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FOREWORD

Cardiothoracic radiology is at the “heart” of radiology, with no single examination being per-
formed more often in private or academic practice environments than the chest radiograph. A
survey of X-ray use in the early 1960s by the National Center for Health Statistics reported that
medical radiation accounted for half of human radiation exposure, and that of the 85 million visits
for X-rays, 51 million (60%) were for chest X-rays (Health Statistics, US National Health Survey,
Volume of X-ray Visits, U.S. Department of Health, Education and Welfare, October 1962). To-
day, estimates are that over 100 million chest X-rays are performed annually in the United States.
While seemingly simple and straightforward, it can be argued that there is no exam more complex
and nuanced in the entire field of radiology. [ remember attending an American College of Radiol-
ogy Intersociety Conference in 1998 on the topic of “Are today’s residents ready for tomorrow’s
practice?,” the summary of which concluded that residents not only needed to be prepared to read
large numbers of “films” accurately and efficiently, but that they be able to recognize normal, with
all of its variations, in order to minimize recommendations for more complex and expensive test-
ing, only to discover there was nothing of clinical significance.

Today, more attention is paid to the judicious use of computed tomography (CT) as the largest
source of medical radiation exposure, with significant advances in the last few years to minimize
radiation exposure, while maintaining diagnostic accuracy. Rapid advances in CT technology have
taken chest CT from a basic examination to one that is commonly tailored to the specific clini-
cal question, and uses advanced three-dimensional viewing methods and quantitative tools to
render diagnosis and report their clinical significance. Together, the chest x-ray and chest CT are
the mainstays of cardiothoracic imaging, and their judicious and appropriate use is an important
aspect of safe radiology practice.

Just as technology has advanced, so also have educational techniques. One such educational
advance is the use of a case-based approach to convey practical, clinically relevant knowledge,
using an initial case supplemented by image-rich companion cases. This is a technique that the
talented authors of Chest Imaging Case Atlas, Second Edition, have made famous through their
teachings at educational courses far and wide. Dr. Melissa Rosado-de-Christenson is an interna-
tionally renowned, passionate, articulate, organized, and tireless educator, sought the world over
for her precise approach to delivering educational content. | remember when she proposed a case-
based approach to teaching for the annual meeting of the American Roentgen Ray Society. Not
surprisingly, Dr. Rosado-de-Christenson selected another outstanding and focused educator, Dr.
Gerald Abbott, as her partner in developing the inaugural course in 2006, entitled “Approach to
Diagnosis: A Case-Based Imaging Review.” Together and in record time, with attention to detail,
while assembling an outstanding cadre of both seasoned and talented younger educators, the
Case-Based Review Course was born and is now an essential educational element to the annual
meeting, accompanied by an enduring syllabus. Brought together by Dr. Mark S. Parker, himself a
renowned and decorated educator who has received awards such as “The Teacher’s Teacher Award
for Extraordinary Educator in Thoracic Medicine,” these three professors and veteran educators
collaborated on the Teaching Atlas of Chest Imaging, the earlier edition of this book.

The authors’ experience, honing their skills with the case-based teaching format, forms the
foundation of Chest Imaging Case Atlas, Second Edition. The readers of this book, novice and ex-
perienced radiologist alike, as well as non-radiologists interested in a practical, clinically relevant
approach and format, will enjoy learning through this image-rich format that replicates how we
practice radiology every day: through the comparison to databanks of images either accumulated
in memory over time or available in an instant through the Internet, contrasting different diagno-
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ses in the clinical context of each patient, and synthesizing the information to provide a clinically
relevant interpretation and radiology report.

Each section begins with brief fundamentals, followed by the relevant cases presented in a
standardized format. Each case begins with clinical presentation, akin to the history provided
on radiology requisitions with images, allowing the reader to make an assessment before the ra-
diologic findings are described and the diagnosis is revealed. Differential diagnosis and discus-
sion follow, including background, etiology, clinical findings, scope of imaging findings for the
diagnosis presented, management, and prognosis. Pearls for each case represent the synthesized
and salient take-home messages. The section on developmental anomalies and the new section
on postprocedure findings should be committed to memory, as they aid readers in not mistaking
normal variants and postoperative findings for significant disease. New to this edition are updates
related to advances in medicine, such as revised classifications of malignancies such as lung cancer
and thymoma, and illustrations of entities unknown to us at the time of the first publication, such
as H1N1 infection. Also new are improved illustrations of both normal anatomy and disease pro-
cesses using multiplanar (MPR) and three-dimensional CT-reformatted images. The coronal and
sagittal MPRS are particularly useful as the CT equivalent of the posteroanterior and lateral chest
radiographs, aiding the reader in understanding how the gray and white shadows are formed on
this enduring, fundamental radiology examination.

I want to personally congratulate Drs. Parker, Rosado-de-Christenson, and Abbott for prepar-
ing and illustrating this wonderful case-based approach to cardiothoracic radiology. Sit back and
enjoy as you learn!

