linear
opacities has been likened to the appearance of a budding tree.
Many disorders can result in this pattern, the most common
being infectious processes with endobronchial spread of disease
(Fig. 2-37) (28,29) (Table 2-1). The common CT features of all
processes producing the tree-in-bud pattern are (a) bronchiolar

A B

FIGURE 2-36. Mosaic attenuation pattern. A: Inspiratory CT scan of a patient with asthma shows a homogeneous pattern of lung attenuation. B:
Expiratory CT scan shows a mosaic pattern of lung attenuation. The abnormal lucent areas represent air trapping related to the patient’s asthma.
Note the anterior bowing of the posterior membranous trachea (arrow), indicating expiration.
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FIGURE 2-38. Tree-in-bud pattern. CT scan of a patient with cystic
fibrosis shows bilateral bronchiectasis and bronchiolectasis, along with
“tree-in-bud” opacities in the periphery of the right lung (arrow). The
opacities represent mucoid impaction of the bronchioles.

dilatation and (b) impaction of bronchioles with mucus, pus, or
other material. The CT findings are nonspecific, but a specific
diagnosis can occasionally be suggested when the findings are
correlated with patient history, clinical information, associated
CT scan findings, and chronicity of disease.

The term tree-in-bud dates back to the bronchogram de-
scriptions of normal respiratory bronchioles by Twining and
Kerley (30) but has been more recently popularized by Im
et al (31) to describe the CT appearance of the endobronchial
spread of Mycobacterium tuberculosis.

Numerous noninfectious disorders are associated with the
tree-in-bud pattern. In allergic bronchopulmonary aspergillo-
sis, immunologic responses to the endobronchial growth of
Aspergillus sp result in damage to the bronchial wall, central
bronchiectasis, and the formation of mucous plugs that contain
fungus and inflammatory cells. The tree-in-bud pattern is seen
when the process extends to the bronchioles. In cystic fibrosis,
an abnormally low water content of airway mucus is at least
partially responsible for decreased mucous clearance, mucous
plugging of small and large airways, and an increased incidence
of bacterial airway infection. Bronchial wall inflammation pro-

FIGURE 2-39. Tree-in-bud pattern. CT scan of a patient who aspi-
rated shows extensive tree-in-bud pattern (arrow) bilaterally.

FIGURE 2-40. Tree-in-bud pattern. CT scan of a patient with diffuse
panbronchiolitis shows tree-in-bud pattern (solid arrow) and dilated,
nonimpacted bronchioles (dashed arrows).

gresses to bronchiectasis, and bronchiolar secretions result in a
tree-in-bud pattern (Fig. 2-38). The tree-in-bud pattern can also
be seen with aspiration of infected oral secretions or other irri-
tant material (Fig. 2-39), diffuse panbronchiolitis (Fig. 2-40),
obliterative bronchiolitis, and asthma.
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CHAPTER 3

INTERSTITIAL LUNG DISEASE

LEARNING OBJECTIVES

1. List and identify on a chest radiograph and computed
tomographic (CT) scan the four patterns of interstitial
lung disease (ILD): linear, reticular, reticulonodular, and
nodular.

2. Make a specific diagnosis of ILD when supportive
findings are present in the history or on radiologic
imaging (e.g., dilated esophagus and ILD in
scleroderma; enlarged heart, pacemaker or defibrillator,
prior sternotomy, and ILD in a patient with amiodarone
drug toxicity).

3. Identify Kerley A and B lines on a chest radiograph and
CT scan and explain their etiology and significance.

4. Recognize the changes of congestive heart failure on a
chest radiograph (enlarged cardiac silhouette, pleural
effusions, vascular redistribution, interstitial or alveolar
edema, Kerley lines, enlarged azygos vein, increased
ratio of artery to bronchus diameter).

5. Define “asbestos-related pleural disease” and
“asbestosis”; identify each on a chest radiograph and
CT scan.

6. Describe what a “B reader” is, as related to the
evaluation of pneumoconioses.

7. Identify honeycombing on a chest radiograph and CT
scan, state the significance of this finding (end-stage
lung disease), and list the common causes of
honeycomb lung.

8. Recognize progressive massive fibrosis/conglomerate
masses secondary to silicosis or coal worker’s
pneumoconiosis on a chest radiograph and CT scan.

9. Recognize the typical appearance and upper
lobe–predominant distribution of irregular lung cysts or
nodules on chest CT of a patient with Langerhan cell
histiocytosis.

10. List four causes of unilateral ILD (aspiration, radiation,
lymphangitic carcinomatosis secondary to
bronchogenic carcinoma, asymmetric edema).

11. List the common causes of lower lobe–predominant
ILD (idiopathic pulmonary fibrosis, asbestosis, chronic
aspiration, collagen vascular disease).

12. List two causes of upper lobe–predominant ILD
(chronic hypersensitivity pneumonitis, sarcoidosis).

13. Recognize the findings of lymphangioleiomyomatosis
on a chest radiograph and CT scan.

This chapter on interstitial lung disease (ILD) is followed by
a chapter on alveolar lung disease (ALD). When the chest ra-
diograph shows a clear pattern of ILD or ALD, one can ren-
der a differential diagnosis based on the pattern of parenchy-
mal disease (Table 3-1). A conundrum arises when widespread
small opacities are difficult to categorize into one group or the
other on chest radiography, or when ILD and ALD are both
present. In these cases, coming up with a differential diagno-
sis is not as straightforward. One must decide what the pre-
dominant pattern is, take into consideration the clinical history
and any associated radiographic findings, or further define the
pattern(s) and distribution of disease with a CT scan of the
lungs.

PATTERNS OF INTERSTITIAL
LUNG DISEASE

The interstitium of the lung is not normally visible radio-
graphically; it becomes visible only when disease (e.g., edema,
fibrosis, tumor) increases its volume and attenuation. The in-
terstitial space is defined as “a continuum of loose connec-
tive tissue throughout the lung composed of three subdivisions:
(i) the bronchovascular (axial), surrounding the bronchi, arter-
ies, and veins from the lung root to the level of the respiratory

bronchiole; (ii) the parenchymal (acinar), situated between the
alveolar and capillary basement membranes; and (iii) the sub-
pleural, situated beneath the pleura, as well as in the interlobu-
lar septa” (1). Any or all of these three interstitial compartments
can be abnormal at any one time.

Interstitial lung disease may result in four patterns of abnor-
mal opacity on chest radiographs and CT scans: linear, reticu-
lar, nodular, and reticulonodular (Fig. 3-1). These patterns are
more accurately and specifically defined on CT. A linear pat-
tern is seen when there is thickening of the interlobular septa,
producing Kerley lines. These septal lines were first described
by Kerley in patients with pulmonary edema (2). Kerley B lines
are short, straight lines (1 to 2 cm) perpendicular to and abut-
ting the lower lateral pleural edge. Kerley A lines are generally
longer (2 to 6 cm), they radiate out from the hilum toward the
pleura but are not contiguous with the pleura, and they are
most obvious in the upper and middle lungs. The interlobular
septa contain pulmonary veins and lymphatics. The most com-
mon cause of interlobular septal thickening, producing Kerley
A and B lines, is pulmonary edema, as a result of pulmonary ve-
nous hypertension and distension of the lymphatics (Fig. 3-2).
Other causes of Kerley lines are listed in Table 3-2. Anything
that causes thickening of the interlobular septa can produce
Kerley lines, including edema, inflammation, tumor, or fibro-
sis. Septal thickening without architectural distortion is more
likely to represent pulmonary edema.

34
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TA B L E 3 - 1

DIFFERENTIAL DIAGNOSIS OF INTERSTITIAL LUNG
DISEASE

“BADLASH”
Bronchiectasis (ILD “look-alike”)
Bugs (especially fungi, mycoplasma, and viruses)
Aspiration, chronic
Amyloidosis
Drug toxicity
Lymphangioleiomyomatosis
Lymphangitic carcinomatosis
Lymphoma
Lymphocytic interstitial pneumonia and other idiopathic

interstitial pneumonias
Asbestosis
Sarcoidosis
Scleroderma and other collagen vascular diseases
Silicosis
Hypersensitivity pneumonitis
Heart failure
Histiocytosis (Langerhan cell histiocytosis)

ILD, interstitial lung disease

A) Linear B) Reticular

E) ReticulonodularD) Nodular

C) Reticular, honeycomb

FIGURE 3-1. Diagrams illustrating the four types of ILD. A: Linear ILD is seen as Kerley lines. Kerley A lines radiate
out from the hila to the periphery of the lung. Kerley B lines are shorter lines that contact and are perpendicular to
the lateral pleural edge, predominantly in the lower lungs. Both A and B lines are seen as a result of interlobular
septal thickening, most commonly from pulmonary edema. B: Reticular ILD is seen as a network of curvilinear
opacities. When seen as a result of a reversible process, such as viral pneumonia, sarcoidosis, or hypersensitivity
pneumonitis, the distribution can be patchy or diffuse. C: When reticular ILD is seen as a result of chronic, irreversible
lung disease, such as usual interstitial pneumonia, honeycombing is seen. The curvilinear opacities form small cystic
spaces (forming the honeycomb) in a characteristic bibasilar and subpleural distribution. D: Nodular ILD will often,
but not always, have an upper and middle lung–predominant distribution. This is often the case with sarcoidosis,
Langerhan cell histiocytosis, silicosis, and coal worker’s lung. The nodules generally range from 1 to 10 mm in size.
E: Reticulonodular ILD results from a combination of reticular and nodular opacities, or it can be caused by reticular
opacities seen end-on. This pattern is often difficult to distinguish from a pure nodular or reticular pattern on chest
radiography. The list of diagnostic possibilities to consider when this pattern is seen can be shortened by taking into
account the acuity of the disease, the distribution of disease, and associated radiographic abnormalities.

TA B L E 3 - 2

DIFFERENTIAL DIAGNOSIS OF KERLEY LINES

Pulmonary edema—the most common cause
Mitral stenosis
Lymphangitic carcinomatosis
Malignant lymphoma
Congenital lymphangiectasia
Viral and mycoplasma pneumonias
Idiopathic pulmonary fibrosis
Pneumoconiosis
Sarcoidosis
Late-stage hemosiderosis
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A

D

B

C

FIGURE 3-2. Kerley lines. This patient presented with cardiogenic edema. A: PA chest radiograph shows an enlarged cardiac silhouette and
bilateral reticular and linear ILD. B: Close-up view of (A), lower right lung, shows short linear opacities perpendicular to the lateral pleural edge,
representing Kerley B lines. C: Close-up of (A), right upper lung, shows linear opacities (arrow) radiating outward from the hila, representing
Kerley A lines. D: CT shows interlobular septal thickening (arrows), representing Kerley lines.

A reticular pattern results from the summation or superim-
position of irregular linear opacities. The term reticular is de-
fined as meshed, or in the form of a network. Reticular opacities
can be described as fine, medium, or coarse, as the width of the
opacities increases. A classic reticular pattern is seen with pul-
monary fibrosis, in which multiple curvilinear opacities form
small cystic spaces along the pleural margins and lung bases
(honeycomb lung) (Fig. 3-3).

A nodular pattern consists of multiple round opacities, gen-
erally ranging in diameter from 1 mm to 1 cm, which may be
difficult to distinguish from one another as individual nodules
on a chest radiograph. Nodular opacities may be described as
miliary (1 to 2 mm, the size of millet seeds), small, medium,
or large, as the diameter of the opacities increases (Figs. 3-4
and 3-5). A nodular pattern, especially with an upper lung–
predominant distribution, suggests a specific differential diag-
nosis (Table 3-3).

A reticulonodular pattern results from a combination of
reticular and nodular opacities, or it can appear when reticular
opacities are seen end-on. This pattern is often difficult to dis-
tinguish from a purely reticular or nodular pattern, and in such

a case a differential diagnosis should be developed based on the
predominant pattern. If there is no predominant pattern, causes
of both nodular and reticular patterns should be considered.
An acute appearance suggests pulmonary edema or pneumo-
nia (Fig. 3-6). A lower lung–predominant distribution with de-
creased lung volumes suggests idiopathic pulmonary fibrosis,
asbestosis, collagen vascular disease, or chronic aspiration. A
reticulonodular pattern and larger-than-normal lung volumes
can be seen with lymphangioleiomyomatosis and Langerhan
cell histiocytosis (LCH). A middle or upper lung–predominant
distribution suggests mycobacterial or fungal disease, silico-
sis, sarcoidosis, LCH, extrinsic allergic alveolitis (hypersen-
sitivity pneumonitis), or, very rarely, ankylosing spondylitis.
Kerley lines help limit the differential diagnosis (see Table
3-2). Associated lymphadenopathy suggests sarcoidosis; neo-
plasm (lymphangitic carcinomatosis, lymphoma, metastases);
infection (viral, mycobacterial, or fungal); and silicosis. Associ-
ated pleural thickening and/or calcification suggest asbestosis.
Associated pleural effusion suggests pulmonary edema, lym-
phangitic carcinomatosis, lymphoma, collagen vascular dis-
ease, or lymphangioleiomyomatosis (especially if the effusion is
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A B

FIGURE 3-3. Farmer’s lung and pulmonary fibrosis. This 50-year-old man presented with end-stage lung fibrosis from chronic exposure to inhaled
antigens on his farm. A: PA chest radiograph shows medium to coarse reticular ILD with a predominant bibasilar and subpleural distribution.
B: CT scan shows multiple small cysts (honeycombing) involving predominantly the subpleural peripheral regions of lung. Traction bronchiectasis,
another sign of end-stage lung fibrosis, is seen in the right middle lobe (arrows).

chylous). Associated pneumothorax suggests lymphangi-
oleiomyomatosis or LCH.

PULMONARY EDEMA
Hydrostatic pulmonary edema is defined as abnormal water
in the lungs secondary to elevated pulmonary venous pressure
from a failing left ventricle, mitral stenosis, increased circu-
lating blood volume (as with anemias), renal failure (causing
fluid retention), or overhydration. Interstitial edema is seen on
chest radiographs and CT scans as blurring of the margins of
the blood vessels and bronchial walls (peribronchial cuffing),

FIGURE 3-4. Disseminated histoplasmosis and nodular ILD. This pre-
viously healthy man living in the upper midwestern part of the United
States presented with mild symptoms of shortness of breath and cough.
CT scan shows multiple bilateral round circumscribed pulmonary
nodules.

thickening of the fissures (subpleural edema), and thickening
of the interlobular septae (Kerley lines) (Fig. 3-7). As capil-
lary pressure rises and interstitial pressure increases, water is
forced into the alveolar spaces through the alveolar–capillary
membrane; therefore edema is often seen as a combination of
both interstitial and alveolar opacities on the chest radiograph.
The chest radiograph may also show associated findings of
cardiomegaly, pleural effusions, widening of the vascular pedi-
cle, enlargement of the azygos vein, and vascular redistribution
(Fig. 3-8). Pulmonary edema is so common, relative to other
causes of ILD, that it should often be considered the most likely
diagnosis in the differential diagnosis of ILD. An uncommon
pattern of edema is more common than an uncommon cause

FIGURE 3-5. Hematogenous metastases and nodular ILD. This 45-
year-old woman presented with metastatic gastric carcinoma. The PA
chest radiograph shows a diffuse pattern of nodules, 6 to 10 mm in
diameter.



P1: PBU/OVY P2: PBU/OVY QC: PBU/OVY T1: PBU Printer: Maple Press

GRBT226-03 Collins-Stern-3203G GRBT226-Collins-Stern-v5.cls April 18, 2007 19:1

38 Chest Radiology

TA B L E 3 - 3

DIFFERENTIAL DIAGNOSIS OF A NODULAR
PATTERN OF INTERSTITIAL LUNG DISEASE

“SHRIMP”
Sarcoidosis
Histiocytosis (Langerhan cell histiocytosis)
Hypersensitivity pneumonitis
Rheumatoid nodules
Infection (mycobacterial, fungal, viral)
Metastases
Microlithiasis, alveolar
Pneumoconioses (silicosis, coal worker’s, berylliosis)

This list excludes the relatively uncommon diagnosis of amyloidosis.

of ILD. Uncommon patterns of pulmonary edema can result
from patient positioning or underlying perfusion abnormali-
ties in the nonedematous lung (e.g., secondary to pulmonary
embolism or asymmetric emphysema). Pulmonary edema can
be caused by a number of processes other than chronic
heart failure, and it may present with a normal-sized heart
(Table 3-4).

IDIOPATHIC INTERSTITIAL
PNEUMONIAS

The idiopathic interstitial pneumonias (IIPs) are a heteroge-
neous group of diffuse parenchymal lung diseases that have no
well-defined cause (3). The classification is based on histologic
criteria, although the diagnosis of IIP is made by correlating the
clinical, imaging, and pathologic features. Each IIP “pattern”
seen at histologic or CT examination is linked to a specific clin-
ical syndrome. Clinical evaluation must prove that an intersti-
tial pneumonia is idiopathic and exclude a recognizable cause
(e.g., collagen vascular disease). Usual interstitial pneumonia
(UIP) is the most common of the IIPs. Nonspecific interstitial
pneumonia (NSIP) is next most frequent. Cryptogenic orga-
nizing pneumonia (COP), desquamative interstitial pneumonia
(DIP), respiratory bronchiolitis–associated interstitial lung dis-
ease (RB-ILD) and acute interstitial pneumonia (AIP) are less
common, and lymphoid interstitial pneumonia (LIP) is rare.
Typical CT features of each IIP are distinct, but there is over-

FIGURE 3-7. Cardiogenic pulmonary edema. This 69-year-old
woman presented with left ventricular failure and a predominantly
interstitial pattern of pulmonary edema. CT scan shows numerous Ker-
ley B lines (short arrows), thickening of the right major fissure from
subpleural edema (arrowheads), patchy areas of ground-glass opacifi-
cation (long arrows), and a right pleural effusion (curved arrows).

lap (Table 3-5). CT features of UIP and organizing pneumonia
may be diagnostic in the correct clinical context, but those of
NSIP, DIP, RB-ILD, AIP, and LIP are less specific.

UIP is characterized histologically by a patchy heteroge-
neous pattern with foci of normal lung, interstitial inflamma-
tion, fibroblastic proliferation, interstitial fibrosis, and honey-
combing. Temporal heterogeneity is an important histologic
feature and helps to distinguish UIP from DIP. Although the
terms UIP and idiopathic pulmonary fibrosis (IPF) are often
used interchangeably, the term IPF should only be applied to
the clinical syndrome associated with the morphologic pattern
of UIP. The typical CT features of UIP are a predominantly
basal and subpleural reticular interstitial pattern with honey-
combing and traction bronchiectasis (Fig. 3-9). Ground-glass
opacity and consolidation can be seen but are not dominant
features. Architectural distortion, reflecting lung fibrosis, is of-
ten prominent. In the correct clinical context, the CT features
of UIP are often diagnostic. The presence of honeycombing as
a predominant imaging finding is highly specific for UIP and
can be used to differentiate it from NSIP, particularly when

A B

FIGURE 3-6. Disseminated histoplasmosis and reticulonodular ILD. A: PA chest radiograph, close-up of right upper lung, shows reticulonodular
ILD. B: CT scan shows multiple circumscribed round pulmonary nodules, 2 to 3 mm in diameter.
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FIGURE 3-8. Cardiogenic pulmonary edema. PA chest radiograph
shows enlargement of the cardiac silhouette, bilateral ILD, enlargement
of the azygos vein (solid arrow), and peribronchial cuffing (dashed
arrow).

the distribution is patchy and subpleural predominant (4). The
presence of predominant ground-glass and reticular opacities
is highly characteristic of NSIP, but there is a subset of patients
with UIP who have this pattern and may require biopsy for
differentiation from NSIP. Distinction of UIP from other IIPs is
important, because UIP is associated with a poorer prognosis
than the other entities.

NSIP is characterized histologically by spatially homoge-
neous alveolar wall thickening caused by inflammation, fibro-
sis, or both. The spatial and temporal homogeneity of this
pattern is important in distinguishing NSIP from UIP. The prog-

TA B L E 3 - 4

PULMONARY EDEMA WITH A NORMAL-SIZED
HEART

“CHIHUAHUAH”
Central nervous system disorders
High-altitude pulmonary edema
Inhalation (e.g., carbon monoxide)
Heroin-induced
Uremia
Acute myocardial infarction
Hypersensitivity reaction
Underwater, near drowning
Aspiration (gastric secretions)
Hemorrhage

nosis of NSIP is substantially better than that of UIP. Patients
with NSIP are more commonly female and generally have a
younger mean age than patients with UIP. The typical CT fea-
ture of NSIP is predominantly basilar ground-glass and reticu-
lar opacities (Fig. 3-10). Consolidation is uncommon and hon-
eycombing is rare. The parenchymal abnormalities of NSIP
may be reversible on follow-up CT scanning. Because the CT
features of NSIP may overlap with those of organizing pneumo-
nia, DIP, and UIP, a surgical lung biopsy should be considered
when the CT pattern suggests NSIP.

DIP is characterized histologically by spatially homoge-
neous thickening of alveolar septa, which is associated with
intra-alveolar accumulation of macrophages. The term desqua-
mative refers to an initially incorrect belief that the intra-
alveolar macrophages represented desquamated alveolar cells.
The majority of patients are cigarette smokers in their fourth

TA B L E 3 - 5

IMAGING FEATURES OF IDIOPATHIC INTERSTITIAL PNEUMONIAS

Morphologic pattern Imaging features

UIP (clinical diagnosis of IPF) Basal and subpleural predominant distribution,
reticular opacities (often with honeycombing),
traction bronchiectasis, and architectural
distortion

NSIP (clinical diagnosis of NSIP) Basal predominant distribution, ground-glass and
reticular opacities

DIP (clinical diagnosis of DIP) Basal predominant distribution, ground-glass
opacities, sometimes with cysts

Respiratory bronchiolitis (clinical
diagnosis of RB-ILD)

Centrilobular distribution, ground-glass opacity,
typically nodular

Organizing pneumonia (clinical
diagnosis of COP)

Basal and subpleural predominant distribution,
ground-glass opacity and consolidation;
bronchovascular distribution is also common

Diffuse alveolar damage (clinical
diagnosis of AIP)

Diffuse ground-glass opacity and consolidation

LIP (clinical diagnosis of LIP) Bronchovascular distribution common,
ground-glass and reticular opacities and
perivascular cysts

UIP, usual interstitial pneumonia; IPF, idiopathic pulmonary fibrosis; NSIP, nonspecific interstitial
pneumonia; DIP, desquamative interstitial pneumonia; RB-ILD, respiratory bronchiolitis–associated
interstitial lung disease; COP, cryptogenic organizing pneumonia; AIP, acute interstitial pneumonia;
LIP, lymphoid interstitial pneumonia.
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A

B

FIGURE 3-9. Usual interstitial pneumonia (UIP). A: PA chest radio-
graph shows medium to coarse reticular ILD with honeycombing, in
a predominantly bibasilar and subpleural distribution. Lung volumes
are decreased. B: CT scan shows bilateral subpleural honeycombing
(dashed arrow), traction bronchiectasis (solid arrows), and a back-
ground of ground-glass opacity.

or fifth decades of life (5). DIP is more common in men than in
women. Most patients improve with cessation of smoking and
oral corticosteroids. The histologic features of DIP are similar
to those of RB-ILD (a condition seen exclusively in smokers),
although the distribution of DIP is diffuse and RB-ILD has a
predominantly bronchiolocentric distribution. The typical CT
feature of DIP is ground-glass opacity in a predominantly lower
lung distribution (Fig. 3-11). Reticulation is frequently seen but
is typically limited to the lung bases. Well-defined cysts can oc-
cur within the areas of ground-glass opacity.

Respiratory bronchiolitis is a histopathologic lesion found
in cigarette smokers and is characterized by the presence of
pigmented intraluminal macrophages within respiratory bron-
chioles (3). It is usually asymptomatic. In rare cases, patients
who are heavy smokers may develop RB-ILD, a condition char-
acterized by pulmonary symptoms, abnormal pulmonary func-
tion, and imaging abnormalities, with respiratory bronchioli-
tis being the only histologic lesion identified on lung biopsy.
Respiratory bronchiolitis, RB-ILD, and DIP are regarded as a
continuum of smoking-related lung injuries. The CT features
of patients with asymptomatic respiratory bronchiolitis show
ground-glass centrilobular nodules and patchy areas of ground-

FIGURE 3-10. Nonspecific interstitial pneumonia (NSIP). CT scan
shows bibasilar reticular and ground-glass opacities.

glass opacity (Fig. 3-12). In RB-ILD the findings are more ex-
tensive (Fig. 3-13) but are at least partially reversible in pa-
tients who stop smoking. The imaging features of RB-ILD may
be similar to those of hypersensitivity pneumonitis and NSIP.
Patients with hypersensitivity pneumonitis often have a history
of exposure to an inciting agent and are usually nonsmokers.

Although COP is primarily an intra-alveolar process, it is in-
cluded in the classification of the IIPs because of its idiopathic
nature and because its appearance may overlap with that of
the other IIPs. The term organizing pneumonia refers to the
morphologic imaging or histologic pattern (associated with a
wide variety of diseases), whereas COP indicates the associ-
ated idiopathic clinical syndrome. Histologically, organizing
pneumonia is distinguished by patchy areas of consolidation
characterized by polypoid plugs of loose organizing connective
tissue with or without endobronchiolar intraluminal polyps.
The architecture of the lung is preserved. Patients with COP
typically present with cough and dyspnea of relatively short
duration. Consolidation is present on CT images in 90% of

FIGURE 3-11. Desquamative interstitial pneumonia (DIP). CT scan
shows bilateral ground-glass opacity in a predominantly lower lung
distribution.
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FIGURE 3-12. Respiratory bronchiolitis. This patient had a long his-
tory of cigarette smoking and no respiratory symptoms. CT scan
shows numerous ground-glass nodules in a centrilobular distribution
(arrows).

patients with COP, with a subpleural or peribronchial distri-
bution in up to 50% of cases (3) (Fig. 3-14). Air bronchograms,
with mild cylindric bronchial dilatation, are common. Ground-
glass opacities are present in about 60% of cases. The lower
lungs are more frequently involved. Findings usually improve
with steroid treatment. The differential diagnosis of COP in-
cludes bronchioloalveolar cell carcinoma, lymphoma, vasculi-
tis, sarcoidosis, chronic eosinophilic pneumonia, and infectious
pneumonia.

AIP is a rapidly progressive form of interstitial pneumo-
nia characterized histologically by hyaline membranes within
the alveoli and diffuse, active interstitial fibrosis indistinguish-
able from the histologic pattern found in acute respiratory dis-
tress syndrome caused by sepsis and shock. The term AIP is
reserved for diffuse alveolar damage of unknown origin. Pa-
tients with AIP present with respiratory failure developing over
days or weeks. Mechanical ventilation is usually required. No
etiologic agent is identified. Typical CT features of early stage
AIP are ground-glass opacity, bronchiolar dilatation, and dense

FIGURE 3-13. Respiratory bronchiolitis-associated interstitial lung
disease (RB-ILD). This patient had a long history of cigarette smok-
ing, chronic cough, and shortness of breath. CT scan shows bilateral
reticular and ground-glass opacities in a predominantly upper lung
distribution.

FIGURE 3-14. Organizing pneumonia. This patient had a history of
rheumatoid arthritis and presented with acute shortness of breath and
nonproductive cough. CT scan shows subpleural dense airspace opac-
ity in the left lung.

airspace opacity. Late-stage features are honeycombing, archi-
tectural distortion, and traction bronchiectasis.

In adults, LIP is commonly associated with connective tissue
disorders (particularly Sjögren syndrome), immunodeficiency
syndromes, and Castleman syndrome. Idiopathic LIP is rare.
The histologic feature of LIP is alveolar septal interstitial infil-
tration by lymphocytes and plasma cells. The typical CT find-
ings are ground-glass and reticular opacities, sometimes asso-
ciated with perivascular cysts (Fig. 3-15). Other findings may
include lung nodules, dense airspace opacity, thickening of the
bronchovascular bundles, and interlobular septal thickening.

INFECTIOUS INTERSTITIAL
PNEUMONIA

Infectious pneumonia resulting in a diffuse interstitial pat-
tern is unusual; however, viral, fungal, mycobacterial, and

FIGURE 3-15. Lymphocytic interstitial pneumonia (LIP). This patient
had Sjögren syndrome and new respiratory symptoms. CT scan shows
bilateral patchy ground-glass opacities in a peribronchovascular distri-
bution.
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A

B

FIGURE 3-16. Influenza pneumonia. This patient had a history of em-
physema and acute respiratory symptoms. A: Supine chest radiograph
shows bilateral reticular ILD. B: CT scan shows bilateral reticular and
ground-glass opacities and areas of consolidation. “Cystic” areas rep-
resent pulmonary emphysema.

Mycoplasma pneumonias may be predominantly interstitial or
interstitial appearing. Fungal disease is discussed in Chapter 7.
Pneumocystis pneumonia also produces a fine interstitial pat-
tern on chest radiography and is discussed in Chapter 16.

Mycoplasma pneumoniae usually affects previously healthy
individuals between the ages of 5 and 40 years (6). Chest ra-
diographs may show widespread bilateral nodular or reticular
opacities, and they may take several weeks to return to normal.
Alternatively, dense airspace opacity may be seen involving one
or several lobes.

Viruses are the major cause of respiratory tract infection
in the community, especially in children. The most common
viral pneumonias in infants and young children are caused
by respiratory syncytial virus, parainfluenza virus, adenovirus,
and influenza; in adults, influenza and adenovirus are most
common. Viruses that cause pneumonia in immunocompro-
mised patients include Cytomegalovirus, varicella-zoster, and
herpesvirus. The radiographic appearance of viral pneumonias
is typically a diffuse interstitial pattern with a diffuse, patchy,
often nodular appearance (Fig. 3-16).

DRUG TOXICITY
Numerous drugs can result in transient or permanent lung
injury of varying types and severities (Fig. 3-17), some of which
are listed in Table 3-6. A more complete list can be found in

A

B

FIGURE 3-17. Methotrexate lung toxicity. A: PA chest radiograph
shows bilateral ILD, predominantly in the lower lungs. B: CT scan
shows subtle bilateral ground-glass opacity and subpleural reticular
and dense airspace opacities.

TA B L E 3 - 6

COMMONLY USED DRUGS THAT CAN CAUSE
LUNG TOXICITY

Nitrofurantoin
Sulfonamides
Penicillin
Bleomycin
Methotrexate
Azathioprine
Busulfan
Chlorambucil
Cyclophosphamide
Amiodarone
Methysergide
Acetylsalicylic acid
Codeine
Amitriptyline
Interleukin-2
Ornithine-ketoacid transaminase orthoclone
Heroin
Thiazides
Procainamide
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the medical literature. The adverse effects of some of the
drugs that can cause ILD are discussed below.

Bleomycin is a cytotoxic drug used in the treatment of squa-
mous cell carcinoma, lymphoma, and testicular neoplasms.
Toxicity is related to the cumulative dose, and the incidence of
pulmonary toxic side effects is between 4% and 15% (7,8). The
initial radiographic changes are predominantly basilar reticu-
lonodular interstitial opacities. Progression of disease may re-
sult in dense airspace opacity.

Nitrofurantoin is an antibacterial agent used in the treat-
ment of urinary tract infections. An acute reaction produces
basilar interstitial or mixed interstitial/alveolar opacities. A
chronic reaction develops after months or years of therapy, re-
sulting in pulmonary fibrosis, with a bibasilar and subpleural
distribution of reticular ILD and a gradual reduction in lung
volume.

Salicylates can alter the capillary permeability of the lung,
leading to noncardiogenic pulmonary edema. The radiographic
features are indistinguishable from those of cardiogenic edema.

Ornithine-ketoacid transaminase orthoclone (OKT3) is a
monoclonal antibody used to treat acute rejection of trans-
plant allografts. OKT3 toxicity manifests as acute pulmonary
edema, usually within hours of starting therapy. It is important
to ensure that the patient does not have excess pulmonary fluid
prior to starting therapy, and pretherapy chest radiographs are
commonly ordered for this purpose.

Amiodarone is used to treat refractory cardiac rhythm dis-
turbances. Because of the drug’s relatively high incidence of
pulmonary toxicity (5%) (9), its potential life-saving ben-
efit must be weighed against the risks of potentially fatal
pulmonary toxicity. Amiodarone is concentrated in the lung
and has a long tissue half-life, which accounts for the
slow appearance of toxic effects and slow clearing following
cessation of therapy (months for both). The most common ra-
diographic appearance of amiodarone toxicity is multiple pe-
ripheral areas of dense airspace opacity. Another radiographic
manifestation is diffuse interstitial opacification leading to pul-
monary fibrosis. Amiodarone contains 37% iodine by weight,
which can result in high-attenuation pleuroparenchymal, liver,
or spleen lesions that are distinctive for amiodarone toxicity on
CT scans.

LYMPHANGIOLEIOMYOMATOSIS
Lymphangioleiomyomatosis (LAM) is a disorder character-
ized by perilymphatic smooth muscle proliferation that later
spreads to involve airways, airspaces, arterioles, and venules
and that can affect pulmonary, mediastinal, and retroperitoneal
lymph nodes. The histologic and radiographic findings of LAM
(Table 3-7) are similar to those of tuberous sclerosis, and the
two diagnoses are considered to be part of a spectrum of the

TA B L E 3 - 7

CHEST RADIOGRAPHIC FEATURES OF
LYMPHANGIOLEIOMYOMATOSIS

“HER”
Hyperinflation
Effusion (chylous)
Reticulonodular interstitial pattern

“HER” emphasizes that this is a disorder affecting women. The
addition of a P on the end (“HERP”) emphasizes the frequent
occurrence of pneumothorax with this disorder.

same disease process. Patients with LAM are female, usually
of childbearing age. Spontaneous pneumothorax is the pre-
senting event in more than half of patients and is often recur-
rent (10) (Fig. 3-18). Other defining events include (a) chy-
lous pleural effusion or ascites and (b) hemoptysis. The earliest
radiographic signs of lung disease consist of subtle, diffuse,
fine nodular, reticular, or reticulonodular opacities that re-
sult from the superimposition of cyst walls. The reticular pat-
tern becomes more coarse and irregular, and cysts, bullae,
and honeycombing can develop. During the end-stage of this
disease, lung volumes are usually increased. The character-
istic findings on CT include multiple thin-walled cysts dis-
tributed in a uniform fashion in otherwise essentially normal
lung. The cysts are generally rounded and uniform in shape,
although when large they can assume polygonal or bizarre
shapes.

A

B

FIGURE 3-18. Lymphangioleiomyomatosis (LAM). This 42-year-old
woman presented with right chest pain. A: PA chest radiograph shows
a right basilar pneumothorax and two right pleural drainage catheters.
The lung volumes are increased, which is characteristic of LAM, and
there is diffuse reticular ILD. B: CT scan shows bilateral thin-walled
cysts and a loculated right pneumothorax (P).
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TA B L E 3 - 8

TUMOR ORIGINS MOST COMMONLY RESULTING
IN LYMPHANGITIC CARCINOMATOSIS

“Certain Cancers Spread by Plugging the Lymphatics”
Cervix
Colon
Stomach
Breast
Pancreas
Thyroid
Lung
Larynx

Modified with permission from Dähnert W. Radiology Review
Manual. Baltimore: Williams & Wilkins; 1991:237.

LYMPHANGITIC
CARCINOMATOSIS

Lymphangitic carcinomatosis refers to infiltration of pul-
monary lymphatics by neoplastic cells. The most common tu-
mors resulting in lymphangitic carcinomatosis are listed in
Table 3-8. Mechanisms of tumor dissemination include (a)
blood-borne emboli that lodge in smaller pulmonary arteries,
infiltrate the vessel walls, and then spread out into the lym-
phatic vessels; (b) expansion by way of lymph vessels to hi-
lar nodes and then retrograde into the pulmonary lymphatics;
and (c) direct invasion of the pulmonary lymphatics from pri-
mary lung neoplasms. Chest radiographs and CT scans show
fine reticulonodular opacities and thickened septal lines (Ker-
ley A and B lines). CT scans show interlobular septal thick-
ening and irregular thickening of the bronchovascular bundles
(Fig. 3-19). The appearance, especially on chest radiography,
may be difficult to distinguish from pulmonary edema. A uni-
lateral distribution suggests primary bronchogenic carcinoma
as the underlying tumor; most other tumors result in bilateral
lung involvement (Fig. 3-20). Central lymphatic obstruction,
with distended lymphatics but no actual carcinomatosis, can
have a similar appearance. The septa are usually more irregu-
lar and beaded with true carcinomatosis.

PNEUMOCONIOSES
The term pneumoconiosis means “dusty lungs” and is used
to describe the reactions of the lungs to inhaled dust parti-
cles. The notable inorganic dusts involved include coal, silica,
and asbestos. Coal worker’s pneumoconiosis and silicosis re-
sult in similar chest radiographic abnormalities and should not
be confused with the findings seen with asbestosis. The reac-
tion of lung tissue to these dusts depends on the sizes of the
particles inhaled, the fibrogenicity of the dust, the amount of
dust retained in the lungs, the duration of exposure, and the
individual immunologic response to the dust.

The International Labour Office (ILO) classification of the
radiographic appearances of the pneumoconioses is a standard-
ized, internationally accepted system that is used to codify the
roentgenographic changes of the pneumoconioses in a repro-
ducible manner (11). The classification includes a description
of small rounded opacities (nodules), irregular linear and retic-
ular opacities, and pleural thickening (diffuse or circumscribed,
such as with a plaque). After passing an examination given by
the National Institute for Occupational Safety and Health, an
individual becomes a “B reader,” certified officially to interpret
chest radiographs according to the ILO standards.

A

B

FIGURE 3-19. Lymphangitic carcinomatosis. This 68-year-old man
had adenocarcinoma of the lung. He developed shortness of breath,
which was initially attributed to congestive heart failure. A: PA chest
radiograph shows bilateral ILD. The cardiac silhouette is chronically
enlarged, but there is no pleural effusion or increase in the width of the
vascular pedicle. B: CT scan shows bilateral patchy ground-glass opac-
ities and thickening of the interlobular septae (arrows). The diagnosis
of lymphangitic carcinomatosis was confirmed with lung biopsy.

Free silica is present in many rocks in the earth’s crust. Sili-
cosis refers to lung disease caused primarily by free silica, and
it occurs predominantly in individuals who work in quarries,
who drill or tunnel in quartz-containing rocks, who cut or pol-
ish masonry, who clean boilers or castings in iron and steel
foundries, or who are exposed to sandblasting. The chronic
form of the disease requires 20 or more years of exposure
to high dust concentrations before radiographic changes are
visible.

Silica dust particles are ingested by pulmonary
macrophages. The macrophages die and release their enzymatic
contents, resulting in lung fibrosis. The cycle continues even
without ongoing exposure to silica from the environment,
as the silica released from the death of macrophages is free
to be taken up by other macrophages. Early in the course
of silicosis, 1- to 3-mm nodules are seen with an upper
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FIGURE 3-20. Lymphangitic carcinomatosis. This 53-year-old man
presented with chronic obstructive pulmonary disease, recurrent pneu-
monia, chronic cough, wheezing, and large-cell bronchogenic carci-
noma of the right lung. CT scan shows unilateral nodular thickening
of the central and peripheral interstitial compartments (arrows) and
a malignant right pleural effusion. Note nodular involvement of the
subpleural lymphatics adjacent to the right major fissure (arrowhead).

lung–predominant distribution (12) (Figs. 3-21 and 3-22).
As the process advances, the nodules increase in size and
number and can calcify. The nodules may coalesce, resulting
in larger nodules (greater than 1 cm in diameter), creating
masslike opacities referred to as progressive massive fibrosis,
a stage of “complicated” silicosis (Fig. 3-23). Cavitation of
the masses may occur, leading to superinfection with tubercu-
losis. Contraction of the upper lobes occurs, and cicatricial
emphysema and bullae form around the areas of conglomerate
masses. The conglomerate masses begin in the periphery of
the lungs and slowly migrate toward the hila. Hilar and
mediastinal lymph node enlargement is not uncommon, and
calcification, sometimes in an “eggshell” pattern, may be seen
in the nodes (13). The radiographic signs of coal worker’s
pneumoconiosis are similar to, and often indistinguishable
from, those described for silicosis.

Acute silicosis is a rare condition related to heavy expo-
sure to free silica in enclosed spaces with minimal or no pro-

FIGURE 3-21. Complicated silicosis. PA chest radiograph of a male
foundry worker shows multiple nodules involving the upper and mid-
dle lungs, with coalescence of nodules in the left upper lobe resulting
in early “progressive massive fibrosis” (arrows).

tection. The disease is rapidly progressive. Chest radiographs
show diffuse airspace or ground-glass opacification with a per-
ihilar distribution and air bronchograms (14). A number of
connective tissue diseases have been reported to occur with
increased prevalence in patients with silicosis. For example,
Caplan syndrome consists of the presence of large necrobiotic
nodules (rheumatoid nodules) superimposed on a background
of simple silicosis. The nodules measure from 0.5 to 5.0 cm,
may cavitate and calcify, and may precede the onset of arthritis
by months or years.

Asbestos is composed of a group of fibers that can be divided
into two principal subgroups based on the physical properties
of the fibers: the serpentines and the amphiboles. Serpentine
asbestos has long, curly, flexible fibers and accounts for 90%
of the asbestos used in the United States. The only serpentine
asbestos used commercially is chrysotile. The amphiboles (in-
cluding crocidolite) have straight, needlelike fibers, which have

A B

FIGURE 3-22. Simple silicosis. A: CT scan with lung windowing shows numerous circumscribed pulmonary nodules, 2 to 3 mm in diameter
(arrows). B: CT scan with mediastinal windowing shows densely calcified hilar (solid arrows) and subcarinal (dashed arrow) nodes.
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FIGURE 3-23. Complicated silicosis. This 61-year-old man had a 30-
year exposure to silica from sandblasting. PA chest radiograph shows
conglomerate upper lung masses, referred to as progressive massive
fibrosis (straight arrows). The masses have a tendency to migrate from
the periphery to the hila. There is tenting of the right hemidiaphragm
as a result of severe contraction of the right upper lobe (curved arrow).

A

B

C

FIGURE 3-24. Asbestos-related pleural disease and asbestosis. A: PA
chest radiograph, coned to the right lung, shows curvilinear calcified
pleural plaques en face (arrows). B: CT scan with lung windowing shows
bilateral lower lung ground-glass and reticular opacities. The diagnosis
of asbestosis was confirmed with lung biopsy. C: CT scan with mediasti-
nal windowing shows bilateral calcified pleural plaques (arrows). This
appearance is virtually diagnostic of previous asbestos exposure.

a much greater fibrogenic and carcinogenic potential
than the serpentine-form chrysotile. Benign asbestos-related
pleural disease refers to any or all of the following pleural
abnormalities: benign, sometimes recurrent pleural effusions;
diffuse pleural thickening; and pleural plaques (with or
without calcification) (15). Benign pleural effusion is the most
common abnormality seen within 10 years of the onset of
asbestos exposure. The amount of fluid is usually small; effu-
sions larger than 500 mL are uncommon. Pleural plaques are
usually first identified more than 20 or 30 years after the initial
asbestos exposure; they occur on the parietal pleura, in typical
locations over the diaphragm and along the posteromedial and
anterolateral chest walls. The more benign form of asbestos
fiber, chrysotile, is noted for transpleural migration, whereas
the more fibrogenic and carcinogenic amphiboles, crocidolite
and amosite, tend to get held up in the lung parenchyma.
This difference in fiber migration accounts for the finding of
asbestos-related pleural disease that can be unassociated with
parenchymal fibrosis or intrathoracic malignancy. On chest
radiographs, pleural plaques are irregular, smooth elevations
of the pleura identified in profile along the margins of the
lungs or over the diaphragm. When seen en face, the plaques
are flat relative to their width, and the density of the shadow
projected over the lungs is less than would be expected for
a parenchymal lesion of equivalent size (Fig. 3-24). Plaques
are usually multiple and fairly symmetric from side to side.
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A B

C

FIGURE 3-25. Asbestos-related pleural disease and rounded at-
electasis. This 62-year-old man had a 20-year history of asbestos
exposure. A: PA chest radiograph shows a large right lobulated
pleural fluid collection (small arrows) and a right lower lobe
“mass” (large arrows). B: CT scan with intravenous contrast
enhancement shows thickening and enhancement of the parietal
pleura (small arrows), indicating a chronic pleural effusion. The
parenchymal “mass” (large arrows), in contact with the visceral
pleural surface, represents collapsed lung. The atelectatic lung has
a rounded shape caused by fibrous adhesions and infolding of the
visceral pleura. Air bronchograms are seen within the collapsed
lung (arrowhead). C: CT scan with lung windowing shows the
“vacuum cleaner effect” or “comet-tail sign,” both descriptions
of how the vessels leading toward the atelectatic lung diverge and
arc around the undersurface of the atelectatic lung before merging
with it.

Calcification in plaques is linear when seen in profile, and
when seen en face it may have an irregular, unevenly dense
appearance, referred to as a “holly leaf” pattern of calcifi-
cation. There is no evidence that pleural plaques degenerate
into malignant mesothelioma, but there is evidence to support
a small but statistically significant increased incidence of
mesothelioma in individuals with occupational exposure and
radiographically detectable pleural plaques (16). In addition,
it was found in one study that occupationally exposed individ-
uals with plaques (but not parenchymal disease) had increased
mortality from bronchogenic carcinoma (17).

Rounded atelectasis is a form of juxtapleural lung collapse
that can be confused with a neoplasm or pneumonia. Always
associated with chronic pleural disease (and therefore com-
monly associated with asbestos exposure), rounded atelectasis
represents an infolding of the visceral pleura as an isolated area
of atelectasis. A proposed mechanism of rounded atelectasis is
collapsed lung floating on pleural effusion and development of
fibrous adhesions suspending the rounded atelectatic area in
an elevated and tilted position. The pleural effusion may re-
solve, but the sequestered atelectatic lung may not re-expand.
Rounded atelectasis forms a round or oval mass, usually 2.5
to 5.0 cm in diameter, in contact with the pleural surface. The

vessels leading toward the mass are crowded, and as they reach
the mass they tend to diverge and arc around the undersur-
face of the mass before merging with it. This appearance has
been called the vacuum cleaner effect and the comet tail sign
(18) (Fig. 3-25). Rounded atelectasis may slowly resolve or re-
main unchanged on serial chest radiographs or chest CT scans.
To confidently suggest the diagnosis of rounded atelectasis,
three criteria must be met: (i) contiguity with chronic pleural
effusion/thickening, (ii) typical appearance of crowded vessels
and bronchi sweeping into and around the base of the at-
electatic lung, and (iii) volume loss in the affected lobe.

The term asbestosis refers to asbestos-induced pulmonary
fibrosis and is distinguished from asbestos-related pleural dis-
ease without pulmonary fibrosis. Time from exposure to evi-
dence of development of asbestosis is generally 20 to 30 years.
The chest radiograph shows reticular interstitial disease, of-
ten with evidence of honeycombing, in a subpleural and basi-
lar distribution, identical to the UIP pattern. Pleural changes
related to asbestos exposure may provide a clue to the un-
derlying diagnosis, but they are not present in all cases. In
early or mild stages, chest CT scans can show interlobular
septal thickening; subpleural lines (curvilinear opacities par-
alleling the chest wall in a subpleural location); parenchymal
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bands (linear structures up to 5 cm in length coursing into
the lung from the pleural surface); ground-glass opacities (dif-
fuse, mild alveolar wall fibrosis and edema that cannot be re-
solved by CT); and centrilobular nodular opacities (peribron-
chiolar fibrosis). Honeycombing is an end-stage finding. In
some cases, when the parenchymal findings are limited to the
dependent lung, CT done with prone positioning is helpful to
differentiate the findings resulting from asbestosis from the ob-
scuring and confounding effects of gravity-related dependent
atelectasis.

Exposure to asbestos increases the incidence of bron-
chogenic carcinoma, and this risk is multiplied in cigarette
smokers. Asbestos exposure also increases an individual’s risk
of developing malignant mesothelioma, an uncommon and
fatal neoplasm of the serosal lining of the pleural cavity, peri-
toneum, or both. There is usually a latency period of approx-
imately 20 to 40 years between exposure and detection of
mesothelioma. This neoplasm is further discussed in Chapter 9.

SARCOIDOSIS
Sarcoidosis is a systemic disease of unknown etiology charac-
terized histologically by noncaseating granulomas. The disease
occurs in people of all ages and both sexes but characteristi-
cally affects African American women between the ages of 20
and 40. Chest radiographs can be normal or show parenchy-
mal opacities, adenopathy, or both. The most frequent chest
radiographic pulmonary abnormality is small rounded or ir-
regular opacities (reticulonodular opacities), with most nod-
ules measuring 2 to 4 mm (19). These opacities are usually
bilateral and symmetric, often with a predominant middle or
upper and middle lung distribution. Sarcoid granulomas may
resolve completely, or they may heal by fibrosis. Chest radio-
graphic findings of sarcoid fibrosis include permanent coarse
linear opacities radiating laterally from the hilum into the ad-
jacent upper and middle lungs. The hila are pulled upward and
outward, and vessels and fissures are distorted. The fibrosis
can be quite extensive, occasionally resembling the progressive
massive fibrosis seen with complicated silicosis. Ring opacities
can be seen as a result of bronchiectasis or bullae. CT scans of
sarcoidosis typically show 1- to 5-mm nodules with irregular
margins in a perilymphatic distribution along bronchovascu-
lar margins, interlobular septa, and subpleural areas and in
the centers of lobules (Fig. 3-26). This distribution of nodules

FIGURE 3-26. Sarcoidosis. CT scan shows nodular thickening of the
bronchovascular bundles (solid arrow) and subpleural nodules (dashed
arrow), illustrating the typical perilymphatic distribution of sarcoido-
sis.

can be identical to the pattern seen with lymphangitic carci-
nomatosis. Further description of the features of sarcoidosis is
provided in Chapter 10.

COLLAGEN VASCULAR DISEASES
Rheumatoid arthritis (RA) is an inflammatory polyarthropa-
thy of unknown cause. The arthritic changes occur more com-
monly in women, but pulmonary manifestations occur with
greater frequency in men. Pleural involvement, typically pleural
effusions or pleural thickening, is the most common thoracic
manifestation of RA. Pleural effusions are usually unilateral
and small to moderate in size but can occasionally be large
or bilateral. Pulmonary fibrosis occurs in approximately 10%
to 20% of patients with RA, producing radiographic changes
similar to those seen in UIP (20) (Fig. 3-27). Another pleuropul-
monary abnormality associated with RA is the rare necrobiotic
nodule. These nodules are pathologically identical to the subcu-
taneous nodules that these patients develop. Necrobiotic nod-
ules, which usually occur in patients with established disease,
are usually radiologically discrete, rounded or lobulated, and
subpleural. They may be single or multiple, and they have a
middle and upper lung–predominant distribution. They range
in size from a few millimeters to 7 cm, and occasionally a mil-
iary pattern is seen. The nodules cavitate in approximately 50%
of cases (21). The nodules may increase in size and number, re-
solve completely, or remain stable for many years; they may
wax and wane with the activity of subcutaneous nodules and
arthritis. Systemic vasculitis occurs in patients with RA and
can affect the lung in rare cases, resulting in pulmonary ar-
terial hypertension. Other intrathoracic associations with RA
include obliterative bronchiolitis, organizing pneumonia, and
pericarditis.

FIGURE 3-27. Pulmonary fibrosis and rheumatoid arthritis. CT scan
of the right lung shows layers of small cysts in a subpleural location
(arrows). This pattern of honeycombing is diagnostic of pulmonary
fibrosis. The “mass” in the anterior right lung is the liver.
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A B

FIGURE 3-28. Systemic sclerosis. This 63-year-old man presented with increasing shortness of breath. A: PA chest radiograph shows a bibasilar
and subpleural distribution of fine reticular ILD. The presence of a dilated esophagus (arrows) provides a clue to the correct diagnosis. B: CT scan
shows peripheral ILD and a dilated esophagus (arrow).

Systemic lupus erythematosus (SLE) is a multisystem colla-
gen vascular disease characterized by widespread inflammatory
changes, particularly in the vessels, serosa, and skin. The dis-
ease is 10 times more common in women than in men (22),
with an increased prevalence among African American women
of childbearing age. Pleuritis is found in 40% to 60% of pa-
tients with SLE (23). The pleuritis is dry 50% of the time;
at other times it is accompanied by a pleural effusion and/or
pericardial effusion. The pleural effusion is usually small or
moderate in size but may be large, and unilateral and bilateral
effusions occur with equal frequency.

Acute lupus pneumonitis is an unusual life-threatening con-
dition resembling infectious pneumonia, pulmonary infarc-
tion, and pulmonary hemorrhage, all of which are associated
with SLE. The chest radiographic findings in lupus pneumoni-
tis consist of areas of dense airspace opacity, usually bilat-
eral and basal, that represent diffuse alveolar damage medi-
ated by immune complex deposition. Pulmonary hemorrhage
is common in patients with SLE, and it is usually manifested
radiographically as bilateral and diffuse airspace opacification,
similar to the pattern seen with Goodpasture syndrome, an-
other pulmonary–renal syndrome. Pulmonary fibrosis occurs
in approximately 3% of patients (24), with a pattern that
is radiographically and pathologically identical to that seen
in other collagen vascular diseases. Bilateral diaphragm ele-
vation is commonly seen in patients with SLE, and in some
reports this has been shown to be the most common radio-
logic pleuropulmonary abnormality in SLE. As the diaphragm
rises, lung volumes decrease, referred to as the “shrinking
lungs” sign (25). Pulmonary hypertension and vasculitis, pul-
monary embolism (caused by circulating lupus anticoagulant),
lymphocytic interstitial pneumonia, obliterative bronchiolitis,
and organizing pneumonia are also seen in patients with SLE.
Secondary thoracic manifestations of SLE include atelectasis,
infectious pneumonia (simple or opportunistic owing to steroid
treatment), cardiac failure, pericarditis, and drug-induced
changes.

Systemic sclerosis (SS) is a generalized connective tissue
disorder characterized by tightening, induration, and thick-
ening of the skin (scleroderma); Raynaud phenomenon; mus-
culoskeletal manifestations; and visceral involvement, espe-
cially of the gastrointestinal tract, lungs, heart, and kidneys.
The pathogenesis is not completely understood. SS occurs

more commonly in women in the third to fifth decades of
life. The most common radiologic abnormality is pulmonary
fibrosis, which causes a symmetric, diffuse, basally predomi-
nant reticulonodular pattern with associated loss of lung vol-
ume (26) (Fig. 3-28). The CT findings are similar to those
of other diseases with a UIP histologic pattern. Pneumo-
nia can occur, particularly after aspiration as a result of
esophageal involvement. Esophageal dilatation seen on a chest
radiograph or CT scan can provide a clue to the diagnosis
of SS.

Sjögren syndrome (sicca syndrome) is an autoimmune dis-
order characterized by dry eyes (keratoconjunctivitis sicca) and
dry mouth (xerostomia). A disease of middle-aged women, it
can result in many of the pleural, parenchymal, and diaphrag-
matic complications associated with other collagen vascular
diseases, including pulmonary fibrosis.

LANGERHAN CELL
HISTIOCYTOSIS

Also known as histiocytosis X and eosinophilic granuloma of
lung, LCH is a granulomatous disorder of unknown cause char-
acterized by the presence within the granulomas of a histiocyte,
the Langerhan cell. LCH represents a spectrum of diseases, with
lung involvement seen either in infancy as part of a serious
multisystem disorder (Letterer-Siwe disease), in older children
as part of a more indolent disorder involving one organ system
or a few organs (Hand-Schüller-Christian disease), or as a pri-
mary lung disease in adults. LCH is equally prevalent in both
sexes, and 95% of adult patients have a history of cigarette
smoking (27). Pneumothorax is a classic initial or presenting
manifestation of LCH, as it is in LAM. Pneumothoraces occur
in 6% to 25% of patients with LCH and are commonly bi-
lateral and recurrent. The characteristic radiographic appear-
ance of LCH is a diffuse, symmetric, reticulonodular pattern
or, less commonly, a solely nodular pattern, with a middle and
upper lung–predominant distribution (Fig. 3-29). The nodules
are usually ill defined, varying in size from 1 to 15 mm, and
are usually innumerable. Progression to cystic lung disease re-
sults in increased lung volume. The radiographic findings clear
in one third of patients, remain stable in one third, and show



P1: PBU/OVY P2: PBU/OVY QC: PBU/OVY T1: PBU Printer: Maple Press

GRBT226-03 Collins-Stern-3203G GRBT226-Collins-Stern-v5.cls April 18, 2007 19:1

50 Chest Radiology

A

B

FIGURE 3-29. Langerhan cell histiocytosis. This 50-year-old man had
a 30 pack-year history of cigarette smoking. A: PA chest radiograph
shows hyperinflation of the lungs and fine bilateral reticular ILD.
B: CT scan shows multiple cysts (solid arrow) and nodules (dashed
arrow).

deterioration in one third (28). CT scan findings consist of
cysts and nodules, often in combination. When only cysts are
seen, the appearance can resemble that of LAM or emphy-
sema. The cysts range in diameter from 1 to 30 mm. Nodule
margins tend to be indistinct, and some cavitate. Serial CT
scans show progression from nodules, to cavitary nodules, to
cysts, to an end stage of destruction resembling generalized
emphysema.

UNILATERAL INTERSTITIAL
LUNG DISEASE

Most disorders discussed in this chapter result in bilateral chest
radiograph changes. The four processes that can characteris-
tically result in unilateral ILD are listed in Table 3-9. Recog-
nizing a unilateral distribution can help narrow the differential
diagnosis.

TA B L E 3 - 9

UNILATERAL INTERSTITIAL LUNG DISEASE

“LAX”
Lymphangitic carcinomatosis (primary bronchogenic

carcinoma)
Atypical edema (large contralateral pulmonary embolism)
Aspiration pneumonia
X-ray therapy changes
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CHAPTER 4

ALVEOLAR LUNG DISEASE

LEARNING OBJECTIVES
1. List four broad categories of acute alveolar lung disease

(ALD).
2. List five broad categories of chronic ALD.
3. Name three pulmonary–renal syndromes.
4. List five common causes of acute respiratory distress

syndrome.

5. Suggest a specific diagnosis of ALD when supportive
findings are present in the history or on the chest
radiograph (e.g., broken femur and ALD in fat
embolization syndrome, ALD and renal failure in
pulmonary–renal syndrome, ALD treated with
bronchoalveolar lavage in alveolar proteinosis).

Alveolar lung disease (ALD) refers to filling of the airspaces
with fluid or other material (water, pus, blood, cells, or protein).
The airspace filling can be partial, with some alveolar aera-
tion remaining, or complete, producing densely opacified, non-
aerated lung that obscures underlying bronchial and vascular
markings. ALD producing dense airspace opacity is more eas-
ily distinguished from interstitial lung disease (ILD) than lesser
degrees of alveolar filling. Abnormal “hazy” lung opacification
that does not obscure underlying bronchovascular markings is
referred to as ground-glass opacification and can represent ILD,
ALD, or both. Compared with ILD, ALD tends to produce a
homogeneous appearance of parenchymal opacification, with
abnormal opacities appearing more confluent. ILD produces
linear, reticular, nodular, or reticulonodular opacities. There
can be, and often is, overlap in the radiographic appearances
of ILD and ALD.

Different causes of ALD often cannot be distinguished based
on the radiographic distribution alone, but the clinical his-
tory, associated radiographic findings, and chronicity of the
process can help to narrow the differential diagnosis. The pro-
cesses to consider when an ALD pattern is seen are divided into
those that are acute and those that are chronic. Recurrence of
an acute process can mimic a chronic process (as with recur-
rent pulmonary hemorrhage in pulmonary–renal syndromes).
In these cases, serial chest radiographs can help to show that
the process is not caused by bronchoalveolar cell carcinoma,
lipoid pneumonia, or lymphoma, for example, because these
processes do not typically clear completely and then recur. All
causes of acute ALD can resolve completely and subsequently
recur, and therefore they should also be considered in the dif-
ferential diagnosis of chronic ALD when serial chest radio-
graphs or patient history suggests a chronic process with ex-
acerbations and remissions. Although organizing pneumonia
and eosinophilic pneumonia often present as ALD, they are
discussed in Chapter 12 with other causes of peripheral lung
disease.

ACUTE ALVEOLAR LUNG DISEASE

Pulmonary Edema

The four most common processes causing acute ALD are listed
in Table 4-1. Pulmonary edema is the most common cause

of ALD on chest radiographs. As mentioned in the previous
chapter, on ILD, edema can be (a) hydrostatic (from cardiac
failure, renal failure, or overhydration); (b) nonhydrostatic,
owing to increased capillary permeability (in acute respiratory
distress syndrome [ARDS] and fat embolization syndrome); or
(c) inflammatory in etiology (as from chemical pneumonitis or
eosinophilic pneumonitis). Fat embolization syndrome occurs
most commonly after traumatic fracture of long bones, which
results in liberated marrow fat entering the pulmonary arterial
circulation. Hydrolysis of fat, forming free fatty acids, leads
to endothelial damage and increased capillary permeability 12
to 48 hours after trauma. This entity is further discussed in
Chapter 8.

The radiographic distinction of pulmonary edema as car-
diogenic or noncardiogenic in etiology is not always clear cut
(1). Radiographic signs of cardiogenic pulmonary edema in-
clude enlargement of the cardiac silhouette (which may be as-
sumed as secondary to cardiomegaly in many cases but is not
always distinguishable from pericardial effusion), pleural effu-
sions, pulmonary vascular congestion and redistribution, and
interstitial and alveolar opacities. Edema fluid spills into the
interstitial spaces and progresses to filling of the airspaces. Of-
ten, the chest radiograph shows evidence of interstitial and
airspace filling, although occasionally a predominantly inter-
stitial pattern may be seen. Interstitial edema can result in blur-
ring of the margins of blood vessels and hazy thickening of
bronchial walls (peribronchial cuffing), thickening of fissures
(subpleural edema), and edematous thickening of the inter-
lobular septa (Kerley A and B lines). Subpleural pulmonary
edema refers to fluid that accumulates in the loose connective
tissue beneath the visceral pleura and is seen radiographically
as a thickened fissure; this is sometimes difficult to distinguish
from pleural effusion. Chest radiographs are highly sensitive
for the diagnosis of pulmonary edema and can show edema
in patients who have not yet developed symptoms; conversely,
pulmonary edema may be visible radiographically for hours
or even days after the hemodynamic factors have returned to
normal (2).

The distribution of airspace opacities in alveolar edema is
usually patchy, bilateral, and widespread, and the opacities
tend to coalesce. Air bronchograms may be evident, partic-
ularly when the edema is confluent. Often, alveolar accumula-
tion of fluid in pulmonary edema is most pronounced centrally
near the hila, resulting in a “bat’s wing” or “butterfly” config-
uration. A clue to the diagnosis of pulmonary edema, instead
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TA B L E 4 - 1

ACUTE ALVEOLAR LUNG DISEASE

“HEAP”
Hemorrhage
Edema
Alveolar proteinosis/Aspiration
Pneumonia (includes infectious, organizing, and eosinophilic

pneumonias)

of pneumonia, for example, is rapid change on radiographs
taken over short time intervals (several hours); rapid clearing
is particularly suggestive of the diagnosis. Edema fluid can also
change distribution or shift from one lung to the other as a
result of the effect of gravity, as when a patient has been lying
on one side.

ARDS is the result of increased pulmonary vascular perme-
ability and develops in response to lung injury. The more com-
mon of the many lung insults leading to ARDS include sepsis,
pneumonia, aspiration of gastric contents, circulatory shock,
trauma, burns, and drug overdose. Often there are multiple
overlapping inciting events. The clinical syndrome of ARDS
is characterized by acute, severe, progressive respiratory dis-
tress, usually requiring mechanical ventilation; widespread pul-
monary opacity on chest radiographs; hypoxia despite high in-
spired oxygen concentration; and decreased compliance of the
lungs (“stiff lungs”). Damage to the alveolar capillary mem-
brane leads to increased capillary permeability and leakage of
proteinaceous fluid into the alveoli. Eventually, alveolar dis-
ruption and hemorrhage occur, surfactant is reduced, and the
alveoli tend to collapse. The stages of ARDS are outlined in
Table 4-2. The radiographic features may be delayed by up to
12 hours or more following the onset of clinical symptoms—
an important difference from cardiogenic pulmonary edema,
in which the chest radiograph is frequently abnormal before
or coincident with the onset of symptoms. Findings on chest
radiography include bilateral, widespread, patchy, ill-defined
opacities resembling cardiogenic pulmonary edema, but with-
out cardiomegaly, vascular redistribution, or pleural effusion
(Fig. 4-1). Although the lungs appear diffusely involved on

TA B L E 4 - 2

STAGES OF ACUTE RESPIRATORY DISTRESS
SYNDROME

Stage 1 (first 24 hours): Capillary congestion and extensive
microatelectasis with minimal fluid leakage. The chest
radiograph may be normal, or it may show minimal
interstitial edema or decreased lung volume.

Stage 2 (1 to 5 days): Fluid leakage and fibrin deposition and
hyaline membranes develop. Alveolar consolidation by
hemorrhagic fluid becomes extensive. The chest radiograph
shows lung opacity (usually bilateral and symmetric),
similar in appearance to cardiogenic pulmonary edema or
pneumonia, which may start out patchy but rapidly
coalesces.

Stage 3 (after 5 days): Alveolar cell proliferation, collagen
deposition, and microvascular destruction. The chest
radiograph shows a developing interstitial pattern that may
result in honeycomb lung.

Reproduced with permission from Greene R. Adult respiratory distress
syndrome: acute alveolar damage. Radiology. 1987;163:57–66.

chest radiographs, computed tomographic (CT) scanning often
shows a more patchy distribution with preservation of normal
lung regions (3). If an endotracheal tube is not present on the
chest radiograph, the diagnosis of ARDS is unlikely, except in
the later stages of healing.

Patients with ARDS typically require mechanical ventila-
tion, sometimes with high positive end expiratory pressure
because of stiff, noncompliant lungs. This predisposes to baro-
trauma, with rupture of alveolar walls and subsequent dissec-
tion of air into the perivascular bundle sheaths and interlobular
septa, resulting in pulmonary interstitial emphysema. Discrete
air-filled cysts, or “pneumatoceles,” may form in both central
and subpleural locations (Fig. 4-2). These air collections can
dissect into the mediastinum, causing pneumomediastinum,
and can rupture into the pleural space, causing pneumotho-
rax. The lung may be so stiff that it does not collapse easily,
even when a pneumothorax is present. Air may dissect from the
mediastinum into the neck and chest wall, retroperitoneum, or

A B

FIGURE 4-1. Acute respiratory distress syndrome (ARDS). This 69-year-old man had undergone a liver transplant several years earlier and
developed ARDS as a result of herpes simplex virus pneumonia. A: Anteroposterior (AP) recumbent chest radiograph shows an endotracheal
tube and bilateral interstitial and alveolar lung disease. B: Computed tomographic (CT) scan shows bilateral diffuse ground-glass and reticular
opacities.
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A B

FIGURE 4-2. Acute respiratory distress syndrome. This 38-year-old man with a primary brain neoplasm developed severe respiratory distress
requiring mechanical ventilation. A: AP recumbent chest radiograph shows bilateral ALD. An endotracheal tube is in place (arrowhead). Oval
collections of air are present in the periphery of the lungs, representing pneumatoceles from barotrauma (arrows). A right subclavian pulmonary
artery catheter was placed to measure pulmonary capillary wedge pressure. The pressure was low, consistent with noncardiogenic pulmonary
edema of ARDS. The tip of the catheter is projected over the left lower lobe pulmonary artery (curved arrow). B: CT shows bilateral ALD, multiple
abnormal rounded and tubular air collections within the lung representing dilated airways (arrowheads), and a peripheral pneumatocele on the
left (arrows).

peritoneal cavity. The long-term outlook for survivors of ARDS
is poorly documented. Mortality is related mainly to multiple
organ failure rather than pulmonary dysfunction (4). One study
of 109 survivors of ARDS showed that survivors had persistent
functional disability 1 year after discharge from intensive care.
Most had extrapulmonary conditions, with muscle wasting and
weakness being the most prominent (5). Chest radiographs may
return to normal or show varying degrees of interstitial lung
disease, including pulmonary fibrosis.

Pulmonary Hemorrhage

Bleeding into the lung parenchyma occurs as the result of a
variety of disorders (Table 4-3). A triad of features suggesting
pulmonary hemorrhage is hemoptysis, anemia, and airspace
opacities on chest radiography. Bleeding into the lung, how-
ever, does not always lead to hemoptysis (6). When bleeding
into the lung is widespread, the pattern is referred to as dif-
fuse pulmonary hemorrhage (DPH). The pulmonary features

TA B L E 4 - 3

CAUSES OF PULMONARY HEMORRHAGE

Pulmonary–renal syndromes
Wegener granulomatosis (usually older men)
Systemic lupus erythematosus (younger women)
Goodpasture syndrome (younger men)
Other vasculitides (e.g., polyarteritis nodosa,

Henoch-Schönlein purpura)
Without renal disease
Anticoagulation
Pulmonary infection or neoplasm
Pulmonary embolism
Idiopathic pulmonary hemosiderosis (childhood disease—rare

in adult)
Trauma (including iatrogenic, e.g., biopsy)
Bone marrow transplantation (diffuse pulmonary hemorrhage)

of all DPH syndromes are the same, and chest radiographs
are generally not helpful in distinguishing among them. Lung
opacities range from patchy airspace opacities to widespread
confluent opacities with air bronchograms. The lung opacities
show a perihilar or middle to lower lung predominance, and
they tend to be more pronounced centrally, with sparing of the
costophrenic angles and apices. In general, in cases of acute
pulmonary hemorrhage (if there are no complicating factors),
rapid clearing in 2 to 3 days can be expected. This can aid in
narrowing the differential diagnosis when chest radiography
shows diffuse ALD (7). When the airspace disease clears, in-
terstitial opacities are often seen on chest radiography, as the
result of by-products of blood breakdown being taken up by
the septal lymphatics.

Goodpasture syndrome, one of the pulmonary–renal syn-
dromes and the most common cause of DPH, is an anti–
basement membrane antibody disease manifesting as DPH and
glomerulonephritis. It is a disease of young white men and
is only occasionally reported in children (8). The presence of
antiglomerular basement membrane antibodies in the serum is
a sensitive and specific indicator of the disease. Renal biopsy
shows evidence of subacute proliferative glomerulonephritis
with linear IgG deposition in the glomeruli. The chest radio-
graph usually shows bilateral, relatively central, and symmetric
ALD, but this is a nonspecific pattern (Fig. 4-3).

Many collagen vascular disorders and systemic vasculitides
are associated with DPH, with or without renal disease. The
association is most commonly seen with systemic lupus erythe-
matosus (Fig. 4-4) and systemic necrotizing vasculitides of the
polyarteritis nodosa type (9).

Wegener granulomatosis (WG) is characterized pathologi-
cally by necrotizing granulomatous vasculitis of the upper and
lower respiratory tracts, a disseminated small-vessel vasculi-
tis involving both arteries and veins, and a focal, necrotiz-
ing glomerulonephritis (10). Mean age at presentation is 50,
and there is a slight male predominance. Upper airway in-
volvement with sinusitis, rhinitis, and otitis is the most com-
mon clinical presentation. More than 90% of patients with
active multiorgan WG have a positive test for cytoplasmic an-
tineutrophil cytoplasmic antibodies (11). There are two char-
acteristic pulmonary radiologic findings: (i) nodules, multiple
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A B

FIGURE 4-3. Goodpasture syndrome. This 21-year-old man presented with recurrent pulmonary hemorrhage. PA (A) and lateral (B) chest
radiographs show bilateral ALD involving predominantly the middle and lower lungs.

or single, ranging from 3 mm to 10 cm in diameter, which
may cavitate; and (ii) diffuse areas of lung opacity, represent-
ing pulmonary hemorrhage (Fig. 4-5). Occasionally, ill-defined
nodular opacities may be present, sometimes appearing as ar-
eas of pleural-based, wedge-shaped consolidation, resembling
pulmonary infarcts.

DPH can occur as a result of various coagulopathies, in-
cluding thrombocytopenia (such as in leukemia or after bone
marrow transplantation), anticoagulation, coronary thrombol-
ysis, and diffuse intravascular coagulation. Infectious hemor-
rhagic necrotizing pneumonias or hemorrhagic neoplasms can
result in diffuse, focal, or multifocal patchy areas of pulmonary
hemorrhage. Pulmonary hemorrhage related to chest trauma is
discussed in Chapter 8.

Alveolar Proteinosis

Alveolar proteinosis typically presents in a patient who feels
relatively well, in striking contrast to the markedly abnor-
mal radiograph, which shows bilateral diffuse or multifocal
patchy opacities. The opacities represent a phospholipopro-
teinaceous material that fills the alveolar spaces and clears af-
ter bronchioalveolar lavage (12). Recurrence of disease can re-
sult in a chronic pattern of ALD, with serial chest radiographs
showing varying patterns of recurrent ALD with interval clear-
ing (Fig. 4-6). Alveolar proteinosis is associated with an in-
creased incidence of lymphoma and infection with Nocardia
(13,14).

A B

FIGURE 4-4. Systemic lupus erythematosus (SLE) with recurrent pulmonary hemorrhage. This 25-year-old woman presented with hemoptysis.
A: PA chest radiograph shows focal ALD at the right lung base, with a rounded configuration (arrows), suggesting rounded pneumonia. Bron-
choalveolar lavage showed evidence of pulmonary hemorrhage and no infectious organisms. The radiographic abnormality cleared in 4 days,
consistent with hemorrhage. B: Radiograph of the right shoulder, providing a clue to the diagnosis, shows flattening, sclerosis, and collapse of the
right humeral head as a result of avascular necrosis, a complication of chronic steroid treatment for SLE.
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FIGURE 4-5. Wegener granulomatosis. This 19-year-old man,
rather young in view of the age group in which this disorder most
commonly appears, presented with hemoptysis and shortness of
breath. AP chest radiograph shows a nonspecific pattern of bilat-
eral ALD, predominantly involving the middle and lower lungs.

A B

C

FIGURE 4-6. Pulmonary alveolar proteinosis. This 27-year-old man
presented with recurrent alveolar proteinosis, which was treated with
bronchoalveolar lavage. A: PA chest radiograph shows bilateral mixed
interstitial and alveolar opacities involving predominantly the right mid-
dle and both lower lungs. Alveolar proteinosis is often associated with
a prominent component of interstitial opacities, especially on CT. These
opacities cleared after bronchoalveolar lavage. B: PA chest radiograph
obtained 1 year later shows recurrent diffuse bilateral ALD, which
cleared after treatment with bronchoalveolar lavage. C: PA chest ra-
diograph 1 year after (B) shows recurrent diffuse bilateral ALD, which
cleared after treatment with bronchoalveolar lavage. (Continued )
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D

FIGURE 4-6. (Continued ) D: PA chest radiograph obtained 2 years
after (C) shows clearing of both lungs.

Infectious Pneumonia Causing Alveolar
Lung Disease

Infectious pneumonia is the most common cause of focal ALD,
and bacteria are the most common inciting agents. Fungal, my-
cobacterial, parasitic, and even viral pneumonias can all pro-
duce focal or diffuse airspace opacities on chest radiography
(Figs. 4-7 to 4-9). Opacity of more than half a lobe with no loss
of volume is virtually diagnostic of pneumonia, and common

A B

FIGURE 4-7. Bacterial pneumonia. This 58-year-old man presented with diabetic ketoacidosis, fever, cough, and elevated white blood cell count.
A: PA chest radiograph shows ALD in the left lower lobe (circle). B: Lateral view shows ALD overlying the spine posteriorly (the so-called “spine
sign”; circle).

FIGURE 4-8. Pulmonary blastomycosis. This 43-year-old man pre-
sented with an infected finger and an abnormal chest radiograph (not
shown). CT scan shows focal airspace opacity in the left lower lobe.

causes are Streptococcus pneumoniae or Mycoplasma pneumo-
niae (Figs. 4-10 and 4-11). Lobar consolidation with expansion
of the lobe, although uncommon, strongly suggests bacterial
pneumonia (particularly S. pneumoniae, Klebsiella pneumo-
niae, Pseudomonas aeruginosa, and Staphylococcus aureus
pneumonias). A round consolidative process is likely to be
caused by pneumonia (Fig. 4-12). Organisms most likely to
cause round pneumonia are S. pneumoniae, S. aureus, K. pneu-
moniae, P. aeruginosa, Legionella pneumophila or L. micdadei,
Mycobacterium tuberculosis, and several fungi. The develop-
ment of air–fluid levels within an area of consolidation that is
known or presumed to be pneumonia strongly suggests necro-
tizing pneumonia with abscess formation, and likely pathogens
include S. aureus, Klebsiella sp, Proteus sp, and Pseudomonas
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A B

FIGURE 4-9. Legionella pneumonia. This 53-year-old woman with rheumatoid arthritis presented with fever, cough, shortness of breath, nausea
and vomiting, and an elevated white blood cell count. A: PA chest radiograph shows bilateral peripheral ALD in the upper and middle lungs.
The appearance was suggestive of organizing pneumonia. B: CT scan confirms bilateral subpleural areas of dense airspace opacity with air
bronchograms.

A B

FIGURE 4-10. Pneumococcal pneumonia. This 22-year-old man presented with cough and fever. A: PA chest radiograph shows patchy ALD in
the left lung, sparing the apex. B: Lateral view shows ALD confined to the left upper lobe, outlined posteriorly by the left major fissure (arrows).

A B

FIGURE 4-11. Mycoplasma pneumonia. This 22-year-old man presented with cough, fever, shortness of breath and hypoxemia. A: PA chest
radiograph shows diffuse, nonspecific bilateral ALD. B: CT scan shows diffuse, nonspecific bilateral ground-glass opacity and areas of dense
airspace opacity.
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A B

FIGURE 4-12. Pneumococcal pneumonia. A: PA chest radiograph shows a rounded area of ALD in the right middle
lung (arrows). B: Lateral view shows that the ALD (solid arrows) is confined to the right upper lobe, as outlined by
the minor fissure (dashed arrows).

sp, as well as mixed infections (Fig. 4-13). Multifocal pneumo-
nia can be caused by numerous organisms, but the “bat’s wing
pattern” in the immunocompetent patient should suggest aspi-
ration pneumonia, Gram-negative bacterial pneumonia (Fig. 4-
14), and nonbacterial pneumonias such as mycoplasma, viral,
and rickettsial pneumonia. Pneumonia in the immunocompro-
mised host often results in the bat’s wing pattern from oppor-
tunistic organisms such as Pneumocystis jiroveci and various
fungi.

Aspiration

The radiologic manifestation of aspirated material into the
lungs is dependent on the type and volume of material aspi-
rated, the immune status of the patient, and the presence or

A B

FIGURE 4-13. Necrotizing Pseudomonas pneumonia. A: PA chest radiograph shows ALD in the right upper and
middle lung. B: CT shows numerous lucent areas with air–fluid levels (arrows) within the densely opacified lung,
consistent with lung necrosis. Also shown are prominent air bronchograms.

absence of pre-existing lung disease. Aspiration of bland sub-
stances such as blood or neutralized gastric contents does not
incite an inflammatory process, and associated lung opacities
clear rapidly with ventilation therapy or coughing. Aspiration
of acidic gastric contents and other irritating substances causes
inflammation of the lung. Within several hours of aspirating
such substances, chest radiographs usually show progressive
airspace opacity in the gravitationally dependent regions of
the lungs (Fig. 4-15). Radiologic improvement is generally seen
within a few days unless the patient develops superimposed in-
fection or ARDS.

Nasogastric or endotracheal intubation, diminished lev-
els of consciousness, and supine positioning predispose pa-
tients to aspirate. Acute aspiration may be accompanied
by fever, shortness of breath, and hypoxemia, which can
make aspiration difficult to distinguish from bacterial pneu-
monia.
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FIGURE 4-14. Legionella pneumonia. This 57-year-old woman
presented with severe shortness of breath and hypoxemia. PA
chest radiograph shows bilateral ALD in a “bat’s wing” pattern
and prominent air bronchograms (arrows).

A B

FIGURE 4-15. Aspiration. This 21-year-old quadriplegic man had a gastric bleed and aspirated blood. A: Baseline PA
chest radiograph prior to aspiration shows clear lungs. B: PA chest radiograph obtained 1 day later, after aspiration,
shows ALD in the right lung base.
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TA B L E 4 - 4

CAUSES OF CHRONIC ALVEOLAR LUNG DISEASE

“BALLS”
Bronchoalveolar cell carcinoma
Alveolar proteinosis
Lymphoma
Lipoid pneumonia
Sarcoidosis

CHRONIC ALVEOLAR LUNG
DISEASE

Processes that result in a chronic pattern of ALD are listed
in Table 4-4. Determining that the process is chronic requires
serial chest radiographs showing a static appearance or pro-
gression of ALD, typically over several months. Two neoplas-
tic processes should be considered in the differential diagnosis
of chronic ALD: lymphoma (Figs. 4-16 and 4-17) and bron-
choalveolar cell carcinoma (a type of primary bronchogenic
adenocarcinoma) (Figs. 4-18 and 4-19). These are discussed in
Chapters 6 and 15, respectively. Alveolar proteinosis has been
discussed along with other causes of acute ALD, but it can be
recurrent. Sarcoidosis can result in myriad chest radiographic
patterns, both typical and atypical. Chronic ALD, although
not a common pattern of sarcoidosis, should be considered in
a young, relatively asymptomatic patient (Fig. 4-20). Although
the chest radiographic appearance mimics ALD, sarcoidosis
involves only the interstitial compartment of the lung. Areas
of airspace opacity, so-called “alveolar sarcoidosis,” represent
a conglomeration of interstitial granulomas. This disorder is
discussed further in Chapter 10.

A B

FIGURE 4-17. Burkitt lymphoma. A: PA chest radiograph shows bilateral ALD, most prominent on the left. B: CT
scan shows bilateral ALD with prominent air bronchograms (arrow).

FIGURE 4-16. Pulmonary lymphoma. Chest CT shows bilateral foci
of ALD, with prominent air bronchograms (arrows).

Lipoid pneumonia results from aspiration of vegetable, an-
imal, or mineral oil, usually in elderly or debilitated patients,
patients with neuromuscular disease or swallowing abnormal-
ities, or patients taking mineral oil as therapy for chronic con-
stipation. Most patients are relatively asymptomatic. Chest
radiographs show homogeneous segmental areas of lung opaci-
fication, or circumscribed masses (“paraffinomas”) that remain
stable or slowly progress over a period of months and can be
similar in appearance to bronchogenic carcinoma. Because of
the lipid content, these areas of opacification may be of rel-
atively low attenuation on CT scans of the chest, which may
help suggest the correct diagnosis. Dilated colon and chronic
stool retention seen on chest or abdominal radiographs may
also provide clues to a patient who chronically aspirates min-
eral oil.
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A B

FIGURE 4-18. Bronchoalveolar cell carcinoma. This 56-year-old man presented with chronic ALD on serial chest radiographs. A: PA chest
radiograph shows bilateral ALD, which appears “hazy” in some areas and is difficult to discern as interstitial or alveolar. The opacity in the left
upper lobe is more confluent. B: PA chest radiograph obtained 16 months later shows progression of ALD.

A B

C

FIGURE 4-19. Bronchoalveolar cell carcinoma. This
75-year-old man presented with cough and mild short-
ness of breath. A: PA chest radiograph shows ALD in
the left lower lobe (circle). B: Lateral view shows that
the ALD is posterior, in the left lower lobe (circle).
C: CT shows focal ALD in the left lower lobe and promi-
nent air bronchograms.
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A B

FIGURE 4-20. Sarcoidosis. This 29-year-old man presented with mild cough and shortness of breath. A: AP chest
radiograph shows patchy ALD in the upper lungs (circles). B: CT shows bilateral upper lobe ALD. Although the
appearance on imaging is that of ALD, sarcoidosis involves only the interstitial space. When the disease is profuse,
as in this case, the interstitial granulomas compress and obliterate the adjacent alveolar spaces.
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CHAPTER 5

MONITORING AND SUPPORT
DEVICES—“TUBES AND LINES”

LEARNING OBJECTIVES
1. Describe and identify on chest radiography the normal

appearance and complications associated with each of
the following:

■ Endotracheal tube
■ Central venous catheter
■ Peripherally inserted central venous catheter
■ Pulmonary artery catheter
■ Enteric drainage and feeding tubes
■ Chest tube
■ Intra-aortic balloon pump
■ Pacemaker generator and leads
■ Automatic implantable cardiac defibrillator

■ Ventricular assist device
■ Intraesophageal manometer, temperature probe, and

pH probe
2. Explain how an intra-aortic balloon pump works.
3. Describe how a ventricular assist device works and three

indications for placement.
4. Describe the venous anatomy and expected course of

veins from the axillary vein to the right atrium relative to
anatomic landmarks.

5. Recognize the difference between a skin fold or chest tube
track and pneumothorax on a frontal chest radiograph.

One of the most useful and cost-effective functions of chest
radiography is the evaluation of complications related to the
placement of monitoring and support tubes and lines. This is
especially true for chest radiographs of patients in intensive care
units, who usually have several support devices in place at one
time. The placement of tubes and lines is often the first thing
a radiologist interprets on a chest radiograph from the inten-
sive care unit. Because this is such an important, common, and
useful function of the chest radiograph, frequently resulting in
a change in patient management (thus often requiring a call
to the physician who ordered the radiograph), it is important
for the interpreting radiologist to understand the function, nor-
mal radiographic appearance, and complications of the more
commonly placed tubes and lines. The specific appearances of
these devices vary by manufacturer and local practice, so it is
important to become familiar with the specific characteristics
of the devices used in a particular work setting.

CENTRAL VENOUS CATHETERS
(“LINES”)

Central venous catheters, often referred to as CVP (central ve-
nous pressure) lines, are used to monitor CVP and administer
fluids intravenously. A centrally placed catheter ensures more
consistent venous flow than does a route through the peripheral
veins, which may vasoconstrict, particularly during periods of
cardiovascular collapse. The internal jugular, subclavian, and
femoral veins constitute the three most common access sites for
CVP catheter placement.

The origins of the brachiocephalic veins (BCV) are demar-
cated by the sternoclavicular joint. Catheters within the left
BCV show an anterior curve on the lateral chest radiograph
because the left BCV crosses anteriorly to join the right BCV
(Fig. 5-1). The subclavian veins drain the upper extremities
and are a continuation of the axillary veins at a point demar-

cated by the lateral aspect of the first rib. The internal and
external jugular and vertebral veins also contribute to the ori-
gin of each BCV. The left superior intercostal vein drains the
second through fourth posterior intercostal veins and arches
anteriorly to join the left BCV. It courses along the aortic arch,
occasionally forming a rounded projection on the frontal chest
radiograph referred to as the “aortic nipple.”

The preferred position of a CVP line tip is central to the
venous valves, at the origin of the superior vena cava (SVC).
The SVC is formed by the junction of the right and left BCVs.
This junction lies to the right of midline at the level of the
first intercostal space. The SVC is the preferred location for
measuring CVP and avoiding catheter complications. The SVC
is joined by the azygos vein posteriorly, just prior to entering the
pericardium. Posterior orientation of the catheter tip suggests
that it enters the azygos vein (Fig. 5-2).

Peripherally inserted central catheters (PICCs) are small-
caliber tubes that can be left in place for long durations. The
preferred position of these catheters is reported to be the SVC
(1,2); however, at some institutions, these catheters are placed
in the radiology department, under direct fluoroscopic guid-
ance, into the right atrium. There is little or no risk of atrial
rupture or dysrhythmia with this placement, and there is a de-
creased incidence of peritip thrombus, which occurs with SVC
placement in up to 90% of patients (3).