Ella A. Kazerooni, MD, MS

Professor and Associate Chair for Clinical Affairs
Director, Cardiothoracic Radiology Division
University of Michigan Medical School/Health System
Ann Arbor, Michigan



PREFACE

Chest imaging remains one of the most challenging subspecialties of diagnostic radiology. It has
become further complicated by the rapid evolution and clinical demand for advanced cardio-
thoracic imaging, and multiplanar, three-dimensional, and volume-rendered as well as CT-an-
giographic techniques. Advances in the use of diagnostic imaging for the evaluation of airways
disease, infectious disease, diffuse lung disease, thoracic trauma, and critical care, and the recently
released data on the positive impact lung cancer screening may have on the mortality of current
and past heavy tobacco smokers, introduce additional complexity to the study and understanding
of these disease processes. The successful delivery of thoracic imaging services is also restricted
by the marked shortage of thoracic radiologists and residents pursuing advanced cardiothoracic
imaging fellowships. Diagnostic radiology residents must be exposed to a large volume of thoracic
imaging cases in order to hone their diagnostic interpretative skills; generate appropriate, dif-
ferential diagnoses; and positively impact patient care by being a valuable clinical consultant and
colleague rather than simply a film reader. As the shortage in thoracic radiologists continues, gen-
eral radiologists and body imagers continue to find themselves in the uncomfortable position of
covering the “chest service” and interpretating complex studies often without adequate resources.
Our earlier book, Teaching Atlas of Chest Imaging, was conceived and developed with those needs
in mind. This new book, Chest Imaging Case Atlas, Second Edition, has been further tailored based
on insightful comments and observations from our readers, radiology residents, and radiologists
across the country, and input from many clinical colleagues in pulmonary medicine, thoracic sur-
gery, cardiothoracic surgery, and critical care, to address the ever growing demand placed on di-
agnosticians. We appreciate your guidance in the development of this new edition. We are also
indebted to thirty-four academic colleagues for their contribution of figures to this book.

In accordance with requests from candidates preparing for their diagnostic radiology boards
and their preference to view Atlas cases as “unknowns,” the specific case diagnosis is no longer
listed immediately after the case number, and we have limited but not eliminated the use of ex-
tensive annotations. We have also added more tables for quick and concise reference. In keeping
with our rapidly changing diagnostic imaging technology, most of our CT images were acquired
from 64-MDCT scanners, and we have incorporated more multiplanar, CT angiographic (CTA) and
3D imaging. The growing need for donor hearts with limited availability for patients awaiting
transplantation has prompted novel approaches to the management of patients with univentricu-
lar and biventricular or end-stage heart failure, including various ventricular assist devices and
the Total Artificial Heart. Thus, we expanded the “Adult Cardiovascular Disease Section” to include
a discussion on these devices, their imaging features, and complications associated with their
use. Requests from radiology residents, cardiothoracic imaging, and pulmonary medicine fellows
prompted the inclusion of more CT in the “Pulmonary Infections Section.” We also added a discus-
sion on the Novel Swine-Origin Influenza A (H1N1) Virus and on parasitic diseases. We likewise
expanded the “Diffuse Lung Disease Section” and also added an approach to HRCT interpretation
as requested. The “Neoplastic Diseases Section” has been revised to include the most recent TNM
staging system (seventh edition) for lung cancer, recently adopted by the International Association
for the Study of Lung Cancer (IASLC), International Union against Cancer (UICC), and American
Joint Committee on Cancer (AJCC). The “Neoplastic Diseases Section” also includes a discussion
on the new classification system of mediastinal lymph nodes; the new, soon to be released, clas-
sification system for adenocarcinoma and bronchioloalveolar cell carcinoma, and the recent clas-
sification of thymoma by the World Health Organization. Post-operative chest examinations can
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be very difficult to interpret. The nature and complexity of thoracic interventional procedures is
never ending, and the complications associated with these procedures can be devastating. As such,
we have added a new section on the “Post-Thoracotomy Chest.”

The overall format of our book has not changed. We continue to believe a strong foundation
in normal anatomy is essential to the understanding of chest diseases and their various imaging
manifestations. Thus, once again, the atlas begins with an overview of normal chest radiography,
CT, and MRI. The remainder of the atlas is formulated as a case-based-review of numerous congen-
ital, traumatic, and acquired thoracic conditions. Most sections begin with an overview of disease
entities and processes that will be discussed in further detail in the section itself. Each case is sup-
ported by a brief discussion of the etiology, imaging features, management, and prognosis of the
disease process illustrated in a concise, bulleted format. Case discussions are based on up-to-date
reviews of the current literature, as well as classic landmark articles. Additional supplementary
images illustrate other manifestations of a given entity or similar entities in the differential diag-
nosis. Major teaching points (“PEARLS”) are provided for most cases to emphasize those features
that may strongly support a specific diagnosis. Suggested readings are provided for the interested
reader desiring additional in-depth information on the subject matter. It is our sincere hope that
our book will prove to be an invaluable teaching tool for you whether you are still in residency, in
fellowship training, or practicing in an academic university hospital or in private practice.

Mark S. Parker, MD

Richmond, Virginia

Melissa L. Rosado-de-Christenson, MD, FACR
Kansas City, Missouri

Gerald F. Abbott, MD
Boston, Massachusetts
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OVERVIEW

B Airways

Trachea and Main Bronchi (Fig. I.1)

The trachea is a midline structure 6 to 9 cm in length. On posteroanterior (PA) chest radiography, the tracheal
walls are parallel except on the left side just above the bifurcation, where the thoracic aorta smoothly indents
the airway (Fig. I.1A). Slight deviation of the trachea to the right at the aortic arch is normal and should not be
misinterpreted as pathology. This deviation becomes more exaggerated with advancing age. On lateral radiog-
raphy, the airways line up in a vertically oriented plane (Fig. I.1B). This relationship may become altered with
volume loss or mediastinal pathology. The anterior and lateral tracheal walls are composed of regularly spaced,
horseshoe-shaped cartilaginous rings, whereas the posterior wall is membranous. These regularly spaced car-
tilaginous rings give the trachea and main bronchi a smoothly serrated contour on radiography. Tracheal diam-
eter varies with both age and sex and is usually larger in men. Coronal and sagittal diameters of the trachea as
measured 2.0 cm above the aortic arch on chest radiography and chest CT are provided in Table L.1.

Fig. .1 (A) Trachea and main bronchi, coned-down PA and (B) lateral chest radiographs. (A) Note the normal smooth
indentation on the left side of the trachea by the transverse aorta on the frontal exam. (B) Observe the relationship be-
tween the right and left upper lobe bronchi on the lateral exam. 1, trachea; 2, carina; 3, right main bronchus; 4, left main
bronchus; 5, bronchus intermedius; 6, posterior wall bronchus intermedius; 7, right upper lobe bronchus; 8, left upper lobe
bronchus; 9, lower lobe bronchi.

Table 1.1 Normal Tracheal Air Column Dimensions on Chest Imaging

Individual Sex Coronal Diameter (mm) Sagittal Diameter (mm)
Men 13-25 13-27
Women 10-21 10-23
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The trachea divides into right and left main bronchi at the carina (Fig. .1A). Before 15 years of age, the right
and left main bronchi follow a relatively vertical course. This explains the relatively equal incidence of right- and
left-sided foreign body aspirations in younger children. In adolescence and adulthood, the right main bronchus
assumes a more vertical course than the left, which is more horizontal, predisposing these individuals to an
increased incidence of right-sided aspiration. The subcarinal angle (angle of divergence of right and left main
bronchi measured along their inferior borders) is in the range of 41-71° in men and 41-74° in women (Fig. .2).
The right main bronchus is shorter but wider than the left. The right main bronchus averages 2.2 cm in length
and 15.3 mm in diameter. The left main bronchus averages 5 cm in length and 13.0 mm in diameter.

Lobar and Segmental Bronchi (Fig. 1.3)

There is considerable anatomic variation in the pattern of bronchial branching, especially with respect to the
subsegmental airways. Variations also involve the lobar and segmental airways to a lesser degree. In most
cases, such variations are of little clinical significance. Despite these anatomic variations, the anatomic loca-
tion of the bronchopulmonary segments is relatively consistent.

Right Upper Lobe (Fig. 1.3)

The right upper lobe bronchus arises from the lateral wall of the right main bronchus 2.0 cm below the ca-
rina. Approximately 1.0 cm from its origin, it divides into three segmental branches, the anterior, posterior,
and apical divisions. Rarely, the upper lobe bronchus or one of its segmental divisions (e.g., apical) arises
directly off the lateral wall of the trachea, forming an anatomic variant, the “tracheal bronchus” (Fig. 1.4) (also
see Section II).

Right Middle Lobe (Fig. 1.3)

The bronchus intermedius extends 3-4 cm distally from the right upper lobe bronchus takeoff and then bifur-
cates to supply both the middle and right lower lobes. The middle lobe bronchus arises from the anterolateral
wall of the bronchus intermedius, directly opposite the superior segmental bronchus origin to the lower lobe.
The middle lobe bronchus extends 1-2 cm before bifurcating into lateral and medial segmental divisions.

Right Lower Lobe (Fig. 1.3)

The right lower lobe has five segmental branches. The superior segment is the first branch, and arises from the
posterior wall of the lower lobe bronchus just beyond its origin. The four basal branches sequentially arise,
lateral to medial, from the lower lobe bronchus in the following order: anterior, lateral, posterior, and medial.

Fig. 1.2 Subcarinal angle. Coned-down PA chest radio-
graph demonstrates an accentuated subcarinal angle
(line annotations) in this 53-year-old woman with under-
lying mitral stenosis and left atrial enlargement.
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Fig. 1.3 Lobar and segmental bronchial anatomy (artist’s illustra-
tion). 1, trachea; 2, right main bronchus; 3, left main bronchus; 4,
carina; 5, right upper lobe bronchus; 6, apical segmental bron-
chus, right upper lobe; 7, anterior segmental bronchus, right up-
per lobe; 8, posterior segmental bronchus, right upper lobe; 9,
left upper lobe bronchus; 70, apical-posterior segmental bron-
chus, left upper lobe; 11, anterior segmental bronchus, left upper
lobe; 12, right middle lobe bronchus; 13, lateral segmental bron-
chus, right middle lobe; 74, medial segmental bronchus, right
middle lobe; 15, lingular bronchus; 16, superior lingular segmen-
tal bronchus; 17, inferior lingular segmental bronchus; 18, right
lower lobe bronchus; 19, superior segmental bronchus, right
lower lobe; 20, anterior basal segmental bronchus, right lower
lobe; 21, lateral basal segmental bronchus, right lower lobe; 22,
posterior basal segmental bronchus, right lower lobe; 23, medial
basal segmental bronchus, right lower lobe; 24, left lower lobe
bronchus; 25, superior segmental bronchus, left lower lobe; 26,
anteromedial basal segmental bronchus, left lower lobe; 27, lat-
eral basal segmental bronchus, left lower lobe; 28, posterior basal
segmental bronchus, left lower lobe.