A left-sided SVC, a normal anatomic variant, is found in
0.3% of normal individuals (Fig. 5-3). Eighty percent of such
patients also have a right-sided SVC and 60% have a left
BCV connecting the right and left SVCs (4). When a left SVC
is present, both the right SVC and the left BCV are usually
diminutive. The left SVC most commonly drains into the right
atrium via a dilated coronary sinus.

Many potential complications of CVP catheter placement
can be recognized on chest radiography (Table 5-1). As many
as one third of CVP catheters are placed incorrectly at the time
of initial insertion (5) (Figs. 5-4 and 5-5). The most common
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A B

FIGURE 5-1. Left subclavian vein, central venous catheter placement. A: Posteroanterior (PA) chest radiograph shows the catheter entering the
left subclavian vein under the left clavicle, crossing the midline as it courses to the right and descending, with the tip positioned over the expected
area of the superior vena cava (SVC) (arrow). B: Lateral chest radiograph shows the catheter curving anteriorly (arrow), where it crosses from the
left brachiocephalic vein to join the right brachiocephalic vein. This anterior curve makes it possible to determine on a lateral radiograph that a
catheter has been placed from the left side.

aberrant locations include the internal jugular vein, the right
atrium or ventricle, the opposite subclavian vein, the corre-
sponding artery, the inferior vena cava, and various extratho-
racic locations. Placement within the right atrium can lead to
cardiac perforation by the catheter (although this is less of a risk
with some of the commonly used, peripherally placed, flexible,
small-bore PICC lines) (6). Positioning in the area of the tri-
cuspid valve can cause dysrhythmias. Aberrant positioning will
interfere with accurate measurement of central venous pressure
and can lead to infusion of potentially toxic substances directly
into the liver or heart rather than into the central venous sys-
tem, where rapid dilution can take place. Catheter tips that are

directed against the lateral wall of the SVC can produce excess
focal pressure on the venous wall, leading (although rarely) to
venous perforation (7).

Pneumothorax occurs with 6% of CVP catheter placements
(8). In evaluating for pneumothorax, the entire pleural surface
should be evaluated bilaterally, since a failed attempt at place-
ment of a CVP catheter on one side may have gone undetected
clinically before successful placement on the opposite side.
Every chest radiograph should be evaluated for pneumotho-
rax when a CVP catheter is present. This is because the initial
radiograph, especially if supine, may not demonstrate the pneu-
mothorax, and pneumothorax can persist several days after

A B

FIGURE 5-2. Azygos vein placement of central venous catheter. A: PA chest radiograph shows that the catheter tip is positioned over the expected
area of the SVC. The tip is seen on end (arrow), however, which is a clue to azygos vein placement. The SVC is joined by the azygos vein posteriorly.
B: Lateral chest radiograph shows the catheter coursing posteriorly, along the expected course of the azygos vein (arrows). Note how the more
proximal portion of the catheter curves anteriorly (arrowhead), confirming placement from the left.
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FIGURE 5-3. Left superior vena cava placement of central venous
catheter. PA chest radiograph shows that, instead of crossing the mid-
line to enter the SVC on the right, the catheter courses inferiorly to the
left of the aortic arch, which is typical of placement within a persistent
left SVC. This placement should be confirmed on a lateral chest radio-
graph to exclude aberrant positioning of the catheter within another
venous or arterial structure.

line placement (9). Skin folds, commonly seen on supine chest
radiographs, may produce a thin radiopaque line that mimics
a pneumothorax. Repeating the exam after repositioning the
patient usually solves the dilemma.

Also occurring with CVP catheters placed via the subcla-
vian vein is the complication of ectopic infusion of fluid into
the mediastinum or pleural space (10) (Fig. 5-6). The rapid
accumulation of fluid opacifying the mediastinum or pleural
space after insertion of a subclavian catheter should suggest
the diagnosis of ectopic infusion, which can be confirmed by
injection of contrast through the catheter or thoracentesis if the
fluid is accumulating in the pleural space.

TA B L E 5 - 1

COMPLICATIONS RESULTING FROM CENTRAL
VENOUS CATHETER PLACEMENT

Malposition
Opposite subclavian vein
Internal jugular vein with tip directed cephalad
Corresponding artery
Right atrium
Right ventricle
Extrathoracic location

Pneumothorax—usually immediate, may be delayed
Ectopic infusion of fluid into mediastinum or pleural space
Catheter breakage and embolization
Inadvertent puncture of subclavian artery
Air embolization
“Pinch-off” syndrome between the clavicle and first rib
Venous perforation
Thrombosis

FIGURE 5-4. Malpositioned left peripherally inserted central venous
catheter (PICC). AP chest radiograph shows a PICC (arrows) placed
from the left side, crossing the midline, with the tip directed cephalad
over the expected right jugular vein.

Laceration of the catheter by the insertion needle, catheter
fracture at a point of stress, or detachment of the catheter from
its hub can result in catheter embolization. The catheter frag-
ment can lodge in the SVC, inferior vena cava, right side of the
heart, or pulmonary artery and can cause thrombosis, infec-
tion, or perforation (11).

FIGURE 5-5. Intercostal vein placement of central venous catheter.
Anteroposterior (AP) recumbent chest radiograph shows the left jugu-
lar central venous catheter crossing to the left and coursing horizon-
tally, inferior to the left fifth posterior rib, typical of intercostal vein
placement (straight arrows). The intercostal vessels and nerves are in-
ferior to the rib; when performing thoracentesis, the needle should be
inserted along the top of the rib to avoid puncturing these vessels.
Note collapse of the right upper lobe, with superior displacement of
the minor fissure (curved arrows).
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A B

FIGURE 5-6. Malpositioned catheter resulting in ectopic fluid administration. A: PA chest radiograph obtained
prior to left catheter placement. The right subclavian central venous catheter tip is positioned over the expected
junction of the SVC and right atrium (arrow). B: PA chest radiograph after placement of a new left subclavian
central venous catheter shows acute widening of the mediastinum from extravascular placement of the catheter and
ectopic infusion of fluid into the mediastinum. The extravascular location of the catheter is not obvious on the
radiograph, but the change in mediastinal width should prompt further investigation to confirm catheter position.

Inadvertent puncture of the subclavian artery during subcla-
vian vein CVP catheter placement can result in localized bleed-
ing, which may be self-limiting but is rarely severe enough to
require surgical intervention (Figs. 5-7 and 5-8). Air emboliza-
tion can occur during venipuncture or intravenous contrast in-
jection. When this occurs, air may be visible in the pulmonary
artery on a chest radiograph or computed tomographic (CT)
scan, signifying this usually asymptomatic but potentially fa-
tal complication. Clot frequently forms around the catheter tip
with prolonged catheter placement, resulting in malfunction-
ing of the catheter. If thrombus progresses, venous occlusion

and even pulmonary embolus can result. “Pinch-off” syndrome
refers to compression of a CVP catheter between the clavicle
and the first rib. This compression can lead to catheter fracture
or fragmentation (12).

PULMONARY ARTERY
CATHETERS

Pulmonary artery catheters consist of a central channel to mon-
itor left atrial pressure and a second channel connected to

A B

FIGURE 5-7. Mediastinal hematoma from subclavian artery perforation. A: PA chest radiograph prior to catheter
placement shows a normal upper mediastinal width. B: PA chest radiograph after placement of right subclavian
central venous catheter shows acute widening of the mediastinum.
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A B

FIGURE 5-8. Hemothorax as a complication of central venous catheter placement. A: PA chest radiograph shows a
normally positioned right jugular central venous catheter. B: PA chest radiograph after removal of the right catheter
and placement of left subclavian central venous catheter shows a new large left pleural effusion. A chest tube was
placed, which drained bright red blood.

an inflatable balloon at the catheter tip (13). A third chan-
nel measures CVP and cardiac output. The catheter is usu-
ally inserted from a subclavian vein approach, but jugular and
femoral vein approaches are also used through a sheath called
a cordis. The sheath allows easy advancement and withdrawal
of the catheter and serves as short-term venous access after the
pulmonary artery catheter has been removed. The purpose of
the pulmonary artery catheter is to measure pulmonary capil-
lary wedge pressure, which reflects left atrial pressure and left
ventricular end-diastolic volume. Measurements of pulmonary
capillary wedge pressure help to differentiate cardiogenic from
noncardiogenic pulmonary edema. The ideal catheter tip posi-
tion is within the right or left pulmonary artery or within the
proximal interlobar artery. Inflation of the balloon causes the
catheter to float into a peripheral pulmonary artery branch, in
a wedged position, and deflation of the balloon results in the
catheter resuming its more central position.

An important complication associated with the pulmonary
artery catheter is pulmonary infarction distal to the catheter
tip (14). This occurs when the catheter tip is placed too distally
within the pulmonary artery. As the diameter of the catheter
approaches the diameter of the pulmonary artery in which the
catheter resides, occlusion of the artery by the catheter occurs.
Clot can also form around the tip of the catheter and occlude
the pulmonary artery, occasionally leading to pulmonary in-
farction (seen as patchy airspace opacification, often wedge
shaped and in a subpleural location).

The pulmonary artery catheter balloon appears radiograph-
ically as a 1-cm rounded radiolucency at the tip of the catheter
(Fig. 5-9). The balloon should be inflated for only a very short
period of time, during measurement of pressure, and it should
not be inflated while chest radiography is performed. If the bal-
loon is left inflated, it can obstruct a major pulmonary artery
and lead to pulmonary infarction.

Coiling or redundancy of pulmonary artery catheter tubing
in the right side of the heart can irritate the myocardial conduc-
tion bundle and result in dysrhythmias (Fig. 5-10). Other po-
tential complications of pulmonary artery catheter placement

FIGURE 5-9. Inflated pulmonary artery catheter balloon. AP recum-
bent intraoperative chest radiograph, taken during measurement of
pulmonary capillary wedge pressure, shows the inflated radiolucent
balloon at the tip of the catheter (arrows). Normally, the balloon should
not be inflated during the time of radiographic exposure. The balloon
should be inflated for only a short period while measurements are
obtained and then immediately deflated; when left inflated for longer
periods, blood flow distal to the balloon is interrupted, resulting in
pulmonary infarction.
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FIGURE 5-10. Looping of pulmonary artery catheter tubing. AP chest
radiograph shows looping of the pulmonary artery catheter tubing
(arrow) over the expected right atrium. This redundancy of catheter
tubing can lead to dysrhythmias.

include pulmonary artery rupture (leading to pulmonary
hemorrhage), pulmonary artery pseudoaneurysm (Figs. 5-11
and 5-12), fistulae between the pulmonary artery and the
bronchial tree, intracardiac knotting of the catheter, and
balloon rupture (Table 5-2). Complications that can occur
with CVP catheter placement can also occur with pulmonary
artery catheter placement (Fig. 5-13).

INTRA-AORTIC BALLOON PUMP
The intra-aortic balloon pump (IABP) (also called an intra-
aortic counterpulsation balloon) is used in some centers to

improve cardiac function in the setting of cardiogenic shock.
The device consists of a long inflatable balloon (26 to 28 cm
in length) that surrounds the distal end of a centrally placed
catheter. The catheter is placed via a femoral artery retrograde
to the thoracic aorta. The balloon is inflated during diastole
(increasing diastolic pressure to the coronary arteries and in-
creasing oxygen delivery to the myocardium) and is forcibly de-
flated during systole (decreasing left ventricular afterload and
oxygen requirements). A commonly used IABP is radiolucent,
except for a radiopaque marker that defines its tip. The balloon
can be seen as a long tubular radiolucency (Fig. 5-14), follow-
ing the expected course of the descending thoracic aorta to the
left of the thoracic spine, if the radiograph is exposed during
diastole when the balloon is inflated. The ideal location of the
tip is just distal to the left subclavian artery (projecting at the
level of the aortic arch on a frontal chest radiograph), allowing
maximal augmentation of diastolic pressures in the proximal
aorta. Even with appropriate positioning, the mesenteric and
renal artery ostia are crossed by the long balloon (15). If the
IABP is advanced too far, it may obstruct the left subclavian
artery (Fig. 5-15) or cause cerebral embolus. If the IABP is not
advanced far enough, less effective counterpulsation can result
(Fig. 5-16).

Aortic dissection can occur during IABP insertion, which
may result in death (16). Other potential complications in-
clude reduction of platelets, red blood cell destruction, pe-
ripheral emboli, balloon rupture with gas embolus, renal fail-
ure, and vascular insufficiency of the catheterized limb (17)
(Table 5-3).

VENTRICULAR ASSIST DEVICE
Ventricular assist devices (VADs) are surgically implanted me-
chanical devices used in some medical centers to perform the
work of the right (RVAD), left (LVAD), or bilateral (BVAD)
ventricles in patients with intractable congestive heart failure.
VADs can be implanted to support the failing heart and serve
as a “bridge to transplant.” In some patients with reversible

A B

FIGURE 5-11. Pulmonary artery pseudoaneurysm as a complication of pulmonary artery catheter placement. A: AP recumbent chest radiograph in
a 66-year-old woman with a history of chronic obstructive pulmonary disease and prior lung volume reduction surgery. The film was taken shortly
after right heart catheterization, during which time a pulmonary artery catheter was placed into the right pulmonary artery to measure pulmonary
capillary wedge pressure. The radiograph shows diffuse airspace disease in the right lung, consistent with acute pulmonary hemorrhage, which was
new compared with a precatheterization radiograph. B: CT scan obtained after administration of intravenous contrast material, performed the
same day as the chest radiograph in (A), shows an enhancing peripheral pulmonary artery pseudoaneurysm (arrows), with surrounding pulmonary
hemorrhage (arrowheads). The pseudoaneurysm was embolized with coils by interventional radiologists, and the bleeding stopped.
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A B

FIGURE 5-12. Pulmonary artery pseudoaneurysm as a complication of pulmonary artery catheter placement. A: AP chest radiograph shows
pulmonary edema and the tip of a pulmonary artery catheter projected over an expected left lower lobe segmental pulmonary artery branch
(arrow). B: The distal placement of the catheter tip resulted in perforation of a subsegmental pulmonary artery and development of a pulmonary
artery pseudoaneurysm, shown as an enhancing mass in the left lower lobe on CT (arrow).

forms of cardiac failure, a VAD can be implanted with the
hope that it will allow the heart to recover; the assist device
can be removed later. This indication is known as “bridge to
recovery” (18). In selected patients who are not good candi-
dates for cardiac transplantation because of other medical com-
plications, VADs can be implanted as a means of supporting
circulation over a period of years. This indication is known
as “destination therapy.” The new generation of pumps is de-
signed for chronic, out-of-hospital use so that most patients
can return home after the VAD is implanted. Reported compli-
cations from VAD placement, recognized on chest radiographs
and CT scans, include pneumothorax, hemothorax, infection,
thromboembolism, bowel obstruction, and mechanical failure
(19). On chest radiography, the TCI Heartmate LVAD pump
(Thermocardiosystems Inc., Woburn, MA) is identified in the
left upper quadrant of the abdomen. The inflow cannula of the
pump inserts into the left ventricular apex, directed at the mi-
tral valve, drawing blood from the heart into the pump, and the
polymer graft outflow cannula, usually 12 to 15 cm in length,
carries blood from the pump to the ascending aorta (Fig. 5-17).

TA B L E 5 - 2

COMPLICATIONS RELATED TO PULMONARY
ARTERY CATHETER PLACEMENT

Complications associated with central venous catheter
placement (see Table 5-1)

Pulmonary infarction
Distal placement of catheter tip
Failure to deflate catheter balloon

Dysrhythmias
Catheter tip in right atrium or right ventricle

Excessive coiling or redundancy of catheter tubing in right heart
Pulmonary artery pseudoaneurysm
Pulmonary artery rupture and pulmonary hemorrhage
Pulmonary artery to bronchial tree fistula
Intracardiac knotting of catheter
Balloon rupture

Much of the outflow cannula is radiolucent. The inflow and
outflow conduits contain porcine bioprosthetic valves, which
are located outside the pump. A drive line, which exits through
a fascial tunnel in the left lower quadrant of the abdomen, con-
nects the device to an external portable console, which provides
either pneumatic or electric power to the device.

FIGURE 5-13. Hemothorax as a complication of pulmonary artery
catheter placement. AP chest radiograph shows appropriate placement
of a right jugular pulmonary artery catheter. However, there is complete
opacification of the right hemithorax, representing acute and massive
hemothorax.
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FIGURE 5-14. Inflated balloon of intra-aortic balloon pump. AP chest
radiograph shows the radiopaque tip of an intra-aortic balloon pump
(dashed arrow) and its radiolucent air-filled balloon (solid arrows). The
balloon is inflated during diastole and deflated during systole. The tip
is slightly low, with the desired location at the level of the aortic arch.

TRANSVENOUS PACEMAKERS
Numerous types of single- and dual-lead pacemakers and com-
bination pacer–defibrillators are available. They are used to
treat a variety of dysrhythmias. Accurate interpretation of their
appearance on chest radiography requires knowledge of the
specific type of pacemaker placed. The three major approaches

FIGURE 5-15. Malpositioned intra-aortic balloon pump. AP chest ra-
diograph shows the radiopaque tip of an intra-aortic balloon pump
projected over the expected left subclavian artery (arrow). This posi-
tioning can result in cerebral embolism and partial occlusion of blood
flow to the left upper extremity.

FIGURE 5-16. Malpositioned intra-aortic balloon pump. AP chest ra-
diograph shows that the tip of the intra-aortic balloon pump (arrow)
is below the desired level of the aortic arch.

to insertion of a pacemaker electrode into the heart include epi-
cardial, subxiphoid, and transvenous implantations; transve-
nous is the most common. With single-lead pacers, the wire is
placed into the right ventricle by way of the cephalic, subcla-
vian, or jugular vein. When the lead is wedged into the my-
ocardial trabeculae near the cardiac apex, the lead will be sta-
ble and have maximal contact with the endocardial surface.
With dual-lead pacers, one lead is generally placed into the
right atrium and the other into the right ventricle. It is impor-
tant to know where the desired placement of leads is for each
patient, because placement within the coronary sinus may be
accidental or purposeful. After the electrodes are positioned,
the generator is placed in a pouch in the subcutaneous tissues
of the chest wall or beneath the pectoralis muscle. Biventricu-
lar pacemakers are used to treat congestive heart failure. Leads
are placed in the right atrium and right ventricle, and a third
lead is placed in the coronary sinus for pacing the left ventricle
(Fig. 5-18).

Failure of the pacemaker to elicit a ventricular response may
be caused by (a) exit block, (b) lead fracture, (c) electrode dis-
lodgment, (d) electrode malposition, (e) myocardial perfora-
tion, (f) thrombosis, (g) infection, or (h) battery failure (20).
Of these, malpositioning, fracture, and perforation may be rec-
ognized on chest radiographs. The leads can be malpositioned
within the coronary sinus, and in this case the catheter often
appears to be ideally positioned on the frontal radiograph but

TA B L E 5 - 3

COMPLICATIONS RELATED TO INTRA-AORTIC
BALLOON PUMP PLACEMENT

Balloon advanced too far
Obstruction of the left subclavian artery
Cerebral embolus

Balloon not advanced far enough
Inadequate counterpulsation during diastole

Aortic dissection
Reduction of platelets
Red blood cell destruction
Emboli
Balloon rupture with gas embolus
Renal failure (balloon occlusion of renal artery)
Vascular insufficiency of catheterized limb
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FIGURE 5-17. Left ventricular assist device. AP recumbent chest ra-
diograph shows the inflow cannula (small arrows) within the left ven-
tricle and directed toward the mitral valve, the pump (P), and the ra-
diopaque portion of the outflow cannula (large arrows). The outflow
cannula carries blood from the pump to the ascending aorta (the distal
portion of the outflow cannula is nonradiopaque). The cardiac silhou-
ette is markedly enlarged in this patient with end-stage heart disease.

is directed posteriorly rather than anteriorly on the lateral pro-
jection. Approximately 2.7% of electrodes will fracture (21),
generally near the pulse generator, at sharp bends in the lead
wires, at the point of venous entry, or where the lead is embed-
ded in the cardiac muscle (Figs. 5-19 to 5-21). If the insulating
sheath holds the ends of a fractured lead in close proximity, the
fracture may not be readily visible on a radiograph. Tight an-

A B

FIGURE 5-18. Biventricular pacer. PA (A) and lateral (B) chest radiographs show normal positioning of lead tips in the right atrium (solid white
arrow), right ventricle (dashed white arrow), and coronary sinus (solid black arrow).

FIGURE 5-19. Fractured insulation covering pacer lead. PA chest ra-
diograph shows a short segment of pacer lead that is less opaque (ar-
row). Note that the lead is not completely fractured. Even so, disruption
of the insulation can result in pacer malfunction.

choring ligatures at the venous entry site can produce lucency
of the lead, giving the false appearance of a fracture.

Electrode dislodgment occurs in 3% to 14% of patients
(22), generally during the first weeks following insertion. Late
displacement is uncommon because of the fibrin sheath that
develops between the electrode and the endocardium. Twid-
dler’s syndrome is a rare complication seen in patients with
implanted pacemakers or defibrillators; it is a result of the pa-
tient either consciously or unconsciously twisting and rotating
the implanted device in its pocket, resulting in torsion, dis-
lodgment, and often fracture of the implanted lead (23,24).
The diagnosis is confirmed by a chest radiograph, which will
reveal a twisted, entangled, and dislodged pacing lead. A small
amount of catheter play should be present during systole, but
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FIGURE 5-20. Fractured pacer lead. PA chest radiograph shows com-
plete separation of lead fragments at the site of pacer lead fracture
(arrow).

none should be present during diastole. If the catheter is short,
dislodgment may occur, and the catheter may enter the right
atrium, pulmonary artery, SVC, or coronary sinus. If the lead
is too long, a bend in the wire may occur, causing lead frac-
ture (Fig. 5-22). A redundant lead may also perforate the my-
ocardium; this complication generally occurs at the time of or
within a few days after insertion. The frontal or lateral radio-
graph will show the catheter tip outside or within 3 mm of the
edge of the cardiac silhouette (Fig. 5-23). Perforation can lead
to cardiac tamponade or postcardiotomy syndrome. Inflamma-
tion and infection can occur within the vein or the generator
pocket; the latter occurs in up to 5% of patients (20). Ma-
jor vein thrombosis and pulmonary embolism are additional
complications of pacemaker insertion.

There are several models of implantable cardioverter-
defibrillators, which are used for treatment of life-threatening
ventricular tachyarrhythmia, generally using a combination of

FIGURE 5-21. Fractured pacer lead. PA chest radiograph shows a
fractured lead (arrow) and minimal distraction of the fracture frag-
ments.

two transvenously placed electrodes and one subcutaneous
electrode. A thoracotomy may or may not be required for
placement, although most are now placed transvenously. These
devices can be combined with a preexisting pacemaker. It is
important that the radiologist be familiar with the normal ap-
pearance, variations, and complications of these devices, such

A B

FIGURE 5-22. Looped pacer lead. PA (A) and lateral (B) chest radiographs show looping of the pacer lead over the area of the expected tricuspid
valve (arrow). This positioning can result in dysrhythmia, lead fracture, or myocardial perforation.
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FIGURE 5-23. Displacement of pacer lead. A: PA chest radiograph shows that the tip of the pacer lead (arrow) is beyond the expected right
ventricular wall. B: CT shows the lead outside of the myocardium (arrow). A more inferior image (not shown) showed that the lead tip was within
the anterior chest wall.

as deformity of the subcutaneous patch electrode, lead fracture,
and electrode malposition and migration (25).

ENDOTRACHEAL AND
TRACHEOSTOMY TUBES

Patients require mechanical ventilation for any of three reasons:
(i) airway obstruction, (ii) disorders of gas exchange, and (iii)
failure of the airway’s protective mechanisms. Intubation can
be performed with an oral or a nasal endotracheal tube (ETT),
cricothyroidotomy, or tracheotomy. Most ETTs are opaque or
have an opaque strip demarcating the tip of the tube. When
the head and neck of an adult are in the neutral position, the
ETT tip should ideally be in the midtrachea, approximately
4 to 7 cm from the carina. On portable radiographs, the carina
projects over T5, T6, or T7 in 95% of patients, and therefore if
the carina is not visible, it should be assumed to be at the level
of the T4-5 interspace (26). Flexion and extension of the neck

FIGURE 5-24. Overdistended endotracheal tube cuff. AP chest radio-
graph, coned to the neck and upper chest, shows that the tip of the
ETT (dashed arrow) is above the thoracic inlet. The ETT balloon is
overdistended (solid arrows). If left in this position long enough, the
cuff could cause permanent damage to the vocal cords.

can result in 2 cm of descent or ascent of the ETT, respectively.
In other words, the “hose goes where the nose goes.” When
the head and neck are flexed, the ETT should ideally be 2 to
4 cm from the carina; with extension, it should be 7 to 9 cm
from the carina. Therefore, it is very important to check or
know the position of the head/neck before recommending tube
repositioning. The inflated ETT cuff (balloon) should fill but
not bulge the lateral tracheal walls (Fig. 5-24).

The most frequent complications of ETT placement in-
clude difficulty in sealing the airway, self-extubation, right main
bronchus intubation, esophageal intubation, and aspiration of
gastric contents (27) (Table 5-4). With right main bronchial
intubation, the left lung usually collapses (Figs. 5-25 and 5-
26). If the ETT is placed in the pharynx or is dislodged from
the trachea, mechanical ventilation is disrupted, the stomach
may distend with air, and gastric contents may be aspirated.
An ETT tip placed just beyond the vocal cords may cause vo-
cal cord injury when the cuff is inflated. Inadvertent placement
of the ETT into the esophagus can be life threatening. When
this occurs, the ETT may be visualized lateral to the tracheal
air shadow on chest radiography, the lungs appear hypoventi-
lated, and the stomach appears markedly distended with air. A
rare complication of ETT placement is tracheal laceration; in
this case, the chest radiograph may show pneumothorax, pneu-
momediastinum, or both. The ETT cuff may appear overdis-
tended, as the cuff herniates through the tracheal tear. Other
causes of an overdistended cuff include inadvertent cuff hy-
perinflation, intraesophageal cuff location, chronic intubation,

TA B L E 5 - 4

COMPLICATIONS RELATED TO ENDOTRACHEAL OR
TRACHEOSTOMY TUBE PLACEMENT

Malposition
Right mainstem endotracheal tube intubation leading to

hypoventilation or collapse of left lung
Dislodgment from trachea
Placement just beyond vocal cords
Placement within esophagus
Tracheal or laryngeal laceration
Tracheostenosis
Tracheomalacia
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FIGURE 5-25. Endotracheal tube within right main bronchus. The left
lung is radiopaque, and there is a shift of the mediastinum to the left
because of malpositioning of the ETT within the right main bronchus
(arrow); atelectasis of the left lung has resulted.

and tracheomegaly. ETT placement increases the incidence of
sinusitis owing to mucosal edema and obstruction of sinus
drainage.

Tracheostomy is usually performed 1 to 3 weeks after ETT
placement in patients who require long-term mechanical venti-
lation or tracheal suctioning. The tracheostomy tube is inserted
through a stoma at the level of the third tracheal cartilage,
and it should be positioned with the tip several centimeters
above the carina. Unlike the ETT, motion of the head and neck
has little influence on the position of the tube in relation to
the carina. The cuff should not extend to the tracheal wall.
Following tracheostomy, subcutaneous air in the neck and up-

FIGURE 5-26. Endotracheal tube within bronchus intermedius. AP
recumbent chest radiograph of a 29-year-old woman after a motor
vehicle accident. The patient was intubated emergently outside the
hospital. Malpositioning of the ETT within the bronchus intermedius
(arrow) resulted in aeration of the right middle and lower lobes, with
associated collapse of the right upper lobe and the entire left lung.

per mediastinum is common and is usually an unimportant
consequence of the surgery (28). Massive air collections are
caused most often by paratracheal insertion of the tube or per-
foration of the trachea. Pneumothorax is usually caused by
inadvertent entry into the apical pleural space during surgery
but may also be the result of tracheal perforation.

The incidence of serious tracheal injuries has decreased
since the introduction of high-volume, low-pressure cuffs. Mu-
cosal irritation from the tube and bacterial colonization lead
to varying degrees of mucosal injury in every patient. In a
small percentage of patients, the injury progresses to ulceration,
which may lead to cartilage necrosis. After extubation, mu-
cosal edema, erythema, and superficial ulcerations usually heal
spontaneously. Deep ulcerations may result in permanent la-
ryngeal scarring, tracheal stenosis, and tracheomalacia. Symp-
toms caused by permanent airway compromise usually appear
several weeks to many months after extubation. Following ex-
tubation, all chest radiographs should be studied for the possi-
bility of laryngeal or tracheal narrowing.

Pulmonary injury and air leak caused by mechanical ven-
tilation occur in 5% to 50% of patients, with a higher inci-
dence seen in patients with acute respiratory distress syndrome
(29). Barotrauma develops when the alveoli are hyperdistended
and rupture. The air dissects medially along the bronchovascu-
lar connective tissue to the mediastinum. Air can decompress
cephalad into the visceral compartment of the neck or fol-
low the esophagus caudad into the retroperitoneum. Retroperi-
toneal gas may continue along the anterior and posterior perire-
nal space into the properitoneal fat, and it can track along the
anterior abdominal wall and chest wall and into the scrotum
in men. Air may rupture into the peritoneum. If these routes do
not adequately decompress the mediastinum, air ruptures the
mediastinal parietal pleura and enters the pleural space.

CHEST TUBES
Pleural drainage tubes are used for evacuation of pleural fluid
and air (hydrothorax and pneumothorax, respectively). Sev-
eral types and sizes of tubes are used, and all should be eval-
uated by chest radiography for proper placement of the tip
and side holes. A side hole is marked by an interruption of the
radiopaque identification line; it should be medial to the inner
margin of the ribs (Fig. 5-27). Placement of the tube tip in the

FIGURE 5-27. Malpositioned chest tube. AP chest radiograph shows
that the side hole of the right chest tube (arrow) is outside of the pleu-
ral space. Note bilateral subcutaneous emphysema, seen as mottled
lucencies within the soft tissues of the chest wall.
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FIGURE 5-28. Chest tube track mimicking pneumothorax. A: PA chest radiograph, coned to the left upper hemitho-
rax, shows a thin curvilinear opacity paralleling the chest wall (arrows). B: AP chest radiograph obtained 1 day earlier
shows a chest tube following the course of the opacity seen in (A).

subcutaneous tissues, a fissure, or the lung parenchyma can be
diagnosed with chest radiography or CT scanning. CT scans
can also be used to identify loculated pleural collections and
direct the placement of drainage tubes. Location within a fis-
sure can be suspected when the tube reproduces the anatomy
of the minor or major fissure, or when the tube takes more
of a horizontal rather than a vertical course as seen on a
frontal chest radiograph. Tubes within fissures may become oc-
cluded by the surrounding lung. Tubes can be inadvertently ad-
vanced into the mediastinum or through the lung parenchyma,
liver, spleen, or diaphragm, resulting in bronchopleural fis-
tula, hemorrhage, and infection (20,30). After removal of a

FIGURE 5-29. Malpositioned nasogastric tube. AP chest radiograph
shows that the tip of the nasogastric tube (arrow) is well above the
gastroesophageal junction. Note the distinctive morphology of the tip,
which assists in recognizing its placement.

thoracostomy tube, a residual pleural or parenchymal line
from the tube track is often identified on the chest radiograph
(Fig. 5-28); this should not be mistaken for the visceral pleural
edge of a pneumothorax. If a large amount of pleural fluid is
removed at one time (e.g., >1.5 L), rapid lung re-expansion
can, rarely, result in so-called “re-expansion” pulmonary
edema.

ESOPHAGEAL/GASTRIC
TUBES

Standard nasogastric tubes are used for suctioning gastric con-
tents as well as for tube feeding. These tubes should be placed
such that the tip is within the stomach, with the side port be-
yond the gastroesophageal junction. The most frequent mis-
placements are (a) incomplete insertion and (b) tube coiling
within the esophagus (Figs. 5-29 to 5-31) (31). Small-bore

FIGURE 5-30. Looped nasogastric tube. AP chest radiograph shows
the nasogastric tube (arrows) looped over the expected location of the
esophagus.
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FIGURE 5-31. Malpositioned feeding tube. AP chest radiograph
shows that the radiopaque tip of the feeding tube (arrow) is well above
the gastroesophageal junction. The distinctive morphology of the tip
aids in recognizing its placement.

feeding tubes, ideally placed within the distal stomach or prox-
imal small bowel, may be inadvertently placed into the lungs
(Figs. 5-32 to 5-34), into the pleura (Fig. 5-35), or even through
the diaphragm. Administration of tube feedings into the tra-
cheobronchial tree may result in fatal pneumonia (32–34).
Esophageal perforation can be caused by feeding tube place-
ment. Radiographic findings secondary to the rare event of
iatrogenic esophageal perforation include pleural effusion,

FIGURE 5-32. Nasogastric tube placement in the lung. AP chest radio-
graph shows the course of the nasogastric tube following the expected
course of the right main bronchus and out into the lung.

FIGURE 5-33. Malpositioned feeding tube in the lung. AP chest radio-
graph shows a feeding tube outside the expected course of the esoph-
agus, with the tip projected over the right lung apex (arrow).

pneumomediastinum, extraesophageal location of the tube,
mediastinal widening, and mediastinal air–fluid levels.

Several different types of esophageal measurement probes
may be placed in the esophagus to measure intrathoracic pres-
sure, temperature, and pH. The tips of pressure and temper-
ature probes are usually placed in the distal esophagus. pH
probes are usually positioned with the tip 5 cm above the lower
esophageal sphincter (35).

FIGURE 5-34. Malpositioned feeding tube in the lung. AP chest ra-
diograph shows a feeding tube projected over the right lung base. If
not recognized before feeding the patient, such a placement can result
in chemical pneumonitis.
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FIGURE 5-35. Malpositioned feeding tube. A: AP chest radiograph shows the feeding tube outside the expected
course of the esophagus. B: After removal of the tube, the patient developed a large right pneumothorax as a result
of the tube having penetrated the pleural space.
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CHAPTER 6

MEDIASTINAL MASSES

LEARNING OBJECTIVES
1. State the anatomic boundaries of the anterior, middle,

posterior, and superior mediastinum.
2. Name the four most common causes of an anterior

mediastinal mass; localize a mass in the anterior
mediastinum on a chest radiograph and chest computed
tomographic (CT) scan.

3. Name the three most common causes of a middle
mediastinal mass; localize a mass in the middle
mediastinum on a chest radiograph and chest CT scan.

4. Name the most common cause of a posterior mediastinal
mass; localize a mass in the posterior mediastinum on a
chest radiograph and chest CT scan.

5. Name five etiologies of bilateral hilar lymph node
enlargement.

6. State the three most common locations (Garland
triad) of thoracic lymph node enlargement in
sarcoidosis.

7. Recognize a cystic mass in the mediastinum on
chest CT and suggest the possible diagnosis of a
bronchogenic, pericardial, thymic, or esophageal
duplication cyst.

8. Describe and recognize the findings of fibrosing
mediastinitis on chest CT.

The mediastinum includes the organs located between the two
lungs. Because the mediastinum is invested by the medial pari-
etal pleura, a mass isolated to the mediastinum will generally
have a smooth contour (created by the pleural surface). Lung
parenchymal masses, on the other hand, are not surrounded by
pleura and may therefore have an irregular contour. Mediasti-
nal masses can be recognized on chest radiographs when there
is an abnormal contour to the normal mediastinal structures.
On the right, these normal structures include, from superior to
inferior, the brachiocephalic vessels, superior vena cava, azygos
arch, ascending aorta, and right atrium. On the left, the me-
diastinal contour, from superior to inferior, is made up of the
brachiocephalic vessels, aortic arch, main pulmonary artery,
and left ventricle. On the lateral chest radiograph, the medi-
astinum extends from the inner margin of the sternum to the
inner margins of the posterior ribs.

The mediastinum can be divided into compartments, and
many classification systems have been devised to simplify the
differential diagnosis when an abnormality is seen in one or
more compartments. A system based on anatomic subdivisions
(the superior, anterior, middle, and posterior mediastinal com-
partments) will be used in this chapter (Fig. 6-1). Approx-
imately 60% of all mediastinal masses arise in the anterior
mediastinum, 25% appear in the posterior mediastinum, and
15% occur in the middle mediastinum (1). When an abnor-
mality is not isolated to one mediastinal compartment, as is
often the case with large mediastinal masses, the list of diag-
nostic possibilities can be determined by localizing the abnor-
mality to the mediastinal compartment serving as the “epicen-
ter” of the abnormality or by considering all abnormalities
that occur in the compartments involved. Associated radio-
logic findings can also help to narrow the list of diagnostic
possibilities; these include deviation of the trachea (commonly
seen with thyroid masses); presence of axillary, abdominal,
and retroperitoneal adenopathy (suggesting the diagnosis of
lymphoma); or posterior rib erosion or destruction (consis-
tent with a posterior mediastinal mass, such as a neurogenic
tumor).

SUPERIOR MEDIASTINUM
The superior mediastinum is bounded above by the thoracic
inlet and below by a line from the sternomanubrial joint to
the fourth thoracic vertebral body. The other mediastinal com-
partments lie inferior to this line. Abnormalities in the superior
mediastinum include masses that extend down into the upper

FIGURE 6-1. Mediastinal compartments. Lateral chest radiograph
shows the boundaries delineating the superior (S), anterior (A), middle
(M), and posterior (P) mediastinal compartments.
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mediastinum from the neck, such as thyroid goiters or cystic
hygromas; mediastinal adenopathy; and vascular abnormali-
ties, such as aneurysms.

ANTERIOR MEDIASTINUM
Also referred to as the prevascular space, the anterior medi-
astinum is bounded above by the superior mediastinum, later-
ally by pleura, anteriorly by the sternum, and posteriorly by
pericardium and great vessels. This compartment contains are-
olar tissue, lymph nodes, lymphatic vessels, thymus gland, thy-
roid gland, parathyroid glands, and internal mammary arteries
and veins.

Masses occurring in the anterior mediastinum are listed in
Table 6-1. In addition to the “4 Ts” (thymoma, thyroid mass,
teratoma, and terrible lymphoma), which account for the great
majority of lesions, there are many other less common causes
of an anterior mediastinal mass. These include vascular tortu-
osity or aneurysm, cardiac tumors or prominent pericardiac fat
(Fig. 6-2), cystic hygroma, bronchogenic cyst, pericardial cyst,
hemangioma, lymphangioma, parathyroid adenoma (Fig. 6-3),
various other mesenchymal tumors (e.g., fibroma or lipoma),
sternal tumor, primary lung tumor invading the anterior me-
diastinum, Morgagni hernia (Fig. 6-4), abscess (Fig. 6-5), and
mediastinal lipomatosis (Fig. 6-6).

TA B L E 6 - 1

ANTERIOR MEDIASTINAL MASSES

“4 Ts”
Thymoma (generally over age 40)
Teratoma (and other germ cell tumors, generally under age 40)
Thyroid (goiter or neoplasm, look for tracheal deviation)
Terrible lymphoma

An intrathoracic thyroid mass is usually a benign multi-
nodular goiter that originates in the neck and extends down-
ward into the mediastinum through the thoracic inlet. This
continuity is an important diagnostic feature on chest radi-
ography. Many thyroid masses displace or narrow the trachea
(Fig. 6-7). Another useful sign of a thyroid mass is the rela-
tive high attenuation value of the thyroid tissue, at least 20
Hounsfield units above that seen in adjacent muscles on both
precontrast and postcontrast computed tomographic (CT) im-
ages (2). CT scans can show cystic components. Calcification is
common and usually caused by benign disease when it is dense,
amorphous, and well defined with a nodular, curvilinear, or
circular configuration. Distinguishing between benign and ma-
lignant thyroid masses on chest radiography or CT scanning is
not possible unless the tumor has clearly spread beyond the

A B

C

FIGURE 6-2. Prominent pericardial fat. A: Posteroante-
rior (PA) chest radiograph shows a round mass at the
right cardiophrenic angle (arrow) that is less opaque than
the adjacent heart. B: Lateral view shows that the mass
is projected over the anterior inferior heart (arrows) in
the typical location of pericardiac fat. C: CT shows this
mass to be of fat attenuation (F), similar to that of the
subcutaneous fat.
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FIGURE 6-3. Parathyroid adenoma. CT shows a nonspecific enhanc-
ing mass (arrow) in the aortopulmonary window. Although commonly
an anterior mediastinal mass, parathyroid adenomas can occur in any
mediastinal compartment.

thyroid gland (indicating malignancy). Malignant thyroid
masses can also have calcifications, generally with a config-
uration of fine dots grouped in a cloudlike formation (3–5).
However, the patterns of benign and malignant calcifications
serve as general guidelines, and malignant medullary thyroid
carcinoma can contain well-defined, occasionally ring-shaped,
dense calcifications that are similar in appearance to the calcifi-
cations seen with benign thyroid goiter. Radionuclide imaging
is a very sensitive and specific method of determining the thy-
roid nature of an intrathoracic mass (Fig. 6-8), but CT provides
more information about the mass.

Thymomas are tumors consisting of thymic epithelial cells
and reactive lymphocytes, with noninvasive or invasive pat-

FIGURE 6-5. Anterior mediastinal abscess. CT scan of a 54-year-old
man who recently underwent aortic valve replacement shows a locu-
lated fluid collection (A) with an enhancing rim anterior to the ascend-
ing aorta and posterior to the sternum.

terns of growth (6). The presence or absence of tumor spread
beyond the capsule (usually determined surgically), rather
than the histologic appearance within the thymus, determines
whether a tumor is benign or malignant. Thymomas occur
at an average age of 50 years and with equal frequency in
men and women (6). They are associated with a variety of au-
toimmune diseases, most notably myasthenia gravis. Approxi-
mately 40% of patients with thymoma have myasthenia gravis,
and the incidence of thymoma in patients with this disease is
approximately 15% (7). Most thymomas arise in the upper
anterior mediastinum, anterior to the ascending aorta above

A B

FIGURE 6-4. Morgagni hernia. PA (A) and lateral (B) chest radiographs show colon, filled with air and stool
(arrows), herniating into the anterior mediastinum through a congenital defect in the anteromedial diaphragm.
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A B

FIGURE 6-6. Mediastinal lipomatosis. A: PA chest radiograph shows an abnormally wide upper mediastinum with straight margins (arrows).
B: CT scan shows abundant mediastinal fat (F).

A B

FIGURE 6-7. Thyroid goiter. A: PA chest radiograph shows a left paratracheal mass and deviation of the trachea to the right (arrow). B: CT scan
shows a heterogeneous left thyroid mass with cystic components (arrow). There is also a smaller cyst within the right lobe.

A B

FIGURE 6-8. Papillary thyroid carcinoma. A: PA chest radiograph of a 48-year-old woman shows a right paratracheal mass and deviation of
the trachea to the left (arrow). B: Technetium pertechnetate–enhanced thyroid scan shows a “cold” nodule in the right lobe of the thyroid gland
(arrow). Nearly all thyroid cancers are nonfunctioning or “cold” nodules on nuclear medicine thyroid scans. R, right lobe of thyroid; L, left lobe
of thyroid.
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FIGURE 6-9. Benign thymoma. A: PA chest radiograph of a 70-year-
old woman shows a rounded mass overlying the right heart border. The
visualized margins are well circumscribed (arrows). B: Lateral chest ra-
diograph suggests that the mass is located in the anterior mediastinum
(arrows). C: CT scan shows a peanut-shaped mass of fairly homoge-
neous attenuation (arrows). The mass is located anterior to the ascend-
ing aorta (A), above the right ventricular outflow tract, a typical location
for thymomas.

the right ventricular outflow tract and main pulmonary artery
(Fig. 6-9). They can extend into the adjacent middle or pos-
terior mediastinum, and they can occur or extend into the
lower third of the mediastinum, as low as the cardiophrenic
angles. Punctate, curvilinear, or ringlike calcification is com-
mon in both benign and invasive thymomas (8). On a CT scan,
thymomas are usually of homogeneous attenuation and show
uniform enhancement, but rarely they can appear cystic with
discrete nodular components (Figs. 6-10 and 6-11). In patients
under age 40, diagnosing a small thymoma can be difficult be-
cause the normal gland is variable in size. A normal thymus, in
contrast to a thymic mass, conforms to the shape of the adjacent
great vessels on CT and magnetic resonance imaging (MRI). A
mass gives rise to focal thymic enlargement, usually with its
center away from the midline, whereas a normal gland is ap-
proximately symmetric and maintains a somewhat triangular
shape on axial imaging. Invasive thymomas inhabit the me-
diastinal fat, spreading to the pericardium and pleura. Unless
mediastinal invasion has occurred, distinguishing benign from
invasive thymoma is not possible with CT scanning. Transpleu-
ral spread may manifest as so-called “drop metastases” at a
site distant from the primary lesion (Fig. 6-12), and imaging
of the entire pleural space and upper abdomen is therefore im-

portant. Extensive pleural involvement may mimic malignant
mesothelioma. Other less common thymic masses include cyst
(Fig. 6-13), abscess, thymolipoma, malignant lymphoma (most
notably Hodgkin lymphoma), thymic carcinoid, germ cell tu-
mors, and thymic carcinoma (Fig. 6-14).

A teratoma is a neoplasm derived from more than one em-
bryonic germ layer. Other germ cell tumors include benign der-
moid cyst, malignant seminoma (the most common germ cell
tumor), teratocarcinoma, embryonal carcinoma, endodermal
sinus tumor (yolk sac tumor), choriocarcinoma, and mixtures
of these types. Germ cell tumors in the mediastinum arise from
primitive rest cells and generally are not metastatic from go-
nadal tumors. Some malignant germ cell tumors secrete beta-
human chorionic gonadotropin and alpha-fetoprotein, which
can be used to diagnose and monitor progression of disease.

Benign teratomas are found in patients of all ages but are
most common in adolescents and young adults (Fig. 6-15).
They usually produce a well-defined, rounded, or lobulated
mass in the anterior mediastinum. They grow slowly, although
rapid increase in size may occur as a result of hemorrhage,
producing imaging features suggestive of a malignant mass.

(Text continues on page 86)
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FIGURE 6-10. Benign cystic thymoma. A: PA chest radiograph shows
an abnormal left mediastinal contour (arrow). B: Lateral view shows
a round, circumscribed mass with a high-attenuation rim in the an-
terior mediastinum (arrows). C: CT scan shows a mass of soft tissue
attenuation (T) with dense rim calcification anterior to the ascending
aorta.

A B

FIGURE 6-11. Benign thymoma. A: PA chest radiograph shows an abnormal left mediastinal contour (arrow). B: CT scan shows soft tissue
anterior to the ascending aorta in the expected location of the thymus gland (arrow). (Continued )



P1: PBU/OVY P2: PBU/OVY QC: PBU/OVY T1: PBU Printer: Maple Press

GRBT226-06 Collins-Stern-3203G GRBT226-Collins-Stern-v7.cls May 17, 2007 12:54

84 Chest Radiology

C

FIGURE 6-11. (Continued ) C: CT scan inferior to (B) shows that the
thymic soft tissue (T) is focally enlarged on the left.

A B

C

FIGURE 6-12. Malignant thymoma. A: CT scan shows a lobulated
mass (T) of homogeneous soft tissue attenuation in the anterior medi-
astinum. B: CT scan at a level inferior to (A) shows course calcification
(arrow) within the mass. C: A “drop” metastasis (arrow) is seen along
the right hemidiaphragm.

FIGURE 6-13. Thymic cyst. CT scan of a 60-year-old man shows a
circumscribed, rim-calcified oval mass of homogeneous fluid attenua-
tion (C) in the expected location of the thymus gland.
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FIGURE 6-14. Thymic carcinoma. A: PA chest radiograph shows an abnormal left mediastinal contour (arrow). B: Lateral view shows abnormal
opacity in the retrosternal area (arrows). C: CT scan shows a lobulated mass of homogeneous soft tissue attenuation (T) in the anterior mediastinum.
D: Coronal positron emission tomographic scan shows normal activity in the heart (H) and abnormal activity in the thymic mass (T).

FIGURE 6-15. Benign teratoma. CT scan of a 16-year-old girl shows a
large mass containing fat (F), cystic areas (C), and rudimentary “teeth”
(arrow). Septations are present within the mass (arrowheads). At this
windowing, fat appears similar in attenuation to air. Unequivocal fat
within the mass confirms the diagnosis of teratoma. Note that large
mediastinal masses can appear to fill an entire hemithorax.
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FIGURE 6-16. Benign teratoma. A: PA chest radiograph shows abnormal opacity in the right hemithorax, some of which is caused by pleural
effusion, and mediastinal shift to the left. B: Lateral view shows abnormal opacity in the retrosternal area. C: CT scan shows an anterior mediastinal
mass of homogeneous soft tissue attenuation (M), compressing a narrowed superior vena cava (solid arrow) and right pulmonary artery (dashed
arrow), and right pleural effusion (E).

Calcification, ossification, teeth, or fat may be visible on a chest
radiograph and on CT scans. CT scans may show cystic com-
ponents and/or a fat–fluid level. A cyst wall with curvilinear
calcification is often present. Unequivocal fat within the mass
confirms the diagnosis of teratoma, but the absence of fat or
calcium does not exclude a teratoma (Fig. 6-16).

Imaging features of malignant germ cell tumors are similar
to those of benign teratoma except that fat density is not noted
and calcification is rare. The malignant tumors grow rapidly,
and metastases may be seen in the lungs, bones, or pleura.
The adjacent mediastinal fat planes may be obliterated. The
tumors may be of homogeneous attenuation or show areas
of contrast enhancement interspersed with rounded areas of
decreased attenuation from necrosis and hemorrhage. Rarely,
coarse tumor calcification may be seen (9).

Lymphoma often extends beyond the anterior mediastinal
compartment, involving a variety of lymph node chains, and
is discussed along with middle mediastinal masses (see follow-
ing). When lymphoma is isolated to the anterior mediastinum,
the CT appearance can be similar to that of thymoma and germ
cell neoplasms.

MIDDLE MEDIASTINAL MASSES
Also referred to as the vascular space, the middle mediastinum
is bounded in front by the anterior mediastinum and posteri-

orly by the posterior mediastinum. The middle mediastinum
contains the heart and pericardium, ascending and transverse
aorta, superior vena cava and azygos vein that empties into
it, phrenic nerves, upper vagus nerves, trachea and its bifur-
cation, main bronchi, pulmonary artery and its two branches,
pulmonary veins, and adjacent lymph nodes. The esophagus is
variably described as a middle or posterior mediastinal struc-
ture. The main categories of abnormalities occurring in the
middle mediastinum include adenopathy, aneurysm/vascular
abnormalities, and abnormalities of development (Table 6-2).
Less common middle mediastinal abnormalities include giant
lymph node hyperplasia (Castleman disease; Fig. 6-17); neural
tumor (involving the vagus or phrenic nerve); abscess; fibrosing
mediastinitis; hiatal hernia (Fig. 6-18); primary tumors of the
trachea or esophagus (namely, leiomyoma, leiomyosarcoma, or
carcinoma; Figs. 6-19 and 6-20); and hematoma.

Adenopathy

There are many causes of mediastinal and hilar lymph node
enlargement (adenopathy). Three main categories to consider
are neoplasm, infection, and noninfectious granulomatous
disease (i.e., sarcoidosis). Neoplastic causes include malig-
nant lymphoma, lymphoproliferative disorders, leukemia, and
metastatic carcinoma (most notably from the lung, esophagus,
breast, kidney, testis, and head and neck).
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FIGURE 6-17. Castleman disease. A: PA chest radiograph of a 48-
year-old man shows an abnormal left mediastinal contour (arrows). B:
Lateral view shows a circumscribed oval retrosternal mass (arrows).
C: CT scan shows an enhancing retrosternal mass (arrow). Pathol-
ogy confirmed Castleman disease involving the left internal mammary
node. Prominent enhancement is a characteristic feature of Castleman
disease. Although the example shown is in the anterior mediastinum,
Castleman disease most commonly occurs in the middle mediastinum.

A B

FIGURE 6-18. Hiatal hernia. A: PA chest radiograph shows a mediastinal mass containing an air–fluid level (arrow). B: Lateral view confirms
herniation of stomach through the esophageal hiatus and again shows an air–fluid level (arrow).
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TA B L E 6 - 2

MIDDLE MEDIASTINAL MASSES

“3 As”

Adenopathy
Infection (fungal and mycobacterial)
Neoplasm (bronchogenic carcinoma, metastases,

lymphoma, leukemia)
Sarcoidosis

Aneurysm/vascular

Abnormalities of development
Bronchogenic cyst
Pericardial cyst
Esophageal duplication cyst
(Neurenteric cyst—posterior mediastinum)

Lymphoma is classified as either Hodgkin or non-Hodgkin
lymphoma (Figs. 6-21 and 6-22). The onset of Hodgkin lym-
phoma most commonly occurs in the second or third decade,
with a secondary peak in the fifth or sixth decades of life. Non-
Hodgkin lymphoma occurs in all age groups. The main feature
of malignant lymphomas on chest radiography or CT scanning
is mediastinal and hilar lymphadenopathy, in some cases with
accompanying pulmonary, pleural, or chest wall involvement.
The enlarged nodes can calcify, especially after therapy, in irreg-
ular, eggshell, or diffuse patterns. The appearances of intratho-
racic adenopathy on chest radiographs and CT scans are similar
in Hodgkin and non-Hodgkin lymphoma, but the frequencies
and distributions of the abnormalities differ. Any intrathoracic
nodal group may be enlarged in patients with lymphoma. In
general, the anterior mediastinal and paratracheal nodes are
the most frequently involved, with tracheobronchial and sub-
carinal nodes also commonly enlarged. The majority of cases of
Hodgkin lymphoma show enlargement of two or more nodal
groups, whereas only one nodal group is involved in about half
the cases of non-Hodgkin lymphoma. Hilar adenopathy is rare
without accompanying mediastinal adenopathy. The enlarged
nodes may be discrete or matted together, and the margins can
be well defined or ill defined. Low-density areas can be seen, re-
sulting from cystic degeneration. Hodgkin lymphoma can arise

FIGURE 6-20. Esophageal carcinoma. CT scan of a 63-year-old man
shows a distal esophageal mass (E). The man also had a cavitary squa-
mous cell carcinoma in the right lower lobe (arrow).

primarily in the thymus. Parenchymal involvement of the lung
at initial presentation is unusual. Parenchymal involvement in
Hodgkin disease is almost always accompanied by intratho-
racic adenopathy (except after irradiation), whereas in non-
Hodgkin lymphoma, isolated pulmonary involvement occurs
more than 50% of the time (10). The most common pattern
of parenchymal involvement is one or more discrete nodules,
which can cavitate. Another common pattern is round or seg-
mental, focal or patchy areas of dense airspace opacity often
with air bronchograms, mimicking pneumonia.

Pleural effusions are seen on CT scans in 50% of patients
with lymphoma (11). Most pleural effusions are unilateral ex-
udates, occasionally chylous in nature, and they can be large.
Both pleural and pericardial effusions can occur and have
nodular solid components. Chest wall invasion and rib destruc-
tion are seen on occasion.

The most frequent infections that give rise to intrathoracic
adenopathy are caused by mycobacterial disease (most notably
tuberculosis) and fungal disease (particularly histoplasmosis;
Fig. 6-23), each of which can occur without evident pneu-
monia. Some patients develop a chronic progressive immune

A B

FIGURE 6-19. Esophageal carcinoma. A: CT scan of a 54-year-old woman with dysphagia shows a circumferential mass involving the upper
esophagus (arrow). Note the lack of air within the thick-walled esophagus. B: CT scan at a level inferior to (A), with lung windowing, shows a
parenchymal metastasis (arrow).
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FIGURE 6-21. Hodgkin lymphoma. A: CT scan of a 59-year-old man with shortness of breath shows a homogeneous
mass of soft tissue attenuation (M) compressing the left atrium (LA), nearly encasing the aorta (A), and abutting the
esophagus (dashed arrow) and azygous vein (solid arrow). There is also a right pleural effusion (E). B: CT scan at a
more inferior level shows retrocrural lymphadenopathy (A).

response to dead Histoplasma capsular antigens, resulting in a
condition known as fibrosing mediastinitis. In this condition,
nonmalignant fibrous tissue encases and obliterates vasculature
(arteries, veins, lymphatics) and airways in the mediastinum
(Fig. 6-24). Subcarinal and right paratracheal nodes are most
commonly involved. Calcification of nodes and simultaneous
encasement of airways and vasculature are characteristic CT
findings of this disease. Intrathoracic nodal enlargement can
also be seen in tularemia, whooping cough, anthrax, plague,

and mycoplasmal, viral, and other more common bacterial in-
fections.

Sarcoidosis is a frequent cause of intrathoracic adenopathy
in young adults. When multiple node groups are involved and
adenopathy is symmetrically distributed in the hila and medi-
astinum in young asymptomatic adults, sarcoidosis is the likely
cause. The hilar lymph nodes are frequently potato shaped
and clear of the cardiac borders, a feature that is often use-
ful in distinguishing sarcoidosis from lymphoma (Fig. 6-25).

A

B

C

FIGURE 6-22. Hodgkin lymphoma. A: CT scan shows right supraclav-
icular lymphadenopathy (A) compressing the right jugular vein (arrow).
B: CT scan at a more inferior level shows confluent anterior mediasti-
nal and right paratracheal lymphadenopathy (A). C: Another CT scan
shows bilateral axillary lymphadenopathy (A).
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FIGURE 6-23. Pulmonary histoplasmosis. A: PA chest radiograph
shows right paratracheal (solid arrow) and bilateral hilar (dashed
arrows) lymphadenopathy. B: CT scan shows bulky right paratra-
cheal lymphadenopathy (arrow). C: CT scan at a more inferior level
shows bilateral hilar (solid arrows) and subcarinal (dashed arrow) lym-
phadenopathy. The appearance is indistinguishable from that of sar-
coidosis.

A B

FIGURE 6-24. Fibrosing mediastinitis. A: PA chest radiograph of a 26-year-old woman with dysphagia, dilated chest and neck veins, dyspnea
on exertion, and fatigue shows abnormal opacity obliterating the right heart margin (indicating a right middle lobe process) associated with
elevation of the right hemidiaphragm and abnormal right paratracheal opacity. B: Lateral view confirms abnormal opacity in the right middle
lobe. (Continued )
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FIGURE 6-24. (Continued ) C: CT scan shows fibrous tissue encasing and almost obliterating the superior vena
cava (solid arrow) and coarse mediastinal calcifications (dashed arrows). D: CT scan of a more inferior level shows
calcified fibrous tissue (dashed arrow) encasing the right lower lobe pulmonary artery, along with densely calcified
subcarinal fibrous tissue (solid arrow).

Enlargement of paratracheal and bilateral hilar lymph nodes
(the Garland triad, or the “1-2-3 sign”) is a nonspecific pat-
tern of adenopathy that is common in patients with sarcoidosis
(Fig. 6-26).

Adenopathy is more easily identified and quantified via CT
scanning than chest radiography. The CT signs of adenopa-
thy are (a) an increase in size of individual nodes, (b) invasion
of surrounding mediastinal fat, (c) nodal masses, and (d) dif-
fuse soft tissue density throughout the mediastinum obliterat-
ing the mediastinal fat. There are numerous studies regarding
normal lymph node size on CT scans (12–14). In general, nodes
greater than 10 mm in short-axis diameter are considered ab-

A B

FIGURE 6-25. Sarcoidosis. PA (A) and lateral (B) chest radiographs of an asymptomatic 25-year-old man show
bilateral hilar adenopathy (straight arrows). The enlarged nodes are potato shaped and clear of the cardiac borders,
a feature that can help distinguish them from lymphomatous enlargement of hilar nodes. On the lateral view,
subcarinal adenopathy is also seen (curved arrows).

normal although nonspecific and not necessarily malignant.
Likewise, nodes less than 10 mm in short-axis diameter can be
pathologic.

Aneurysm/Vascular Abnormalities

As a structure in the middle mediastinum, the aorta can also
give rise to abnormalities in this compartment. It is very impor-
tant to distinguish an aortic aneurysm from other mediastinal
masses, particularly if biopsy is being considered. The aorta
commonly becomes atherosclerotic and ectatic with advancing
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FIGURE 6-26. Sarcoidosis. A: CT scan of a 20-year-old man shows en-
larged paratracheal and aortopulmonary lymph nodes (A). B: CT scan
at a more inferior level shows bilateral hilar (arrows) lymphadenopathy.
Enlargement of paratracheal and bilateral hilar lymph nodes is com-
monly seen with sarcoidosis and is referred to as the “1-2-3” sign or
Garland triad. C: CT scan with lung windowing shows small, ill-defined
nodules in a bronchovascular distribution (arrows); this is typical of the
parenchymal findings seen with sarcoidosis.

age, and it can become aneurysmal. Rupture is the feared com-
plication of aortic aneurysm (Fig. 6-27). Most atherosclerotic
aneurysms are fusiform in shape, although some are saccu-
lar. Fusiform aneurysms usually arise in the aortic arch or de-
scending thoracic aorta. Saccular aneurysms usually arise from
the descending aorta, or occasionally from the aortic arch, but
they are unusual in the ascending aorta. Aortic aneurysms can
be distinguished from other mediastinal masses by recognizing
their conformity to the aorta and by the presence of curvilin-
ear calcification in the wall of the aneurysm. Traumatic aortic
pseudoaneurysm is discussed in Chapter 8. Mycotic aneurysms
of the aorta occur in patients with predisposing causes: intra-
venous drug abusers, patients with valvular disease or congeni-
tal disorders of the heart or aorta, patients who have undergone
previous cardiac or aortic surgery, patients with adjacent pyo-
genic infection, and those who are immunocompromised. My-
cotic aneurysms are usually saccular in shape, enlarge rapidly,
and lack calcification of the wall.

Aortic dissections are collections of blood within the media
of the aortic wall that communicate with the true aortic lumen
through one or more tears in the intima. Most dissections be-
gin within an intimal tear, and bleeding splits the aortic media.
Two classification systems are used to describe aortic dissec-
tion. The DeBakey classification divides aortic dissection into
three types (15). Type I refers to dissections that start in the
ascending aorta and extend into the descending aorta; type II,
to dissections confined to the ascending aorta; and type III, to
dissections that start just beyond the left subclavian artery and
are confined to the descending aorta. The Stanford classifica-
tion refers to type A (involving the ascending aorta) and type
B (confined to the descending aorta) (16). The diagnostic fea-
ture of aortic dissection on contrast-enhanced CT scanning is
two lumina separated by an intimal flap (Fig. 6-28). The in-

timal flap is seen as a curvilinear low-attenuation area within
the opacified aorta. A false lumen usually fills and empties in
a delayed fashion compared with a true lumen. The false lu-
men may be partially or totally filled by thrombus and there-
fore may not opacify. The true lumen is usually compressed
by the false lumen. Displacement of calcified atheromatous
plaques by the dissection can be demonstrated on precontrast
CT scans when contrast enhancement of the two lumina cannot
be achieved (as with a thrombosed false lumen). Aortic dissec-
tion is further discussed along with other aortic pathology in
Chapter 19.

Abnormalities of Development

Developmental mediastinal cysts include bronchogenic cysts,
esophageal duplication cysts, neurenteric cysts, and pericardial
cysts. The first three are also referred to as bronchopulmonary
foregut malformations, signifying their origin from the embry-
ologic foregut as the result of abnormal ventral budding of the
tracheobronchial tree (17). Mediastinal cysts containing car-
tilage are classified as bronchogenic, and those with gastric
epithelium as enteric. Neurenteric and some esophageal dupli-
cation cysts arise within the posterior mediastinum, but they
will be discussed here with middle mediastinal masses.

Bronchogenic cysts have a fibrous capsule, often contain
cartilage, are lined with respiratory epithelium, and contain
mucoid material. Most arise in the mediastinum or hilar ar-
eas, but they can also arise within the lung parenchyma. These
cysts can rapidly increase in size as a result of hemorrhage, in-
fection, or distension with air, indicating communication with
the airways. They are seen on chest radiographs as well-defined
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FIGURE 6-27. Leaking thoracic aortic aneurysm. A: PA chest radiograph of a 77-year-old man with chest pain shows a widened mediastinum
and abnormal left mediastinal contour (arrows). B: CT scan shows a focal aneurysm of the aortic arch (arrow). Note the interruption in dense
mural calcification. C: CT scan at a more inferior level shows obliteration of the normal aortic contours and adjacent left pleural effusion.
D: Sagittal reformatted CT scan shows the focal aneurysm (arrow) and adjacent fluid collection.

A B

FIGURE 6-28. Aortic dissection. A: CT scan shows two aortic lumina—a false lumen (F) and a true lumen (T)—separated by an intimal flap.
B: CT scan at a more inferior level shows a pericardial effusion (E) that is of high attenuation, indicating hemorrhage.
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FIGURE 6-29. Bronchogenic cyst. A: PA chest radiograph shows an abnormal left superior mediastinal contour
(arrow). B: CT scan shows a nonenhancing left paraspinal mass of homogeneous fluid attenuation with an imper-
ceptible wall (arrow). C: T1-weighted MRI shows the mass to have low signal intensity (C). D: The mass has high
signal intensity on T2-weighted MRI (C), consistent with a cyst.

solitary masses in the mediastinum or hilum (Figs. 6-29 and
6-30) and are usually found in close proximity to the major air-
ways. The single most frequent site is between the carina and
the esophagus. Calcification, either rim calcification or milk of
calcium within the cyst, has been described (18). CT scans usu-
ally show a simple cystic mass with an imperceptible or thin
smooth wall. The CT attenuation is generally that of water
(–10 to +10 Hounsfield units) but can be higher (as high as
120 Hounsfield units) when filled with milk of calcium or pro-
teinaceous material that accumulates after infection or hemor-
rhage (Fig. 6-31). The cysts can be unilocular or multilocular.
Curvilinear calcification of the wall can be seen.

The imaging features of esophageal duplication cysts may be
identical to those seen with bronchogenic cysts, except that an
esophageal duplication cyst will always have a peri-esophageal
location (Fig. 6-32). Neurenteric cysts are posterior mediasti-
nal cystic lesions connected to the meninges through a mid-
line defect in one or more vertebral bodies. Associated ver-
tebral anomalies suggest the diagnosis. Pericardial cysts arise
most frequently in the right cardiophrenic angle as a result
of anomalous outpouching of the parietal pericardium. The
cysts typically contact the heart, diaphragm, and anterior chest
wall (Fig. 6-33). The majority are sharply marginated, some-

what triangular, and of near-water attenuation on CT scans
(Fig. 6-34).

POSTERIOR MEDIASTINAL
MASSES

Also referred to as the postvascular space, the posterior me-
diastinum lies behind the heart and pericardium and contains
the thoracic descending aorta, esophagus, thoracic duct, azy-
gos and hemiazygos veins, lymph nodes, sympathetic chains,
and inferior vagus nerves. Neural tumors are the most common
tumors to develop in the posterior mediastinum, but a variety
of uncommon abnormalities can occur in this compartment, as
listed in Table 6-3 (Figs. 6-35 to 6-38).

Neural tumors can be differentiated into nerve sheath tu-
mors and ganglion cell tumors. Nerve sheath tumors comprise
schwannomas, neurofibromas, and their malignant counter-
parts. The schwannoma is the most common intrathoracic

(Text continues on page 99)
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FIGURE 6-30. Bronchogenic cyst. PA (A) and lateral (B) chest radiographs of a 23-year-old man show a round mass in the left medial hemithorax
(arrows). C: CT scan shows that the nonenhancing left hilar mass is of homogeneous fluid attenuation, consistent with a cyst (C).

A B

FIGURE 6-31. Bronchogenic cyst. A: PA chest radiograph of a 36-year-old woman shows an ovoid mass in the subcarinal area (arrowheads), a
typical location for a bronchogenic cyst. B: Lateral view confirms the mass to be in a subcarinal location (arrows). (Continued )
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C

FIGURE 6-31. (Continued ) C: CT scan shows that the mass is ex-
tremely dense throughout, consistent with milk of calcium (arrows).

FIGURE 6-32. Esophageal duplication cyst. CT scan of a 45-year-old
woman shows a subcarinal cystic structure (C) of homogeneous fluid
attenuation in contact with the esophagus (arrow). The appearance is
indistinguishable from that of a bronchogenic cyst.

A B

FIGURE 6-33. Pericardial cyst. A: PA chest radiograph shows a round opacity (arrow) at the right cardiophrenic
angle. B: CT scan shows the mass (PC) to be of homogeneous fluid attenuation with rim calcification.

TA B L E 6 - 3

POSTERIOR MEDIASTINAL MASSES

Common
Neural tumors

Neurogenic (neuroblastoma, ganglioneuroma,
ganglioneuroblastoma)

Nerve root tumors (schwannoma, neurofibroma,
malignant schwannoma)

Less common
Paraganglionic cell tumors (chemodectoma,

pheochromocytoma)
Spinal tumor (metastases, primary bone tumor)
Lymphoma
Invasive thymoma
Mesenchymal tumor (fibroma, lipoma, leiomyoma,

hemangioma, lymphangioma)
Abscess
Pancreatic pseudocyst
Esophageal varices
Hematoma
Traumatic pseudomeningocele
Bochdalek hernia
Extramedullary hematopoiesis
Descending thoracic aortic aneurysm



P1: PBU/OVY P2: PBU/OVY QC: PBU/OVY T1: PBU Printer: Maple Press

GRBT226-06 Collins-Stern-3203G GRBT226-Collins-Stern-v7.cls May 17, 2007 12:54

Chapter 6: Mediastinal Masses 97

A B

C

FIGURE 6-34. Pericardial cyst. A: PA chest radiograph shows a
smoothly marginated, rounded mass adjacent to the right heart bor-
der (arrows). B: Lateral chest radiograph shows the mass to be in the
anterior or middle mediastinum (arrowheads). C: CT scan shows a mass
of homogeneous fluid attenuation abutting the right pericardial border,
typical of the appearance of a pericardial cyst (arrows).

A B

FIGURE 6-35. Achalasia. A: PA chest radiograph of an 86-year-old woman with dysphagia shows a widened contour to the upper mediastinum
(arrows) and air within the dilated air-filled esophagus (arrowheads). B: Lateral chest radiograph shows an air–fluid level within the dilated
esophagus (arrowheads) and anterior deviation of the trachea (curved arrows).
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A B

FIGURE 6-36. Descending thoracic aortic aneurysm. A: PA chest radiograph of a 69-year-old woman shows a rounded mass in continuity with
the descending aorta (straight arrows). Incidental note of calcified granuloma in the left upper lobe (curved arrow). B: Lateral chest radiograph
shows curvilinear rim calcification within the wall of the aneurysm (arrows).

FIGURE 6-37. Extramedullary hematopoiesis. CT scan of a 20-year-old
woman with thalassemia shows bilateral paraspinal soft tissue masses
(arrows) and expansion of the adjacent ribs.

A B

FIGURE 6-38. Mediastinal pancreatic pseudocysts. A: CT scan of a 39-year-old man with acute and chronic pancreatitis shows cystic areas within
the pancreas (arrow) and pancreatic calcifications. B: CT scan at a more superior level shows rim-enhancing pancreatic pseudocysts (PC) within
the posterior mediastinum and a large right pleural effusion (E).

98
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A

B

C

D

FIGURE 6-39. Benign schwannoma. PA (A) and lateral (B) chest radiographs of a 9-year-old girl show a circumscribed mass in the right apex
(arrow). C: Axial T1-weighted MRI shows the mass (S) is paraspinal in location and has no continuity with the spinal canal. D: Coronal MRI,
with intravenous contrast, shows that the mass (M) has high signal intensity.

nerve sheath tumor (Fig. 6-39). Both schwannomas and neu-
rofibromas are derived from Schwann cells and occur most
commonly in patients in their 30s and 40s. Almost all intratho-
racic nerve sheath tumors arise from either the intercostal or
sympathetic nerves.

The ganglion cell tumors include neuroblastoma (malig-
nant), ganglioneuroma (benign), and ganglioneuroblastoma
(intermediate between benign and malignant). The adrenal
gland is the most common primary site for these tumors, with
the mediastinum being the second most common site. Gan-
glioneuroma can occur between the ages of 1 and 50, while
neuroblastoma and ganglioneuroblastoma occur during child-
hood, generally under the age of 20 (19).

Nerve sheath and ganglion cell tumors are seen as well-
defined masses with a smooth or lobulated outline on imag-
ing studies. Some are very large and can occupy most of a
hemithorax. Calcification can be seen in all types. In neuro-
blastoma, the calcification is usually finely stippled, whereas
in ganglioneuroblastoma and ganglioneuroma it is denser and
coarser. The bone adjacent to the tumor shows a scalloped

edge, with preservation but thickening of the bony cortex. The
ribs can be thinned and splayed apart, and the intervertebral
foramina can appear widened. On CT scans, many tumors have
mixed attenuation, including low-attenuation regions, that en-
hance on images taken after administration of intravascular
contrast material.

Paragangliomas are tumors of the paraganglionic cells and
can be benign or malignant chemodectomas or pheochromocy-
tomas. Mediastinal paragangliomas are rare, comprising only
2% of the large series of neural tumors of the thorax (19).
Paragangliomas occur in the area of the aortic arch and are
classified as aortic body tumors. They form rounded soft tissue
masses that are extremely vascular and enhance brightly on CT
scans after administration of intravenous contrast material.
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CHAPTER 7

SOLITARY AND MULTIPLE
PULMONARY NODULES

LEARNING OBJECTIVES
1. Name the three most common causes of a solitary

pulmonary nodule.
2. Name four important considerations in the evaluation of

a solitary pulmonary nodule.
3. Define the terms pulmonary nodule and pulmonary mass.

4. Name six common causes of cavitary nodules.
5. Name four common causes of multiple pulmonary

nodules.
6. Describe the indications for percutaneous biopsy of a

solitary pulmonary nodule.

7. Describe the most frequent complications related to
percutaneous lung biopsy using computed tomographic
or fluoroscopic guidance.

8. Describe the role of positron emission tomography in the
evaluation of a solitary pulmonary nodule.

9. Describe an appropriate imaging algorithm to evaluate a
solitary pulmonary nodule.

10. Describe an appropriate algorithm for management of
small incidental pulmonary nodules detected on
computed tomography.

A pulmonary nodule is defined as “any pulmonary or pleural
lesion represented in a radiograph by a sharply defined dis-
crete, nearly circular opacity 2 to 30 mm in diameter” (1). A
pulmonary mass is distinguished from a nodule based on size
and is defined as “any pulmonary or pleural lesion represented
in a radiograph by a discrete opacity greater than 30 mm in
diameter (without regard to contour, border characteristics,
or homogeneity), but explicitly shown or presumed to be ex-
tended in all three dimensions” (1). Some authors, however,
use the terms nodule and mass interchangeably (2). A nodule
seen on computed tomography (CT) is defined as a “small,
approximately spherical, circumscribed focus of abnormal tis-
sue” (3). Definitions are helpful but imprecise; in practice, there
is variability in what is termed a pulmonary nodule or mass.
The differential diagnoses are different for solitary and multiple
pulmonary nodules, and thus each will be discussed separately
in this chapter.

SOLITARY PULMONARY
NODULES

Solitary pulmonary nodules (SPNs) are very common. A radi-
ologist in an active practice may see one or more per day. Many
more are not perceived. At chest radiography, an SPN is seldom
evident until it is at least 9 mm in diameter (4), and nearly 90%
of newly discovered SPNs on chest radiographs may be visible
in retrospect on prior radiographs (5). The importance of an
SPN derives from the frequency with which it represents a
primary bronchogenic cancer. The causes of an SPN are many
(Table 7-1), but more than 95% fall into one of three groups:
(i) malignant neoplasms, either primary or metastatic; (ii)
infectious granulomas, either tuberculous or fungal (Fig. 7-1);
and (iii) benign tumors, notably hamartoma (2). In addition
to specific radiologic features, clinical history is important in
considering the likely cause of an SPN (Fig. 7-2). Bronchogenic
carcinoma is rare in patients under 30 years of age and is more
common in cigarette smokers than nonsmokers. History of a

TA B L E 7 - 1

CAUSES OF SOLITARY PULMONARY NODULES

Neoplastic: Malignant
Bronchogenic carcinoma
Solitary metastasis
Lymphoma
Carcinoid tumor

Neoplastic: Benign
Hamartoma
Benign connective tissue and neural tumors (e.g., lipoma,

fibroma, neurofibroma)

Inflammatory
Granuloma
Lung abscess
Rheumatoid nodule
Inflammatory pseudotumor (plasma cell granuloma)

Congenital
Arteriovenous malformation
Lung cyst
Bronchial atresia with mucoid impaction

Miscellaneous
Pulmonary infarct
Intrapulmonary lymph node
Mucoid impaction
Hematoma
Amyloidosis
Normal confluence of pulmonary veins

Mimics of SPN
Nipple shadow
Cutaneous lesion (e.g., wart, mole)
Rib fracture or other bone lesion
“Vanishing pseudotumor” of congestive heart failure

(loculated pleural effusion)

SPN, solitary pulmonary nodule.
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A B

FIGURE 7-1. Granuloma. A: PA chest radiograph shows a small, well-circumscribed, round opacity at the right lung base (arrows). B: Lateral
view shows that the opacity is within the lung on two views (posterior segment of the right lower lobe) and thus represents a pulmonary nodule
(arrow). The high density of the nodule relative to its small size indicates that it is densely calcified. The appearance is characteristic of a benign
calcified granuloma, and no further evaluation of the nodule is needed (an exception would be in a patient with a known calcium-producing
primary tumor, such as osteosarcoma, which can lead to calcified pulmonary metastases; in this case, older radiographs confirmed over 2 years of
stability of the granuloma).

known primary tumor makes a metastasis more likely
than a new (or second) primary tumor. Certain regions of the
country are endemic for fungal disease and therefore have a
higher prevalence of benign nodules than other regions.

Management options with an SPN include further imaging
workup, declaration of benign etiology and no further evalu-
ation, follow-up (usually with CT), or tissue diagnosis (either
with percutaneous or transbronchial biopsy or via surgical re-
section). Management algorithms should take into account ra-
diologic and clinical factors. Such additional information may
obviate further workup (Fig. 7-3).

Two rules must be remembered when evaluating an SPN:
first, a “nodule” is not confirmed to be within the lung unless it
is seen in the lung on both posteroanterior (PA) and lateral chest
radiographs or it is seen in the lung on a chest CT. Second, the

current radiograph or CT scan should be compared with prior
radiologic studies, when available, to confirm the chronicity of
the nodule. Following these two basic rules will, on occasion,
prevent unnecessary further workup and concern.

Four important considerations in the evaluation of an SPN
are (i) attenuation characteristics, (ii) rate of growth, (iii) shape,
and (iv) size. Each of these will be discussed separately; how-
ever, it should be noted that no single radiologic feature or
combination of features is entirely specific for lung carcinoma
or other primary malignant tumors.

The presence or absence of calcium is the most important
feature that distinguishes benign from malignant nodules. Un-
fortunately, 45% of benign nodules are not calcified (6). Benig-
nity can be confirmed confidently if the lesion is smaller than
3 cm in diameter, is smoothly marginated, and exhibits one

A B

FIGURE 7-2. Postbiopsy hematoma. This 62-year-old man underwent transbronchial biopsy of the right middle lobe 11 days after lung trans-
plantation. The history supports hematoma as the cause of the nodule in the right lung. A: CT scan shows a ground-glass nodule with central
cavitation (arrow) in the right middle lobe. B: At a more inferior level, the nodule (arrow) appears more solid.
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A B

FIGURE 7-3. Dependent atelectasis. A: Supine CT image shows a small rounded opacity (arrow) in the dependent right lower lobe. B: The
“nodule” disappears on prone imaging, confirming the etiology to be focal atelectasis.

of the following patterns of calcification: large central nidus,
laminated, popcorn, or diffuse. All other patterns of calcifica-
tion are less specific, as further described later. SPNs smaller
than 9 mm in diameter are rarely visible on chest radiographs,
and a nodule of this size that is clearly seen is likely to be dif-
fusely calcified and benign (Fig. 7-1). Dual-energy subtraction
chest radiography can better depict calcification in pulmonary
nodules compared with conventional chest radiography (7). So-
called popcorn calcifications, which are randomly distributed,
often overlapping rings of calcium, are seen when cartilage is
present, such as with a hamartoma (Fig. 7-4). Large areas of
dystrophic calcium are essentially diagnostic of benign nodules,
usually granulomas, and the exceptions are extremely rare. Any
calcium in a nodule makes the nodule more likely to be be-
nign. When calcium is detected on thin-section CT (≤3-mm

sections), even when not diffuse and not obviously benign in
nature, the likelihood of benignity is high enough to warrant
follow-up imaging. This management is recommended, how-
ever, only for nodules that are otherwise smoothly marginated,
3 cm or smaller in diameter, and not increasing in size at a rate
compatible with bronchogenic carcinoma (Fig. 7-5) (8). The
presence of eccentric calcium in a nodule occasionally repre-
sents a sign of “scar carcinoma,” where the cancer has arisen
from a granuloma or engulfed a fibrotic, calcified granuloma.
Central calcification in a spiculated SPN should be viewed with
suspicion, because most benign SPNs have smooth or mini-
mally lobulated margins. Calcifications in lung cancers may
appear amorphous, stippled, or diffuse, and some can have
dense foci of calcification or be entirely calcified, with a pat-
tern resembling that of benign disease. These last two patterns

A B

FIGURE 7-4. Hamartoma. A: PA chest radiograph shows a rounded opacity in the left middle lung with calcification (arrows). B: PA chest
radiograph obtained 5.5 years later shows enlargement of the nodule, which has doubled in volume. The randomly distributed calcifications,
arranged in overlapping rings, now have the typical “popcorn” appearance described with hamartomas. It is not unusual for hamartomas to
enlarge; unlike malignant nodules, however, the growth rate is slow, with doubling occurring in more than 18 months’ time.
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A B

FIGURE 7-5. Small-cell carcinoma. A: CT image shows an irregular, calcified, round nodule in the right lower lobe. The pattern of calcification
is not definitely benign and the nodule’s irregular margin makes it suspicious for neoplasm. B: CT scan with lung windowing shows the nodule to
have a lobulated contour.

can be seen in carcinoid tumors, metastatic osteosarcoma, and
chondrosarcomas. Stippled calcification can be seen in metas-
tases from mucin-secreting tumors such as colon or ovarian
cancers.

If fat is present within a nodule, the most likely diagno-
sis is hamartoma, and less likely diagnoses are lipoma or
myelolipoma. Exceptions include metastatic liposarcoma or re-

nal cell carcinoma, which rarely present as fat-containing nod-
ules on CT. Pulmonary hamartomas are benign lesions con-
sisting of an abnormal mixture of the normal constituents of
the lung. Most pulmonary hamartomas contain masses of car-
tilage and may also contain fat or cystic collections of fluid
(Figs. 7-6 and 7-7). They grow slowly and are usually soli-
tary (see Fig. 7-4). More than 90% are peripheral in location

A B

C

FIGURE 7-6. Hamartoma. A: PA chest radiograph shows an approxi-
mately 2-cm round nodule superimposed over the left first rib end that
is partially obscured by an external electrocardiogram lead (arrows).
This nodule was not recognized at the time the radiograph was taken
because it was “hiding” among the shadows of overlapping bones in the
upper lung. B: PA chest radiograph obtained 3 years later shows that the
nodule has not changed (arrows). This period of stability is consistent
with benign etiology. C: CT scan shows calcification (arrow) and fat
(arrowhead) within the nodule, characteristic of a benign hamartoma.
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A B

FIGURE 7-7. Hamartoma. A: CT scan shows a round, circumscribed nodule with coarse central calcification in the periphery of the right lower
lobe (arrow). B: CT scan at a more inferior level shows central low attenuation (–40 Hounsfield units) (arrow) consistent with fat.

(9). Pulmonary hamartomas can range up to 10 cm in diame-
ter, although most are less than 4 cm, and are usually spherical,
lobulated, or notched with a very well-defined edge. In patients
without prior malignancy, focal fat attenuation (–40 to –120
Hounsfield units) is a reliable indicator of a hamartoma (10).

On CT, nodules can be described as solid, partly solid, or
nonsolid. Aerated lung is visible through a nonsolid (ground-
glass) nodule. Whereas most cancerous nodules are solid, partly
solid nodules are most likely to be malignant and are of-
ten caused by bronchioloalveolar cell carcinoma (Figs. 7-8 to
7-10). Air bronchograms and bronchiolograms are seen more
commonly in pulmonary carcinomas than in benign nodules.

An SPN that exhibits no growth for at least 2 years is gen-
erally considered benign (11). However, even benign lesions,
such as granulomas, can grow slowly. Therefore, growth alone
cannot be used to predict malignancy. Bronchogenic carci-
nomas usually take between 1 and 18 months to double in
volume (12). A volume doubling is a change in diameter of
about 1.25 times the previous diameter. Doubling times that
are faster than 1 month suggest infection, infarction, histiocytic
lymphoma, or a fast-growing metastasis from tumors such as
germ cell tumor, lymphoma, melanoma, and soft tissue sarcoma
(Table 7-2) (13). Doubling times slower than 18 months suggest

FIGURE 7-8. Bronchioloalveolar cell carcinoma. CT scan shows a
mixed solid/ground-glass nodule in the periphery of the left lower lobe
(arrow). Internal “bubble” lucencies are a characteristic feature of this
type of neoplasm.

granuloma, hamartoma, bronchial carcinoid, salivary gland
adenoid cystic carcinoma, thyroid carcinoma metastases, and
round atelectasis. However, there are exceptions, and cancer-
ous tumors with doubling times of more than 730 days may
appear stable during a 2-year observation period. Growth is
more accurately assessed on CT than on chest radiography,
and diameters measured with electronic calipers are preferable
to diameters measured manually. However, many factors, in-
cluding size of the nodule and determination of the nodule
margin, can limit the accuracy of measurement. It is difficult to
reliably show changes in size that are smaller than 2 mm, and
even a substantial increase in volume may be missed with small
nodules.

Edge characteristics indicative of malignancy include irregu-
larity, spiculation, and lobulation (Fig. 7-11) (14). A corona ra-
diata, described as numerous strands radiating from the nodule
into the surrounding lung, is very suggestive of bronchogenic
carcinoma, although there are exceptions in which a corona
radiata is seen in benign lesions such as infectious granulomas
and other chronic inflammatory lesions (15). The “tail sign”
consists of a linear opacity that extends from a peripheral nod-
ule to the visceral pleura; for some years this sign was regarded
as a reliable sign of malignancy. Studies have shown, however,

FIGURE 7-9. Bronchioloalveolar cell carcinoma. CT scan shows a
mixed solid and ground-glass nodule in the left upper lobe (arrow).
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FIGURE 7-10. Bronchioloalveolar cell carcinoma. CT scan shows a
poorly defined ground-glass nodule in the right upper lobe (arrow).