Left Upper Lobe (Fig. 1.3)

The left upper lobe bronchus arises from the anterolateral wall of the left main bronchus and then either
bifurcates or, less frequently, trifurcates into branches to supply the upper lobe and lingula. In the bifurcation
pattern, the upper division immediately divides into anterior and apical posterior segments. The lower division
is the lingular bronchus (right middle lobe bronchus analogue). The lingular bronchus extends anteroinferi-
orly 2-3 cm before bifurcating into superior and inferior segmental branches. When the trifurcation pattern
exists, the apical posterior, anterior, and lingular bronchi originate simultaneously off the upper lobe bron-
chus to supply their respective segments.

Left Lower Lobe (Fig. 1.3)

The left lower lobe has four segmental divisions. These divisions are similar in name and anatomic distribu-
tion to those of the right lower lobe. The major difference is the absence of a separate medial basal bronchus. In
the left lower lobe, the anterior and medial portions of the lower lobe are supplied by a single, combined an-
teromedial basal segmental bronchus. The superior segment and the remaining two basal segments, the lateral
basal and posterior basal, arise sequentially in a manner similar to the basal divisions of the right lower lobe.

| B |

Fig. 1.4 Tracheal bronchus. Axial chest CT (lung windows) of
an asymptomatic 71-year-old woman demonstrates an inci-
dental tracheal bronchus emanating off the lateral wall of the

[ aa— . trachea.
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Bronchial Anatomy on CT (Figs. 1.5, 1.6, 1.7)

Visualization of bronchi on CT is affected by slice collimation, and by the size and orientation of the bronchus
relative to the CT plane of section. The thinner the slice collimation, the more bronchi visualized. Bronchi
coursing horizontal to the CT plane are seen in their long axes (Fig. 1.5). These include the right and left upper
lobe bronchi, the anterior segmental bronchi of both upper lobes, the middle lobe bronchus, and both lower
lobe superior segmental bronchi (Fig. 1.5). Bronchi coursing vertically are cut in cross-section and appear as
variable-size circular lucencies. These include the right upper lobe apical segmental bronchus, the left up-
per lobe apical posterior segmental bronchus, the bronchus intermedius, both lower lobe bronchi, and the
basal segmental bronchi of the lower lobes (Fig. 1.6). Those bronchi coursing obliquely appear as stretched
oval lucencies and are less well visualized. These include the lingular bronchus, along with its superior and
inferior segmental branches, and the medial and lateral right middle lobe segmental branches (Fig. 1.7). High-
resolution CT (HRCT) more clearly depicts the segmental and subsegmental bronchial anatomy.

Fig. .5 CT bronchial anatomy. Chest CT scans (lung windows) on different patients illustrate bronchi and segmental
branches at various anatomic levels. (A) Immediately below the carinal bifurcation, the horizontal orientation of the an-
terior segmental bronchi of both upper lobes (AS) and that of the right upper lobe bronchus (RULB) are seen. (B) The
horizontal lie of the left upper lobe bronchus (LULB) is demonstrated more inferiorly at the bronchus intermedius (B/). (C)
More caudad, the origins of both the right middle lobe bronchus (RMLB) and the superior segment of the right lower lobe
(SS-LLB) are identified. (D) Still more caudad, the horizontal orientation of the superior segmental bronchi of both lower
lobes (SS-LLB) is seen.
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Fig. 1.6 CT bronchial anatomy. Chest CT scans (lung windows) on different patients illustrate bronchi and segmental
branches at various anatomic levels. (A) Immediately below the carinal bifurcation, the apical posterior segmental bron-
chus of the left upper lobe (AP) is seen as a spherical lucency. The horizontal orientation of the anterior segmental bronchi
of both upper lobes (AS) and the posterior segment of the right upper lobe (PS) is also seen. (B) More caudad, one can
identify the apical posterior segmental bronchus (AP) joining the left upper lobe bronchus. The bronchus intermedius (B/)
is seen as a spherical lucency. (C) More inferiorly, the origins of both the right (RLLB) and left (LLLB) lower lobe bronchi are
seen on end. (D) Still more inferiorly, several of the basilar segmental bronchi of both lower lobes can be identified. (MB,
medial basal; AB, anterobasal; PB, posterobasal; AMB, anteromedial basal; LB, lateral basal.)

Lung Parenchyma Subdivisions
Primary Lobule

This lung unit consists of all alveolar ducts, alveolar sacs, and alveoli, along with their respective nerves,
blood vessels, and connective tissue distal to the last respiratory bronchiole. There are approximately 20-25
million primary lobules in the lung. However, they are all below the limits of conventional radiographic and
radiologic resolution.