TA B L E 7 - 2

FAST-GROWING PULMONARY METASTASES

“Loves to Multiply Swiftly”
Lymphoma
Testicular germ cell tumor
Melanoma
Soft tissue sarcoma (osteosarcoma)

that up to half of nodules showing the tail sign represent benign
granulomas (16), and therefore the tail sign is a nonspecific fea-
ture of peripherally located pulmonary lesions that cannot be
used to distinguish a benign from a malignant lesion. Lobu-
lation and notching are seen with both benign and malignant
nodules and are not very useful discriminating features (Figs.
7-12 and 7-13). A well-defined, smooth, nonlobulated edge
is most compatible with hamartoma, granuloma, or metasta-
sis. However, a smooth margin does not indicate benignity,
as up to one third of malignant lesions have smooth margins

A B

C

FIGURE 7-11. Primary adenocarcinoma. A: Preoperative chest radio-
graph of an asymptomatic 68-year-old woman with an abdominal aor-
tic aneurysm shows a subtle, small nodule (arrow) in the left upper lobe.
B: The nodule (arrow) is more apparent on dual-energy chest radiogra-
phy, optimized for lung evaluation. C: CT scan shows that the nodule
has irregular margins (arrow).
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A B

FIGURE 7-12. Coccidioidomycosis. A: PA chest radiograph of a 38-year-old woman living in California with a remote history of pneumonia
shows a slightly lobulated, 3-cm nodule in the superior segment of the left lower lobe (arrows), which had enlarged compared with chest radiograph
from 3 months earlier (not shown). B: CT scan shows a dominant nodule, slightly lobulated and notched, and adjacent smaller satellite nodules
(arrows). Satellite nodules are more commonly seen with benign entities, but they can be seen with malignant neoplasms and therefore cannot be
used to distinguish benign from malignant nodules. Coccidioidomycosis occurs in the southwest United States and was the suspected diagnosis.

A B

C

FIGURE 7-13. Large-cell bronchogenic carcinoma. A: PA chest radio-
graph of a 45-year-old cigarette smoker with a cough for 3 months
shows an approximately 3-cm nodule in the left upper lobe (arrows),
which was new compared to prior chest radiographs. Note the simi-
larity between the appearance of this nodule and the nodule in Figure
7-12. B: Lateral view confirms the location of the nodule in the anterior
left upper lobe (arrows), with no visible calcification. C: CT scan shows
that the nodule is slightly lobulated but fairly well circumscribed. The
tail sign is present (arrow); this is a nonspecific feature of peripherally
located pulmonary lesions that does not distinguish a benign from a
malignant lesion.
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A

B

FIGURE 7-14. Non–small-cell bronchogenic carcinoma. A: Chest ra-
diograph shows a subtle nodular opacity adjacent to the left heart bor-
der (arrow). B: CT scan shows a slightly lobulated nodule with smooth
margins in the left lower lobe (arrow).

(Fig. 7-14) (17). Therefore, the previously mentioned signs are
more helpful in their absence. Adjacent tiny nodules, called
satellite nodules, are strongly associated with benignity (Fig.
7-12) but do not allow a confident diagnosis of benignity, as
10% of dominant nodules with satellite nodules will be malig-
nant (Fig. 7-15) (6).

SPNs with irregular-walled cavities thicker than 16 mm tend
to be malignant, whereas benign cavitated lesions usually have
thinner, smoother walls. However, because there is consider-
able overlap, cavity wall characteristics cannot be used to con-
fidently differentiate benign and malignant SPNs (Figs. 7-16
and 7-17) (18).

Sequential thin-section CT (1- to 3-mm section width) per-
formed through an entire nodule with a single breath hold
provides information regarding nodule size, attenuation, edge

FIGURE 7-15. Primary squamous cell carcinoma. CT scan shows a
dominant nodule (arrow) with adjacent smaller irregular nodules and
ground-glass opacities.

characteristics, and the presence of calcification, cavitation, or
fat. In some cases, the findings will provide evidence that the
nodule is benign. However, the cause of many SPNs will re-
main undetermined. If the nodule is at least 10 mm in diam-
eter, a contrast–enhanced CT may be performed. The nodule
is examined with 3-mm collimation before and after admin-
istration of intravenous contrast material. Contrast-enhanced
images are acquired at 1-minute intervals up to 4 minutes af-
ter injection of contrast material. Nodule enhancement of less
than 15 Hounsfield units after administration of contrast mate-
rial is strongly indicative of benignity. Although enhancement

FIGURE 7-16. Invasive pulmonary aspergillosis. CT scan of a 52-year-
old woman with a liver transplant shows a thick-walled, irregular,
cavitary mass in the right lower lobe.
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FIGURE 7-17. Primary adenocarcinoma. CT scan of a 66-year-old
woman with idiopathic pulmonary fibrosis shows a cavitary spiculated
nodule in the left upper lobe (arrow).

of more than 15 Hounsfield units is more likely to represent
malignancy, the false-positive rate is high and is caused by ac-
tive inflammatory disease such as granulomas or organizing
pneumonias. Therefore, nodule enhancement is a sensitive but
nonspecific indicator of malignancy (19).

Positron emission tomography (PET) with fluorine-18-
fluorodeoxyglucose of SPNs larger than 1 cm in diameter is

being used with increased frequency to determine whether a
lesion is malignant or benign (20). For SPNs 1 to 3 cm in di-
ameter, sensitivity and specificity are approximately 94% and
83%, respectively (21). False-positive PET findings are associ-
ated with focal infections, inflammation, and granulomatous
diseases such as tuberculosis and sarcoidosis. False-negative
PET findings are seen with carcinoid and bronchioloalveolar
cell carcinoma, tumors that have a low metabolic rate. Sen-
sitivity and specificity of PET decreases with nodules smaller
than 1 cm in diameter.

Radiologists are frequently asked to perform percutaneous
fine-needle aspiration biopsy (FNAB) of pulmonary nodules.
CT allows for biopsy of many nodules as small as 5 mm
in diameter. In patients who are not candidates for surgery,
FNAB can be performed to confirm and determine the histo-
logic type of malignancy. In patients who are candidates for
surgery, FNAB can confirm benign disease. Contraindications
to FNAB include inability of the patient to hold the breath,
lie immobile on the CT table for more than 30 minutes, or re-
frain from coughing. Relative contraindications include bleed-
ing diatheses, previous pneumonectomy, severe emphysema,
severe hypoxemia, pulmonary artery hypertension, or nodules
in which successful biopsy cannot be performed because of
their small size or location. FNAB has a sensitivity of 86%
and a specificity of 98.8% in the diagnosis of malignancy (22).
Sensitivity decreases for nodules 5 to 7 mm in diameter and in
patients with lymphoma. When the FNAB sample is interpreted
as malignant or if a specific benign condition is diagnosed
(Fig. 7-18), further decisions regarding care are dictated by the

A

B

C

FIGURE 7-18. Benign lymph node. A: Chest radiograph shows a sub-
tle nodule (arrow) in the left lower lobe. B: CT scan (5-mm slice thick-
ness) shows that the nodule has smooth margins (arrow). C: Thin-
section CT scan (1.25 mm thickness) shows that the nodule (arrow) is
along the left major fissure, consistent with a benign subpleural lymph
node. Although the CT findings were highly suggestive of the diagno-
sis, fine-needle aspiration biopsy was performed and the diagnosis was
confirmed.
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TA B L E 7 - 3

SUGGESTED RECOMMENDATIONS FOR FOLLOW-UP AND MANAGEMENT OF
NODULES DETECTED INCIDENTALLY ON CT IN PATIENTS 35 YEARS OF AGE
OR OLDER WITHOUT KNOWN CANCER

Size of nodule Nonsmoker Smoker

≤4 mm No F/U 12/stop
5 to 6 mm 12/stop 12/24/stop
7 to 8 mm 6/12/24/stop 6/12/24/stop
≥9 mm 3/9/24/stop or PET or Bx 3/9/24/stop or PET or Bx

CT, computed tomography; F/U, follow-up, with intervals shown in months; “stop” refers to no
additional F/U in nodules that have shown no change in the interval recommended; Bx, biopsy; PET,
positron emission tomography; mm refers to average of nodule length and width.

diagnosis. When a nonspecific benign condition is diagnosed,
such as atypical bronchioloalveolar hyperplasia or inflamma-
tion without organisms on a smear or a culture, further evalua-
tion with core-needle biopsy or clinical and radiologic follow-
up is required. The most common complications of FNAB are
pneumothorax and hemorrhage, with pneumothorax occur-
ring in 25% of patients.

The ability to detect very small nodules improves with each
new generation of CT scanner. The majority of cigarette smok-
ers who undergo thin-section CT have been found to have small
lung nodules, most of which are smaller than 7 mm in diameter
(23). Guidelines for follow-up and management of noncalcified
nodules detected on nonscreening CT scans were developed be-
fore widespread use of multidetector row CT and still indicate
that every indeterminate nodule should be followed with se-
rial CT for a minimum of 2 years. Recently, the Fleischner
Society published guidelines for management of SPNs that are
detected incidentally on CT scans (24). The Fleischner Society
recommendations apply only to adult patients (35 years of age
or older) with nodules that are “incidental in the sense that
they are unrelated to known underlying disease.” In patients
under age 35, unless they have a known primary cancer, the
guidelines suggest that a single low-dose follow-up CT in 6 to
12 months be considered. Patients with a cancer that may be a
cause of lung metastases should be cared for according to the
relevant protocol or specific clinical situation. Longer follow-
up intervals are recommended for nonsolid (ground-glass) and
very small opacities. An abbreviated set of recommendations
for nodule follow-up, based on the Fleischner guidelines, is
shown in Table 7-3.

MULTIPLE PULMONARY
NODULES

The differential diagnosis for multiple pulmonary nodules is
different from that for SPNs (Table 7-4), although there is
some overlap. In more than 95% of patients with multiple
pulmonary nodules, the etiology of the nodules is (a) metas-
tases or (b) tuberculous or fungal granulomas (Fig. 7-19) (2).
Determining that the nodules are cavitary is useful in narrow-
ing the list of diagnostic possibilities (Figs. 7-20 to 7-22; Table
7-5) (25). A cavity is defined as a gas-filled space within a zone
of pulmonary consolidation or within a mass or nodule that
is produced by the expulsion of a necrotic part of the lesion
via the bronchial tree; the lucent portion is surrounded by a
wall of varied thickness, and there may or may not be an ac-
companying fluid level (1). Those disorders that can result in
cavitary nodules can also result in nodules that are not cavitary
or that are not appreciated as cavitary on a chest radiograph;
therefore, the mnemonic for cavitary nodules, “CAVITY”

(Table 7-5), can be remembered as a guide for all cases of mul-
tiple pulmonary nodules.

The great majority of patients who have multiple noncal-
cified nodules on chest radiographs have metastases. This is
even more likely to be the diagnosis when the patient has a
known or suspected primary malignancy. The larger and more
variable in size that the nodules are, the more likely they are
to be neoplastic. Metastases are usually spherical with well-
defined margins; as a rule, they vary considerably in size. In
autopsy series, the most common sources of metastases from
extrathoracic malignancies to the lungs include tumors of the
breast, colon (Figs. 7-23 and 7-24), kidney, uterus, prostate,
head, and neck (26). Other tumors that have a high incidence
of pulmonary metastases, but are not as prevalent in the pop-
ulation and therefore not encountered as frequently, include
choriocarcinoma, osteosarcoma, Ewing sarcoma, testicular tu-
mors (Fig. 7-25), melanoma (Fig. 7-26), and thyroid carci-
noma. The most common sites of origin of cavitary metastases
are the uterine cervix (Fig. 7-27), colon, and head and neck (Fig.
7-28) (27). Squamous cell carcinoma cavitates twice as often
as adenocarcinoma (27). Calcification of metastases is seen
most commonly with osteosarcoma and chondrosarcoma (Fig.
7-29) or after successful treatment of metastases (28). A miliary
nodular pattern of metastases is seen most commonly with thy-
roid or renal carcinoma, bone sarcoma, trophoblastic disease,

TA B L E 7 - 4

CAUSES OF MULTIPLE PULMONARY NODULES

Neoplastic
Metastases
Malignant lymphoma/lymphoproliferative disorders

Inflammatory
Granulomas
Fungal and opportunistic infections
Septic emboli
Rheumatoid nodules
Wegener granulomatosis
Sarcoidosis
Langerhan cell histiocytosis

Congenital
Arteriovenous malformations (Osler-Weber-Rendu

Syndrome)

Miscellaneous
Hematomas
Pulmonary infarcts
Occupational (silicosis)
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A B

FIGURE 7-19. Acute histoplasmosis. A: PA chest radiograph of a 41-year-old man with cough and fever shows multiple ill-defined nodular
opacities bilaterally. B: PA chest radiograph obtained 9 years later shows numerous bilateral small calcified granulomas, the residua of prior fungal
infection. The nodules are all less than 1 cm in diameter but are seen very well because they are densely calcified.

A B

FIGURE 7-20. Wegener granulomatosis. A: PA chest radiograph shows a large cavitary mass in the left lung, demonstrating an air–fluid level
(arrows). B: CT image shows the large left cavitary mass and numerous smaller cavitary nodules (arrows).

A B

FIGURE 7-21. Blastomycosis. A: PA chest radiograph shows focal airspace opacity in the left lung and a small nodule in the right mid lung. B:
CT scan shows a cavitary nodule in the right upper lobe (arrow), several other irregular nodules, and dense airspace disease in the left upper lobe.
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A B

FIGURE 7-22. Coccidioidomycosis. A: PA chest radiograph of a 40-year-old man with cough and fever shows a 3-cm cavitary nodule in the
superior segment of the left lower lobe (arrows). B: CT image shows a soft tissue mass within the cavity (arrows), characteristic of a “fungus ball.”
On occasion, bronchogenic cancer (especially one of squamous cell histology) can cavitate, and bleeding can result in an intracavitary hematoma,
with an appearance similar to that of a fungus ball. A fungus ball will usually roll around inside the cavity with changes in patient positioning.

or melanoma. On occasion, an SPN will be seen in a patient
with a known primary tumor. In a patient over age 35 with a
squamous cell cancer elsewhere in the body, the solitary lung
lesion is usually a separate primary tumor. If the patient has
adenocarcinoma elsewhere, there is an equal chance that the
solitary nodule is a primary lung cancer or a solitary metastasis.
Cancer of the colon is the most common source of a solitary
pulmonary metastasis. If there is a soft tissue or skeletal sar-
coma or a melanoma elsewhere, the solitary lung lesion is most
often a metastasis (29).

The most common sources of septic emboli are infected ve-
nous catheters (including pacemaker wires) (Fig. 7-30), valvu-
lar endocarditis, septic thrombophlebitis, and indwelling pros-
thetic devices. Septic embolism is a well-known complication
of intravenous drug abuse. The diagnosis of septic emboli is
usually established by positive blood cultures, although the ra-
diologic findings, especially those on CT of the chest, may be
visible before blood cultures become positive (30). The usual
radiographic and CT appearance consists of multiple periph-

TA B L E 7 - 5

CAUSES OF CAVITARY PULMONARY NODULES

“CAVITY”
Carcinoma (bronchogenic, metastases—especially squamous

cell)
Autoimmune (Wegener granulomatosis, rheumatoid nodules)
Vascular (bland and septic emboli)
Infection (especially mycobacterial and fungal)
Trauma (pneumatocele)
Young—i.e., congenital (sequestration, diaphragmatic hernia,

bronchogenic cyst)

Reproduced with permission from Dähnert W. Radiology Review
Manual. Baltimore: Williams & Wilkins; 1991.

eral pulmonary opacities that occur in any portion of the lungs
but more prevalent in the lower lungs because of the greater
pulmonary blood flow to this region. The lesions are usually
either round or wedge shaped, as with a pulmonary infarct.
Approximately 50% of the lesions cavitate (30). The presence
of a distinct vessel leading to the apex of a peripheral area

FIGURE 7-23. Colon cancer metastases. PA chest radiograph shows
multiple bilateral pulmonary nodules of varying sizes. The nodules do
not appear well circumscribed, but their appearance does not exclude
the likely diagnosis of metastases in a patient with known colon cancer,
a tumor that is a common source of metastases to the lungs.
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A B

FIGURE 7-24. Colon cancer metastases. A: PA chest radiograph shows small bilateral pulmonary nodules. B: CT
scan shows numerous small circumscribed pulmonary nodules (arrows). The nodule margins are better defined on
CT compared with chest radiography.

of consolidation, seen in bland and infected infarcts, has been
termed the feeding vessel sign (31). This sign is not specific
for but is more commonly seen with pulmonary emboli than
in other conditions. The combination of multiple peripheral
nodules or wedge-shaped consolidations, some of which are
cavitated, and a distinct feeding vessel in the appropriate clini-
cal setting is highly suggestive of the diagnosis of septic emboli
(Fig. 7-31) (30).

Pulmonary arteriovenous malformations (AVMs) are fistu-
lous vascular communications between a pulmonary artery and
vein (95%) (Fig. 7-32) or a systemic artery and pulmonary vein
(5%) that can be single or multiple. When multiple, nearly
90% of cases are associated with Osler-Weber-Rendu disease
(hereditary hemorrhagic telangiectasis), a syndrome of epis-
taxis, telangiectasia of skin and mucous membranes, and gas-
trointestinal bleeding. AVMs are usually a congenital defect of

A B

FIGURE 7-25. Metastatic testicular carcinoma. PA (A) and lateral (B) chest radiographs show numerous bilateral
well-circumscribed pulmonary nodules of varying sizes, typical of pulmonary metastases. Testicular carcinoma has
a high incidence of pulmonary metastases. Note on the PA view that some of the nodules are “hiding” under the
diaphragm (arrows) in the posterior lung bases. It is important to always look carefully in this area for nodules, as
they are more difficult to see when they are not contrasted with the lucency of the air-filled anterior lung.
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A B

FIGURE 7-26. Metastatic melanoma. A: PA chest radiograph shows multiple bilateral well-circumscribed pul-
monary nodules and masses of varying size. The appearance has given rise to the term “cannonball” metastases.
B: Lateral view confirms the presence of the nodules and masses in the lungs.

capillary structure, but they can be acquired in cirrhosis, can-
cer, trauma, surgery, or certain infections. The typical radio-
graphic appearance of an AVM is a sharply defined, lobulated
oval/round mass, from less than 1 cm to several centimeters in
size, associated with an enlarged feeding artery and draining
vein. On CT, AVMs will typically demonstrate marked con-
trast enhancement (Fig. 7-33). Shunting from the fistula can

result in hypoxia, systemic abscesses, or infarction, notably of
the brain, because the right-to-left shunting of blood bypasses
the filtering capacity of the lung (32). Multiple AVMs can be
confused with metastases if the enlarged feeding vessels are
overlooked.

(Text continues on page 118)

A B

FIGURE 7-27. Cervical carcinoma metastases. A: PA chest radiograph shows multiple bilateral pulmonary nodules,
some of which are fairly well circumscribed. The periphery of the lungs “fades out” because of the patient’s large
body habitus and abundant soft tissues of the chest wall. B: CT image shows that many of the nodules are cavitary
(arrows), and all are well circumscribed. The uterine cervix is one of the most common sites of origin of cavitary
pulmonary metastases.
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A B

FIGURE 7-28. Tonsillar squamous cell carcinoma metastases. A: PA chest radiograph of a 50-year-old man with a
20–pack-year history of cigarette smoking shows multiple bilateral cavitary (solid arrow) and noncavitary (dashed
arrow) nodules. B: CT scan shows that the cavitary nodules have thin walls.

A B

FIGURE 7-29. Metastatic osteosarcoma. A: PA chest radiograph of a 57-year-old man with cough and hemoptysis
and a history of mandibular resection for chondroblastic osteosarcoma 7 years prior shows a large lobulated right
hilar mass (arrows). B: Lateral view confirms the hilar location (arrows). (Continued)
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C D

E F

G

FIGURE 7-29. (Continued) C: CT scan shows coarse areas of calcification within the mass. D: CT at a level inferior to (C) shows that the tumor
extends into the left atrium (arrows). E: CT with lung windowing shows a small pulmonary metastasis in the right upper lobe (small arrow) and a
larger, densely calcified metastasis in the left upper lobe (large arrow). F: Magnetic resonance (MR) imaging, coronal view, shows that the tumor
(large arrows) is growing through the right superior pulmonary vein into the left atrium (small arrows). G: MR axial view, shows low-signal tumor
(large arrows) invading the normal high-signal-intensity left atrium (LA). Note high signal within left inferior pulmonary vein (small arrows).
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FIGURE 7-30. Septic emboli. CT scan of a 51-year-old woman on
hemodialysis for end-stage renal disease and elevated white blood cell
count shows nodules, one of which is cavitary (arrow), in the right
upper lobe. The patient’s hemodialysis catheter was the source of the
septic emboli.

A

B

C

FIGURE 7-31. Septic emboli. A: PA chest radiograph shows numerous
cavitary (solid arrow) and noncavitary (dashed arrow) nodules and
masses in the lung and bilateral pleural effusions. B: CT image shows
multiple nodules, some cavitary, in the periphery of the lungs, a common
location for septic emboli to appear. C: CT at a level inferior to (B)
shows multiple nodules in the right lung, the feeding vessel sign (arrow),
and a dominant cavitary mass in the left lung.

FIGURE 7-32. Arteriovenous malformation. CT scan of a 36-year-old
woman with hemoptysis shows a tubular structure in the right lower
lobe (arrow), representing a large feeding artery and draining vein.
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A B

FIGURE 7-33. Arteriovenous malformation. A: CT image of a 62-year-old woman with Osler-Weber-Rendu syndrome shows a tubular structure
in the inferior right middle lobe (arrow). B: CT with soft tissue windowing shows that the structure enhances densely with intravenous contrast
(arrow).

Pneumatoceles are cystic air collections within the lung that
result from infection (most notably Streptococcus pneumoniae,
Escherichia coli, Klebsiella, and Staphylococcus); blunt or pen-
etrating trauma to the chest; or hydrocarbon inhalation (as
from furniture polish or kerosene). In the case of trauma, the
pneumatocele represents a laceration that evolves from a lung
opacity to a thin-walled cystic structure to a linear scar. De-
pending on the stage of evolution, a pneumatocele may resem-
ble a cavitary mass, and when multiple they may resemble and
be misdiagnosed as metastases or multifocal lung abscesses if
the clinical history is not taken into consideration.

Congenital lesions, including sequestration, diaphragmatic
hernia, and bronchogenic cyst, can appear as cavitary nodules
or masses on chest radiography and are therefore included in
the differential diagnosis of cavitary nodules. These entities are
discussed further in Chapters 6 and 16.
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CHAPTER 8

CHEST TRAUMA

LEARNING OBJECTIVES
1. Identify a widened mediastinum on a posttrauma chest

radiograph and state the differential diagnosis (including
aortic/arterial injury, venous injury, and fracture of
sternum or thoracic spine).

2. Identify and describe the indirect and direct signs of
aortic injury on contrast-enhanced chest computed
tomography (CT).

3. Identify, describe the features of, and state the significance
of chronic traumatic pseudoaneurysm of the aorta on a
chest radiograph, CT, or magnetic resonance imaging.

4. Identify fractured ribs, clavicle, spine, sternum, and
scapula on a chest radiograph or CT.

5. Name five common causes of abnormal lung
opacification on a posttrauma chest radiograph
or CT.

6. Identify an abnormally positioned diaphragm or loss of
definition of a diaphragm on a posttrauma chest
radiograph and suggest the diagnosis of ruptured
diaphragm.

7. Recognize and describe the signs of diaphragmatic
rupture on a chest CT.

8. Identify pneumothorax, pneumopericardium, and
pneumomediastinum on a chest radiograph or CT.

9. Identify the fallen lung sign on a chest radiograph or
CT and suggest the diagnosis of tracheobronchial tear.

10. Identify a cavitary lesion on a posttrauma chest
radiograph or CT and suggest the diagnosis of
laceration with pneumatocele formation.

11. Recognize and distinguish between laceration and
contusion on a chest radiograph or CT.

Each year in the United States, more than 300,000 patients are
hospitalized and 25,000 people die as a direct result of chest
trauma (1). Thoracic injury accounts for 25% of all traumatic
deaths, and substantial chest trauma is a factor in 50% of fatal
traffic accidents (2). Most of the chest trauma seen in civil-
ian populations is blunt chest trauma (90%), usually a result
of motor vehicle crashes and falls (3). The incidence of pene-
trating trauma is stabilizing or decreasing, and many penetrat-
ing wounds to the chest can be treated by tube thoracostomy
alone (4).

After a patient has been clinically evaluated and stabilized,
a chest radiograph is usually obtained. These radiographs are
often compromised by limited exposure capability, low lung
volumes, poor or absent patient cooperation, obscuration of
thoracic anatomy by portions of external monitoring and sup-
port devices overlying the patient, suboptimal patient position-
ing, and magnification and distortion of the mediastinum. In
one study, computed tomography (CT) was superior to supine
chest radiography in showing findings of chest trauma, and
the CT findings influenced patient management in a significant
number of patients (5). This chapter reviews the chest radio-
graphic and CT findings of blunt trauma to the chest.

AORTIC AND GREAT VESSEL
INJURY

Traumatic rupture of the aorta alone accounts for 16% of fa-
talities resulting from motor vehicle crashes, and 85% to 90%
of patients with traumatic aortic rupture die before reaching a
medical facility (6). In clinical series, 90% of aortic ruptures
occur at the aortic isthmus, just distal to the origin of the left
subclavian artery (7–10) (Fig. 8-1). A few aortic injuries (1%
to 3%) involve the descending thoracic aorta, typically at the
level of the diaphragm (Fig. 8-2). Chest radiographic signs of

aortic injury lack sensitivity and specificity. The most sensitive
(but not specific) radiographic signs are widening of the me-
diastinum and loss of definition of the aortic arch (Table 8-1)
(11). A normal chest radiograph has a high negative predic-
tive value (98%) but a low positive predictive value for aortic
injury.

At many institutions, contrast-enhanced, thin-section CT
scanning (3 mm collimation or less with overlapping recon-
structions) has replaced conventional aortography in evalu-
ating patients for aortic injury. If mediastinal hemorrhage is
present, unless it is minimal and not centered around the aorta
(Fig. 8-3), without any direct signs of aortic injury, and if no
other explanation for the hemorrhage is shown on CT, the pa-
tient is generally referred for conventional angiography. If any
direct signs of aortic injury are confirmed on CT, including (a)
aortic caliber change at the site of injury (pseudoaneurysm or
pseudocoarctation), (b) abnormal or irregular aortic wall or
contour, (c) intraluminal irregularities or areas of low atten-
uation (clot, linear intimal flap), (d) intramural hematoma or
dissection, and (e) active extravasation of contrast, the patient
may or may not proceed to confirmatory conventional angiog-
raphy at the discretion of the surgeon (Fig. 8-4). Not only is
CT useful for detecting direct signs of aortic injury, but CT
can also show other causes of a wide mediastinum, including
excessive mediastinal fat (Fig. 8-5), paramediastinal atelectasis
or pleural effusion, residual thymic tissue, adjacent lung injury
(Fig. 8-6), artifact caused by supine positioning, vascular tor-
tuosity, vascular anomalies, lymphadenopathy, and persistent
left-sided superior vena cava (12).

Potential pitfalls in CT interpretation include hemomedi-
astinum caused by sternal or vertebral body fracture, left
pleural effusion with left lower lobe subsegmental atelecta-
sis “surrounding” the aorta, pulsation artifacts, atherosclerotic
plaques, prominent ductus arteriosus, and pseudointimal flaps
secondary to volume averaging of the left brachiocephalic vein
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A B

FIGURE 8-1. Aortic laceration. A: Anteroposterior (AP) supine chest radiograph of a young woman after a motor vehicle crash shows nonspecific
widening of the mediastinum. B: Aortogram shows aortic laceration at the aortic isthmus (arrow), the most common site of aortic injury in patients
who survive to reach a medical facility. (Reprinted with permission from Collins J. Chest trauma imaging in the intensive care unit. Respir Care.
1999;14(9):1044–1063.)

as it crosses in front of the aortic arch. These pitfalls have be-
come less of a problem with the use of multidetector CT and
fast scanning techniques.

Occasionally, a chronic pseudoaneurysm can pose diagnos-
tic difficulties. Fewer than 5% of patients will survive long term
with an unrepaired pseudoaneurysm (13). Calcification of the
wall of the aneurysm and a history of prior thoracic trauma
indicate an old aortic injury (Fig. 8-7).

Great vessel injuries (with or without concomitant aor-
tic tear) occur in 1% to 2% of patients with blunt chest
trauma (14). A perivascular superior mediastinal or low cervi-
cal hematoma, especially in the presence of upper rib fractures
or posterior sternoclavicular dislocation, should prompt con-
cern for great vessel injury and injury to other structures in the
thoracic inlet (Fig. 8-8).

LUNG PARENCHYMAL INJURY
Abnormal lung parenchymal opacification in trauma patients
can result from atelectasis, aspiration, edema, pneumonia, and
lung injury (contusion and laceration) and is commonly multi-
factorial in etiology. Pulmonary contusion (“lung bruise”) re-
sults in leakage of blood and edema fluid into the interstitial
and alveolar spaces. Pulmonary laceration is a more severe in-
jury that causes disruption of the lung architecture.

CT is more sensitive than radiography in demonstrating
contusions and lacerations (15–22). On both chest radiogra-
phy and CT, pulmonary contusions present as areas of airspace
opacity, ground-glass opacification, or both, which tend to be
peripheral, nonsegmental, and geographic in distribution (Fig.
8-9). Isolated pulmonary contusion in young, healthy patients
is not associated with increased mortality (23). Contusions are
evident at presentation or within 6 hours after trauma, and
they resolve, usually without permanent sequelae, within 5 to
7 days. Pulmonary laceration, on the other hand, may initially
be masked by coexistent contusion and other forms of chest

injury on the initial radiograph or CT scan, and it generally
takes weeks to months to resolve, sometimes with residual
scarring (Fig. 8-10). Lung laceration results in tearing of the
lung parenchyma and formation of a cavity filled with blood
(hematoma), air (pneumatocele), or both. The radiographic or
CT diagnosis of lung laceration is based on the presence of a
localized air collection within an area of airspace opacity in the
setting of acute chest trauma (20) (Fig. 8-11). Both contusions
and lacerations tend to occur adjacent to solid structures, such
as the ribs and vertebral bodies (Fig. 8-12).

Fat embolization syndrome is characterized by abnormal
diffuse lung opacification on chest radiography, dyspnea,
mental status changes, and a petechial rash occurring 12 to 72
hours after trauma. Occurring most commonly after long bone
fractures, fat embolization syndrome results when fat droplets

TA B L E 8 - 1

CHEST RADIOGRAPHIC SIGNS OF AORTIC INJURY

Widening of the mediastinum
Obscuration of the aortic arch
Abnormal aortic contour
Hemothorax
Rib fractures
Tracheal shift to the right
Left apical cap
Depression of the left mainstem bronchus below 40 degrees
Nasogastric tube displacement to the right
Pneumothorax
Pulmonary contusion
Widened left paraspinous line
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FIGURE 8-2. Descending aortic laceration. A: AP supine chest radiograph shows diffuse opacity of both hemithoraces. B: CT image shows
periaortic hematoma (H) and irregular contour of the descending aorta (arrow). Coronal (C) and sagittal (D) reformatted CT images show a
pseudoaneurysm of the descending aorta (arrows).

A B

FIGURE 8-3. Mediastinal hematoma. A: AP supine chest radiograph of a patient involved in a motor vehicle crash shows nonspecific widening
of the mediastinum. B: CT scan shows blood in the mediastinum (H). Note the preservation of a fat plane between the mediastinal blood and the
normal aorta, which in the absence of sternal or spine fracture indicates that the bleeding was venous and not arterial.
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A
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C

FIGURE 8-4. Aortic laceration. A: AP supine chest radiograph of a pa-
tient involved in a motor vehicle crash shows a wide mediastinum and an
abnormal aortic contour. The trachea is displaced to the right. B: CT scan
shows blood surrounding the aorta, along with disruption of the aorta
at the level of the isthmus (arrow). C: Sagittal reformatted CT shows an
aortic pseudoaneurysm (arrows).

A B

FIGURE 8-5. Mediastinal fat. A: CT chest scout view shows a wide mediastinum. B: Axial CT shows abundant
mediastinal fat (F), some normal lymph nodes, and no aortic injury or mediastinal mass.
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B

FIGURE 8-6. Lung laceration. A: AP supine chest radiograph of a
patient involved in a motor vehicle crash shows a wide upper medi-
astinum and lack of definition of the aortic arch. B: CT shows airspace
opacity with central lucency, consistent with laceration and pneuma-
tocele formation, adjacent to the upper mediastinum (arrow).

from bone marrow are released into the circulation and occlude
capillaries. The patient’s symptoms are caused by the decrease
in perfusion to various organs from capillary occlusion. In the
lungs, chemical pneumonitis ensues as a result of lipolysis and
release of free fatty acids, which does not occur immediately
after trauma and accounts for the 12- to 72-hour delay in clini-
cal signs and symptoms. The chest radiograph initially appears
normal but develops patchy opacities and then widespread dif-
fuse opacity within 72 hours of injury. The pulmonary opacity
resembles alveolar pulmonary edema from other causes, with
perihilar and basilar predominance and sparing of the lung
apices (24) (Fig. 8-13). With fat embolization syndrome, the
pulmonary opacity does not clear with diuresis. Contusion is
generally seen earlier than fat embolization syndrome on the
chest radiograph, and it clears more rapidly (5 to 7 days). Pul-

A B

FIGURE 8-7. Chronic pseudoaneurysm. A: CT with lung windowing of a patient with a remote history of chest
trauma shows a dilated descending aorta that is densely calcified at the rim (arrows). B: Sagittal reformatted CT
scan shows a densely calcified aortic pseudoaneurysm (arrows) at the level of the isthmus.

monary opacity from fat embolization syndrome can take 7 to
10 days to clear.

TRACHEOBRONCHIAL INJURY
The incidence of tracheobronchial injury (TBI) is reported as
0.4% to 1.5% in clinical series of major blunt trauma (25).
Blunt trauma must be severe to cause airway rupture, and
injury to other structures such as the thoracic cage, lungs, and
great vessels is likely. When the intrathoracic trachea or bronchi
are injured, the aorta is the most commonly associated injured
structure (26). TBI is associated with a 30% overall mortality

(Text continues on page 126)
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FIGURE 8-8. Concurrent subclavian artery and aortic injuries. A: AP supine chest radiograph of a patient involved in a motor vehicle crash shows
a wide upper mediastinum (arrows) and leftward shift of the trachea. B: CT scan shows mediastinal hematoma (H) and pseudoaneurysm of the
right subclavian artery (arrow). C: Coronal reformatted CT scan shows a right subclavian artery pseudoaneurysm (arrow) just beyond its origin
from the right brachiocephalic artery. D: A more posterior coronal reformatted image shows an acute laceration of the aorta (arrow).

A B

FIGURE 8-9. Pulmonary contusion. A: CT scan of a 4-year-old boy after a motor vehicle crash shows bilateral peripheral areas of airspace
opacity, an opacified accessory azygos lobe, and a right pneumothorax. B: CT at a level inferior to (A) shows bilateral peripheral, nonsegmental
areas of airspace opacity typical of pulmonary contusions. (Reprinted with permission from Collins J. Chest trauma imaging in the intensive care
unit. Respir Care. 1999;14(9):1044–1063.)
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FIGURE 8-10. Pulmonary laceration. A: AP supine chest radiograph of a 16-year-old boy who was struck in the chest by a bull shows patchy
opacities in the right lung and several right rib fractures (arrows). B: AP supine chest radiograph obtained 4 days later shows numerous rounded
lucencies within opacified right lung (arrows), consistent with laceration and development of pneumatoceles. C: AP upright chest radiograph
1 week after (B) shows opacification of one of the pneumatoceles (large arrows), consistent with hemorrhage and formation of a hematoma.
Infection can also result in opacification of a previously air-filled pneumatocele. The patient had no clinical signs or symptoms of infection, and
the laceration resolved with minimal residual scarring, without specific treatment. The right chest tubes were removed, and there is a small right
pneumothorax (small arrows). D: PA upright chest radiograph obtained 2 months after (C) shows small, poorly defined areas of opacification in
the right lung (arrows), representing residual scarring.

FIGURE 8-11. Pulmonary laceration. CT scan of a patient involved in
a motor vehicle crash shows dense opacity in the right lung with central
lucencies (arrows), consistent with laceration and pneumatocele forma-
tion and surrounding hemorrhage. Note a large right pneumothorax
(P).

FIGURE 8-12. Pulmonary laceration. CT scan shows a low-density
area with an air–fluid level in the right paravertebral area (arrow),
typical of a shearing type of pulmonary laceration. This should not be
confused with a loculated pneumothorax.
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A B

FIGURE 8-13. Fat embolization syndrome. A: AP supine chest radiograph of a young woman shortly after a motor vehicle crash shows clear lungs.
The patient sustained multiple long bone fractures that required open reduction and internal fixation. Note the high position of the endotracheal
tube (arrow). B: AP supine chest radiograph obtained 72 hours later shows bilateral airspace opacities, with a perihilar and basilar predominance,
and sparing of the lung apices. (Reprinted with permission from Collins J. Chest trauma imaging in the intensive care unit. Respir Care. 1999;
14(9):1044–1063.)

rate, mostly from associated injuries (27). Failure to recognize
TBI may result in death or allow cicatrization to occur at the
site of injury, with airway obstruction arising days or months
after initial injury (Fig. 8-14). More than 80% of TBIs occur
within 2.5 cm of the carina (28,29).

Rupture of the cervical trachea may occur as a “clothes-
line injury” when the neck is extended on high-speed contact
with ropes, wires, or cables by individuals riding many types of
recreational vehicles or running. Tracheal laceration may also

A B

FIGURE 8-14. Remote bronchial fracture. A: PA upright chest radiograph of an asymptomatic man with a remote history of trauma to the chest
shows collapse of the left lung, mediastinal shift to the left (note the position of the trachea), and “cut-off” of the left main bronchus (large arrow).
The right lung is hyperinflated (small arrows). B: CT shows collapse of the left lung, cut-off of the left bronchus (arrow), and hyperinflation of
the right lung. The fractured bronchus was not recognized at the time of injury, and scarring resulted in total occlusion of the bronchus.

occur in a motor vehicle crash when the neck of a driver strikes
the top of the steering wheel, compressing the airway against
the spine.

Pathologically, tracheal injury most commonly presents as
a transverse tear between the tracheal rings or a longitu-
dinal tear in the posterior membranous segment. Complete
separation of the trachea may occur, but airway continuity
can still be maintained by peritracheobronchial tissue. In-
jury to the mediastinal trachea or major bronchi produces
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FIGURE 8-15. Acute tracheal injury. A: CT scan of a patient in-
volved in a motor vehicle crash shows an endotracheal tube within
the trachea (solid arrow) and a curvilinear collection of air posterior
to the trachea (dashed arrows). B: CT scan at a more inferior level
shows the collection of air originating from the posterior trachea
(arrow) at the site of tracheal tear. C: CT scan at a level inferior to
(B) shows air throughout the mediastinum (pneumomediastinum;
arrows).

pneumomediastinum that rapidly extends into the neck and
face, shoulders, and chest wall (Fig. 8-15). Pneumomedi-
astinum is a more specific sign of TBI than is pneumotho-
rax, since pneumothorax is commonly seen with rib fractures.
Pneumothorax is seen in 60% to 100% of cases of TBI (30),
but it may not be present if the outer adventitial sleeve of the
bronchus remains intact and there is no air leak (31). In most
cases, pneumothoraces will respond to chest tube placement,
so re-expansion of the lung does not exclude tracheobronchial
injury. However, a pneumothorax that does not resolve with
functioning tube drainage is the sine qua non of mediastinal
airway injury (32).

An indication of tracheal tear is elevation of the hyoid bone
above the level of C3, as seen on a lateral radiograph of the
cervical spine (33). This occurs as a result of injured infrahyoid
musculature, causing unopposed elevation of the hyoid bone by
suprahyoid musculature. Another sign of tracheal transection is
acute overdistension of the endotracheal tube cuff, to the point
where it exceeds the normal diameter of the trachea (Fig. 8-16).
In tracheal rupture, the balloon may approach the endotracheal

tube tip as a result of distal expansion of the balloon in the tear,
with partial herniation of the balloon in the tear as the tube
moves in the airway or is repositioned (34) (Fig. 8-17).

The “fallen lung sign” (35) is a rarely seen but highly sug-
gestive sign of bronchial tear that can be seen on chest radio-
graphs and CT (Figs. 8-18 and 8-19). This sign refers to the
lung falling laterally and posteriorly in supine positioning and
falling inferiorly away from the hilum in the upright position.
Normally with a pneumothorax, the lung recoils inward to-
ward the hilum.

DIAPHRAGM RUPTURE
Acute diaphragmatic rupture occurs in 1% to 7% of patients
following major blunt trauma (36–38), and the diagnosis
is missed on initial presentation in up to 66% of patients
(39–45). Seventy-five percent to 95% of patients with acute
diaphragm rupture have abnormal chest radiographs, but only
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FIGURE 8-16. Tracheal tear. AP supine chest radiograph of a young
woman involved in a motor vehicle crash shows an overdistended en-
dotracheal tube balloon (arrows) at the site where the balloon herniates
through a tracheal tear. Note malpositioning of the tube tip within the
right bronchus (arrowhead).

A

C

B

FIGURE 8-17. Tracheal tear. A: AP supine chest radiograph of an 11-
year-old girl who impaled her neck on a dumpster bar while riding her
bicycle shows a pneumomediastinum with streaks of air in the chest
and neck and lateral displacement of the mediastinal pleura (arrows).
B: CT image shows an overdistended endotracheal tube balloon herni-
ating through a posterolateral tracheal tear (black arrows). The endo-
tracheal tube is seen as a white ring within the trachea. Note extensive
air within the soft tissues of the neck and bilateral pneumothoraces
(white arrows). C: CT at a level inferior to (B) shows pneumomedi-
astinum, with air outlining the aorta, superior vena cava, pulmonary
artery, and thymus.

FIGURE 8-18. Fallen lung sign. CT of a patient with an acute trau-
matic fracture of the right main bronchus shows a large right pneu-
mothorax (P), a right chest tube (arrow), and collapsed “fallen right
lung” (FL) positioned in the posterior and lateral right hemithorax.
Normally with pneumothorax, the collapsed lung recoils inward to-
ward the hilum.
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FIGURE 8-19. Fractured bronchus intermedius. CT of a young
woman involved in a motor vehicle crash shows leakage of air from
a fractured bronchus intermedius to the pleural space (arrows) and
mediastinum (arrowheads), resulting in pneumothorax and pneumo-
mediastinum, respectively. (Reprinted with permission from Collins
J. Chest trauma imaging in the intensive care unit. Respir Care.
1999;14(9):1044–1063).

17% to 40% have highly suggestive radiographic findings (46–
48). Chest radiographic findings of rupture include a normal
appearing diaphragm, pneumothorax, displacement of stom-
ach, liver, spleen, colon, or small bowel into the thorax (Fig.
8-20), superior displacement of an intragastric nasogastric tube
(Fig. 8-21), pleural effusion, basilar opacity causing inabil-
ity to visualize the diaphragm, apparent elevation of the di-
aphragm, an irregular or lumpy diaphragm contour, fractures
of the lower ribs, and contralateral shift of the mediastinum

FIGURE 8-20. Diaphragm rupture. AP supine chest radiograph of a
24-year-old woman involved in a motor vehicle crash shows hernia-
tion of gas-distended stomach through a left diaphragmatic tear into
the left hemithorax (black and white arrows). Note the shift of the
mediastinum to the right, left rib fractures, and opacification of the left
lung from parenchymal injury.

FIGURE 8-21. Diaphragm rupture. AP supine chest radiograph of a
patient involved in a motor vehicle crash shows a mass in the left
lower hemithorax representing herniated non–air-filled stomach, su-
perior displacement of an intragastric nasogastric tube (arrow), and
rightward shift of the mediastinum.

in the absence of a large pleural effusion or pneumothorax
(Table 8-2) (49). Rupture of the right hemidiaphragm proba-
bly occurs with almost the same frequency as rupture of the
left hemidiaphragm, although most clinically recognized di-
aphragm injuries occur on the left. If diaphragm rupture is not
promptly diagnosed, the patient may remain asymptomatic or
develop incarceration of herniated abdominal viscera, which
can occur at a time remote from the incidence of trauma
(Fig. 8-22).

TA B L E 8 - 2

RADIOLOGIC FINDINGS OF DIAPHRAGM RUPTURE

Findings on chest radiography
Displacement of stomach, liver, spleen, colon, or small

bowel into the thorax
Superior displacement of an intragastric nasogastric tube
Ipsilateral pleural effusion
Basilar opacity causing inability to visualize the diaphragm
Irregular or lumpy diaphragm contour
Fractures of the lower ribs

Findings on CT scanning
Direct signs:

Diaphragmatic discontinuity
Intrathoracic herniation of abdominal contents
Waistlike constriction of bowel (“collar sign”)
Dependent viscera sign

Indirect signs:
Liver laceration
Hemoperitoneum
Hemothorax
Splenic laceration
Renal contusion
Lower lobe atelectasis
Lower rib fractures
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FIGURE 8-22. Unrepaired diaphragm rupture. A: AP supine chest radiograph of a patient involved in a motor
vehicle crash shows an opacified left hemithorax. The left hemidiaphragm is not visualized. B: CT image shows
a discontinuous left hemidiaphragm (arrow) and splenic laceration. C: CT at a level superior to (B) shows a left
hemothorax with the “hematocrit sign” (H). D: CT scan obtained several weeks later shows bowel herniated into
the left hemithorax, which has caused rightward shift of the mediastinum.

Multidetector CT has been shown to be useful in making
the diagnosis of acute diaphragm rupture, and it is superior
to conventional CT because volumetric data acquisition pro-
vides high-quality sagittal and coronal reconstructions. Ac-
quisition of data during a single breath-hold decreases slice
misregistration (50). Individual diagnostic sensitivity for de-
tecting diaphragmatic rupture on CT scanning is 54% to 73%,
and specificity is 86% to 90% (51). Most injuries involve the
posterolateral aspect of the diaphragm. Direct CT findings as-
sociated with acute rupture include diaphragmatic discontinu-
ity (Fig. 8-23), intrathoracic herniation of abdominal contents,
and waistlike constriction of bowel (“collar sign”) (Fig. 8-24).
In addition, Bergin et al (52) have described the “dependent vis-
cera” sign in CT diagnosis of blunt traumatic diaphragmatic
rupture. This sign refers to the upper one third of the liver abut-
ting the posterior right ribs or the bowel or stomach lying in
contact with the posterior left ribs. Associated CT findings of
diaphragm rupture include liver laceration, hemoperitoneum,
hemothorax, splenic laceration, renal contusion, lower lobe
atelectasis, and lower rib fractures. Although focal disconti-
nuity of the diaphragm is a direct sign of diaphragmatic rup-
ture, it should be noted that there is a normal increase in di-

aphragmatic defects with age that is not related to trauma (53)
(Fig. 8-25).

INJURIES TO THE BONY THORAX
Injury to ribs, clavicles, scapulae, sternum, and spine can oc-
cur as a result of blunt chest trauma. Thoracic spine fractures
account for 16% to 30% of all spine fractures and result in
complete neurologic deficits in approximately 60% of patients
(54,55). A supine chest radiograph provides an opportunity
to evaluate the thoracic spine, but optimal evaluation requires
dedicated frontal and lateral collimated radiographs or CT.
Seventy percent to 90% of spine fractures can be seen on con-
ventional radiographs. Findings include cortical disruption and
abnormal vertebral body size, shape, opacity and location. CT
and magnetic resonance (MR) imaging may show otherwise
occult fractures and are the only ways to directly evaluate the
integrity of the spinal cord and the intervertebral ligaments (3).
CT and MR are more helpful in distinguishing unstable burst
fractures from stable, simple, anterior wedge compression frac-
tures (56).
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FIGURE 8-23. Diaphragm rupture. A: AP supine chest radiograph of
a patient involved in a motor vehicle crash shows an opacified left
hemithorax and a left pneumothorax (arrows). The left hemidiaphragm
is not visualized. B: CT scan shows discontinuity of the left hemidi-
aphragm (arrow).

Fractures to the upper ribs, clavicle, and upper sternum are
important in that they may be accompanied by brachial plexus
or vascular injury in 3% to 15% of patients (57). Fractures
of the lower ribs should increase suspicion of splenic, hepatic,
or renal injury, which can be confirmed with CT. Fractured
rib ends may lacerate the pleura or lung, with resultant pul-
monary hematoma, hemothorax, or pneumothorax. Fracture
of five contiguous ribs or segmental fractures of three or more
adjacent ribs (a single rib fractured in two or more locations)
can result in paradoxic motion of a “flail” segment during the
respiratory cycle, which can impair respiratory mechanics and
result in atelectasis and pulmonary infection (Fig. 8-26).

Sternal fractures, which occur in 8% of major thoracic
trauma admissions (12), may be associated with myocardial
contusion and are often clinically silent. These fractures can-

not be visualized on frontal chest radiographs and may be rela-
tively inconspicuous on lateral chest radiographs, but they are
usually readily identified on CT. Most (58% to 80%) sternal
fractures occur in the upper or midbody of the sternum (4) and
are often associated with retrosternal hematoma (Figs. 8-27
and 8-28). The presence of a fat plane between the hematoma
and the aorta implies that the hematoma is not aortic in origin.

Posterior dislocation of the clavicle can result in injury to the
great vessels, superior mediastinal nerves, trachea, and esoph-
agus. Although sternoclavicular dislocations can be demon-
strated using angled chest radiographs, they are more easily
detected with CT (14) (Fig. 8-29).

Scapular fractures are diagnosed on the initial chest radio-
graph in only a little more than half of patients (58). When
scapular fractures are not seen on the initial chest radiograph,

A B

FIGURE 8-24. Diaphragm rupture. A: Lateral view of a fluoroscopic upper gastrointestinal tract contrast study
shows a waistlike constriction of the stomach (“collar sign”; arrows), where the fundus of the stomach herniates
through a small diaphragmatic tear into the left hemithorax. B: CT scan shows the collar sign (arrows). The fundus
(F) is positioned posteriorly.
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FIGURE 8-25. Normal diaphragm discontinuity. CT of a 70-year-
old man shows an incidental small discontinuity of the right hemidi-
aphragm (arrow).

they are visible in retrospect in 72% of cases, not included on
the examination in 19%, and obscured by superimposed struc-
tures or artifacts in 9% (58) (Fig. 8-30). CT of the chest, es-
pecially if used in combination with conventional radiographs,
should demonstrate most scapular fractures. Clavicle fractures
are common in injured patients and are usually of minimal
clinical consequence.

PLEURAL MANIFESTATIONS OF
CHEST TRAUMA

Pneumothorax is seen on chest radiography in almost 40%
of patients with blunt chest trauma and in up to 20% of pa-
tients with penetrating chest injuries (59,60). The most com-
mon cause in blunt trauma is assumed to be a rib fracture that

FIGURE 8-26. Rib fractures and flail chest. CT of a patient involved
in a motor vehicle crash shows a loculated right hemothorax, right
chest wall hematoma, and numerous fractured right ribs.

FIGURE 8-27. Sternal fracture. CT shows a comminuted fracture of
the sternum (arrow) and retrosternal hematoma (H). Note preservation
of the fat plane between the hematoma and the great vessels.

penetrates the visceral pleura; however, pneumothorax in the
absence of rib fractures is occasionally seen in adults and is
commonly seen in children. Pleural air will rise to the most
nondependent portion of the thorax: at the apex in the upright
patient and at the anterior, caudal aspect of the pleural space
in the supine patient. Radiographic signs of pneumothorax in
the supine patient include (a) the deep sulcus sign, which is
a deep, lucent costophrenic sulcus (Figs. 8-31 to 8-33); (b) a
relative increase in lucency at the affected lung base; and (c)
the double diaphragm sign, which is created by the interfaces
between the ventral and dorsal portions of the pneumothorax
with the anterior and posterior aspects of the hemidiaphragm.
CT is much more sensitive for diagnosing pneumothorax in the
supine patient than is chest radiography (61,62) and identifies
pneumothoraces that cannot be seen on conventional supine
radiographs in 10% to 50% of patients who have sustained
blunt trauma to the chest (61–63).

Pneumomediastinum may occur in association with pneu-
mothorax. It can be diagnosed on chest radiographs by the

FIGURE 8-28. Sternal fracture. Sagittal reformatted CT shows a frac-
ture of the sternum (arrow) and posterior displacement of the inferior
fracture fragment from the manubrium.
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FIGURE 8-29. Sternoclavicular dislocation. CT scan shows posterior
displacement of the right clavicular head (solid arrow), which impinges
upon the right brachiocephalic vein (BV). Note a small fracture frag-
ment posterior to the sternum (dashed arrow).

presence of abnormal lucencies in the mediastinum that high-
light the contours of the aorta and pulmonary artery and dis-
place the mediastinal pleura laterally, and by the “continuous
diaphragm sign,” which is produced by the presence of air
between the pericardium and the diaphragm. Pneumomedi-
astinum can be easily identified on chest CT and may signal the
presence of an underlying laceration of the pharynx, esopha-
gus, or tracheobronchial airway.

Pleural effusions that develop in the acute posttraumatic
setting usually represent hemothorax, and a rapidly expand-
ing pleural effusion is most likely to be caused by arterial
bleeding. CT can be helpful in distinguishing hematoma from
other pleural collections by showing the high CT attenuation
of blood (64) (Fig. 8-34). Rupture of the thoracic duct, which
is uncommon, produces chylothorax, with milky fluid recov-
ered through thoracentesis. Rupture of the thoracic duct in the
lower thorax produces right-sided chylothorax, whereas rup-

FIGURE 8-31. Deep sulcus sign. AP supine chest radiograph shows a
right basilar pneumothorax (arrow), which creates a deep, “tongue-
like” costophrenic sulcus.

ture above the level where the thoracic duct crosses the mid-
line in the midthorax produces left-sided chylothorax. CT is
superior to chest radiography in distinguishing pleural fluid
from other causes of radiographic density, such as atelectasis,
parenchymal injury, or pneumonia, and it can show locula-
tion of pleural fluid and delineate complex pleuroparenchymal
opacities.

A B

FIGURE 8-30. Scapular fracture. A: AP supine chest radiograph of a 62-year-old man involved in a motor vehicle crash shows massive bilateral
chest wall subcutaneous emphysema, obscuring bony and lung parenchymal detail. B: PA upright chest radiograph obtained 10 days later
shows a comminuted right scapular fracture (arrows), previously obscured by subcutaneous emphysema and film labeling, and multiple rib
fractures resulting in bilateral flail chest. (Reprinted with permission from Collins J. Chest trauma imaging in the intensive care unit. Respir Care.
1999;14(9):1044–1063.)
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FIGURE 8-32. Deep sulcus sign. AP supine chest radiograph shows
a large left apical, lateral, and basilar pneumothorax and associated
rightward shift of the mediastinum.

CARDIAC TRAUMA
The heart and pericardium are fairly well protected from non-
penetrating injury, and documented traumatic injury is uncom-
mon. The chest radiograph plays a relatively minor role in the
evaluation of myocardial injury. Its greatest value is in detect-
ing associated injuries, such as rib fractures, sternal fractures,
and pulmonary contusion.

FIGURE 8-33. Deep sulcus sign. AP supine chest radiograph shows
a large left basilar pneumothorax (arrows) despite a left chest tube.
This case illustrates the importance of including the entire lung base
on supine chest radiographs. Otherwise, the presence or size of a large
basilar pneumothorax may not be appreciated.

FIGURE 8-34. Traumatic hemothorax. CT of a 78-year-old woman
involved in a motor vehicle crash shows a large, high-attenuation, left
pleural collection causing shift of the mediastinum to the right; bilat-
eral chest tubes (arrows); and a right rib fracture (arrowhead). Note
bilateral chest wall hematomas.

Rapid accumulation of blood in the pericardial space can
cause cardiac tamponade and severe hemodynamic compro-
mise. Bedside sonographic evaluation of the heart is the method
of choice to quickly and noninvasively detect pericardial fluid.
CT is also very sensitive for detecting pericardial fluid and may
indicate pericardial hemorrhage, as determined by the high CT
attenuation of the fluid (Fig. 8-35). A CT density exceeding
35 Hounsfield units differentiates hemopericardium from tran-
sudative pericardial effusions. Cardiac tamponade is suggested
by CT findings of distension of the vena cavae, hepatic veins,
and renal veins and by development of periportal edema within
the liver (14).

Interventricular septal rupture and damage to the mitral
valve apparatus can result in congestive heart failure. Mitral
regurgitation from the latter may cause asymmetric pulmonary
edema, classically of the right upper lobe as a result of the
direction of the regurgitant jet. Pneumopericardium can occur
when air enters through a pericardial disruption in the presence
of pneumothorax (Fig. 8-36).

FIGURE 8-35. Hemopericardium. CT shows a crescentic collection of
blood (H) compressing the right heart.
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A B

FIGURE 8-36. Pneumopericardium. A: AP supine chest radiograph of a patient involved in a motor vehicle crash shows air surrounding the heart
(P). Note right pneumothorax, bilateral parenchymal opacification, and bilateral subcutaneous emphysema. B: CT shows pneumopericardium
(P), bilateral pneumothoraces, pneumomediastinum, pleural effusion, and subcutaneous emphysema.

Cardiac contusion may result from blunt chest trauma in
8% to 76% of patients (65,66). The diagnosis is usually made
from electrocardiography, nuclear cardiac imaging, or echocar-
diography. The right ventricle is the most frequently injured, as
it comprises almost three times more exposed anterior surface
of the heart than does the left ventricle (14). Chest radiography
and CT can show sequelae of cardiac contusion, such as con-
gestive heart failure, ventricular aneurysm, or massive cardiac
enlargement.

ESOPHAGEAL INJURY
Esophageal tears are more common in patients with penetrat-
ing trauma and occur in fewer than 1% of blunt trauma cases
(67). Thoracic esophageal tears from trauma are caused almost
exclusively by gunshot wounds (16). Esophageal disruption can
occur from crushing of the esophagus between the spine and

trachea, traction from hyperextension, and direct penetration
by cervical spine fracture fragments (68). Most tears occur in
the cervical and upper thoracic esophagus, but they also may
occur just above the gastroesophageal junction. The thoracic
esophagus lies to the left of the trachea at the thoracic inlet but
moves to the right as it passes posterior to the aortic arch at
the level of the carina. The esophagus crosses back to the left
as it enters the stomach. Accordingly, ruptures of the mid- to
distal esophagus usually present with a right-sided pleural effu-
sion, and effusions caused by rupture at the gastroesophageal
junction occur more commonly on the left.

Chest radiography in patients with esophageal rupture can
show persistent severe pneumomediastinum or pneumothorax,
pleural effusion, a widened paraspinal line, and retrocardiac
lung opacification. CT scans can show similar findings, in ad-
dition to leakage of oral contrast from the disrupted esophagus
into the mediastinum or pleural space and changes of medias-
tinitis. The areas of greatest esophageal thickening on CT often

A B

FIGURE 8-37. Broncho-pleural-cutaneous fistula. A: AP upright chest radiograph of a 29-year-old man involved in a motor vehicle crash shows
multiple right rib fractures creating a “flail chest,” pleural opacification consistent with hemothorax, opacification of the right lung from parenchy-
mal injury, and numerous collections of air within the soft tissues of the right chest wall (arrows). B: CT shows communication between the airways
and chest wall hematoma (arrows). (Reprinted with permission from Collins J. Chest trauma imaging in the intensive care unit. Respir Care. 1999;
14(9):1044–1063.)
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represent the level of perforation. The perforation itself, how-
ever, may be obscured by edema and hemorrhage, and is usually
not visualized. The diagnosis is confirmed at fluoroscopy using
water-soluble contrast material or with endoscopy.

SOFT TISSUE INJURIES OF THE
CHEST WALL

The chest wall has a rich vascular network established by the
intercostal and internal mammary arteries. Rib fractures can
lacerate intercostal arteries or veins, tear intercostal muscles,
or result in bleeding from the raw surface of the bone. In ad-
dition, branches of the lateral thoracic artery that supply the
pectoral muscles and anastomose with chest wall vessels can be
lacerated and bleed. A large amount of blood can collect in the
subcutaneous or extrapleural spaces of the chest, especially in
the elderly because of skin and subcutaneous tissue laxity. CT
scanning can easily distinguish chest wall from parenchymal
or mediastinal injury, whereas this differentiation may not be
possible with chest radiography. On CT, soft tissue hematomas
of the chest wall are readily distinguished from parenchy-
mal injury, and subcutaneous air is distinguished from pneu-
mothorax. CT scanning shows broncho-pleural-cutaneous fis-
tulae, which may not be appreciated on the chest radiograph
(Fig. 8-37). Trauma to the breast, which often results in bleed-
ing and hematoma formation, can be produced by a combina-
tion of compression and shearing stress produced by a seat belt
(Fig. 8-38).

ROLE OF CT IN CHEST TRAUMA
CT scanning is superior to chest radiography in demonstrating
pneumothoraces, hemothoraces, pulmonary contusions, and
fractures. CT obviates the need for conventional aortography
in many patients, and in many institutions CT aortography has
become the new gold standard for the diagnosis of acute aortic
injury. CT provides a look at the entire chest in addition to the
aorta, which is a distinct advantage over conventional aortog-
raphy. In addition to showing fractures, CT also shows related
soft tissue injuries, such as great vessel injury from fracture-
dislocation of the clavicle and splenic/liver laceration from ad-

FIGURE 8-38. Breast hematoma. CT of a woman involved in a motor
vehicle crash shows a high-attenuation collection of blood in the right
breast (arrows), a result of shearing stress produced by a seat belt.

jacent rib fractures. In some cases, CT shows direct signs of
tracheobronchial, esophageal, or diaphragmatic injury. Chest
CT can be performed quickly on all trauma patients who are
referred for abdominal CT as a means of detecting serious chest
injuries early.
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CHAPTER 9

PLEURA, CHEST WALL, AND DIAPHRAGM

LEARNING OBJECTIVES
1. Recognize and name four causes of a large unilateral

pleural effusion on a chest radiograph or computed
tomograph (CT).

2. Describe the difference in appearance of a pulmonary
abscess and an empyema on chest radiograph or CT.

3. Recognize diffuse pleural thickening, as seen in
fibrothorax, malignant mesothelioma, and pleural
metastases.

4. Recognize a pneumothorax on an upright and supine
chest radiograph.

5. Recognize imaging findings suggesting a tension
pneumothorax or hydrothorax and describe the acute
clinical implications.

6. Recognize a pleural-based mass with bone destruction or

infiltration of the chest wall on a chest radiograph or CT;
name four likely causes.

7. Recognize pleural calcification on a chest radiograph or
CT and suggest the likely diagnosis of asbestos exposure
(bilateral involvement) or old tuberculosis or trauma
(unilateral involvement).

8. Recognize the typical chest radiographic appearances of
pleural effusion, given differences in patient positioning,
and describe the role of the lateral decubitus view to
evaluate pleural effusion.

9. Recognize apparent unilateral elevation of the diaphragm
on a chest radiograph and suggest a specific etiology with
supportive history and associated chest radiograph
findings.

The chest wall, pleura, and diaphragm enclose the outer lung.
All are intimately associated with each other, which occasion-
ally makes it difficult to determine the origin of a mass involv-
ing one or more of these compartments (Fig. 9-1). Disorders
involving the chest wall, pleura, or diaphragm—resulting in a
“pleural-based” mass—can arise from one of these compart-
ments, an adjacent compartment, or another part of the body
(as with metastatic neoplasms). Certain radiologic features can
help determine the origin of an apparent pleural-based mass
and narrow the list of diagnostic possibilities.

PLEURA
The pleura is composed of visceral and parietal serous mem-
branes. The lungs and interlobar fissures are invested in the
visceral pleura, whereas the parietal pleura lines the ribs, di-
aphragm, and mediastinum. The visceral and parietal pleura
are continuous with one another as they are reflected around
the hilum and the inferior pulmonary ligament. Inferiorly, the
parietal pleura is situated within the costophrenic sulcus. The
area between the two pleural layers forms a “potential space,”
which can be enlarged when filled with fluid, cells, or air. Nor-
mally, there is approximately 1 to 5 mL of pleural fluid within
this space (1). Because the total thickness of the pleural space
and the normal visceral and parietal pleura is only 0.2 to 0.4
mm, the pleural layers are not usually identified on radiographs
or computed tomographic (CT) scans of the chest except (a)
when outlined by air or extrapleural fat, (b) where the vis-
ceral pleura invaginates into the lung to form the fissures, or
(c) where the two lungs contact each other at junctional lines
(2). The parietal pleura is separated from the ribs and inter-
costal muscles by a layer of fatty areolar connective tissue and
a layer of endothoracic fascia. The parietal pleura receives vas-
cular supply from and is drained by the systemic circulation,
whereas the visceral pleura is supplied and drained mainly by

the pulmonary circulation. Lymphatic drainage of the visceral
pleura is by way of a lymphatic plexus that covers the surface
of the lung just beneath the visceral pleura (3). These lymphat-
ics do not connect with the pleural space. The parietal pleura
is the primary drainage route for fluid in the pleural space,

Rib

Visceral pleura

Lung

Parietal pleura
Extrapleural fat
Endothoracic fascia
Innermost intercostal muscle

Intercostal fat and vessels

Inner intercostal muscle
Outer intercostal muscle

FIGURE 9-1. Association between the lung, pleura, and chest wall.
The lungs are invested in the visceral pleura, whereas the parietal pleura
lines the ribs and soft tissues of the chest wall, diaphragm, and medi-
astinum. The parietal pleura is separated from the ribs and intercostal
muscles by fat and endothoracic fascia. The total thickness of the pleura
and “potential” pleural space is only 0.2 to 0.4 mm.
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as it contains lymphatics that connect to the intercostal, inter-
nal mammary, and mediastinal lymph node chains (3). Except
in rare circumstances (e.g., in some cases after cardiothoracic
surgery or trauma), the right and left pleural spaces do not
communicate with each other.

A pleural-based density is one that, in some projection,
presents a more or less sharp border indicative of a pleural
surface, with a projected center lying outside the parenchyma
of the lung. It may be in one of five locations: (i) extrapleu-
ral, (ii) parietal pleural, (iii) interpleural, (iv) visceral pleural,
or (v) subpleural (Fig. 9-2). When associated with a rib le-

sion, an extrapleural lesion is most likely a hematoma (as from
a rib fracture) or a tumor (with rib metastasis); when there
is no rib lesion, it is likely a lipoma or lymphoma (when a
patient is known to have lymphoma). Lesions involving the
parietal pleura are usually calcified and represent plaques from
prior asbestos exposure. Interpleural density is common and
can represent loculated pleural effusion or metastatic tumor.
Visceral pleural lesions are uncommon but usually represent
pleural thickening from asbestos exposure (whereas calcified
asbestos-related plaques more frequently involve the parietal
pleura). Subpleural densities are parenchymal and generally do

Extrapleural

Parietal pleural
Interpleural
Visceral pleural

Parenchymal,
Subpleural

Extrapleural
No rib lesion

Extrapleural
Rib lesion

Interpleural Parietal
pleural

Visceral
pleural

Parenchymal,
Subpleural

No rib lesion

Parenchymal,
Subpleural
Rib lesion

FIGURE 9-2. Radiologic pleural-based densities. A pleural-based density has margins that are partially or completely
well circumscribed, indicating contiguity with a pleural surface. There are five types of pleural-based densities,
depending on the location of origin. An extrapleural density originates in the chest wall, and when it does not extend
into the pleura and lung, it has a sharp medial margin where it contacts the parietal pleura. When the adjacent rib is
involved, rib fracture with hematoma or neoplasm should be considered. Parietal and visceral pleural densities are
usually asbestos-related pleural plaques, which may or may not be calcified. Interpleural densities most commonly
represent loculated pleural effusions; when intrafissural in location they may be recognized on chest radiography
by characteristic “beaking” at the ends of the fluid collection where the pleural layers of a fissure meet (producing
a “pseudotumor”). Subpleural densities are parenchymal and usually have an indistinct lung parenchymal margin.
If the lesion extends into the pleura and chest wall, all the margins of the lesion may be indistinct. Etiologies to
consider when a subpleural density involves the pleura or chest wall are neoplasm and infection (especially fungal,
mycobacterial, and actinomycotic).
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A

B

C

FIGURE 9-3. Subpleural squamous cell bronchogenic carcinoma. A:
Posteroanterior (PA) chest radiograph of a 67-year-old woman shows a
mass in the left upper hemithorax (arrows) that is contiguous with the
pleural surface. B: CT with lung windowing shows the mass abutting
the lateral pleural surface and major fissure. C: CT with mediastinal
windowing shows that the mass is contiguous with the pleural surface.
Centrally, the mass contains areas of low attenuation, consistent with
necrosis.

not have a sharp margin with the lung (Fig. 9-3), but on occa-
sion tumors in the apex of the lung (so-called Pancoast tumors)
can appear fairly well circumscribed (Fig. 9-4). The etiology of
many soft tissue masses, regardless of their origin, cannot be
distinguished on radiography or CT of the chest, except in the
case of lipoma, which has a characteristic low attenuation value
on CT.

Pleural Effusions

Pleural effusions develop when there is excess pleural fluid pro-
duced, diminished resorption of fluid from the pleural space, or
both. The fluid can originate from the pleura or be extrapleural
in origin (Fig. 9-5). Pleural effusions are categorized as either
transudates or exudates. The distinction is based on the specific
gravity, protein, and lactate dehydrogenase (LDH) content of
the fluid, with transudates having a specific gravity of 1.016 or
less, a protein content of 3 g/dL or less, a ratio of pleural fluid
protein to serum protein of <0.5, an LDH ratio (pleural fluid
to serum) of <0.6, and an absolute pleural LDH level of <200
IU/L (4). Transudates develop primarily as a result of changes in
microvascular pressure and plasma oncotic pressure, whereas
exudates are caused by an altered pleural surface, with an in-
crease in permeability or a decrease in lymph flow. The list

of causes of pleural effusions is lengthy (Table 9-1), but more
than 90% of effusions result from heart failure, ascites, pleu-
ropulmonary infection, malignancy, or pulmonary embolism
(5).

TA B L E 9 - 1

COMMON CAUSES OF PLEURAL EFFUSION

Infection
Neoplasm
Cardiovascular disease (congestive heart failure)
Cirrhosis
Hypoproteinemia
Pancreatitis
Uremia
Subdiaphragmatic abscess
Trauma (hemothorax, chylothorax)
Occupational (asbestos)
Collagen vascular disease (systemic lupus erythematosus)
Hypothyroidism (often with pericardial effusion)
Pulmonary embolism
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A

BC

FIGURE 9-4. Pancoast tumor. PA (A) and lateral (B) chest radiographs of a 61-year-old man with right shoulder
pain and a 40–pack-year history of cigarette smoking shows a circumscribed mass (arrow) in the right apex. C: CT
with bone windowing shows the mass filling the right lung apex and destruction of the right second rib (arrow).

The appearance of an effusion depends on the patient’s po-
sition at the time of the radiologic examination and on the mo-
bility of the effusion. In an upright person, fluid collects mainly
in the lower pleural space, as long as it is freely mobile, cre-
ating a homogeneous opacity with a curvilinear upper border

that is sharply marginated and concave to the lung (Fig. 9-6).
Fluid can collect in the fissures, creating a “pseudotumor” that
conforms to the edges of the fissures and resolves with clearing
of lung edema (Figs. 9-7 and 9-8). Occasionally, large quan-
tities of pleural fluid accumulate in a “subpulmonic location”

A B

FIGURE 9-5. Cerebrospinal fluid leak into pleural space. A: PA chest radiograph of a 42-year-old man who recently
underwent partial corpectomy of the thoracic spine at several levels shows complete opacification of the right
hemithorax and shift of the mediastinum to the left. B: Non–contrast-enhanced CT shows a large right pleural
effusion, collapse of the right lung, mediastinal shift to the left, findings of corpectomy, and continuity of fluid from
the spine into the pleural space (arrow).
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FIGURE 9-6. Pleural and pericardial effusions. A: PA chest radio-
graph of a woman with hypothyroidism shows blunting of the right
costophrenic angle, producing a “meniscus” (arrow). B: Lateral chest
radiograph shows blunting of both costophrenic angles posteriorly
(arrow). C: CT shows bilateral pleural and pericardial effusions (E).

A B

FIGURE 9-7. Pulmonary edema and pleural fluid pseudotumor. A: PA chest radiograph shows enlargement of the
cardiac silhouette, interstitial pulmonary edema, and displacement of the inferolateral lungs from the chest wall and
diaphragm by pleural effusion (straight arrows). There is a hazy “mass” in the left middle and lower hemithorax
(curved arrows). B: Lateral chest radiograph shows that the “mass” or “pseudotumor” (curved arrows) blends in
with the left major fissure (straight arrows); this is characteristic of pleural fluid within the fissure. The superior
aspect of the left major fissure is thickened as a result of pleural fluid and subpleural edema (arrowheads).

142
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A

B

C

FIGURE 9-8. Pleural fluid pseudotumor. A: PA chest radiograph
shows a circumscribed ovoid mass in the right lower hemithorax (solid
arrows) and thickening of the minor fissure (dashed arrow). B: Lateral
view shows that the mass (arrows) is oriented in the direction of and
superimposed on the major fissure. C: CT (bone windowing) shows
that the mass is of fluid attenuation, representing pleural effusion (E),
and is contiguous with the thickened major fissure (arrow).

rather than in the general pleural cavity. In this case, the up-
per edge of the fluid mimics the contour of the diaphragm on
the chest radiograph, creating the appearance of an “elevated
diaphragm,” which usually peaks more laterally than normal.
When this occurs on the left, the gastric air bubble and up-
per surface of the “hemidiaphragm” are separated more than
usual. In supine patients, freely mobile fluid layers posteriorly,
creating hazy, veillike opacification of the affected hemitho-
rax with preserved vascular shadows. Depending on the size
of the effusion, this can be a subtle finding; when bilateral, it
may not be detected at all, especially when small, or it may be
confused with pulmonary edema. Other findings of pleural ef-
fusions in supine patients include blunting of the costophrenic

angle (although this is often a false-positive finding) (6), cap-
ping of the lung apex, thickening of the minor fissure, and
widening of the paraspinal soft tissues. Lateral decubitus views
can be useful in verifying pleural effusions when the supine ex-
amination is equivocal, and they can allow determination of
whether pleural fluid is mobile or not. The lateral decubitus
view is much more sensitive than the upright view for the de-
tection of pleural effusions; it can demonstrate as little as 5 mL
of pleural fluid (Fig. 9-9) (7).

CT can detect smaller amounts of pleural fluid than can
chest radiography (8). In addition, CT enables determination
of whether fluid is loculated, the extent and localization of
loculated fluid for purposes of drainage, assessment of pleural
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A B

C D

E

FIGURE 9-9. Positional appearances of pleural fluid on chest ra-
diography and CT. A: PA upright chest radiograph shows appar-
ent elevation of the right hemidiaphragm. The dome of the right
hemidiaphragm appears to be displaced laterally (arrow), a clue to
the diagnosis of pleural fluid collecting in a “subpulmonic” location.
B: Anteroposterior (AP) supine chest radiograph of the same patient,
3 days later, shows hazy increased opacification of the right hemitho-
rax secondary to pleural fluid layering posteriorly within the pleural
space, now the most gravity-dependent portion of the pleural space.
C: AP semi-upright chest radiograph of the same patient, 2 days after
(B), shows a combination of pleural fluid layering posteriorly, which
produces a hazy opacity in the mid and lower right hemithorax and
laterally (arrows). D: Right lateral decubitus chest radiograph of the
same patient, taken on the same day as (A), shows pleural fluid freely
layering against the now gravity-dependent lateral chest wall, from
the costophrenic angle to the lung apex (arrows). E: CT of the same
patient, performed on the same day as (B), shows a moderate- to
large-sized right pleural fluid collection (E), with associated “pas-
sive” atelectasis of the right lower lobe (A).
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FIGURE 9-10. Hemothorax. CT shows high-attenuation blood (H) in
the right pleural space.

A B

C D

FIGURE 9-11. Malignant pleural effusion. A: PA chest radiograph of a 62-year-old woman with metastatic breast cancer who has had a right
mastectomy and axillary node dissection (note surgical clips in right axilla; arrows) shows apparent elevation of the right hemidiaphragm. B: Lateral
chest radiograph also shows apparent elevation of the right hemidiaphragm (arrows). The left hemidiaphragm is easily identified (arrowheads), as
it is just superior to the stomach bubble. C: CT shows a large right pleural effusion (E) and metastatic breast cancer infiltrating the right chest wall
(arrows). D: CT at a level inferior to (C) shows a metastatic soft tissue mass to the mediastinal pleura (arrow) and thickening of the mediastinal
pleura (arrowheads).

morphology (irregular thickening and focal masses sug-
gest malignancy), evaluation of underlying parenchymal
disease, and differentiation between pleural and parenchymal
disease (aided by the use of intravenous contrast material). The
attenuation value of pleural fluid on CT enables detection of a
hemothorax (Fig. 9-10), which has a higher attenuation value
than simple fluid; occasionally, a fluid–fluid or hematocrit
level can be seen (see Fig. 8-22).

When a large unilateral effusion is present (Fig. 9-11), four
causes should be considered: (i) infection (empyema); (ii) tu-
mor (primary bronchogenic carcinoma, mesothelioma, metas-
tases, and lymphoma); (iii) chylothorax (secondary to tumor,
most notably lymphoma, or ruptured thoracic duct); and (iv)
hemorrhage (usually from trauma, whether iatrogenic or oth-
erwise) (Table 9-2). Following drainage of a pneumothorax
or pleural effusion, the re-expanded lung may become acutely
edematous. The edema usually develops within 2 hours of re-
expansion, can progress for 1 or 2 days, and resolves within
5 to 7 days. Large pleural collections with complete collapse
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TA B L E 9 - 2

CAUSES OF A LARGE UNILATERAL PLEURAL
EFFUSION

“ITCH”
Infection (empyema)
Tumor (primary bronchogenic cancer, metastasis,

mesothelioma, lymphoma)
Chylous (ruptured thoracic duct, lymphoma)
Hemorrhage (trauma, either iatrogenic or otherwise)

of the underlying lung, especially when long-standing, predis-
pose to the development of re-expansion pulmonary edema
(Fig. 9-12).

Empyema is defined as pus in the pleural cavity. The diagno-
sis is made when the pleural fluid is obviously purulent, when
organisms are identified in the fluid, or when the fluid has an
elevated white blood cell count. An empyema is assumed to
be present and drainage is indicated when there is associated
pneumonia and the fluid pH is below 7.0 or the fluid glucose
level is less than 40 mg/dL (9). The radiographic appearance
of empyema is that of pleural fluid, which is usually unilat-
eral but when bilateral is substantially greater in volume on
the infected side (Fig. 9-13). In contrast to transudative pleural
fluid collections, which typically have a smooth margin that
is concave to the lung, an empyema will often have a smooth
margin that is convex to the lung. Certain CT findings are sug-
gestive of empyema and other exudative effusions, including
thickening and enhancement of the parietal and visceral pleura
(creating the “split pleura sign”) after administration of intra-
venous contrast material (Figs. 9-14 and 9-15), thickening of
the extrapleural subcostal tissues, and increased attenuation of
the extrapleural fat. In some cases, empyema can be difficult
to distinguish from lung abscess. In general, there is a sharply
defined border between an empyema and the lung with dis-

A B

FIGURE 9-12. Re-expansion pulmonary edema. A: PA chest radiograph of a 78-year-old woman with metastatic breast cancer shows a large left
pleural effusion associated with collapse of the left lung and shift of the mediastinum to the right. These findings suggest tension hydrothorax. B:
PA chest radiograph after placement of a left chest tube and adequate drainage of pleural fluid shows re-expansion pulmonary edema on the left.

FIGURE 9-13. Tuberculous empyema. PA chest radiograph shows a
large left pleural effusion. A large unilateral pleural effusion is worri-
some for empyema, hemothorax, malignancy, or chylothorax.

placement and bowing of vessels and bronchi away from the
empyema, whereas abscesses lack a discrete boundary between
the lesion and the lung parenchyma. Empyemas are often el-
liptic and have a smooth inner surface, whereas abscesses are
more often round and have a relatively thick wall. These fea-
tures are not always reliable, however, and occasionally it may
be impossible to distinguish parenchymal from pleural fluid
collections (10).
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A

B

FIGURE 9-14. Empyema. A: PA chest radiograph of a 60-year-old man
with right lower lobe pneumonia shows a large right hydropneumo-
thorax with air–fluid level. There is an incidental calcified granuloma
in the right mid lung. B: CT shows a round collection of air and fluid in
the right pleural space. The thickened and enhancing separated pleural
layers create the “split pleura” sign. Air within an empyema can be sec-
ondary to thoracentesis, bronchopleural fistula, or, rarely, a gas-forming
organism.

A chylothorax contains fluid that is largely chyle (lymph of
intestinal origin). Because chyle usually contains suspended fat
in the form of chylomicrons, chylothorax fluid may be milky.
Three main mechanisms account for chyle collections in the
pleural space: (i) leakage from a discrete rupture of the thoracic
duct or a large lymphatic vessel, (ii) a general oozing from pleu-
ral lymphatics, and (iii) passage of chylous ascites through the
diaphragm (11). Approximately 50% of chylothoraces are of
neoplastic origin, 25% are traumatic, and 15% are idiopathic
(12). Lymphomas make up about 75% of the neoplastic lesions
(13), and chylothorax can be the initial feature of lymphomas.
The CT attenuation of chyle, despite its fat content, is usually
indistinguishable from that of other effusions because chyle is
protein rich.

Hemothorax usually results from trauma, either blunt or
penetrating trauma to the chest or iatrogenic trauma (such as
with central venous catheter placement) (14). A rapidly ac-
cumulating pleural fluid collection following trauma is likely
of arterial origin. High-pressure bleeding from systemic ves-
sels may be rapid and persistent, with the formation of a ten-

A B

FIGURE 9-15. Empyema. A: PA chest radiograph of a 55-year-old man shows a large left pleural effusion, compression of the upper lung, and
collapse of the lower lung. B: CT shows an elongated ovoid collection of fluid in the left pleural space and collapse of the adjacent lung.

sion hemothorax. CT of hemothorax may show areas of hy-
perdensity (15). With clotting of the blood, loculation occurs;
if undrained, a hemothorax may eventually organize and cause
pleural thickening (fibrothorax).

Malignant pleural effusions are usually the result of metas-
tases (95% of cases) (16), with bronchogenic cancer accounting
for 36% of cases, breast cancer for 25% (Fig. 9-16), lymphoma
for 10%, and ovarian and gastric carcinoma for 5% or fewer
(Fig. 9-17) (17). Although pleural effusion is often the major
component of metastatic disease to the pleura, other findings
include pleural nodules or extensive pleural thickening similar
to that of mesothelioma. When the pleural metastases are uni-
lateral, the CT findings may be indistinguishable from those of
mesothelioma (18).

Malignant mesothelioma is a relatively rare primary tu-
mor of the pleura. Approximately 80% of these lesions oc-
cur in individuals who have been exposed to asbestos (19).
The lifetime risk for the development of mesothelioma in as-
bestos workers approaches 10%, and the average latency pe-
riod is 35 years (20). Radiographic and CT findings include



P1: PBY/PCF P2: PBY/PCF QC: PBY/PCF T1: PBY Printer: Maple Press

GRBT226-09 Collins-Stern-3203G GRBT226-Collins-Stern-v7.cls May 17, 2007 13:14

148 Chest Radiology

A B

FIGURE 9-16. Malignant pleural effusion. A: PA chest radiograph of an 83-year-old woman with metastatic right breast cancer shows a large
right pleural effusion and interstitial lung disease. B: CT after drainage of right pleural fluid shows nodular thickening of the vascular structures
and pulmonary septae on the right, characteristic of lymphangitic carcinomatosis.

nodular or irregular thickening of the visceral and pari-
etal pleura, variable ipsilateral volume loss in the hemitho-
rax, ipsilateral pleural effusion, involvement of the interlobar
fissures and mediastinal pleural surfaces, and often fixa-
tion of the mediastinum (Figs. 9-18 to 9-20) (21). Approxi-
mately 18% of cases are associated with invasion of the chest
wall (21).

Pneumothorax

Pneumothorax is defined as a collection of air in the pleural
cavity and is divided into spontaneous and traumatic types
(Table 9-3). A pneumothorax occurring without an obvious
precipitating traumatic event or in a healthy individual is a pri-

mary spontaneous pneumothorax. This type of pneumothorax
is strongly associated with smoking and tall asthenic men (22).
Most patients are between 20 and 40 years of age, and the
male-to-female ratio is approximately 5 to 1 (23). The cause is
nearly always the rupture of an apical pleural bulla. Without
treatment, the likelihood of another pneumothorax is about
40%, and the chance of recurrence rises with each episode
(23).

A pneumothorax developing without a precipitating trau-
matic event in a patient with predisposing lung disease is said
to be a spontaneous secondary pneumothorax (Figs. 9-21 and
9-22). Chronic obstructive pulmonary disease is the most com-
mon cause of secondary spontaneous pneumothorax. About
0.5% of pneumothoraces are associated with lung metas-
tases, of which 89% are caused by sarcomas, with osteogenic

A B

FIGURE 9-17. Malignant pleural effusion. A: PA chest radiograph of a 57-year-old man with metastatic esophageal carcinoma who had undergone
esophagectomy and gastric pull-through shows a lobulated opacity in the left upper hemithorax. B: CT shows loculated pleural fluid (E) extending
into the fissure. There is fluid in the intrathoracic stomach (arrow).
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FIGURE 9-18. Malignant mesothelioma. PA chest radiograph of a 53-
year-old man shows right pleural opacification with a lobulated contour
that involves the entire pleural surface (arrows) and is associated with a
“fixed mediastinum,” meaning no shift right or left, and ipsilateral loss
of lung volume, characteristic of malignant mesothelioma.

A

C

B

FIGURE 9-19. Malignant mesothelioma. A: PA chest radiograph of a
69-year-old man who worked at a manufacturing plant making brake
linings and asbestos shingles shows a large unilateral right pleural effu-
sion. B: CT shows thickening of the entire pleural surface (arrows). C:
CT scan at a level inferior to (B) shows a large right pleural effusion (E)
and thickening and enhancement of the parietal (arrows) and visceral
(arrowhead) pleura.
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A

B

FIGURE 9-20. Malignant mesothelioma. A: PA chest radiograph of a
43-year-old man shows a large right pleural effusion with thickening
of the minor fissure (arrows). B: CT shows that the pleural effusion
is of higher attenuation compared with simple fluid (consistent with
tumor within the pleural space); wraps around the entire pleural surface,
including the fissure (arrows); and has a lobulated contour.

sarcoma being the most common (24,25). Catamenial pneu-
mothorax is an uncommon disorder that occurs in women,
probably caused by air entering the peritoneal cavity by way
of the genital tract during menses and proceeding to the pleural
cavity through diaphragmatic fenestrations. Catamenial pneu-
mothorax occurs only in relation to the menses, appearing 1
day before or up to 3 days after menses. The pneumothorax
is usually small and most often right sided (87%) (26). Recur-
rence is a characteristic feature of catamenial pneumothorax,
and it may be prevented by pregnancy or drugs that suppress
ovulation.