Secondary Lobule (Fig. 1.8)

The secondary pulmonary lobule (SPL) represents the fundamental unit of lung structure from a radiologic
perspective. It is the smallest discrete anatomic lung unit surrounded by connective tissue that can be iden-
tified on HRCT. An analysis of abnormalities within the secondary lobule is useful in the diagnosis of many
diseases (see Section VIII). The SPL is polyhedral in shape, averages 1.0-2.5 cm in size, and is supplied by
three to five terminal bronchioles. The central or core structures include the centrilobular bronchus and its
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i

Fig. 1.7 CT bronchial anatomy. Chest CT scans (lung win-
dows) on different patients illustrate bronchi and segmen-
tal branches at various anatomic levels. (A) At the bronchus
intermedius (Bl) level one can see the lingular bronchus
(L), along with its superior (SLi) and inferior (ILi) segmental
branches. (B) The horizontal orientation of the right middle
lobe (RML) bronchus is clearly seen. (C) More inferiorly, the
medial (Md) and lateral (Lt) segmental branches of the right
middle lobe are identified.

Fig. 1.8 Secondary pulmonary lobule (artist’s illustration).
1, visceral pleura; 2, interlobular septa; 3, individual second-
ary pulmonary lobules; 4, centrilobular bronchus; 5, centri-
lobular artery.
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accompanying centrilobular artery, and lymphatics. The peripheral structures include the interlobular septa,
which are continuous with the visceral pleura, pulmonary veins, and lymphatics. The interlobular septa are
most numerous in the apical, anterior, and lateral regions of the upper lobes, and in the lateral and anterior
regions of the right middle lobe, lingula, and the lower lobes.

Although the normal SPL is inconspicuous on conventional imaging, it is readily identified on HRCT (Fig.
1.9). Interlobular septa are most commonly identified in the lateral aspect of the lung as straight lines 1.0-2.5
cm in length (Fig. 1.9).

The SPL may also be seen on HRCT when it becomes opacified by an inflammatory exudate or blood (Fig.
1.10). Disease processes affecting the core and peripheral structures of the SPL are discussed in further detail
in Section VIIL.

Fig. 1.9 Interlobular septal thickening.
HRCT (1 mm collimation) scan through
the upper lung zones in a patient with hy-
drostatic edema shows interlobular septal
thickening. Individual pulmonary lobules are
variable in size and have an irregular polyhe-
dral shape.

Fig. 1.10 Opacified secondary pulmonary lobules. HRCT (1 mm collimation) through the upper lung zones in an elderly
intubated man diagnosed with acute interstitial pneumonia (AIP) demonstrates multi-focal ground glass opacities, the dis-
tribution and morphology of which correspond to individual secondary pulmonary lobules (arrows).
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Acinus (Fig. 1.11)

The acinus represents that portion of the lung located distal to the terminal bronchiole (i.e., last conducting
airway) and is comprised of the respiratory bronchioles, alveolar ducts, alveolar sacs, alveoli, and their ac-
companying blood vessels and connective tissue. A given acinus ranges between 6 and 10 mm in diameter
and contains 7,100 to 20,000 alveoli. Normal acini are not conspicuous on conventional chest radiography or
even on HRCT.

m Hilar Anatomy

The hilum (root) represents the junction of the lung and the mediastinum. The normal hilum contains bron-
chi, pulmonary and systemic arteries, pulmonary and systemic veins, lymphatics, lymph nodes, and auto-
nomic nerves. The hila are divided into upper and lower zones. The upper zone of the right hilum contains
the superior pulmonary vein, the truncus anterior, a short portion of the right upper lobe bronchus, and the
anterior segmental artery and bronchus (visualized en face). The upper zone of the left hilum contains the
distal left pulmonary artery and the superior pulmonary vein. The lower zone of the right hilum contains the
right interlobar (descending) pulmonary artery, which lies medial to the bronchus intermedius. The inferior
pulmonary vein is horizontally oriented and lies posterior and inferior to the hilum. The lower zone of the left
hilum contains the distal interlobar (descending) pulmonary artery, the inferior pulmonary vein, and lingular
and lower lobe bronchi.

Normal Hilar Relationships
Frontal Radiography (Fig. 1.12)

On frontal chest radiography, the right and left pulmonary arteries form most of the normal hilar opacity.
The superior pulmonary veins, lobar bronchi, bronchopulmonary lymph nodes, and associated fat contrib-
ute little to the overall opacity. In 97% of individuals, the proximal left pulmonary artery is higher than the
right interlobar pulmonary artery. This is because the left pulmonary artery, which creates most of the left
hilar opacity, ascends over the left main and upper lobe bronchus (hyparterial), whereas the right pulmo-
nary artery lies inferior to the right upper lobe bronchus (eparterial). In 3% of individuals, the proximal left
pulmonary artery and the right interlobar pulmonary artery lie at approximately the same horizontal level
on frontal chest radiographs. The right pulmonary artery never normally lies higher than the left. Such a
relationship suggests either right upper or left lower lobe volume loss (see Section V).