As with pleural effusion, the radiographic appearance of
pneumothorax depends on the radiographic projection, the
patient’s position, and the presence or absence of pleural ad-
hesion and subsequent loculation. In the upright patient, air
rises in the pleural space and separates the lung from the chest

TA B L E 9 - 3

CAUSES OF PNEUMOTHORAX IN ADULTS

Spontaneous
Primary spontaneous pneumothorax (young healthy

smokers)
Chronic obstructive pulmonary disease
Asthma
Cystic fibrosis
Cavitary pneumonia
Pleural metastases (especially osteosarcoma)
Langerhan cell histiocytosis
Lymphangioleiomyomatosis/tuberous sclerosis
Sarcoidosis
Catamenial pneumothorax (related to female menses)

Traumatic
Thoracotomy
Thoracentesis
Percutaneous lung biopsy
Central venous catheter placement
Mechanical ventilation and barotrauma
Blunt or penetrating trauma to chest

wall, allowing the visceral–pleural line to become visible as
a thin curvilinear opacity between vessel-containing lung and
the avascular pneumothorax space. The pleural line remains
fairly parallel to the chest wall. Curvilinear shadows projected
over the lung apex that may mimic the visible visceral–pleural
line of a pneumothorax include vascular lines, tubes, clothing,
bedding, hair, scapulae, skin folds (Fig. 9-23), and the walls
of bullae and cavities. Cysts, bullae, and cavities usually have
inner margins that are concave to the chest wall rather than
convex. In the supine patient, the highest part of the chest cav-
ity lies anteriorly or anteromedially at the base near the di-
aphragm, and free pleural air rises to this region (Fig. 9-24).
If the pneumothorax is small or moderate in size, the lung is
not separated from the chest wall laterally or at the apex and

FIGURE 9-21. Spontaneous secondary pneumothorax. PA chest ra-
diograph of an 18-year-old man with cystic fibrosis shows a large right
hydropneumothorax and severe bilateral cystic bronchiectasis.
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FIGURE 9-22. Spontaneous secondary pneumothorax. AP chest ra-
diograph of a 3-year-old boy with respiratory syncytial virus pneumo-
nia shows a large left pneumothorax with shift of the mediastinum
to the right. The findings suggest a tension pneumothorax. Numerous
cystic lesions, consistent with pneumatoceles, are seen in the collapsed
left lung (arrow).

A B

FIGURE 9-23. Skin fold mimicking pneumothorax. A: AP supine chest radiograph shows opacification of the right
medial lung outlined by a sharp edge (skin fold; arrows). Note that the lung peripheral to this edge is not hyperlucent,
a clue that there is no pneumothorax. B: AP upright chest radiograph obtained 1 hour later no longer shows the
skin fold. Redundant skin can result in skin folds on the chest radiograph, especially when the patient is supine.
Changing patient positioning is often useful in differentiating a skin fold from a pneumothorax.

FIGURE 9-24. Pneumothorax in a supine patient. AP supine chest
radiograph shows the “deep sulcus” sign of pneumothorax on the
right (curved arrow) and a basilar pneumothorax on the left (straight
arrows).
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TA B L E 9 - 4

RADIOGRAPHIC SIGNS OF PNEUMOTHORAX IN THE
SUPINE PATIENT

Relative increased lucency of the involved hemithorax
Increased sharpness of the adjacent mediastinal margin and

diaphragm
Deep, sometimes “tonguelike” costophrenic sulcus
Visualization of the anterior costophrenic sulcus
Increased sharpness of the cardiac borders
Visualization of the inferior edge of the collapsed lung above

the diaphragm
Depression of the ipsilateral hemidiaphragm

therefore the pneumothorax may not be appreciated. Signs of
pneumothorax in a supine patient are listed in Table 9-4 (27).

A large tension pneumothorax can be a life-threatening
situation requiring rapid decompression. Radiologic signs of
tension pneumothorax include contralateral displacement of
the mediastinum, inferior displacement of the diaphragm, hy-
perlucent hemithorax, and ipsilateral collapse of the lung
(Fig. 9-25).

Localized Pleural Tumors

Focal pleural tumors include localized fibrous tumors of pleura,
lipomas, liposarcomas, and invasion of the pleura by adjacent
bronchogenic carcinoma. Malignant mesothelioma and metas-
tases may cause focal abnormalities (Fig. 9-26) but are most
commonly associated with extensive involvement of the pleura,
as previously discussed. Localized fibrous tumor of the pleura
is either benign (60%) or malignant (40%) and has a relatively
good prognosis when surgically excised (28). It occurs in all age
groups, most commonly in patients older than 50, and it is not
related to asbestos exposure. Forty percent of these tumors are
attached to the pleura by a pedicle, and they may range from
1 to 39 cm in diameter. Calcification is present in 5% of cases.

FIGURE 9-25. Tension pneumothorax. AP supine chest radiograph of
a 35-year-old man involved in a motor vehicle crash shows a large left
pneumothorax, collapse of the left lung, and shift of the mediastinum to
the right. The findings suggest a tension pneumothorax, which requires
immediate decompression.

FIGURE 9-26. Malignant mesothelioma. CT scan of a 59-year-old
man shows a solitary focal enhancing left pleural soft tissue lesion
(arrow). At surgery, multiple additional lesions were seen studding the
pleural surface.

The radiographic appearance is a mass with a smooth, sharply
delineated contour with tapering margins that forms obtuse
angles with the chest wall or mediastinum and displaces the
adjacent lung parenchyma (Fig. 9-27). Pedunculated tumors
may be mobile and change their position with respiration or
posture.

Pleural lipomas are rare tumors usually found incidentally
on the chest radiograph. On CT, a pleural lipoma appears as
a well-defined mass of homogeneous fat attenuation having
obtuse angles with the chest wall and displacing the adjacent
pulmonary parenchyma (Fig. 9-28) (29). When the tumor is
heterogeneous and has attenuation values greater than about
50 Hounsfield units, a liposarcoma should be suspected (Fig.
9-29) (30).

Diffuse Pleural Fibrosis (Fibrothorax)

Fibrothorax (fibrous obliteration of the pleural space) may de-
velop as a result of organized hemorrhagic effusions, tuber-
culous effusions, other types of empyema, and extensive be-
nign asbestos-related pleural disease. Asbestos-related diffuse
pleural thickening is much less common than discrete pleu-
ral plaques and involves the visceral rather than the parietal
pleura (31). Evidence of underlying parenchymal disease is usu-
ally seen in patients with prior tuberculosis or other empyema.
Extensive calcification of the fibrothorax favors previous tu-
berculosis, empyema, hemothorax or trauma (Fig. 9-30) and
is seldom seen with asbestos-related diffuse pleural thicken-
ing (32). Hemorrhagic effusion, tuberculosis, and other causes
of empyema usually lead to unilateral pleural abnormalities,
whereas benign asbestos pleurisy usually leads to bilateral pleu-
ral abnormalities, whether diffuse pleural thickening or pleural
plaques. Involvement of the mediastinal pleura is more com-
mon with mesothelioma or other malignancies than with be-
nign fibrothorax (18).

Pleural Plaques

Pleural plaques are circumscribed collections of dense collage-
nous connective tissue, which may or may not be calcified,
and represent the most common manifestation of asbestos
exposure (31). The latency period between exposure to as-
bestos and development of pleural plaques is approximately
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A B

C D

E F

FIGURE 9-27. Benign localized fibrous tumor of the pleura. A: PA chest radiograph of a 32-year-old asymptomatic woman shows a well-
circumscribed round mass in the left middle lung (arrows). B: Lateral view shows that the mass is positioned adjacent to the left major fissure
(arrows). C: PA chest radiograph obtained 4 years later shows that the mass has increased in size. Faint calcification is now visible within the mass
(arrow). D: Lateral view obtained at the same time as (C). E: CT shows that the mass is homogeneous, abuts the lateral pleural surface, and has
coarse calcifications (arrows). F: CT with lung windowing shows that the top of the tumor abuts the major fissure (arrows).
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A

B

FIGURE 9-28. Pleural lipoma. A: PA chest radiograph coned to the
right upper lobe shows a circumscribed mass (arrows) contiguous with
the right lateral chest wall. B: CT shows that the mass (arrow) is of
homogeneous fat attenuation (F).

FIGURE 9-29. Benign pleural myelolipoma. CT of a 66-year-
old woman shows a circumscribed mass abutting the left lateral
chest wall. Although the mass contains central fat (arrow), the
attenuation of the mass is heterogeneous, and a malignancy, such
as liposarcoma, cannot be excluded. The mass was excised and
found to be benign.

A

B

FIGURE 9-30. Old tuberculous empyema. A: PA chest radiograph
shows dense calcification throughout the right hemithorax. B: CT shows
dense pleural calcifications (arrows) involving only the right hemitho-
rax, associated with loss of lung volume.
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FIGURE 9-31. Calcified pleural and pericardial plaques. CT of an 82-
year-old man with prior asbestos exposure shows calcified pericardial
(solid arrow) and pleural (dashed arrow) plaques, in addition to diffuse
pleural thickening and rounded atelectasis (R).

15 years. The plaques involve mainly the posterior and antero-
lateral aspects of the pleura, following the contours of the pos-
terolateral seventh to 10th ribs, and the domes of the hemidi-
aphragms, and spare the lung apices and costophrenic angles.
They almost always involve only the parietal pleura but oc-
casionally may be seen in the visceral pleura in the interlobar
fissures and sometimes involve the pericardium (Fig. 9-31). On
chest radiographs, pleural plaques are unilateral in approxi-
mately 25% of cases (33), although more plaques are detected
on CT than chest radiography. Pleural plaques are not prema-
lignant, but detection of them is important for three main rea-
sons: (i) in patients with associated interstitial lung disease, the
presence of pleural plaques, in the appropriate clinical setting,
strongly suggests the diagnosis of asbestosis; (ii) they are virtu-
ally pathognomonic of asbestos exposure and should prompt

A B

FIGURE 9-32. Pectus excavatum. A: PA chest radiograph of a 60-year-old man shows blurring of the right heart border and displacement of the
mediastinum to the left. B: Lateral view shows posterior depression of the sternum (arrow).

an occupational history; and (iii) they may encourage a pa-
tient to stop smoking, because there is a synergistic interaction
between asbestos exposure and smoking in the development
of lung cancer. Asbestos-related pleural disease has five mani-
festations: (i) pleural plaque with or without calcification, (ii)
asbestos-related pleural effusion, (iii) diffuse pleural thicken-
ing, (iv) rounded atelectasis, and (v) mesothelioma.

CHEST WALL
The thoracic contents are bounded by the chest wall, which
consists of skin, subcutaneous tissues, muscles, clavicles, scapu-
lae, ribs, sternum, and spine. Deformities and normal variants
of chest wall anatomy are relatively common. Accessory cervi-
cal ribs, arising from the seventh cervical vertebra as enlarged
costal elements, occur in approximately 0.5% to 1.5% of the
population and may lead to thoracic outlet syndrome (34). The
most common sternal deformity is pectus excavatum, which is
easily appreciated on a lateral chest radiograph as posterior de-
pression of the sternum. On a frontal radiograph, it may cause
blurring of the right heart border and displacement of the heart
to the left, mimicking a right middle lobe process (Fig. 9-32).

En face, chest wall lesions characteristically appear as ho-
mogeneous, often partly rounded opacities with a sharp medial
edge and an ill-defined lateral margin. Tangentially, chest wall
and localized pleural lesions are convex to the lung and sharply
marginated, since they are covered on the lung aspect by pleura
(Fig. 9-33). Chest wall masses usually have an obtuse angle of
contact with the chest wall. On chest radiographs, localized
lesions of the chest wall frequently cannot be distinguished
from localized pleural lesions unless there is rib remodeling or
destruction. Rib involvement is characteristic of a chest wall
lesion and, except for the occasional invasive neoplastic or in-
fective lesion (actinomycosis, tuberculosis), is rarely seen with
pleural or lung processes. Masses involving the chest wall in-
clude infectious and benign and malignant neoplastic causes
(Figs. 9-34 to 9-40) (Table 9-5).

(Text continues on page 160)
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A B

FIGURE 9-33. Lymphoma with rib involvement. A: PA chest radiograph shows a circumscribed mass (arrows) that is contiguous with the upper
right lateral chest wall. B: CT shows the mass (arrow) and destruction of the right second rib.

A B

C

FIGURE 9-34. Actinomycosis of the chest wall. A: PA chest radiograph
of a 58-year-old man with a 1-month history of shortness of breath
and poor oral hygiene shows airspace disease in the left upper lobe.
B: Lateral view shows extension of the left upper lobe pneumonia into
the anterior chest wall. There is air within the swollen soft tissues of
the chest wall (arrows). C: CT shows extension of the left upper lobe
pneumonia into the anterior chest wall, along with numerous bubbles
of air within the chest wall (arrows).
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A B

FIGURE 9-35. Tuberculous pneumonia with broncho-pleural-cutaneous fistula. A: AP upright chest radiograph of
an 83-year-old woman with a history of left mastectomy and cobalt radiotherapy 30 years prior, along with a remote
history of positive skin test for tuberculosis that was treated with appropriate drug therapy. Now, with a draining
left chest wall wound at the surgical scar site, the patient’s chest radiograph shows a cavitary mass in the left upper
lobe (arrows) and scarring in the right upper lobe (unchanged compared with prior chest radiographs). B: CT shows
air from the cavity communicating with the pleura and skin of the anterior chest wall (arrows), so-called empyema
necessitatis. Analysis of the fluid draining from the chest wall revealed Mycobacterium tuberculosis. The patient
was predisposed to the development of reactivation tuberculosis because she had recently been taking high doses of
steroids to treat polymyalgia rheumatica.

A B

FIGURE 9-36. Chondrosarcoma of the sternum. A: PA chest radiograph of a 67-year-old woman shows a large
area of opacification in the right lower hemithorax, a right pleural effusion (arrows), and shift of the mediastinum to
the left. B: Lateral view shows amorphous calcifications overlying the anterior heart (smaller arrows), a large mass
within the anterior mediastinum (larger arrows), and a pleural effusion (curved arrows). (Continued)
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C

FIGURE 9-36. (Continued) C: CT, with patient prone, shows a cal-
cified mass arising from the sternum (arrows) and a loculated right
malignant pleural effusion (E) extending into the major fissure (F). Dif-
ferential diagnosis included malignant teratoma, malignant thymoma,
and osteogenic sarcoma.

A

B

C

FIGURE 9-38. Aneurysmal bone cyst of the left chest wall. A: PA
chest radiograph of a 19-year-old asymptomatic man with a history
of Hodgkin disease treated with chemotherapy and radiation shows a
circumscribed mass projecting over the left upper lobe and contiguous
with the left upper chest wall. B: CT with bone windowing shows that
the destructive mass arises from the left upper ribs. C: CT at a level
inferior to (B) shows that the mass contains areas of dense calcification.
The appearance of this new mass on routine chest radiography was
suspicious for a radiation-induced sarcoma.

FIGURE 9-37. Sternal metastases. CT of a 64-year-old woman with
metastatic endometrial carcinoma shows complete destruction of the
sternum by a large soft tissue mass with punctate and curvilinear cal-
cifications.
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A

B

FIGURE 9-39. Benign rib osteochondroma. A: PA chest radiograph
of a 20-year-old man shows a calcified mass arising form a lower right
lateral rib (arrow). B: CT shows continuity of the cortex and marrow of
the osteochondroma with that of the host rib, as well as characteristic
extension of the osteochondroma on a stalk with a cauliflowerlike
head.

FIGURE 9-40. Sternal wound infection. CT scan of a 47-year-old man
several weeks after coronary artery bypass grafting shows an air–fluid
level (solid arrow) and a focal fluid collection (dashed arrow) in the
presternal soft tissues and abnormal areas of high attenuation in the
retrosternal area. Bacterial infection was confirmed during surgical de-
bridement.

TA B L E 9 - 5

MASSES INVOLVING THE CHEST WALL

Infections
Mycobacteria
Fungus
Nocardia sp.
Actinomycosis (associated with poor oral hygiene)

Neoplasms
Bronchogenic carcinoma
Metastases
Lymphoma
Malignant mesothelioma
Malignant primary bone tumors (multiple myeloma, Ewing

sarcoma)
Benign primary bone tumors (osteochondroma, aneurysmal

bone cyst)
Kaposi sarcoma (in patients with AIDS)
Bacillary angiomatosis (very vascular; seen in patients with

AIDS)
Neurogenic tumor
Vascular malformation
Lipoma/liposarcoma

AIDS, acquired immunodeficiency syndrome.
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A B

C

FIGURE 9-41. Foramen of Morgagni hernia. A: PA chest radiograph of
an 11-year-old girl shows an abnormal right mediastinal contour (arrows)
and loss of the normal right heart border. B: CT shows fat and prominent
omental vascular structures anterior to the heart. C: Sagittal T1-weighted
magnetic resonance image shows a defect in the anterior diaphragm (arrow)
and herniation of high-signal fat (F) into the anterior chest.

DIAPHRAGM
The diaphragm consists of a large, dome-shaped central tendon
with a sheet of striated muscle radiating from the central tendon
to attach to the seventh through 12th ribs and to the xiphis-
ternum (35). The two crura arise from the upper three lumbar
vertebrae and arch upward and forward to form the margins
of the aortic hiatus and esophageal hiatus. The diaphragm has
a smooth dome shape in most individuals, but a scalloped out-
line is also common. Radiographically, in most people, the
right hemidiaphragm is 1.5 to 2.5 cm higher than the left,
but the two hemidiaphragms are at the same level in about
9% of the population, and the left hemidiaphragm is higher
than the right (by less than 1 cm) in about 3% of the popula-
tion (36). Incomplete muscularization, known as eventration,
is common and frequently involves the anteromedial portion of
the hemidiaphragm (usually the right, but occasionally affect-
ing the left), producing a smooth hump on the contour of the
diaphragm.

Congenital hernias of the diaphragm are common. Ninety
percent of these are Bochdalek hernias, which arise postero-

laterally because of failure of the costal and vertebral portions
of the diaphragm to fuse. They are more common on the left
than the right. Small incidental Bochdalek hernias are seen
frequently on CT, often with no more than a small amount
of retroperitoneal fat herniating through the defect. Morgagni
hernias, most commonly seen on the right, arise anteromedially
from failure of the sternal and costal portions of the diaphragm
to fuse (Fig. 9-41).

When unilateral elevation of the diaphragm is seen on chest
radiography, five diagnostic possibilities should be considered
(Table 9-6) (Figs. 9-42 and 9-43). First, however, it is important
to determine the chronicity of the elevation, since stability for
2 or more years on chest radiography makes a malignant cause
highly unlikely and makes acute processes such as lung col-
lapse and subdiaphragmatic abscess less likely. Subpulmonic
effusion was discussed earlier in this chapter. Diaphragmatic
rupture was discussed in Chapter 8, and atelectasis is discussed
in Chapter 11.

The phrenic nerves, which arise from the third through fifth
cervical nerves, supply the diaphragm (“C3, 4, 5 keep the di-
aphragm alive”). The right phrenic nerve descends at the right
side of the superior vena cava and right atrium, in front of the
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A
B

C

FIGURE 9-42. Elevated diaphragm secondary to subdiaphragmatic
splenic hematoma. A: AP upright chest radiograph of a 68-year-
old man with left flank pain and chronic lymphocytic lymphoma
shows elevation of the left hemidiaphragm (arrows). B: CT shows
a large subcapsular splenic hematoma (straight arrows). The high-
attenuation material within the hematoma represents acute bleeding
(curved arrow). C: CT at a level inferior to (B) shows multiple low-
attenuation areas within the spleen from spontaneous splenic rupture
(straight arrows) and high-attenuation material from acute bleeding
(curved arrow).

A

B

FIGURE 9-43. Elevated diaphragm secondary to hepatic heman-
gioma. A: CT scout image shows elevation of the right hemidi-
aphragm. B: Axial CT shows a large hepatic mass.
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A B

C

FIGURE 9-44. Bronchogenic carcinoma invading the phrenic nerve. A:
PA chest radiograph of a 74-year-old woman shows normal positioning
of the hemidiaphragms. B: PA chest radiograph obtained 1 year later
shows elevation of the right hemidiaphragm and no evidence of medi-
astinal mass. C: CT shows a homogeneous soft tissue mass adjacent to
the superior vena cava (arrows), which proved to be a bronchogenic
adenocarcinoma invading the right phrenic nerve. This case illustrates
the significance of new diaphragmatic elevation in an adult, even when
no mediastinal mass is seen on the chest radiograph.

root of the right lung, between the pericardium and mediastinal
pleura. The left phrenic nerve descends between the left subcla-
vian and left common carotid arteries, lateral to the vagus nerve
and the arch of the aorta. It passes in front of the root of the left
lung between the mediastinal pleura and the pericardium, and
its branches pierce the diaphragm immediately to the left of the
pericardium. Tumor invading the phrenic nerve on either side
can result in elevation of the ipsilateral diaphragm and should
always be considered as the cause of an abnormally elevated
diaphragm in patients over age 35 unless proven to be stable
for 2 years or more on prior chest radiographs (Fig. 9-44). The
chest radiograph may not show the tumor itself, and occasion-

TA B L E 9 - 6

UNILATERAL ELEVATED DIAPHRAGM

“PAPER”
Phrenic nerve paralysis (malignant involvement, surgical

trauma)
Atelectasis/Abdominal mass
Postsurgical abdominal abscess
Effusion (subpulmonic; creates appearance of elevated

diaphragm)
Rupture (trauma)

ally the elevated diaphragm may be the only radiographic clue
to an underlying neoplasm.
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CHAPTER 10

UPPER LUNG DISEASE, INFECTION,
AND IMMUNITY

LEARNING OBJECTIVES
1. List an appropriate differential diagnosis for upper lung

disease seen on chest radiography or computed
tomography (CT).

2. Describe the radiographic classification of sarcoidosis.
3. State the three most common locations (Garland triad)

for adenopathy to occur in the chest of patients with
sarcoidosis.

4. List four common etiologies of “eggshell” calcified lymph
nodes in the chest.

5. Recognize progressive massive fibrosis secondary to
silicosis on chest radiography and CT.

6. Recognize and describe the typical appearance of cystic
fibrosis on chest radiography and CT.

7. Describe the radiologic manifestations of primary
pulmonary tuberculosis.

8. Name the most common segmental sites of involvement
for reactivation tuberculosis in the lung.

9. Define a Ghon lesion (calcified pulmonary parenchymal
granuloma) and Ranke complex (calcified node and
Ghon lesion); recognize both on a chest radiograph and
CT and describe their significance.

10. Suggest the possibility of radiation as a cause of new
upper lung opacification on a chest radiograph of a
patient with evidence of mastectomy and/or axillary node
dissection or known head and neck cancer.

11. Describe the acute and chronic phases of radiation-
caused changes in the lungs, including the time course
and typical chest radiograph and CT appearances.

12. Recognize the typical appearance of irregular lung cysts

on chest CT of a patient with Langerhan cell
histiocytosis.

13. Name the major categories of disease that cause chest
radiographic or CT abnormalities in the
immunocompromised patient.

14. Other than typical bacterial infection, name two
important infections and two important neoplasms to
consider in patients with acquired immunodeficiency
syndrome (AIDS) and chest radiographic or CT
abnormalities.

15. Describe the typical chest radiographic and CT
appearances of Kaposi sarcoma.

16. Describe the chest radiograph and CT appearances of
Pneumocystis jiroveci pneumonia.

17. Name four important etiologies of hilar and mediastinal
lymphadenopathy in patients with AIDS.

18. Describe the time course and chest radiographic
appearance of a blood transfusion reaction.

19. Describe the chest radiographic and CT appearances of
a miliary pattern and provide a differential diagnosis.

20. Name and describe the types of pulmonary Aspergillus
disease.

21. Identify an intracavitary fungus ball on chest
radiography and CT.

22. Name the most common pulmonary infections that
occur after solid organ (e.g., liver, renal, lung, cardiac)
and bone marrow transplantation.

23. Describe the chest radiographic and CT findings of
posttransplant lymphoproliferative disorders.

Pulmonary infections are a major cause of morbidity and mor-
tality, especially in immunocompromised patients. Immuno-
compromised patients have altered immune mechanisms and
are predisposed to opportunistic infections. Numerous factors
are associated with an immunocompromised state, including
but not limited to diabetes; renal or liver failure; advanced
age; bone marrow or solid organ transplantation; acquired
immunodeficiency syndrome (AIDS); presence of access lines
(e.g., intravenous lines, endotracheal tubes, chest tubes);
splenectomy, hospital environment (predisposing to nosoco-
mial pneumonia); underlying malignancy; drug therapy (e.g.,
steroids, chemotherapy); and immune deficiencies (e.g., hy-
pogammaglobulinemia). Some of the clinically important in-
fections and other diseases seen in immunocompetent and
immunocompromised patients tend to have an upper lung–
predominant distribution (e.g., mycobacterial and fungal dis-

ease). Recognition of an upper lung distribution of disease helps
the clinician to form an appropriate differential diagnosis. This
chapter begins with a discussion of upper lung disease, includ-
ing infectious and noninfectious causes, and continues with a
review of the disorders that occur in immunocompromised in-
dividuals and their radiographic appearances.

UPPER LUNG DISEASE
Upper lung refers to the upper one third of the lung, which
includes the majority of the upper lobes and the uppermost
portion of the superior segments of the lower lobes. In the nor-
mal upright lung, blood flow and ventilation predominate in
the lung base; in many lung disorders, however, the greatest
degree of abnormality occurs in the upper lung. Alterations in

164
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TA B L E 1 0 - 1

UPPER LUNG DISEASE

“SHRIMP”
Sarcoidosis
Histiocytosis, Langerhan cell
Radiation pneumonitis (cancers of head/neck and breast)
Infection (tuberculous, fungal)
Metastasesa

Pneumoconiosesb (silicosis, coal miner’s)

“CASSET”
Cystic fibrosis
Ankylosing spondylitis
Silicosis
Sarcoidosis
Eosinophilic granulomatosis (Langerhan cell histiocytosis)
Tuberculous, fungal infection

a See Chapter 7.
b See Chapter 3.

ventilation– perfusion, lymphatic flow, metabolism, and me-
chanics are proposed as pathogenic factors in upper lung lo-
calization of lung disease (1). Two mnemonics, “SHRIMP”
and “CASSET,” can be used to recall common and uncommon
disorders occurring in the upper lungs (Table 10-1). Because
it may be difficult to appreciate a predominantly upper lung
distribution of disease on chest radiography, it is useful to con-
sider the differential diagnoses given in Table 10-1, even if the
disease appears diffuse, any time the upper lungs are as affected
as much or more than the middle and lower lungs.

SARCOIDOSIS
Sarcoidosis is a common systemic disease of unknown etiol-
ogy characterized by widespread development of noncaseating
granulomas. These granulomas are nonspecific and resemble
those in many other granulomatous processes, except for tu-
berculosis, a disease in which caseous necrosis of granulomas is
usually seen. Sarcoidosis is ten times more common in African-
Americans than in Caucasians (2). Most patients who present
with sarcoidosis are between the ages of 20 and 40, but the
disease occurs as early as 1 year and as late as 80 years of age
(3). The disease is two to three times more common in African-
American women than in African-American men (3). The lung
is the most commonly involved organ in patients with sarcoido-
sis and accounts for most of the morbidity and mortality, with
an overall mortality rate between 2.2% and 7.6% (3).

Sarcoidosis can be classified according to its appearance on
the chest radiograph (Table 10-2) (4). Patients commonly, but

TA B L E 1 0 - 2

CLASSIFICATION OF SARCOIDOSIS ON CHEST
RADIOGRAPHY

0 Normal chest radiograph
I Hilar or mediastinal nodal enlargement only
II Nodal enlargement and parenchymal disease
III Parenchymal disease only
IV End-stage lung (pulmonary fibrosis)

FIGURE 10-1. Sarcoidosis. Posteroanterior (PA) chest radiograph of
a 31-year-old woman with class I sarcoidosis shows right paratracheal
(arrowheads) and bilateral hilar (arrows) lymphadenopathy. This pat-
tern of lymphadenopathy is classic for sarcoidosis and is referred to as
the 1-2-3 sign or Garland triad.

not necessarily, progress through each class, and the class at
presentation can, but does not always, correlate with progno-
sis (5). Forty-five percent to 65% of patients are class I at the
time of presentation. Lymphadenopathy is the most common
intrathoracic manifestation of sarcoidosis and occurs in 75%
to 80% of patients at some point in their illness (6). The classic
pattern of lymphadenopathy is bilateral hilar and right paratra-
cheal nodal enlargement, the so-called Garland triad or 1-2-3
sign (Figs. 10-1 and 10-2), although any mediastinal nodes can
be and frequently are involved. The hilar lymph nodes are usu-
ally symmetric in appearance and can be massively enlarged
(“potato nodes”) but are usually clear of the cardiac borders,
a feature that helps distinguish sarcoidosis from lymphoma-
tous lymphadenopathy, as the latter usually abuts the cardiac
margins. Of patients with class I disease at initial examination,
about 60% go on to complete resolution (7), with parenchymal
disease occurring in the remaining patients. Nodal calcification
is seen in up to 20% of cases (8), and in some of these cases (ap-
proximately 5%), the calcification is of a peripheral “eggshell”
pattern (Figs. 10-3 and 10-4). Eggshell calcification is largely
limited to sarcoidosis and silicosis, but it can be seen in other
disorders (Table 10-3) (9).

Parenchymal disease is seen on chest radiography at the
time of presentation in approximately half of patients with
sarcoidosis. Radiographic patterns of parenchymal disease in-
clude reticulonodular opacities, ill-defined opacities that have
an appearance of alveolar filling, large nodules, and lung fibro-
sis. Reticulonodular opacities are the most common pattern,
seen in 75% to 90% of patients with parenchymal disease; the
opacities are usually bilaterally symmetric with a distribution
predominantly in the middle and upper lungs (10) (Fig. 10-5).
In 10% to 20% of patients, opacities with airspace features
develop, which can be ill defined or focal, nodular, and well
defined. The term alveolar sarcoid refers to this pattern, al-
though the “airspace” disease represents an interstitial process
that compresses and obliterates alveoli. Alveolar sarcoid gen-
erally consists of bilateral, multifocal, poorly defined opacities
showing a predilection for the peripheral lungs (11) (Fig. 10-
6). The peripheral distribution is particularly well seen with
computed tomography (CT).
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FIGURE 10-2. Sarcoidosis. A: CT of a 23-year-old woman shows ill-defined nodules in a bronchovascular distribution (arrow) in the right upper
lobe. B: CT with mediastinal windowing shows right hilar lymphadenopathy (arrow). C: CT at the level of the inferior pulmonary veins shows
left hilar lymphadenopathy (arrow). D: CT at the level of the lower lobe pulmonary arteries shows subcarinal lymphadenopathy (arrow).

Sarcoid granulomas may resolve completely or heal by fi-
brosis. Pulmonary fibrosis occurs in approximately 20% of
patients with sarcoidosis, and the radiologic features are con-
sidered by some authors to be almost pathognomonic. The
findings consist of permanent, coarse, linear opacities radiat-
ing laterally from the hilum into adjacent upper and middle

FIGURE 10-3. Sarcoidosis. CT shows precarinal lymphadenopathy
with rim calcification (arrow). This pattern of calcification is referred
to as “eggshell” calcification and is commonly seen with sarcoidosis.

lungs. Bullae can form in the upper lungs. The hila are pulled
upward and outward, and vessels and fissures are distorted.
The fibrosis is occasionally so severe that massive parahilar
opacities in the middle and upper lungs, resembling those of
progressive massive fibrosis of silicosis, are seen.

CT can define the anatomic location of parenchymal sar-
coid granulomas much more accurately (12–14). The most
common finding of sarcoidosis on CT is multiple, 1- to 5-mm
nodules, usually with irregular margins, in a lymphatic dis-
tribution (bronchovascular margins, along interlobular septa,
subpleurally, and in the center of secondary pulmonary lobules)
(Fig. 10-7). Septal thickening from sarcoidosis has a beaded ap-
pearance, a feature that helps distinguish it from pulmonary
edema, in which the septal thickening is typically smooth.
Patchy ground-glass opacities are seen in about 50% of

TA B L E 1 0 - 3

COMMON CAUSES OF “EGGSHELL” CALCIFICATION
OF NODES IN THE CHEST

“SIT”
Sarcoidosis
Silicosis
Infection (tuberculous, fungal)
Treated lymphoma
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FIGURE 10-4. Sarcoidosis. A: PA chest radiograph of a 37-year-old man shows bilateral upper lobe nodular disease and hilar enlargement (class
II). B: CT shows nodules of varying size along the fissures (straight solid arrow) and bronchovascular bundles (dashed arrow) and in a subpleural
location (curved solid arrow). C: CT with mediastinal windowing shows central calcification of right paratracheal lymph nodes (arrow). D: CT
at a lower level shows calcification of right hilar nodes (arrow).

FIGURE 10-5. Sarcoidosis. PA chest radiograph shows reticulonodu-
lar opacities scattered diffusely throughout the upper and middle lungs.
Parenchymal disease without lymphadenopathy indicates class III sar-
coidosis.
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FIGURE 10-6. Sarcoidosis. A: PA chest radiograph of a 28-year-old man with mild shortness of breath shows right
paratracheal and bilateral hilar lymphadenopathy and bilateral peripheral areas of consolidation (arrows). B: CT
shows multifocal opacities in the periphery of the left lung (arrows). This pattern of sarcoidosis is referred to as
alveolar sarcoid, although pathologically it is seen to be an interstitial process.

patients with sarcoidosis and rarely may be the only CT ab-
normality (Fig. 10-8). Fibrosis is better characterized on CT
than on chest radiography. CT can show findings of sarcoido-
sis when the chest radiograph is normal, and patients can have
a normal CT study yet have sarcoidosis proved by lung biopsy
(13).

Fungus balls (mycetomas) can develop in cystic areas that
develop from sarcoidosis, and sarcoidosis is the second most
common predisposing condition (after tuberculosis) leading to
the development of mycetoma (15). Hemoptysis resulting from
mycetoma formation can be life threatening. Mycetomas occur
in the upper lobes and should be suspected when new opaci-
ties are seen in an area of chronic cystic or bullous disease,
especially when they are accompanied by new apical pleural
or extrapleural opacity on chest radiography. There are myr-
iad other atypical features of sarcoidosis, including pleural ef-
fusions, pleural thickening, cavitary nodules, bronchostenosis,

FIGURE 10-7. Sarcoidosis. CT of a 40-year-old man shows ill-defined
nodules in a bronchovascular distribution (arrows).

pulmonary artery hypertension from periarterial granulomato-
sis (Fig. 10-9), cor pulmonale, and pneumothorax from chronic
fibrosis.

SILICOSIS
Silicosis is a disease of the lungs caused by inhalation of dust
containing silicon dioxide, or silica, the predominant con-
stituent of the earth’s crust. Silica dust is prevalent in min-
ing, quarrying, and tunneling operations. Occupations associ-
ated with the development of silicosis include mining of heavy
metals, the pottery industry, sandblasting, foundry work, and
stonemasonry. When silica particles are inhaled, they are de-
posited in the alveoli and engulfed by alveolar macrophages,

FIGURE 10-8. Sarcoidosis. CT image of a 46-year-old woman with
mild shortness of breath shows bilateral areas of abnormal opacifi-
cation distributed along the central and peripheral bronchovascular
bundles (straight arrows). Some of the opacities are of ground-glass
attenuation, allowing visualization of underlying bronchial and vas-
cular markings. Note small nodules along the right major fissure (ar-
rowheads), in the center of secondary pulmonary lobules (curved ar-
rows), and in a peripheral subpleural location (open arrow). All of
these findings illustrate a perilymphatic distribution, which is typical
of sarcoidosis.
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FIGURE 10-9. Sarcoidosis. PA (A) and lateral (B) chest radiographs of
a 69-year-old man with class IV sarcoidosis show enlarged pulmonary
arteries (arrows) secondary to pulmonary arterial hypertension. Note
diffuse upper and middle lung reticulonodular opacities, and note also
the upward retraction of the hila. C: CT shows bilateral central areas
of pulmonary fibrosis with thickening of bronchovascular bundles and
traction bronchiectasis. Note parenchymal bands on right (arrows).

where they are acted on by lysosomal enzymes. The affected
macrophage dies and liberates mediators (leading to stimula-
tion of collagen production) and the silica particles. The silica
particles are then free to be taken up by other macrophages,
and the cycle continues, leading to progressive lung disease
even without continued occupational exposure to silica. Sili-
cosis can be classified as simple silicosis, complicated silico-
sis, acute silicosis, or Caplan syndrome. Coal worker’s pneu-
moconiosis, caused by inhalation of coal dust, is different
pathologically from silicosis, but it produces chest radiographic
findings similar to and often indistinguishable from those of
silicosis.

Patients with simple silicosis are usually asymptomatic. Be-
tween 10 and 20 years’ exposure is usually necessary before the
chest radiograph becomes abnormal (16). The chest radiograph
shows multiple nodules, 1 to 10 mm in diameter, with a diffuse
but upper lung–predominant distribution (Fig. 10-10). Occa-
sionally, the nodules may calcify. Enlargement of mediastinal
and hilar nodes is common and is occasionally associated with
eggshell calcification similar to that seen with sarcoidosis.

Complicated silicosis refers to progression of simple silico-
sis, where the nodules become confluent and larger than 1 cm.
On chest radiography, these opacities are seen predominantly
in the periphery of the upper lungs, which, over time, tend to
migrate toward the hilum as the fibrotic process progresses.

These conglomerate masses, which can reach several centime-
ters in size and contain obliterated blood vessels and bronchi,
are referred to as progressive massive fibrosis (Fig. 10-11). The
conglomerate masses are often surrounded by paracicatricial
emphysema, which is best appreciated on chest CT. As con-
glomeration of the nodules occurs, the lungs gradually lose
volume, and cavitation of the masses can occur. Patients who
have advanced to this stage are at increased risk of active tu-
berculosis, and this diagnosis should be suspected when a new
area of cavitation is seen on chest radiography.

Acute silicosis is a rare condition related to heavy acute ex-
posure to silica in enclosed spaces with minimal or no protec-
tion. Histologically, the appearance is identical to that of pul-
monary alveolar proteinosis; hence the term silicoproteinosis is
used. The disease is rapidly progressive, often leading to death
as a result of respiratory failure. The chest radiographic pat-
tern is that of nonspecific diffuse airspace disease or ground-
glass opacities, with a perihilar distribution and air bron-
chograms identical to the radiographic findings of pulmonary
edema.

Caplan syndrome consists of the presence of large necro-
biotic rheumatoid nodules superimposed on a background of
simple silicosis. The syndrome is a manifestation of rheumatoid
lung disease and is seen in both coal worker’s pneumoconiosis
and silicosis.
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FIGURE 10-10. Simple silicosis. A: PA chest radiograph of a foundry
worker shows numerous bilateral ill-defined tiny nodules, creating an
overall increase in lung opacity. B: On CT, the nodules are much better
appreciated. C: CT with mediastinal windowing shows densely calcified
hilar (solid arrows) and subcarinal (dashed arrow) lymph nodes.

A B

FIGURE 10-11. Complicated silicosis. A: CT of a 52-year-old man who had spent many years working in a sand pit shows calcification of hilar
(long arrows) and subcarinal (short arrows) nodes. B: CT with lung windowing shows “progressive massive fibrosis” in the right upper lobe (long
straight arrows) and early conglomeration of nodules in the superior segments of the lower lobes (curved arrows). Multiple parenchymal bands
are seen on the right (short straight arrows).
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FIGURE 10-12. Langerhan cell histiocytosis. PA (A) and lateral (B)
chest radiographs of a 32-year-old male cigarette smoker show bilat-
eral reticular interstitial opacities and thin-walled cysts (arrows). Note
increased lung volumes. C: CT shows bilateral thin-walled cysts, with
rounded and irregular shapes (straight arrows), and ill-defined nodules
(curved arrows).

LANGERHAN CELL
HISTIOCYTOSIS

Langerhan cell histiocytosis (LCH), also referred to as histio-
cytosis X or eosinophilic granuloma, is a granulomatous dis-
order of unknown cause characterized by the presence within
the granulomas of a histiocyte, the Langerhan cell. The dis-
ease is equally prevalent in male and female patients, it is un-
usual in African-Americans (17), and 95% of adult patients
are cigarette smokers (17). In most patients, symptoms appear
in the third or fourth decades, but the disease can occur in
teenagers and those over age 60. The diagnosis can be made in
asymptomatic patients with abnormal chest radiographs. Pneu-
mothorax is a classic manifestation of LCH, and the frequency
of pneumothorax as the initial manifestation is as high as 14%
(18). The pneumothoraces are commonly recurrent and may be
bilateral. Approximately one third of patients with LCH im-
prove, one third remain stable, and one third deteriorate (18).

The chest radiograph of patients with LCH shows a diffuse,
symmetric, reticulonodular pattern or, less commonly, a solely
nodular pattern. Both patterns have a predominantly middle
and upper lung distribution. The nodules are usually ill de-
fined, vary in size from 1 to 15 mm, and are often innumerable
but can be few in number. Large nodules can mimic metas-

tases. With time, small cystic airspaces develop, and larger
airspaces up to 5 cm in diameter will form only rarely. Be-
cause of the development of these abnormal airspaces, lung
volume does not decrease with time but often increases. Pleu-
ral effusion and hilar or mediastinal nodal enlargement are
uncommon.

CT of the lungs shows cysts and nodules, often in combi-
nation (19,20) (Fig. 10-12). Cysts range in diameter from 1 to
30 mm or more and, unlike centrilobular emphysema, usually
have very thin discrete walls and no centrilobular core struc-
ture. Some cysts have bizarre shapes, which can help to distin-
guish them from the uniformly round cysts that are typical of
lymphangioleiomyomatosis. Nodules are typically 1 to 5 mm
in diameter, have irregular margins, and may be cavitary. The
disease is thought to progress from solid nodules to cavitary
nodules to cysts, although this is controversial. End-stage dis-
ease can resemble that of generalized centrilobular pulmonary
emphysema.

RADIATION PNEUMONITIS
Radiation injury to the lung is most commonly seen after ra-
diation therapy for breast cancer, lung cancer, and Hodgkin
disease. On the chest radiograph, the changes of radiation
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FIGURE 10-13. Radiation pneumonitis. A: PA chest radiograph of a
60-year-old woman 3 months after radiation treatment to the neck for
a piriform sinus carcinoma. Subtle areas of abnormal opacification are
seen at both apices (arrows). B: PA chest radiograph obtained 2 months
later shows progression of apical opacities (arrows). C: CT shows bilat-
eral apical airspace disease without anatomic or geographic distribution.
Bronchoscopic biopsy of the right apex was negative for organisms, and
the opacities gradually resolved without treatment on follow-up chest
radiographs.

pneumonitis are almost always confined to the field of irra-
diation. The first change is a diffuse haze in the irradiated re-
gion, with obscuration of the normal vascular markings. Patchy
opacities appear, which may coalesce into a nonanatomic but
geometric area of pulmonary opacification. These radiographic
changes usually appear about 8 weeks after treatment, depend-
ing on the radiation dose and dosing interval (21); peak reac-
tion occurs at 3 to 4 months. With time, the opacities become
more linear or reticular, and fibrous contraction and distortion
of lung architecture occurs. The fibrosis and contraction con-
tinue over a 12- to 18-month period. When only the apices of
the lung are affected by radiation, such as with treatment for
head and neck neoplasms, the radiographic changes do not ap-
pear geometric but ill defined and patchy (Fig. 10-13). When
bilateral apical airspace opacities are seen on chest radiogra-
phy, radiation pneumonitis should be considered in the appro-
priate patient population. Radiation of the axilla, an adjuvant
treatment for patients with breast cancer who have undergone
lumpectomy or mastectomy, can result in ipsilateral peripheral
upper lung patchy airspace opacities (Fig. 10-14).

TUBERCULOSIS
Once a disease of childhood, more than half of cases of initial
infection with Mycobacterium tuberculosis, or primary tuber-
culosis (TB), are now seen in the adult population (22). In

primary tuberculous infections, the pulmonary focus and lym-
phadenopathy may resolve without a trace, or they may leave
a focus of caseous necrosis, scarring, or calcification. Several
terms are used to describe the form of tuberculosis that de-
velops after a primary infection under the influence of estab-
lished hypersensitivity including reactivation TB, postprimary
TB, and secondary TB.

The predominant radiographic feature of primary TB is
the presence of hilar lymphadenopathy (usually unilateral)
and mediastinal lymphadenopathy contiguous to the affected
hilum. Lymphadenopathy is less common and milder in adults
than in children, with the exception of immunocompromised
adults, especially those with AIDS. On CT, the enlarged nodes
typically have a low-density center with rim enhancement
(Fig. 10-15) (23). The pulmonary foci of primary TB are
randomly distributed throughout the lungs, and they range
from small, occasionally imperceptible, ill-defined parenchy-
mal opacities to segmental or lobar consolidation, often with an
appearance similar to that of other bacterial pneumonias (Figs.
10-16 and 10-17). The incidence of cavitation varies between
10% and 30% (22). Hilar or mediastinal lymph node calcifica-
tion is observed in 35% of cases (24). Pleural effusions are not
uncommon, are generally unilateral, and are usually, but not
always, associated with some identifiable pulmonary parenchy-
mal disease (Fig. 10-18). Bronchial stenosis, bronchial occlu-
sions, and polypoid endobronchial tuberculous lesions may be
seen on CT.
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FIGURE 10-14. Radiation pneumonitis. A: Normal baseline PA chest radiograph of a 71-year-old woman. B: PA
chest radiograph obtained 11 months later shows interval right mastectomy for treatment of breast cancer (note
hyperlucent right lower hemithorax) and surgical clips in the right axilla. Note new abnormal areas of nonsegmental
opacification in the periphery of the right upper lobe (arrows) from recent radiation to the axilla.

FIGURE 10-15. Primary tuberculosis. CT shows low-density subcari-
nal nodes with partial rim enhancement (arrow).

FIGURE 10-16. Primary tuberculosis. PA chest radiograph shows dif-
fuse nodular airspace disease.
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FIGURE 10-17. Primary tuberculosis. A: PA chest radiograph of a 71-year-old man with fever, hemoptysis, and weight loss shows bilateral
patchy airspace opacities, with areas of cavitation in the upper lobes (arrows). Sputum contained numerous M. tuberculosis organisms. B: PA
chest radiograph taken 9 months later shows changes of healing in upper lobes consisting of linear opacities (straight arrow) and thin-walled
cavities (curved arrows). C: PA chest radiograph 2 months after (B) shows new right apical pleural thickening (solid arrows) and increased
opacification of the right upper lobe. A fungus ball (aspergilloma) is seen within a right upper lobe cavity (open arrows). D: CT shows fungus ball
in right upper lobe cavity (arrows). Note the cystic changes of healed TB in left upper lobe.

FIGURE 10-18. Primary tuberculosis. PA chest radiograph of a 39-
year-old man shows abnormal right upper lobe opacification (curved
arrows) and a large loculated right pleural effusion (straight arrows).
Freely layering pleural fluid collects inferiorly, within the most gravity-
dependent portion of the pleural space, in upright positioning, and the
pleural fluid in this case tracks superiorly along the chest wall.

174
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FIGURE 10-19. Reactivation tuberculosis. A: PA chest radiograph of a 44-year-old man shows a partially calcified opacity in the right upper
lobe (arrows), which was unchanged in comparison with multiple prior chest radiographs and thus consistent with prior TB infection of in-
determinate activity. B: PA chest radiograph obtained 6 years later shows a new cavity in the right upper lobe (arrows). Sputum contained
M. tuberculosis organisms.

The earliest chest radiographic findings of reactivation TB
consist of one or more ill-defined patchy opacities, with or
without small satellite foci in the adjacent lung, occurring in
the posterior segments of the upper lobes in the majority of
patients and in the superior segment of the lower lobes in most
of the remainder of patients. This distribution of disease is very
helpful in suggesting the diagnosis of reactivation TB. Cavita-
tion with or without the presence of air–fluid levels is a distinct
feature of reactivation TB and indicates a high likelihood of ac-
tive infection (Figs. 10-19 to 10-21). The presence of cavitation
implies that the disease is highly contagious, and patients with
cavitary disease should be placed under immediate infective

A

B

FIGURE 10-20. Reactivation tuberculosis. A: PA chest radiograph of a
30-year-old man from Africa who had been treated for tuberculosis 10
years earlier shows elevation of the minor fissure, right apical pleural
opacity, and ill-defined opacities throughout the right lung. B: CT shows
a thin-walled cavity, thickening of the bronchovascular bundles, and ill-
defined nodules in the superior segment of the right lower lobe.

precautions (respiratory isolation) on the basis of radiographic
findings alone. With healing, the chest radiograph shows grad-
ually increasing definition of the lung opacities, development of
fibrosis in the surrounding lung, contraction and volume loss of
the affected segment or lobe with fissural displacement or dis-
tortion of the vascular structures in the hilum, bronchiectasis,
and calcification (Fig. 10-22). Fluid levels in cavities disappear,
and the cavities either disappear or persist with a smooth inner
wall.

Other patterns of reactivation TB include lobar pneumo-
nia, diffuse bronchopneumonia, endobronchial TB, tubercu-
loma formation, miliary TB, and tuberculous pleuritis. A
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FIGURE 10-21. Reactivation tuberculosis. PA chest radiograph of a
28-year-old man with a prior history of right middle and lower lobec-
tomy and right pleurodesis, currently taking steroids for severe asthma,
shows right apical pleural opacity and a thin-walled cyst (arrow) in the
right upper lung. Both were new findings compared with prior chest
radiographs. B: CT shows the cyst and surrounding ill-defined nodules
in the posterior right upper lobe.

calcified lymph node may erode into an adjacent airway, be-
coming a broncholith, and be associated with hemoptysis or
postobstructive atelectasis or pneumonia. Broncholiths can be
suggested when a previously documented nodal calcification
on chest radiography has disappeared or changed position. On
rare occasion, a patient can cough up pieces of a calcified bron-
cholith, a phenomenon referred to as lithoptysis. Tuberculomas
are discrete tumorlike foci of TB in which there is a fine balance
between inflammation and healing. The margins of a tuber-
culoma are usually well circumscribed. Tuberculomas may be

single or multiple, are occasionally as large as 5 cm in diameter,
and may grow slowly over an extended period of time. Calcifi-
cation develops in the central caseous core with time and may
be seen radiographically, but it is better characterized with CT.
When the calcification is dense and assumes the majority of the
volume of the tuberculoma as seen on chest radiography, the di-
agnosis of a benign inactive granuloma can be assumed. Such a
parenchymal tuberculoma, known as a Ghon lesion, in combi-
nation with calcified nodes, is referred to as a Ranke complex.
Miliary TB, which results from hematogenous dissemination

A B
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FIGURE 10-22. Healed tuberculosis. A: CT shows calcified nodules in
the right upper lobe (arrows). B: CT with lung windowing shows a
thin-walled cyst. The mural nodule along the anterior cyst wall and the
nodule posterior to the cyst represent the calcified nodules seen in (A).
C: CT at a more inferior level shows bronchiectasis (solid arrow) and a
second thin-walled cyst (dashed arrow). The findings were unchanged
in comparison with multiple CT scans obtained during the prior 3 years.
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of disease, is an uncommon but serious complication of both
primary and reactivation TB. The chest radiograph shows innu-
merable 2- to 3-mm nodules likened to millet seeds in size and
appearance. The nodules are uniformly distributed and equal
in size. Because there is a threshold below which the nodules
are imperceptible, miliary TB can be present in patients with a
“normal” chest radiograph. Miliary TB does not leave residual
calcifications.

A number of mycobacteria other than M. tuberculosis can
cause pulmonary infection. These atypical mycobacteria are
common in the natural environment, and numerous species ex-
ist, including M. kansasii and M. avium-intracellulare; the lat-
ter is a very important pathogen in human immunodeficiency
virus (HIV)–infected individuals. The classic features of atypi-
cal mycobacterial infections of the lung are those of a chronic
indolent fibrocavitary process, usually involving one or both
apical regions of the lungs in a middle-aged or older individual
with underlying chronic obstructive pulmonary disease (25),
or in chronic lower lung bronchiectasis. In many cases, the
radiographic features are indistinguishable from those of re-
activation TB. The lesions have the same predilection for the
posterior aspects of the upper lobes or the superior segments
of the lower lobes as reactivation TB. Cavitation occurs in up
to 96% of patients with atypical mycobacterial infection (26).

ASPERGILLUS LUNG DISEASE

Fungi of the genus Aspergillus are ubiquitous saprophytes
that are commonly laboratory contaminants but on occasion
can become human pathogens. Infection is acquired primarily
through the respiratory tract. Exposure to Aspergillus is al-
most universal, yet the nonimmunocompromised patient usu-
ally does not develop Aspergillus infection (27).

Aspergillosis represents a spectrum of diseases based on the
degree of immune impairment at one end of the spectrum and
hypersensitivity at the other end of the spectrum (28). Four ba-
sic types of pulmonary aspergillosis are (i) noninvasive (sapro-
phytic), (ii) semi-invasive, (iii) invasive, and (iv) allergic.

Noninvasive pulmonary aspergillosis refers to colonization
of a pre-existing cavity or cystic area in the lung with As-
pergillus organisms, creating a “fungus ball” or mycetoma.
Prior tuberculous infection, emphysematous bullae, sarcoidosis
(Fig. 10-23), or other processes, such as ankylosing spondyli-
tis, that result in cavities, cysts, or cystic bronchiectasis, can
lead to mycetoma formation (29,30). In noninvasive aspergillo-
sis, the fungus causes the development of vascular granulation
tissue within the cavity wall, which can lead to hemoptysis.
With peripheral cavities, there is also a pleural response to the

A B

C

FIGURE 10-23. Noninvasive pulmonary aspergillosis. A: Baseline PA
chest radiograph of a 79-year-old woman with class IV sarcoidosis
shows retraction of the hila bilaterally, bilateral upper lobe fibrosis,
and tenting of the hemidiaphragms from upper lobe volume loss. B: PA
chest radiograph taken 2 years later shows increased right apical pleural
thickening (curved arrow) and a fungus ball (aspergilloma) in the right
upper lobe cavity (straight arrow). C: CT shows opacity within the right
upper lobe cavity, representing vascular granulation tissue and fungal
organisms. A small amount of air is seen within the cavity (arrows).
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A B

FIGURE 10-24. Noninvasive pulmonary aspergillosis. A: Supine CT image of a 41-year-old man with hemoptysis shows a thin-walled cavity in
the left upper lobe containing an ovoid mass of soft tissue attenuation. B: Prone CT image shows movement of the mass to the dependent aspect
of the cavity. Movement of an intracavitary fungus ball with change in patient positioning is typical of noninvasive aspergillosis.

presence of the organism, leading to marked pleural thicken-
ing and extrapleural fatty hypertrophy as clues to the chronic
inflammation. Chest radiography and CT typically show a mo-
bile, intracavitary mass, usually in an upper lobe (Figs. 10-24
and 10-25). Specific therapy is not required for patients with an
asymptomatic aspergilloma; however, this type of aspergillo-
sis can cause massive hemoptysis that can sometimes lead to
death. Bronchial artery embolization, surgery, or instillation
of amphotericin B into the aspergilloma cavity can be used to
treat patients with an aspergilloma and hemoptysis.

Semi-invasive pulmonary aspergillosis refers to a chronic,
indolent form of Aspergillus infection that leads to cavity for-
mation and then a classic aspergilloma. This form of aspergillo-
sis tends to occur in patients with depressed immune systems
(e.g., those with a neoplasm, those who have undergone ra-
diation, those who are of advanced age or debilitated, those
with diabetes or chronic obstructive lung disease, or those on
chronic corticosteroid therapy) (31). The disease typically be-
gins as an upper lung opacity on chest radiography, which,
over a period of weeks to months, gradually develops cavi-

tation with formation of an “air crescent sign.” As the dis-
ease progresses, extensive apical pleural thickening develops.
As cavitation progresses, a thick-walled cavity often becomes
thin walled, containing a mycetoma (Fig. 10-26). Therapy is
the same as for noninvasive aspergillosis.

Invasive pulmonary aspergillosis is the most pathologically
aggressive form of aspergillosis and occurs in severely immuno-
compromised patients (Fig. 10-27). Chest radiographs show a
solitary pulmonary nodule or mass, or multifocal opacities. In
some cases, multiple poorly defined nodules (likely represent-
ing infarcts) are seen and extend to the periphery of the lungs.
In patients with leukemia, cavitation of the nodules develops as
the neutrophil count recovers from the chemotherapy-induced
nadir (32). Cavitation leads to the air crescent sign, which is
seen as a crescent-shaped collection of air between the cavity
wall and the intracavitary contents. In contrast to noninva-
sive and semi-invasive forms of aspergillosis, in which a fun-
gus ball occupies the cavity, in invasive aspergillosis the central
mass within the cavity is almost always necrotic lung and not
an aspergilloma. Early in the course of infection during bone

A B

FIGURE 10-25. Noninvasive pulmonary aspergillosis. A: PA chest radiograph of a 14-year-old girl with a thin-walled cavity in the right upper
lobe (long arrows) containing a fungus ball (short arrows). B: PA chest radiograph after change in patient position shows movement of the mobile
fungus ball.
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A

B

FIGURE 10-26. Semi-invasive pulmonary aspergillosis. A: PA chest ra-
diograph of a 49-year-old woman with hemoptysis shows a rounded
opacity (arrows) within a right upper lobe cavity. There is retraction
of the right hilum along with elevation of the right hemidiaphragm.
B: CT shows a fungus ball within the right upper lobe cavity. Note
severe changes of emphysema in the left lung.

marrow aplasia, before air crescent formation or cavitation,
CT often shows the CT “halo sign,” a zone of ground-glass
opacification surrounding the pulmonary nodule or mass. In
patients with acute leukemia, the presence of the CT halo sign
(representing a zone of hemorrhage) strongly suggests the di-
agnosis of invasive aspergillosis (Fig. 10-28) (33). Intravenous
amphotericin B remains the frontline therapy for invasive as-
pergillosis. Patients who do not respond to therapy usually die
of the disease.

Allergic bronchopulmonary aspergillosis (ABPA) is a form
of hypersensitivity reaction to inhaled Aspergillus organisms.
It is seen most commonly in patients with underlying asthma,
it is seen in approximately 10% of patients with cystic fibro-
sis, and it is seen occasionally in patients with no known un-
derlying pulmonary disease (34). The fungus grows noninva-
sively within the bronchi, releasing an antigen that causes host
sensitization and a subsequent immunologic reaction. Mucus
traps the organisms in the bronchi. Bronchiectasis either results
from or is a predisposing factor to development of ABPA. Pa-
tients with ABPA typically present with symptoms of asthma.

Typical radiographic findings consist of central bronchiecta-
sis with mucoid material filling the bronchi. The appearance
of mucus-filled bronchi on chest radiography has been vari-
ously described as finger in glove, rabbit ears, Mickey Mouse,
toothpaste-shaped, and Y- or V-shaped opacities. The diagnosis
of ABPA is based on major and minor criteria (35). Major cri-
teria include asthma, blood eosinophilia, immediate skin reac-
tivity to Aspergillus antigen, increased serum immunoglobulin
E, transient or fixed pulmonary opacities on chest radiography,
and central bronchiectasis. Minor criteria include fungal organ-
isms in the sputum, history of expectoration of brown plugs or
flecks, and delayed skin reactivity to fungal antigens. Because
ABPA is an allergic disease, the primary treatment consists of
corticosteroids.

Bronchocentric granulomatosis, characterized histologi-
cally by necrotizing granulomas that may obstruct and de-
stroy bronchioles, is a histopathologic pattern that is gener-
ally believed to represent a nonspecific response to a variety of
forms of airway injury. Approximately half of all cases are as-
sociated with asthma and ABPA, and among these patients,

A

B

FIGURE 10-27. Invasive pulmonary aspergillosis. A: PA chest radio-
graph of a 57-year-old woman with a transplanted heart shows focal
airspace opacity in the left upper lobe (arrows). B: CT shows dense
airspace opacity and surrounding halo of ground-glass opacity in the
left upper lobe.
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FIGURE 10-28. Invasive pulmonary aspergillosis. CT of a 30-year-
old woman with leukemia and fever shows an ill-defined nodule with
a halo of ground-glass opacity in the right lung.

bronchocentric granulomatosis may represent a histopatho-
logic manifestation of fungal hypersensitivity. Aspergillus hy-
phae can be identified within the granulomas in up to 50% of
patients. Although the imaging features may be similar to those
of conventional ABPA, the lung involvement in bronchocentric
granulomatosis is more commonly focal and peripheral (36).

CYSTIC FIBROSIS
Cystic fibrosis is an autosomal recessive disease involving chro-
mosome 7 and characterized by dysfunction of exocrine glands,
which form a thick, tenacious material. The incidence is 1 in
1,600 live births, with Caucasians affected most frequently. Or-
gans involved include the lung, upper respiratory tract, pan-
creas, liver, gallbladder, and reproductive tract. The earliest
chest radiographic findings include peribronchial inflammatory
changes (peribronchial cuffing) and both atelectasis and hyper-
inflation. With progression of the disease, ring shadows and
tram tracking are seen as signs of bronchiectasis, usually with
an upper lobe predominance (Fig. 10-29). Not uncommonly,
air–fluid levels can be seen in areas of cystic bronchiectasis.
Small, ill-defined or tubular opacities occur as a result of mu-
cus plugging in dilated airways (Figs. 10-30 and 10-31). Larger

FIGURE 10-30. Cystic fibrosis. CT of a 37-year-old woman shows
bilateral bronchiectasis and mucoid-impacted airways (arrows).

opacities usually represent pneumonia, most commonly caused
by Staphylococcus aureus or Pseudomonas species. Bilateral
hilar lymphadenopathy is common. Severe disease can lead
to pulmonary arterial hypertension and cor pulmonale, which
may be suggested when enlargement of the central pulmonary
arteries and enlargement of the right heart, respectively, are
seen on the chest radiograph. ABPA occurs in 10% of patients
with cystic fibrosis, as discussed earlier in this chapter. Hyper-
trophic pulmonary osteoarthropathy, a disorder involving the
long bones and joints, occurs in approximately 15% of patients
with cystic fibrosis.

RADIOLOGIC ABNORMALITIES
IN IMMUNOCOMPROMISED

PATIENTS
Infection is the leading cause of chest radiographic abnor-
malities in immunocompromised patients and is a direct re-
sult of a deficiency in immune defenses (e.g., immunoglobulin
abnormalities, cell-mediated dysfunction, and phagocytic de-
fense disorders) or a nonspecific reduction in host resistance

?>

A B

FIGURE 10-29. Cystic fibrosis. A: CT of a 29-year-old woman shows bilateral cystic bronchiectasis and thickening of bronchial walls. Small
nodules in the left upper lobe likely represent mucoid-impacted bronchioles. B: CT at a more inferior level shows similar but less severe findings.
Cystic fibrosis typically involves the upper lungs to a greater degree than the lower lungs.
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A B

FIGURE 10-31. Cystic fibrosis and Mycobacterium avium infection. A: CT shows small nodular and linear branching opacities (arrow) in the
left lower lobe, consistent with bronchiolar spread of mycobacterial disease. Note bronchiectasis in both upper lobes. B: CT at a more inferior
level shows a markedly distended, mucoid-impacted bronchus in the right middle lobe (arrow). This finding is suggestive of ABPA, which patients
with cystic fibrosis are predisposed to develop.

(e.g., advanced age, alcoholism, diabetes, starvation or malnu-
trition, and cancer). In addition to infection, radiographic ab-
normalities in immunocompromised patients can result from
many other causes, as listed in Table 10-4.

Infection

Bacterial agents are the most frequent causes of pneumonia in
immunocompromised patients. Patients receiving steroids and
patients with renal transplants are particularly susceptible to
infection with Legionella organisms. L. pneumophila manifests
as progressive parenchymal consolidation, sometimes with cav-
itation and pleural effusion. L. micdadei pneumonia results
in well-circumscribed nodular densities with central cavitation
(37). Nocardia asteroides infection occurs most commonly in
immunosuppressed patients, including those with AIDS and
solid organ transplants. Chest radiographs show lobar or mul-

TA B L E 1 0 - 4

CAUSES OF RADIOGRAPHIC ABNORMALITIES IN
IMMUNOCOMPROMISED PATIENTS

Infection
Bacterial (typical)
Mycobacterial
Fungal
Viral (Cytomegalovirus pneumonia)

Neoplasm
Lymphoma and other lymphoproliferative disorders
Leukemia
Metastases/recurrence of primary tumor

Transfusion reaction

Graft-versus-host disease (after bone marrow transplantation)

Radiation pneumonitis
Acute
Chronic

Adverse drug reaction
Early (noncytotoxic)
Late (cytotoxic)

Hemorrhage

tilobar areas of consolidation, or they show solitary or multiple
ill-defined pulmonary nodules with a tendency to cavitate and
invade surrounding structures such as the chest wall (38,39).

TB in immunocompromised patients occurs most com-
monly in the AIDS population. In non-AIDS immunocom-
promised patients, TB is usually caused by reactivation of a
dormant lesion. The radiographic features typically consist of
apical and posterior segmental fibronodular disease in the up-
per lobes with or without cavitation (40). Infection with atyp-
ical mycobacteria can have a similar appearance, but there is
a tendency toward increased cavitation relative to total lung
involvement, thin-walled cavities with less dense surrounding
parenchymal opacification, less bronchogenic and more con-
tiguous spread, more involvement of the apical and anterior
segments of the upper lobes, and marked pleural thickening
over the involved areas of the lung (40).

A. fumigatus is an important fungal pathogen in immuno-
compromised patients, especially those with lymphoma or
leukemia. The different types of Aspergillus lung disease were
discussed earlier in this chapter.

Candida albicans is another fungal agent that causes pneu-
monia in a substantial number of patients with leukemia or
lymphoma. Chest radiographs most commonly show diffuse
bilateral nonsegmental patchy alveolar or mixed alveolar–
interstitial opacities. A pattern of miliary opacities can also
be seen (41).

Mucormycosis results from infection with one of the phy-
comycetes and has a 100% mortality rate in the absence of
treatment. Patients susceptible to mucormycosis include those
with leukemia or lymphoma and those with diabetes melli-
tus. Pathologically, mucormycosis is fungal vascular invasion
resulting in infarction (42). The most common radiographic
abnormality is a single pulmonary nodule, mass, or focus of
consolidation, frequently with cavitation. This is usually ac-
companied by infection of the paranasal sinuses, brain, and
meninges.

Cryptococcosis, discussed later in this chapter, is the most
common fungal pulmonary infection in patients with AIDS.
Widespread dissemination of the organisms causing blastomy-
cosis, coccidiomycosis, and histoplasmosis can occur in im-
munocompromised patients, but radiodiagnostic features are
lacking; attention is usually given to excluding more common
opportunistic fungi.

The most common virus to cause pneumonia in immuno-
compromised patients is Cytomegalovirus (CMV). The radio-
graphic appearances include diffuse interstitial opacities, often
with a nodular pattern. Other important viruses, especially in
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patients with lymphoma, are the varicella-zoster virus and the
herpes simplex virus.

Neoplasm

Patients with lymphoma or leukemia can have pulmonary in-
volvement of their disease. Leukemic infiltration of the lungs,
pleura, or mediastinum, although common pathologically, does
not appear to be a cause of pulmonary symptoms and is
rarely a cause of radiographic abnormalities. Radiographs
and CT scans of the chest are often normal in pathologically
proven cases. Diffuse pulmonary disease is more likely to rep-
resent pneumonia or hemorrhage than leukemic infiltration
(43). Radiographically visible leukemic infiltrates are virtually
confined to patients with high peripheral blast counts (44).
Leukostasis—the accumulation of leukemic cells in small pul-
monary blood vessels in patients with leukemia—can result in
diffuse airspace opacities on chest radiography, which is felt to
be caused by pulmonary edema rather than the accumulation of
leukemic cells (45). Distinguishing pneumonia from pulmonary
lymphoma can be difficult or impossible radiographically.

In patients with an underlying nonpulmonary primary
malignancy, the development of multiple, well-circumscribed
pulmonary nodules of varying sizes is highly suspicious for
metastatic disease. Infection, especially from fungal agents, and
septic emboli should be considered in the differential diagnosis.

Certain populations of patients are predisposed to develop-
ing lymphoproliferative disorders, which can range from be-
nign lymphoid hyperplasia to frank malignancy. This topic is
discussed in the later sections on AIDS and lung transplanta-
tion.

Transfusion Reaction

Transfusion reactions are leukoagglutinin reactions that occur
approximately 4 hours after blood transfusion. Acute reactions
can be difficult to distinguish radiographically from volume
overload with pulmonary edema (Fig. 10-32). True reactions
are caused by an excess of antibodies in the donor serum di-
rected against the recipient’s white blood cells, leading to the
abrupt onset of fever, chills, tachypnea, and tachycardia, coin-
cident with the development of varying radiographic patterns
of noncardiac pulmonary edema (46). The edema can persist
for 24 to 48 hours, and it does not respond to diuresis but can
respond to steroids.

Drug Reaction

Drug reactions can be categorized as cytotoxic (late) or
noncytotoxic (early). The most common are cytotoxic re-
actions, which are well known in patients receiving a va-
riety of chemotherapeutic agents (especially azathioprine,
bleomycin, busulfan, cyclophosphamide, cytosine arabinoside,
and methotrexate) (47). Between 2 and 6 months after comple-
tion of chemotherapy, the patient develops a cough, fever, and
dyspnea. The chest radiograph shows either diffuse interstitial
or hazy alveolar opacities (Fig. 10-33). Pleural effusions are
uncommon. The resulting lung injury is compounded by chest
radiation, oxygen therapy, and concurrent administration of
other cytotoxic drugs. Two types of noncytotoxic drug reac-
tions are hypersensitivity reactions and noncardiac pulmonary
edema (47). Hypersensitivity reactions occur within hours or
days of the initial administration of the drug. The patient devel-
ops an acute cough, fever, and dyspnea. Peripheral eosinophilia
is often present. The chest radiograph typically shows nonspe-
cific diffuse interstitial opacities that can progress to airspace
disease.

FIGURE 10-32. Transfusion-related lung injury. PA chest radiograph
of a woman with abrupt onset of fever, chills, tachypnea, and tachy-
cardia 4 hours after blood transfusion shows bilateral interstitial lung
disease with prominent Kerley lines.

Hemorrhage

Pulmonary hemorrhage can occur in patients who develop
thrombocytopenia after treatment of leukemia or after bone
marrow transplantation, and it can be associated with an un-
derlying bleeding tendency, infection, or diffuse alveolar dam-
age. Pulmonary hemorrhage is seen in approximately 75%
of patients with leukemia at autopsy (48), and alveolar lung
disease from pulmonary hemorrhage alone occurs in up to
40% of patients with leukemia (49). The chest radiograph
initially shows focal or, more commonly, multifocal airspace
opacities that are gradually replaced by interstitial opacities as
the by-products of blood breakdown are cleared by alveolar
macrophages and transported through the lymphatic system in
the interstitial spaces of the lungs.

AIDS

The majority of patients with AIDS eventually suffer from one
or more forms of pulmonary disease. The chest radiograph
has an important function in detecting the presence of disease,
and in some cases it strongly suggests a specific diagnosis. The
distinct radiographic features of disorders seen in patients with
AIDS are outlined in Tables 10-5 and 10-6.

The bacterial agents that most commonly cause pneumo-
nia in AIDS patients are the same organisms that cause pneu-
monia in the population at large (Streptococcus pneumoniae
and Haemophilus influenzae). Septic emboli, usually owing to
S. aureus, occur most commonly in AIDS patients who are in-
travenous drug abusers or who have central venous catheters in
place (Fig. 10-34). Other bacterial agents associated with AIDS
include the Legionella organisms (Fig. 10-35), Mycoplasma
species, and Rhodococcus equi (50). The radiographic findings
of single or multiple segmental or lobar areas of consolidation
are the same as those in non-AIDS patients. The diagnosis,
however, can be confounded by the presence of coexistent in-
fections or other disease processes.
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A B

FIGURE 10-33. Bleomycin toxicity. A: Anteroposterior (AP) supine chest radiograph of a 30-year-old woman with Hodgkin disease shows subtle
bilateral hazy opacification of the lungs. B: CT shows bilateral diffuse ground-glass opacification. The underlying bronchovascular markings
remain visible. Motion artifact is present because of the inability to suspend respiration during scanning.

TA B L E 1 0 - 5

RADIOGRAPHIC FEATURES OF COMMON DISORDERS
IN PATIENTS WITH AIDS

Pneumocystis jiroveci pneumonia
Typically, NO effusions or lymphadenopathy
Bilateral perihilar or diffuse alveolar or reticulonodular

opacities
Lung cysts, often multiseptated, with associated

spontaneous pneumothorax
Upper lung predominance in some cases

Mycobacterial disease
Tuberculosis

Can manifest as primary or reactivation disease
Responds rapidly to therapy unless the strain is drug

resistant
Can be spread to normal healthy people

Mycobacterium avium-intracellulare complex
Newly acquired, not reactivation
Not transmitted to normal, healthy people
Does not respond rapidly to treatment

Kaposi sarcoma
Most common malignancy in AIDS
Nearly all patients have mucocutaneous lesions
Bilateral perihilar opacities with bronchovascular

distribution
Poorly defined, “flame-shaped” parenchymal nodules
Pleural effusions common
Kerley B lines common

AIDS-related lymphoma
Occurs with severe immunocompromise
Solitary or multiple lung nodules or masses
Pleural or pericardial effusions common
Lymphadenopathy common
Can be rapidly progressive

AIDS, acquired immunodeficiency syndrome.

Other than typical community-acquired bacterial disease,
the two most important infections to consider in AIDS patients
are mycobacterial disease and Pneumocystis jiroveci pneumo-
nia (PCP). There has been an increase in incidence of TB as
a result of the AIDS epidemic. TB in patients with AIDS usu-
ally represents a reactivation of a previously acquired disease
(51), and it occurs with less severe degrees of immunocompro-
mise than other opportunistic infections in HIV-infected pa-
tients. With lesser degrees of immunocompromise, TB usually
manifests as cavitary disease involving the apicoposterior seg-
ments of the upper lobes and superior segments of the lower
lobes, without lymphadenopathy. As the immunocompromise
worsens, a form of TB resembling primary TB develops—even
though the disease is usually reactivation TB—with prominent
lymphadenopathy and dissemination of disease throughout the
lungs, pleura, and other parts of the body (Figs. 10-36 and 10-
37). Intrathoracic lymphadenopathy is not a feature of the dif-
fuse lymphadenopathy syndrome found in HIV infection, and
it signifies an active complication of HIV infection such as TB
(52).

TA B L E 1 0 - 6

HILAR AND MEDIASTINAL LYMPHADENOPATHY
AND AIDS

Tuberculosisa

Mycobacterium avium-intracellulare complexa

Fungal (especially Cryptococcus)
Lymphomaa

Kaposi sarcoma
Bronchogenic carcinoma (? increased incidence in AIDS

patients)

Lymphadenopathy is NOT a feature of Pneumocystis jiroveci
pneumonia.
AIDS, acquired immunodeficiency syndrome.
a Bulky nodes are a common feature.
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FIGURE 10-34. Septic emboli. CT of a 3-year-old girl with AIDS
shows multiple ill-defined nodules with cavitation in a predominantly
peripheral distribution (curved arrows). A “feeding vessel” leads to
one of the nodules in the left upper lobe (straight arrow), indicating a
hematogenous process. (Reprinted with permission from Kuhlman JE.
Pulmonary manifestations of acquired immunodeficiency syndrome.
Semin Roentgenol. 1994;29:242–274.)

A B

C D

FIGURE 10-36. Tuberculosis. A: PA chest radiograph of a 27-year-old man with AIDS shows an air–fluid level adjacent to the right hilum (straight
arrow), fullness to the right infrahilar area, and abnormal opacity in the left lower lung (curved arrow). B: CT shows cavitation of a right hilar
mass that communicates with a central bronchus (arrowhead). Small nodules in the periphery of the posterior segment of the right upper lobe
(arrow) and larger nodules in the superior segment of the right lower lobe are consistent with endobronchial spread of TB. C: CT with mediastinal
windowing shows low-attenuation paratracheal lymphadenopathy (arrows). D: CT at a level inferior to (C) shows low-attenuation right hilar and
subcarinal lymphadenopathy (arrows). (Courtesy of Janet E. Kuhlman, MD, University of Wisconsin Hospital and Clinics, Madison.)

FIGURE 10-35. Legionella pneumonia. AP upright chest radiograph
of a 27-year-old man with AIDS shows bilateral diffuse airspace opac-
ity, a nonspecific pattern of parenchymal disease that can be seen with
many types of pneumonias, pulmonary edema, and pulmonary hem-
orrhage.

184
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FIGURE 10-37. Tuberculosis. CT scan of a 49-year-old man with
AIDS shows cavitary, ill-defined nodules (arrows) in the posterior seg-
ment of the right upper lobe and superior segment of the right lower
lobe, along with peripheral small linear and nodular opacities bilat-
erally. (Courtesy of Janet E. Kuhlman, MD, University of Wisconsin
Hospital and Clinics, Madison.)

Numerous nontuberculous mycobacterial agents affect pa-
tients with AIDS, but M. avium-intracellulare predominates.
Radiographs or CT scans of the chest show hilar and me-
diastinal lymphadenopathy with or without diffuse nodular
or patchy alveolar parenchymal opacities (Figs. 10-38 and
10-39). Cavitation in pulmonary opacities is uncommon. The
infection is extremely resistant to treatment.

The microbe that causes PCP in humans is a distinct phylo-
genetic fungal species called P. jiroveci (pronounced “yee-row-
vet-zee”) (53). PCP has long been the most common serious
AIDS-defining opportunistic infection in the United States. The
introduction of highly active antiretroviral therapy (HAART)
for the treatment of HIV infection has been accompanied by
substantial reductions in mortality and the incidence of op-
portunistic infections, including PCP (53). Despite these ad-
vances, P. jiroveci remains a major pathogen in HIV-infected
persons who either are not receiving or are not responding
to HAART and among those who are unaware of their HIV
status. PCP is also of clinical importance in people who are
immunocompromised for reasons other than HIV, such as or-
gan or bone marrow transplantation (Fig. 10-40) or after re-
ceiving chemotherapy for malignant diseases (Fig. 10-41) (53).

A B

FIGURE 10-38. Mycobacterium avium pneumonia. A: CT of a 56-year-old man with AIDS shows an impacted bronchus in the right upper lobe
(solid arrow), which is surrounded by small nodules, and bronchiectasis (dashed arrow). B: CT with mediastinal windowing shows bulky right
paratracheal lymphadenopathy (arrow).

FIGURE 10-39. Mycobacterium avium pneumonia. CT of a man
with AIDS shows bilateral small ill-defined nodules (arrows) in a pre-
dominantly peripheral distribution. (Reprinted with permission from
Kuhlman JE. Pulmonary manifestations of acquired immunodeficiency
syndrome. Semin Roentgenol. 1994;29:242–274.)

FIGURE 10-40. Pneumocystis jiroveci pneumonia. CT of a 53-year-
old man with a bone marrow transplant shows bilateral dense airspace
and ground-glass opacities associated with airway dilatation. The dis-
tribution is predominantly central and upper lung.
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A B

FIGURE 10-41. Pneumocystis jiroveci pneumonia. A: PA chest radiograph of a 46-year-old man undergoing treatment for a brain tumor and
acute shortness of breath shows a large left pneumothorax and shift of the mediastinum to the right. B: CT shows multiseptated cysts (arrow),
left pneumothorax (P) after chest tube placement, and patchy ground-glass opacity (G). This constellation of findings is very suggestive of PCP.

The chest radiograph is abnormal in more than 90% of pa-
tients with PCP; it most commonly shows diffuse opacity of
the lung parenchyma, which is finely reticular in early stages
but progresses to confluent airspace disease (54). Patients re-
ceiving aerosolized pentamidine show an increased tendency
to develop focal parenchymal opacity, particularly in the up-
per lungs (55) (Fig. 10-42), although an apical predominance
of disease can be seen even in patients not receiving pentami-
dine prophylaxis (56). Pneumatoceles can develop in patients
with AIDS and PCP (Figs. 10-41 and 10-43), which can lead
to pneumothorax. When the chest radiograph is normal, CT
may show diffuse ground-glass opacities. Pleural effusions and
lymphadenopathy are rare with PCP. As the disease evolves,

FIGURE 10-42. Pneumocystis jiroveci pneumonia. PA chest radio-
graph of a 41-year-old man with AIDS, who had been treated with
inhaled pentamidine, shows bilateral interstitial and alveolar opacities
with an upper lung–predominant distribution.

CT can show calcification in hilar, mediastinal, and abdominal
lymph nodes.

Viruses, especially CMV, are an infrequent cause of clinical
pneumonia in HIV-infected patients, even though CMV is of-
ten isolated from the lungs in patients with AIDS. To be able
to name CMV as the cause of pneumonia in AIDS patients,
CMV must be recovered by culture, CMV inclusion bodies
must be identified in lavage or biopsy samples, and progressive
pneumonia responding to an antiviral agent must be present.
Viral pneumonias result in diffuse parenchymal opacities on
chest radiography, similar in appearance to pulmonary edema
of noncardiac origin, without substantial pleural effusions or
lymphadenopathy (Fig. 10-44).

Numerous fungal agents can cause pneumonia in patients
with AIDS. Cryptococcosis is the most common fungal pul-
monary infection, and it usually coexists with cryptococcal
meningitis. Chest radiographs show focal or diffuse reticu-
lar or reticulonodular opacities, a miliary nodular pattern
(Fig. 10-45), or focal airspace opacities. Lymphadenopathy,
pleural effusions, and cavitation are frequent findings (57).

FIGURE 10-43. Pneumocystis jiroveci pneumonia. CT of a 37-year-
old man with AIDS shows a multiseptated cyst in the right lower lobe
(arrow) and scattered ground-glass opacities.
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A B

FIGURE 10-44. Pneumocystis jiroveci pneumonia and Cytomegalovirus pneumonia. A: PA chest radiograph of a 60-year-old man with AIDS
shows nonspecific diffuse bilateral interstitial and airspace opacities. B: CT shows nonspecific findings of bilateral dense airspace and ground-glass
opacities associated with airway dilatation. Imaging of immunocompromised patients is often confounded by the presence of multiple ongoing
disease processes.

A B

C

FIGURE 10-45. Cryptococcal pneumonia. A: PA chest radiograph of a 43-
year-old man with AIDS, fever, night sweats, and weight loss shows diffuse
bilateral hazy opacity. B: Prior chest radiograph is normal. C: CT shows
numerous randomly distributed miliary nodules.
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A B

FIGURE 10-46. Large-cell lung cancer. A: CT scout image of a 37-year-old man with AIDS and multiple distended neck and anterior chest wall
veins shows a large right pleural effusion and collapse of most of the right lung. B: Axial CT shows extensive tumor infiltrating the mediastinum,
resulting in slitlike narrowing of the superior vena cava (solid arrow), encasement of the right pulmonary artery (dashed arrow), and a large right
pleural effusion.

Pulmonary aspergillosis occurs in the terminal stages of AIDS,
usually when other opportunistic infections or AIDS-related
malignancies are present.

The two most important malignancies to consider in pa-
tients with AIDS are Kaposi sarcoma and lymphoproliferative
disease. There is also a possible increased incidence of bron-
chogenic cancer in patients with AIDS, which is highly aggres-
sive and occurs in patients who are younger than those who
have bronchogenic cancer without AIDS (Fig. 10-46). Kaposi
sarcoma is the most common malignancy (58). Pulmonary Ka-
posi sarcoma is rare in the absence of cutaneous involvement,
providing a helpful clue to the diagnosis. Chest radiographic
findings are nonspecific, and Kaposi sarcoma, like other disor-

ders in patients with AIDS, often coexists with opportunistic
infections. Two patterns can be seen: (i) diffuse linear and retic-
ular interstitial opacities (including Kerley B lines) or (ii) diffuse
nodular opacities. A perihilar distribution predominates with
both patterns, reflecting a bronchovascular distribution (59)
(Fig. 10-47). The bronchovascular nodules can have a flame-
shaped appearance. Pleural effusions are common and can be
large. Hilar and mediastinal lymphadenopathy is common, al-
though not bulky; the CT attenuation of these nodes can be
relatively high after injection of intravenous contrast material
because of the hypervascularity of Kaposi sarcoma.

Pulmonary lymphoma is the second most common intratho-
racic malignancy associated with HIV infection (58). Most are

A B

FIGURE 10-47. Kaposi sarcoma. A: PA chest radiograph of a 49-year-old man with AIDS, cutaneous lesions, nonproductive cough, and shortness
of breath shows bilateral ill-defined nodular thickening of the bronchovascular bundles. B: CT shows nodular bronchovascular thickening (solid
arrow), septal thickening (Kerley lines; dashed arrow), and bilateral pleural effusions (E). The findings are very suggestive of Kaposi sarcoma.
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FIGURE 10-48. Large-cell lymphoma. CT of a man with AIDS
and profound immunosuppression shows multiple circumscribed pul-
monary nodules (arrows).

of the B-cell Hodgkin type. These lymphomas are usually ag-
gressive, widely disseminated, and almost always associated
with extranodal disease. It is a later feature of AIDS that oc-
curs in severely immunocompromised patients. The chest ra-
diographic and CT appearances are similar to those of non–
AIDS-related lymphomas, including pulmonary masses or nod-
ules (Fig. 10-48), lymphadenopathy (Fig. 10-49), and pleural
effusions (60). There is a strong association between the pres-
ence of the Epstein-Barr virus and lymphoproliferative disor-
ders of many kinds in immunocompromised patients, including
those with AIDS. The most common CT appearance in these
patients is multiple nodules with a bronchovascular and sub-
pleural distribution affecting predominantly the middle and
lower lungs (61).

Lymphocytic interstitial pneumonia (LIP) is characterized
by infiltration of the peribronchial interstitial tissues of the
lung by mature polyclonal lymphocytes, plasma cells, and im-

FIGURE 10-49. AIDS-related lymphoma. CT shows a large ante-
rior mediastinal mass encasing the right brachiocephalic vein (curved
arrow), displacing the left brachiocephalic vein laterally (straight
arrow), and displacing the brachiocephalic artery (B), left common
carotid artery (C), left subclavian artery (S), trachea (T), and esoph-
agus (E) posteriorly. (Reprinted with permission from Kuhlman JE.
AIDS-related tumors of the chest. In: Husband JES, Reznele RH, eds.
Imaging in Oncology. Oxford, UK: ISIS Medical Media; 1998:1003–
1018.)

munoblasts. Although LIP is usually a diffuse interstitial pro-
cess with a basilar predominance, one or more nodular masses
frequently develop (62). The diffuse interstitial pattern can be
miliary in appearance, an appearance similar to that of mil-
iary TB. LIP is more common in children than in adults and
is an AIDS-defining illness in children. Other lymphoprolifera-
tive disorders seen in patients with AIDS include lymphocytic
bronchiolitis and pulmonary lymphoid hyperplasia.

BONE MARROW
TRANSPLANTATION

Pulmonary infections occur in at least half of all patients after
bone marrow transplantation and are the most significant cause
of death in this patient population (63) (Fig. 10-50). Infections
occurring in immunocompromised patients were discussed ear-
lier in this chapter.

Graft-versus-host disease (GVHD) results from the trans-
plantation of immunocompetent donor lymphocytes that at-
tack the recipient’s tissues, especially the skin, liver, and
gastrointestinal tract. Acute GVHD occurs 20 to 100 days
after transplantation and involves primarily extrapulmonary
organs. Chronic GVHD occurs at least 100 days after trans-
plantation in approximately one third of patients surviving this
long (64), and it results in lymphocytic infiltration of the air-
ways and obliterative bronchiolitis. Chest radiograph and CT
findings include diffuse patchy perihilar opacities, reflecting the
airway distribution of disease. In severe cases, a diffuse intersti-
tial pattern is seen. CT may be normal on inhalational images
but may show air trapping on exhalational images, reflecting
obliterative bronchiolitis.