The normal right hilar opacity on frontal chest radiography has a sideways V-shaped morphology (Figs.
1.12.A, 1.12.B). The upper portion of this “V” is created by the truncus anterior and posterior division of the
right superior pulmonary vein. The superior pulmonary vein forms the lateral margin of the upper right
hilum. The apical segmental bronchus of the upper lobe may be seen interposed between these two vessels

Fig. .11 Pulmonary acinus (artist’s illustration). TB, terminal bron-
chiole; RB, respiratory bronchiole; AD, alveolar duct; AS, alveolar sac.
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(Figs. .12A, 1.12B). The right descending pulmonary artery forms the lower portion of the V-shaped hilar
opacity as it descends lateral to the bronchus intermedius (Figs. 1.12A, 1.12B). Although the right inferior
pulmonary vein crosses the lower portion of the right hilum, it does not contribute to its overall opacity.

The normal left hilar opacity on frontal chest radiography is created by the distal left pulmonary artery
centrally and one or more of its upper lobe arterial divisions and the posterior division of the superior pul-
monary vein more peripherally (Figs. 1.12A, 1.12B). The lateral margin of the upper hilar shadow is formed
by either the superior pulmonary vein or the apical posterior segmental artery (Figs. .12A, 1.12B). The up-
per lobe bronchus can be identified centrally where it is encircled by the left pulmonary artery. The anterior
segmental bronchus and its accompanying artery may be seen en face at the lateral margin of the upper left
hilar opacity (Fig. 1.12C). The descending pulmonary artery forms the lower portion of the left hilar opacity
as it descends behind the cardiac silhouette (Figs. 1.12A, 1.12B). The adjacent left lower lobe bronchus lies
anterior and medial to this artery and therefore may not always be conspicuous.

Trachea

Fig. 1.12 Normal hilar anatomy—frontal chest ra-
diography. (A) Artist’s illustration of the anatomic
structures typically visualized: ApS, apical segmen-
tal bronchus; APS, posterior segmental bronchus;
Bl, bronchus intermedius; LDA, left descending pul-
monary artery; LLLB, left lower lobe bronchus; LPA,
left pulmonary artery; LULa, left upper lobe pul-
monary artery; LSPV, left superior pulmonary vein;
LULa RDA, right descending pulmonary artery; RSPV, right
superior pulmonary vein; TA, truncus anterior. (B)
RSPV Coned-down frontal chest radiograph over the hila.
Correlate the anatomy with that depicted in the art-
ist’s illustration (A). (C) Coned-down frontal chest
radiograph over the left hilum demonstrates the
left upper lobe anterior segmental artery (ASa) and
bronchus (ASb) in the lateral margin of the left hilar
opacity. Correlate the anatomy with that depicted in
A LLLB the artist’s illustration (A).

ApS
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Normal Hilar Relationships
Lateral Radiography (Fig. 1.13)

On lateral chest radiographs, the normal right and left hilar opacities are created by the superimposed opaci-
ties of the right and left pulmonary arteries and the accompanying superior pulmonary veins (Fig.1.13A). The
anterior aspect of the right hilar opacity is formed by the transverse portion of the right pulmonary artery,
and appears as an oval-shaped opacity anterior to the bronchus intermedius. The confluence of the right
superior pulmonary veins overlapping the lower portion of the right pulmonary artery also contributes to
this opacity (Figs. 1.13A, L.13B). The left hilar opacity projects more superiorly and posteriorly, appearing as
a comma-shaped opacity above and behind the oval lucency representing the left upper lobe bronchus. The
left pulmonary artery then descends behind the left lower lobe bronchus. The confluence of the left superior
pulmonary veins overlapping the left pulmonary artery posteriorly and inferiorly also contributes to this
opacity (Figs. I.13A, 1.13B). A lucent triangle inferior to the right pulmonary artery and veins and anterior to
the descending left pulmonary artery and left superior pulmonary vein represents the inferior hilar window.
The apex of the inferior hilar window is located at the confluence of the left upper lobe and left lower lobe
bronchi. The base is located more anteriorly and inferiorly (Figs. I.13A, 1.13B). Obscuration of the lucent infe-
rior hilar window is an important radiographic clue to underlying subcarinal pathology.

The tracheal air column ends in two rounded lucencies. The uppermost lucency is the right upper lobe
bronchus, and the lowermost lucency the left upper bronchus, both projected en face (Figs. 1.13A, 1.13B). The
orifice of the right upper lobe bronchus is visualized on 50% of well-centered lateral radiographs, whereas that
of the left upper lobe bronchus is seen more than 75% of the time. The left upper lobe bronchus appears better
circumscribed and is seen more frequently because of its relationship to the surrounding vasculature. As a
caveat, if the right upper lobe bronchus is circumferentially sharply marginated or becomes more conspicu-
ous than on previous lateral exams, the radiologist should be suspicious of a possible central hilar tumor or
evolving right hilar lymphadenopathy. The normal upper lobe bronchial orifices range between 7 and 12 mm
in diameter. Aerated lung in the azygoesophageal recess outlines the posterior wall of the bronchus interme-