Pulmonary veno-occlusive disease rarely occurs in patients
after bone marrow transplantation but can lead to patient
death. The pulmonary veins thrombose and develop intimal fi-
brosis, possibly as a result of pulmonary infection. Occlusion of
the pulmonary veins leads to pulmonary venous and capillary
congestion, pulmonary edema, alveolar hemosiderin deposits,
pulmonary arterial hypertension, and right heart failure. Chest
radiographs, when abnormal, show signs of pulmonary arte-
rial hypertension (enlarged central pulmonary arteries) and, in
some cases, interstitial and alveolar pulmonary edema (65).
The left atrium is not enlarged, differentiating this entity from
mitral valve disease and left atrial myxoma.

Pulmonary hemorrhage can occur in the absence of any ev-
idence of a coagulopathy and in the absence of hemoptysis.
It usually develops within 20 days of transplantation and is
a fulminant condition with a 75% mortality rate. Chest ra-
diographs most commonly show diffuse alveolar lung disease,
although in some cases a pattern of reticular interstitial disease
predominates (66).

LUNG TRANSPLANTATION
The first successful lung transplantation was performed in
1983. As of June 2004, 3,154 heart–lung and 19,296 lung
transplantations had been performed according to data from
an international registry (67). Single lung transplantation is the
preferred procedure for lung replacement because fewer donor
organs are required compared with heart–lung or bilateral lung
transplantation. Cystic fibrosis is the most common indication
for bilateral lung transplantation because of the incidence of
recurrent infections in the native lung after single lung trans-
plantation and institution of immunosuppression.

In single lung transplantation, the chest is entered through
the bed of the fifth rib. This avoids complications of a
sternotomy, which is performed for heart–lung and double
lung transplantation. The surgery involves pulmonary artery,
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FIGURE 10-50. Respiratory syncytial virus pneumonia. A: Baseline PA
chest radiograph of a 23-year-old man 21 days after bone marrow trans-
plantation. B: PA chest radiograph taken 9 days later shows new bilat-
eral interstitial and alveolar opacities. C: AP supine chest radiograph
taken 4 days after (B) shows progression of diffuse parenchymal disease,
correlating with the clinical onset of acute respiratory distress syndrome
(ARDS). Note new endotracheal tube. The patient died from fulminant
viral pneumonia and ARDS.

A B

FIGURE 10-51. Streptococcal pneumonia. A: PA chest radiograph of a 40-year-old man with bilateral lung transplants shows bilateral patchy
airspace opacities. B: CT shows airspace opacities that are not specific for any infectious organism. The findings can also be seen with acute
rejection.
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FIGURE 10-52. Staphylococcal pneumonia. A: PA chest radiograph of an 18-year-old woman with bilateral lung transplants shows diffuse
bilateral interstitial and airspace opacities. B: CT shows multifocal dense airspace and ground-glass opacities and small cavitary nodules (arrow).

bronchial, and donor–recipient left atrial cuff anastomoses
(68). Bilateral lung transplantation involves sequential single
lung transplants and is commonly performed via a “clamshell”
approach through a lower sternotomy.

Infection is the leading cause of death in the lung transplant
population, accounting for 48% of early postoperative mor-
tality (69). Factors that increase the susceptibility to infection
include immunosuppression, reduced mucociliary clearance,
interruption of lymphatic drainage, and direct and constant
contact of the transplant with the outside environment via the
airways (70). Bacterial agents predominate in the first month
after transplantation (Figs. 10-51 and 10-52), CMV infections
occur mainly in the second and third months (Fig. 10-53), and
fungal infections (Fig. 10-54) occur both early and later after
transplantation (70–73). PCP is uncommon secondary to an-

tibiotic prophylaxis. If CMV pneumonia develops, a fulminant
course proceeding to respiratory failure and death within a few
days can develop (74).

Acute rejection may be observed at any point after trans-
plantation, with the first episode occurring as early as 48 hours
and most occurring in the first 100 days after surgery. Most re-
cipients experience at least one episode (75). CT of the chest
shows ground-glass opacification as the only significant finding
(76). Chest radiograph and CT findings overlap with those of
infection (77).

Reperfusion edema is seen within 24 hours after transplan-
tation and resolves over a period of days to months, usually
within 1 to 2 weeks. The radiographic appearance ranges from
mild perihilar haze to dense consolidation, and it results from
surgical trauma, ischemia, organ preservation, denervation,

A B

FIGURE 10-53. Cytomegalovirus pneumonia. A: PA chest radiograph of a 55-year-old man with a left lung transplant shows abnormal opacity
in the left upper lobe. Note the hyperlucent and hyperexpanded native right emphysematous lung. B: CT shows ground-glass opacity involving
only the left transplant lung and severe changes of emphysema in the native right lung.
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FIGURE 10-54. Invasive pulmonary aspergillosis. A: PA chest radio-
graph of a 35-year-old man with bilateral lung transplants shows multi-
ple nodules, some with evidence of cavitation (arrow), in the right upper
lung. B: CT shows a cavitary nodule in the right upper lobe with a halo
of ground-glass opacity. There is a smaller thin-walled cavity in the left
upper lobe.

and lymphatic interruption (70). The diagnosis is one of ex-
clusion and is characterized by all radiographic changes begin-
ning soon after surgery that are not the result of left ventricular
failure, rejection, fluid overload, infection, or atelectasis (75).

Pleural effusions are common after lung transplantation,
secondary to impaired fluid clearance through the lymphat-
ics of the visceral pleura. Most effusions develop immediately
following surgery and continue for up to 9 days, with output
declining steadily during the first week (78). Pneumothoraces
are evident on postoperative radiographs in 60% of patients;
they are generally small and apical in location (79).

Chronic rejection is a major problem in patients surviv-
ing longer than 3 months, and it occurs in more than 50%
of patients. Obliterative bronchiolitis represents the patho-

logic finding in chronic rejection. CT findings of bronchiec-
tasis/bronchiolectasis, decreased vascular markings, and air
trapping on exhalational scans are findings associated with
obliterative bronchiolitis (71,72,80).

Posttransplantation lymphoproliferative disease, thought to
be induced by the Epstein-Barr virus, manifests as a spec-
trum of lymphoproliferation that ranges from a mild, poly-
clonal lymphoid hyperplasia to frank lymphoma. Of all trans-
plantation procedures, this disorder occurs most often after
lung transplantation, with a prevalence of 5% to 20%, oc-
curring most often within the first year after surgery (81). In-
trathoracic involvement is most commonly characterized by
the presence of discrete nodules, either solitary or multiple,
with or without mediastinal lymphadenopathy (Fig. 10-55)

A B

FIGURE 10-55. Posttransplant lymphoproliferative disorder. A: PA chest radiograph of a 32-year-old woman with bilateral lung transplants
shows multiple pulmonary nodules (arrows). B: CT confirms multiple circumscribed pulmonary nodules (arrows). The nodule in the right lung is
related to a bronchovascular bundle, a common pattern of distribution of nodules in patients with this disorder.
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FIGURE 10-56. Squamous cell bronchogenic carcinoma. CT of a 65-
year-old woman with a left lung transplant and a 35–pack-year history
of cigarette smoking shows a right paravertebral mass (arrow). Note
the severe changes of emphysema in the native right lung and normal
perfusion to the left transplant lung.

(61,81,82). Bronchogenic carcinoma occurs after lung trans-
plantation, most commonly in the native lung in patients with
single lung transplantation for emphysema (Fig. 10-56) or id-
iopathic pulmonary fibrosis (83).

Recurrence of disease has occurred in patients transplanted
for sarcoidosis (most common), LCH, lymphangiomyomatosis,
bronchioloalveolar carcinoma, desquamative interstitial pneu-
monitis, pulmonary alveolar proteinosis, giant cell intersti-
tial pneumonitis, diffuse panbronchiolitis, talc granulomato-
sis, and bronchiectasis from aspiration (84). It is important to
consider recurrence of native disease when new abnormalities
are seen on chest radiography or CT in the appropriate clinical
situation.
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CHAPTER 11

ATELECTASIS

LEARNING OBJECTIVES
1. Recognize partial or complete atelectasis of the following

on a chest radiograph or computed tomography:

■ Right upper lobe
■ Right middle lobe
■ Right lower lobe
■ Right upper and middle lobe
■ Right middle and lower lobe

■ Left upper lobe
■ Left lower lobe

2. Recognize complete collapse of the right or left lung on a
chest radiograph or computed tomography and list an
appropriate differential diagnosis for the etiology of the
collapse.

3. Recognize lung collapse related to massive pleural
effusion on a frontal chest radiograph.

Atelectasis is defined as “diminished volume affecting all or
part of a lung, which may or may not include loss of nor-
mal lucency in the affected part of lung (this finding is not to
be confused with diminished volume produced by resection of
pulmonary tissue)” (1). The term atelectasis is derived from
the Greek words ateles and ektasis and means “incomplete ex-
pansion” (2–4). The term collapse is used when a whole lobe
or lung is involved. Pulmonary atelectasis is one of the most
commonly encountered abnormalities in chest radiology. Rec-
ognizing an abnormality on chest radiography as being caused
by atelectasis can be crucial in understanding the underlying
pathology, such as a case of left upper lobe collapse in an adult
with endobronchial carcinoma obstructing the left upper lobe
bronchus. In this chapter, atelectasis will be used to describe
pulmonary loss of volume without substantial filling of alve-
olar spaces. The term alveolar lung disease implies filling of
alveolar spaces with fluid or other material. This chapter will
review the types of atelectasis based on mechanism, the signs
of atelectasis, and the radiologic manifestations of lobar and
nonlobar atelectasis.

TYPES OF ATELECTASIS
Pulmonary atelectasis can be divided into six types, based on
mechanism: resorptive, adhesive, compressive, passive, cica-
trization, and gravity-dependent. Whereas atelectasis can be
divided into types based on these different mechanisms, in any
given patient several mechanisms can occur simultaneously.

Resorptive atelectasis, the most common type, results from
resorption of gas from the alveoli when communications be-
tween the alveoli and the trachea are obstructed. Resorptive
atelectasis is therefore also referred to as obstructive atelecta-
sis. The obstruction can occur at the bronchial or bronchi-
olar level. The most important condition producing intrin-
sic bronchial obstruction is bronchogenic carcinoma. Other
causes of bronchial obstruction include other primary lung
and metastatic neoplasms, inflammatory etiologies (especially
tuberculous or fungal infection), aspirated foreign bodies, mu-
cous plugging, a malpositioned endotracheal tube (Fig. 11-1),
and extrinsic compression of an airway by neoplasm, lym-
phadenopathy, aortic aneurysm, or cardiac enlargement. Re-
sorptive atelectasis is most commonly caused by obstruction of

the small peripheral bronchioles, from impairment of mucocil-
iary transport and pooling of retained secretions in the smaller
airways. The larger airways are often patent and filled with
air, resulting in air bronchograms within the atelectatic lung
(Fig. 11-2). The presence of air bronchograms within the at-
electatic lung usually, but not always, indicates the absence of
a central obstructing neoplasm. Some of the conditions known
to impair mucociliary clearance include thoracic and abdom-
inal pain, central nervous system depression, respiratory de-
pressant medication, general anesthesia, endotracheal intuba-
tion, and inhalation of toxic fumes or smoke (5). Resorptive

FIGURE 11-1. Left lung collapse. Anteroposterior (AP) chest radio-
graph shows the tip of the endotracheal tube (arrow) in the right main
bronchus, resulting in collapse of the left lung. The left hemithorax is
completely opaque and the mediastinum is shifted to the left.

195



P1: PBY/PCF P2: PBY/PCF QC: PBY/PCF T1: PBY Printer: Maple Press

GRBT226-11 Collins-Stern-3203G GRBT226-Collins-Stern-v7.cls May 21, 2007 11:57

196 Chest Radiology

FIGURE 11-2. Bibasilar resorptive atelectasis. AP chest radiograph
shows abnormal opacity associated with air bronchograms (arrows) in
the lower lobes. There are other areas of linear subsegmental atelectasis
more superiorly in the lower lungs.

atelectasis can also be associated with certain chronic obstruc-
tive airway diseases (e.g., asthma, chronic bronchitis, and em-
physema), and it can be seen in acute bronchitis, bronchiolitis,
and aspiration and other types of pneumonia from obstruction
of small airways by inflammatory exudate.

Atelectasis resulting from surfactant deficiency is termed ad-
hesive atelectasis. Insufficient surfactant leads to alveolar col-
lapse; once collapsed, the alveolar walls tend to adhere, making
re-expansion difficult. Diffuse surfactant deficiency can result
from hyaline membrane disease, acute respiratory distress syn-
drome, smoke inhalation, cardiac bypass surgery, uremia, and
prolonged shallow breathing (5).

Compressive atelectasis is caused by any space-occupying
lesion of the thorax compressing the lung and forcing air out
of the alveoli. Such space-occupying lesions include pleural ef-
fusion (including empyema), pneumothorax, pleural tumors,
large pulmonary parenchymal masses, large emphysematous
bullae, and lobar emphysema (6). Diaphragmatic hernias and
abdominal distension from a variety of causes can also com-
press the lung.

The distinction between compressive and passive atelectasis
is not clear cut. Any space-occupying mass within the thorax
can either compress the lung or allow the lung to retract, pas-
sively, from the lung’s normal elastic recoil mechanism.

Volume loss resulting from decreased pulmonary compli-
ance as the result of pulmonary fibrosis is termed cicatriza-
tion atelectasis. This type of atelectasis is often associated with
bronchiectasis in the affected lung. A number of conditions can
result in pulmonary fibrosis and cicatrization atelectasis—for
example, idiopathic pulmonary fibrosis, sarcoidosis, pneumo-
conioses, collagen vascular diseases, chronic tuberculous and
fungal infections, and radiation fibrosis.

Normally, the most gravity-dependent portions of lung
receive greater perfusion and have less alveolar expansion
than non–gravity-dependent portions of lung. These gravity-
dependent alterations in alveolar volume are normal but can
exacerbate atelectasis in the dependent portions of the lungs,
particularly in bedridden hospitalized patients with prolonged
shallow breathing. Atelectasis occurring from these forces is
termed gravity-dependent atelectasis.

RADIOGRAPHIC SIGNS OF
ATELECTASIS

Radiographic signs of atelectasis are outlined in Table 11-1
(5). Opacification of atelectatic lung may not be seen until a
considerable loss of volume has occurred. When edema fluid

TA B L E 1 1 - 1

RADIOGRAPHIC SIGNS OF ATELECTASIS

Crowding of pulmonary vessels
Crowded air bronchograms
Displacement of interlobar fissures
Abnormal pulmonary opacification
Obscured heart or diaphragm borders
Diaphragm elevation
Displacement of mediastinal structures
Hilar displacement
Compensatory hyperexpansion of surrounding lung
Approximation of ribs

is drawn into the collapsing lung, pneumonia has resulted in
atelectasis, or postobstructive pneumonitis is present, there can
be abnormal opacification of lung without substantial evidence
of volume loss. Elevation of the diaphragm as a sign of vol-
ume loss is most easily appreciated when comparison is made
to a normal baseline radiograph. A key radiographic feature
of upper lobe atelectasis is superior displacement of the hilus.
Conversely, in lower lobe atelectasis, the hilus is displaced infe-
riorly. There is usually no hilar displacement with right middle
lobe or lingula atelectasis. Displacement of a fissure follows
the movement of the atelectatic lung and is most apparent with
atelectasis of an entire lobe. Lung surrounding atelectatic lung
often hyperexpands in an attempt to fill in the missing volume
of lung; this is referred to as compensatory hyperexpansion
or sometimes confusingly referred to as compensatory emphy-
sema. Emphysema is a pathologic condition involving destruc-
tion of alveolar walls. Although emphysematous lungs are in-
variably hyperinflated, hyperexpanded lungs are not invariably
emphysematous. If atelectasis affects only one lung, the ribs on
that side may come to lie closer together than the ribs on the
contralateral normal side. This should be distinguished from
the approximation of ribs caused by poor patient positioning
at the time the radiograph was obtained.

One of the pitfalls in diagnosing left lower lobe atelectasis is
artifactual loss of the medial margin of the left hemidiaphragm
and abnormal opacity in the left lower lung as a result of incor-
rect angulation of the x-ray beam. Lordotic angulation of the
beam by as little as 10 degrees results in the beam no longer
being tangential to the apex of the hemidiaphragm, creating
illusory opacity in the left retrocardiac region that may be in-
terpreted as atelectasis or airspace disease in the left lower lobe.
Normal appearing diaphragms and lungs on a lateral view are
helpful in making the distinction.

LOBAR ATELECTASIS
In an adult with lobar atelectasis, a central obstructing neo-
plasm should always be considered as the underlying cause.
Bronchogenic carcinoma is relatively uncommon in adults un-
der the age of 40, when bronchial carcinoid tumor is more
likely. In children with lobar collapse, an aspirated foreign body
or asthma is the usual cause. In postoperative patients, the most
common cause is a mucous plug.

With right upper lobe atelectasis, the major and minor fis-
sures move upward (Figs. 11-3 to 11-6); with severe atelectasis,
the lung can approximate the mediastinum and lung apex. With
complete atelectasis, or collapse of the right upper lobe, the
minor fissure parallels the mediastinum and resembles pleural
thickening or mediastinal widening. Compensatory hyperex-
pansion of the middle and right lower lobes leads to outward
and upward displacement of the right lower lobe pulmonary
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A B

FIGURE 11-3. Normal lung volumes and fissures. Frontal (A) and lat-
eral (B) views of the chest show normal positions of the minor (hori-
zontal, right-sided) and major (oblique, bilateral) fissures. The major
fissures are often superimposed on the lateral chest radiograph and are
usually not seen on the frontal view.

A B

FIGURE 11-4. Right upper lobe atelectasis. A: Frontal view of the
chest shows elevation of the minor fissure and increased opacification
of the right upper medial lung (black area). B: Lateral view shows
elevation of the minor fissure and superior portion of the right major
fissure, as well as opacification of the upper lung.

A B

C

FIGURE 11-5. Right upper lobe segmental atelectasis. A: Posteroante-
rior (PA) chest radiograph of a 35-year-old man with lithoptysis (liter-
ally “coughing up stones,” but representing calcified lymph nodes that
have eroded into the airway, usually secondary to tuberculosis or histo-
plasmosis) shows partial collapse of the right upper lobe. The minor
fissure is elevated (arrows), outlining the inferior margin of the opaci-
fied, atelectatic lung. Note calcified densities (arrowheads) overlying
the opacified lung centrally and peripherally. B: Lateral view shows el-
evation of the minor fissure (arrows) outlining the inferior margin of
the opacified, atelectatic right upper lobe. C: CT shows the smooth and
fairly straight fissural margin of the atelectatic right upper lobe (straight
arrows), calcified granulomas within the atelectatic right upper lobe (ar-
rowheads), and an obstructing broncholith (curved arrow) within the
right upper lobe bronchus (R).
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A

B

FIGURE 11-6. Right upper lobe segmental atelectasis. A: PA chest ra-
diograph of a 15-year-old girl with asthma shows elevation of the minor
fissure (arrow). B: Lateral view shows elevation of the superior portion
of the right major fissure (arrow) outlining a linear band of atelectatic
lung.

artery. Upward angulation of the right mainstem and
lower lobe bronchi may be difficult to appreciate on chest
radiography. Two radiologic signs are associated with right
upper lobe atelectasis. The Golden S sign, or S sign of Golden
(see Fig. 2-11), refers to right upper lobe collapse around a
central obstructing mass. The juxtaphrenic peak sign (see Fig.
2-14) refers to a small triangular shadow based on the apex of
the dome of the right hemidiaphragm with loss of silhouette
of the adjacent hemidiaphragm. On computed tomography
(CT), a collapsed right upper lobe appears as a triangular soft
tissue density lying against the mediastinum and the anterior
chest wall. The border formed by the major fissure posteriorly
and the minor fissure laterally is sharp.

Atelectasis of the right middle lobe can be easily overlooked
on the frontal chest radiograph. Loss of silhouette of the right
border of the heart is often seen, but not always. The atelectatic
lobe is more readily recognized on the lateral chest radiograph
as a well-defined linear or triangular band of density lying be-
tween the major and minor fissures (with approximation of
these fissures) and extending downward and forward from the
hilum (Fig. 11-7). The collapsed lobe can be very thin and mis-
interpreted as a thickened fissure. On CT scans, right middle
lobe collapse appears as a triangular density bounded poste-
riorly by the major fissure, medially by the mediastinum at
the level of the right atrium, and anteriorly by the minor fis-
sure (Figs. 11-8 and 11-9). The posterior boundary should be
well defined. Chronic atelectasis of the right middle lobe is re-
ferred to as middle lobe syndrome, a term that was coined in
1948 to describe the presence of right middle lobe atelectasis
and chronic inflammation secondary to enlarged lymph nodes
impinging on the middle lobe bronchus (7). The middle lobe
bronchus is long and narrow, and it is more easily obstructed
at its origin by lymph nodes than are other bronchi. The syn-
drome was initially described with tuberculosis, but it may also
be seen in other infections and endobronchial tumors; it may
even be seen in the absence of obstruction.

Combined atelectasis of the right upper and middle lobes is
unusual because there is no single bronchus to the right upper
and middle lobes that does not also supply the right lower lobe.
The cause is almost always cancer beginning in the upper lobe
bronchus and growing down one side of the bronchus inter-

medius to involve the middle lobe bronchus. The appearance
of combined right upper and middle lobe atelectasis is similar
to that seen with left upper lobe atelectasis.

Combined right lower and middle lobe atelectasis is a fairly
common combination, is seen with obstruction to the bronchus
intermedius, and is similar in appearance to right lower lobe
atelectasis on both posteroanterior (PA) and lateral chest ra-
diographs (Fig. 11-10). With combined right lower and middle
lobe atelectasis, however, the abnormal parenchymal opacity
extends all the way to the lateral costophrenic angle on the
PA view and from the front to the back of the thorax on the

A B

FIGURE 11-7. Right middle lobe atelectasis. A: Frontal view of the
chest shows loss of the right heart border and an ill-defined area of in-
creased opacification in the right medial lung (stippled area). B: Lateral
view shows triangular area of opacification (black area) overlying the
heart, with approximation of the minor and major fissures. (Reprinted
with permission from Collins J. 1996 Joseph E. Whitley, MD, Award.
Evaluation of an introductory course in chest radiology. Acad Radiol.
1996;3:994–999.)
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B
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FIGURE 11-8. Right middle lobe atelectasis. A: PA chest ra-
diograph of a 52-year-old woman with shortness of breath and
cough shows hazy opacity in the right medial lung and loss of the
right heart border. B: Lateral view shows a linear opacity over-
lying the heart (arrows), representing the collapsed right mid-
dle lobe. C: CT shows a triangular opacity adjacent to the right
heart border representing right middle lobe collapse (RML). The
right major fissure (solid arrow) is displaced anteriorly compared
with the normally positioned left major fissure (dashed arrow).
At bronchoscopy, thick secretions were seen in the right middle
lobe bronchus.

FIGURE 11-9. Right middle lobe atelectasis. CT of a 53-year-old man
with asthma shows anterior displacement of the major fissure (arrow)
and crowding of bronchi in the opacified segment of right middle lobe.

A B

FIGURE 11-10. Combined right middle and lower lobe atelectasis. A:
Frontal view of the chest shows elevation of the right hemidiaphragm,
depression of the minor fissure, and increased opacification in the right
lower lung that extends to the lateral costophrenic angle (black area).
B: Lateral view shows depression of the minor and major fissures and
increased opacification of the inferior lung, extending from anterior to
posterior (black area).
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A B

FIGURE 11-11. Right lower lobe atelectasis. A: Frontal view of the
chest shows loss of the medial right hemidiaphragm border, elevation
of the right hemidiaphragm, and increased opacification of the right
medial lower lung (stippled area). B: Lateral view shows increased
opacification of the posterior inferior lung (stippled area).

lateral view. On the frontal radiograph, there is a superficial
resemblance to an elevated diaphragm, but the lung above
it (right upper lobe) is unusually clear instead of appearing
“expiratory.” The diagnosis is made much more easily with
CT because the bronchi can be identified individually.

Atelectasis of either lower lobe results in backward and me-
dial rotation of the major fissure, as well as downward dis-
placement of the upper half of the fissure. With right lower
lobe atelectasis, the minor fissure can be displaced inferiorly
(Figs. 11-11 and 11-12). The atelectatic lobe lies posterome-
dially in the lower thoracic cavity, with a resulting triangular

FIGURE 11-12. Bilateral lower lobe atelectasis. AP supine chest radio-
graph of a 61-year-old man shows partial loss of the contours of the
hemidiaphragms bilaterally, abnormal opacification of the lung bases,
and inferior displacement of the minor fissure (arrows).

FIGURE 11-13. Left lower lobe collapse. AP upright chest radiograph
of a 17-year-old boy shows downward and medial displacement of the
left major fissure (arrows), a triangular area of increased opacification
over the left heart, and loss of the left medial diaphragmatic contour.

opacity based on the diaphragm and mediastinum, and with
the fissure running obliquely through the thorax (Figs. 11-13
and 11-14). When a lower lobe collapses completely, it becomes
very thin and appears on the PA chest radiograph as a sliver ly-
ing against the mediastinum. On the lateral radiograph, lower
lobe atelectasis results in loss of the outline of the posterior half
of the hemidiaphragm shadow. Also, with lower lobe atelecta-
sis, the lower vertebrae appear more opaque than the verte-
brae higher up; this results in a situation that is the opposite of

A B

FIGURE 11-14. Left lower lobe atelectasis. A: Frontal view of the
chest shows loss of the medial left hemidiaphragm border, elevation of
the left hemidiaphragm, and increased opacification of the left medial
lower lung (stippled area). B: Lateral view shows increased opacifica-
tion of the posterior inferior lung (stippled area).
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FIGURE 11-15. Left lower lobe collapse. A: PA chest radiograph of a
65-year-old woman shows inferior displacement of the left major fis-
sure (arrows) and a triangular area of abnormal opacity projected over
the left heart. B: Lateral view shows abnormal opacity overlying the
lower spine (circle), the so-called spine sign. C: CT shows the collapsed
left lower lobe hugging the spine, outlined laterally by the inferiorly dis-
placed major fissure (solid arrow). Note the normal position of the right
major fissure (dashed arrow).

normal, where the opacity gradually decreases in moving from
superior to inferior along the thoracic spine and has been called
the spine sign (Fig. 11-15). On CT scans, a collapsed lower lobe
produces a triangular opacity in the posterior chest against the
spine.

The radiologic appearance of left upper lobe atelectasis is
markedly different from that of right upper lobe atelectasis be-
cause there is no minor fissure on the left. In left upper lobe
atelectasis, the lobe collapses forward, pulling the expanding
lower lobe behind it (Fig. 11-16). On the frontal radiograph,
the atelectatic lobe is seen as hazy opacification extending out
from the left hilum, often reaching the lung apex, fading lat-
erally and inferiorly (Figs. 11-17 and 11-18). It is important
not to mistake the abnormal parenchymal opacity as repre-
senting pneumonia, and this mistake will not be made if the
other signs of volume loss are appreciated. These signs include
loss of the left cardiomediastinal silhouette, elevation of the
left hemidiaphragm, and shift of the mediastinal structures to
the left. With complete collapse, the upper margin of the aortic
arch is visible because the superior segment of the lower lobe
hyperexpands to take the place of the posterior segment of the

upper lobe. This crescentic lucency, which represents the hyper-
expanded superior segment of the left lower lobe invaginating
between the aortic arch and collapsed left upper lobe, is referred
to as the luftsichel sign (see Chapter 2). This sign can be seen on
the frontal chest radiograph and on CT. The hyperexpansion of
the left lower lobe also results in elevation of the left hilum and
outward angulation of the left lower lobe pulmonary artery.
The left main bronchus assumes a near horizontal course and
the lower lobe bronchus runs more vertically than normal. On
the lateral radiograph, the major fissure is displaced anteriorly,
paralleling the anterior chest wall; the atelectatic left upper lobe
is seen as an abnormal band of retrosternal opacification. Left
upper lobe atelectasis in an adult patient is especially important
to recognize because of the frequency with which it is caused
by endobronchial carcinoma.

Complete collapse of either lung results in opacification
of the hemithorax and shift of the mediastinal structures to
the side of collapse (Fig. 11-19). There is usually hyperexpan-
sion of the opposite lung into the involved hemithorax. The
differential diagnosis of an opaque hemithorax with volume
loss includes congenital absence of a lung (the bony thorax on
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FIGURE 11-16. Left upper lobe atelectasis. A: Frontal view of the
chest shows loss of the left heart border, elevation of the left hemidi-
aphragm, and increased opacification of the left lung (stippled area).
B: Lateral view shows anterior displacement of the major fissure and
increased retrosternal opacification (black area). (Reprinted with per-
mission from Collins J. Joseph E. Whitley, MD, Award. Evaluation of
an introductory course in chest radiology. Acad Radiol. 1996;3:994–
999.)

the affected side is usually underdeveloped), remote traumatic
injury to the bronchus on the affected side (Fig. 11-20), and
pneumonectomy (hilar surgical clips provide a clue to the un-
derlying cause of mediastinal shift). Intubated patients are at
increased risk of mucous plugging of the airways, and when-
ever acute lobar or complete lung collapse is seen in this pa-
tient population, mucous plugging should be suspected (Fig.
11-21). It is important to recognize lung collapse related to
massive pleural effusion, which can (but does not always) re-

sult in opacity of the ipsilateral hemithorax and shift of the
mediastinum to the opposite side (Fig. 11-22). Parenchymal
masses may be obscured on chest radiography when accom-
panied by lung collapse secondary to central obstruction or
massive pleural effusion. In some cases, an opaque hemitho-
rax may represent a combination of a parenchymal mass, lung
collapse, and pleural effusion. The overall balance of vol-
ume loss and mass effect will determine the position of the
mediastinum.

A B

FIGURE 11-17. Left upper lobe collapse. A: PA chest radiograph of a 44-year-old man with a 6-month history of
recurrent pneumonia shows elevation of the left hemidiaphragm, hazy opacity of the left hemithorax, and loss of
the left heart border. B: Lateral view shows anterior displacement of the left major fissure (arrows) and increased
retrosternal opacity. Bronchoscopic biopsy of a left upper lobe endobronchial mass confirmed the diagnosis of a
bronchial carcinoid tumor as the cause of the left upper lobe collapse.
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A B

C D

FIGURE 11-18. Left upper lobe collapse. A: PA chest radiograph of a 54-year-old man with a cavitary left upper
lobe squamous cell bronchogenic carcinoma shows hazy opacification of the left upper and middle lung, elevation of
the left hemidiaphragm, and loss of a portion of the left upper heart border. Note air–fluid level within the left upper
lobe (arrows). There is a crescentic lucency between the aortic arch and the collapsed left upper lobe (black and white
arrowheads) representing hyperexpansion of the superior segment of the left lower lobe (the luftsichel sign). B: Lateral
view shows anterior displacement of the major fissure (arrows), abnormal retrosternal opacification representing the
collapsed left upper lobe, and air–fluid level within the left upper lobe (arrowheads). C: CT shows abrupt cutoff of
the left upper lobe bronchus (arrowhead) from an obstructing endobronchial carcinoma and distal collapse of the
left upper lobe. Note areas of low attenuation (arrows) within the collapsed left upper lobe, representing trapped
mucus, pneumonia, or both. D: CT with lung windowing shows the cavitary cancer in the left upper lobe, with an
air–fluid level (arrowheads). Note hyperexpansion of the superior segment of the left lower lobe between the aortic
arch and collapsed left upper lobe, accounting for the radiographic luftsichel sign (L).

NONLOBAR ATELECTASIS

For descriptive purposes, atelectasis can be divided into several
types other than lobar atelectasis, depending on the anatomic
location of the atelectatic lung. Round atelectasis is a form
of chronic atelectasis associated with pleural disease, often
benign asbestos-related pleural disease, and is discussed in
Chapter 3.

Discoid atelectasis, also referred to as platelike or linear at-
electasis, is a form of peripheral pulmonary volume loss that is
not secondary to bronchial obstruction. First described in 1936

by Fleischner (8) and, therefore, also referred to as Fleischner
lines, the atelectasis is disc or plate shaped. Discoid atelectasis
usually abuts the pleura and is perpendicular to the pleural sur-
face; the thickness ranges from a few millimeters to a centimeter
or more, and the lesions are therefore usually seen as linear or
bandlike opacities. The mechanism of discoid atelectasis is hy-
poventilation, which leads to alveolar collapse. Although often
of little clinical significance, multiple areas of discoid atelecta-
sis can be physiologically significant in certain conditions, such
as after general anesthesia.

The radiographic identification of subsegmental atelectasis
can be difficult. When atelectasis is present at the subsegmental
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FIGURE 11-19. Atelectasis of the right lung. PA chest radiograph of
a 40-year-old man with metastatic frontal sinus fibrosarcoma shows
nearly complete collapse of the right lung, with only partial aeration of
the right upper lobe. The mediastinal structures are shifted to the right.
A large, rounded endobronchial metastasis is obstructing the right main
bronchus (arrowheads), and numerous parenchymal metastases are
seen within the left lung (arrows).

A B

FIGURE 11-21. Left lung atelectasis. A: AP supine chest radiograph of an 82-year-old woman with dementia and
respiratory distress shows nearly complete collapse of the left lung. Note mediastinal shift to the left. B: CT shows
that the left main bronchus (solid arrows), lingular bronchus, and left lower lobe superior segment bronchus (all
outlined by calcified walls) are airless and filled with low-attenuation material (mucus). There is a densely calcified
left hilar lymph node (C). Pleural effusion (E) outlines the collapsed left lung. A feeding tube is present within the
esophagus (dashed arrow).

FIGURE 11-20. Collapse of the right lung. PA chest radiograph of a
30-year-old man with a history of a “punctured lung” during a mo-
tor vehicle crash 11 years previously. There is complete collapse of
the right lung and compensatory hyperexpansion of the left lung into
the right hemithorax (arrows). Note the bronchial cutoff sign on the
right (arrowhead), where the bronchus was fractured and healed with
granulation tissue.
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FIGURE 11-22. Massive right pleural effusion. AP supine chest radio-
graph of a 55-year-old man with end-stage liver disease and shortness
of breath shows opacification of the right hemithorax and shift of the
mediastinum to the left, away from the opaque hemithorax.

level, many secondary pulmonary lobules within the affected
segment or lobe may remain aerated, whereas others collapse.
In such cases, and when multifocal, the degree of volume loss
can be minimal, and the radiograph may show only patchy
opacities resembling bronchopneumonia. As more secondary

pulmonary lobules collapse within the affected segment or lobe,
crowded vessels and bronchi, hilar displacement, or fissural
displacement will become apparent.

Generalized or diffuse atelectasis is a term used to describe
widespread volume loss in the lungs in the absence of specific
signs of linear, segmental, or lobar atelectasis (5). There can
be marked arteriovenous shunting, but the opacification of the
lungs may be mild or unapparent; high positioning of the di-
aphragm may be the only radiographic clue to the presence
of volume loss. Most of these cases are interpreted as “poor
inspiratory effort.” When generalized atelectasis is associated
with diffuse pulmonary opacification, the interpretation is of-
ten diffuse pneumonia or pulmonary edema. The abnormally
high diaphragm provides a clue to the correct diagnosis, but in
practice it is often impossible to distinguish diffuse atelectasis
from poor inspiratory effort or pulmonary edema.
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CHAPTER 12

PERIPHERAL LUNG DISEASE

LEARNING OBJECTIVES
1. Recognize a pattern of peripheral lung disease on chest

radiography or computed tomography and give an
appropriate differential diagnosis, including a single most
likely diagnosis when supported by associated radiologic
findings or clinical information (e.g., peripheral lung
disease associated with paratracheal and bilateral hilar
lymphadenopathy in an asymptomatic patient with
alveolar sarcoidosis; peripheral lung disease associated
with a markedly elevated blood eosinophil count in a

patient with eosinophilic pneumonia; peripheral opacities
associated with multiple rib fractures and pneumothorax
in a patient with acute chest trauma and pulmonary
contusions; and multiple peripheral wedge-shaped
opacities associated with pulmonary emboli in a patient
with multiple pulmonary infarcts).

2. Name four predisposing conditions that lead to
cryptogenic organizing pneumonitis.

The diseases in this chapter are not ordinarily discussed to-
gether. Alveolar sarcoidosis, usual interstitial pneumonitis, and
contusions are, in fact, discussed in chapters 10, 3, and 8, re-
spectively. Cryptogenic organizing pneumonitis (COP) (previ-
ously referred to as bronchiolitis obliterans organizing pneu-
monia) and eosinophilic pneumonia (EP) could be discussed in
a chapter on diffuse interstitial lung disease. Pulmonary infarcts
are discussed with pulmonary emboli in Chapter 17. However,
these disorders have been categorized together here because
of their propensity for producing a predominantly peripheral
distribution of disease on chest radiography and computed to-
mography (CT). A simple mnemonic, “AEIOU,” can be used
to remember those disorders that have a peripheral distribution
of disease (Table 12-1 and Fig. 12-1). It needs to be mentioned,
however, that these disorders frequently do not manifest as rec-
ognizable peripheral opacities on chest radiography or CT, so
a lack of peripheral opacities does not exclude these disorders.
If there is any hint of a peripheral distribution of disease on the
chest radiograph, CT can be very helpful in better defining the
morphology and distribution of disease (Fig. 12-2).

ALVEOLAR SARCOIDOSIS
Sarcoidosis is a systemic disease of unknown etiology that
is characterized by widespread development of noncaseating
granulomas. More complete discussions of this disorder are
found in chapters 3, 6, and 10. This section will be limited
to a discussion of those patients with sarcoidosis who have
so-called “alveolar” opacities on chest radiography or CT.

Although the term alveolar sarcoidosis is used, the process is
predominantly interstitial, with compression and obliteration
of alveoli creating the appearance of alveolar filling on radio-
logic imaging. Histologically, these lesions are seen to represent
confluent interstitial granulomas. The radiographic appearance
of airspace (alveolar) opacities develops in 10% to 20% of pa-
tients with sarcoidosis. The radiologic appearance is that of
bilateral, multifocal, poorly defined opacities that range in size
from 1 to 10 cm and show a predilection for the peripheral mid-
dle lung, sparing the costophrenic angles (1–3) (Fig. 12-3). The
peripheral distribution is better seen and on occasion appreci-
ated only on CT. Air bronchograms are common. Associated
CT findings of reticulonodular opacities, especially in a lym-

phatic distribution, and mediastinal and hilar lymphadenopa-
thy provide clues to the correct diagnosis. Most patients with
alveolar sarcoidosis have accompanying lymphadenopathy (4)
(Fig. 12-4). When only peripheral opacities are seen, the ap-
pearance can be indistinguishable from those of COP or EP. Al-
though all three disorders can present with blood eosinophilia,
the degree of eosinophilia is most pronounced with EP. The pe-
ripheral opacities of alveolar sarcoidosis can clear rapidly with
or without steroid treatment (1).

EOSINOPHILIC PNEUMONIA
The term pulmonary eosinophilia, synonymous with pul-
monary infiltration with eosinophilia, describes a group of dis-
eases in which blood and/or tissue eosinophilia affects major
airways and lung parenchyma (5). Blood eosinophilia, how-
ever, is not necessary to make a diagnosis of eosinophilic
lung disease. The number of diseases included under the um-
brella term pulmonary eosinophilia are numerous. A simple
mnemonic, “NAACP,” and the term idiopathic can be used to
remember the major classifications of disorders that constitute
pulmonary eosinophilia (Table 12−2). This section will focus
on parasitic infections and idiopathic pulmonary eosinophilia.

TA B L E 1 2 - 1

DISORDERS FREQUENTLY MANIFESTING AS
PERIPHERAL OPACITIES ON CHEST RADIOGRAPHY
OR COMPUTED TOMOGRAPHY

“AEIOU”
Alveolar sarcoidosis
Eosinophilic pneumonia
Infarcts
COP (cryptogenic organizing pneumonia)
UIP ([usual interstitial pneumonitis] and DIP [desquamative

interstitial pneumonitis])
ContUsions

206
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FIGURE 12-1. Usual interstitial pneumonitis. A: Posteroanterior (PA) chest radiograph of a 72-year-old woman with scleroderma shows low
lung volumes and bilateral reticular interstitial lung disease. B: CT shows that the reticular opacities have a subpleural, peripheral distribution
(arrows).

A

B

FIGURE 12-2. Eosinophilic pneumonia. A: PA chest radiograph of a 21-year-
old woman shows bilateral airspace opacities that extend to the lung periphery.
B: CT better shows the peripheral distribution of disease. Note prominent air
bronchograms.

A B

FIGURE 12-3. Alveolar sarcoidosis. A: PA chest radiograph of a 28-year-old asymptomatic man shows nonsegmental peripheral airspace disease
and bilateral hilar and mediastinal lymphadenopathy. B: CT shows bilateral peripheral airspace disease. Note air bronchograms (arrows), a
common feature of alveolar sarcoidosis.

207
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A B

C

FIGURE 12-4. Alveolar sarcoidosis. A: PA chest radiograph of
a 29-year-old man shows ill-defined opacities in the upper lungs
(circles). B: CT image shows a peripheral distribution of airspace
disease. Note nodular beading of a left lower lobe bronchovas-
cular bundle (arrow), a characteristic feature of sarcoidosis. C:
CT with mediastinal windowing shows bilateral hilar (arrows)
and subcarinal (asterisk) lymphadenopathy. Most patients with
alveolar sarcoidosis have accompanying lymphadenopathy.

TA B L E 1 2 - 2

CLASSIFICATION OF EOSINOPHILIC LUNG DISEASE

“NAACP” and Idiopathic
Neoplasms

Bronchogenic carcinoma
Metastases
Lymphoma

Asthma

Allergic disorders
Allergic bronchopulmonary aspergillosis
Drug-induced disease
Extrinsic allergic alveolitis (hypersensitivity pneumonitis)

Collagen vascular and granulomatous disorders
Rheumatoid lung disease
Churg-Strauss syndrome
Wegener granulomatosis
Sarcoidosis

Parasitic disorders and other infections
Tropical pulmonary eosinophilia
Helminth infections (worm infestation)
Fungal infections
Other bacterial, viral, and protozoal infections

Idiopathic
Acute eosinophilic pneumonia (Löffler syndrome)
Chronic eosinophilic pneumonia

Tropical pulmonary eosinophilia is a systemic disease
caused by hypersensitivity to microfilariae, which are the early
larval forms of various filarial nematodes, most notably Brugia
malayi and Wuchereria bancrofti (6). The disease is endemic
in the Indian subcontinent, Southeast Asia, the South Pacific,
North Africa, and South America. In nonendemic areas, the dis-
ease is seen in immigrants. The predominant respiratory symp-
tom is chronic cough, which is often worse at night. Patients
have marked blood eosinophilia, elevated immunoglobulin E
(IgE) levels, and a high titer of antifilarial antibody. The chest
radiograph is abnormal in the majority of patients, with the
most common abnormality being fine linear opacities that are
distributed diffusely and symmetrically. Small nodules, rang-
ing in size from 1 to 5 mm, are seen in about half of cases.
Hilar lymphadenopathy is uncommon and, when present, is
mild (7). An important diagnostic criterion is rapid response
to treatment with diethylcarbamazine. Chronic interstitial fi-
brosis can develop in some patients (8).

The larval stages of a number of worms other than filarial
nematodes can pass through the lung and cause EP. These in-
clude Ascaris lumbricoides, Strongyloides stercoralis, Toxocara
canis, Trichuris trichiura, and Schistosoma sp. The radiologic
pattern is usually identical to that of acute EP.

Cryptogenic EP can be acute or chronic, depending on
whether the condition lasts more or less than 1 month (9).
The 1-month criterion is arbitrary, and the distinction between
acute and chronic EP is not always clear. Acute EP, also referred
to as Löffler syndrome, is characterized by blood eosinophilia;
mild or absent symptoms and signs (cough, fever, dyspnea);
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C

FIGURE 12-5. Chronic eosinophilic pneumonia. A: PA chest radio-
graph of a 62-year-old woman shows bilateral interstitial and airspace
opacities, which are worse in the peripheral lungs, and elevation of the
right hemidiaphragm related to right upper lobe volume loss. Based on
the findings on this single exam, with no prior chest radiograph for
comparison, both acute and chronic processes must be considered. B:
CT of the right lung better shows the peripheral distribution of airspace
disease. Note air bronchograms (arrows), which are a common feature
of EP. No honeycombing is seen. C: PA chest radiograph obtained 2
months later, after treatment with steroids, shows complete clearing of
bilateral peripheral lung disease.

one or more nonsegmental mixed interstitial and alveolar pul-
monary opacities that are transitory or migratory; and sponta-
neous clearing of opacities (within 1 month). The pulmonary
opacities have a tendency to be predominantly peripheral in
distribution. One way of remembering this peripheral distribu-
tion is to think of EP as being the opposite of PE (pulmonary
edema). The classic distribution of pulmonary edema is a cen-
tral batwing or butterfly pattern of alveolar lung disease, which
is just the opposite of the peripheral alveolar opacities seen with
EP. Pleural effusions and lymphadenopathy are not features of
acute EP.

Chronic EP is most prevalent in the third to seventh decades
of life, with women outnumbering men by 2 to 1 (10). Symp-
toms of dyspnea, cough, wheeze, malaise, weight loss, fever,
and night sweats can be mild or severe. Blood eosinophilia oc-
curs in the majority of patients. Serum IgE is normal or only
mildly elevated, which is helpful in distinguishing the condi-
tion from allergic bronchopulmonary aspergillosis and trop-
ical and parasitic pulmonary eosinophilias, in which serum

IgE levels are markedly elevated. The classic findings on chest
radiograph and CT are nonspecific peripheral, nonsegmental,
homogeneous alveolar opacities, often with air bronchograms
(10,11) (Figs. 12-5 and 12-6). In a minority of patients, the
opacities are central in distribution or both central and periph-
eral (Fig. 12-7). Chronic EP is sensitive to steroid therapy; rapid
clearing of radiologic abnormalities is usually seen within a few
days, with complete clearing by 1 month. Relapse is common,
and the majority of patients need long-term low-dose steroids,
distinguishing this disease from acute EP (12). The radiologic
manifestations can be migratory, occurring in new locations
with relapse.

PULMONARY INFARCTION
Only 15% or fewer of thromboemboli cause pulmonary in-
farction (13). It is unknown why some emboli cause infarction
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FIGURE 12-6. Chronic eosinophilic pneumonia, recurrent. A: PA
chest radiograph of an 85-year-old woman shows bilateral, ill-defined
parenchymal opacities in a predominantly peripheral distribution. The
right lung is more involved than the left. B: PA chest radiograph taken
5 months later shows clearing of much of the right lung and worsening
disease in the periphery of the left lung (arrows). C: PA chest radiograph
obtained 1 month after (B) shows partial clearing of the left upper lung,
worsening disease in the left mid peripheral lung (straight arrows), and
worsening disease in the right middle lung (curved arrows). Migratory
lung disease is a characteristic feature of EP.

A B

FIGURE 12-7. Chronic eosinophilic pneumonia. A: PA chest radiograph of a 30-year-old woman with several months’ history of productive
cough, fever, fatigue, chills, and dyspnea on exertion, treated unsuccessfully with several courses of antibiotics, shows bilateral ill-defined opacities,
predominantly in the mid lungs. B: CT shows peripheral and central airspace disease. (Continued )

210
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C

FIGURE 12-7. (Continued ) C: CT coronal reformatted image clearly
shows the subpleural, peripheral distribution of disease (arrows). The
patient improved rapidly with steroid treatment.

A

B

C

FIGURE 12-8. Pulmonary infarct. A: PA chest radiograph of a 52-
year-old woman with acute pulmonary embolism shows focal airspace
disease at the left costophrenic angle (circle). B: CT shows bilateral
subpleural airspace opacities, which are largest in the left lower lobe
(arrow), and bilateral pleural effusions. C: CT with mediastinal win-
dowing confirms the presence of a central filling defect (arrows) within
otherwise opacified lingular and left lower lobe pulmonary arteries,
characteristic features of acute pulmonary emboli.

and others do not, but it is likely a result of compro-
mise of both the pulmonary and bronchial arterial circulation.
This is most likely to occur with peripheral emboli and in
patients with left heart failure or circulatory shock (14). It is
known that bronchial circulation alone can sustain the lung
parenchyma without infarction occurring (15).

No chest radiographic sign is specific for pulmonary em-
bolism or infarction, and the sensitivity of chest radiography
for these conditions is poor. Even with large pulmonary artery
clot burden, the chest radiograph can be normal (16). The main
role of the chest radiograph, therefore, is to exclude other di-
agnoses that might mimic pulmonary embolism clinically, such
as pneumonia or pneumothorax.

Pulmonary infarction results in airspace opacities that are
usually multifocal and predominantly in the lower lungs. They
usually appear within 12 to 24 hours after the embolic event.
The opacities are classically peripheral, with a triangular or
rounded shape (thus the term “Hampton hump”), and they
are always in contact with the pleural surfaces (Fig. 12-8). The
apex or hump of the opacity is directed toward the lung hilum.
Occasionally, lobar consolidation resembling pneumonia can
occur. Air bronchograms are rarely present. It is important to
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FIGURE 12-9. Pulmonary infarcts. CT of a 69-year-old man 10 weeks
after a confirmed acute pulmonary embolic event shows residual sub-
pleural scarring related to bilateral pulmonary infarcts (arrows).

note that the opacities can be a result of a combination of
atelectasis and pulmonary hemorrhage without infarction, in
which case clearing occurs within a week. Infarction takes sev-
eral months to resolve, often with residual scarring (Fig. 12-9).
As infarcts resolve, they melt away “like an ice cube” (giv-
ing rise to the melting ice cube sign; see Fig. 2-16). The opacity
clears from the periphery first, whereas in pneumonia the opac-
ity clears homogeneously (both centrally and peripherally) at
the same time. Cavitation can occur within infarcts but is rare
without coexisting infection, either secondary infection of an
infarct or a result of septic emboli or vasculitis. Pleural effu-
sions related to pulmonary emboli are usually small, unilateral,
and associated with pulmonary infarction.

FIGURE 12-11. Cryptogenic organizing pneumonitis. CT shows bi-
lateral dense airspace and ground-glass opacities in a peripheral distri-
bution. The patient had COP related to amiodarone lung toxicity.

CRYPTOGENIC ORGANIZING
PNEUMONITIS

COP, previously referred to as bronchiolitis obliterans organiz-
ing pneumonia, is a clinicopathologic entity of unknown cause
characterized by nonspecific clinical symptoms of cough and
dyspnea and by equally nonspecific chest radiographic findings
of patchy, peripheral airspace opacities. COP should not be
confused with bronchiolitis obliterans, also known as oblitera-
tive bronchiolitis or constrictive bronchiolitis, a separate entity
that is discussed in Chapter 13. Although COP is idiopathic in
etiology, several precipitating conditions leading to organizing

A B

FIGURE 12-10. Cryptogenic organizing pneumonitis. A: PA chest radiograph of a 53-year-old man with rheumatoid arthritis shows bilateral
peripheral airspace disease involving predominantly the upper and middle lungs. B: CT confirms the peripheral distribution of disease and shows
prominent air bronchograms.
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FIGURE 12-12. Cryptogenic organizing pneumonitis. A: PA chest radiograph of a 52-year-old man after bone marrow transplant for leukemia
shows bilateral ill-defined parenchymal opacities. B: CT shows that the opacities are peripheral and nonsegmental. Note air bronchograms
(arrows).

pneumonitis have been identified, including infections (most
notably viral), connective tissue disorders (Fig. 12-10), drug
toxicity (Fig. 12-11), inhalation of noxious fumes, and lung
and bone marrow transplantation (Fig. 12-12). Patients with
COP are generally 55 to 60 years of age, and half of them have
a history of an influenza-like prodrome followed by an illness
of about 3 months characterized by cough, exertional dyspnea,
malaise, fever, and weight loss (17).

Radiographs and CT scans of the chest resemble those of
many other types of pneumonia and show bilateral, patchy,

nonsegmental, airspace opacities with a peripheral and basi-
lar predominance (18). The opacities may contain air bron-
chograms. On occasion, the opacities are not peripheral in
distribution but are central and centered along bronchovas-
cular bundles. Although COP is usually a bilateral process,
occasionally only one lung is involved or is much more in-
volved than the other lung (Fig. 12-13). Areas of ground-
glass attenuation are common and may be the only finding
on CT.

FIGURE 12-13. Cryptogenic organizing pneumonia.
CT of a 66-year-old man with rheumatoid arthritis
shows peripheral airspace disease involving only the
left lung.
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CHAPTER 13

AIRWAYS

LEARNING OBJECTIVES
1. Define tracheomegaly.

2. Name five common causes of tracheobronchomegaly.

3. Name five causes of focal or diffuse tracheal
narrowing.

4. Name four types of bronchiectasis and identify each
type on chest computed tomography (CT).

5. Name five common causes of bronchiectasis.

6. Recognize the typical appearance of cystic fibrosis on
chest radiography and CT.

7. Name five important things to look for on a chest
radiograph when the patient history is “asthma.”

8. Name three types of pulmonary emphysema and identify
each type on chest CT.

9. Recognize the findings of α-1-antitrypsin deficiency on a
chest radiograph and CT.

10. Recognize the findings of Kartagener syndrome on a
chest radiograph and CT and name the three major
components of the syndrome.

11. Define the term giant bulla, differentiate giant bulla from
pulmonary emphysema, and state the role of imaging in
patient selection for bullectomy.

12. Recognize and describe the significance of a pattern of
mosaic lung attenuation on chest CT.

Airway disorders can be categorized into those that involve the
trachea, those that involve the bronchi, and those that involve
the bronchioles, the smallest branching airways leading to alve-
oli. Many disorders can, and frequently do, involve more than
one airway compartment. Tracheal disorders will be discussed
first, and disorders involving both the bronchi and bronchioles
will be discussed together. The reader is referred to Chapter 1
for a discussion of normal anatomy of the airways.

TRACHEAL DISORDERS
Tracheal shape varies, depending on the phase of the respi-
ratory cycle. The intrathoracic trachea is round or elliptic on
inspiration images and flat or horseshoe shaped during and at
the end of a forced exhalation as a result of anterior bowing
of the posterior noncartilaginous tracheal membrane during
exhalation (1). Upper limits of normal for coronal and sagittal
tracheal dimensions, respectively, as determined by chest radio-
graphs, are 25 mm and 27 mm for men and 21 mm and 23 mm
for women. The lower limit of normal for both dimensions is
13 mm in men and 10 mm in women (2). Mean measurements
on computed tomography (CT) of anteroposterior (AP) and
transverse diameters of the extrathoracic trachea, respectively,
are 20.1 mm and 18.4 mm (3); these can increase by as much
as 15% in men with aging (4).

CT is superior to chest radiography for detection of ab-
normalities of the trachea and main bronchi; sensitivities in
detecting disease on chest radiographs and CT are 66% and
97%, respectively (5). Spiral multidetector CT, which allows
for the acquisition of a whole thoracic volume during a single
breath-hold, eliminating respiratory motion, is the technique of
choice for noninvasive imaging of the airways. Volume acqui-
sition with multidetector CT has fostered a renewed interest in
two-dimensional and three-dimensional (3D) reconstructions
applied to the tracheobronchial tree. Potential clinical applica-
tions of 3D reconstructions, such as shaded surface display and
volume rendering, include assisting with diagnoses, replacing
bronchoscopy in some instances, and helping in surgical plan-

ning and endobronchial treatments (6). In the case of a lesion
that completely obstructs an airway, CT allows visualization
of the airway beyond the obstruction. However, CT’s virtual
bronchoscopy is currently unable to show mucosal detail, and
3D postprocessing methods are time consuming to perform and
rarely performed in routine clinical practice.

Patients with tracheal disease can be asymptomatic or may
present with cough, dyspnea, wheezing, or stridor. Because of
the variety of conditions that can cause wheezing, a misdiag-
nosis of asthma is common (7). Tracheal disorders are gen-
erally organized into those that cause tracheal widening and
those that cause narrowing. CT can demonstrate the degree of
widening or narrowing, in addition to the location and extent
of tracheal abnormality; it can also demonstrate the presence
of associated extraluminal disease, postobstructive atelectasis,
and pneumonia. Magnetic resonance imaging (MRI) is a valu-
able method for observing the trachea because of its multipla-
nar demonstration of the airway, the mediastinal vessels, and
the other structures simultaneously, without the need for con-
trast medium or exposing the patient to radiation. MRI is par-
ticularly useful in children and in patients with either vascular
rings or tracheal compression by the innominate artery.

Disorders That Cause Tracheal Widening

Congenital or nonacquired diffuse tracheal widening is much
less common than tracheal narrowing and has a more limited
differential diagnosis. The Mounier-Kuhn syndrome, which af-
fects primarily men in the fourth and fifth decades, accounts for
almost all cases of nonacquired tracheal widening (8). Thought
to be congenital (9), it is an abnormality of the trachea and main
bronchi characterized by atrophy or absence of elastic fibers
and thinning of muscle, which allows the trachea and main
bronchi to become flaccid and markedly dilated on inspiration,
with narrowing or collapse on expiration or cough. The abnor-
mal airway dynamics and pooling of secretions in broad out-
pouchings, or diverticula, of redundant musculomembranous
tissue between the cartilaginous rings predispose patients to the
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TA B L E 1 3 - 1

DISORDERS THAT CAUSE
TRACHEOBRONCHOMEGALY

Nonacquired
Mounier-Kuhn syndrome

Acquired
Common

Normal aging
Chronic airway infection
Cigarette smoking
Chronic bronchitis
Emphysema
Cystic fibrosis
Diffuse pulmonary fibrosis

Uncommon
Playing wind instruments
Inhalation of noxious fumes
Chronic intubation
Ehlers-Danlos syndrome
Cutis laxa
Marfan syndrome
Ataxia-telangiectasia
Ankylosing spondylitis
Kenny-Caffey syndrome
Brachmann-de Lange syndrome
Connective tissue diseases
Bruton-type agammaglobulinemia
Light-chain deposition disease

development of chronic pulmonary suppuration, bronchiecta-
sis, emphysema, and pulmonary fibrosis (10). The trachea is
involved from the subglottic region to the carina. A tracheal di-
ameter greater than 3 cm is required for diagnosis, and tracheal
widths up to 5.5 cm have been recorded (8). The radiographic
and CT features of the condition include marked dilatation of
the trachea and mainstem bronchi, tracheal diverticulosis, and
a variable incidence of bronchiectasis and chronic pulmonary
parenchymal disease (11,12).

Several conditions can result in acquired tracheobron-
chomegaly that may closely resemble that seen in Mounier-
Kuhn syndrome (Table 13-1). Some degree of tracheal dilata-
tion may be seen with aging (4,13) and in musicians who play
wind instruments (13). Chronic infection, cigarette smoking,
chronic bronchitis, emphysema, cystic fibrosis (CF), inhalation
of noxious fumes, chronic intubation, and diffuse pulmonary
fibrosis can also result in tracheobronchomegaly (10,14,15).
Other conditions associated with tracheal widening, which
may in fact be related to Mounier-Kuhn syndrome, are Ehlers-
Danlos syndrome and cutis laxa (16,17). Although tracheal
narrowing is the usual end result in relapsing polychondritis—a
disorder of cartilaginous inflammation involving the nose, ear,
trachea, and joints—diffuse tracheal widening may develop oc-
casionally (18). In contrast, nasal and ear cartilage abnormali-
ties are absent in Mounier-Kuhn syndrome. Additional causes
of secondary tracheobronchomegaly are listed in Table 13-1.
Nevertheless, the majority of cases appear to be sporadic, pre-
dominantly occurring in men in the third and fourth decades
of life (9).

Disorders That Cause Tracheal Narrowing

Tracheal narrowing is seen with a variety of disorders and can
be idiopathic (7,19–21) (Table 13-2). Strictures of the trachea

TA B L E 1 3 - 2

DISORDERS THAT CAUSE TRACHEAL NARROWING

Extrinsic
Masses (e.g., thyroid, aberrant vessels, enlarged nodes)
Fibrosing mediastinitis

Intrinsic
Congenital tracheal narrowing
Infection
Granulomatous disorders (e.g., Wegener granulomatosis,

sarcoidosis)
Neoplasms
Trauma, including intubation
Amyloidosis
Relapsing polychondritis
Tracheobronchopathia osteochondroplastica
Saber-sheath trachea
Idiopathic

are usually caused by damage from a cuffed endotracheal or
tracheostomy tube or trauma to the neck (22). Postintubation
tracheal injuries remain the most common indication for tra-
cheal resection and reconstruction, despite identification of the
causes of these lesions and development of techniques for their
avoidance (23). Tracheomalacia, which is diagnosed when the
trachea collapses more than 50% on expiration, can also be
caused by trauma, and it may be recognized only on dynamic
or expiratory CT scanning (1,24).

Saber-sheath trachea is diffuse intrathoracic narrowing of
the trachea, with the coronal diameter reaching two thirds (or
less) of the sagittal diameter when measured 1.0 cm above
the top of the aortic arch (25). More than 95% of patients
with this deformity have clinical evidence of chronic obstruc-
tive pulmonary disease (COPD), and saber-sheath trachea is
considered an insensitive but specific sign for COPD on stan-
dard chest radiography (Fig. 13-1) (25,26).

Relapsing polychondritis is a systemic autoimmune connec-
tive tissue disease in which cartilage is affected diffusely by
recurrent episodes of inflammation. The pinnal, nasal, laryn-
geal, and tracheal cartilages are most commonly involved. The
major airways are involved in more than 50% of cases, and re-
current pneumonia is the most common cause of death in these
patients (8,27). CT shows diffuse or multifocal fixed narrow-
ing of the tracheobronchial lumen, with associated thickening
of the wall (28,29). Dense calcium deposits may be seen in the
thickened tracheal cartilage (30).

Amyloidosis of the respiratory tract, both primary and sec-
ondary, is a rare condition that produces focal or diffuse irregu-
lar narrowing of the airway by submucosal deposits of amyloid
(22). Both radiography and CT of the chest can demonstrate
diffuse narrowing or show nodular protrusions into the tra-
cheal lumen that can be calcified (Fig. 13-2) (8).

Tracheobronchopathia osteochondroplastica is a benign
condition characterized by multiple submucosal osteocartilagi-
nous growths along the inner anterolateral surfaces of the tra-
chea (31,32). Although the etiology is unknown, theories have
linked this disorder to chronic inflammation, degenerative pro-
cesses, amyloidosis, and neoplasia (33–35). Radiography and
CT of the chest show multiple sessile nodular tumors, with
or without calcification, extending over a long segment of the
trachea and into the main bronchi. In contrast, the nodules in
amyloidosis may be circumferential and can be distinguished
from those of tracheobronchopathia osteochondroplastica, in
which there is always sparing of the posterior membranous
wall.
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A B

FIGURE 13-1. Saber-sheath trachea. A: Posteroanterior (PA) chest radiograph of a 67-year-old man with emphysema shows narrowing of the
coronal diameter of the trachea (arrow). B: On the lateral view, the tracheal diameter (arrow) is normal or slightly enlarged.

Wegener granulomatosis is characterized by granulomatous
vasculitis of the upper and lower respiratory tract, usually
in conjunction with renal and other organ involvement. The
CT appearance of airway involvement includes circumferential
narrowing of the airway lumen, abnormal soft tissue within the
tracheal rings, and dense irregular calcification of the tracheal
cartilages (36). Sarcoidosis is another granulomatous disorder

that may rarely involve the trachea and bronchi. Granuloma-
tous sarcoid lesions may exist intrinsically in the airway, or
enlarged hilar nodes may compress the bronchi extrinsically
(37,38).

Many viral, bacterial, or fungal diseases can involve the
trachea. In North America, most cases of laryngotracheobron-
chitis are viral in nature; subglottic or laryngeal narrowing is

A B

C

FIGURE 13-2. Tracheobronchial amyloidosis. A: CT of a 44-year-
old woman with dysphagia and dyspnea on exertion shows circum-
ferential thickening and calcification of the tracheal wall (arrow).
B: CT at a more inferior level shows thickening of the walls of the
main bronchi (arrow). C: CT at a level inferior to (B) shows thick-
ening of the wall of the right upper lobe bronchus (solid arrow) and
left main bronchus (dashed arrow).
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A B

FIGURE 13-3. Mucous plugging. A: PA chest radiograph of a 45-year-old woman with shortness of breath after cervical spine fusion shows
abnormal opacities in both lower lobes and volume loss in the left lower lobe. B: CT shows low-attenuation material in both lower lobe segmental
bronchi (solid arrows), postobstructive atelectasis of the left lower lobe (A), and posteromedial displacement of the left major fissure (dashed
arrow).

common, but radiographically demonstrable tracheal narrow-
ing is unusual (7).

Tracheobronchial Filling Defects

In adults, tracheobronchial filling defects are usually produced
by mucus (Fig. 13-3) or neoplasms (Figs. 13-4 to 13-7). Less
common causes include papilloma, infections (Fig. 13-8), for-
eign bodies (Fig. 13-9), broncholiths (Fig. 13-10), and other
miscellaneous disorders. If mucus is suspected on a CT scan,

it can be helpful to selectively repeat the scan at the region of
interest after the patient has coughed.

Tracheoesophageal Fistulas

Tracheoesophageal fistulas in adults are almost exclusively
acquired lesions. They occur as a complication of intrathoracic
malignancies (accounting for 60% of cases), infection, and

(Text continues on page 221)

A B

FIGURE 13-4. Tracheal adenoid cystic carcinoma. A: PA chest radiograph of a 59-year-old man with recurrent right middle lobe pneumonia and
cough shows a linear band of opacity in the right middle lung (arrow). B: Lateral view shows an oblique band of opacity paralleling the inferior
aspect of the major fissure (arrow). (Continued )
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FIGURE 13-4. (Continued ) C: Coronal reformatted CT shows a lobular
soft tissue mass (arrow) almost completely obstructing the lumen of the
trachea just above the level of the carina. D: Axial CT shows that the
mass (arrow) almost completely fills the lumen of the trachea. E: CT at the
level of the inferior pulmonary veins shows postobstructive atelectasis and
pneumonia in the right middle lobe.

A B

FIGURE 13-5. Metastatic endometrial carcinoma. A: PA chest radiograph of a 75-year-old woman shows a mass adjacent to the right hilum.
B: Lateral view shows the mass projected over the heart. The contours of the mass suggest that it is related to the inferior edge of the major fissure.
(Continued )
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FIGURE 13-5. (Continued) C: Axial CT shows low-attenuation
material obliterating the lumen of the right middle lobe bronchus
(arrow). Note that the bronchial wall is outlined by calcium. Tu-
mor is growing through the bronchus into the right middle lobe.
The opacity seen on the chest radiograph represents tumor and
collapsed right middle lobe.

FIGURE 13-6. Endobronchial non–small cell carcinoma. CT of a 63-
year-old woman with cough shows a soft tissue mass that almost com-
pletely obliterates the lumen of the bronchus intermedius (arrow).

FIGURE 13-8. Endobronchial blood clot. CT of a
10-year-old girl with leukemia and Rhizopus necro-
tizing pneumonia shows a filling defect occluding
the bronchus intermedius (arrow). The right middle
and lower lobes were surgically resected; pathology
showed pulmonary artery and vein thromboses, dif-
fuse pneumonia and pulmonary hemorrhage, and clot-
ted blood in the bronchus intermedius.

FIGURE 13-7. Tracheal metastasis. CT of a 64-year-old woman with
renal cell carcinoma shows a soft tissue mass adjacent to the anterior
wall of the trachea (arrow) representing one of many biopsy-proven
metastases to the trachea. Mucus could have a similar appearance, but
it will usually clear with a repeated scan after the patient clears the
throat.
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FIGURE 13-9. Endobronchial foreign body. CT shows a radiopaque
foreign body (arrow) in the left main bronchus. Note the hyperlucency
and hyperinflation of the left upper and lower lobes secondary to air
trapping. A chicken bone was removed from the airway.

trauma (39,40). The diagnosis is usually made with a fluoro-
scopic contrast study but can be made, in some cases, with CT.
In addition to demonstrating the site of a fistula, CT can suggest
the etiology and detect pulmonary and mediastinal complica-
tions (41).

Congenital Tracheobronchial Anomalies

Congenital tracheobronchial anomalies can present as life-
threatening emergencies at birth, or they may go undiagnosed
for years. Clinical symptoms are often nonspecific, and radio-
graphic evaluation is frequently required to localize and char-
acterize the lesion before endoscopy, surgery, or medical man-
agement. The radiologist must be on the alert for unsuspected

FIGURE 13-10. Broncholithiasis. CT of a 72-year-old man with cough, wheezing, and increasing shortness of breath shows large calcifications
in the left hilum and left lower lobe bronchus (arrows). Note postobstructive atelectasis of the left lower lobe.

additional associated anomalies involving airways, lungs,
great vessels, and the esophagus, which occur with relative
frequency.

Tracheal webs produce localized areas of narrowing with
no associated deformity of the underlying cartilage. The thick-
ness of the webs determines the severity of obstruction and the
therapeutic approach (42). Congenital tracheal stenosis may
occur in any portion of the trachea, usually involving more
length and depth of the trachea than webs, and is more likely
to require resection rather than dilatation alone. Stenosis sec-
ondary to long-term compression by a dilated esophagus, ab-
normal great vessels, or cervicomediastinal masses results in a
focal fibrous and cartilaginous deformity that persists for some
time after the mass is removed. Congenital tracheal stenosis is
frequently associated with bronchial stenosis; pulmonary hy-
poplasia or agenesis; tracheal bronchus; tracheoesophageal fis-
tula; tracheomalacia; anomalies of vertebrae, ribs, and thumbs;
and cardiac anomalies.

Tracheomalacia is an abnormally flaccid trachea that may
involve all or part of the trachea and results in abnormal an-
teroposterior tracheal collapse during expiration of ≥50% of
cross-sectional area. The innominate artery compression syn-
drome can result in secondary tracheomalacia, in which there
is persistent narrowing of the anterior tracheal wall at the level
of the thoracic inlet. Short trachea, which occurs when there
are 15 or fewer tracheal rings, can be diagnosed on CT when
the tracheal bifurcation lies above the fourth thoracic vertebral
body in children younger than 2 years old or above the fifth
thoracic vertebra thereafter (43).

Aberrant tracheal bronchus (so-called “pig bronchus,” or
bronchus suis), the most common anomalous airway pattern,
is reported in 2% of children during bronchoscopy exami-
nation (44). It occurs most commonly in boys, arising most
often from the right lateral tracheal wall within 2 cm of the
carina. It can be asymptomatic, or it may result in right up-
per lobe infection, atelectasis, or bronchiectasis, usually from
a stenotic bronchial segment and poorly cleared secretions.
The CT appearance is that of a bronchus arising from the tra-
chea in a section more cephalad than the carina (Fig. 13-11)
(45).
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FIGURE 13-11. Aberrant tracheal bronchus. CT of a 58-year-old
woman with cough and recurrent pneumonia shows a so-called “pig
bronchus” (arrow) arising from the right lateral wall of the trachea,
above the level of the carina.

CHRONIC OBSTRUCTIVE
PULMONARY DISEASE

COPD refers to a group of disorders characterized by chronic
or recurrent obstruction to airflow. Five principal disorders fall
under this heading (Table 13-3), although the term is commonly
used clinically to refer to emphysema. Because these disorders
are sometimes difficult to distinguish from one another on chest
radiography, the term COPD should not be restricted to em-
physema.

Asthma

There is no universally accepted definition of asthma; it may
be regarded as a diffuse, obstructive lung disease with hyperre-
activity of the airways to a variety of stimuli and a high degree
of reversibility of the obstructive process, which may occur
either spontaneously or as a result of treatment. Asthma is a
complex disorder involving biochemical, autonomic, immuno-
logic, infectious, endocrine, and psychologic factors in varying
degrees in different individuals. Both large and small airways
may be involved, again to varying degrees. The three elements
that contribute to airway obstruction in asthma are: (i) spasm
of smooth muscle; (ii) edema and inflammation of the mucous
membranes lining the airways; and (iii) intraluminal exudation

TA B L E 1 3 - 3

CHRONIC OBSTRUCTIVE PULMONARY DISEASE

“ABCCE”
Asthma
Bronchiectasis
Chronic bronchitis/bronchiolitis
Cystic fibrosis
Emphysema

FIGURE 13-12. Allergic bronchopulmonary aspergillosis. PA chest
radiograph of a 64-year-old woman with a long history of asthma
shows multiple tubular opacities in the left upper lobe (arrows) repre-
senting dilated bronchi filled with mucus, debris, and fungal hyphae.

of mucus, inflammatory cells, and cellular debris. Asthma can
be a benign, self-limiting problem; it can lead to acute respira-
tory failure; or it can be a chronic, recurrent disease that leads
to debilitating, irreversible airflow obstruction and COPD. Em-
physema is not a prominent finding in the lungs of nonsmoking
patients with asthma, even in those with severe disease (46).

Chest radiographs of patients with asthma can be normal,
show increased lung markings and hyperinflation, or show low
lung volumes and multifocal atelectasis. CT findings can in-
clude bronchiectasis involving mostly subsegmental and distal
bronchi, bronchial wall thickening, small centrilobular opaci-
ties, and decreased lung attenuation (47). Allergic bronchopul-
monary aspergillosis (ABPA) occurs with a greater prevalence
in patients with asthma and CF (48) (Figs. 13-12 and 13-13).
Central bronchiectasis on CT is the hallmark of ABPA.

FIGURE 13-13. Allergic bronchopulmonary aspergillosis. CT shows
central bronchial dilatation and impaction (solid arrow). Peripheral
nodular and ground-glass opacities (dashed arrow) represent im-
paction of small airways and peribronchiolar inflammation.
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A B

FIGURE 13-14. Asthma. A: Inspiratory CT of a 34-year-old woman with steroid-dependent asthma is normal. Note the round contour of the
trachea. B: Expiratory image at the same level as (A) shows areas of lucency (L), representing air trapping. Note the flattened posterior tracheal
contour on expiration.

Bronchial wall thickening in asthma (which is assessed subjec-
tively on CT) may reflect bronchial and peribronchial inflam-
mation as well as increased smooth muscle, mucous gland, car-
tilage, and submucosal area (49,50). Areas of hyperlucency are
caused by decreased lung perfusion secondary to reflex vaso-
constriction in hypoventilated areas, and by air trapping (51)
(Fig. 13-14). Emphysema seen on the CT scans of patients with
asthma is attributed to cigarette smoking (52). Small centrilob-
ular opacities may correspond to plugging or to thickening of
the bronchiole walls (49). Because central airway lesions and
mitral stenosis can produce symptoms attributed to asthma, the
airways, cardiac silhouette, and pulmonary vasculature should
always be evaluated closely on every chest radiograph when
the clinical history is “asthma.” The chest radiograph should
also be assessed for evidence of pneumonia, which is known
to exacerbate asthma, and pneumomediastinum (Fig. 13-15)

FIGURE 13-15. Pneumomediastinum. PA chest radiograph of a pa-
tient with asthma shows mediastinal air outlining the heart (dashed
arrow) and extending into the neck bilaterally (solid arrows).

and pneumothorax, as evidence of alveolar rupture that can be
caused by wheezing and coughing (Table 13-4).

Bronchiectasis

Bronchiectasis, defined as irreversible dilatation of the
bronchial tree, can cause chronic sputum production and
hemoptysis, and it can be described morphologically as cylin-
dric, varicose, cystic, or traction in type (53). Cylindric
bronchiectasis, the mildest form, is characterized by smooth,
uniformly dilated bronchi (Figs. 13-16 and 13-17). Sectioned
lengthwise, these bronchi resemble nontapering “tram tracks”;
sectioned crosswise, the bronchi appear round or oval. Beaded
dilatation of bronchi describes the varicose type (Fig. 13-18);
cystic bronchiectasis, the most severe type, is characterized by
cysts in clusters, often with air–fluid levels (Figs. 13-19 and
13-20). Traction bronchiectasis refers to irreversible dilatation
of bronchi and bronchioles in areas of pulmonary fibrosis. It
occurs predominantly in the peripheral portions of lung, where
bronchi contain less supporting cartilage (see Fig. 3-3B) (54).
There are numerous causes of bronchiectasis; these can be re-
membered with the mnemonic “BRONCHIECTASIS” (Table
13-5).

Although patients with bronchiectasis rarely have a normal
chest radiograph (55), the chest radiographic findings are nei-
ther sufficiently sensitive nor specific enough to be of value

TA B L E 1 3 - 4

THINGS TO LOOK FOR ON THE CHEST RADIOGRAPH
WHEN THE PATIENT HISTORY IS “ASTHMA”

“PHAME”
Pneumothorax
Pneumomediastinum
Hyperinflation
Atelectasis
Mucous plugging (ABPA)
Mitral stenosis (patients can present with symptoms of

“asthma”)
Endotracheal lesion (e.g., patients with carcinoid tumor can

present with symptoms of “asthma”)

ABPA, allergic bronchopulmonary aspergillosis.
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FIGURE 13-16. Cylindric bronchiectasis. Coronal reformatted CT
shows smooth, uniformly dilated bronchi (arrows), predominantly in
the lower lungs.

in the accurate assessment of bronchiectasis, and they are un-
reliable in determining the severity and extent of the disease
(55–57). The common radiographic findings are loss of defini-
tion and increase in number and size of the bronchovascular
markings (caused by peribronchial inflammation/fibrosis and
the presence of retained secretions), tram tracking, tubular or
ring-shaped opacities with central lucency if the airways are air
filled, central opacity if there is mucoid impaction, and cystic
spaces that can be up to 2 cm in diameter.

Early studies assessing the accuracy of conventional CT in
diagnosing bronchiectasis resulted in sensitivities of 60% to
80% and specificities of 86% to 100% (57–60). With the use
of 1.5-mm collimation at 10-mm intervals, sensitivity with CT

FIGURE 13-18. Varicose and cystic bronchiectasis. CT of a 66-year-
old man shows dilated bronchi and bronchioles. In profile, some of
the bronchiectatic airways have the “beaded” appearance of varicose
bronchiectasis (straight arrow); in cross section, some are grouped to-
gether like a “cluster of grapes,” as is seen with cystic bronchiectasis
(curved arrow). The bronchial and bronchiolar walls are thickened.
Some of the dilated bronchioles are filled with mucus, forming periph-
eral nodular opacities (arrowhead).

improved to a range of 96% to 98%, with specificity of 93% to
99% (61,62). Thin-section CT is now the accepted gold stan-
dard for diagnosing bronchiectasis. With current state-of-the-
art multidetector CT, routine imaging of the lungs with 3-mm
collimation and 1.25-mm reformatting will allow for diagnosis
of most cases of bronchiectasis, even very mild cases. The most
reliable finding for the diagnosis of cylindric bronchiectasis is
visualization of bronchi within 1 cm of costal or paraverte-
bral pleura, or visualization of bronchi abutting the mediasti-
nal pleura. Although lack of normal bronchial tapering and
increased bronchoarterial ratios are helpful in the diagnosis of

A B

FIGURE 13-17. Atypical mycobacterial bronchiolitis. A: CT shows tree-in-bud opacities in the periphery of the right lower lobe (arrows).
B: Thin-section CT (1.25 mm) shows cylindric bronchiolectasis in the right lower lobe (arrow). Note bronchiolar opacities in the left lower lobe
as well.
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FIGURE 13-19. Cystic bronchiectasis. CT of a 65-year-old woman
with a history of Pasteurella multocida infection of the lungs shows
dilated bronchi and bronchioles, forming a “cluster of grapes” in the
right lower lobe (arrows).

bronchiectasis, these findings can also be seen in 10% to 20%
of healthy subjects.

Despite the ease with which bronchiectasis can be identified
on CT in most cases, there are a number of potential pitfalls
(63). These include artifacts from both respiratory and cardiac
motion, and inappropriate collimation and electronic window-
ing. A number of diffuse lung diseases can simulate bronchiec-
tasis, especially cystic bronchiectasis; these include Langerhan
cell histiocytosis, lymphangioleiomyomatosis, cystic changes
related to connective tissue diseases or lymphocytic interstitial

TA B L E 1 3 - 5

CAUSES OF BRONCHIECTASIS

“BRONCHIECTASIS”
Broncholith
Retraction of parenchyma (fibrosis)
Obstruction by foreign body
Neoplastic obstruction
Cartilage deficiency (Williams-Campbell syndrome)
Cilia syndrome (Kartagener syndrome)
Host defenses down (agammaglobulinemia)
Infection
Emphysema
Cystic fibrosis
Chronic granulomatous disease
Tuberculosis
Allergic bronchopulmonary aspergillosis
Swyer-James syndrome
Inhalation injury (ammonia, gastric acid)
Sarcoidosis (uncommon)

pneumonitis or in patients with acquired immunodeficiency
syndrome and Pneumocystis jiroveci pneumonia, emphysema,
and cystic metastases. The characteristic combination of “cyst”
paired with the accompanying pulmonary artery is sometimes
helpful in confirming bronchiectasis, as is variation in the sizes
of bronchiectatic “cysts” with inspiration and expiration, a
feature that is not usually seen with other types of cystic le-
sions. Following cystlike lesions from one CT scan section to
another and noting their relationship to central airways and
their “tubular” nature also allow for accurate distinction be-
tween bronchiectasis and other cystic diseases, in most cases.
This can be facilitated by reconstructing multidetector CT data
to create maximum-intensity-projection images and coronal re-
formations.

A B

FIGURE 13-20. Cystic bronchiectasis. A: PA chest radiograph of a 78-year-old woman shows increased “interstitial markings” in the lower
lungs. There is a prominent thin-walled “ring shadow” in the right middle lobe (arrows). B: CT shows thick-walled, dilated bronchioles forming
a “cluster of grapes” in the right lower lobe and a large dilated airway in the right middle lobe (arrow). Patchy areas of dense airspace opacity in
the right lower lobe were thought to represent acute pneumonia.
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A

B

FIGURE 13-21. Kartagener syndrome. A: PA chest radiograph of a
woman with sinusitis shows dextrocardia, a right-sided stomach bubble
(S), and subtle bilateral lower lobe “interstitial” opacities. B: CT shows
bilateral lower lobe cystic bronchiectasis.

The dyskinetic cilia syndrome, first described in 1976 (64),
represents a spectrum of genetically determined defects in cil-
iary structure and function that interfere with mucociliary
clearance. Although the term immotile cilia syndrome has
been used, in many cases the cilia demonstrate some motility
(although dyskinetic). Described conditions include (a) situs
inversus, paranasal sinusitis, and bronchiectasis (the three ma-
jor components of Kartagener syndrome) (Figs. 13-21 and
13-22); (b) recurrent upper and lower respiratory tract infec-
tions; (c) and immotile sperm and infertility.

Cystic Fibrosis

CF is a relatively common genetic disorder that affects the up-
per and lower respiratory tracts, pancreas, liver and gallblad-
der, intestines, and genital tract. Approximately one in 1,600
live births is affected by this autosomal recessive disease, which
occurs predominantly in Caucasians. In 1985, the CF defect
was determined to be located on chromosome 7 (65), and 4
years later the CF gene was identified by positional cloning (66–
68). This new knowledge gave rise to new therapies, including
in vivo gene therapy (69). The median survival age rose from
about 18 years in 1976 to 29 years in the early 1990s (70,71).

Chest radiographic findings in adult patients with CF in-
clude hyperinflation and atelectasis as well as bronchiectasis
(72). CT shows the presence, severity, and extent of bronchiec-
tasis, peribronchial thickening, mucous plugging (Fig. 13-23),
abscesses, bullae, lung collapse, and dense parenchymal opaci-
fication (73) (Fig. 13-24). In early stages of the disease, the
upper lungs are involved to a greater extent than the lower
lungs (Fig. 13-25). As the disease progresses, the process be-
comes more diffuse and an upper lung–predominant pattern
may not be appreciated.

Chronic Bronchitis

Chronic bronchitis is defined clinically as a chronic or recurrent
increase in the volume of mucoid bronchial secretions suffi-
cient to cause expectoration, occurring on most days during at

least 3 consecutive months for no less than 2 consecutive years
(74). It is common among cigarette smokers. The diagnosis is
based on the presence of chronic productive cough in the ab-
sence of any specific cause, such as bronchiectasis or chronic
infection. The radiographic features are nonspecific and include
tubular shadows, thickened bronchial walls, hyperinflation of
the lungs, and areas of pulmonary oligemia. The term dirty
lung has been used to describe the increase in bronchovascu-
lar markings. Hyperinflation and oligemia are probably a result
of associated pulmonary emphysema. Findings of centrilobular
emphysema can predominate on CT of patients with chronic
bronchitis. Radiographic and CT features are insensitive and
nonspecific, and a high degree of interobserver variability fur-
ther limits the diagnostic capabilities of imaging.

Bronchiolitis

Evaluation of the bronchioles, defined as peripheral airways
that do not contain cartilage, requires an understanding of the
anatomy of the secondary pulmonary lobule, the smallest por-
tion of lung that is surrounded by connective tissue septa. The
lobular bronchioles measure no more than 1 mm in diame-
ter (75), and their walls are less than 0.1 mm thick. Normal
bronchioles are generally not seen on thin-section CT. How-
ever, bronchiolar abnormalities may be detected when there is
thickening of the bronchiolar wall, peribronchiolar inflamma-
tion and fibrosis, and bronchiolectasis with or without filling
of the dilated bronchiole with secretions (76).

Another CT feature of bronchiolar (small-airway) disease is
a mosaic pattern of lung attenuation, which can also be seen
with pulmonary vascular and infiltrative lung diseases. In cases
of small airway disease, areas of variable lung attenuation that
form a mosaic pattern, which is accentuated during forced ex-
halation, represent air trapping, hypoxic vasoconstriction, and
mechanical pressure on blood vessels (77). On CT obtained at
end-exhalation, air trapping is recognized as a lack of increase
in attenuation or a lack of decrease in volume of areas of abnor-
mally lucent lung. In small airway disease, the size and number
of vessels in the abnormally lucent area of lung are decreased
relative to areas of higher-attenuation lung. Air trapping can
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A B

C D

FIGURE 13-22. Kartagener syndrome. A: PA chest radiograph of a 56-year-old man shows dextrocardia and a right-sided stomach bubble. B:
CT confirms dextrocardia. C: CT at a level inferior to (B) shows situs inversus, with the liver on the left and the spleen on the right. D: CT with
lung windowing shows bibasilar bronchiectasis (arrows).

A

B

FIGURE 13-23. Cystic fibrosis. A: PA chest radiograph of a 28-year-old
woman with cystic fibrosis shows bilateral bronchiectasis, along with
tubular and nodular opacities representing mucus-impacted airways.
B: CT shows mucous plugging of distal airways (arrow).
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A B

FIGURE 13-24. Cystic fibrosis. A: CT of a 22-year-old man with cystic fibrosis shows extensive bronchiectasis and bronchial wall thickening in
the upper lobes. B: CT at a more inferior level shows extensive involvement of the small airways.

also be seen with pulmonary vascular diseases but not with
infiltrative diseases.