TAC

LPA

BIPW

RMLB LULB

A LLLB

Fig. 1.13  Normal hilar anatomy—Ilateral chest radiography. (A) Artist’s illustration of anatomic structures typically visual-
ized. BI, bronchus intermedius; BIPW, bronchus intermedius posterior wall; IHW, inferior hilar window; LPA, left pulmonary
artery; LULB, left upper lobe bronchus; RMLB, middle lobe bronchus; RLLB, right lower lobe bronchus; RPV, summation right
pulmonary vessels; RULB, right upper lobe bronchus; TAC, tracheal air column. (B) Coned-down lateral chest radiograph
over the hila. Correlate the anatomy with that depicted in the artist’s illustration in (A).
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dius, which is seen in up to 95% of lateral chest exams and should not exceed 3 mm in diameter (Figs. 1.13A,
1.13B). Increased thickness of the posterior wall may be seen with various inflammatory and neoplastic dis-
eases. The right lower lobe bronchus is seen on only 8% of lateral exams. Its posterior wall should have the
same orientation as the posterior wall of the bronchus intermedius.

Hilum Overlay

The hilum overlay sign can be used to differentiate an anterior mediastinal mass from an enlarged heart or
pericardial sac. The proximal segment of the left or right pulmonary artery lies lateral to the cardiac silhou-
ette (or just within its edge) on normal frontal chest radiography (Figs. I.1A, 1.2, .12B). As the myocardium
enlarges (e.g., cardiomyopathy, cardiomegaly) or as the pericardial sac distends with fluid (e.g., pericardial
effusion), the pulmonary artery segments are displaced outward but maintain this same relationship to the
cardiac silhouette. Alternatively, if either the left or right pulmonary artery is seen 1.0 cm or more within the
lateral edge of an opacity that appears to represent the cardiac silhouette, that opacity represents an anterior
mediastinal mass (Fig. .14).

Hilum Convergence

The hilum convergence sign is useful in distinguishing an enlarged pulmonary artery from a true hilar mass.
Because the pulmonary artery branches arise from the pulmonary artery, an enlarged pulmonary artery will
have branches that arise from its outer margin and its vessels will converge toward the pulmonary artery. Al-
ternatively, a true hilar mass may simulate an enlarged pulmonary artery; however, the vessels will not arise
from its outer margin but rather seem to pass through the margin converging on the true pulmonary artery.

CT Imaging

The hila are optimally imaged with thin collimated and contrast-enhanced CT. Although intravenous contrast
is not necessary in all cases, it simplifies interpretation, improves diagnostic accuracy and confidence, and
provides insight into the potential nature of various structures. Magnetic resonance imaging (MRI) is com-

Fig. .14 (A) PA chest radiograph demonstrates a massively enlarged cardiomediastinal silhouette. Lateral chest radiog-
raphy (not illustrated) demonstrated complete obliteration of the retrosternal clear space. The right and left pulmonary
arteries and their respective interlobar divisions are seen well within what appears to be the peripheral margin of the
cardiomediastinal silhouette. (B) Contrast-enhanced CT (mediastinal windows) through the main pulmonary artery level
shows a large, aggressive anterior mediastinal mass intimately related to the ascending aorta and main pulmonary artery.
Diagnosis: Malignant peripheral nerve sheath tumor of the vagus nerve with mediastinal invasion. (Reprinted with permis-
sion from ARJIL.)
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parable to CT and may be used in patients in whom iodinated contrast media are contraindicated or ionizing
radiation is a concern (e.g., children, pregnant women, serial exams).

B Pulmonary Vessels

Pulmonary Arteries (Fig. 1.15)

The main pulmonary artery or trunk (MPA) originates within the mediastinum at the pulmonary valve. It
measures 5 cm in length and initially courses superiorly and to the left. Before exiting the pericardium, the
MPA bifurcates into long (right) and short (left) pulmonary arteries.

The right pulmonary artery courses behind the ascending aorta. Behind the superior vena cava, and
in front of the right main bronchus (eparterial), it divides into ascending (truncus anterior) and descend-
ing (interlobar) rami. Although anatomic variations exist, most commonly the ascending artery subdivides
into three segments (e.g., apical, anterior, posterior) supplying the three bronchopulmonary segments of

Fig. 1.15 Pulmonary vessels—pulmonary artery anatomy. Contrast-enhanced chest CT (mediastinal windows) illus-
trating the main pulmonary artery, its lobar and segmental branches, and their relationship to various mediastinal
structures. AB, right lower lobe anterobasal segmental artery; AMB, left lower lobe anteromedial basal segmental ar-
tery; AR, aortic root; Asc, ascending aorta; AS-RUL, right upper lobe anterior segmental artery; IPV, inferior pulmonary
vein; LA, left atrium; LB, right lower lobe lateral basal segmental artery; LDPA, left descending pulmonary artery; LRML,
right middle lobe lateral segmental artery; Lng, lingular artery; LPA, left main pulmonary artery; LULPA, left upper lobe
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the right upper lobe. The descending artery supplies the segmental arteries to the right middle and lower
lobes. In 90% of individuals, a portion of the posterior segment of the right upper lobe is also supplied by a
separate branch arising from the descending artery. The first portion of the right descending artery is hori-
zontal and interposed between the superior vena cava and bronchus intermedius. It then abruptly courses
downward and backward, assuming a vertical orientation in the oblique fissure, where it gives off one or
two segmental divisions to the middle lobe (e.g., medial and lateral) and usually five single branches, one
to each of the five lower lobe bronchopulmonary segments (e.g., superior, medial basal, anterobasal, lateral
basal, and posterior basal).