Obliterative bronchiolitis (OB) is defined pathologically as
irreversible fibrosis of small-airway walls that causes the airway
lumina to become narrow or obliterated. Constrictive bronchi-

olitis, which emphasizes the fibrotic and extrinsic nature of the
lesion, is a synonym for OB and is favored by some authors
since it avoids confusion with bronchiolitis obliterans organiz-
ing pneumonia, a condition now more commonly referred to
as cryptogenic organizing pneumonia (78). The clinical criteria

A B

C

FIGURE 13-25. Cystic fibrosis. A: PA chest radiograph of a 19-year-
old man with cystic fibrosis shows diffuse bilateral bronchiectasis,
bronchial wall thickening, and areas of mucoid impaction. B: CT of
the upper lungs confirms the chest radiographic findings. C: CT at a
more inferior level shows normal lung bases. Early in the course of the
disease process, it is typical for the upper lungs to be more involved than
the lower lungs. As the disease progresses, an upper lung predominance
may not be appreciated.
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FIGURE 13-26. Swyer-James syndrome. CT shows bronchiectasis,
bronchiolectasis, tree-in-bud opacities, and bullae in the right lung.
The right lung is hyperlucent as a result of air trapping related to oblit-
erative bronchiolitis. The right pulmonary artery is diminutive, another
feature of Swyer-James syndrome.

used for the diagnosis of OB are irreversible airflow limitation,
with a forced expiratory volume in 1 second (FEV1) that is less
than 60% of the predicted value, in the absence of emphysema,
chronic bronchitis, asthma, or other cause of airway obstruc-
tion (79). OB and cryptogenic organizing pneumonia are not
thought to be related, although they can occur as a result of
similar etiologic factors. Both are commonly idiopathic. OB is
a common sequela of heart or lung transplantation, represent-
ing chronic rejection in lung transplantation, and bone marrow
transplantation, where OB represents chronic graft-versus-host
disease. OB is a component of Swyer-James syndrome related
to childhood viral infection (Fig. 13-26).

Chest radiographs are usually normal in OB but can show
slowly progressive hyperinflation. The CT findings include
bronchiolectasis, centrilobular branching structures and nod-
ules caused by peribronchiolar thickening and bronchiolectasis
with secretions (80), and mosaic lung attenuation (80–83) (Fig.
13-27). Interpretation of air trapping must be made with cau-

FIGURE 13-28. Diffuse panbronchiolitis. CT of a 61-year-old non-
smoking man with chronic sinusitis, cough, fever, shortness of breath,
scant sputum production, and mixed restrictive and obstructive pattern
on pulmonary function tests shows cylindric bronchiectasis and bron-
chiolectasis (arrows), along with peripheral nodular and linear branch-
ing opacities representing dilated, impacted bronchioles (arrowheads).

tion, because occasional isolated areas of lobular air trapping
can be seen in healthy individuals (51).

Pathologic changes occur in the small airways of essentially
all smokers (84,85). Respiratory bronchiolitis, also referred
to as smoker’s bronchiolitis (86,87), involves the respiratory
bronchioles and is characterized by mild chronic inflamma-
tion of the bronchioles associated with accumulation of pig-
mented macrophages in respiratory bronchioles and adjacent
alveoli. The condition may be severe enough to produce clini-
cal symptoms of cough and shortness of breath and to produce
CT abnormalities, including areas of ground-glass attenuation,
centrilobular micronodules, and air trapping (88,89). The ab-
normalities usually involve predominantly the upper lungs (a
distribution similar to that of smoking-related centrilobular
emphysema) but may be diffuse.

A B

FIGURE 13-27. Obliterative bronchiolitis. A: Inspiratory CT of a 40-year-old woman with a transplanted heart is normal. B: Expiratory CT
shows diffuse areas of abnormal parenchymal lucency, representing air trapping. Note anterior bowing of posterior membranous trachea on
expiration (arrow).
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FIGURE 13-29. Diffuse panbronchiolitis. CT shows diffuse bronch-
iectasis, bronchiolectasis, airway wall thickening, and tree-in-bud
opacities.

Diffuse panbronchiolitis is an inflammatory lung disease of
unclear etiology that is prevalent in Asians and rare in Euro-
peans and North Americans. Histologically, there is thickening
of the walls of respiratory bronchioles and associated peribron-
chiolitis, and, in advanced stages, bronchiolectasis (90). The
chest radiograph can show disseminated small nodular opaci-
ties up to 2 mm in size (91). The findings on CT have been clas-
sified into four types: (a) nodules alone, (b) nodules associated
with branching linear opacities, (c) nodules with ring-shaped
or small tubular opacities (probable bronchiolectasis), and (d)
large cystic opacities accompanied by dilated proximal bronchi
(90,92) (Figs. 13-28 and 13-29).

Bronchopneumonia, regardless of the type of infectious
agent, can result in centrilobular nodules or branching struc-
tures on CT, which are related to peribronchiolar consolidation
or pus-filled small airways (91), and it is the most common
cause of the “tree-in-bud” pattern seen on CT (93,94) (Figs.
13-30 to 13-34). Aspiration of infected or other material into

FIGURE 13-30. Infectious bronchiolitis. Maximum-intensity-projec-
tion CT of an 81-year-old man with cough and weight loss shows
diffuse bronchiolitis, with prominent tree-in-bud opacities in the pe-
riphery of the lungs.

FIGURE 13-31. Atypical mycobacterial bronchiolitis. CT of an 88-
year-old woman with chronic cough shows varicose and cystic
bronchiectasis in the right middle lobe and tree-in-bud opacities in
the right lower lobe (arrow).

the small airways is another common cause of the tree-in-bud
pattern (Figs. 13-35 and 13-36).

Emphysema

Pulmonary emphysema, as defined by the National Heart,
Lung, and Blood Institute, is “an abnormal permanent enlarge-
ment of the airspaces distal to the terminal bronchioles, ac-
companied by destruction of the alveolar walls, and without
obvious fibrosis” (95). Three different morphologic subtypes
of emphysema have been described according to their location
in the secondary pulmonary lobule: centrilobular, panlobular,
and paraseptal (distal lobular) (Table 13−6). A fourth type
of emphysema, paracicatricial emphysema, results from and is

FIGURE 13-32. Atypical mycobacterial bronchiolitis. CT of a 69-
year-old woman with fever and cough shows tree-in-bud opacities in
the right middle lobe (solid arrow) and cylindric bronchiectasis in the
lingula (dashed arrow).
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A B

FIGURE 13-33. Mycobacterium avium complex infection. A: CT of a 58-year-old woman shows cylindric bronchiectasis in the right middle lobe.
B: Extensive bronchiectasis, bronchiolectasis, airway wall thickening, and tree-in-bud opacities are seen in the lower lobes.

always associated with pulmonary fibrosis and therefore does
not meet the strict definition of emphysema.

Emphysema is found at autopsy in up to 66% of adult pa-
tients (96,97), but clinical detection of disease during life is
difficult unless the condition is advanced. The presence of air-
flow obstruction alone is a sensitive indicator of the presence of
emphysema but is not specific, since asthma, irreversible small-
airway disease, and certain forms of interstitial lung disease
may also result in decreased FEV1 (95,98,99). Evidence of im-
pairment in gas transfer, as assessed with carbon monoxide dif-
fusing capacity, is more sensitive than abnormal spirometry for
the diagnosis of emphysema; it is also nonspecific, however, and
patients may have up to 30% of their lung involved with em-
physema but have no evidence of functional impairment (100).
The accuracy of diagnosis based on findings from chest ra-
diographs depends on the severity of parenchymal destruction
(101,102). CT findings correlate with the presence and sever-
ity of morphologic emphysema better than chest radiographic
findings or results of pulmonary function tests (103,104), al-
though several studies that assessed CT with 10-mm and 1-
mm collimation concluded that CT consistently underestimates
the extent of centrilobular and panlobular emphysema and the

FIGURE 13-34. Infectious bronchiolitis. CT of a 72-year-old man
with methicillin-resistant Staphylococcus aureus pneumonia shows
tree-in-bud opacities in the right lower lobe and dense airspace opacity
and volume loss in the left lower lobe.

severity of emphysema when compared with pathologic assess-
ment (105–108). In spite of these limitations, CT is currently
the best way to detect emphysema in living patients.

The most common form of emphysema, centrilobular em-
physema, is strongly associated with cigarette smoking, with
the severity of emphysema increasing with the number of
cigarettes smoked (109,110). Centrilobular emphysema results
from destruction of alveoli around the proximal respiratory
bronchiole and characteristically has a predominantly upper
lung distribution. Although the upper lungs are more severely
affected by emphysema, the degree of emphysema in the lower
lungs has a stronger correlation with pulmonary function ab-
normalities. This indicates that the upper lungs are physio-
logically a relatively silent region, where extensive destruction
may occur before functional abnormalities become detectable
(111).

Panlobular emphysema has a characteristic lower lobe–
predominant distribution; this is the type of emphysema seen
in patients with α-1-antitrypsin deficiency (Fig. 13-37). In pan-
lobular emphysema, the alveoli are destroyed throughout the
secondary pulmonary lobule. The same findings of basilar

FIGURE 13-35. Aspiration. CT of a 77-year-old man with recurrent
aspiration shows bronchiectasis and tree-in-bud opacities in both lower
lobes.
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FIGURE 13-36. Aspiration. CT of a 57-year-old man with Parkinson
disease and recurrent aspiration shows diffuse tree-in-bud opacities.

A

B

C

D

FIGURE 13-37. Alpha-1-antitrypsin deficiency. A: PA chest ra-
diograph of a 43-year-old man shows hyperinflation and hyperlu-
cency in the lower lungs. B: Lateral view shows increased retroster-
nal lucency and flattening of the diaphragm. C: CT shows bullous
emphysema in the lower lungs. D: CT at a more superior level
shows less severe emphysema. Compared with smoking-related
centrilobular emphysema, emphysema caused by α-1-antitrypsin
deficiency, although diffuse, is more severe in the lower lungs.

TA B L E 1 3 - 6

FEATURES OF THREE MORPHOLOGIC SUBTYPES OF
EMPHYSEMA

Centrilobular
Involves central portion of secondary pulmonary lobule
Usually a result of cigarette smoking
Upper lung–predominant distribution
“Swiss cheese” appearance on CT (early on)

Panacinar
Involves entire secondary pulmonary lobule
Seen in α-1-antitrypsin deficiency
Lower lung–predominant distribution
“Lung simplification” appearance on CT

Paraseptal
Bullae or air cysts in a subpleural location
Associated with spontaneous pneumothorax
Most common in lung apices

CT, computed tomography.
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FIGURE 13-38. Methylphenidate (Ritalin) lung. PA chest radiograph
of a woman who intravenously injected crushed Ritalin tablets shows
emphysema in the lower lungs, which is similar in appearance to the
findings of α-1-antitrypsin deficiency.

A B

FIGURE 13-39. Emphysema. PA (A) and lateral (B) chest radiographs of a long-time cigarette smoker show flattening of the diaphragm with
blunting of the costophrenic angles, increased retrosternal lucency, increased AP diameter of the chest, and prominent central pulmonary arteries.
Note that the sternodiaphragmatic angle is greater than 90 degrees, indicative of extreme flattening and even minimal concavity of the diaphragmatic
contour, as seen on the lateral view.

emphysema can be seen in patients who intravenously inject
methylphenidate (crushed Ritalin tablets) (Fig. 13-38) (112).

Paraseptal emphysema is a focal or multifocal abnormality
involving the periphery of the pulmonary lobule that is almost
always seen in the periphery of the lung along the fissures and
at sharp pleural reflections. Coalescence of paraseptal emphy-
sema leads to the formation of bullae and is important in the de-
velopment of spontaneous pneumothorax (113,114). Parasep-
tal emphysema should not be confused with honeycombing,
which has thicker walls and is associated with fibrosis (115).

Criteria for chest radiographic diagnosis of emphysema in-
clude two or more of the following:

1. Depression and flattening of the diaphragm on the
posteroanterior (PA) chest radiograph and blunting of
costophrenic angles, with the actual level of the di-
aphragm not as significant as the contour (this can be de-
termined from a straight line connecting the costophrenic
junction to the vertebrophrenic junction on each side; if
the highest level of the diaphragm contour is less than
1.5 cm above this line, the diaphragm can be recorded
as flat).

2. Irregular radiolucency of the lung, as a result of irreg-
ularity in distribution of the emphysematous tissue de-
struction.

3. Increased retrosternal radiolucency, as seen on the lateral
view, measuring 2.5 cm or more from the sternum to the
most anterior margin of the ascending aorta.

4. Flattening or even concavity of the diaphragm contour
on the lateral chest radiograph, as determined by the
presence of a sternodiaphragmatic angle of 90 degrees
or larger (100) (Fig. 13-39).

Other findings include increased AP diameter of the chest,
saber-sheath configuration of the trachea, narrow cardiomedi-
astinal silhouette, and enlargement of the central pulmonary
arteries and right ventricle when pulmonary artery hyperten-
sion and cor pulmonale are present, respectively.
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FIGURE 13-40. Centrilobular emphysema. CT of a 50-year-old
woman with a long history of cigarette smoking shows focal areas of
low attenuation creating a “Swiss cheese” appearance. Note a central
nodular opacity within several of the areas of lucency (arrows); these
opacities represent the lobular arteries. This finding helps to distinguish
emphysema from cystic lung diseases.

A

B

C

FIGURE 13-41. Giant bullous emphysema. PA (A) and lateral (B) chest
radiographs of a 47-year-old man with progressive severe shortness of
breath shows marked hyperinflation and hyperlucency of the lungs.
The vascular markings are sparse (so-called vanishing lung sign), with
the majority of residual perfusion going to the right medial base. The
crowding of vascular markings at the right lung base, from compressive
emphysema, should not be mistaken for focal pneumonia. Pneumo-
thorax can be confused with this appearance; in some cases, CT is the
only way to exclude a pneumothorax. C: CT shows a huge bulla in the
left upper lobe that displaces the major fissure posteriorly and medially
(arrows) and a prominent bulla in the right lower lobe. Note abnormal
lucent emphysematous spaces within the lungs (L).

Thin-section CT shows centrilobular emphysema as focal
areas of low attenuation up to 1 cm in diameter within a ho-
mogeneous background of lung parenchyma; occasionally, this
results in a “Swiss cheese” appearance. These areas of low at-
tenuation are usually round or oval, have no definable wall,
and are often associated with a small centrilobular “dot” rep-
resenting the normal centrilobular core structures (Fig. 13-40).
The appearance of panlobular emphysema on CT is large, ex-
tensive areas of uniform low attenuation with a lower lobe–
predominant distribution associated with a reduction in the
size and number of pulmonary vessels. No peripheral preser-
vation of the lobule occurs, and therefore no striking differ-
ence in density exists between affected lobules and a homoge-
neous background of normal pulmonary parenchyma. Because
of this, mild to moderate disease can be easily missed and the
extent of disease underestimated (116). Paraseptal emphysema
appears as multiple small subpleural airspaces ranging from a
few millimeters to 1 cm in diameter (117).

Bullae, a term used synonymously with blebs, are described
as air-filled structures greater than 1 cm in diameter, with
thin walls, occurring in a subpleural or intraparenchymal lo-
cation. They are usually multiple or associated with parasep-
tal, centrilobular, or panlobular emphysema (118). Giant bul-
lous emphysema, or vanishing lung syndrome (Fig. 13-41), is
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FIGURE 13-42. Infected bulla. A: PA chest radiograph of a 68-year-old
man shows an air–fluid level in the right medial base (arrow). B: Lateral
view shows a thin-walled cystic structure with an air–fluid level (arrow)
in the right middle lobe. C: CT confirms a thin-walled bulla with an
air–fluid level in the right middle lobe (arrow). Additional bullae were
seen at several other levels on CT.

characterized by large bullae that are several centimeters in di-
ameter and in some cases large enough to fill an entire hemitho-
rax. When giant bullae impair pulmonary function and are
associated with compressed lung on CT, the usual method of
treatment is surgical resection (bullectomy) (119). On occa-

FIGURE 13-43. Infected bulla. CT of a 39-year-old man with α-1-
antitrypsin deficiency shows a bulla with an air–fluid level (arrow) in
the left lower lobe.

sion, bullae can become infected and present as cystic masses
with air–fluid levels (Figs. 13-42 and 13-43).
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CHAPTER 14

UNILATERAL HYPERLUCENT HEMITHORAX

LEARNING OBJECTIVES
1. Recognize a unilateral hyperlucent hemithorax on a chest

radiograph or computed tomography (CT).
2. Describe the common causes of a unilateral hyperlucent

hemithorax on a chest radiograph or CT.
3. List an appropriate differential diagnosis when a

hyperlucent hemithorax is seen on a chest radiograph or

CT and suggest a specific diagnosis when certain
associated findings are seen (e.g., absence of a breast after
mastectomy, absence of a pectoralis muscle in Poland
syndrome, unilateral or asymmetric bullous
disease/emphysema, or air trapping on exhalation
imaging in a patient with Swyer-James syndrome or an
endobronchial foreign body).

The most common chest radiographic causes of a unilateral
hyperlucent hemithorax do not reflect an intrinsic abnormality
of the lung itself. Improper patient positioning is the most com-
mon cause. A slight degree of patient rotation will result in dis-
parity in overall lung opacity on the posteroanterior (PA) chest
radiograph. By the same mechanism, scoliosis, if severe, may
cause asymmetry of lung density. Mastectomy results in asym-
metry of soft tissues overlying the lungs and relative radiolu-
cency on the side of breast removal (Fig. 14-1). This common
cause of unilateral hyperlucent hemithorax is easily overlooked

FIGURE 14-1. Mastectomy. PA chest radiograph of a woman after
right mastectomy for breast cancer. Note the presence of a breast
shadow on the left and the absence on the right; as a result, the right
lung appears relatively hyperlucent compared with the left.

unless the observer is methodical in always evaluating soft tis-
sues on a chest radiograph. Absence of the sternocleidomastoid
muscle results in hyperlucency in the upper hemithorax (Fig.
14-2). Absence of the pectoralis muscle also results in hyperlu-
cency of the ipsilateral hemithorax (Fig. 14-3 and 14-4). When
associated with ipsilateral syndactyly, brachydactyly, and rib
anomalies, the condition is called Poland syndrome.

FIGURE 14-2. Absence of sternocleidomastoid muscle. PA chest ra-
diograph of a 47-year-old woman with thyroid carcinoma who under-
went left radical neck dissection shows hyperlucency of the left upper
hemithorax. Note a normal sternocleidomastoid muscle shadow on the
right (arrows) and absence of the shadow on the left.

238
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FIGURE 14-3. Absence of pectoralis muscle. PA chest radiograph
shows relative hyperlucency of the left hemithorax because of the
absence of left pectoralis muscle. Note the normal pectoralis muscle
shadow on the right (solid arrow) and abnormal elevation of the skin
fold on the left (dashed arrow).

A large pneumothorax results in hyperlucency of the ip-
silateral hemithorax and can be recognized by observing dis-
placement of the visceral pleural line, absence of lung markings
distal to the displaced pleural line, and contralateral shift of the
mediastinum (Fig. 14-5). Patients who have had pulmonary re-
sections or who have lobar atelectasis may also show lucency
of the residual aerated lung in the involved hemithorax be-
cause of compensatory hyperexpansion. A common cause of
hyperlucent hemithorax in some hospitals is unilateral lung
transplantation for pulmonary emphysema, where the native
emphysematous lung is radiolucent relative to the lung trans-
plant, which receives the bulk of the pulmonary perfusion (Fig.
14-6). In some cases of hyperlucent hemithorax, the lucent side
is normal and the opposite side is abnormally radiopaque. Dif-

FIGURE 14-4. Absence of pectoralis muscles. Computed tomography
(CT) of a woman who underwent left radical mastectomy for breast
cancer shows pectoral muscles on the right (solid arrow) and absence
of pectoral muscles on the left (dashed arrow).

FIGURE 14-5. Tension pneumothorax. Anteroposterior supine chest
radiograph of a 35-year-old man involved in a motor vehicle crash
shows a large left pneumothorax, collapse of the left lung, and medi-
astinal shift to the right. The left hemithorax is hyperlucent compared
with the right.

fuse pleural thickening on the more opaque side or pleural
fluid layering posteriorly on a supine radiograph are frequent
causes.

The origins of true unilateral hyperlucent lung will be the fo-
cus of this chapter. After faulty radiologic technique and chest
wall defects are excluded as possible sources, the causes of uni-
lateral hyperlucent lung can be categorized into those primarily
related to airway obstruction and those primarily related to de-
creased pulmonary blood flow (Table 14-1).

FIGURE 14-6. Left lung transplant. PA chest radiograph of a 62-year-
old woman with a left lung transplant shows a hyperlucent right lung.
The native right emphysematous lung is hyperlucent and hyperex-
panded, causing mediastinal shift to the left.
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TA B L E 1 4 - 1

CAUSES OF UNILATERAL HYPERLUCENT
HEMITHORAX

Patient positioning
Rotation
Scoliosis

Chest wall defect
Mastectomy
Poland syndrome (absent pectoralis muscle)

Pneumothorax

Airway obstruction

Bronchial compression (hilar mass, cardiomegaly)
Endobronchial obstruction with air trapping (foreign

body, tumor)
Obliterative bronchiolitis
Swyer-James syndrome
Pulmonary emphysema (asymmetric)
Congenital lobar emphysema

Pulmonary vascular cause
Pulmonary embolism
Pulmonary artery hypoplasia

AIRWAY OBSTRUCTION AS A
CAUSE OF UNILATERAL
HYPERLUCENT LUNG

The hallmark of airway obstruction on chest radiographs is the
finding of air trapping. An exhalation-phase chest radiograph
will show whether air trapping is present; this is manifested
as failure of the lung to decrease in volume and failure of the
lung to increase in opacity on exhalation compared with in-
halation. In some cases, the mediastinum shifts to the side that
is not trapping air on exhalational views. Air trapping occurs
when an endobronchial lesion, usually a foreign body in a large
airway, causes a check-valve type of obstruction. The foreign
body does not completely obstruct the bronchus in which it
is lodged. During inhalation, the bronchial diameter normally
increases, allowing air to pass around the foreign body and
enter the lung distal to the obstruction. During exhalation, the
bronchial diameter normally decreases, and the air is trapped
within the lung distal to the obstruction. This allows a foreign
body that does not completely obstruct a bronchus during in-
halation to do so during exhalation. As a result, the lung, lobe,
or segment distal to the foreign body becomes increasingly dis-
tended until the pressure within it prevents more air from en-
tering. In children, this type of check-valve obstruction usually
results from the aspiration of food, commonly a peanut, or a
toy or coin. In adults, this type of obstruction can result from
aspiration of foreign bodies but also, more important, from
an endobronchial tumor (Fig. 14-7). Extrinsic masses, such as

A

B

C

FIGURE 14-7. Carcinoid tumor. A: PA inspiratory chest radiograph of
a 24-year-old woman with a prolonged history of wheezing, shortness
of breath, cough, and recurrent pneumonia appears normal. The patient
was treated for asthma with no relief in symptoms. B: PA exhalational
view shows air trapping in the left hyperlucent lung and mediastinal shift
to the right. C: CT shows a mass (arrow) in the left main bronchus. This
mass results in a ball-valve obstruction, where air enters the lung during
inhalation but can’t exit the lung during exhalation. Note that the left
lung is hyperlucent relative to the right lung as a result of air trapping.
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enlarged nodes or an enlarged heart, can obstruct a bronchus
in a similar fashion.

Obliterative bronchiolitis is a syndrome of airflow limita-
tion caused by bronchiolar and peribronchiolar inflammation
and fibrosis, as was discussed in Chapter 13. In adults, it is most
often idiopathic in etiology, but is also associated with lung and
bone marrow transplantation as well as a variety of other in-
sults to the lung. The Swyer-James, or MacLeod, syndrome is
a form of obliterative bronchiolitis that occurs following an in-
sult to the developing lung (1). In this syndrome, unlike in large
central airway obstruction, small bronchi and bronchioles are
affected, and the lung served by abnormal airways remains in-
flated by collateral air drift. By definition, the airway disease as
assessed by the chest radiograph is predominantly unilateral,
giving rise to the key finding of unilateral hyperlucent lung. In
practice, obliterative bronchiolitis is often bilateral and patchy.
The injury to the immature lung, which occurs during the first
8 years of life, commonly follows a viral infection. Bronchi and
bronchioles from the fourth generation to the terminal bron-
chioles have submucosal fibrosis, which causes luminal irregu-
larity and occlusion. Pulmonary tissue is hypoplastic, including
the pulmonary artery and its branches, which are reduced in
both size and number. Lung distal to diseased airways is hyper-
inflated and supplied by collateral air drift. Sometimes panaci-
nar emphysematous changes are present. Patients are typically
asymptomatic, often presenting as adults with an incidental
abnormal chest radiograph.

Chest radiographs show unilateral hyperlucency because of
reduced lung perfusion and air trapping (Fig. 14-8). The size
and number of vessels in the middle and peripheral lung are
reduced on the affected side. The hilum of the involved lung is
small, but lung volumes are normal or only slightly decreased.
Ipsilateral air trapping on exhalational chest radiography is
a key finding of the condition. The air trapping can also be
demonstrated on nuclear medicine ventilation studies or paired
inhalation/exhalation computed tomography (CT).

The CT findings of Swyer-James syndrome include a patch-
work of local low-density and hypovascular areas interspersed
with lung of normal density (2). Air trapping can be confirmed
on exhalation. Other changes that can be seen on CT include
bronchiectasis, bronchiolectasis, atelectasis, and focal scarring
(see Fig. 13-26) (3).

Pulmonary emphysema is a pathologic diagnosis that is de-
fined as a condition of the lung characterized by abnormal per-

FIGURE 14-8. Swyer-James syndrome. PA chest radiograph of a
12-year-old boy shows hyperlucency of the abnormal left lung. The
vessels on the left are diminutive, the hilum is small, and lung volume
is slightly decreased.

manent enlargement of airspaces distal to the terminal bron-
chiole and accompanied by the destruction of their walls and
without obvious fibrosis. Although emphysema is usually a dif-
fuse, bilateral process, it can on occasion be asymmetric, with
one lung more severely involved than the other. This marked
asymmetry in involvement can result in the more severely in-
volved lung appearing hyperlucent compared with the oppo-
site lung (Fig. 14-9). Emphysema is discussed in more detail in
Chapter 13.

Congenital lobar emphysema (CLE) usually manifests in the
neonatal period, but in some cases the presentation is delayed

A B

FIGURE 14-9. Asymmetric pulmonary emphysema. A: PA chest radiograph of a 69-year-old woman with emphysema shows hyperlucency of the
right lung. B: CT shows the cause of the hyperlucency to be emphysema that more severely involves the right lung compared with the left lung.
The vessels in the right lung are diminutive compared with those on the left.
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A

B

C

FIGURE 14-10. Pulmonary emboli. A: PA chest radiograph of a man
with a lower-extremity soft tissue sarcoma, embolizing to the pulmonary
arteries, shows a hyperlucent right lung. B: Coronal reformatted CT
shows markedly decreased perfusion to the right lung. C: Axial CT shows
low-attenuation filling defect throughout the main and right pulmonary
arteries (arrows).

until after the first month of life; it can also present in adult-
hood. Aplasia, hypoplasia, or dysplasia of bronchial support-
ing structures is postulated as the primary cause of CLE (4).
The chest radiographic appearance of CLE is hyperexpansion
of an isolated lobe in one lung, usually an upper or middle
lobe. The expanded lobe may cause compressive atelectasis of
the rest of the lung. Its appearance on chest radiography or CT
can be similar to that of obliterative bronchiolitis.

PULMONARY VASCULAR
CAUSES OF UNILATERAL

HYPERLUCENT LUNG
Pulmonary vascular conditions may result in a hyperlucent lung
on chest radiography that is indistinguishable from the lucency
associated with airway obstruction. However, in primary vas-
cular conditions, air trapping is generally not as severe as with
airway obstruction.

One of the chest radiographic signs of pulmonary embolism
is oligemia of the lung beyond the occluded vessel (Westermark
sign). A large unilateral embolus, whether bland, septic, or neo-
plastic, can result in a unilateral hyperlucent lung (Fig. 14-10).
When seen, the Westermark sign can be very helpful in suggest-
ing further workup for pulmonary embolism in the appropriate
patient population; however, this sign is not commonly seen.

A more detailed discussion of radiographic and CT findings of
pulmonary embolism is included in Chapter 17.

Unilateral absence or hypoplasia of a lung or a lobe is a con-
genital abnormality that, surprisingly, may cause few clinical
problems when not accompanied by other congenital abnor-
malities. The chest radiographic findings are those of absent or
decreased aeration of the affected side, signs of volume loss,
and compensatory hyperaeration of the opposite lung. The de-
creased perfusion to the affected lung contributes to its rela-
tive hyperlucency. Radiographs, and especially CT, show the
diminution or absence of a pulmonary artery. Fibrosing me-
diastinitis, when associated with encasement of a pulmonary
artery by fibrous tissue, can produce a similar appearance. In
this case, however, CT will show the abnormal fibrous tis-
sue infiltrating the mediastinum and encasing the bronchi and
vessels.
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CHAPTER 15

NEOPLASMS OF THE LUNG

LEARNING OBJECTIVES
1. Name the four major histologic types of bronchogenic

carcinoma and describe the difference between small cell
and non–small cell types.

2. Name the type of non–small cell lung cancer that most
commonly cavitates.

3. Name the types of bronchogenic cancer that are usually
centrally located.

4. Describe the TNM (tumor-node-metastases) classification
for staging non–small cell lung cancer, including the
components of each stage (I, II, III, IV, and substages),
and define each component (T1 to T4, N0 to N3, M0 to
M1).

5. Describe the staging of small cell lung cancer.
6. Name the four most common extrathoracic sites of

metastases for non–small cell and small cell lung cancer.

7. Name the stages of non–small cell lung cancer that are
potentially resectable.

8. Recognize abnormal contralateral mediastinal shift on a
postpneumonectomy chest radiograph and state five
possible etiologies for the abnormal shift.

9. Name the most common thoracic locations for
mucoepidermoid, adenoid cystic, and carcinoid tumors
to occur.

10. Describe the role of magnetic resonance imaging in lung
cancer staging (e.g., chest wall invasion and brachial
plexus involvement).

11. Describe the role of positron emission tomography in
lung cancer staging.

Bronchogenic carcinoma, a term referring to tumors originat-
ing from the bronchial epithelium, is the leading cause of death
from cancer in men and women in the industrialized world.
In 1987, bronchogenic cancer surpassed breast cancer as the
most common fatal malignancy of U.S. women (1,2). Cigarette
smoking is the most important causative factor in the devel-
opment of bronchogenic carcinoma, and there is a direct link
between cigarette smoking and development of bronchogenic
cancer (Fig. 15-1), with approximately 85% of deaths directly

FIGURE 15-1. Direct link between cigarette smoking and the develop-
ment of bronchogenic carcinoma. Note the package of cigarettes within
the patient’s shirt pocket (straight arrows) adjacent to the peripheral
adenocarcinoma within the left upper lobe (curved arrows).

attributable to tobacco use (2,3). This chapter will focus on
the clinical presentation, histologic classification, and staging
of bronchogenic carcinoma; this is followed by a brief discus-
sion of postpneumonectomy complications and of carcinoid
and salivary gland tumors of the trachea and bronchi.

BRONCHOGENIC CARCINOMA

Clinical Presentation

Bronchogenic carcinoma is relatively uncommon in patients
under the age of 30 and typically occurs in 60- to 70-year-
old men and women. Patients commonly present with symp-
toms produced by the primary tumor. Centrally located tumors
can cause coughing, wheezing, hemoptysis, and postobstruc-
tive pneumonia. Tumors invading the chest wall, pleura, and
mediastinal structures can cause pleuritic or local chest pain,
dyspnea, cough, the Pancoast syndrome, the superior vena cava
syndrome, or hoarseness (from involvement of the recurrent
laryngeal nerve). Symptoms can also be related to local or
distant metastases (Table 15-1) or paraneoplastic syndromes

TA B L E 1 5 - 1

COMMON EXTRATHORACIC SITES FOR METASTASES
OF BRONCHOGENIC CARCINOMA

“LABB”
Liver
Adrenal
Bone
Brain

243
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A B

FIGURE 15-2. Poorly differentiated non–small cell lung cancer. A: Posteroanterior (PA) chest radiograph of a 68-year-old woman with emphysema
shows a 6-cm mass in the right upper lobe. B: The mass is seen superiorly on the lateral view (arrows).

(systemic manifestations of the primary tumor unrelated
to distant metastases). Paraneoplastic syndromes can cause
cachexia of malignancy, digital clubbing and hypertrophic os-
teoarthropathy, nonbacterial thrombotic endocarditis, migra-
tory thrombophlebitis, and various neurologic and cutaneous
syndromes. Paraneoplastic syndromes may also be secondary
to secretion of ectopic hormones by tumor cells, which can
cause hypercalcemia, the syndrome of inappropriate secretion
of antidiuretic hormone, Cushing syndrome from corticotropin
secretion, gynecomastia, and acromegaly (4).

Histologic Classification

In 2004, the World Health Organization updated its classifi-
cation of lung tumors based on histologic features (5). Four
cell types account for more than 95% of all primary lung neo-
plasms: (i) adenocarcinoma (of which bronchioloalveolar car-
cinoma is a subset), (ii) squamous cell carcinoma, (iii) large cell
carcinoma, and (iv) small cell carcinoma. Mixtures of these
cell types may occur within the same primary neoplasm, and
some tumors are too poorly differentiated to be further clas-
sified (Fig. 15-2). Rapid growth, early metastatic spread, and
responsiveness to chemotherapy and radiation therapy distin-
guish small cell carcinoma from the others, which has led to the
classification of “small cell” and “non–small cell” carcinoma.
Features of the four histologic types are outlined in Table 15-2.

Adenocarcinoma

Adenocarcinoma accounts for 50% of all bronchogenic
carcinomas (6), and it is the most common cell type seen in
women and nonsmokers. There is a weak association with
cigarette smoking and the development of adenocarcinoma.
Microscopically, adenocarcinomas are characterized by the
formation of glands and papillary structures. Adenocarcino-

mas can arise from pre-existent lung scars, or they can engulf
pre-existing scars, giving rise to the term scar carcinoma. Like
most bronchogenic carcinomas, adenocarcinomas occur most
frequently in the upper lobes (Figs. 15-3 and 15-4). They are
typically peripheral and subpleural in location, associated with

TA B L E 1 5 - 2

CLINICAL AND RADIOLOGIC FEATURES OF THE
FOUR HISTOLOGIC TYPES OF BRONCHOGENIC
CARCINOMA

Non–small cell carcinoma
Adenocarcinoma

Most common type
Weak association with cigarette smoking
Usually peripheral in location
Most common type to have air bronchograms
Bronchioloalveolar carcinoma is a subtype

Squamous cell carcinoma
Second most common type
Strong association with cigarette smoking
Usually central in location
Most common type to cavitate

Large cell carcinoma
Least common type
Usually >3 cm in size
Usually in lung periphery

Small cell carcinoma
Strong association with cigarette smoking
Usually central in location
Often presents with bulky mediastinal adenopathy
Worst prognosis of all types
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A

B

C

FIGURE 15-3. Adenocarcinoma. A: PA chest radiograph of a 75-year-
old woman shows a mass in the right upper lobe abutting the medi-
astinum. B: CT shows the mass (arrow) compressing the superior vena
cava (S). C: The mass (arrow) is seen on a shoulder radiograph ob-
tained 3 months earlier. Incidental lung cancers can be detected on cer-
vical spine and shoulder radiographs, and review of these studies should
include a look at the visualized lungs.

FIGURE 15-4. Adenocarcinoma. PA chest radiograph of a 73-year-old
woman with hoarseness and shortness of breath shows calcified pleu-
ral plaques (arrows) and a poorly defined mass in the left upper lobe
(circle). The pleural plaques are related to previous asbestos exposure.
The hoarseness and elevation (paralysis) of the left hemidiaphragm are
related to tumor involvement of the left recurrent laryngeal nerve and
left phrenic nerve, respectively, in the aortopulmonary window.
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A

B

C

D

FIGURE 15-5. Adenocarcinoma. A: PA chest radiograph of a 48-year-
old man shows an irregular mass in the right upper lobe abutting the
mediastinum. B: CT shows the mass extending into the mediastinum.
The center of the mass is of low attenuation, secondary to tumor necro-
sis. C: CT at a more inferior level shows tumor along the posterior wall
of the right upper lobe bronchus. D: CT with lung windowing shows
the spiculated mass and a background of paraseptal and centrilobular
emphysema.

retraction of the adjacent pleura, but can also occur
centrally (Fig. 15-5). On chest radiography, adenocarcinomas
manifest as a solitary pulmonary nodule or mass that can
have well-marginated, lobulated, irregular, or spiculated
margins. Peripheral adenocarcinomas may directly invade
the pleura and grow circumferentially around the lung,
mimicking diffuse malignant mesothelioma, metastatic ade-
nocarcinoma of nonlung primary, or malignant thymoma. On
computed tomography (CT), adenocarcinomas often have air
bronchograms (Fig. 15-6).

Bronchioloalveolar carcinoma (BAC) is a subtype of ade-
nocarcinoma that has a “lepidic” pattern of growth, with
cuboidal or columnar cells lining the walls of distal airspaces.
The pulmonary interstitium serves as scaffolding for tumor
growth. Neoplastic cells can detach from the primary tumor
and attach to alveolar septa elsewhere in the lung, resulting
in multifocal spread of tumor. The cells can produce abun-
dant mucus, giving rise to “bronchorrhea,” the expectoration
of large amounts of mucus. The radiologic patterns of BAC are
protean. The most common radiologic manifestation of BAC
is a well-circumscribed peripheral solitary nodule or mass (7).
Actual cavitation is uncommon, although “pseudocavitation”
is a well-known feature. Air bronchograms are commonly seen
(Figs. 15-6 and 15-7). The lepidic pattern of growth can look
like airspace disease on chest radiography, an appearance sim-
ilar to that of pneumonia (Fig. 15-8). Less common patterns

include multiple nodules or extensive alveolar lung disease in-
volving one or more lobes.

Radiologically, peripheral adenocarcinomas produce a spec-
trum of ground-glass to solid opacities and can have varying
degrees of BAC histology (Fig. 15-9). The greater the solid
component, the greater the likelihood of an invasive growth
component. A common appearance of adenocarcinoma with
a BAC component is a nodule with a central solid component
and peripheral ground-glass opacity, the so-called “fried egg”
sign (Fig. 15-10). Kodama et al (8) have shown that the ra-
diologic ground-glass component correlates with noninvasive
growth (BAC) in pathology specimens. The strict definition of
BAC requires that the tumor be composed entirely of a lepidic
pattern of growth without evidence of interstitial or stromal in-
vasion (5). In one series, small (<3.0-cm) solitary tumors that
comprised an entirely lepidic growth pattern had a 5-year sur-
vival rate of 100% (9). BAC can be indolent, growing slowly
over many months or years, and should always be considered
when serial chest radiographs show chronic alveolar lung dis-
ease. It can recur in multiple areas of the lung after resection
(Figs. 15-9 and 15-11).

Squamous Cell Carcinoma

Squamous cell carcinoma is the second most common type
of bronchogenic carcinoma, and it is strongly associated with
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A B

FIGURE 15-6. Adenocarcinoma with bronchioloalveolar carcinoma component. A: PA chest radiograph of a 73-
year-old woman with chronic cough and symptoms of pneumonia for 3 months shows airspace disease in the left
lower lung. B: CT shows numerous air bronchograms within the left lower lobe airspace opacity. The patient was
treated with antibiotics for presumed lobar pneumonia before the diagnosis of cancer was made. Adenocarcinoma,
particularly bronchioloalveolar carcinoma, should be considered when chest radiographs show chronic airspace
disease.

A B

FIGURE 15-7. Bronchioloalveolar carcinoma. A: PA chest radiograph of a 79-year-old woman with a 50–pack-
year history of cigarette smoking shows a subtle nodule superimposed on the shadow of the left sixth posterior rib
(arrow). B: CT shows an ill-defined nodule (arrow) with air bronchograms in the posterior segment of the left upper
lobe.
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FIGURE 15-8. Bronchioloalveolar carcinoma. A: PA chest radiograph shows focal airspace disease in the left lower lobe, obscuring the medial
left hemidiaphragm. B: Lateral view shows increased opacification over the lower thoracic spine (the so-called “spine sign”). The appearance is
similar to that of left lower lobe pneumonia.

A B

FIGURE 15-9. Bilateral bronchioloalveolar carcinomas. A: CT of a 71-year-old woman with a 30–pack-year history of cigarette smoking and
resection of bronchioloalveolar carcinoma in the right upper lobe 4 years earlier shows a ground-glass nodule in the right lower lobe (arrow).
B: CT at a more superior level shows a ground-glass nodule in the left upper lobe (arrow). Both nodules were proven to represent bronchioloalveolar
cell carcinoma. Ground-glass nodules are very worrisome for bronchioloalveolar carcinoma, especially in a patient with a history of this type of
cancer.

FIGURE 15-10. Bronchioloalveolar carcinoma. CT of a 52-year-old
woman with an 11–pack-year history of cigarette smoking shows an
incidental right lower lobe nodule (arrow). The nodule has a central
dense component and a ground-glass peripheral component, giving rise
to the “fried egg” appearance that is characteristic of bronchioloalveolar
carcinoma. The patient underwent right lower lobectomy for a stage IA
(T1N0M0) cancer.
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A B

FIGURE 15-11. Recurrent bronchioloalveolar carcinoma. A: CT scan of a 59-year-old woman shows a nodule in the left upper lobe (arrow) with
a “fried egg” appearance. The patient underwent lingulectomy to remove a stage IA bronchioloalveolar carcinoma. B: CT image obtained 2 years
later shows a ground-glass nodule with an air bronchogram in the medial right lung (arrow). Wedge resection of the right upper lobe and superior
segment of the right lower lobe confirmed recurrence of bronchioloalveolar carcinoma.

cigarette smoking. It is the most common type to cavitate and
to be associated with hypercalcemia. Microscopically, squa-
mous cell carcinoma is characterized by the presence of inter-
cellular bridges, individual cell keratinization, and formation
of keratin pearls. These tumors are most commonly central
in location (within the main, lobar, or segmental bronchi), al-
though approximately 25% are peripheral (Figs. 15-12 and
15-13). The typical radiologic manifestations of central squa-
mous cell carcinomas are postobstructive pneumonia and at-
electasis because of the total or partial bronchial obstruction
produced by these central tumors (Fig. 15-14). The central
tumor mass, adjacent to a displaced fissure from obstructive

A B

FIGURE 15-12. Squamous cell carcinoma. A: PA chest radiograph of a 62-year-old woman with left chest pain shows an ill-defined mass with
central lucency in the left middle lung. B: Lateral view confirms that this mass is in the superior segment of the left lower lobe (arrows). (Continued)

atelectasis, gives rise to the radiographic Golden S sign (see
Chapter 2).

Peripheral squamous cell carcinoma is the most common
type of bronchogenic cancer to cause the Pancoast syndrome.
In 1924, Henry Pancoast first described a clinical syndrome
diagnostic of an apical lung tumor (10). This syndrome is
characterized by pain or atrophy of muscles of the ipsilateral
upper extremity, caused by involvement of the lower brachial
plexus, and Horner syndrome, which results from involvement
of the sympathetic chain and the stellate ganglion. Pancoast

(Text continues on page 252)
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C

FIGURE 15-12. (Continued) C: CT shows a subpleural mass in the
superior segment of the left lower lobe, lacking the cavitation that was
suggested by the chest radiograph. Approximately 25% of squamous
cell lung cancers are peripheral in location.

A

B

C

FIGURE 15-13. Squamous cell carcinoma. A: PA chest radiograph of
an 82-year-old woman with a history of cigarette smoking shows a mass
in the right lower lung. B: Lateral view shows that the mass is anterior
(arrows) in the right middle lobe. C: CT shows a lobulated mass in the
right middle lobe abutting the major fissure posteriorly.
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FIGURE 15-14. Squamous cell carcinoma. A: PA chest radiograph of a 63-year-old man with hemoptysis, cough,
and dyspnea on exertion shows collapse of the right lung. The right main bronchus appears to be cut off (arrow). The
right hemithorax is opaque and the mediastinum is shifted to the right. B: CT shows a mass that almost completely
obliterates the lumen of the right main bronchus (arrow). The large, low-attenuation mass extends out into the right
lung. C: CT at a more inferior level shows anterior compression of the left atrium (LA) by the mass. D: CT at a level
inferior to (C) shows obliteration of the right inferior pulmonary vein by tumor (solid arrow). Note the normal left
inferior pulmonary vein (dashed arrow). The appearance of a central tumor with postobstructive pneumonia and
atelectasis secondary to total or partial bronchial obstruction is typical of squamous cell carcinoma.
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A B

FIGURE 15-15. Pancoast tumor. A: CT of a 54-year-old man with pain in the right suprascapular area radiating down the medial right forearm,
a 60–pack-year history of cigarette smoking, and previous exposure to asbestos shows a right apical mass (M) involving the right posterior chest
wall and rib. The mass is in close proximity to the right axillary artery (arrow), which is suspicious for brachial plexus involvement by tumor. B:
CT with bone windowing confirms rib involvement by tumor (arrows). The patient underwent induction chemotherapy and radiation, followed
by right upper lobectomy. At surgery, the tumor was found to be invading the second through the fifth ribs.

tumors can manifest as apical masses or asymmetric apical
pleural thickening (Fig. 15-15) and can be associated with bone
destruction and soft tissue invasion. Magnetic resonance imag-
ing (MRI) is superior to CT in determining whether there is tu-
mor involvement of the chest wall, brachial plexus, subclavian
artery, vertebral bodies, and spinal canal.

Large Cell Carcinoma

These tumors are the least common type of bronchogenic car-
cinoma. They grow rapidly, metastasize early, and are strongly
associated with cigarette smoking. The histologic diagnosis is
one of exclusion, given only to bronchogenic carcinomas that
lack features of squamous, glandular, or small cell differentia-
tion. Large cell carcinomas are appropriately named: they are
usually bulky tumors greater than 3 cm in diameter. They are
typically located in the lung periphery, but central lesions are
not uncommon (Fig. 15-16). The typical radiologic appearance
of these tumors is a large peripheral lung mass (11).

Small Cell Carcinoma

Small cell carcinoma is a rapidly growing neoplasm charac-
terized by early and widespread metastases and by a strong
association with cigarette smoking. Histologically, small cell
carcinoma is characterized by small, uniform, oval cells with
scant cytoplasm. Extensive crushing artifact is frequently seen

A B

FIGURE 15-16. Large cell carcinoma. A: CT of an 80-year-old woman with dyspnea, wheezing, cough, fatigue, 12-pound weight loss, and
no history of cigarette smoking shows a mass partially obstructing the left main bronchus (arrow). B: CT at a higher level shows mediastinal
lymphadenopathy causing leftward displacement of the trachea (arrow).

in bronchial biopsy specimens, reflecting the tumor’s scant tu-
mor stroma and lack of desmoplastic reaction. Small cell car-
cinoma has been classified as a “neuroendocrine neoplasm” of
the lung, and it is the most common cell type to cause a clinical
hormone syndrome by secreting ectopic hormones. The major-
ity of these tumors are located centrally within lobar and main-
stem bronchi. They have extensive necrosis and hemorrhage,
invade adjacent structures and lymph nodes, and disseminate
along lymphatic routes.

The chest radiograph usually shows a hilar or perihilar mass
associated with mediastinal widening; this can be caused by the
primary tumor, metastases to hilar/mediastinal lymph nodes, or
a combination of both (Fig. 15-17). The primary tumor may
not be evident, and nodal enlargement may be the dominant ab-
normality. Rarely, small cell carcinoma may manifest as a soli-
tary pulmonary nodule or mass (Fig. 15-18). CT usually shows
extensive mediastinal lymph node involvement, with soft tis-
sue “infiltration” of the mediastinum similar to that seen with
lymphoma (Figs. 15-19 and 15-20). Small cell carcinoma is the
most common primary lung cancer to cause superior vena cava
obstruction, secondary to extrinsic vascular compression by
the tumor, endoluminal thrombosis, or invasion (12). Surgical
resection is considered in selected patients with small cell carci-
noma only when the tumor manifests as a solitary pulmonary
nodule in the absence of metastases. Most patients have dis-
seminated disease at presentation and undergo chemotherapy
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A B

FIGURE 15-17. Small cell carcinoma. A: CT scout image of a 73-year-old woman with a 75–pack-year history of
cigarette smoking shows a right hilar mass (arrows). B: CT shows tumor infiltrating the mediastinum.

A B

FIGURE 15-18. Small cell carcinoma. A: PA chest radiograph of a patient with pulmonary fibrosis, obtained as part
of a workup for lung transplantation, shows a nodule (arrows) in the right lung. B: CT shows a subpleural nodule in
the right lower lobe. Note bilateral subpleural reticular interstitial lung disease. Wedge resection confirmed a stage IB
cancer. This is a known but uncommon appearance of small cell lung cancer, which usually presents with extensive
lymph node involvement and widespread metastases.
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C D

FIGURE 15-19. Small cell carcinoma. A: PA chest radiograph of a 56-year-old woman with weight loss and malaise shows widening of the left
mediastinal contour (straight arrows), right hilar convexity, and collapse of the right upper lobe, with elevation of the minor fissure (curved
arrows). The trachea is displaced to the right (arrowheads). B: CT shows abrupt tapering of the right upper lobe bronchus (arrowhead) and
collapse of the right upper lobe against the mediastinum (arrows). The tumor infiltrates the mediastinum posterior to the ascending aorta (A)
and superior vena cava (S). C: CT at a level inferior to (B) shows encasement and slitlike compression of the superior vena cava (arrowheads)
and right pulmonary artery (P) by tumor. D: PA chest radiograph obtained 4 months later, after chemotherapy and radiation therapy, shows
marked regression of tumor. A nipple shadow is incidentally projected over the right lung base (arrow).

and radiation therapy. The response to this treatment is usually
dramatic, and the mass can disappear in a relatively short pe-
riod of time, but most patients still die with rapidly recurrent
small cell carcinoma (13).

Staging of Bronchogenic Carcinoma

Staging differs between small cell and non–small cell lung can-
cer. Small cell carcinoma is generally considered inoperable,
except in rare cases of small, localized tumors. It is staged as
limited or extensive, depending on whether disease is confined
to a single radiation port (limited) (Fig. 15-21) or not (exten-
sive) (Fig. 15-22). Patients with limited disease receive radia-

tion therapy and chemotherapy, whereas patients with exten-
sive disease receive only chemotherapy.

The primary goal of staging non–small cell lung cancer is
to determine resectability. Revisions to the stage grouping of
the TNM (tumor-node-metastases) subsets (Table 15-3) in the
International System for Staging Lung Cancer were adopted
in 1997 (14). Refinements in the staging system were made to
better evaluate treatment strategies for carefully staged groups
of patients. Stage grouping involves the concept of combin-
ing subsets of patients classified according to TNM descriptors
into categories or stages, with each having generally similar
treatment options and survival expectations (Table 15-4).

Tumor classification is the most complicated component of
the TNM system. Tumors that are classified as anything other



P1: PBY/PCF P2: PBY/PCF QC: PBY/PCF T1: PBY Printer: Maple Press

GRBT226-15 Collins-Stern-3203G GRBT226-Collins-Stern-v7.cls June 8, 2007 14:10

Chapter 15: Neoplasms of the Lung 255

A B

C

FIGURE 15-20. Small cell carcinoma. A: CT of a 57-year-old woman
with hoarseness shows tumor infiltrating the aortopulmonary window
and invading the left recurrent laryngeal nerve. B: CT at a level inferior
to (A) shows encasement of the left pulmonary artery (arrows) by tumor
and extension of tumor posterior to the carina, obliterating the fat plane
adjacent to the descending aorta (D). C: CT at a level inferior to (B)
shows encasement of the left upper lobe bronchus by tumor (arrows).

A B

FIGURE 15-21. Small cell carcinoma, limited stage. A: CT of a 64-year-old woman shows a lobulated mass in the right lower lobe. B: CT with
mediastinal windowing shows calcification or contrast enhancement within the mass. Mediastinal lymphadenopathy was present in the right
paratracheal area (not shown). CT and positron emission tomography showed no evidence of extrathoracic tumor. The patient received radiation
therapy and chemotherapy.
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FIGURE 15-22. Small cell carcinoma, extensive. A: PA chest radio-
graph of a 47-year-old man with abdominal pain and vomiting shows
enlargement of the cardiac silhouette, right pleural effusion, and ab-
normal opacities in the right paratracheal area, right hilum, and both
lung bases. B: CT shows bilateral pleural effusions, bulky subcarinal
lymphadenopathy, and a large pleural mass anteriorly. C: CT at a more
inferior level shows anterior displacement of the left atrium by bulky
tumor. D: CT at a level inferior to (C) shows numerous pleural tumor
deposits (arrows). E: CT of the upper abdomen shows bulky celiac
lymphadenopathy (arrow). The patient received chemotherapy.
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TA B L E 1 5 - 3

TNM DESCRIPTORS FOR STAGING BRONCHOGENIC CARCINOMA

Primary tumor (T)
TX Primary tumor cannot be assessed, or tumor proven, by the presence of malignant cells in sputum or bronchial washing but

not visualized by imaging or bronchoscopy
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor ≤3 cm in greatest dimension, surrounded by lung or visceral pleura, without bronchoscopic evidence of invasion more

proximal than the lobar bronchusa (i.e., not in the main bronchus)
T2 Tumor with any of the following features of size or extent:

>3 cm in greatest dimension
Involves main bronchus, ≥2 cm distal to the carina
Invades the visceral pleura
Associated with atelectasis or obstructive pneumonitis that extends to the hilar region but does not involve the entire lung

T3 Tumor of any size that directly invades any of the following: chest wall (including superior sulcus tumors), diaphragm,
mediastinal pleura, parietal pericardium; or tumor in the main bronchus <2 cm distal to the carina, but without involvement of
the carina or associated atelectasis or obstructive pneumonitis of the entire lung

T4 Tumor of any size that invades any of the following: mediastinum, heart, great vessels, trachea, esophagus, vertebral body,
carina; or tumor with a malignant pleural or pericardial effusionb or with satellite tumor nodule(s) within the ipsilateral primary
tumor lobe of the lung

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis to ipsilateral peribronchial and/or ipsilateral hilar lymph nodes, and intrapulmonary nodes involved by direct

extension of the primary tumor
N2 Metastasis to ipsilateral mediastinal and/or subcarinal lymph node(s)
N3 Metastasis to contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular lymph node(s)

Distant metastasis (M)
MX Presence of distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis presentc

TNM, tumor-node-metastases.
a The uncommon superficial tumor of any size with its invasive component limited to the bronchial wall, which may extend proximal to the main
bronchus, is also classified T1.
b Most pleural effusions associated with lung cancer are caused by tumor. However, there are a few patients in whom multiple cytopathologic
examinations of pleural fluid show no tumor. In these cases, the fluid is nonbloody and is not an exudate. When these elements and clinical judgment
dictate that the effusion is not related to the tumor, the effusion should be excluded as a staging element and the patient’s disease should be staged T1,
T2, or T3. Pericardial effusion is classified according to the same rules.
c Separate metastatic tumor nodule(s) in the ipsilateral nonprimary tumor lobe(s) of the lung also are classified M1.
Reproduced with permission from Mountain CF. Revisions in the international system for staging lung cancer. Chest. 1997;111:1710–1717.

TA B L E 1 5 - 4

STAGE GROUPING AND CORRESPONDING TNM
SUBSETS

Stage TNM subset Stage TNM subset

0 Carcinoma in situ IIIB T4N0M0
IA T1N0M0 T4N1M0
IB T2N0M0 T4N2M0
IIA T1N1M0 T1N3M0
IIB T2N1M0 T2N3M0

T3N0M0 T3N3M0
IIIA T3N1M0 T4N3M0

T1N2M0 IV Any T Any N M1
T2N2M0
T3N2M0

TNM, tumor-node-metastases.
Staging is not relevant for occult carcinoma, which is designated
TXN0M0.
Reproduced with permission from Mountain CF. Revisions in the
international system for staging lung cancer. Chest.
1997;111:1710–1717.

than T4 are potentially resectable. T4 tumors invade the me-
diastinum, heart, great vessels, trachea, esophagus, vertebral
body, or carina; or they are associated with a malignant pleu-
ral or pericardial effusion or satellite tumor nodules within
the ipsilateral primary tumor lobe of the lung. Satellite nodules
outside the primary tumor lobe are considered M1 disease (Fig.
15-23). Most pleural effusions associated with lung cancer are
malignant, but cytologic proof of malignancy cannot always
be obtained. In these cases, the effusion should be excluded as
a staging element.

Hilar node involvement is classified as N1. N2 nodes are
ipsilateral mediastinal nodes, and N3 nodes are contralateral
mediastinal or hilar nodes. N3 nodes also include any ipsilat-
eral or contralateral scalene or supraclavicular lymph nodes.
The distant metastases classification is simple. M0 indicates no
distant metastases, and M1 is positive distant metastases.

The staging system is complicated and difficult to remember
unless one routinely evaluates and stages lung cancer. Patients
with T1N0M0 tumors (stage IA) have a significantly better out-
come than patients in the other subsets (15,16) (Fig. 15-24).
These patients have a tumor that is 3 cm or less in diameter,
surrounded by lung or visceral pleura, without bronchoscopic
evidence of invasion more proximal than the lobar bronchus,
and without nodal involvement or metastases. In other words,
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FIGURE 15-23. Adenocarcinoma. A: PA chest radiograph of a 65-
year-old man with a 100–pack-year history of cigarette smoking shows
a nodule in the right medial lung (arrow). B: PA chest radiograph ob-
tained 1 year later shows widespread parenchymal metastases. C: CT
shows numerous circumscribed pulmonary metastases involving both
lungs. Note a pathologic rib fracture on the right (arrow). Other images
showed metastases to both adrenal glands, multiple lytic bone lesions,
and extensive mediastinal lymphadenopathy.

these are patients with a solitary pulmonary nodule and no
spread of tumor. Stage IB tumors also have no nodal or distal
metastases, but the primary tumor is either larger than 3 cm
in diameter, involves the main bronchus, invades the visceral
pleura, or is associated with atelectasis or obstructive pneu-

FIGURE 15-24. Adenocarcinoma, stage IA. CT of a 66-year-old
woman with pulmonary fibrosis shows a small subpleural nodule
(arrow) in the left upper lobe, with no evidence of lymphadenopathy
or metastatic disease. Nodes removed at surgery were negative.

monitis. Sixty-one percent of patients with clinical stage IA
disease and 38% of those with clinical stage IB tumors are ex-
pected to survive more than 5 years after treatment. IA and IB
subsets have no evidence of lymph node or other metastases
and therefore have the best prognosis.

Stage IIA, IIB, and IIIA tumors are potentially resectable,
although the prognosis after treatment is poor, especially with
IIIA tumors. Some surgeons opt not to resect IIIA tumors for
this reason. IIIB staging involves either T4 tumors or N3 nodes,
making such tumors unresectable. IIIB tumors are confined to
the lung, however, which is an important consideration for ra-
diotherapy. Stage IV tumors are defined by an M1 classification
and are therefore unresectable and not confined to the lung. If
treated, systemic therapy is required.

CT is commonly used for staging bronchogenic carcinoma
prior to surgical resection. Patients with bulky N3 nodes are
clearly not surgical candidates, and those patients without ev-
idence of nodal involvement are considered surgical candi-
dates (in the absence of T4 or M1 disease). CT is not per-
fect in detecting nodal involvement, however. In general, nodes
greater than 1 cm in short-axis diameter are considered posi-
tive or suspicious, but many of these cases will turn out to be
false-positive findings. In addition, nodes that are smaller than
1 cm or not visibly enlarged on CT can be positive histologi-
cally. Nodes can be sampled percutaneously, transbronchially,
or via transcervical mediastinoscopy (requiring general anes-
thesia). The Chamberlain procedure involves an anterior tho-
racotomy, usually with removal of the second anterior rib to
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allow sampling of lymph nodes in the anterior mediastinum,
the aorticopulmonary window, and the hilum. Other limita-
tions of CT include the inability to determine mediastinal or
chest wall invasion with certainty. MRI plays a role in evalu-
ating these cases, as well as in evaluating for the presence of
brachial plexus invasion.

Whole-body positron emission tomography (PET) imaging
with [18]-fluoro-2-deoxy-D-glucose (FDG) has become an in-
tegral part of staging non–small cell lung cancer. PET improves
the detection of nodal and distant metastases and frequently al-
ters patient management (17). Integrated CT-PET scanners al-
low for the acquisition of coregistered, spatially matched func-
tional and morphologic data. PET is sufficiently sensitive that
a patient with negative mediastinal PET results may proceed
directly to surgical resection of the primary tumor without a
staging mediastinoscopy (18).

POSTPNEUMONECTOMY
COMPLICATIONS

In the United States, the most common indication for pneu-
monectomy is non–small cell carcinoma of the lung. Most
pneumonectomies performed for bronchogenic carcinoma fol-
low an interpleural plane of resection (meaning the parietal
pleura is left intact). If there is extension of tumor into the pleu-
ral space or parietal pleura, or in the case of malignant mesothe-
lioma, an extrapleural pneumonectomy is generally performed.
In this case, the plane of resection is between the parietal pleura
and the endothoracic fascia (19).

After pneumonectomy, pleural fluid accumulates in the
pneumonectomy space, replacing the normal immediate post-
operative air that is resorbed at a variable rate. It is not un-
common for multiple air–fluid levels to be present within the
early pneumonectomy space, representing loculation of fluid,
and this finding on chest radiography does not necessarily sug-
gest a complication. Most of the air is resorbed by 2 weeks
after pneumonectomy; residual air may persist for months,
however, or, in a small population of patients, it may never

TA B L E 1 5 - 5

POSTPNEUMONECTOMY COMPLICATIONS

Early
Bronchopleural fistula (stump leak)
Empyema
Hemothorax (blood within pneumonectomy space)a

Chylothorax (chylous leak into pneumonectomy space)

Late
Recurrent neoplasm
Bronchopleural fistula
Empyema
Hemothorax
Chylothorax

a There is no true pleural space after pneumonectomy, and the
resulting space is referred to as the pneumonectomy space.

be completely resorbed. Eventually, the pneumonectomy space
will contract, with ipsilateral shift of the mediastinum and el-
evation of the diaphragm, and the space will fill with fluid
and some degree of solid fibrothorax. Shift of the mediastinum
away from the operated side indicates a buildup of air or fluid
within the pneumonectomy space. Mediastinal displacement
away from the operative side suggests one of five diagnoses,
depending on the length of time after surgery (Table 15-5). If
the air–fluid level has not continued to rise after surgery, the
cause of the contralateral mediastinal shift is likely a bronchial
stump air leak. If the air–fluid level has continued to rise, the
shift can be a result of hemothorax, chylothorax, or empyema,
with or without a bronchopleural fistula. A drop in the air–
fluid level indicates that fluid is draining through a chest tube,
by thoracentesis, through a dehiscence of the incision, through
an opening in the bronchial stump (Fig. 15-25), or through a
rent in the diaphragm (19). After the postoperative period, shift

A B

FIGURE 15-25. Postpneumonectomy bronchopleural fistula. A: AP upright chest radiograph of a 52-year-old man
after right pneumonectomy shows shift of the mediastinum to the operative side and an air–fluid level within the
right pneumonectomy space (arrows). There is “postpneumonectomy pulmonary edema” of the left lung. B: AP
upright chest radiograph obtained 1 day later shows increased air within the right pneumonectomy space and shift
of the mediastinum away from the operative side, consistent with a bronchial stump leak and bronchopleural fistula.
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FIGURE 15-26. Recurrence of bronchogenic carcinoma after pneu-
monectomy. A: PA chest radiograph of a 65-year-old man after
left pneumonectomy for bronchogenic carcinoma shows an air–fluid
level in the left pneumonectomy space (arrows), left skin staples (ar-
rowheads), and shift of the mediastinum toward the operative side.
B: PA chest radiograph obtained 8 months later shows abnormal shift
of the mediastinum away from the operative side, an appearance that
is consistent with hemothorax, chylothorax, or recurrence of tumor
with malignant fluid in the pneumonectomy space. Empyema is less
of a consideration in the absence of air within the pneumonectomy
space. C: CT shows a soft tissue mass (M) between the surgical clips
and soft tissue deposits studding the surface of the pneumonectomy
space (arrows). There is malignant fluid within the left pneumonec-
tomy space.

of the mediastinum away from the operative side is also suspi-
cious for recurrent tumor (Fig. 15-26), which can be recognized
on CT as a soft tissue mass at the site of surgical ligation and
soft tissue deposits studding the periphery of the pneumonec-
tomy space. Recurrence can also be seen in the remaining lung
(Fig. 15-27). PET scanning can be very helpful in evaluating
for recurrence.

The mortality of pneumonectomy is approximately 6%,
with the major causes of death being pneumonia, respiratory
failure, pulmonary embolism, myocardial infarction, bron-
chopleural fistula, and empyema (20,21). The incidence of
empyema is 2% to 5%, often with associated bronchopleu-
ral fistula (22). In the first postoperative week, empyema is
caused by intraoperative soilage or preoperative pleural in-
fection. Delayed onset of empyema is often associated with
bronchopleural or esophagopleural fistula. New air within the
pneumonectomy space, in a previously opacified hemithorax,
with contralateral shift of the mediastinum, is suggestive of
empyema or bronchopleural fistula and bronchial stump leak
(Fig. 15-28).

A rare complication of right pneumonectomy is obstruc-
tion of the left main bronchus, a result of extreme rightward
shift and counterclockwise rotation of the mediastinum, caus-
ing compression of the left bronchus between the aorta and
the left pulmonary artery. This complication is termed the right
pneumonectomy syndrome, and it can occur between 1 and 37
years after surgery (23). The diagnosis is suggested on chest
radiography by marked mediastinal shift to the right and in-
version of the left diaphragm, caused by the trapping of air
from a narrowing of the left bronchus (19). There can also
be recurrent left lower lobe pneumonia resulting from airway
obstruction.

CARCINOID AND SALIVARY
GLAND TUMORS

The term bronchial adenoma refers to a group of tumors that
includes bronchial carcinoid (most common), mucoepidermoid
carcinoma, and adenoid cystic carcinoma. This term, however,
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FIGURE 15-27. Metastases after pneumonectomy. PA chest radio-
graph of a 56-year-old man after right pneumonectomy for bron-
chogenic carcinoma shows pulmonary metastases within the left lower
lobe (arrows). Note the normal shift of the mediastinum toward the
operative side.

is not accurate, as adenoma implies a benign tumor, and many
of these tumors are not benign. Additionally, adeno- implies
glandular elements, which are sometimes lacking in these tu-
mors. Carcinoid tumors have a different cell of origin, and
adenoid cystic and mucoepidermoid carcinomas are classified

as salivary gland tumors. Because the term exists in the radiol-
ogy literature and is still used by some clinicians, it is discussed
in this chapter.

There are two forms of bronchial carcinoid: typical carci-
noid and atypical carcinoid. Atypical carcinoid has cellular and
clinical features that are intermediate, between those of typical
carcinoid and small cell carcinoma of the lung (24). All three of
these tumors are of neuroendocrine origin. Only 15% of typ-
ical carcinoids metastasize (25), and the prognosis following
surgical resection is excellent. Approximately half of atypical
carcinoids metastasize. Most typical bronchial carcinoids arise
centrally in the main, lobar, or segmental bronchi and can cause
cough and wheezing (symptoms resembling asthma). Recurrent
bouts of postobstructive pneumonia are common. Because of
their vascularity, bronchial carcinoids can present with hemop-
tysis (25). “Carcinoid syndrome” is rare with bronchial carci-
noids unless liver metastases are present (26).

A bronchial carcinoid tumor can appear on chest radiogra-
phy as a hilar mass, often with associated atelectasis or post-
obstructive pneumonia, but when entirely intraluminal it can
be very difficult to detect. On CT, the tumor can be seen within a
central bronchus, often causing widening of the bronchus (Fig.
15-29). Small tumors in segmental or subsegmental bronchi
may result in a bronchocele (mucoid impaction) on chest ra-
diography or CT, resembling bronchial atresia (Fig. 15-30). Ap-
proximately 10% to 20% of bronchial carcinoids appear on
chest radiography as a solitary pulmonary nodule, usually well
defined, round, oval, or lobulated, with occasional calcification
(27) (Fig. 15-31). The incidence of calcification is significantly
greater in centrally located and larger tumors. It can manifest
as multiple nodular and curvilinear configurations, complete
calcification, or even ossification of the entire nodule. Contrast
enhancement can be marked on CT because of the vascularity
of these tumors.

Adenoid cystic carcinoma is the most common salivary
gland tumor in the thorax, followed by mucoepidermoid car-
cinoma. Mucoepidermoid carcinoma is more frequent in the

A B

FIGURE 15-28. Bronchopleural fistula after pneumonectomy. A: AP chest radiograph after right pneumonectomy shows complete opacification
of the right pneumonectomy space. The air within the pneumonectomy space has resorbed completely. The mediastinum is shifted toward the
operative side. There is “postpneumonectomy pulmonary edema” of the left lung. B: AP chest radiograph taken 1 day later shows new air within
the right pneumonectomy space, consistent with a bronchial stump leak and bronchopleural fistula. Note the subcutaneous air within the chest
wall bilaterally.
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FIGURE 15-29. Carcinoid tumor. A: CT of a 57-year-old man shows a
soft-tissue filling defect within the bronchus intermedius (arrows). B: CT
scan at the same level as (A), with lung windowing, shows slitlike nar-
rowing of the bronchus intermedius (arrowhead) and postobstructive
atelectasis of the right lower lobe (arrows). C: CT at a level inferior to
(A) shows the mass compressing the right middle lobe (straight arrow)
and right lower lobe (curved arrow) bronchi.

A B

FIGURE 15-30. Carcinoid tumor. A: CT of a 58-year-old woman shows a mass with central calcification in the
proximal left lower lobe bronchus (arrow). B: CT at a more inferior level shows low-attenuation material within the
left lower lobe segmental bronchi. Small carcinoid tumors in segmental bronchi may result in mucoid impaction, as
shown in this case.
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A B

FIGURE 15-31. Carcinoid tumor. A: PA chest radiograph of a 66-year-old woman shows a solitary pulmonary nodule in the right upper lung
(arrow). B: CT shows the nodule in the right upper lobe (arrow), lateral to the proximal right upper lobe bronchus.

major bronchi than in the trachea, and adenoid cystic carci-
nomas most commonly involve the posterior wall of the lower
two thirds of the trachea (Fig. 13-6). Both are seen on imaging
studies as an intraluminal nodule, either polypoid in shape or
circumferential. CT can show the extraluminal component, but
it is poor at indicating whether mediastinal structures, such as
the esophagus and aorta, are invaded (28).
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CHAPTER 16

CONGENITAL LUNG DISEASE

LEARNING OBJECTIVES
1. Recognize venolobar syndrome on a frontal chest

radiograph, chest computed tomography (CT), and chest
magnetic resonance image and explain the etiology of the
retrosternal band of opacity seen on the lateral
radiograph.

2. Name the components of pulmonary venolobar
syndrome.

3. Recognize a mass in the posterior segment of a lower
lobe on a chest radiograph and CT and suggest the
possible diagnosis of pulmonary sequestration.

4. Describe the differences between intralobar and
extralobar sequestration.

5. Recognize bronchial atresia on a chest radiograph and
CT and name the most common lobes in which it
occurs.

6. Recognize a cystic mass in the mediastinum and
suggest the possible diagnosis of a bronchogenic
cyst.

The most common major anomalies of pulmonary develop-
ment (Table 16-1) span a continuum of maldevelopment in-
volving the pulmonary parenchyma, the pulmonary vessels, or
a combination of both (1). At one end of the spectrum, con-
genital lobar emphysema represents abnormal lung supplied
by normal vessels, and at the other end, pulmonary arteriove-
nous malformation (AVM) consists of abnormal vessels within
normal lung parenchyma. Some patients with congenital lung
anomalies have mixed features, making exact categorization of
the anomaly difficult.

CONGENITAL LOBAR
EMPHYSEMA

Congenital lobar emphysema (CLE) is a disorder affecting
neonates and young infants and is usually associated with acute
or subacute respiratory distress. It may occasionally present as
an incidental finding in adults. Various bronchial and alveo-
lar abnormalities can cause this disorder, and in some cases
the cause is unknown. The most commonly detected abnor-
mality is absence or hypoplasia of cartilage rings of major and
branch bronchi, with resultant bronchial collapse during exha-
lation. This results in inhalational air entry but collapse of the

TA B L E 1 6 - 1

MAJOR ANOMALIES OF PULMONARY
DEVELOPMENT

Congenital lobar emphysema
Bronchogenic cyst
Congenital cystic adenomatoid malformation
Bronchopulmonary sequestration
Pulmonary venolobar syndrome (also called hypogenetic lung

syndrome or scimitar syndrome)
Pulmonary arteriovenous malformation
Bronchial atresia

narrow bronchial lumen during exhalation. The bronchial ob-
struction leads to progressive hyperinflation and air trapping
(Fig. 16-1), usually involving only one pulmonary lobe. The left
upper lobe is most commonly involved, followed by the right
middle and right upper lobes. CLE has two forms: hypoalve-
olar (fewer than expected number of alveoli) and polyalveolar
(greater than expected number of alveoli). The pulmonary vas-
culature, although frequently attenuated, is usually normal in
structure and distribution. Common chest radiographic find-
ings include a hyperlucent lobe, compressive atelectasis of ad-
jacent parenchyma, and contralateral mediastinal shift (1). In
some cases, a subtle hyperlucent lobe may be all that is seen.
Computed tomography (CT) best characterizes this abnormal-
ity and typically shows a hyperlucent, hyperexpanded lobe;

FIGURE 16-1. Congenital lobar emphysema. CT of a 30-year-old
asymptomatic woman shows abnormal lucency and diminutive vas-
culature in the superior segment of the left lower lobe. There was no
evidence of endobronchial lesion on CT or bronchoscopy, and the ap-
pearance of the left lower lobe was unchanged for 3 years on follow-up
CT scans.
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attenuated but intact pattern of vascularity; compression of
the adjacent lung; and contralateral mediastinal shift.

BRONCHOGENIC CYST
Bronchogenic cysts result from abnormal growth of the lung
bud and can be either mediastinal or intrapulmonary. Both
types are lined with ciliated columnar epithelium and contain
serous or mucous material. No clear-cut predilection for an
intrapulmonary or a mediastinal location has been demon-
strated. An intrapulmonary bronchogenic cyst often com-
municates with the bronchial tree, which can result in air–
fluid levels and recurrent infections that may damage the cyst
wall. Chest radiographs show a nonspecific oval or round,
well-circumscribed mass, often as an incidental finding. The
most common mediastinal location is subcarinal (Figs. 6-29 to
6-31). CT scans show the mass to have a thin or nearly imper-
ceptible wall and to contain fluid, often of water attenuation.
Occasionally, the fluid has a higher attenuation than water be-
cause of the presence of proteinaceous material or calcium (see
also Chapter 6). The contents of the cyst do not enhance after
administration of intravenous contrast material.

CONGENITAL CYSTIC
ADENOMATOID

MALFORMATION

Congenital cystic adenomatoid malformation (CCAM) is a
hamartomatous abnormality of the lung consisting of a multi-
cystic mass of pulmonary tissue in which there is proliferation
of bronchial structures at the expense of alveolar development.
Three types have been described. Type 1, the most common
type, consists of single or multiple large cysts (up to 10 cm in
diameter). Type 2 consists of multiple small cysts (1 to 2 cm in
diameter), and type 3 (solid form) is a large, noncystic lesion.
The prognosis worsens from type 1 to type 3, in part because
of associated anomalies that occur with greater frequency with
types 2 and 3.

The radiographic appearance varies, depending on the type
of lesion. The most common presentation is that of a mass
of numerous air-containing cysts that expand the ipsilateral
hemithorax and shift the mediastinum to the contralateral side.

Occasionally, one cyst preferentially expands, creating a single
large lucent area that is similar in appearance to congenital
lobar emphysema. Type 3 lesions present as large homoge-
neous masses, without cystic spaces. Although most cases of
CCAM present in the first month of life, the diagnosis is occa-
sionally delayed until adulthood (2). Adult patients commonly
present with persistent or recurrent pneumonia. Chest CT in
adults with CCAM shows cystic lesions of variable size, most
commonly in a lower lobe, which can mimic cystic bronchiec-
tasis, intralobar pulmonary sequestration, intrapulmonary
bronchogenic cyst, or prior infection with pneumatocele
formation (3).

BRONCHOPULMONARY
SEQUESTRATION

Bronchopulmonary sequestration consists of nonfunctioning
lung tissue, usually cystic and often masslike, that has an
anomalous systemic blood supply, usually from the aorta, and
no normal communication with the tracheobronchial tree. This
disorder is classified into two types: intralobar (the more com-
mon type) and extralobar (4). Both types occur most commonly
in the posterior basal segment of a lower lobe, usually on the
left. Intralobar sequestration is contiguous with normal lung
parenchyma, has no separate pleural investment, receives arte-
rial supply most commonly from the aorta, has venous drainage
most commonly into a pulmonary vein, and is only rarely as-
sociated with other anomalies (Figs. 16-2 and 16-3). Extralo-
bar sequestration is related to a hemidiaphragm (usually the
left), and it is often situated between the inferior surface of the
lower lobe and the diaphragm, or below the diaphragm. It has
a pleural investment separate from the rest of the lung; receives
arterial supply from the aorta but usually has venous drainage
into the systemic venous system (e.g., inferior vena cava, azy-
gos vein, or portal vein); and is often associated with other
congenital anomalies (most commonly eventration or paraly-
sis of the ipsilateral diaphragm and left diaphragmatic hernia)
(Fig. 16-4). The classic radiographic appearance of pulmonary
sequestration is recurrent or persistent abnormal opacity in a
lower lobe that never completely clears. The diagnosis can be
confirmed by showing the systemic arterial supply, either with
magnetic resonance imaging or CT angiography (5). In adults,
this disorder is often discovered incidentally.

(Text continues on page 268)

A B

FIGURE 16-2. Intralobar sequestration. A: CT of a 37-year-old woman with chest pain shows a prominent tubular structure in the left lower lobe
(arrow). The surrounding lung, also part of the sequestration, is hyperlucent. B: CT at a more inferior level shows the tubular structure leading
to a lobulated mass (arrow) in the left lower lobe. (Continued)
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FIGURE 16-2. (Continued) C: CT with mediastinal windowing shows the tubular structure be a vessel (arrow). D: CT of the upper abdomen
shows a prominent vessel (arrow) arising from the abdominal aorta and heading toward the left lower lobe. E: Coronal reformatted CT confirms
that a vessel arises from the abdominal aorta (arrow) and heads superiorly toward the left lower lobe. F: Paddlewheel reformatted CT shows
drainage from the left lower lobe mass to the left inferior pulmonary vein (arrow).

A B

FIGURE 16-3. Intralobar sequestration. A: Posteroanterior (PA) chest radiograph of a 20-year-old man with recurrent left lower lobe pneumonia
shows abnormal opacification of the left lower lobe, with obliteration of the left hemidiaphragm shadow, and an air–fluid level (arrow). B: Lateral
view shows left lower lobe opacification involving the posterior segment (arrows). (Continued)
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FIGURE 16-3. (Continued) C: CT shows a slightly lobulated cystic
mass in the posterior segment of the left lower lobe (arrows). D: Coro-
nal magnetic resonance imaging (MRI) shows two arteries arising from
the descending aorta (arrowheads), feeding the sequestration. E: Axial
MRI shows two high-signal draining veins (arrowheads) within the se-
questration (curved arrows), draining into the left inferior pulmonary
vein (straight arrows).

A B

FIGURE 16-4. Extralobar sequestration. A: CT of a 56-year-old man with persistent abnormal opacity in the left lower lobe on chest radiography
shows a vascular structure arising from the descending aorta (solid arrow) and directed toward a mass in the left lower lobe. The hemiazygos
vein is prominent (dashed arrow). B: CT at a more inferior level shows a large vein arising from the left lower lobe mass and draining into the
hemiazygos vein (arrow). (Continued)
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C

D

FIGURE 16-4. (Continued) C: Coronal reformatted CT shows a promi-
nent hemiazygos vein (arrow). D: CT at the level of the left atrium shows
the hemiazygos vein (solid arrow) crossing the midline posterior to the
descending aorta to join the azygos vein (dashed arrow). Surgical resec-
tion of the left lower lobe sequestration confirmed the arterial supply and
venous drainage.

PULMONARY VENOLOBAR
SYNDROME

Also referred to as the scimitar syndrome or hypogenetic lung
syndrome, pulmonary venolobar syndrome is a form of par-
tial anomalous pulmonary venous return that is accompanied
by ipsilateral lung hypoplasia. The anomalous venous return
is commonly to the inferior vena cava (Fig. 16-5). The hy-
poplastic lung (which is almost always right sided) is supplied
partly or completely by systemic arteries. The ipsilateral pul-
monary artery is diminutive. Associated cardiovascular anoma-
lies are frequent, the most common being atrial septal defect (6).
Other associated anomalies include pulmonary sequestration,
absence of the inferior vena cava, and accessory diaphragm.
Less commonly, the syndrome may involve tracheal trifurca-
tion, eventration and partial absence of the diaphragm, phrenic
cyst, horseshoe lung, anomalous superior vena cava, and ab-
sence of the left pericardium (7). Bronchial anomalies are com-
mon, particularly isomerism (identical right and left branching
patterns). The anomalous vein is usually visible on frontal chest
radiographs as a broad, gently curved shadow descending to
the diaphragm just to the right of the heart (Figs. 16-6 and
16-7). The shadow is shaped like a Turkish sword (a scimitar);
thus, the designation scimitar syndrome. Other radiographic
findings include a small ipsilateral hemithorax with diminished
pulmonary vascularity, shift of the mediastinum toward the in-
volved side, and, often, indistinctness of the cardiomediastinal
border on the involved side. The lateral radiograph usually

FIGURE 16-5. Pulmonary venolobar syndrome. MRI of a 24-year-
old man shows a large venous structure (solid arrow) draining into the
abdominal inferior vena cava (dashed arrow).
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A B

FIGURE 16-6. Pulmonary venolobar syndrome. A: PA chest radiograph of an 11-year-old girl shows a curvilinear band of opacification (arrows)
adjacent to the right heart border, representing an anomalous pulmonary vein draining into the inferior vena cava. The vein is shaped like a Turkish
sword, giving rise to the name “scimitar syndrome,” another term used to describe this entity. Hypoplasia of the right lung is not clearly seen on
this view. B: Lateral view shows a retrosternal band of opacification (arrows), created by shortening of the anteroposterior diameter of the right
lung, and contact of the anterior right lung with a rotated and shifted mediastinum.

shows a retrosternal band of opacification, which is secondary
to the shortening of the anteroposterior diameter of the in-
volved lung, and contact of the anterior involved lung with
a rotated and shifted mediastinum (8). Anomalous pulmonary
venous return can also be an isolated finding, unassociated with
other anomalies (Fig. 16-8).

FIGURE 16-7. Pulmonary venolobar syndrome. PA chest radiograph
of a 56-year-old woman shows the anomalous draining vein (scimitar;
arrows), diminutive right pulmonary artery, and relatively small right
lung.

PULMONARY ARTERIOVENOUS
MALFORMATION

A pulmonary AVM or congenital arteriovenous fistula is an ab-
normal vascular communication between a pulmonary artery
and a pulmonary vein. The etiology is thought to be defec-
tive development of the terminal capillary loops, resulting in
the formation of thin-walled, dilated vascular spaces, usually
supplied by one distended artery and drained by one distended
vein. Pulmonary AVMs are multiple in 33% to 50% of patients
and are bilateral in 8% to 20% (1). Approximately 60% of pul-
monary AVMs occur in patients with Rendu-Osler-Weber dis-
ease (also known as hereditary hemorrhagic telangiectasia; see
also Chapter 7). Chest radiographs and CT scans show round
or oval, well-defined nodules, which can be lobulated, ranging
in size from less than 1 cm to several centimeters in diameter,
with prominent feeding and draining vessels (see Figs. 7-32 and
7-33). Although typically incidental findings in adults, AVMs
can cause physiologic right-to-left shunting if large, which can
result in paradoxical septic emboli.

BRONCHIAL ATRESIA
Bronchial atresia is an uncommon focal obliteration of the
proximal portion of a segmental bronchus. It occurs most com-
monly in the left upper lobe, followed by the left lower lobe and
the right middle lobe (9). It is thought to be related to a vascular
insult early in development. Mucoid impaction in the airway
distal to the obliterated portion is usually seen radiologically
as an ovoid, round, or branching tubular structure. The distal
lung, aerated by collateral air drift, is typically hyperlucent and
hyperinflated and has decreased vascular markings. Bronchial
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A B

C

FIGURE 16-8. Anomalous pulmonary venous return. A: CT shows a
large tubular structure in the right lower lobe (arrow). B: CT with me-
diastinal windowing shows enhancement of the structure (arrow), con-
firming its vascular nature. C: CT at a level inferior to (B) shows the vas-
cular structure (solid arrow) draining into the inferior vena cava (dashed
arrow).

atresia is often discovered incidentally. Bronchoscopy is usually
required to exclude an endobronchial neoplasm.
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CHAPTER 17

PULMONARY VASCULATURE DISEASE

LEARNING OBJECTIVES
1. Recognize central and subsegmental pulmonary emboli

on chest computed tomography (CT).
2. Define the role of ventilation-perfusion scintigraphy, CT

pulmonary angiography, chest magnetic resonance
imaging/magnetic resonance angiography, CT
venography, and lower-extremity venous ultrasound
studies in the evaluation of a patient with suspected
venous thromboembolic disease, including the
advantages and limitations of each modality depending
on patient presentation.

3. Recognize enlarged pulmonary arteries on a chest
radiograph and distinguish them from enlarged hilar
lymph nodes.

4. Recognize enlargement of the central pulmonary arteries
with diminution of the peripheral pulmonary arteries on
a chest radiograph and suggest the diagnosis of
pulmonary arterial hypertension.

5. Name several causes of precapillary and postcapillary
pulmonary arterial hypertension.

Pulmonary vascular disease is a relatively common cause of
chest pain and dyspnea. It can be acute, as in pulmonary em-
bolism (PE), or chronic, as in most cases of pulmonary arterial
hypertension (PAH). This chapter will review these two condi-
tions and pulmonary artery tumors. Pulmonary arteriovenous
malformations are discussed in Chapter 16.

PULMONARY
THROMBOEMBOLIC DISEASE

PE is the third most common acute cardiovascular disease, after
myocardial infarction and stroke (1). However, there is con-
siderable uncertainty and confusion with regard to accurate
diagnosis of this condition. The clinical signs and symptoms
associated with PE are nonspecific, as are laboratory investi-
gations, electrocardiograms, and chest radiographs. When PE
occurs without infarction, the chest radiograph may be normal,
or it may show any or all of the following: oligemia of the af-
fected lung (the Westermark sign; see Fig. 2-21), increase in the
size of the main pulmonary artery, elevation of the diaphragm,
pleural effusion (usually small and unilateral), or discoid at-
electasis. The chest radiograph is usually abnormal in patients
with PE, however, with nonspecific subsegmental atelectasis
being the most common abnormal finding (2). No chest radio-
graphic sign is specific for pulmonary embolism or infarction,
and the sensitivity of chest radiography for these conditions
is poor. Even with a large pulmonary artery clot burden, the
chest radiograph can be normal (3). The main role of the chest
radiograph, therefore, is to exclude other diagnoses that might
mimic PE clinically, such as pneumonia or pneumothorax. Be-
cause PE often goes undetected, the diagnosis of PE should be
considered in any patient who presents with acute shortness of
breath and pleuritic chest pain.

Deep venous thrombosis (DVT) originates most com-
monly in lower-extremity or pelvic veins, where they dislodge
and propagate cranially into the pulmonary arterial tree. Ra-
diologic studies used to diagnose thromboembolic disease in-
clude chest radiography, ventilation-perfusion (V/Q) scans,
computed tomographic pulmonary angiography (CTPA), mag-

netic resonance imaging/magnetic resonance angiography
(MRI/MRA), CT venography (CTV), MR venography, and
lower-extremity ultrasound. Once the gold standard for diag-
nosing PE, catheter-based pulmonary angiography has largely
been replaced by CTPA and is now used mainly when the results
of CTPA and V/Q scanning are indeterminate and there is con-
tinued high clinical suspicion of PE. The ideal test to diagnose
PE should be accurate, direct (objective), rapid, safe, readily
available, and of reasonable cost. Because only approximately
30% of patients with clinically suspected PE have the disease
(4), a diagnostic test that is able to provide information regard-
ing the presence and significance of other chest disease would
also be desirable. None of the common tests in use (other than
CTPA) meet all or even most of these criteria. V/Q scintigraphy
was the main imaging modality used in the evaluation of pa-
tients with suspected PE until the advent of multidetector CT
scanning. A high-probability V/Q scan provides sufficient cer-
tainty to confirm the diagnosis of PE, while a normal or near
normal scan reliably excludes the diagnosis. However, in the
Prospective Investigation of Pulmonary Embolism Diagnosis
(PIOPED) study (4), indeterminate scans, which were present
in 364 (39%) of 931 patients, showed a 30% incidence of PE,
and low-probability scans (i.e., two thirds of V/Q scans in the
PIOPED study) were not useful in establishing or excluding
PE. In many institutions, CTPA has become the test of choice
rather than V/Q scintigraphy or catheter-based pulmonary an-
giography. A suggested diagnostic algorithm for the evaluation
of suspected PE is described in Table 17-1.

Recent studies have found the sensitivity of thin-section
multidetector CTPA to be 96% to 100% and the specificity to
be 89% to 98% for the detection of pulmonary emboli to the
level of the subsegmental arteries (5,6). Characteristic findings
of acute PE are: (a) partial central filling defect surrounded
by a thin rim of contrast material, or (b) complete filling
defect with obstruction of an entire vessel section (“vessel
cutoff sign”) (Figs. 17-1 to 17-5). Pulmonary arteries that are
completely obstructed by an acute embolus usually have an
increased diameter (Figs. 17-6 and 17-7). Arteries peripheral to
a central thrombus may or may not opacify. Central clot does
not necessarily completely obstruct the distal flow of contrast.
Although nonocclusive clot is depicted by CTPA, false-negative
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TA B L E 1 7 - 1

DIAGNOSTIC ALGORITHM FOR THE EVALUATION
OF SUSPECTED PULMONARY EMBOLISM

1. All patients should have a chest radiograph, the main role
of which is to exclude abnormalities, such as acute
pneumonia, that may mimic pulmonary embolism
clinically.

2. Patients with symptoms or signs of DVT should undergo
evaluation of the leg veins with Doppler ultrasound. If
Doppler ultrasound is positive, the patient can be
considered to have acute pulmonary embolism and
usually does not require further investigation.

3. Patients who have no symptoms or signs of DVT and
symptomatic patients who have a negative Doppler
ultrasound examination, and who do not have extensive
underlying parenchymal lung disease or COPD, should
undergo V/Q scintigraphy.* A high-probability or normal
V/Q scan can be considered diagnostic. All other patients
should undergo further evaluation with CTPA.

4. Patients who have extensive pulmonary parenchymal
disease or COPD and patients who have a nondiagnostic
V/Q scan should undergo CTPA.

5. Patients in whom the CTPA scans are suboptimal and
patients in whom the CTPA results are negative, but who
have a high clinical index of suspicion for acute
pulmonary embolism, should undergo catheter-based
pulmonary angiography.

DVT, deep venous thrombosis; COPD, chronic obstructive pulmonary
disease; V/Q, ventilation-perfusion; CTPA, computed tomographic
pulmonary angiography.
*At many institutions, V/Q scanning has been largely eliminated from
the diagnostic algorithm, with patients going directly to CTPA instead.
In addition, more and more diagnostic algorithms begin with a
D-dimer assay.

FIGURE 17-1. Incidental PE on CT. CT of a 70-year-old man with
colon cancer shows intraluminal filling defect (arrow) in the right up-
per lobe pulmonary artery. The study was performed to assess for
metastatic disease. Acute emboli are occasionally detected incidentally
on routine CT; such findings illustrate the importance of evaluating the
pulmonary arteries on all CT studies.

FIGURE 17-2. Acute PE. Coronal CTPA of a 43-year-old man with
acute shortness of breath shows extensive intraluminal filling defect
within the right lower lobe pulmonary arteries (arrows).

scintigraphy in this setting is well known. Acute embolic
obstruction of a large degree of the pulmonary circulation in-
creases pulmonary vascular resistance, leading to acute PAH.
CTPA findings suggesting this complication include right
ventricular enlargement (right ventricle/left ventricle ratio >1)
and straightening or leftward bowing of the interventricular
septum (Fig. 17-8). Pitfalls to be aware of in diagnosing PE
include lymph nodes; impacted bronchi (Figs. 17-9 and 17-10);
respiratory motion; vessel bifurcation; unopacified pulmonary
veins (Fig. 17-11); periarterial abnormalities (lymph node
enlargement or infiltration of the axial interstitium by edema
fluid, inflammation, or neoplasm); pulmonary artery catheters;
and pulmonary artery sarcoma (7).

CTPA findings diagnostic of chronic PE include mural
thrombus (adherent to the arterial wall), which may or may not
be calcified (Fig. 17-12); webs; stenosis or strictures of the ar-
teries (Fig. 17-13); and a central “dot” of contrast surrounded
by circumferential thrombus, which is indicative of recanal-
ization. Ancillary findings include mosaic perfusion with de-
creased caliber of vessels in the hypoattenuated areas of lung
(Fig. 17-14), enlarged pulmonary arteries and right ventricle
(Figs. 17-15 and 17-16), and enlarged bronchial arteries (Figs.
17-3 and 17-17). CTPA, like conventional angiography, usu-
ally enables distinction between acute and chronic PE; this is
not possible with scintigraphy.

The clinical significance of small emboli is unclear, but
data suggest that small, untreated clots in patients without
impaired cardiopulmonary reserve may not be associated with
poor outcome (8). Several investigations have found that the
negative predictive value of CTPA ≥97% (9), suggesting that
anticoagulants can be safely withheld when CTPA is normal
and of good diagnostic quality. In patients without concomi-
tant cardiopulmonary disease, no difference in the incidence of
recurrent PE between treated and untreated patients with small
clots has been noted (10). However, in patients with limited car-
diopulmonary reserve, such small emboli may be fatal. Isolated
subsegmental clot on single-detector CT is very unusual, and
the risk of anticoagulation may exceed the risk of morbidity
and mortality from the suspected clot in this setting (11).

Major advantages of CTPA over V/Q scintigraphy to
investigate patients suspected of acute PE include (a) direct
visualization of emboli on CTPA; (b) evaluation of the lung
parenchyma and mediastinum, which may provide an alternate
diagnosis; and (c) capability of acquiring a CTV study without

(Text continues on page 280)
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FIGURE 17-3. Acute PE. A: CTPA of a 77-year-old man with shortness
of breath shows an intraluminal filling defect, surrounded by a rim of
contrast, within the right lower lobe segmental pulmonary arteries (ar-
row). B: Coronal CTPA shows decreased caliber of arteries in the right
lung compared with the left and filling defect within right lower lobe
vessels. C: Catheter-based pulmonary angiogram confirms clot within
right lower lobe vessels (arrows).

A B

FIGURE 17-4. Acute PE. A: CTPA of a 77-year-old woman with a gastrointestinal bleed and DVT shows an intraluminal filling defect in a left
lower lobe segmental pulmonary artery (arrow). B: CTPA at a more superior level shows intraluminal filling defects, surrounded by contrast
material, in the right middle lobe and left lower lobe pulmonary arteries (arrows). (Continued )
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C

FIGURE 17-4. (Continued) C: CTPA at a level superior to (B) shows an
intraluminal filling defect, surrounded by a thin rim of contrast material,
in a right lower lobe segmental pulmonary artery (arrow).

A

B

C

FIGURE 17-5. Acute PE. A: CTPA of a 78-year-old woman shows an
intraluminal filling defect surrounded by contrast material in the prox-
imal right lower lobe pulmonary artery (arrow). B: Coronal CTPA
shows that the intraluminal filling defect extends from the proximal
right lower lobe pulmonary artery inferiorly to distal branches (ar-
rows). C: CTPA with lung windowing shows oligemia and diminution
of vessels on the right (Westermark sign).
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C

FIGURE 17-6. Acute PE. A: Posteroanterior (PA) chest radiograph of
a 52-year-old woman with cholangiocarcinoma shows a rounded opac-
ity at the left costophrenic angle, representing a Hampton hump of
pulmonary infarction. B: CTPA shows a saddle embolus bridging the
lingular and left lower lobe pulmonary arteries (arrow). C: CTPA at
a more inferior level shows intraluminal filling defects expanding the
proximal lower lobe pulmonary arteries (arrows).

FIGURE 17-7. Acute PE. CTPA of a 76-year-old man with acute short-
ness of breath shows a large intraluminal filling defect within the prox-
imal right lower lobe pulmonary artery (solid arrow) and a smaller in-
traluminal filling defect within a segmental pulmonary artery to the left
lower lobe (dashed arrow).
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A
B

C

FIGURE 17-8. Acute PE associated with pulmonary arterial hyper-
tension. A: CTPA of a 23-year-old man involved in a motor vehicle
crash shows a saddle embolus straddling the right and left main pul-
monary arteries (arrows). The central pulmonary arteries are enlarged.
B: CTPA at a more inferior level shows thrombus within segmental
branches of the lower lobe pulmonary arteries (arrows). C: CTPA at
a level inferior to (B) shows leftward bowing of the interventricular
septum (arrow).

FIGURE 17-9. Mucous plugging. CTPA of a 75-year-old man with an
esophageal stricture and gastroesophageal reflux shows a dilated esoph-
agus (E) and low-attenuation material within the lower lobe segmental
bronchi (arrows). The adjacent pulmonary vessels enhance normally.
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A B

FIGURE 17-10. Mucous plugging. A: CTPA shows low-attenuation material occluding the right lower lobe subsegmental bronchi (arrow). The
adjacent pulmonary vessels enhance normally. B: Coronal CT shows the impacted right lower lobe bronchi (arrows) adjacent to normally enhancing
pulmonary vessels.

FIGURE 17-11. Pulmonary vein. CTPA shows a nonenhancing pul-
monary vein in the left lower lobe (arrow). This should not be confused
with a pulmonary artery. Pulmonary veins can be traced back to the left
atrium on serial images.
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A
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C

FIGURE 17-12. Acute and chronic PE. A: Anteroposterior recumbent
chest radiograph of a 27-year-old man with a history of DVT and acute
shortness of breath shows right upper lobe airspace disease, mimick-
ing pneumonia, and fullness of the left hilum, mimicking adenopathy.
Endotracheal tube is positioned slightly high (arrowhead). B: CTPA
shows wedge-shaped, pleural-based airspace disease in the right upper
and lower lobes. The main (M), right (R), and left lower lobe (L) pul-
monary arteries are enlarged, correlating with the measured systolic
pulmonary artery pressure of 90 mm Hg. C: CTPA at a level inferior
to (B) shows old low-attenuation clot, eccentrically distributed along
the posterior wall of the right pulmonary artery (arrowheads), and
acute clot filling a right lower lobe basilar segmental pulmonary artery
branch (arrow).

A B

FIGURE 17-13. Chronic PE. A: PA chest radiograph of a 43-year-old woman with recurrent DVT and PE for 20 years shows a small right
pulmonary artery and diminutive vessels in the right upper lobe. B: CTPA shows a small irregular right pulmonary artery with residual clot and
areas of recanalization (solid arrow) and bronchial artery collaterals (dashed arrow). (Continued)
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C D

FIGURE 17-13. (Continued) C: CTPA at a more inferior level shows additional bronchial artery collaterals in a paraspinal and subpleural location
(arrows). The main pulmonary artery (PA) is markedly enlarged. D: CTPA with lung windowing shows small right pulmonary arteries and a mosaic
pattern of lung attenuation.

FIGURE 17-14. Chronic PE. CTPA shows a mosaic pattern of lung at-
tenuation. Note diminutive vessels in the areas of hypoattenuated lung.

FIGURE 17-15. Chronic PE. CTPA shows marked enlargement of the
main pulmonary artery, which is larger in diameter than the adjacent
ascending aorta.
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FIGURE 17-16. Chronic PE. CTPA shows enlargement of the right
ventricle (RV) and right atrium (RA). The right ventricle/left ventricle
(LV) ratio is greater than 1.

additional contrast (Fig. 17-18). Investigators have shown
that CTPA provides an alternative diagnosis (e.g., pneumonia,
pneumothorax, pleural effusion, pericarditis, aortic dissection,
aortic aneurysm, congestive heart failure, rib fracture, lung
nodules or mass, mediastinal mass or air, gallstones, chronic
obstructive pulmonary disease) in up to two thirds of patients

A

B

C

FIGURE 17-18. Deep venous thrombosis and acute PE. A: CTPA of
a 66-year-old woman with an endometrial mass and left leg swelling
shows bilateral PE. B: CTV performed immediately after the CTPA
shows left DVT (arrow). C: CTV at a more inferior level shows expan-
sion of the involved left lower-extremity vein and soft tissue stranding
of the adjacent fat (arrow).

FIGURE 17-17. Chronic PE. CTPA shows enlarged bronchial arteries
(arrow) adjacent to the esophagus.

with an initial suspicion of PE (8). Limitations of CTPA in-
clude patients with an allergy to contrast material, impaired
renal function, the inability to lie supine, the inability to be
transported to the CT scanner, or inadequate intravenous ac-
cess. Other limitations of CTPA include motion artifact caused
by inability of the patient to hold his or her breath or by adja-
cent cardiac motion, poor contrast bolus enhancement, image
noise in large patients, partial volume averaging (Fig. 17-19),
parenchymal disease, and streak artifact from lines and tubes
or dense contrast material.

PE and DVT are different manifestations of the same clinical
disease. One advantage of CTPA is the ability to add CTV, from
the iliac crest to the tibial plateau, to detect DVT in the legs
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A B

FIGURE 17-19. Partial volume artifact. A: CT with 5-mm collimation shows incomplete enhancement of a left lower lobe segmental pulmonary
artery (arrow). B: CTPA on the same day shows homogeneous enhancement of the vessel and no evidence of PE.

and pelvis (Figs. 17-20 and 17-21). Both CTPA and CTV can
be accomplished with the same bolus of contrast agent. Unlike
lower-extremity ultrasound, CTV can image the external and
internal iliac veins. Venous thrombosis can also occur in the
upper extremities and in the thorax and can be detected on
CTPA (Fig. 17-22).

The D-dimer assay, a test that detects one of the products
of fibrin breakdown in the blood, is an important rapid initial
test for DVT and PE. Recent studies show that the enzyme-

FIGURE 17-20. Deep venous thrombosis. CTV shows intraluminal
filling defect within the left femoral vein (arrow).

linked immunosorbent assay D-dimer test can accurately rule
out DVT and PE in the vast majority of cases (11). However,
this test can be falsely positive in postoperative patients, pa-
tients on anticoagulation, and patients with recent trauma.

MRI is useful in the evaluation of suspected PE when pa-
tients are allergic to iodinated contrast medium. Because it does
not involve ionizing radiation, it is also advantageous in chil-
dren and pregnant women.

Anticoagulant therapy must be considered for DVT as well
as for PE; therefore, ultrasound of the deep venous system
should have a primary screening role in patients suspected of
PE. Ultrasound imaging has the advantages of being readily
available and noninvasive. If ultrasound is negative for DVT,
depending on the degree of clinical suspicion, further evalua-
tion is generally obtained with a V/Q scan or CTPA.

The diagnostic feature of PE on a V/Q scan is a perfusion
defect in a region of normally ventilated lung—the so-called
“mismatched perfusion defect.” Interpretation of V/Q scans
is based on a comparison of the V/Q images and the chest
radiograph, which gives rise to a report of “normal” or of
low, intermediate, or high probability of PE (4). An abnormal
V/Q scan indicating a low probability for recent PE is one in
which the individual perfusion defects are smaller than 25%
of a segment, regardless of the chest radiographic and ventila-
tion scan appearances; are matched on the ventilation scan; or
are accompanied by larger chest radiographic abnormalities.
A high-probability scan is one in which there are two or more
perfusion defects that are not matched by corresponding ven-
tilation defects or chest radiographic abnormalities, including
at least one of segmental or larger size. In the appropriate clini-
cal setting, a high-probability V/Q scan indicates a probability
of PE exceeding 90%. An intermediate-probability V/Q scan,
also described as an indeterminate scan, is an abnormal scan
that does not fit into the low- or high-probability categories. It
includes those with perfusion defects that, although matched,
correspond in size and shape to an area of opacity on the chest
radiograph (and, therefore, may represent infarction or pneu-
monia) or with perfusion defects in areas of severe obstructive
lung disease, pulmonary edema, or pleural effusion.
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A B

FIGURE 17-21. Deep venous thrombosis. A: CTV of a 42-year-old man with protein C deficiency and recurrent DVT shows a filling defect within
a left pelvic vein (arrow). B: CTV at a more inferior level shows thrombus within the left femoral vein (arrow).

Only 15% or fewer of thromboemboli cause pulmonary in-
farction (12). It is not known why some emboli cause infarction
and others do not, but it is likely a result of compromise of both
the pulmonary and bronchial arterial circulation. This is most
likely to occur with peripheral emboli and in patients with
left heart failure or circulatory shock (13). It is known that
bronchial circulation alone can sustain the lung parenchyma
without infarction occurring (14).

Pulmonary infarction results in airspace opacities that are
usually multifocal and predominantly in the lower lungs. They
usually appear within 12 to 24 hours after the embolic event.

The opacities are classically peripheral, with a triangular or
rounded shape (thus the term Hampton hump), and they are
always in contact with the pleural surfaces (Figs. 17-23 and 17-
24). The apex of the opacity is directed toward the lung hilum.
Occasionally, lobar opacity resembling pneumonia can occur.
Air bronchograms are rarely present. It is important to note
that the opacities can represent a combination of pulmonary
hemorrhage and atelectasis without infarction, in which case
clearing occurs within a week. Infarction takes several months
to resolve, often with residual scarring (Fig. 17-25). As in-
farcts resolve, they melt away “like an ice cube” (giving rise

A B

C

FIGURE 17-22. Superior vena cava thrombus. A: CT of a 47-year-
old woman on hemodialysis shows nearly complete occlusion of the
superior vena cava with thrombus (arrow). B: CT at a more inferior
level shows collateralization of blood flow through an enlarged right
azygos vein (arrow). C: CT at a level inferior to (B) shows enlargement
of the azygos (solid arrow) and hemiazygos (dashed arrow) veins.
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FIGURE 17-23. Pulmonary infarction. PA chest radiograph of a 68-
year-old woman with acute shortness of breath shows a pleural-based,
rounded opacity at the right costophrenic angle (Hampton hump; ar-
rows), representing an acute parenchymal infarct. There is elevation of
the right hemidiaphragm from atelectasis and subpulmonic effusion.

to the so-called “melting ice cube sign”; Fig. 2-16). The opac-
ity clears from the periphery first, whereas in pneumonia the
opacity clears homogeneously, both centrally and peripherally
at the same time. Cavitation can occur within infarcts but is
rare without coexisting infection, either secondary infection of
an infarct or a result of septic emboli or vasculitis.

PULMONARY ARTERIAL
HYPERTENSION

PAH is defined as pulmonary artery pressures above the nor-
mal systolic value of 30 mm Hg or above the mean value of
18 mm Hg. There are numerous causes of PAH (Table 17-2),

FIGURE 17-24. Bilateral pulmonary infarcts. CT shows bilateral
pleural-based opacities characteristic of pulmonary infarcts.

FIGURE 17-25. Old pulmonary infarcts. CT shows bilateral subpleu-
ral linear opacities, representing scarring from previous pulmonary
infarcts.

which is classically categorized as either precapillary or post-
capillary. Regardless of the etiology, the radiologic features are
similar and include enlargement of the central pulmonary arter-
ies and narrowing or “pruning” of the peripheral pulmonary
artery branches (Fig. 17-26). Right ventricular enlargement is
often appreciated on the lateral chest radiograph. However,

TA B L E 1 7 - 2

CAUSES OF PULMONARY ARTERIAL HYPERTENSION

Precapillary
Primary vascular
Primary pulmonary hypertension
Acute and chronic pulmonary thromboembolic disease
Pulmonary vasculitis
Peripheral pulmonary artery stenoses
Pleuropulmonary
Emphysema
Chronic interstitial lung disease
Bronchiectasis
Postpneumonectomy
Fibrothorax
Chest wall deformity
Alveolar hypoventilation
Obesity/hypoventilation syndrome
Upper airway obstruction
Neuromuscular disease
Postcapillary
Cardiac
Cardiac disease with Eisenmenger physiology
Left atrial myxoma/thrombus
Mitral valve disease
Left ventricular failure
Constrictive pericarditis
Pulmonary venous
Pulmonary veno-occlusive disease
Congenital pulmonary vein stenosis
Anomalous drainage of pulmonary veins
Fibrosing mediastinitis
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A B

FIGURE 17-26. Primary pulmonary arterial hypertension. PA (A) and lateral (B) chest radiographs of a 54-year-old woman, obtained as part of a
workup for lung transplantation, show enlargement of the central pulmonary arteries and narrowing of the peripheral branches. Fine curvilinear
calcification can be seen outlining the central pulmonary arteries on the lateral view (arrowheads). There is also enlargement of the right atrium
and right ventricle (note increased opacity posterior to the sternum on the lateral view).

substantial PAH may be present in patients with normal chest
radiographs. CT more accurately depicts the size of the pul-
monary arteries and cardiac chambers. As a general rule, PAH
is present when the main pulmonary artery diameter exceeds
that of the ascending aorta or is 29 mm or more in diameter
(15) (Fig. 17-27). In long-standing and severe PAH, the en-
larged central pulmonary arteries may develop thrombus and
peripheral calcification. This is most often seen in patients with
Eisenmenger physiology, a condition characterized by a rever-

sal in the direction of a long-standing severe left-to-right shunt
(i.e., atrial septal defect, ventricular septal defect, patent ductus
arteriosus) (Fig. 17-28). In postcapillary and some precapillary
disorders, changes of pulmonary venous hypertension may be
seen. The most salient finding is cephalization of pulmonary
vasculature, which represents recruitment of upper lobe vas-
culature secondary to a diversion of blood flow. Pericardial
effusions, usually small to moderate in size, are commonly as-
sociated with PAH.

A B

FIGURE 17-27. Primary pulmonary arterial hypertension. A: PA chest radiograph of a 54-year-old woman shows enlargement of the pulmonary
arteries (arrows) and cardiac enlargement. B: CT confirms enlargement of the main (PA), right, and left pulmonary arteries. Note that the main
pulmonary artery is larger in diameter than the adjacent ascending aorta. Systolic and diastolic pulmonary artery pressures were 97 mm Hg and
53 mm Hg, respectively, with a mean pressure of 70 mm Hg. (Continued )
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CCC
FIGURE 17-27. (Continued) C: CT at a more inferior level shows en-
largement of the right atrium (RA) and right ventricle (RV).

PULMONARY ARTERY TUMORS

Primary pulmonary artery sarcomas are exceedingly rare. They
involve the central pulmonary arteries and often completely
occlude the involved vessel. The appearance on CT can mimic
massive acute PE. However, when complete occlusion and ex-
pansion of the main, left, or right pulmonary arteries is seen,
tumor should be considered. Even so, it is more common that

this appearance is caused by metastatic tumor or invasion of
the pulmonary artery by adjacent mediastinal or central bron-
chogenic carcinoma than by primary pulmonary artery sar-
coma.

Tumors most commonly known to embolize through the
pulmonary arterial circulation include bronchioloalveolar car-
cinoma; carcinomas of the breast, kidney, stomach, liver, and
prostate; and choriocarcinoma (16). The characteristic CT fea-
tures are dilatation and beading of peripheral pulmonary arter-

A B

FIGURE 17-28. Pulmonary arterial hypertension and Eisenmenger physiology. A: PA chest radiograph of a 47-year-old woman with a long-
standing atrial septal defect shows enlargement of the pulmonary arteries (arrows) and cardiomegaly. B: Lateral view shows rim calcification of
enlarged pulmonary arteries (arrows).
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A B

FIGURE 17-29. Tumor emboli. A: CT of a 16-year-old boy with a large pelvic sarcoma shows dilated and beaded peripheral pulmonary arteries
(arrows). B: Maximum-intensity-projection image shows the continuity of these abnormal vessels with the central pulmonary arteries.

ies (Fig. 17-29). The appearance can resemble the “tree-in-bud”
appearance of small airway disease (17). Maximum-intensity-
projection images can be helpful in showing continuity of the
distal vessels with more central pulmonary vessels in cases of
tumor emboli. Many more cases of tumor emboli are discov-
ered at autopsy than antemortem.
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CHAPTER 18

CONGENITAL AND ACQUIRED
CARDIAC DISEASE

LEARNING OBJECTIVES
1. Identify and describe the findings of the following on a

chest radiograph or computed tomography (CT):
■ Atrial septal defect
■ Ventricular septal defect
■ Patent ductus arteriosus

2. Identify and describe the findings of the following on a
chest radiograph:
■ Enlarged left atrium
■ Enlarged right ventricle
■ Enlarged left ventricle

3. Identify and describe the chest radiographic findings and
state the most common etiologies of each of the
following valvular diseases:
■ Aortic stenosis
■ Aortic insufficiency
■ Mitral stenosis
■ Mitral insufficiency
■ Tricuspid stenosis
■ Tricuspid insufficiency
■ Pulmonic stenosis
■ Pulmonic insufficiency

4. Recognize an enlarged ascending aorta and aortic valve
calcification on a chest radiograph and suggest the
diagnosis of aortic stenosis when these findings are
present.

5. Recognize an enlarged left atrium, vascular
redistribution, and mitral valve calcification on a chest
radiograph and suggest the diagnosis of mitral stenosis
when these findings are present.

6. Describe the radiographic appearance of mitral annulus
calcification and name the cardiac diseases associated
with mitral annulus calcification.

7. Define the types of cardiomyopathy (dilated,
hypertrophic, restrictive) and list the common causes of
each.

8. Identify on CT and describe the CT findings and clinical
significance of lipomatous hypertrophy of the interatrial
septum.

9. Define arrhythmogenic right ventricular dysplasia,
describe the role of magnetic resonance imaging (MRI) in
its diagnosis, and identify MRI findings that support the
diagnosis.

10. Name the most common benign primary cardiac tumors,
including myxoma, lipoma, fibroma, and rhabdomyoma.

11. Distinguish cardiac tumor from thrombus on CT and
MRI.

12. Name the most common malignancies to metastasize to
the heart; describe their appearance on chest radiography
and CT.

13. Describe the anatomy of the coronary arteries and
identify the following on chest CT:
■ Right coronary artery
■ Left main coronary artery
■ Left anterior descending coronary artery
■ Left circumflex coronary artery

14. Identify on chest CT and describe the clinical significance
of aberrant coronary artery origins.

15. Describe the clinical significance of coronary arterial
calcification on a chest radiograph.

16. Recognize coronary arterial calcification on CT and
describe the current role of coronary artery calcium
scoring with CT.

17. Identify the following postoperative findings on chest
radiography and CT:
■ Coronary artery stents
■ Coronary artery grafts (normal and aneurysmal)
■ Cardiac valve replacement
■ Poststernotomy infection

18. Describe the difference between a left ventricular
aneurysm and pseudoaneurysm and distinguish between
the two on chest CT.

19. Recognize pericardial calcification on a chest radiograph
and CT and name the most common causes.

20. Identify and describe two chest radiographic signs of a
pericardial effusion.

21. Name five causes of a pericardial effusion.
22. Identify and describe the findings of each of the following

on a chest radiograph and CT:
■ Constrictive pericarditis
■ Pericardial metastases
■ Pneumopericardium

23. Describe the role of MRI in diagnosing constrictive
pericarditis and differentiating constrictive pericarditis
from restrictive cardiomyopathy.
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Heart disease is the leading cause of morbidity and mortal-
ity in industrialized countries. Echocardiography, single pho-
ton emission computed tomography (SPECT), scintigraphy,
positron emission tomography (PET), and cardiac catheteri-
zation with cineangiography have long been used to assess the
anatomy and function of the normal and diseased heart. Re-
cent advances in CT and magnetic resonance imaging (MRI)
have generated a renewed interest in cardiac imaging, partic-
ularly among radiologists. CT in particular is an examination
with which radiologists are very comfortable, and it now pro-
vides a means to globally assess the heart and lungs simul-
taneously. This chapter will focus on the chest radiographic
and CT findings of common congenital cardiac diseases seen
in the adult, normal and abnormal cardiac anatomy, valvu-
lar disease, cardiomyopathies, cardiac tumors, complications
of myocardial infarction and cardiac surgery, and pericardial
disease.

CONGENITAL CARDIAC DISEASE
Whereas congenital abnormalities are the predominant form
of heart disease in childhood, in adults, congenital disorders
represent only 1% of recognized heart disease (1). In general,
adults with newly discovered congenital heart disease are those
whose anomalies produced no symptoms or mild symptoms in
childhood, or those who were misdiagnosed in childhood only
to become symptomatic in adult life. A discussion of all con-
genital heart defects that can be diagnosed in adults is beyond
the scope of this chapter. What will be presented is a brief dis-
cussion of common left-to-right shunts that are diagnosed in
adulthood and the developmental anomalies of the aorta that
can be associated with congenital heart diseases.

A B

FIGURE 18-1. Atrial septal defect. A: Posteroanterior (PA) chest radiograph shows marked enlargement of the
central and all segments of the pulmonary arteries. The cardiac silhouette is enlarged. B: Lateral view shows filling
in of the retrosternal clear space, secondary to right ventricular enlargement, and pulmonary artery enlargement.

Atrial Septal Defect

Atrial septal defect (ASD) accounts for 80% to 90% of con-
genital left-to-right shunts found in adults (2,3) and is three
times more common in women than in men. Almost half of the
patients with ASD in all age groups are asymptomatic, and in
these cases the ASD is discovered incidentally on a routine chest
radiograph. There are different types of ASD, with the ostium
secundum type (consisting of an absence or deficiency of tissue
in the region of the fossa ovalis) being the most common
type seen in adult patients. In uncomplicated ASD, the chest
radiograph shows enlargement of the right ventricle and all
segments of the pulmonary arteries (“shunt vascularity”) (Fig.
18-1). The right atrium is also enlarged, but it is usually not
distinguished from right ventricular enlargement on the chest
radiograph. Because the radiograph does not accurately reflect
the size of the right atrium and ventricle, the overall heart
size may appear normal. On the lateral view, right ventricular
enlargement results in a filling in of the retrosternal clear space
and posterior displacement of the left ventricle toward the
spine (4). There is no enlargement of the left heart in a simple
ASD. The aorta appears small, relative to the pulmonary artery,
and the superior vena cava appears small or “absent” because
of rotation of the heart from right-sided cardiac enlargement
(Fig. 18-2).

Long-standing large shunts lead to pulmonary arterial hy-
pertension; when pulmonary arterial pressure exceeds systemic
arterial pressure, a reversal of shunting of blood from left-to-
right to right-to-left occurs (Eisenmenger physiology). In these
cases, there is marked central pulmonary artery dilatation and
narrowing of peripheral pulmonary artery branches (5). The
central pulmonary arteries can become aneurysmal and, rarely,
can be calcified (Fig. 18-3).
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A B

FIGURE 18-2. Atrial septal defect. A: PA chest radiograph of a 17-year-old boy with a heart murmur since birth
shows enlargement of the cardiac silhouette, enlarged central and peripheral pulmonary arteries (“shunt vascular-
ity”), a normal- to small-sized aorta, and “absent” superior vena cava shadow. B: Lateral view shows enlargement
of the right ventricle, as evidenced by increased opacification posterior to the sternum.

A B

FIGURE 18-3. Atrial septal defect with Eisenmenger physiology. PA (A) and lateral (B) chest radiographs of a
52-year-old woman with a large, long-standing ASD that has resulted in a reversal of shunting of blood and pul-
monary arterial hypertension. There is aneurysmal enlargement and calcification of the central pulmonary arteries,
enlargement of the right heart, and “absence” of the superior vena cava shadow. (Continued)
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C D

FIGURE 18-3. (Continued) C: CT shows large main (M), right (R), and lower (L) lobe pulmonary arteries. Long-standing left-to-right shunting
of blood has resulted in pulmonary artery aneurysms, which contain low-attenuation thrombus (arrowheads), and calcification (arrows). D: CT
at a level inferior to (C) shows enlarged lower lobe pulmonary arteries containing thrombus (T) and calcification (C), enlarged right atrium (RA),
and enlarged right ventricle (RV), causing leftward bowing and hypertrophy of the interventricular septum (arrows). The pulmonary artery lumina
are outlined by high-attenuation contrast material (L).

ASD closure can be accomplished with a variety of percuta-
neously placed devices. A catheter that is placed via the com-
mon femoral vein is fed through the cardiac defect into the left
atrium using fluoroscopic and echocardiographic guidance. A
commonly used device is the Amplatzer Septal Occluder (AGA
Medical Corporation, Golden Valley, MN) (Fig. 18-4). This
is a two-part closure device. One of two nitinol mesh disks
is pushed out through the catheter into the left atrium; this is

A B

FIGURE 18-4. Atrial septal defect occluder. A: PA chest radiograph of a 50-year-old woman with a history of transient ischemic attacks shows
an Amplatzer Septal Occluder device (AGA Medical Corporation, Golden Valley, MN) (arrow) in the location of the foramen of ovale. B: Lateral
view confirms appropriate placement of the device (arrow).

followed by release of the second disk into the right atrium to
close the defect.

Ventricular Septal Defect

Ventricular septal defect (VSD) is the most common congen-
ital heart disease in childhood, but it represents only 10% of
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congenital cardiac lesions in the adult patient. Surgical correc-
tion and spontaneous closure of the defect account for the de-
creased incidence in the adult patient (6). Most patients with
VSD who survive into adulthood without intervention have
small and physiologically inconsequential defects. Patients who
reach adult life with large VSDs have pulmonary arterial hyper-
tension, progressive right-to-left shunting (Eisenmenger physi-
ology), and cyanosis. Small shunts cannot be identified on chest
radiography. With large shunts (VSDs with a shunt ratio greater
than 2:1) and normal pulmonary vascular resistance, the chest
radiograph shows “shunt vascularity,” enlargement of the left
atrium and both ventricles, a normal or small aorta, and a
normal right atrium. The left ventricular apex projects to the
left, inferiorly and posteriorly. On frontal chest radiographs,
enlargement of the left atrium is seen as a “double density” be-
hind the right atrium, and straightening or focal convexity of
the left mediastinal border is seen below the pulmonary artery
shadow.

Patent Ductus Arteriosus

The ductus arteriosus is a portion of the sixth aortic arch in the
fetus that connects the left pulmonary artery to the descending
thoracic aorta. Twelve to 24 hours after birth, the ductus is
functionally closed, and anatomic closure occurs 1 to 2 weeks
later. However, for unknown reasons, the ductus arteriosus
may remain patent, creating a left-to-right shunt and varying
degrees of overcirculation to the lungs, left atrium, left ventri-
cle, and the ascending and arch portions of the aorta. If the
ductus does not close, Eisenmenger physiology develops when
pulmonary vascular resistance exceeds systemic resistance and
causes a right-to-left shunt across the ductus arteriosus. The
radiographic features of an uncomplicated patent ductus arte-
riosus (PDA) are similar to those of a VSD, except for the size of
the aorta. In PDA, the ascending and arch portions of the aorta
can enlarge (with the degree of enlargement dependent on the
size of the shunt), indicating that the shunt is extracardiac, as
opposed to an intracardiac shunt, such as a VSD, with which
the size of the aorta is normal or small. However, aortic size is
not always a reliable criterion, and in practice it can be difficult
to distinguish VSD from PDA on chest radiography. Another
finding of PDA in an adult is calcification of the ductus.

Anomalies of the Thoracic Aorta

Congenital bicuspid aortic valve is a relatively common mal-
formation. As the valve thickens and becomes fibrotic, it be-
comes stenotic. When this occurs, the valve becomes calcified.
A densely calcified aortic valve, as seen on chest radiography
or CT in a patient under the age of 55, should prompt consid-
eration of this anomaly.

In left aortic arch with aberrant right subclavian artery, the
right subclavian artery, instead of the first branch, takes off
as the final branch of the aorta. Patients with this common
anomaly are usually asymptomatic but may present with dys-
phagia as a result of the retroesophageal course of the aberrant
artery. The frontal chest radiograph often shows an abnor-
mal mediastinal contour at the level of the aortic arch, where
the proximal portion of the aberrant artery is dilated—the so-
called “diverticulum of Kommerell.” The lateral chest radio-
graph may show anterior displacement of the trachea.

A right aortic arch occurs when there is interruption of the
embryonic left aortic component of the hypothetical double
aortic arch. Two types are described: Type 1 is a mirror image
of left aortic arch and is associated with cyanotic congenital
heart disease in more than 95% of patients, most of whom
have tetralogy of Fallot (7). Type 2 right aortic arch—a right

aortic arch with an aberrant left retroesophageal subclavian
artery—is common, occurring in 1 in 2,500 persons, and is
usually found incidentally (1). Additional cardiac anomalies
occur in only 5% to 15% of patients with type 2. Chest radio-
graphs of a right aortic arch show that the trachea is bowed to
the left at the level of the right aortic arch, producing a convex
bulge just above the azygous vein (Figs. 18-5 and 18-6). It is
typical for a right-sided arch to be high riding and present as a
“mass” in the right paratracheal area. An aortic diverticulum,
or proximal arterial dilation, is seen to the left and slightly be-
low the usual site of a left-sided aortic arch. The diverticulum
may be of sufficient size to produce a large bulge immediately
above the left main pulmonary artery and simulate a left aortic
arch or a nonvascular mediastinal mass. Most often, the left
mediastinal bulge is a result of the aortic diverticulum rather
than the aberrant left subclavian artery itself. As the left sub-
clavian artery crosses from right to left, it will cause a posterior
impression on the air-filled esophagus and the trachea, which
is seen best on the lateral chest radiograph. The right aortic
arch usually crosses to the left side posteriorly, in the middle
of the thorax behind the right pulmonary artery, to descend
into the abdomen on the left side. A double aortic arch forms
a complete vascular ring and on occasion can first present in
adulthood.

Pseudocoarctation is a term used to denote a focal narrow-
ing of the aortic arch that has the same morphology as classic
coarctation but does not produce obstruction. This anomaly is
a buckling of the aorta at the isthmus with little or no pressure
gradient across the buckled portion (less than 30 mm Hg) (8).
Because there is no obstruction, there is no collateral flow, and
there is no rib notching as is seen with classic coarctation. The
chest radiograph shows a left “mediastinal mass” that repre-
sents an elongated, redundant, and high aortic arch. Sagittally
reconstructed CT of the chest can show the high arch with a
kink at the isthmus, resembling the numeral 3, in which the
midportion of the 3 corresponds to the attachment of the lig-
amentum arteriosum (Fig. 18-7). A “cervical aortic arch” can
resemble pseudocoarctation of the aorta on chest radiographs,
but with a cervical arch, the aortic arch lies in the neck, above
the clavicles, usually on the right side.

ACQUIRED HEART DISEASE

Valvular Disease

The radiologic signs of uncomplicated valvular lesions are rel-
atively straightforward (Table 18-1). Valve stenosis produces
pressure overload and myocardial hypertrophy without dilata-
tion. Dilatation indicates that heart failure has developed. Valve
insufficiency produces volume overload and a combination of
dilatation and hypertrophy of the involved cardiac chambers.
With insufficiency, a dilated heart does not indicate cardiac
decompensation.

Aortic Stenosis

Aortic stenosis (AS) can exist at the valvular, subvalvular, or
supravalvular level. The chest radiographic abnormalities de-
pend on the age of the patient as well as on the severity of the
stenosis. The adult heart is of normal size and the lungs are nor-
mal, because left ventricular failure and dilatation occur only
in terminally ill patients. Radiographically detectable calcifica-
tion in the aortic valve occurs in all types of aortic stenosis and
marks the stenosis as clinically severe. Dilatation of the ascend-
ing aorta is frequent in aortic stenosis but correlates poorly with
severity or with the site of the stenosis. Poststenotic dilatation
of the ascending aorta is caused by the jet of blood through the
stenotic valve striking the lateral aortic wall. The lateral wall
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FIGURE 18-5. Right aortic arch. A: PA chest radiograph shows a right-sided aortic arch and descending aorta. The trachea is not deviated to the
right, as is usually seen with a left aortic arch. B: Lateral view shows a posterior impression on the tracheal air column, secondary to compression
from the aberrant left subclavian artery crossing from right to left.

A

B

C

FIGURE 18-6. Right aortic arch with aberrant left subclavian artery.
A: Scout view from a CT of a 29-year-old man with dysphagia shows
deviation of the trachea to the left (arrowheads) and a right-sided de-
scending thoracic aorta (arrows). B: CT shows the right-sided aortic
arch (A) and an aberrant left subclavian artery (SCA) arising from the
posterior arch and coursing posterior to the trachea (T) and esophagus
(E). Note the compression of the esophagus from the aberrant vessel,
causing the patient’s dysphagia. There is also a persistent left superior
vena cava (arrow), in addition to a right superior vena cava (arrow-
head). C: CT at a level inferior to (B) shows the persistent left superior
vena cava (arrow) coursing in a left paramediastinal location before
draining into the coronary sinus more inferiorly. The descending aorta
is midline at this level.

292
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B

C

FIGURE 18-7. Pseudocoarctation of the aorta. A: PA chest radiograph
of a 50-year-old woman shows a left paratracheal “mass” (arrows).
Sternotomy wires are present from previous coronary artery bypass
graft surgery. B: CT shows the left subclavian artery (S), right (R) and
left (L) brachiocephalic veins, and the high-riding, “buckled” aortic
arch (A). C: Sagittal reconstruction shows the buckled aortic arch (ar-
rows) and focal kinking of the aorta at the isthmus (arrowhead). This
reconstruction shows how an axial view at the level of the aortic arch
(dashed line) will show “two” rounded, contrast-enhanced structures
adjacent to each other.

of the aorta becomes both dilated and elongated, accentuating
the rightward displacement of the aorta. In most children and
adults with pure, severe aortic stenosis, the left ventricle is a
small cavity that is hypercontractile and has the usual signs of
hypertrophy. In the absence of other anomalies, left ventricular
dilatation in pure aortic stenosis is direct evidence of heart
failure.

Calcific AS in the adult can be caused by rheumatic heart
disease, a congenital bicuspid aortic valve, or advanced age and
degeneration of the valve (8). The average age at which aortic
valve calcification is first detected is 25 years for congenital AS,
47 years for rheumatic AS, and 54 years for degenerative AS (9).
Valve calcification is best seen on the lateral chest radiograph,
because the valve usually projects over the spine in the frontal
projection. An important clue to the diagnosis of rheumatic
disease in the aortic valve is the presence of mitral stenosis or
regurgitation.

AS in elderly patients results from degeneration of the valve
leaflets, with subsequent thickening and calcification. These
aortic valves are tricuspid and have clumps of calcium within
the webs of the leaflets. Some of these elderly patients also
have coronary artery calcification and calcification in the mitral
annulus and aortic arch.

Aortic Insufficiency

Stenotic aortic valves generally also have some insufficiency. If
the aortic insufficiency (AI) is both chronic and severe, the chest
radiograph shows left ventricular enlargement and dilatation
of the entire aorta. This pattern follows the principle that insuf-
ficiency of any of the heart valves enlarges structures on both
sides of the insufficient valve. Isolated AI most commonly re-
sults from a congenital bicuspid aortic valve. Other rare causes
of AI include syphilitic aortitis (presenting between 45 and
65 years of age and associated with calcification of the as-
cending aortic aneurysm), Marfan syndrome (presenting before
age 30 and not associated with calcification of the aneurysm),
ankylosing spondylitis, relapsing polychondritis, and traumatic
rupture of the aortic valve.

Mitral Stenosis

Most mitral stenosis (MS) is acquired and usually results from
rheumatic carditis that occurred at least 5 to 10 years pre-
viously. Less common etiologies include left atrial myxoma,
thrombus, or a tumor that may prolapse through the mitral ori-
fice during diastole and create functional stenosis. Early in the
course of rheumatic MS in the adult, the pulmonary blood flow
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TA B L E 1 8 - 1

RADIOGRAPHIC APPEARANCES OF CARDIAC VALVULAR DISEASE

Valvular disease Radiographic findings

Aortic stenosis ■ Calcification of aortic valve
■ Dilatation of ascending aorta
■ Dilated left ventricle and pulmonary edema only with left ventric-

ular failure

Aortic insufficiency ■ Calcification of aortic valve
■ Dilatation of ascending aorta
■ Dilated left ventricle
■ Pulmonary edema with left ventricular failure

Mitral stenosis ■ Enlargement of left atrium, right ventricle, and pulmonary trunk
■ Cephalization of pulmonary vasculature
■ Septal (Kerley B) lines
■ Calcification of mitral valve

Mitral insufficiency ■ Markedly dilated left atrium
■ Mildly dilated left ventricle
■ Moderate enlargement of pulmonary trunk and right ventricle

Tricuspid stenosis ■ Systemic venous dilatation
■ Pulmonary oligemia

Tricuspid insufficiency ■ Dilatation of right ventricle and right atrium
■ Dilatation of venae cavae
■ Pulmonary oligemia

Pulmonic stenosis ■ Right ventricular enlargement
■ Poststenotic dilatation of the pulmonary trunk and left pulmonary

artery
■ Increased pulmonary blood flow to the left lung and decreased

pulmonary blood flow to the right lung

Pulmonic insufficiency ■ Dilatation and hypertrophy of the right ventricle
■ Systolic enlargement of the pulmonary trunk and central pulmonary

arteries

redistributes to the upper lobes. Later, the pulmonary arter-
ies enlarge as pulmonary arterial hypertension develops. Later
still, the right ventricle fails, from both a pressure overload
from pumping into hypertensive pulmonary arteries and from
pulmonic insufficiency secondary to a dilated annulus (Fig. 18-
8). The chest radiograph in MS physiologically reflects the left
atrial hypertension. The left atrium is enlarged, but the left
ventricle is normal in size (unless there is coexisting mitral in-
sufficiency). Left atrial enlargement can manifest as straight-
ening of the left heart border or a convex shadow just below
the left mainstem bronchus on the posteroanterior chest ra-
diograph (indicating enlargement of the left atrial appendage),
splaying of the tracheal carina, and posterior displacement of
the pulmonary venous confluence and left lower lobe bronchus
on the lateral chest radiograph (Fig. 18-9). The lungs show a
diffuse increase in interstitial markings that is likely related
to both fibrosis and edema. Patients with severe MS can have
hemoptysis caused by bleeding of the engorged plexus of ves-
sels around the middle to smaller bronchi, with a late sequela
of pulmonary hemosiderosis, the deposits of which can calcify.
The amount of calcium in the mitral valve roughly correlates
with the degree of MS, but, unlike the aortic valve, the mitral
valve may be severely stenotic and have no radiologically vis-
ible calcification. To distinguish aortic from mitral valve cal-
cification on a lateral chest radiograph, one can draw a line
from the inferior aspect of the right pulmonary artery along
the right middle lobe branch to the tip of the xiphoid; the aor-
tic valve is above this line, and the mitral valve is below this
line.

Mitral Insufficiency

Acute mitral insufficiency (MI) can be traumatic, infectious,
degenerative, or idiopathic. The pathology is usually a rupture
of a chorda, a papillary muscle, or a mitral leaflet. Acute MI
leads to acute left ventricular failure with severe pulmonary
edema and a normal-sized heart or minimal cardiomegaly.

The major causes of chronic MI are rheumatic fever, mi-
tral valve prolapse, coronary heart disease, and cardiomyopa-
thy. Typical radiographic manifestations include a markedly
dilated left atrium, a well-contracting but only mildly enlarged
left ventricle, cephalization of the pulmonary vasculature with-
out frank pulmonary edema, and moderate pulmonary trunk
and right ventricle enlargement. MI can also be associated with
focal edema in the right upper lobe. The pathogenesis for this
condition is the vector of the regurgitant jet of blood flow from
the left ventricle to the left atrium, toward the right superior
pulmonary vein, which locally accentuates the forces for edema
formation in the right upper lobe (10) (Fig. 18-10). With coro-
nary heart disease and cardiomyopathy, the left ventricle is usu-
ally markedly dilated with poor contractility, with only mild
enlargement of the left atrium.

Mitral Annulus Calcification

The mitral valve ring may calcify in individuals over age 60;
this occurs more commonly in women than in men. The calcifi-
cation often forms a pattern resembling the letter “J,” the letter
“O,” or a reverse letter “C” (Fig. 18-11). In most instances, mi-
tral annulus calcification has little clinical significance and is a
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A B

FIGURE 18-8. Rheumatic mitral stenosis. PA (A) and lateral (B) chest radiographs of a 40-year-old woman show enlargement of the right ventricle
(note increased opacity posterior to the sternum on the lateral view) and left atrium (note the convexity of the left heart border inferior to the left
pulmonary artery shadow; arrows). The central pulmonary arteries are enlarged from pulmonary arterial hypertension, and there is pulmonary
vascular redistribution. Unlike the aortic valve, the mitral valve may be severely stenotic and, as in this case, have no radiographically visible
calcification.

A B

FIGURE 18-9. Mitral stenosis. A: PA chest radiograph of a 43-year-old woman with atrial fibrillation and a history of rheumatic fever as a child
shows abnormal convexity to the upper left heart border, indicating an enlarged left atrial appendage (arrow). B: Lateral view shows posterior
displacement of the pulmonary venous confluence (arrows).
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FIGURE 18-10. Mitral insufficiency. A: PA chest radiograph of an 84-year-old woman shows an enlarged cardiac silhouette and right upper lobe
pulmonary opacity representing edema. B: CT shows an enlarged left atrium (LA) and bilateral pleural effusions. C: CT at a level inferior to (B)
shows calcification of the mitral valve (arrow) and enlargement of the left ventricle (LV). D: CT with lung windowing shows ground-glass opacity
limited to the right upper lobe. Right upper lobe edema in patients with mitral insufficiency is thought to be caused by the regurgitant jet of blood
flow through the mitral valve to the right superior pulmonary vein.

noninflammatory chronic degenerative process. AS and hyper-
tension are associated with mitral annulus calcification, likely
as a result of the increased strain exerted on the mitral valve
apparatus from the left ventricular pressure overload. If the cal-
cification grows posteriorly into the ventricular myocardium,
heart block can occur. If it grows anteriorly into the mitral valve
leaflets, MS and MI can occur. Mitral annulus calcification is
also associated with increased risk of stroke.

Tricuspid and Pulmonic Valve Disease

Acquired disease isolated to the tricuspid and pulmonic valves
is much less common than aortic and mitral valve disease. Pri-
mary disease of the tricuspid valve is most commonly caused by
rheumatic disease and is associated with disease also involving
the left-sided cardiac valves. Pulmonic stenosis is almost al-
ways congenital (Fig. 18-12), and pulmonary insufficiency is
most commonly a result of severe pulmonic arterial hyperten-
sion of any etiology (e.g., severe MS and recurrent pulmonary
thromboembolic disease).

Multivalvular Disease

Multivalvular involvement is common in patients with
rheumatic heart disease, cardiomyopathies, and connective tis-
sue disorders (Fig. 18-13). In general, the proximal valvular
lesions tend to obscure the distal ones, both clinically and
radiographically.

Cardiomyopathy

Cardiomyopathies can be classified as dilated, hypertrophic,
or restrictive. Each can be further categorized as primary (af-
fecting the myocardium but not other organs) or secondary
(myocardial disease as one manifestation of systemic disease).
Idiopathic dilated cardiomyopathy is characterized by dilata-
tion of both ventricles or only the left ventricle, and it is either
idiopathic or, in about half of cases, is thought to have a viral
or immune etiology. Secondary dilated cardiomyopathy can be
caused by ethanol toxicity, chemotherapeutic agents (e.g., dox-
orubicin), heavy metals, infection, connective tissue diseases,
sarcoidosis, neuromuscular diseases, metabolic or endocrine
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FIGURE 18-11. Mitral annulus calcification. PA (A) and lateral
(B) chest radiographs of an 87-year old woman show a C-shaped
calcification in the expected location of the mitral annulus (arrows)
and a dual-lead pacemaker. C: CT shows dense calcification of the
mitral annulus (arrow).

abnormalities (e.g., hypocalcemia or hypothyroidism), nutri-
tional deficiencies (e.g., vitamin B12 deficiency), pregnancy,
hypertension, or chronic myocardial ischemia; or it may be
familial in origin. Chest radiography shows global cardiac en-
largement and pulmonary edema.

Genetic hypertrophic cardiomyopathy is characterized by
biventricular myocardial hypertrophy without chamber dilata-
tion and is distinguished from acquired hypertensive heart dis-
ease. Initially this disease was called idiopathic hypertrophic
subaortic stenosis, but it was recognized that subaortic ob-
struction was only one feature of cardiac hypertrophy. In some
cases, the left ventricle or interventricular septum is predom-
inantly involved. The disease is genetically transmitted as an
autosomal-dominant trait. The disease can cause sudden death
in young patients. Chest radiographs most commonly show

normal heart size. This is because the hypertrophy decreases
ventricular capacity but does not increase ventricular size.
Acquired or secondary hypertrophic cardiomyopathy can be
caused by essential hypertension, renal and adrenal disease,
endocrine diseases, and left ventricular outflow obstruction
(i.e., aortic stenosis).

Restrictive cardiomyopathy is characterized by impaired
filling of noncompliant ventricles and diastolic dysfunction.
Either right- or left-sided symptoms may predominate. Causes in-
clude amyloidosis, scleroderma, endomyocardial fibrosis, car-
cinoid heart disease, sarcoidosis, radiation, and familial or id-
iopathic origins. Heart size and contour are usually normal on
chest radiography. As the disease progresses, a combination of
both enlargement and a thick left ventricular wall may develop.
Because of the stiff right and left ventricles, the right and left
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FIGURE 18-12. Pulmonic stenosis. A: Anteroposterior chest radio-
graph of a 52-year-old man shows an abnormal opacity in the expected
location of the main and left pulmonary arteries (arrow). B: CT shows
marked enlargement of the main pulmonary artery (PA). C: CT at a
level inferior to (B) shows marked enlargement of the left pulmonary
artery (LPA) and a normal-size right pulmonary artery.

A B

FIGURE 18-13. Multivalvular disease. PA (A) and lateral (B) chest radiographs of a 66-year-old woman with a history of rheumatic fever show
mitral (solid arrows) and tricuspid (dashed arrows) valve prostheses.



P1: PBY/PCF P2: PBY/PCF QC: PBY/PCF T1: PBY Printer: Maple Press

GRBT226-18 Collins-Stern-3203G GRBT226-Collins-Stern-v7.cls June 8, 2007 14:11

Chapter 18: Congenital and Acquired Cardiac Disease 299

FIGURE 18-14. Arrhythmogenic right ventricular dysplasia. MRI
shows delayed hyperenhancement of the right ventricular free wall (ar-
rows). (Image courtesy of David Bluemke, MD, PhD, Johns Hopkins
Medical Institutions, Baltimore, MD.)

atria dilate in response to filling the ventricles under increased
diastolic pressure. Dilated venae cavae, large atria, and small
ventricles are also features of constrictive pericarditis, and the
two may be difficult to distinguish. The presence of a thickened
and calcified pericardium is relatively specific for constrictive
pericarditis. However, not all constrictive pericarditis is calci-
fied, and some patients with restrictive cardiomyopathy may
have mild thickening of the pericardium.

Arrhythmogenic right ventricular dysplasia (ARVD), an id-
iopathic cardiomyopathy, is a myocardial disorder of primarily
the right ventricle that is more common in males than females
and has a frequent familial occurrence (11). The disorder is
characterized by transmural or nontransmural infiltration of
the right ventricular myocardium with fat or fibrous tissue, dif-
fuse thinning of the right ventricular myocardium, dyskinesia
of the right ventricle, and abnormal enhancement on delayed
images (12) (Fig. 18-14). MRI is the optimal technique for
detection and follow-up of clinically suspected ARVD. Clini-
cally, ARVD is characterized by ventricular arrhythmias with
left bundle branch block that may lead to cardiac arrest. It is
recognized as a major cause of sudden death in young adoles-
cents. The differential diagnosis of ARVD includes idiopathic
dilated cardiomyopathy (usually presenting with a progressive
decline in left ventricular function, as opposed to the right ven-
tricular failure seen in ARVD) and the Uhl anomaly (character-
ized by a paper-thin right ventricle owing to the nearly complete
absence of myocardial muscle fibers, with no gender predilec-
tion or familial occurrence). The diagnosis of ARVD is based
on the presence of structural, histologic, electrocardiographic,
and genetic factors. Positive MRI findings serve as an important
criterion in the clinical diagnosis of ARVD, although negative
MRI findings do not rule out ARVD.

Lipomatous Hypertrophy
of the Interatrial Septum

Lipomatous hypertrophy of the interatrial septum (LHIS) is
a benign disorder characterized by the accumulation of fat in

FIGURE 18-15. Lipomatous hypertrophy of the interatrial septum.
CT of a 72-year-old woman shows fatty infiltration of the interatrial
septum (F), which spares the fossa ovalis (arrow).

the interatrial septum. The term is actually a misnomer, as the
disorder is caused by an increase in the number, and not hy-
pertrophy, of adipocytes (13). It typically occurs in elderly and
obese patients. The thickness of the fatty septum is typically
between 2 and 6 mm (14). CT shows a mass of fat attenuation
with sharp margins and sparing of the fossa ovalis (Fig. 18-15),
resulting in a dumbbell shape. The diagnosis is most commonly
made incidentally and is usually unassociated with symptoms,
although it can lead to rhythm disturbances such as P-wave
abnormalities, atrial fibrillation, and even sudden death.

Cardiac Masses

The most common intracardiac mass is thrombus, which is
usually located within the left atrium or the left ventricle and is
associated with mitral valve disease, atrial fibrillation, or car-
diomyopathy. The distinction between tumor and thrombus is
made on MRI by the difference in signal characteristics or on
MRI or CT by the presence or absence of enhancement after
administration of contrast material. Tumor is usually hyperin-
tense in comparison with myocardium and skeletal muscle (and
thrombus) on T2-weighted MRI images and typically enhances
with contrast on MRI or CT images (whereas thrombus does
not enhance).

In all age groups, benign primary cardiac neoplasms are
more common than malignant ones (13). Myxomas are the
most common primary cardiac neoplasms, accounting for
about 50% of all primary cardiac tumors. They are located
in the left atrium in 75% of cases and in the right atrium in
20%. Unlike thrombus, left atrial myxomas are typically at-
tached by a narrow pedicle to the area of the fossa ovalis (Fig.
18-16). They usually have heterogenous low attenuation on
CT and are frequently calcified. Rhabdomyomas are the most
common cardiac tumors in children, with up to 50% occur-
ring in children with tuberous sclerosis. They typically occur
in the left or right ventricle. Other benign cardiac tumors in-
clude papillary fibroelastoma (usually attached to the valves
by a short pedicle); fibromas (arising in the myocardial walls,
commonly calcified, and associated with arrhythmias and sud-
den death); lipoma; pheochromocytoma (most often located
outside the cardiac chamber); and hemangioma.

One fourth of primary cardiac tumors are malignant, with
sarcomas representing the largest number, followed by primary
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FIGURE 18-16. Left atrial myxoma. CT of a 63-year-old man shows
a low-attenuation mass (arrow) in the anterior left atrium (LA), along
the interatrial septum. Note the right atrium (RA), aortic outflow track
(Ao), right ventricle (RV), and left ventricle (LV).

cardiac lymphomas. Malignant cardiac tumors typically
involve more than one cardiac chamber; extend into pul-
monary veins, pulmonary arteries, or vena cavae; have a wide
point of attachment to the wall of a chamber or chambers;
extend outside the heart; and are associated with internal
necrosis and hemorrhagic pericardial effusion.

Metastases to the heart and pericardium are much more
common than primary cardiac tumors (15). Melanoma, lym-
phoma, and breast cancer are the most common tumors to
metastasize to the heart (Fig. 18-17). Tumors of the lung and
mediastinum can locally invade the pericardium and heart (Fig.
18-18). Focal obliteration of the pericardial line with or with-
out effusion indicates extension of tumor into the pericardial
sac. If the effusion is hemorrhagic, extension is almost certain.

Coronary Artery Disease

Coronary arteriography is the accepted method used to
examine the coronary arteries. However, technological ad-
vancements with CT and MRI have dramatically improved
the ability to noninvasively image the coronary arteries.
Electrocardiography-gated multidetector CT shows promise as

A

B

C

FIGURE 18-17. Pericardial metastases. A: PA chest radiograph of a
76-year-old woman with breast cancer shows an enlarged cardiac sil-
houette and numerous pleural-based masses. The left hemidiaphragm
is elevated, and there is blunting of the left costophrenic angle. B: CT
shows pericardial and left pleural effusions, as well as a soft tissue mass
infiltrating the anterior pericardium (arrow). C: Coronal reformatted
CT shows left pleural-based masses (arrows) and pericardial effusion
(P). The more inferior mass involves the pericardium.
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FIGURE 18-18. Carcinoma invading the heart. CT shows a large right
lung mass compressing the superior vena cava (arrow) and left atrium
(LA). The right superior and inferior pulmonary veins are obliterated.

a comprehensive method for evaluating cardiac and noncar-
diac chest pain in stable emergency department patients (16).
Among the diagnoses that can be made on CT in addition to
coronary artery disease are aortic dissection and pulmonary
embolism (the so-called “triple rule-out”). Further hardware
and software improvements will be necessary before CT can
replace coronary arteriography and become widely used in clin-
ical practice.

Cardiac Anatomy

Multidetector CT, even in routine use to evaluate the lungs,
can provide information about the morphology of the heart
and coronary arteries. Therefore, it is important to have an
understanding of the normal anatomy and CT appearance of
these structures. On axial imaging, the right ventricle is ante-
rior and has a triangular appearance, whereas the left ventricle
is posterior and more ovoid. The maximum internal diameter
of the right ventricle in its small axis should be equivalent to
that of the left ventricle (17). The normal myocardial thick-
ness of the right ventricle is 3 to 4 mm, approximately three
times thinner than that of the left ventricle. The interventric-
ular septum does not normally measure more than 13 mm in
thickness. Anterior and posterior trabecular muscles, and the
smaller medial papillary muscle, are connected to the tricuspid
valve leaflets via the chordae tendineae in the right ventricle.
The moderator band extends from the interventricular septum
to the anterolateral aspect of the right ventricle in the region
of the ventricular apex, where it inserts at the base of the ante-
rior papillary muscle. It conveys the electrical apparatus of the
right bundle of His. Anterior and posterior papillary muscles
can also be seen in the left ventricle connecting to the leaflets
of the mitral valve via chordae tendineae.

The crista terminalis can be recognized as a muscular promi-
nence on the posterolateral aspect of the right atrium extending
from the orifice of the superior vena cava to that of the inferior
vena cava, and should not be mistaken for intracavitary tumor
or thrombus on CT. The atrioventricular valves are located at
the base of each ventricle.

The coronary arteries arise from the right and left coronary
cusps, which are anatomic dilations of the ascending aorta at
the aortic root, just above the aortic valve. (Figs. 18-19 and
18-20). Each aortic sinus can also be referred to as a sinus
of Valsalva. The left main coronary artery arises from the left
coronary cusp and passes behind the pulmonary trunk. It di-
vides into the left anterior descending (LAD) and left circumflex
(Cx) arteries. Occasionally, the left main coronary artery termi-

nates in a trifurcation, giving rise to an intermediate coronary
artery (ramus intermedius) that is directed laterally. The LAD
artery courses along the anterior interventricular groove. Di-
agonal branches arise from the LAD and course at downward
angles to supply the anterolateral free wall of the left ventri-
cle. The LAD supplies the anterior two thirds of the septum,
the anterior and anterolateral walls, the apex, and the antero-
lateral papillary muscle. The Cx artery extends laterally and
posteriorly in the left atrioventricular groove and gives rise to
obtuse marginal branches that extend on the lateral and pos-
terior wall toward the apex. The Cx artery supplies the lateral
left ventricular wall and anterolateral papillary muscle.

The right coronary artery typically arises from the right
coronary cusp. It passes between the right ventricular outflow
tract and the right atrial appendage and then runs in the right
atrioventricular sulcus. The right coronary artery supplies the
posterior one third of the septum, the inferior surface of the left
ventricular and right ventricular free wall and the posterome-
dial papillary muscle. The distal right coronary artery courses
along the diaphragmatic surface of the heart. The right coro-
nary artery branches are the conus branch, the right ventricular
branches, the acute marginal branch and the posterior descend-
ing artery. The posterior descending artery arises from a domi-
nant right coronary artery in 85% of individuals and it courses
in the posterior interventricular sulcus.

Anomalous origin of a coronary artery can occur from the
pulmonary artery or aorta (Figs. 18-21 and 18-22). Ectopic
origin of coronary arteries from the aorta is found in approxi-
mately 1% of the population (18). On occasion, these anoma-
lies are seen incidentally on CT. The most common anomaly is
ectopic origin of the Cx artery from the right coronary cusp or
right coronary artery. When a major coronary artery such as
the left main or LAD passes between the pulmonary artery
and the aorta, the patient can suffer from angina pectoris,
myocardial infarction, or sudden death.

Coronary Artery Calcification

Electron beam or helical multidetector CT of the coronary ar-
teries is being used increasingly often for the detection and
quantification of calcium deposits. A calcium “score” is com-
puted and compared with data normalized by sex and age.
An elevated score may be a signal of clinically significant dis-
ease. There are several limitations to this test. Not all calcium
deposits in the coronary arteries mean that there is a block-
age, and not all blocked arteries contain calcium. A high heart
rate may interfere with the test. Exactly how the calcium score
relates to the likelihood of experiencing angina, myocardial
infarction, and sudden cardiac death remains uncertain. Men
younger than 35 years of age and women younger than 40 are
not likely to benefit from the test unless there are risk factors
such as diabetes or a strong family history of heart disease. Men
older than 65 years and women older than 70 are not likely to
be treated differently as a result of test findings.

Calcification of the coronary arteries is a frequent incidental
finding on chest radiography and routine chest CT (Fig. 18-
23). In this setting, the observation should not be considered
clinically significant unless the patient is under the age of 40.

Cardiac Postoperative Complications

Coronary artery bypass grafting (CABG) and percutaneous
coronary intervention have long been the definitive aggres-
sive options for treating patients with coronary artery dis-
ease (19). These treatments, particularly CABG, are associated
with a variety of acute and chronic postoperative complica-
tions. Similar complications are seen after valve replacement,
although anticoagulation therapy for valve replacement results
in more problems with bleeding. Acute complications resulting
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FIGURE 18-19. Cardiac anatomy. A: Electrocardiography-gated multidetector CT shows a normal left main coronary artery (arrow) arising from
the left coronary cusp. B: The left anterior descending coronary artery (arrow) arises from the left main coronary artery and courses anteriorly in
the interventricular groove. C: Occasionally, as in this case, the left main coronary artery terminates in a trifurcation, giving rise to an intermediate
coronary artery (ramus intermedius; solid arrow), left anterior descending coronary artery (coursing anteriorly), and left circumflex coronary
artery (dashed arrow). D: The right coronary artery arises from the right coronary cusp (solid arrow). Note the left anterior descending coronary
artery (dashed arrow) and circumflex coronary artery (curved arrow). E: The circumflex coronary artery gives rise to marginal branches (arrow).
Note the left (L), right (R), and noncoronary (N) cusps. F: Papillary muscles (solid black arrow) are connected to the mitral valve leaflets via the
chordae tendineae (dashed black arrows). Note the right coronary artery (curved white arrow). (Continued )
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FIGURE 18-19. (Continued) G: Anterior papillary muscles are seen in
the left ventricle (arrow). H: The coronary sinus (arrow) drains into the
right atrium (RA). I: The posterior descending coronary artery (arrow)
arises from the right coronary artery in 85% of individuals and courses
in the posterior interventricular sulcus.

A B

FIGURE 18-20. Coronary artery stent. A: Lateral chest radiograph of a 46-year-old man shows a right coronary artery stent (arrows). B: CT
shows calcification in the left main and left anterior descending arteries (arrow).
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FIGURE 18-21. Anomalous origin of coronary artery. CT shows the
right main coronary artery arising from the right coronary cusp (solid
arrow). The left main coronary artery also arises from the right coro-
nary cusp and courses posterior to the aorta (dashed arrows). This
is considered a benign anomalous course. (Case courtesy of Cris A.
Meyer, MD, and Rhonda Strunk, RT, R(CT), University of Cincin-
nati 3D Post Processing Lab, University of Cincinnati Medical Center,
Cincinnati, OH.)

from cardiac surgery include atelectasis, edema, hemorrhage,
pericardial effusion, and extrapulmonary air collections (e.g.,
pneumothorax, pneumomediastinum). Chronic complications
include postpericardiotomy syndrome (a febrile illness con-
sisting of various combinations of pericarditis, pleuritis, and
pneumonitis); constrictive pericarditis; postoperative infection;
pseudoaneurysm; and aortic dissection.

CT is helpful in evaluating poststernotomy complications.
Expected postoperative changes, which can persist for 2 to

FIGURE 18-22. Anomalous origin of coronary artery. CT shows the
right main coronary artery arising from the right coronary cusp (solid
arrow). The left main coronary artery also arises from the right coro-
nary cusp. The left anterior descending coronary artery courses anterior
to the pulmonary artery, a benign course (dashed arrow). The circum-
flex coronary artery (angled arrow) courses posteriorly, between the
aorta and pulmonary artery (PA). This anomaly can result in angina
pectoris or myocardial infarction. (Case courtesy of Cris A. Meyer,
MD, and Rhonda Strunk, RT, R(CT), University of Cincinnati 3D Post
Processing Lab, University of Cincinnati Medical Center, Cincinnati,
OH.)

3 weeks, include minimal presternal and retrosternal soft tis-
sue infiltration with edema and blood, focal retrosternal air and
fluid, localized hematoma, postincisional bone defects, minor
sternal irregularities or offset, and minimal pericardial thicken-
ing (20). After this period of time, these changes should prompt

A B

FIGURE 18-23. Coronary artery calcification. A: CT of a 66-year-old man shows dense calcification in the left anterior descending coronary
artery (arrow). B: CT at a level inferior to (B) shows dense calcification of the circumflex coronary artery (dashed arrow) and a stent in the right
coronary artery (solid arrow).
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A B

FIGURE 18-24. Poststernotomy infection. A: CT of a 47-year-old woman who underwent coronary artery bypass
grafting shows fluid in the presternal and retrosternal areas and an air–fluid level in the presternal area (arrow). B:
CT at a level inferior to (A) shows abnormal air and fluid in the retrosternal area (arrow).

consideration of infection, especially when focal collections of
presternal or retrosternal air and fluid are seen (Figs. 18-24 and
18-25). Noninfected mediastinal fluid collections can also be
seen at this time, and only bacteriological analysis can differ-
entiate bland from infected fluid collections.

Aneurysms of saphenous vein grafts to coronary arteries
are unusual complications of CABG surgery, with only 50
cases reported since 1975 (21). True aneurysms are atheroscle-
rotic in nature and appear as a late postoperative com-

plication more than 5 years after CABG. Pseudoaneurysms
may occur early as well as late after initial surgery, at the
anastomotic site in most cases. Whenever a new mediasti-
nal mass is seen on chest radiography in a patient who
has undergone CABG, a graft aneurysm should be consid-
ered, and CT or MRI with intravenous contrast should be
obtained. CT shows a round mass adjacent to a graft site
with variable degrees of luminal enhancement or thrombus
(Fig. 18-26).

A B

FIGURE 18-25. Poststernotomy infection. A: CT performed 13 days after coronary artery bypass grafting shows
air in the presternal area (solid arrow) and fluid in the retrosternal area (dashed arrow). B: CT at a level inferior to
(A) shows a focal fluid collection with an enhancing rim (arrow) encasing the right coronary artery.
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FIGURE 18-26. Coronary artery bypass graft aneurysm. A: PA chest ra-
diograph of a 70-year-old woman with a history of coronary artery bypass
grafting shows an abnormal left mediastinal contour (arrow). B: CT shows
a round mass with peripheral calcification (arrows) at a graft site. C: MRI
shows the graft aneurysm (arrows) adjacent to the main pulmonary artery
(P). Note the ascending aorta (A), superior vena cava (SVC), and descending
aorta (D).

More and more patients are undergoing percutaneous stent-
ing of diseased coronary arteries as an alternative to CABG.
These stents can be visualized on routine chest radiography
and CT (Figs. 18-20 and 18-23).

Complications After Myocardial Infarction

Ischemic myocardial disease may be associated with a normal
chest radiograph, or the radiograph may show nonspecific signs
of cardiac failure. Ventricular aneurysm formation can com-
plicate previous myocardial infarction in up to 10% of cases,
occurring between 2 weeks and 2 years after ischemic myocar-
dial necrosis and being located most often on the anterior wall
of the left ventricle or at the cardiac apex (17) (Fig. 18-27).
An abnormal bulge to the lower left heart border on a frontal
chest radiograph may be seen. CT can show thinning of the in-
volved myocardium, hypodensity in the abnormal ventricular
wall that approaches that of fat, myocardial calcification, or
local endoluminal thrombus. True ventricular aneurysms aris-
ing from previous myocardial infarction with associated scar
formation and thinning of the myocardium should be differ-
entiated from ventricular pseudoaneurysms, which are charac-
terized by actual rupture of the myocardium and containment
of the aneurysm by only the thin pericardium and which are at
high risk of fatal rupture (17). Pseudoaneurysms are typically
inferior in location and have a more discrete, narrower neck
than true aneurysms. CT is helpful in distinguishing aneurysm
from pseudoaneurysm by demonstrating a narrow orifice or

“neck” leading from the ventricular chamber to a pseudoa-
neurysm.

Pericardial Disease

The pericardium is outlined by epicardial and pericardial fat,
and the two layers of the pericardium together normally mea-
sure no more than 3 mm in thickness. It is important to
understand the anatomy of the pericardial recesses and not
mistake them for enlarged lymph nodes or other masses, es-
pecially in the right paratracheal region (Fig. 18-28), in the
aortopulmonary window, in the subcarinal region, and around
the insertion of the pulmonary veins (Fig. 18-29). When visible,
pericardial recesses can usually be recognized as having fluid
attenuation on CT.

The more common causes of pericardial effusion are listed
in Table 18-2 (8). Cardiac tamponade is a low cardiac output
state caused by excess fluid in the pericardial space that com-
presses the heart (Fig. 18-30). This can occur when as little as
150 to 250 mL of fluid accumulate acutely. In chronic or re-
current pericarditis, pericardial fluid may accumulate slowly,
so that several liters may be present without tamponade oc-
curring. Enlargement of the cardiac silhouette on the chest ra-
diograph usually is not apparent until 250 mL of fluid are in
the pericardial space. A typical chest radiograph of a patient
with a pericardial effusion shows a wide cardiac silhouette with
little abnormality in the lungs. The classic appearance is that
of a “water bottle–shaped heart,” in which both sides of the
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FIGURE 18-27. Left ventricular aneurysm. A: Lateral CT scout image of a 78-year-old man with ischemic cardiomy-
opathy and previous anteroseptal and apical septal myocardial infarction shows a curvilinear area of calcification
overlying the heart (arrow). B: CT shows a focal outpouching of the left ventricular apex with a densely calcified rim
(arrow). Note the relatively wide aneurysmal neck, which is typical of true aneurysms and distinguishes this from a
pseudoaneurysm.

heart appear rounded and displaced laterally. The epicardial
“fat pad” sign is produced when the pericardial layers and
fluid widen the space between the anterior epicardial fat and
substernal fat stripes by more than 4 mm. This is best appreci-
ated on the lateral chest radiograph. Pulmonary edema is rarely
seen in cardiac tamponade unless another disease, such as left
ventricular failure from myocardial infarction, is also present.
Diagnostic mimics of large pericardial effusions include pan-
chamber cardiac enlargement and a large anterior mediastinal
tumor in front of the heart.

In chronic constrictive pericarditis, ventricular filling is im-
peded by loss of compliance. The cardiac chambers are con-
stricted by the thickened pericardium, and diastolic pressures
are elevated. In constrictive pericarditis, the thickness of the
pericardial layers typically exceeds 4 mm. The pericardium is
calcified on the chest radiograph in about 50% of patients with
constrictive pericarditis and presents as a curvilinear opacity
conforming to the anatomy of the pericardial sac (Fig. 18-31).

(Text continues on page 310)

A B

FIGURE 18-28. Right paratracheal pericardial recess. A: CT shows a mass of fluid attenuation in the right paratra-
cheal area (arrow). This fluid collection should not be mistaken for paratracheal lymphadenopathy. B: CT at a level
inferior to (A) shows pericardial recess fluid (R) posterior to the ascending aorta.
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FIGURE 18-29. Right pulmonary vein pericardial recess. CT shows a
focal fluid collection (arrow) adjacent to the right inferior pulmonary
vein. This should not be mistaken for lymphadenopathy or other
masses.

A B

C

FIGURE 18-30. Acute infectious pericarditis. A: PA chest radiograph
of a 26-year-old man with a neck abscess shows an enlarged cardiac sil-
houette. B: CT shows high-density pericardial fluid and thickening and
enhancement of the pericardium (arrows). C: CT at a level inferior to
(B) shows a focal pericardial fluid collection (solid arrow) compressing
the superior vena cava (dashed arrow) and left atrium. The patient had
clinical symptoms of pericardial tamponade.

TA B L E 1 8 - 2

COMMON CAUSES OF PERICARDIAL EFFUSION

Serous
Congestive heart failure
Hypoalbuminemia
Collagen vascular disease
Hypothyroidism (myxedema)
Bloody
Acute myocardial infarction
Trauma, including cardiac surgery (postpericardiotomy
syndrome)
Neoplasm
Chronic renal failure
Purulent
Bacterial
Viral (especially coxsackievirus)
Mycobacterial
Fungal and parasitic
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A B

FIGURE 18-31. Constrictive pericarditis. PA (A) and lateral (B) chest radiographs show curvilinear calcification conforming to the anatomy of
the pericardial sac (arrows).

A

B

C

FIGURE 18-32. Uremic pericarditis. A: PA chest radiograph of a
33-year-old woman with acute chest pain and a history of human immun-
odeficiency virus infection–related nephropathy shows a “water bottle”–
shaped heart. B: After drainage of exudative pericardial fluid, the chest
radiograph shows air outlining the pericardial sac (arrows). C: CT shows
pneumopericardium (solid arrow), including air in the pericardial recess
(dashed arrow).
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A B

FIGURE 18-33. Purulent pericarditis. A: PA chest radiograph of a 61-year-old man with acute chest pain shows
pneumopericardium (arrows). The air in the pericardial sac does not extend above the aortic arch. B: CT shows air
confined to the pericardial sac (P). One hundred forty milliliters of gas and pus were drained via pericardiocentesis.

When the calcifications are thin and linear, the etiology is usu-
ally viral or uremic pericarditis. Other causes include colla-
gen vascular disease, trauma (including postsurgery), and ra-
diation. When shaggy, thick, and amorphous, the calcification
has historically been attributed to tuberculosis. Asbestos can
also affect the pericardium, creating thick plaques similar to
those occurring in asbestos-related pleural disease. MRI does
not show calcification but demonstrates pericardial thicken-
ing and sometimes can be used to show impaired diastolic
function. Because CT will detect minute amounts of calcium
and MRI can miss significant deposits, some have advocated
the use of MRI for the diagnosis of constrictive pericarditis
only in those patients who have contraindications to iodinated
contrast material (22). Additional findings seen with constric-
tive pericarditis include distorted contours of the ventricles
(tubular-shaped ventricles), hepatic venous congestion, ascites,
pleural effusions, and occasionally pericardial effusion. Often
the atria, coronary sinus, inferior vena cava, and hepatic veins
are dilated, reflecting elevated central venous pressure. Patients
with constrictive pericarditis and restrictive cardiomyopathy
can have similar clinical and physiologic findings. The pres-
ence of pericardial thickening or other signs of constriction
suggests that the abnormality is pericardial in origin. A nor-
mal pericardium with thickening of the myocardium suggests
cardiomyopathy as the diagnosis.

Numerous congenital abnormalities of the pericardium can
occur. Pericardial cysts are discussed in Chapter 6. Absence
of the pericardium can be complete but is more often partial,
with the defects more often left-sided. When most of the peri-
cardium is absent, the heart axis will usually shift to the left and
posteriorly. Partial absence of the left pericardium can result
in a prominent-appearing left atrial appendage or pulmonary
artery segment. Herniation of the heart through a congenital,
traumatic, or surgical pericardial defect is rare but life threat-
ening.

Pneumopericardium is gas in the pericardial sac and can
rarely be idiopathic but more commonly results from trauma;
infection with a gas-forming organism; increased intrathoracic
pressure (e.g., asthma, barotrauma, Valsalva maneuver); ad-
jacent lung cancer or infection; esophageal rupture; forceful
coughing; cocaine abuse; gastric perforation; liver abscess; pan-
creatic pseudocyst; or pregnancy. When a large amount of air

collects in the pericardial sac acutely, the patient can suffer
from cardiac tamponade. On chest radiography, pneumoperi-
cardium presents as lucency confined to the pericardial sac that
does not extend above the aortic arch (Fig. 18-32). CT clearly
shows air confined to the pericardial sac, distinguishing it from
pneumomediastinum (Fig. 18-33).
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CHAPTER 19

THORACIC AORTA

LEARNING OBJECTIVES
1. State the normal dimensions of the thoracic aorta.
2. Describe the classifications of aortic dissection

(DeBakey I, II, III; Stanford A, B) and the implications of
classification on medical versus surgical management.

3. Describe and recognize the findings of, and distinguish
between each of the following on chest computed
tomography and magnetic resonance imaging:

■ Aortic aneurysm
■ Aortic dissection
■ Aortic intramural hematoma
■ Penetrating atherosclerotic ulcer
■ Ulcerated plaque
■ Ruptured aortic aneurysm

4. Define the terms aneurysm and pseudoaneurysm.

This chapter will focus on acquired aortic diseases, expand-
ing on the content provided in Chapters 6 and 18. Chest
computed tomography (CT) and magnetic resonance imaging
(MRI) have replaced conventional angiography as the primary
imaging modalities in the evaluation of thoracic aortic disease.
In particular, multidetector CT is able to quickly and accurately
provide imaging information regarding the diagnosis (e.g., dis-
section, aneurysm, intramural hematoma, penetrating ulcer),
location, and extent of aortic disease, in addition to providing
information regarding alternative diagnoses for the patient’s
symptomatology. Information provided by CT is also useful in
presurgical planning and postsurgical follow-up.

AORTIC DISSECTION
Acute aortic dissection is the most common cause of aor-
tic emergency, exceeding that of thoracoabdominal aortic
aneurysm rupture (1). Dissection is a life-threatening condi-
tion that requires immediate diagnosis and treatment. Intramu-
ral hematoma and penetrating atherosclerotic ulcer, discussed
later in this chapter, are considered by some to represent atyp-
ical forms of dissection. All three entities can produce chest
or back pain in a patient with hypertension. Thoracic aortic
dissection is classified as acute if the symptoms last fewer than
2 weeks and chronic if the symptoms last longer (2).

Acute aortic dissection occurs most commonly in the sixth
and seventh decades of life. However, it can also occur in pa-
tients under 40 years of age, especially those with Marfan syn-
drome (3). Risk factors for the development of aortic dissection
are listed in Table 19-1. The initiating event is usually a tear in
the intima of the aortic wall that allows blood to enter the me-
dia, resulting in separation of the intima from the adventitia.
Dissection can also occur as a sequela of pre-existing intramu-
ral hematoma or penetrating atherosclerotic ulcer. The sites of
intimal tear are most commonly within a few centimeters of
the aortic valve (60%), at the origin of the descending aorta
just distal to the left subclavian artery (30%), and in the aortic
arch (10%) (2).

Two classification schemes are used to describe aortic dis-
section. Both define the descending aorta as distal to the left
subclavian artery. The most widely used scheme is the Stan-
ford classification, which includes two types, based on whether
surgery is required: Type A (60%) involves the ascending aorta

regardless of the site of intimal tear or distal extent (requires
immediate repair), whereas type B (40%) does not involve
the ascending aorta (treated medically for hypertension un-
less complications occur) (4). The DeBakey classification is
as follows: Type I originates in the ascending aorta and ex-
tends distally throughout the aorta, type II is confined to the
ascending aorta, and type III originates in the descending aorta
and extends distally (5). Complications of type A dissection
include rupture into the pericardium (producing cardiac tam-
ponade) and left pleural space, occlusion of coronary artery
and aortic arch branches, and severe aortic insufficiency with
acute left heart failure. Rupture is less common in type B dis-
sections, which usually progress to a chronic form. However,
surgery is indicated for persistent pain or abdominal organ
ischemia.

When acute aortic dissection is suspected, unenhanced CT
should always precede contrast-enhanced scanning to detect
intramural hematoma. The entire aorta must be imaged to as-
sess the extent of disease. Typical aortic dissection is produced
by an intimal tear that allows blood to enter the medial layer,
giving rise to two lumina—one true and one false (see Fig.
6-28). The main finding on enhanced CT is the presence of
an intimal flap separating the true lumen from the false lu-
men. If the false lumen is thrombosed, the intimal flap may
not always be detected. The dissection flap is usually curved
in an acute dissection and flat in a chronic dissection. Identi-
fication of the two lumens is critical for planning endovascu-
lar stent placement. The true lumen tends to lie close to the
inner curvature of the aortic arch and anteromedially in the
descending aorta, whereas the false lumen commonly lies in
the outer portion of aorta (Fig. 19-1). The false lumen usually
has a larger cross-sectional diameter than the true lumen and
often has intraluminal thrombus, but there is great variability
in appearance of the false lumen. Unenhanced CT may show
internal displacement of intimal calcifications, if present. The
“beak sign” is the cross-sectional imaging manifestation of the
wedge of hematoma that cleaves a space for the propagation
of the false lumen. Slender, linear areas of low attenuation oc-
casionally appear in the false lumen, known as the “cobweb
sign.” This sign corresponds to residual ribbons of the media
that have been incompletely sheared away by the dissection.
Intimointimal intussusception is produced by circumferential
dissection of the intimal layer, which subsequently invaginates
like a windsock. On CT, this is seen as one lumen wrapped

312



P1: PBY/PCF P2: PBY/PCF QC: PBY/PCF T1: PBY Printer: Maple Press

GRBT226-19 Collins-Stern-3203G GRBT226-Collins-Stern-v7.cls May 30, 2007 18:11

Chapter 19: Thoracic Aorta 313

TA B L E 1 9 - 1

RISK FACTORS FOR DEVELOPMENT OF AORTIC
DISSECTION

Hypertension (most common)
Connective tissue diseases

■ Marfan syndrome
■ Ehlers-Danlos syndrome
■ Turner syndrome
■ Familial aortic dissection

Cystic medial necrosis (most commonly associated with
Marfan syndrome)

Congenital lesions
■ Aortic coarctation
■ Bicuspid and unicommissural aortic valve

Trauma
■ Cardiac surgery or catheterization
■ Blunt trama

Pregnancy
Aortitis

■ Aortic aneurysm
■ Aortic infection

Cocaine abuse

around the other in the aortic arch, with the inner lumen
invariably being the true lumen. Other findings on enhanced
CT include delayed enhancement of the false lumen and
mediastinal and/or pericardial hematoma. Fluid around the
aorta may be a sign of ongoing penetration or perforation.

The key information required for treatment is the extent of
the dissection and whether branch vessels originate from the
true lumen or the false lumen. When the dissection flap extends
into the lumen of a branch vessel and narrows it, treatment
is usually angioplasty, with or without deployment of an en-
dovascular stent. Surgical treatment of type A dissection con-
sists of replacement of the ascending aorta, aortic root, and
aortic valve and reimplantation of the coronary arteries into
the graft (Fig. 19-2).

INTRAMURAL HEMATOMA
Intramural hematoma (IMH) is caused by a spontaneous hem-
orrhage of the vasa vasorum of the medial layer. Unlike dis-
section, it is not associated with an intimal tear. The median
age of patients with IMH is 68 years, and a common predis-
posing factor is hypertension (3). IMH, thought to account for
approximately 13% of acute aortic dissections (6), is classified
according to the Stanford system. It is generally considered to
have a more favorable prognosis than classic aortic dissection.

On unenhanced CT, IMH appears as a crescent-shaped area
of high attenuation in the aortic wall that corresponds to a
hematoma in the medial layer. The hematoma may or may
not compress the aortic lumen. Intimal calcifications may be
displaced. It is important to perform unenhanced CT prior to

A B

C

FIGURE 19-1. Acute ascending aortic dissection. A: CT of a 50-year-
old man with chest pain, numbness of the left hand, and a history
of hypertension shows a dissection involving the left subclavian artery
(arrow). B: CT of the aortic arch shows dense enhancement of the true
lumen (T), less dense enhancement of the false lumen more laterally (F),
and medial hematoma (H). C: CT at the level of the aortic root shows
periaortic hematoma (H).
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A

B

C

D

E

FIGURE 19-2. Acute ascending aortic dissection. A: Posteroanterior
(PA) chest radiograph of a 31-year-old man with chest pain and short-
ness of breath shows a normal appearing aorta. Note that a normal
appearing aorta on chest radiography does not exclude disease of the
ascending aorta. B: CT shows a dilated aortic root (R). The origin of the
left coronary artery is seen (solid arrow) and was noted to be involved
at the time of surgery. The linear area of low attenuation near the left
coronary artery is artifact (dashed arrow). C: CT at a level inferior to
(B) shows an intimal flap in the ascending aorta and enhancement of
the true (T) and false (F) lumens. D: CT after replacement of the ascend-
ing aorta, aortic root, and aortic valve and reimplantation of the left
coronary artery shows a “ribbon” of high attenuation surrounding the
repair (arrows). This is a normal postoperative appearance and should
not be mistaken for a contrast leak. E: CT at the level of the aortic
root, after repair, shows Teflon felt (Meadox Medical Inc., Oakland,
NJ) (dashed arrows) around the reimplanted left coronary artery (solid
arrow). A normal postoperative hematoma is seen (H).

enhanced CT, as IMH is usually more difficult or impossible
to detect on enhanced scans. Unlike the false lumen in aor-
tic dissection, IMH remains unenhanced after administration
of contrast. Whereas dissection tends to spiral longitudinally
around the aorta, IMH tends to maintain a circumferential
relationship with the aortic wall. A type A IMH greater than
5 cm in diameter is at high risk for subsequent aortic dissection
or aneurysm formation (3).

PENETRATING
ATHEROSCLEROTIC ULCER

Penetrating atherosclerotic ulcer (PAU) is defined as an ulcera-
tion of atheromatous plaque that has eroded the inner, elastic

layer of the aortic wall; reached the medial layer; and produced
a hematoma in the media (7). Unlike typical aortic dissection,
PAU most often occurs in elderly patients with severe under-
lying atherosclerosis. PAU may lead to aortic dissection, pseu-
doaneurysm formation if it penetrates through the media, or
transmural aortic rupture if it extends through the adventitia
(3). The most common location of PAU is the middle or distal
third of the descending thoracic aorta, although any portion of
the aorta can be involved. Surgical intervention with grafting
of the affected area is indicated in patients with hemodynamic
instability, persistent or recurrent pain, expanding hematoma,
aortic rupture, distal embolization, and development of pseu-
doaneurysm, pericardial effusion, or bloody pleural effusion.

In patients with PAU, extensive atherosclerosis is usually
seen on CT. On unenhanced CT, IMH and displacement of
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intimal calcification are commonly seen. Enhanced CT shows
a collection of contrast material outside the aortic lumen, sim-
ilar in appearance to a peptic ulcer, with adjacent subintimal
hematoma. PAU lesions can be single or multiple. The aortic
wall is often thickened. Care should be taken in making a di-
agnosis of PAU if the lesions are discovered incidentally in an
asymptomatic patient and focal IMH is absent. Atheromatous
ulcers that are confined to the intimal layer sometimes resemble
PAU on enhanced CT. PAU is usually treated medically. Surgery
is indicated when symptoms of chest or back pain persist, IMH
expands, or there are other signs of impending rupture. Surgery
involves local incision of the ulcerated portion of the aorta and
replacement with an interposition graft. In nonsurgical can-

didates, an endovascular stent graft is placed or the PAU is
percutaneously embolized.

THORACIC AORTIC ANEURYSM
Thoracic aortic aneurysm is defined as an aortic diameter
greater than 4 cm and is classified as to location, morphology,
integrity of the aortic wall, and etiology (Fig. 19-3). The
most common etiology is atherosclerosis. The most common
location is at the junction of the aortic arch and descending
aorta (Fig. 19-4). Aneurysms that involve the ascending aorta
are usually caused by cystic medial necrosis, connective tissue

A

B C

FIGURE 19-3. Ascending aortic aneurysm. A: PA chest radiograph of a 54-year-old man with a heart murmur shows
a tortuous-appearing aorta. B: Lateral view shows a markedly dilated ascending aorta. C: White-blood sagittal MRI
shows fusiform dilation of the ascending aorta.
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FIGURE 19-4. Thoracic aortic aneurysm. A: PA chest radiograph of a 77-year-old woman shows a left mediastinal mass contiguous with the
contour of the aorta (arrow). B: CT shows an aneurysm of the proximal descending aorta with extensive mural thrombus (T). Adjacent rim of
high attenuation represents atelectatic lung (arrow). C: Coronal CT shows a fusiform aneurysm involving the junction of the aortic arch and
descending aorta; this is the most common location of atherosclerotic thoracic aortic aneurysms. D: CT after placement of endovascular stent
graft shows the metallic stent, enhancing aortic lumen, and surrounding low-attenuation thrombus. There is no evidence of leak. E: Coronal CT
shows overlapping stents. Note persistent thrombus (T). F: Sagittal CT shows normal appearance of overlapping stents.
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A

BC

FIGURE 19-5. Thoracic aortic aneurysm. PA (A) and lateral (B) chest radiographs of a 56-year-old woman with
back pain show tortuosity and dilation of the thoracic aorta. C: CT shows fusiform dilation of the aortic arch and
minimal low-attenuation mural thrombus. (Continued)

disorders such as Marfan and Ehlers-Danlos syndromes, and
syphilis (now rare). Aneurysms involving the descending aorta
are usually atherosclerotic, posttraumatic, infectious (my-
cotic), or inflammatory (rheumatoid arthritis and ankylos-
ing spondylitis). Fusiform aneurysms are those with general
enlargement of the entire aortic circumference (Fig. 19-5),
whereas saccular aneurysms are sharply delineated and usually
involve a localized segment of the aorta, which often appears
as an eccentric outpouching. Regarding aortic wall integrity,
aneurysms can be classified as true (having an intact aortic
wall that is composed of intima, media, and adventitia) or false
(also called pseudoaneurysm, characterized by a disrupted aor-
tic wall contained by the adventitia, perivascular connective tis-
sue, and organized blood clot). Atherosclerotic and connective
tissue disorder–related aneurysms are true aneurysms. Post-
traumatic and infectious (mycotic) aneurysms are usually false
aneurysms.

Imaging assessment of aneurysms includes size, location,
and relationship with branch vessels, as well as the morpho-

logical type of aneurysm and the presence or absence of findings
that suggest impending rupture. The risk of rupture increases
with size and with rapid expansion. Surgical repair should be
considered when thoracic aneurysms reach a diameter of 5 to
6 cm (3). Characteristic CT findings include focal or diffuse aor-
tic dilations and deformity, peripheral curvilinear and plaque-
like intimal calcification at the edge of the aorta or near the
aortic margin, thickened aortic wall, filling of the patent por-
tion of lumen by contrast media, intraluminal thrombus that
may be circumferential or crescentic, displacement of mediasti-
nal structures, bone erosions, periaortic hematoma, or pleural
fluid. Other complications include aortobronchial fistula, com-
pression of the right pulmonary artery, aortoesophageal fistula,
and distal embolization. The aorta may rupture into the medi-
astinum, pericardium, pleural sac, or extrapleural space. The
presence of pleural or extrapleural blood on the left and con-
tained aortic leak are signs of impending or actual rupture (see
Fig. 6-27). A contained leak can be found when the aneurysm
is in close contact with the spine, with lateral draping of the
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ED

FIGURE 19-5. (Continued) D: CT at a level inferior to (C) shows dilation of the descending aorta and mural
thrombus. E: CT of the abdominal aorta shows extension of the aneurysm into the abdomen, atherosclerotic plaque,
and mural thrombus.

aneurysm around the vertebral body with a deficient posterior
aortic wall.

IMAGING THE REPAIRED AORTA
Both CT and MRI can be used to evaluate the postprocedural
aorta and monitor for complications. Numerous types of sur-
gical repairs are performed, and the normal appearance on CT
will depend on the type of repair made. Portions of the aorta
may be resected, grafts may be sewn end to end or end to side,
and branch vessels may be reimplanted or grafted using syn-
thetic interposition grafts. A continuous suture, graft inclusion
procedure involves aortotomy, graft inclusion, and enclosure of
the graft within the native aorta. This procedure creates a space
between the graft and native aorta that can fill with bland or

infected fluid, blood/thrombus, or contrast material. A small
amount of fluid and air in this space is normal immediately
after surgery. Fluid seen 6 weeks after surgery and gas seen 2
weeks after surgery are reliable signs of infection.

Felt pledgets and strips are often used to reinforce sutures,
which should not be mistaken for contrast material leaking
from a graft. A small portion of the native aorta next to the
coronary ostium is often implanted onto a coronary artery
graft. This is called a coronary button and should not be mis-
taken for a pseudoaneurysm.

Endoluminal stent grafts are being used increasingly fre-
quently to treat many aortic diseases. Imaging after stent graft
deployment can be used to confirm complete exclusion of the
aneurysm, assess patency of the stent graft and aortic branches,
and evaluate sequential shrinkage of an aneurysm (Fig. 19-
6) (3). An endoleak is defined as continued flow within an

A B

FIGURE 19-6. Thoracic aortic aneurysm. A: PA chest radiograph of a 58-year-old man with hypertension shows
a tortuous and dilated descending aorta. B: CT at the junction of the aortic arch and descending aorta shows
atheromatous plaque and mural thrombus. (Continued)
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C D

E F

FIGURE 19-6. (Continued) C: CT at a level inferior to (B) shows atheromatous ulcers (arrow) confined to the intimal
layer, which should not be mistaken for penetrating atherosclerotic ulcers. Note that there is no displacement of
intimal calcifications. D: CT after placement of overlapping endovascular stent grafts shows a focal leak (arrow) and
surrounding hematoma. E: CT at a level inferior to (D) shows that the hematoma (H) is compressing the posterior
left atrium (LA). F: Delayed CT at the same level as (E) shows high-attenuation contrast leaking from the stent
(arrows).

aneurysm sac after deployment of a stent. Type I endoleaks
are leaks at the proximal or distal attachment sites of the stent
and correlate with aneurysmal enlargement and late aneurys-
mal rupture. Type II endoleaks are caused by patent aortic side
branches, including lumbar, inferior mesenteric, and accessory
renal arteries.
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CHAPTER 20

SELF-ASSESSMENT

Directions: For questions 1-30, choose the most likely diagno-
sis from the alternatives listed, given the history and radiologic
findings.

1. History: Asymptomatic

A. Tuberculosis
B. Sarcoidosis
C. Lymphoma
D. Langerhan cell histiocytosis
E. Asbestosis

2. History: 46-year-old-man
A. Teratoma
B. Thyroid neoplasm
C. Thymoma
D. Malignant mesothelioma
E. Metastatic prostate carcinoma

See Figures in Right Column
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3. History: Blunt trauma to the chest

A. Eosinophilic pneumonia
B. Pulmonary contusions
C. Alveolar sarcoidosis
D. Cryptogenic organizing pneumonia
E. Pulmonary infarcts

4. History: 53-year-old man with right chest pain

A. Empyema
B. Metastatic colon cancer
C. Acute hemothorax
D. Chylothorax
E. Malignant mesothelioma

5. History: Withheld

A. Previous tuberculous empyema
B. Benign asbestos-related pleural disease
C. Malignant mesothelioma
D. Scleroderma
E. Multifocal pneumonia

6. History: Bone marrow transplant

A. Wegener granulomatosis
B. Rheumatoid nodules
C. Invasive pulmonary aspergillosis
D. Staphylococcal pneumonia
E. Primary bronchogenic carcinoma
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7. History: 28-year-old man with mild shortness of breath

A. Hodgkin lymphoma
B. Eosinophilic pneumonia
C. Pulmonary contusions
D. Sarcoidosis
E. Reactivation tuberculosis

8. History: Dyspnea on exertion and clubbing

A. Bilateral pneumothoraces
B. Asthma
C. Cystic fibrosis
D. Obliterative bronchiolitis
E. Alpha-1-antitrypsin deficiency

9. History: Cough and fever

A. Cystic fibrosis
B. Mycobacterium kansasii infection
C. Silicosis
D. Langerhan cell histiocytosis
E. Pulmonary hemorrhage

10. History: Shortness of breath

A. Obliterative bronchiolitis
B. Pneumocystis jiroveci pneumonia
C. Pulmonary hemorrhage
D. Desquamative interstitial pneumonitis
E. Acute respiratory distress syndrome
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11. History: Left pneumonectomy for bronchogenic carci-
noma 1 year ago

A. Bronchopleural fistula
B. Recurrent tumor
C. Hemothorax
D. Empyema
E. Normal

12. History: 52-year-old asymptomatic woman

A. Asbestosis
B. Mycobacterium tuberculosis
C. Sarcoidosis
D. Bronchioloalveolar carcinoma
E. Silicosis

13. History: Cough and shortness of breath

A. Pulmonary hemorrhage
B. Pulmonary edema
C. Pulmonary alveolar proteinosis
D. Bronchioloalveolar carcinoma
E. Eosinophilic pneumonia

14. History: Asymptomatic 34-year-old man

A. Mediastinal abscess
B. Thymoma
C. Lymphoma
D. Pericardial cyst
E. Teratoma
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15. History: Recent upper endoscopy

A. Pneumomediastinum
B. Pneumothorax
C. Mediastinal abscess
D. Pulmonary emphysema
E. Empyema

16. History: 75-year-old man

A. Bronchogenic carcinoma
B. Germ cell tumor
C. Thymoma
D. Mediastinal abscess
E. Sarcoidosis

17. History: 37-year-old man with cough

A. Metastatic prostate cancer
B. Asbestosis
C. Mycobacterial pneumonia
D. Pulmonary alveolar proteinosis
E. Pulmonary lymphoma

18. History: 25-year-old man with chronic cough

A. Carcinoid tumor
B. Mucoepidermoid carcinoma
C. Mycobacterial pneumonia
D. Bronchial atresia
E. Sarcoidosis
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19. History: 58-year-old woman with chronic cough

A

B

A. Idiopathic pulmonary fibrosis
B. Metastatic breast cancer
C. Silicosis
D. Scleroderma
E. Cryptogenic organizing pneumonitis

20. History: 46-year-old man with a bone marrow transplant
(note: second image acquired 3 weeks after first image)

A

B

A. Bronchogenic carcinoma
B. Mycobacterial pneumonia
C. Posttransplant lymphoproliferative disease
D. Invasive pulmonary aspergillosis
E. Septic emboli

21. History: Acute shortness of breath

A. Cardiogenic pulmonary edema
B. Lymphangitic carcinomatosis
C. Sarcoidosis
D. Kaposi sarcoma
E. Pulmonary infarct

22. History: 61-year-old woman with Sjögren syndrome

A. Fungal pneumonia
B. Metastatic breast cancer
C. Cryptogenic organizing pneumonia
D. Wegener granulomatosis
E. Lymphocytic interstitial pneumonia
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23. History: 53-year-old woman with fever and pleuritic chest
pain

A

B

A. Pulmonary infarcts
B. Cryptogenic organizing pneumonia
C. Eosinophilic pneumonia
D. Langerhan cell histiocytosis
E. Septic emboli

24. History: 74-year-old man with poor dentition

A. Pulmonary abscess
B. Empyema
C. Bronchogenic carcinoma
D. Asbestos-related pleural disease
E. Chylothorax

25. History: 34-year-old woman

A. Asbestosis
B. Sarcoidosis
C. Pulmonary artery aneurysm
D. Silicosis
E. Hamartoma

26. History: 51-year-old woman with severe hypoxia

A. Silicosis
B. Scleroderma
C. Acute respiratory distress syndrome
D. Cryptogenic organizing pneumonia
E. Lymphangioleiomyomatosis
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27. History: 65-year-old man with shortness of breath

A. End-stage sarcoidosis
B. Chronic hypersensitivity pneumonitis
C. Idiopathic pulmonary fibrosis
D. Complicated silicosis
E. Cryptogenic organizing pneumonia

28. History: 46-year-old woman

A. Sarcoidosis
B. Langerhan cell histiocytosis
C. Wegener granulomatosis
D. Asbestosis
E. Acute hypersensitivity pneumonitis

29. History: 49-year-old asymptomatic man

A. Complicated silicosis
B. Tuberculous empyema
C. Metastatic bronchogenic carcinoma
D. Chronic congestive heart failure
E. Asbestos-related pleural disease

30. History: 38-year-old woman

A

B

A. Pericardial cyst
B. Mediastinal abscess
C. Bronchogenic cyst
D. Bronchogenic carcinoma
E. Cystic teratoma
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Directions: For questions 31 to 36, one radiographic image
is shown for each question; each image represents an “Aunt
Minnie” (meaning that the appearance alone suggests a specific
diagnosis). Write the most likely diagnosis, based on the image
shown, on the blank line next to each number.

31.

32.

33.

34.
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35.

36.

Directions: For questions 37 to 41, match each of the fol-
lowing radiographic descriptions (37–41) with the ana-
tomic term (A–E) with which it is most closely associated.

A. Accessory azygos fissure
B. Inferior accessory fissure
C. Minor fissure
D. Phrenic nerve
E. Aortic “nipple”

37. Separates medial basal segment from other basal
segments

38. Four pleural layers
39. Left superior intercostal vein
40. Separates right upper lobe from right middle lobe
41. Traverses the prevascular space

Directions: For questions 42 to 46, match each of the following
radiographic descriptions (42–46) with the radiographic sign
(A–E) with which it is most closely associated.

A. Halo sign
B. Gloved finger sign

C. Fallen lung sign
D. Luftsichel sign
E. Flat waist sign

42. Bronchial laceration
43. Invasive pulmonary aspergillosis
44. Left upper lobe collapse
45. Left lower lobe collapse
46. Allergic bronchopulmonary aspergillosis

Directions: For questions 47 to 51, match the following ra-
diographic findings or patient history (47–51) with the most
closely associated cause of interstitial lung disease (A–E).

A. Lymphangioleiomyomatosis
B. Lymphocytic interstitial pneumonia
C. Silicosis
D. Scleroderma
E. Asbestosis

47. Chrysotile
48. Sjögren syndrome
49. Chylous pleural effusion
50. Progressive massive fibrosis
51. Recurrent pneumothorax

Directions: Questions 52 to 55 consist of four lettered headings
followed by a set of numbered items. For each numbered item,
select

A if the item is associated with (A) only
B if the item is associated with (B) only
C if the item is associated with both (A) and (B)
D if the item is associated with neither (A) nor (B) and write the
correct letter on the blank line next to the appropriate number.

A. Atrial septal defect
B. Ventricular septal defect
C. Both
D. Neither

52. Enlarged left atrium
53. Enlarged central and peripheral pulmonary arter-

ies
54. Enlarged thoracic aorta
55. Small thoracic aorta

Directions: For questions 56 to 81, write T for true or F for
false on the blank line next to each number.

56. An air crescent sign can be seen in invasive or semi-
invasive forms of Aspergillus lung disease.

57. Silicosis, asbestosis, sarcoidosis, and Langerhan
cell histiocytosis are all causes of upper lung dis-
ease.

58. Both adenopathy and parenchymal disease are as-
sociated with stage II sarcoidosis.

59. Sarcoidosis, cryptogenic organizing pneumonia,
eosinophilic pneumonia, and pulmonary infarcts
are all causes of peripheral pulmonary opacities.

60. Both Swyer-James syndrome and endobronchial
foreign body can produce a hyperlucent lung and
air trapping on exhalation.

61. The presence of N2 nodes and bronchogenic car-
cinoma implies nonresectability.

62. A T3 bronchogenic cancer is within 2 cm of the
carina but does not invade the carina.

63. N2 nodes include ipsilateral supraclavicular
nodes.

64. A stage IIIA bronchogenic cancer is potentially re-
sectable.
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65. Pleural effusion and adenopathy are commonly
associated with pulmonary infection from Pneu-
mocystis jiroveci pneumonia.

66. Pneumocystis jiroveci pneumonia is associated
with lung cysts and spontaneous pneumothorax.

67. The most common location of an intrapulmonary
sequestration is the superior segment of the left
lower lobe.

68. On a lateral chest radiograph, the right upper lobe
bronchus is normally higher than the left upper
lobe bronchus.

69. On a properly positioned lateral chest radiograph,
the right hemidiaphragm and ribs extend more
posteriorly than the left hemidiaphragm.

70. The azygos vein is an anterior mediastinal struc-
ture.

71. The “aortic nipple” represents the left superior
intercostal vein.

72. On a posteroanterior chest radiograph, the right
hilum is normally higher than the left.

73. The most common cause for abnormal thickening
of the posterior wall of the bronchus intermedius
is pulmonary edema.

74. Calcified pleural plaques are a manifestation of
asbestosis.

75. Small nodules are the prominent feature of com-
plicated silicosis.

76. The ideal radiographic position for the ra-
diopaque portion of an intra-aortic balloon pump
is at the level of the aortic arch, just distal to the
takeoff of the left subclavian artery.

77. Of patients with sarcoidosis and hilar adenopathy
(stage I disease), 60% will have complete resolu-
tion of hilar adenopathy.

78. Silicosis can be a progressive disease, despite the
cessation of dust exposure.

79. The majority of cases of postprimary tuberculosis
occur in the apical/posterior segment of an upper
lobe.

80. The incidence of pulmonary hemorrhage in
leukemic patients is approximately 40%.

81. The most common malignancy in patients with
AIDS is Kaposi sarcoma.

Directions: For questions 82 to 99, write the one best correct
answer on the blank line.

82. Into which sinus does a persistent left superior vena cava
drain?

83. What vein drains into the posterior aspect of the su-
perior vena cava at the level of the tracheobronchial
angle?

84–88. Name five general causes of chronic alveolar lung dis-
ease (“BALLS”).

84.

85.

86.

87.

88.

89–92. Name four general causes of an anterior mediastinal
mass (“4 Ts”).

89.

90.

91.

92.

93–96. Name four general categories of causes of a large uni-
lateral pleural effusion.

93.

94.

95.

96.

97–99. Name the three components of Kartagener syndrome.

97.

98.

99.

Directions: For questions 100 to 108, circle the letter of the
one best response.

100. The smallest discrete portion of the lung that can be
appreciated on thin-section CT of the chest in normal
healthy lungs is
A. Primary pulmonary lobule
B. Secondary pulmonary lobule
C. Pulmonary acinus
D. Pulmonary alveolus
E. Terminal bronchiole

101. Which of the following is NOT a named segment of the
right lung?
A. Apical segment, right upper lobe
B. Anterior segment, right upper lobe
C. Superior segment, right lower lobe
D. Anterior basal segment, right lower lobe
E. Superior segment, right middle lobe

102. Which of the following is a manifestation of AIDS, espe-
cially in children?
A. Cryptogenic organizing pneumonia
B. Usual interstitial pneumonia
C. Desquamative interstitial pneumonia
D. Lymphoid interstitial pneumonia
E. Giant cell interstitial pneumonia

103. Which of the following is NOT a characteristic chest CT
manifestation of lymphangioleiomyomatosis?
A. Nodules
B. Pneumothorax
C. Cysts
D. Chylothorax
E. Hyperinflation

104. Which of the following is NOT typically associated with
honeycomb lung (pulmonary fibrosis)?
A. Scleroderma
B. Hypersensitivity pneumonitis
C. Asthma
D. Asbestosis
E. Sarcoidosis

105. Which of the following is NOT characterized by multiple
small 1- to 5-mm pulmonary nodules?
A. Langerhan cell histiocytosis
B. Tuberculosis
C. Asbestosis
D. Silicosis
E. Metastases
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106. Which of the following is NOT associated with Swyer-
James syndrome?

A. Adenovirus infection
B. Bronchiectasis
C. Absent pectoralis muscle
D. Air trapping
E. Small ipsilateral hilum

107. Which of the following is associated with centrilobular
emphysema?

A. Alpha-1-antitrypsin deficiency
B. “Swiss cheese” appearance on thin-section CT
C. Involvement of the entire secondary pulmonary lobule
D. “Lung simplification” appearance on thin-section CT
E. Lower lung–predominant distribution

108. Which of the following is typically associated with in-
tralobar sequestration?

A. Venous drainage to pulmonary veins
B. Separate pleural sheath
C. Venous drainage to systemic veins
D. Lining of columnar respiratory epithelium
E. Most commonly occurs in posterior segment of left

upper lobe

Directions: For questions 109 to 113, circle ALL of the correct
responses for each statement or question.

109. Potential complications of central venous catheter place-
ment include the following:

A. Pneumothorax
B. Cardiac perforation
C. Arrhythmia
D. Air embolization
E. Clot formation

110. Concerning a left ventricular assist device:

A. The left arm is secured into the left atrium.
B. The right arm is sutured into the ascending aorta.
C. The pump is positioned in the left upper quadrant of

the abdomen.
D. The device does the work of both ventricles.
E. The device is used as a bridge to heart transplantation.

111. Which of the following can suggest the diagnosis of tra-
cheobronchial tear?

A. Fallen lung sign
B. Pneumomediastinum
C. Persistent pneumothorax with chest tubes in place
D. Missing diaphragm sign
E. Overdistended endotracheal tube cuff

112. Which of the following stages of bronchogenic cancer are
potentially resectable?

A. I
B. II
C. IIIA
D. IIIB
E. IV

113. Which of the following chest radiographic appearances
suggest the diagnosis of acute aortic injury?

A. Widened mediastinum
B. Apical cap
C. Widening of the left paraspinous line
D. Displacement of the nasogastric tube
E. Fracture of the first and second ribs

SELF-ASSESSMENT ANSWERS

1. B—Sarcoidosis, stage II. There are bilateral small nod-
ules in an upper and middle lung–predominant distribu-
tion, along with mediastinal and hilar adenopathy. Patients
with tuberculosis and lymphoma and these radiographic
findings are almost always symptomatic, with fever, night
sweats, cough, and so forth. This much adenopathy would
be very unusual for Langerhan cell histiocytosis. Asbestosis
is not associated with this degree of adenopathy or intersti-
tial nodules; it is associated with reticular/linear interstitial
opacities, typically in a bibasilar and subpleural distribu-
tion.

2. C—Thymoma. This is an anterior mediastinal mass (note
the very smooth contours that result from the mass
abutting the mediastinal pleura). The patient’s age (over
40) makes this mass much more likely to be a thy-
moma than a teratoma. The mass does not extend to the
neck and does not cause tracheal deviation, and, there-
fore, a thyroid mass would not be considered. Although
the mass could represent a focal pleural mass, malig-
nant mesothelioma typically involves the lateral pleura
as well as the medial pleural surface, and it tends to
be much more lobulated. Metastatic prostate carcinoma
tends to produce blastic bony lesions, well-circumscribed
pulmonary nodules, and, on occasion, mediastinal
adenopathy.

3. B—Pulmonary contusions. All the choices are disorders
that can result in peripheral opacities on the chest radio-
graph and CT scan. The right pneumothorax and history
of trauma support the correct diagnosis of pulmonary con-
tusions. Eosinophilic pneumonia, alveolar sarcoidosis, and
cryptogenic organizing pneumonia would otherwise all be
reasonable choices. Pulmonary infarcts, although periph-
eral in location, seldom result in such diffuse peripheral
opacification, and they do not result in opacities with cen-
tral sparing, as is seen in the right lower lobe.

4. E—Malignant mesothelioma. There is extensive right pleu-
ral opacification, which is lobulated in contour and wraps
around the entire pleural surface. The mediastinum is
“fixed,” not shifted to the left, as is often seen with
large pleural fluid collections. These findings are classic
for malignant mesothelioma. Although metastatic colon
adenocarcinoma can produce pleural metastases, it would
be uncommon to see such extensive unilateral involve-
ment, especially in the absence of pulmonary metastases.
Empyema, chylothorax, and hemothorax usually have
more mass effect, causing contralateral shift of the me-
diastinum, and they do not typically produce such a lobu-
lated contour to the entire pleural surface.

5. A—Previous tuberculous empyema. There is right pleu-
ral opacification extending from the lung apex to the
costophrenic angle, a result of pleural thickening and fibro-
sis. The “hazy” appearance of the right lung is caused by
pleural fibrosis involving the anterior and posterior pleural
surfaces, not by pulmonary disease, so this is not multifocal
pneumonia. There is also dense pleural calcification, espe-
cially apicolaterally. Although these findings can all be seen
with benign asbestos-related pleural disease, the unilateral
involvement makes either previous hemothorax or previ-
ous tuberculous empyema the likely diagnosis. Malignant
mesothelioma does not result in dense pleural calcification
(although bilateral pleural calcification may be seen in pa-
tients with underlying benign asbestos-related pleural dis-
ease). Collagen vascular diseases, such as scleroderma, can
uncommonly result in calcified pleural thickening, but the
extensive unilateral involvement again makes this diagno-
sis unlikely.
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6. C—Invasive pulmonary aspergillosis. There are multiple
cavitary nodules, some with a halo of ground-glass atten-
uation and some with an “air crescent” sign; this is very
suggestive of invasive pulmonary aspergillosis in a patient
with a bone marrow transplant. All the other choices are
causes of cavitary nodules, but they are less likely etiolo-
gies given the patient history. Also, rheumatoid nodules
are quite rare, staphylococcal pneumonia uncommonly
produces multiple cavitary nodules (septic emboli from
staphylococcal septicemia would be more likely), and pri-
mary bronchogenic carcinoma typically presents with one
dominant cavitary nodule or mass.

7. D—Sarcoidosis. The mediastinal adenopathy and bilateral
peripheral areas of parenchymal opacification are typical
disease patterns seen in “alveolar” sarcoidosis. The fact
that the patient is only mildly symptomatic makes lym-
phoma and tuberculosis unlikely. Also, reactivation tuber-
culosis does not typically result in adenopathy, except in
patients with AIDS. Bulky adenopathy is also not typical
of eosinophilic pneumonia, although the peripheral opaci-
ties are consistent with the diagnosis. Without a history of
trauma, pulmonary contusions would not be in the differ-
ential diagnosis, especially given the presence of adenopa-
thy.

8. E—Alpha-1-antitrypsin deficiency. There is marked hyper-
inflation and lucency of the lungs and diminution of pul-
monary vasculature; these signs are most marked in the
lower lungs, a distribution that is typical of pulmonary
emphysema secondary to alpha-1-antitrypsin deficiency.
Asthma does not cause such striking diminution of pul-
monary vasculature on the chest radiograph. Cystic fibro-
sis is associated with bronchiectasis, bronchial wall thick-
ening, and mucous plugging, none of which are evident in
this case. Obliterative bronchiolitis can result in hyperin-
flation and increased lucency of the lungs, but it rarely has
such striking radiographic findings as seen in this case, and
it does not typically have a lower lung–predominant distri-
bution on chest radiography. This case does not represent
bilateral pneumothoraces, as some vascular markings are
seen within the lucent lower lungs; however, in some cases,
large bullae can be difficult to distinguish from pneumo-
thoraces on chest radiography.

9. B—Mycobacterium kansasii infection. There are nodular
and linear branching opacities (so-called “tree-in-bud”),
representing bronchiolar disease in the right lower lobe.
This appearance is most often the result of an infectious
process. Cystic fibrosis can result in a “tree-in-bud” pat-
tern, but it is typically a bilateral, diffuse process, not focal,
as this case is. Although silicosis and Langerhan cell histio-
cytosis can produce small interstitial nodules, the nodules
do not represent endobronchial disease and the “tree-in-
bud” pattern is not produced. Pulmonary hemorrhage does
not typically produce a dominant nodular pattern on chest
CT.

10. A—Obliterative bronchiolitis. Note the anterior bowing
of the posterior membranous trachea, indicating that the
CT scan was obtained during exhalation. There is a mosaic
pattern of lung attenuation, which in this case is secondary
to air trapping. This pattern of disease is most likely to
represent asthma or obliterative bronchiolitis. The other
choices all produce “infiltrative” lung disease, in which
the more opaque areas of lung are abnormal. In this case,
where there are patchy areas of air trapping, the more
opaque areas of lung are normal and the lucent areas rep-
resent abnormal lung with air trapping.

11. B—Recurrent tumor. There is opacification of the left
hemithorax, which is a normal finding after pneumonec-
tomy, but the mediastinum is shifted to the contralateral
side, which is abnormal. All the choices except E (normal)

can produce contralateral shift of the mediastinum after
pneumonectomy. With bronchopleural fistula, and often
with empyema, however, there is also air within the pneu-
monectomy space. Both hemothorax and empyema tend
to occur earlier after surgery.

12. D—Bronchioloalveolar carcinoma. CT shows a small
dense nodule in the right lower lobe with a halo of ground-
glass opacity, the so-called “fried egg” sign, which is
characteristic of bronchioloalveolar carcinoma. This type
of cancer can appear as solid, ground glass, or mixed.
The “fried egg” appearance demonstrates both solid and
ground-glass components. Asbestosis presents as retic-
ular and linear interstitial lung disease with a basilar-
predominant distribution. Mycobacterial disease is typi-
cally multifocal, and the findings can include nodules with
or without cavitation, ill-defined dense airspace opacities,
and small nodular and linear branching opacities in a bron-
chiolar distribution (so-called “tree-in-bud”). The findings
vary depending on the type of mycobacterial infection and
the patient’s immune status. The characteristic features of
sarcoidosis are multiple small nodules in a perilymphatic
distribution. In silicosis, CT typically shows multiple small
nodules in the upper lungs that often progress to larger
masses (so-called “progressive massive fibrosis”).

13. E—Eosinophilic pneumonia. CT shows dense airspace
opacities in a subpleural or peripheral distribution, typical
of eosinophilic pneumonia. Cryptogenic organizing pneu-
monia, although not an option in this case, often has the
same appearance. Pulmonary hemorrhage and pulmonary
edema can present as multifocal dense airspace opacities
but do not typically have a peripheral distribution. Bron-
chioloalveolar carcinoma can be multifocal but also does
not typically have a predominantly peripheral distribution.
Pulmonary alveolar proteinosis typically presents as areas
of ground-glass opacity with a background of septal thick-
ening (so-called “crazy paving”).

14. D—Pericardial cyst. CT shows a circumscribed mass of
homogeneous fluid attenuation, contiguous with the peri-
cardium, with no perceptible wall or evidence of enhance-
ment. A mediastinal abscess typically has an enhancing
wall of varying thickness. Most thymomas are solid, al-
though they may have prominent cystic components. A
thymoma that is largely cystic usually has a perceptible
wall that often enhances with contrast material. Although
lymphoma can have cystic components, it typically has a
solid component. A teratoma may be largely cystic but will
usually demonstrate wall enhancement or enhancement of
a mural nodule.

15. A—Pneumomediastinum. Note air outlining the cardio-
mediastinal borders and extending up into the neck
as linear lucencies. The pneumomediastinum was sec-
ondary to an esophageal tear that occurred during
an endoscopic procedure to retrieve a pill stuck in
the esophagus. Pneumothorax does not extend into the
neck. A mediastinal abscess presents as a mass in the
mediastinum that has varying degrees of fluid and air.
Pulmonary emphysema is a parenchymal process that re-
sults in abnormal parenchymal lucency. Empyema presents
as a pleural fluid collection that is often large and
loculated.

16. C—Thymoma. CT shows a homogeneous solid mass in
the anterior mediastinum, in the expected location of the
thymus gland. The thymus is typically fatty replaced in
a 75-year-old person. This would be an atypical loca-
tion for lymphadenopathy associated with bronchogenic
carcinoma or sarcoidosis, and there is no evidence of
lymphadenopathy in other visualized areas of the medi-
astinum. Germ cell tumors can have this appearance but
generally occur in younger patients (typically under age
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40). A mediastinal abscess typically appears as a fluid-filled
mass with varying degrees of wall thickness and internal
air.

17. C—Mycobacterial pneumonia. CT shows a diffuse ran-
dom distribution of 1- to 2-mm nodules (so-called “mil-
iary” pattern). This is typical of hematogenous mycobac-
terial disease. Metastatic prostate cancer could have this
presentation but would be unusual in a 37-year-old pa-
tient. Asbestosis is characterized by reticular and linear
interstitial lung disease in a bibasilar-predominant distri-
bution. The characteristic CT appearance of pulmonary
alveolar proteinosis is that of multifocal ground-glass
opacities with a background of septal thickening (so-called
“crazy paving”). Although pulmonary lymphoma can un-
commonly present as a miliary pattern, it more commonly
presents as larger nodules and/or areas of dense airspace
disease, often with lymphadenopathy.

18. A—Carcinoid tumor. CT shows a mass almost completely
occluding a left lower lobe segmental bronchus. A small
crescent of air is seen around the anterior edge of the
mass. Postobstructive pneumonia is seen distal to the ob-
structed airway. Mucoepidermoid carcinoma could have
this appearance but is much less common than carcinoid
tumor. Obstructing endobronchial masses are not com-
mon features of mycobacterial pneumonia or sarcoidosis.
The tubular opacity in the left lower lobe is similar to the
appearance of bronchial atresia, but in the latter there is
no obstructing endobronchial mass and the surrounding
parenchyma is typically hyperlucent.

19. D—Scleroderma. The first image shows bilateral reticu-
lar interstitial lung disease in a predominantly subpleural
distribution, with areas of honeycombing, typical of the
appearance of pulmonary fibrosis associated with sclero-
derma. Patients with pulmonary fibrosis, either idiopathic
or from a specific cause, have an increased risk of devel-
oping bronchogenic carcinoma, which is shown in this
case in the periphery of the left upper lobe. The second
image shows a fluid–debris level in a dilated esophagus,
another feature of scleroderma. Associated with this is
dense airspace disease in the right lower lobe, representing
aspiration (also related to esophageal disease). Although
idiopathic pulmonary fibrosis presents with similar find-
ings, the presence of esophageal disease suggests the diag-
nosis of scleroderma. Metastases from breast cancer can
present as modular septal thickening and pulmonary nod-
ules and masses but would not be associated with honey-
combing and traction bronchiectasis. The typical CT fea-
tures of silicosis are multiple small nodules in an upper
lung distribution that often coalesce into larger masses. Al-
though cryptogenic organizing pneumonia can present as
peripheral lung disease, it is not associated with honeycom-
bing.

20. D—Invasive pulmonary aspergillosis. The first image
shows a solid nodule with a surrounding halo of ground-
glass opacity, the so-called “halo” sign, which is character-
istic of invasive pulmonary aspergillosis. The second im-
age, acquired 3 weeks later, shows the typical progression
to a cavitary nodule. These findings are highly suggestive
of invasive pulmonary aspergillosis in patients with bone
marrow transplants or who are otherwise immunocom-
promised. The cavitation of the nodule indicates recovery
of the patient’s immune system. Bronchogenic carcinoma
is less likely given the patient history and the rapid progres-
sion of the solid nodule to a cavitary nodule. Mycobacte-
rial disease is typically more profuse and is often associated
with “tree-in-bud” opacities of bronchiolitis. The typical
CT features of posttransplant lymphoproliferative disease
are multiple circumscribed nodules in a subpleural or bron-
chovascular distribution. The rapid progression from solid

to cavitary nodules would be atypical. The appearance of
septic emboli can be similar to that of invasive pulmonary
aspergillosis, but it tends to be more profuse than what is
shown in this case, and the “halo sign” suggests the latter
diagnosis.

21. A—Cardiogenic pulmonary edema. CT shows the typi-
cal features of pulmonary edema: smooth septal thicken-
ing, pleural effusions, and scattered ground-glass opacities.
Lymphangitic carcinomatosis can have a similar appear-
ance, but with this diagnosis, the septal thickening tends to
be nodular. Sarcoidosis typically presents as nodular thick-
ening of bronchovascular bundles and subpleural nodules
(a perilymphatic distribution). Kaposi sarcoma typically
presents with nodules or masses in a bronchovascular dis-
tribution and is often associated with pleural effusion. Pul-
monary infarcts present as subpleural airspace opacities,
often wedge-shaped.

22. E—Lymphocytic interstitial pneumonia. CT shows multi-
ple thin-walled cystic lesions and scattered small nodules
(note a prominent nodule in the subpleural left lower lobe).
These findings are characteristic of lymphocytic interstitial
pneumonia, which is associated with Sjögren syndrome.
The thin-walled cystic lesions are not characteristic fea-
tures of fungal pneumonia, metastatic breast cancer, or
cryptogenic organizing pneumonia. The cavitary nodules
seen with Wegener granulomatosis typically have thicker
walls.

23. E—Septic emboli. The first image shows a subpleural cav-
itary nodule in the right upper lobe. The second image
shows additional subpleural nodules. The location (sub-
pleural), ill-defined margins, cavitation, and multiplicity of
nodules are typical of septic emboli. Multiple other sim-
ilar nodules were present at other levels (not shown). A
pulmonary infarct can be associated with pleuritic chest
pain and pulmonary embolism but is usually more wedge-
shaped in the acute stage, and cavitation is uncommon.
The opacities associated with cryptogenic organizing pneu-
monia and eosinophilic pneumonia are often peripheral
but also do not typically cavitate. The characteristic CT
features of Langerhan cell histiocytosis are multiple small
nodules and often bizarre-shaped cysts with an upper lung–
predominant distribution.

24. B—Empyema. CT shows a large round left pleural fluid
collection associated with mild thickening and enhance-
ment of the pleural layers (so-called “split pleura” sign), a
fluid–fluid level posteriorly, and a small air–fluid level ante-
riorly. There is associated passive atelectasis of most of the
left lung. Some cases of pulmonary abscess can be difficult
to distinguish from empyema, but in this case the clear dis-
tinction of the pleural layers and compression rather than
infiltration of the adjacent lung allows a confident diagno-
sis of empyema to be made. Bronchogenic carcinoma can
present with a large cavitary mass, but it is usually clearly
seen to be a parenchymal and not a pleural process. The
typical CT features of asbestos-related pleural disease are
calcified and noncalcified pleural plaques and diffuse pleu-
ral thickening, with varying amounts of pleural fluid. Large
pleural fluid collections are uncommon and when seen
should raise suspicion of mesothelioma. A chylothorax
can present as a large unilateral pleural effusion but is less
commonly associated with thickening and enhancement of
the pleural layers or fluid–fluid levels than is empyema. The
history of poor dentition makes an infectious process more
likely. The air in the pleural space suggests one of three
possibilities: (a) recent thoracentesis, (b) empyema sec-
ondary to a gas-forming organism, or (c) bronchopleural
fistula.

25. B—Sarcoidosis. The chest radiograph shows bilateral hi-
lar lymphadenopathy, right greater than left. The lungs
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appear clear. These features are characteristic of sarcoido-
sis. Other diagnoses to be considered, although not op-
tions in this case, include histoplasmosis, lymphoma, and
metastases from an extrathoracic primary or bronchogenic
carcinoma. Although it can be difficult to distinguish pul-
monary artery enlargement from hilar lymphadenopathy,
the diagnosis of pulmonary artery aneurysm is much less
common and in this case the hilar enlargement is bilat-
eral. On the right, there are multiple enlarged hilar nodes,
which create a lobulated contour. This would be an un-
usual appearance for pulmonary artery enlargement. Hi-
lar lymphadenopathy, often calcified, is commonly seen in
patients with silicosis but is associated with parenchymal
disease. This degree of hilar lymphadenopathy is not a fea-
ture of asbestosis or hamartoma. A hamartoma typically
presents as a circumscribed nodule or mass in the lung with
varying degrees of fat and calcium.

26. C—Acute respiratory distress syndrome (ARDS). The
chest radiograph shows bilateral diffuse parenchymal dis-
ease, a large left pneumothorax (note the deep sulcus), a left
chest tube, and an endotracheal tube. These findings sug-
gest the diagnosis of ARDS. The pneumothorax is a result
of barotrauma, which results from high positive pressure
ventilation in the setting of stiff lungs. The presence of an
endotracheal tube suggests an acute severe respiratory con-
dition, which makes the diagnoses of silicosis, scleroderma,
and lymphangioleiomyomatosis less likely. Cryptogenic or-
ganizing pneumonia is typically more multifocal and not as
homogeneously diffuse in distribution, and uncommonly
results in respiratory compromise requiring intubation.

27. C—Idiopathic pulmonary fibrosis. The CT shows bibasilar
honeycombing, traction bronchiectasis, and architectural
distortion. With these findings, the diagnosis of pulmonary
fibrosis can be made with a high degree of confidence.
Any end-stage lung disease can result in similar findings
of fibrosis, although with sarcoidosis and hypersensitiv-
ity pneumonitis, the findings typically predominate in the
upper lungs and not the lung bases. Asbestosis and any col-
lagen vascular disease can result in a similar appearance,
although these options were not offered. The typical CT
features of complicated silicosis are conglomerate masses
in the upper lungs, small nodules, hilar retraction, architec-
tural distortion, and peripheral emphysema. Cryptogenic
organizing pneumonia does not typically progress to pul-
monary fibrosis.

28. A—Sarcoidosis. CT shows small nodules in a bronchovas-
cular and subpleural (perilymphatic) distribution, the char-
acteristic features of sarcoidosis. Although Langerhan cell
histiocytosis, Wegener granulomatosis, and acute hyper-
sensitivity pneumonitis can also present with nodules,
they do not typically have a perilymphatic distribution.
The typical CT features of asbestosis are reticular and
linear interstitial lung disease in a predominantly sub-
pleural and bibasilar distribution, subpleural bands, and
varying degrees of honeycombing and traction bronchiec-
tasis. There is often associated asbestos-related pleural
disease.

29. E—Asbestos-related pleural disease. CT shows diffuse cal-
cified pleural thickening and a small left pleural effusion.
The bilaterality of these findings is very characteristic of
asbestos-related pleural disease. Tuberculous empyema is
typically a unilateral process. Bronchogenic carcinoma can
be associated with pleural metastases that are typically
nodular, associated with larger pleural effusions, and not
calcified. The typical CT features of complicated silico-
sis are described in the answer to question #27. Although
pleural thickening can occasionally result from recurrent
pleural effusions related to chronic congestive heart fail-
ure, it is typically not diffuse, bilateral, and calcified.

30. E—Cystic teratoma. CT shows a circumscribed, homoge-
neous, fluid-attenuation mass in the anterior mediastinum.
Note the small lobulation to the medial margin and a hint
of high attenuation around the medial margin. MRI with
intravenous contrast shows enhancement of the capsule
and a small enhancing nodule medially. Both bronchogenic
and pericardial cysts will typically have no demonstrable
capsule and show no contrast enhancement. Bronchogenic
carcinoma and mediastinal abscess will typically have a
larger soft tissue component and changes in the adjacent
lung. Other diagnoses to consider, which were not offered
as options, are cystic thymoma and cystic lymphoma.

31. Right aortic arch. Note that the trachea is slightly shifted
to the left and there is no aortic arch on the left.

32. Pulmonary venolobar syndrome. Note the scimitar-shaped
anomalous pulmonary vein on the right.

33. Left upper lobe collapse. There is hazy opacification of
the left lung, elevation of the left hemidiaphragm, shift of
the mediastinum to the left, and lucency around the aortic
arch (the luftsichel sign), all of which indicate left upper
lobe collapse. The most common reason for left upper lobe
collapse in an adult patient, especially one over the age of
40, is bronchogenic carcinoma. There is an air–fluid level
in the left upper lobe, indicating a cavitary mass. This is a
case of squamous cell bronchogenic carcinoma, the most
common bronchogenic carcinoma to cavitate.

34. Mycetoma. There is a thin-walled cavity in the right up-
per lobe that contains a central mass. This is the classic
appearance of a fungus ball (mycetoma).

35. Collapse of the left lung. There is shift of the mediastinum
into the left hemithorax (note marked tracheal deviation).
The left hemithorax is completely opaque, except for sub-
tle lucency in the upper left hemithorax which represents
hyperexpanded right lung. Although the left lung collapse
could be caused by a mucous plug or foreign body within
the left main bronchus, in this case it was caused by a re-
mote tear of the left bronchus, the result of a motor vehicle
crash.

36. Lymphangioleiomyomatosis. Thin-section CT shows nu-
merous thin-walled cysts of homogeneous round shape.
Langerhan cell histiocytosis, which can have a simi-
lar appearance, tends to be associated with both cysts
and nodules, and the cysts tend to have more bizarre
shapes.

37. B (see Chapter 1)
38. A (see Chapter 1)
39. E (see Chapter 1)
40. C (see Chapter 1)
41. D (see Chapter 1)
42. C (see Chapter 2)
43. A (see Chapter 2)
44. D (see Chapter 2)
45. E (see Chapter 2)
46. B (see Chapter 2)
47. E (see Chapter 3)
48. B (see Chapter 3)
49. A (see Chapter 3)
50. C (see Chapter 3)
51. A (see Chapter 3)
52. B (see Chapter 18)
53. C (see Chapter 18)
54. D (see Chapter 18)
55. C (see Chapter 18)
56. True (see Chapter 10)
57. False (see Chapter 10, Table 10-1)
58. True (see Chapter 10, Table 10-2)
59. True (see Chapter 12, Table 12-1)
60. True (see Chapter 14)
61. False (see Chapter 15, Tables 15-3 and 15-4)
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62. True (see Chapter 15, Table 15-3)
63. False (see Chapter 15, Table 15-3)
64. True (see Chapter 15)
65. False (see Chapter 10)
66. True (see Chapter 10)
67. False (see Chapter 16)
68. True (see Chapter 1)
69. True (see Chapter 1)
70. False (see Chapter 1)
71. True (see Chapter 1)
72. False (see Chapter 1)
73. True (see Chapter 1)
74. False (see Chapter 3)
75. False (see Chapter 3)
76. True (see Chapter 5)
77. True (see Chapter 10)
78. True (see Chapter 10)
79. True (see Chapter 10)
80. True (see Chapter 10)
81. True (see Chapter 10)
82. Coronary sinus (see Chapter 1)
83. Azygos (see Chapter 1)

84.–88. Bronchioloalveolar carcinoma, alveolar proteinosis,
lymphoma, lipoid pneumonia, sarcoidosis (see Chapter 4,
Table 4-4)

89.–92. Terrible lymphoma, teratoma, thyroid mass, thymoma
(see Chapter 6, Table 6-1)

93.–96. Hemothorax, chylothorax, empyema, malignant effu-
sion (see Chapter 9)

97.–99. Situs inversus, sinusitis, bronchiectasis (see Chapter 13)
100. B (see Chapter 1)
101. E (see Chapter 1)
102. D (see Chapter 10)
103. A (see Chapter 3)
104. C (see Chapters 3, 13)
105. C (see Chapters 3, 10)
106. C (see Chapter 14)
107. B (see Chapter 13, Table 13-6)
108. A (see Chapter 16)
109. A, B, C, D, E (see Chapter 5, Table 5-1)
110. B, C, E (see Chapter 5)
111. A, B, C, E (see Chapter 8)
112. A, B, C (see Chapter 15)
113. A, B, C, D, E (see Chapter 8, Table 8-1)
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Note: Page numbers followed by f denote figures and t denotes tabular material.

A. fumigatus, 181
ABPA. See Allergic bronchopulmonary

aspergillosis
Acetylsalicylic acid, 42f
Achalasia, 97f
Acute alveolar lung disease, 51–53, 52f, 52t,

53f
Acute histoplasmosis, 111f
Acute interstitial pneumonia (AIP), 38, 41
Acute pulmonary embolism, 272f, 273f–274f,

275f, 276f, 278f
Acute respiratory distress syndrome (ARDS), 51,

334
mechanical ventilation for, 52–53, 53f
stages of, 52, 52f, 52t

Acute silicosis, 169
Adenocarcinoma, 106f, 109f

features of, 244t
occurrence of, 244–246, 245f, 246f, 247f, 248f,

249f
Adenoma, bronchial, 260–261
Adenopathy

causes of, 86–88
identification of, 91, 92f
intrathoracic, 88–89, 90f, 91f

AI. See Aortic insufficiency
AIDS (acquired immunodeficiency syndrome),

182–189, 183t, 185f, 186f, 187f, 188f,
189f

AIP. See Acute interstitial pneumonia
Air

bronchograms, 16, 17, 17f, 105, 105f
crescent sign, 16, 17, 17f

Airways
COPD and, 222–235, 222f, 223f, 223t, 224f,

225f, 225t, 226f, 227f, 228f, 229f, 230f,
231f, 232f, 232t, 233f, 234f, 235f

CT of, 1
lateral chest radiographs of, 1
learning objectives for, 215
PA chest radiographs of, 1
tracheal disorders of, 215–221, 216t, 217f,

218f–220f, 221f, 222f
zones of

conductive, 2
respiratory, 2
transitory, 2

ALD. See Alveolar lung disease
Allergic bronchopulmonary aspergillosis (ABPA),

222, 222f
Alpha-1-antitrypsin deficiency, 332
Alveolar lung disease (ALD), 195

acute, 51–53, 52f, 52t, 53f
alveolar proteinosis as, 54, 55f–56f, 60
aspiration and, 58, 59f
chronic, 60, 60f, 61f, 62f
infectious pneumonia causing, 56–58, 56f, 57f,

58f, 59f
learning objectives for, 51
pulmonary edema as, 51–53, 52f, 52t, 53f
pulmonary hemorrhage as, 53–54, 53t, 54f

Alveolar proteinosis, 54, 55f–56f, 60
Amiodarone, 42f, 43
Amitriptyline, 42f
Amyloidosis, 216, 217f
Aneurysms, 305

aortic, 91–92, 93f
mycotic, 92
thoracic aortic, 93f, 98f, 315–318, 315f, 316f,

317f–318f

Aorta
CT of, 1
injury to, 119–120, 120f, 120t, 121f, 122f,

123f
lateral chest radiographs of, 1
PA chest radiographs of, 1
thoracic, 291, 292f

aneurysms, 315–318, 315f, 316f, 317f–318f
aortic dissection and, 312–313, 313f, 313t
intramural hematomas and, 313–314
learning objectives for, 312
PAU and, 314–315
repaired, 318–319, 318f–319f

Aortic dissection, 312–313, 313f, 313t
Aortic insufficiency (AI), 293
Aortic stenosis (AS), 291–293
Aortopulmonary window

CT of, 1
PA chest radiographs of, 1, 12–13
prevascular space within, 12–13
retrocrural space within, 13
subcarinal space within, 12

Aplasia, 242
ARDS. See Acute respiratory distress syndrome
Arteriovenous malformations (AVMs), pulmonary,

113–114, 117f, 118f
characterization of, 269

Artery(ies)
brachiocephalic (innominate), 1, 13
calcification of coronary, 301, 304f
CT of, 1
diseases, coronary, 300–301, 302f–303f,

304f
pulmonary, 1

tumors, 285–286, 285f, 286f
pulmonary catheters, 66

complications associated with, 66, 67f, 68f,
69t

usage of, 67–68, 68f, 69f, 69t
sign, ring around the, 16, 22, 24f

AS. See Aortic stenosis
Asbestos, 334

diseases from, 45–47, 47f
exposure to, 48
term for, 47–48

Aspergillosis. See Allergic bronchopulmonary
aspergillosis

Aspergillosis, pulmonary, 108f, 332, 333
Aspergillus, 17, 18f, 32

allergic bronchopulmonary, 179
invasive pulmonary, 178–179, 179f, 180f
lung disease, 177–180, 177f, 178f, 179f,

180f
noninvasive pulmonary, 177–178, 177f, 178f
semi-invasive pulmonary, 178, 179f

Aspiration, 58, 59f
Asthma, 222–223, 222f, 223f, 223t
Atelectasis

dependent, 103f
learning objectives for, 195
lobar, 196–202, 197f, 198f, 199f, 200f, 201f,

202f, 203f, 204f, 205f
nonlobar, 203–204
radiologic signs of, 196, 196t
types of, 195–196, 195f, 196f

Atrial septic defect, 288–290, 288f,
289f–290f

AVMs. See Arteriovenous malformations
Azathioprine, 42f
Azygoesophageal line, 13

Azygoesophageal recess
CT of, 1, 13
PA chest radiographs of, 1, 13

BCV. See Brachiocephalic veins
Benign asbestos-related pleural disease, 46–47, 46f
Blastomycosis, 111f
Bleomycin, 42f, 43
Bochdalek hernias, 160, 160f
Bone(s)

CT of, 1
lateral chest radiographs of, 1
marrow transplantations, 189, 321, 325
PA chest radiographs of, 1

Brachiocephalic (innominate) artery, 1, 13
Brachiocephalic veins (BCV), 63, 64f
Breath, shortness of, 323, 327
Bronchial adenoma, 260–261
Bronchial atresia, 269–270
Bronchiectasis, 223–226, 224f, 225f, 225t, 226f
Bronchioles, terminal, 7
Bronchiolitis, 226–230, 229f, 230f, 231f, 232f, 332
Bronchioloalveolar cell carcinomas, 60, 61f, 105f,

106f, 332
Bronchiolograms, 105, 105f, 106f
Bronchogenic carcinomas, 101, 162f

carcinoid/salivary gland tumors and, 260–263,
261f, 262f, 263f, 333

clinical presentation of, 243–244, 243t
complications of, 259–260, 259f, 259t, 260f
histologic classification of, 244–254, 244f, 244t,

245f, 246f, 247f, 248f, 249f–250f, 251f,
252f, 253f, 254f, 255f, 256f, 257f, 258f

large-cell, 107f, 252, 252f
non-small-cell, 108f
small-cell, 252–254, 253f, 254f, 255f
squamous cell, 140f, 246–252, 249f–250f, 251f,

252f
staging of, 254–259, 255f, 256f, 257t, 258f

Bronchogenic cysts, 92–94, 94f, 95f, 96f, 265
Bronchopulmonary sequestration, 265, 265f–268f
Bullae, 234–235, 235f
Burkitt lymphomas, 60f
Busulfan, 42f

CABG. See Coronary artery bypass grafting
Calcification, 79, 94, 120

coronary artery, 301, 304f
mitral annulus, 294–296

Candida albicans, 181
Caplan syndrome, 45, 169
Carcinoid gland tumors, 260–263, 261f, 262f,

263f, 333
Carcinoma(s), 220f

bronchioloalveolar cell, 60, 61f, 105f, 106f, 332
bronchogenic, 101, 162f

carcinoid/salivary gland tumors and,
260–263, 261f, 262f, 263f, 333

clinical presentation of, 243–244, 243t
complications of, 259–260, 259f, 259t, 260f
histologic classification of, 244–254, 244f,

244t, 245f, 246f, 247f, 248f, 249f–250f,
251f, 252f, 253f, 254f, 255f, 256f, 257f,
258f

large-cell, 107f, 252, 252f
non-small-cell, 108f
small-cell, 252–254, 253f, 254f, 255f
squamous cell, 140f, 246–252, 249f–250f,

251f, 252f
staging of, 254–259, 255f, 256f, 257t, 258f
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Carcinoma(s) (Contd.)
cervical, 114f
endometrial, 219f
esophageal, 88f
invading heart, 301f
papillary thyroid, 81f
squamous cell, 108f, 115f
testicular, 113f

Cardiac diseases
acquired

CABG and, 301–306, 303f, 304f, 305f
cardiomyopathy as, 296–299, 299f
coronary artery diseases as, 300–301,

302f–303f, 304f
LHIS as, 299, 299f
pericardial diseases and, 306, 307f, 308f,

309f, 310f
thrombus as, 299–300, 300f
valvular, 291–296, 294t, 295f, 296f, 297f,

298f
congenital

atrial septic defect as, 288–290, 288f,
289f–290f

PDA as, 291, 292f, 293f
VSD as, 290–291

learning objectives for, 287–288
Cardiac pulmonary edema, non, 182
Cardiac traumas, 134–135, 134f, 135f
Cardiomyopathy, 296–299, 299f
CCAM. See Congenital cystic adenomatoid

malformation
Central venous catheters (CVP)

learning objectives for, 63
placements of, 63–66, 64f, 65f, 65t, 66f, 67f
usage of, 63, 64f

Cervical carcinomas, 114f
Chest

normal anatomy of, 1–2
pain, 321
radiologic abnormalities, 180–189, 181f, 181t,

182f, 183f, 183t, 184f, 185f, 186f, 187f,
188f, 189f

trauma, 119–136
pleural manifestations of, 132–134, 133f,

134f
tubes, 74–75, 74f, 75f
wall, 155, 155f, 156f, 157f–158f, 159f, 159t

injuries to, 135f, 136, 136f
masses involving, 159t

Chest radiograph(s)
concepts of, 15, 15f
interpretation of, 2, 2t, 3f, 3t, 4f–6f
lateral, 1, 13–15, 14f

of airways, 1
of aorta, 1
of bones, 1
of brachiocephalic (innominate) artery, 1, 13
of fissures, 1
of heart, 1
of hemidiaphragms, 1, 14–15, 14f
of lungs, 1
of posterior tracheal stripe, 1, 13, 13f
of pulmonary arteries, 1
of retrosternal clear space, 1
of veins, 1

monitoring/support devices for, 63–77
PA (posteroanterior)

of airways, 1
of aorta, 1
of aortapulmonary window, 1, 12–13
of azygoesophageal recess, 1, 13
of bones, 1
density/size ratios on, 2, 3f
of fissures, 1
of heart, 1
of junction lines, 1, 13, 13f
of left subclavian artery, 1
of lungs, 1
of paraspinal lines, 1, 13
of pulmonary arteries, 1
of right paratracheal stripe, 1, 13, 13f
of veins, 1

sign-in, 17
Chlorambucil, 42f
Chronic alveolar lung disease, 60, 60f, 61f, 62f
Chronic bronchitis, 226

Chronic obstructive pulmonary disease (COPD),
222–235, 222f, 223f, 223t, 224f, 225f,
225t, 226f, 227f, 228f, 229f, 230f, 231f,
232f, 232t, 233f, 234f, 235f

asthma as, 222–223, 222f, 223f, 223t
bronchiectasis as, 223–226, 224f, 225f, 225t,

226f
bronchiolitis as, 226–230, 229f, 230f, 231f, 232f
chronic bronchitis as, 226
cystic fibrosis as, 226, 227f, 228f
emphysema as, 230–235, 232f, 232t, 233f,

234f, 235f, 241
Chronic pseudoaneurysms, 123f
Chronic pulmonary embolism, 278f–279f, 280f
Chylothorax, 147
Cigarettes, 48, 243, 243f
CMV. See Cytomegalovirus
Coccidioidomycosis, 107f, 112f
Codeine, 42f
Collagen vascular diseases, 48–49, 48f, 49f
Colon cancer, 112f, 113f
Comet tail sign, 47
Computed tomography (CT), 271, 312

chest, 136
of airways, 1
angiogram sign on, 16, 17, 18f
of aorta, 1
of aortopulmonary window, 1
of arteries, 1
of azygoesophageal recess, 1, 13
of bones, 1
of diaphragm, 1, 13
of esophagus, 1
of extrapleural fat/pleura, 1
of fissures, 1
of heart, 1
of lungs, 1
of muscles, 1
of pericardium, 1
of pulmonary arteries, 1
of thymus, 1
of thyroid glands, 1
of veins, 1

high-resolution, 1
Congenital cardiac diseases

atrial septic defect as, 288–290, 288f, 289f–290f
PDA as, 291, 292f, 293f
VSD as, 290–291

Congenital cystic adenomatoid malformation
(CCAM), 265

Congenital lobar emphysema, 241–242, 264–265,
264f

Congenital lung diseases, 264–270, 264f, 264t,
265f–268f, 269f, 270f

Congenital tracheobronchial anomalies, 221, 222f
COP. See Cryptogenic organizing pneumonia
COPD. See Chronic obstructive pulmonary disease
Corona radiata, 105–108, 106f
Coronary artery

calcification, 301, 304f
diseases, 300–301, 302f–303f, 304f

Coronary artery bypass grafting (CABG),
301–306, 303f, 304f, 305f

Cough, 323, 324, 325
Cryptococcosis, 206
Cryptogenic organizing pneumonia (COP), 38,

40–41, 212–213, 213f
CT. See Computed tomography
Cutis laxa, 216
CVP. See Central venous catheters
Cyclophosphamide, 42f
Cystic fibrosis

characterizations of, 180, 180f, 181f
as COPD, 226, 227f, 228f

Cystic patterns, 16, 27t, 28, 28f, 29f
Cytomegalovirus (CMV), 181–182, 186

DeBakey classification, 92
Deep sulcus sign, 16, 17, 19, 19f, 133f, 134f
Deep vein thrombosis (DVT), 271, 280–281, 280f,

281f, 282f
Desquamative interstitial pneumonia (DIP), 38,

39–40, 40f
Diaphragm. See also Hemidiaphragms

continuous, 16, 17, 18f
CT of, 1, 13

hernias of, 160–162, 160f, 161f, 162f, 162t
rupture, 127–130, 129f, 129t, 130f, 131f, 132f

Diffuse pulmonary hemorrhage (DPH), 53–54,
54f

DIP. See Desquamative interstitial pneumonia
DPH. See Diffuse pulmonary hemorrhage
Drug. See also specific drugs

cytotoxic (late), 182
noncytotoxic (early), 182
reactions, 182
toxicity, ILD and, 42–43, 42f, 42t

Dysplasia, 242, 299f
Dyspnea, 322

Ehlers-Danlos syndrome, 216, 317
Eisenmenger physiology, 285f
Emphysema, 230–235, 232f, 232t, 233f, 234f,

235f, 241
congenital lobar, 241–242, 264–265, 264f
pulmonary, 241, 241f
tuberculous, 331

Empyema, 147f, 333
definition of, 146
old tuberculous, 154f
tuberculous, 146f

Endoleak, 318–319
Endometrial carcinomas, 219f
Endoscopy, 323, 324
Endotracheal tube (ETT)

complications associated with, 73–74, 73t, 74f
intubation of, 73, 73f

Eosinophilic granuloma of lung, 49, 171,
171f

Escherichia coli, 118
Esophageal carcinomas, 88f
Esophageal duplication, 94, 96f
Esophageal injuries, 135–136
Esophageal tubes, 75–76, 75f, 76f, 77f
Esophagus, 1
ETT. See Endotracheal tube
Eventration, 13
Extrapleural fat, 1

Fat, 104
embolization syndrome, 51, 126f
extrapleural, 1
mediastinal, 122f
pericardial, 79f

Feeding vessel sign, 113
Fibrosis, progressive massive, 45
Fibrothorax, 152, 154f
Fine-needle aspiration biopsy (FNAB),

109–110
Finger-in-glove sign, 16, 19, 20f
Fissure(s)

accessory, 7, 11f
CT of, 1
inferior accessory, 7, 11f
lateral chest radiographs of, 1
left minor, 7, 11f
minor (horizontal), 7, 11f
PA chest radiographs of, 1
right major, 7, 11f
sign, bulging, 17, 18f
superior accessory, 7, 11f

Flat waist sign, 16, 19, 20f
Fleischner Society, 110
FNAB. See Fine-needle aspiration biopsy
Free silica, 44

Gastric tubes, 75–76, 75f, 76f, 77f
GGO. See Ground-glass pattern
Ghon lesions, 176
Golden S sign, 16, 21, 21f, 198
Goodpasture syndrome, 53, 54f
Granulomas, 101, 102f
Ground-glass pattern (GGO), 29, 29f

definition of, 27t, 30
diffuse/patchy, 30, 30f

Halo sign, 16, 21, 21f
Hamartomas, 101, 103f

diagnosis of, 104, 104f
postbiopsy, 102f
pulmonary, 104, 104f, 105f

Hampton hump sign, 16, 21, 22f
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Heart, 134
carcinomas invading, 301f
CT of, 1
lateral chest radiographs of, 1
PA chest radiographs of, 1

Hematomas
breast, 136f
intramural, 313–314
mediastinal, 121f

Hematopoiesis, extramedullary, 98f
Hemidiaphragms, 1, 14–15, 14f
Hemithorax, 201–202, 204f

causes of, 238–240, 238f, 239f, 240t
learning objectives for, 238
unilateral hyperlucent lung and, 240–242, 240f,

241f, 242f
Hemopericardium, 134f
Hemothorax, 134f, 145f, 147
Hernias, of diaphragm, 160–162, 160f, 161f,

162f, 162t
Heroin, 42f
Histiocytosis X, 49, 171, 171f
Histoplasmosis

acute, 111f
pulmonary, 90f

HIV (human immunodeficiency virus), 176, 188
Hodgkin lymphomas, 89f
Honeycombing, 16, 25–27, 27f, 27t
Hypoplasia, 242
Hypoxia, 326

IABP. See Intra-aortic balloon pump
Idiopathic interstitial pneumonias (IIPs), 38–41,

39t, 40f, 41f
Idiopathic pulmonary fibrosis (IPF), 38
IIPs. See Idiopathic interstitial pneumonias
ILD. See Interstitial lung disease
ILO. See International Labour Office
Interleukin-2, 42f
International Labour Office (ILO), 44
Interstitial lung disease (ILD). See also specific

diseases
collagen vascular diseases and, 48–49, 48f, 49f
drug toxicity and, 42–43, 42f, 42t
IIPs as, 38–41, 39t, 40f, 41f
infectious pneumonias as, 41–42, 42f, 42t
LAM as, 43, 43f, 43t
learning objectives of, 34
lymphangitic carcinomatosis as, 44, 44f, 44t,

45f
patterns of, 26f, 34–37, 35f, 35t

Kerley lines, 35, 35t, 36f
nodular, 36, 37f
reticular, 36, 37f
reticulonodular, 36–37, 38f, 38t

pneumoconioses as, 44–48, 45f, 46f, 47f
pulmonary edema as, 37–38, 38f, 39f, 39t
sarcoidosis as, 48, 48f
unilateral, 50, 50t

Intra-aortic balloon pump (IABP), 68, 70f, 70t, 71f
IPF. See Idiopathic pulmonary fibrosis

Junction lines, PA chest radiographs of, 1, 13, 13f
Juxtaphrenic peak sign, 21, 22f

Kaposi sarcomas, 183t, 188
Kartagener syndrome, 226f
Kerley lines, 35, 35t, 36f
Klebsiella, 118
Klebsiella pneumoniae, 17, 18f

LAM. See Lymphangioleiomyomatosis
Langerhan cell histiocytosis (LCH)

characterization of, 49–50, 50f, 171, 171f
patterns, 36

Large-cell bronchogenic carcinomas, 107f, 252,
252f

Laryngotracheobronchitis, 217–218
LCH. See Langerhan cell histiocytosis
Left mediastinal border, 13
Left paratracheal shadow, 13
Left subclavian artery, 1
Legionella, 57f, 181, 182, 184f
LHIS. See Lipomatous hypertrophy of interatrial

septum
LIP. See Lymphocytic interstitial pneumonia

Lipomatous hypertrophy of interatrial septum
(LHIS), 299, 299f

Luftsichel sign, 16, 22, 23f
Lung(s). See also Interstitial lung disease; specific

lung diseases
architecture of, 2, 7f
attenuation, 16, 27t, 31, 31f
cancer, 244f
collapse of, 334
CT of, 1
dirty, 226
diseases

air bronchogram and, 16, 17, 17f, 105, 105f
air crescent sign and, 16, 17, 17f
congenital, 264–270, 264f, 264t, 265f–268f,

269f, 270f
continuous diaphragm and, 16, 17, 18f
cystic pattern and, 16, 27t, 28, 28f, 29f
deep sulcus sign and, 16, 17, 19, 19f, 133f,

134f
fallen lung sign and, 16, 19, 19f, 127, 128f,

129f
finger-in-glove sign and, 16, 19, 20f
flat waist sign and, 16, 19, 20f
golden S sign and, 16, 21, 21f, 198
halo sign and, 16, 21, 21f
Hampton hump sign and, 16, 21, 22f
honeycomb pattern and, 16, 25–27, 27f, 27t
luftsichel sign and, 16, 22, 23f
mosaic pattern of lung attenuation and, 16,

27t, 31, 31f
nodular pattern of, 16, 29–30, 29f, 30f
pattern of septal thickening and, 16, 27–28,

27t, 28f
patterns/signs of, 16
peripheral, 206–213, 206t, 207f
ring around the artery sign and, 16, 22, 24f
silhouette sign and, 16, 22, 24f, 25f
split pleura sign and, 16, 25, 25f
tree-in-bud pattern and, 16, 27t, 31–32, 32f
upper, 164–165, 165t
Westermark sign and, 16, 25, 26f

lacerations, 123f
lateral chest radiographs of, 1
lobar bronchi of, 1
neoplasms of, 243–263, 243f, 243t, 244f, 245f,

246f, 248f, 249f–250f, 251f, 252f, 253f,
254f, 255f, 257f, 258f, 259f, 259t, 260f,
261f, 262f, 263f

PA chest radiographs of, 1
parenchymal injury, 120–123, 124f, 125f
primary pulmonary lobule of, 2, 7f
pulmonary acinus of, 2, 7f
secondary pulmonary lobule of, 2, 7f
segmental bronchi of, 1
sign, fallen, 16, 19, 19f, 127, 128f, 129f
transplantations, 189–193, 190f, 191f, 192f,

193f
left, 239f

unilateral hyperlucent, 240–242, 240f, 241f,
242f

Lymph nodes, benign, 109f
Lymphangioleiomyomatosis (LAM), 334

characterization of, 43, 43f, 43t
patterns, 28, 29f

Lymphangitic carcinomatosis, 44, 44f, 44t, 45f
Lymphocytic interstitial pneumonia (LIP), 38, 41,

41f, 189, 333
Lymphomas, 86, 147, 183t

Burkitt, 60f
classification of, 88, 89f
Hodgkin, 89f
pulmonary, 60f, 188–189, 189f
with rib involvement, 156f

Magnetic resonance imaging (MRI), 130, 281, 312
Marfan syndrome, 317
Mass, 101
Mastectomy, 238f
Mediastinum

anterior, 79–86, 79f, 79t, 80f, 81f, 82f, 83f–84f,
85f, 86f

compartments of, 68f, 78
masses of, 78–99
middle masses of, 86–94, 87f, 88f, 88t, 89f,

90f–91f, 92f, 93f, 94f, 95f, 96f, 97f

posterior, 94–99, 96t, 97f, 98f, 99f
superior, 78–79

Melanomas, 114f
Melting ice cube sign, 22, 23f
Mesotheliomas, malignant, 147–148, 149f, 150f,

331
Methotrexate, 42f
Methysergide, 42f
MI. See Mitral insufficiency
Mitral annulus calcification, 294–296
Mitral insufficiency (MI), 294, 296f
Mitral stenosis (MS), 293–294, 295f
Morgagni hernia, 80f, 160f
Mounier-Kuhn syndrome, 215–216, 216t
MR. See Magnetic resonance imaging
MS. See Mitral stenosis
Mucormycosis, 181
Multiple pulmonary nodules (MPNs)

causes/diagnosis for, 110, 110t, 111f, 112f,
112t

learning objectives for, 101
metastases of, 110–113, 112f, 113f, 114f,

115f–116f, 117f, 118f
Muscles, 1

pectoralis, 239f
sternocleidomastoid, 238f

Mycobacterium avium, 185f
Mycobacterium kansassi, 331
Mycobacterium tuberculosis, 32, 56, 172
Mycoplasma pneumoniae, 42, 56, 57f, 58f, 333
Mycoplasma species, 182
Myocardial infarctions, 306, 307f

National Institute for Occupational Safety and
Health, 44

Neoplasms
of lungs, 243–263, 243f, 243t, 244f, 245f, 246f,

248f, 249f–250f, 251f, 252f, 253f, 254f,
255f, 257f, 258f, 259f, 259t, 260f, 261f,
262f, 263f

occurrence of, 101, 159t, 182
Nitrofurantoin, 42f, 43
Nocardia asteroides, 181
Nodules, 101
Non-small-cell bronchogenic carcinomas, 108f
Nonspecific interstitial pneumonia (NSIP), 38, 39,

40f
NSIP. See Nonspecific interstitial pneumonia

OKT3. See Ornithine-ketoacid transaminase
orthoclone

Ornithine-ketoacid transaminase orthoclone
(OKT3), 42f, 43

Osteosarcomas, 115f–116f

Pacemakers, transvenous, 70–73, 71f, 72f, 73f
PAH. See Pulmonary arterial hypertension
Pancoast tumors, 141f
Papillary thyroid carcinomas, 81f
Paraspinal lines, 1, 13
Parathyroid adenoma, 80f
Patent ductus arteriosus (PDA), 291, 292f, 293f
PAU. See Penetrating atherosclerotic ulcer
PCP. See Pneumocystis jiroveci pneumonia
PDA. See Patent ductus arteriosus
PE. See Pulmonary embolism
Pectus excavatum, 155f
Penetrating atherosclerotic ulcer (PAU), 314–315
Penicillin, 42f
Pericardial cysts, 94, 96f, 97f, 332
Pericardial effusion, 308t
Pericardium

CT of, 1
diseases of, 306, 307f, 308f, 309f, 310f
trauma to, 134–135, 134f, 135f

Peripherally inserted central catheters (PICC),
63–64

PET. See Positron emission tomography
Phrenic nerves, 160–162, 162f
PICC. See Peripherally inserted central catheters
PIOPED. See Prospective Investigation of

Pulmonary Embolism Diagnosis
Pleura

chest CT of, 1
composition of, 138–140, 138f, 139f, 140f
sign, split, 16, 25, 25f
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Pleural effusions, 88, 133
appearance of, 141–147, 142f, 143f, 144f, 145f,

146f, 147f
causes of, 140–141, 140t, 141f, 146t
malignant, 147–148, 148f, 149f, 150f
massive right, 205f

Pleural fibrosis, 152, 154f
Pleural myelolipomas, 154f
Pleural plaques, 152–155, 155f
Pleural tumors

focal, 152, 152f
localized, 152, 152f

Pneumatoceles, 118
Pneumoconioses, 44–48, 45f, 46f, 47f
Pneumocystis jiroveci pneumonia (PCP), 183–186,

183t, 185f, 186f, 187f
Pneumomediastinum, 132–133, 332
Pneumonectomy, 259–260, 259f, 259t, 323
Pneumonia(s). See also Pneumocystis jiroveci

pneumonia; specific diseases
eosinophilic, 206–209, 206t, 207f, 208t, 209f,

210f, 332
IIPs as, 38–41, 39t, 40f, 41f
infectious, 41–42, 42f, 42t, 56

causing ALD, 56–58, 56f, 57f, 58f, 59f
Legionella, 57f, 181, 182, 184f
lipoid, 60
lymphocytic interstitial, 38, 41, 41f, 189, 333
organizing, 40, 41f
pseudomas, 58f
tuberculous, 157f

Pneumonitis
interstitial, 207f
radiation, 171–172, 172f

Pneumopericardium, 135f, 310
Pneumothorax, 64–65, 132, 133f, 134f

causes of, 148–152, 150f, 150t, 151f
definition of, 148
primary spontaneous, 148
secondary spontaneous, 148–150, 150f,

151f
signs of, 152, 152t
tension, 239f

Polychondritis, 216
Positron emission tomography (PET), 109, 259
Posterior tracheal stripe, 1, 13, 13f
Postpneumonectomy, 259–260, 259f, 259t
Postvascular space, 94
Prevascular space, 79
Procainamide, 42f
Prospective Investigation of Pulmonary Embolism

Diagnosis (PIOPED), 271
Pulmonary arterial hypertension (PAH), 271,

283–284, 283t, 284f
Pulmonary artery(ies), 1

catheters, 66
complications associated with, 66, 67f, 68f,

69t
usage of, 67–68, 68f, 69f, 69t

tumors, 285–286, 285f, 286f
Pulmonary aspergillosis, 108f, 332, 333. See also

Allergic bronchopulmonary aspergillosis
Pulmonary contusions, 124f, 331
Pulmonary edema, 307, 333

as ALD, 51–53, 52f, 52t, 53f
disease, 37–38, 38f, 39f, 39t
noncardiac, 182
re-expansion, 146f

Pulmonary embolism (PE), 271–283, 272f, 272t,
273f–274f, 275f, 276f, 277f, 278f–279f,
280f, 281f, 282f, 283f

acute, 272f, 273f–274f, 275f, 276f, 278f
chronic, 278f–279f, 280f

Pulmonary eosinophilia, 206–209, 206t, 207f,
208t, 209f, 210f, 332

Pulmonary hemorrhage
ALD as, 53–54, 53t, 54f
occurrence of, 182

Pulmonary hila, 7
Pulmonary histoplasmosis, 90f
Pulmonary infarctions, 209–212, 211f, 212f
Pulmonary lacerations, 125f
Pulmonary lymphomas, 60f, 188–189, 189f
Pulmonary nodules, definition of, 101

Pulmonary thromboembolism, 209, 271–283,
272f, 272t, 273f–274f, 275f, 276f, 277f,
278f–279f, 280f, 281f, 282f, 283f

Pulmonary venolobar syndrome, 268–269, 268f,
269f, 334

Pulmonic valve diseases, 296, 297f

RA. See Rheumatoid arthritis
Ranke complex, 176
RB-ILD. See Respiratory bronchiolitis-associated

interstitial disease
Respiratory bronchiolitis-associated interstitial

disease (RB-ILD), 38, 40
Retrosternal clear space, 1
Rheumatoid arthritis (RA), 48, 48f
Rhodococcus equi, 182
Rib osteochondromas, 159f
Right paratracheal stripe, 1, 13, 13f

Salivary gland tumors, 260–263, 261f, 262f,
263f

Sarcoidosis, 48, 48f, 60, 61f, 331, 332,
333–334

alveolar, 206, 207f, 208f
causes of, 89–91, 91f
characterization of, 165
classification of, 165–168, 165f, 165t, 166f,

166t, 167f, 168f
Schwannoma, benign, 99f
Scleroderma, 333
Self-assessments, 320–334
Septic emboli, 112f, 117f, 182, 184f, 333
Silhouette sign, 16, 22, 24f, 25f
Silicoproteinosis, 169
Silicosis, 44–45, 45f

acute, 169
causes of, 168–169
complicated, 169, 170f
progressive massive, 169, 170f
simple, 169, 170f

Sjögren syndrome, 49, 325
SLE. See Systemic lupus erythematosus
Small-cell bronchogenic carcinomas, 252–254,

253f, 254f, 255f
Solitary pulmonary nodules (SPNs)

causes of, 101–102, 101f, 101t
evaluations of, 102–110, 103f, 104f, 105f, 106f,

106t, 107f, 108f, 109f, 110t
learning objectives for, 101
management of, 102, 103f

Spine sign, 25, 26f
SPNs. See Solitary pulmonary nodules
Squamous cell bronchogenic carcinomas, 140f,

246–252, 249f–250f, 251f, 252f
Squamous cell carcinomas, 108f, 115f
Staphylococcus, 118
Staphylococcus aureus, 180
Sternoclavicular dislocation, 133f
Sternum

chondrosarcoma of, 157f–159f
fractures to, 131, 132f

Streptococcus pneumoniae, 56, 118
Sulfonamides, 42f
Superior vena cava (SVC), 63–64, 64f, 282f
SVC. See Superior vena cava
Swyer-James syndrome, 241, 241f
Systemic lupus erythematosus (SLE), 49, 54f
Systemic sclerosis (SS), 49, 49f

TBI. See Tracheobronchial injury
TCI Heartmate LVAD pump, 69
Teratomas

benign, 82–86, 85f, 86f
cystic, 334

Testicular carcinomas, 113f
Thiazides, 42f
Thoracic aorta, 291, 292f

aneurysms, 93f, 98f, 315–318, 315f, 316f,
317f–318f

aortic dissection and, 312–313, 313f, 313t
intramural hematomas and, 313–314
learning objectives for, 312
PAU and, 314–315
repaired, 318–319, 318f–319f

Thoracic aortic aneurysms, 93f, 98f, 315–318,
315f, 316f, 317f–318f

Thoracotomy, 72
Thorax, injuries to bony, 130–132, 132f, 133f
Thromboembolism, pulmonary, 209, 271–283,

272f, 272t, 273f–274f, 275f, 276f, 277f,
278f–279f, 280f, 281f, 282f, 283f

Thrombus, 299–300, 300f
Thymoma, 80–82, 331, 332–333

benign, 82f, 83f–84f
benign cystic, 83f
malignant, 84f

Thymus, 1
Thyroid

glands, 1
goiter, 81f

TNM (tumor-node-metastases), 254, 257, 257t
Trachea

course of, 13–14
intrathoracic, 7, 8f, 9f, 10f
left mainstream bronchi of, 7
right mainstream bronchi of, 7
segmental bronchi of, 7, 8f, 9f, 10f

Tracheal bronchus, 221, 222f
Tracheobronchial anomalies, congenital, 221, 222f
Tracheobronchial filling defects, 218, 218f–220f,

221f, 222f
Tracheobronchial injury (TBI), 123–127, 126f,

127f, 128f, 129f
Tracheobronchomegaly, 215–216, 216t
Tracheobronchopathia, 216
Tracheoesophageal fistulas, 218, 221
Tracheomalacia, 216, 221
Tracheomegaly, 215
Tracheostomy, 73–74, 73t, 74f
Transfusions, reactions to, 182, 182f
Transplantations

bone marrow, 189
lung, 189–193, 190f, 191f, 192f, 193f

Tree-in-bud pattern, 16, 27t, 31–32, 32f
Tricuspid valve diseases, 296, 297f
Tuberculomas, 176
Tuberculosis, 157f, 184f, 185f

causes of, 181
Mycobacterium, 32, 56, 172
postprimary, 172
primary, 32, 56, 172, 173f, 174f
reactivation, 172, 175–177, 175f, 176f
recurrent, 332
secondary, 172

Tumors
carcinoid gland, 260–263, 261f, 262f, 263f, 333
pancoast, 141f
pulmonary artery, 285–286, 285f, 286f
recurrent, 332
salivary gland, 260–263, 261f, 262f, 263f

Twiddler’s syndrome, 71

UIP. See Usual interstitial pneumonia
Unilateral hyperlucent lung, 240–242, 240f, 241f,

242f
Usual interstitial pneumonia (UIP), 38

Vacuum cleaner effect, 47
Valvular cardiac diseases, 291–296, 294t, 295f,

296f, 297f, 298f
Vascular space, 86
Veins

CT of, 1
lateral chest radiographs of, 1
PA chest radiographs of, 1

Ventricular assist devices (VADs)
bilateral, 68
implantation of, 69, 71f
left, 68
right, 68

Ventricular septal defect (VSD), 290–291
VSD. See Ventricular septal defect

Wegener granulomatosis (WG), 111f, 217
characterization of, 53–54
findings, 53–54, 55f

Westermark sign, 16, 25, 26f
World Health Organization, 244
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