The left pulmonary artery courses over the left main bronchus (hyparterial). It sometimes gives off a
short ascending branch that divides into segmental branches supplying the left upper lobe (e.g., anterior,
apicoposterior). More often, however, the left pulmonary artery continues directly into the vertically ori-
ented descending (interlobar) artery, from which segmental arteries to both the upper and lower lobes
arise. Posterolateral to the lower lobe bronchus, the descending artery supplies branches to the lingula (e.g.,
superior, inferior) and the lower lobe bronchopulmonary segments (e.g., superior, anteromedial, lateral
basal, posterobasal).

Vg« LOPA

. . §<—PBLLL

Fig. 1.15 (Continued) pulmonary artery; LV, left ventricle; MPA, main pulmonary artery; MRML, right middle lobe medial
segmental artery; PB, right lower lobe posterior basal segmental artery; PBLLL, left lower lobe posterobasal segmental
artery; PbRLL, proximal basilar arterial divisions right lower lobe; RA, right atrium; RMLA, right middle lobe artery; RDPA,
right descending pulmonary artery; RPA, right main pulmonary artery; RV, right ventricle; RVOT, right ventricular outflow
tract; SPV, superior pulmonary vein; SSLLL, left lower lobe superior segmental artery; SSRLL, right lower lobe superior
segmental artery; SVC, superior vena cava; TA, truncus anterior.
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The recognition of dimensional changes in the MPA and its descending lobar divisions, as well as altera-
tions in the normal pulmonary artery to bronchus ratio, is useful in diagnosing pulmonary artery hyper-
tension or pulmonary edema, respectively, and is discussed later (see Section X). The normal transverse
diameter of the right descending pulmonary artery measured from its lateral aspect tangential to the bron-
chus intermedius on frontal chest radiography is 16 mm in males and 15 mm in females (Fig. I.16).

The normal diameters of the pulmonary arteries have also been determined on CT. The MPA should be
measured perpendicular to its long axis at the bifurcation into the right and left main lobar arteries (Fig.
I.17A). The normal maximal diameter (mean + 2 SD) is 28.6 mm. The descending pulmonary artery should be
measured at the right middle lobe bronchus origin (Fig. 1.17B) and should not exceed 16.8 mm. There is no
statistical difference in measurements between men and women.

The pulmonary artery-to-bronchus ratio can be calculated on frontal chest radiography (Fig. 1.18). In other-
wise healthy erect individuals, the ratio is 0.85 + 0.15 (mean * SD) (i.e., slightly less than 1:1) above the right
hilar angle and 1.34 + 0.25 (i.e., slightly greater than 1:1) below the right hilar angle. When the individual is
supine, the ratios change to 1.01 £ 0.13 above and 1.05 £ 0.13 below the right hilar angle, or roughly 1:1 in both
anatomic locations. Changes in these ratios are helpful when assessing patients for vascular engorgement
from volume overloading (e.g., aggressive volume resuscitation) or cardiac decompensation (see Section X).

Bronchial Arteries (Fig. 1.19)

The bronchial arteries are the primary nutrient vessels of the lung. Not only do the bronchial arteries supply
blood to the terminal bronchioles, but they also partially supply the trachea, thymus, middle one-third of the
esophagus, mediastinal lymph nodes, visceral pleura, pericardium, and the vagus nerve. Their site of origin is
somewhat variable. These arteries arise from the proximal descending thoracic aorta usually between the T3
and T8 vertebral body levels. Most often, one right-sided and two left-sided bronchial arteries are present. The

4

Fig. 1.16 Descending pulmonary artery at the bronchus intermedius (CXR). (A) Coned-down PA chest radiograph of a
healthy young woman demonstrates a descending pulmonary artery diameter of 13 mm. (B) Contrast the former with
this coned-down PA chest radiograph of a 40-year-old man with long-standing pulmonary artery hypertension and chronic
pulmonary thromboembolic disease in which the descending pulmonary artery measures 24 mm.
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right bronchial artery typically originates as a common intercostobronchial artery trunk (Fig. 1.19). The left
bronchial arteries usually arise individually from the anterolateral wall of the aorta at about the same ana-
tomic level. Less often, the left bronchial arteries arise from an intercostal artery. Two-thirds of the bronchial
arterial system blood returns to the pulmonary venous system via the bronchial veins. The remainder drains
into the azygos and hemiazygos systems.

Fig.1.17 Measuring the pulmonary artery (CT). (A) The MPA is measured along its long axis at the bifurcation and 90° to
the ascending aorta and measures 26 mm in this otherwise healthy man. (B) The descending pulmonary artery measures
14 mm at the right middle lobe bronchus origin.

Fig. 1.18 Assessing pulmonary artery-to-bronchus ratio.
Coned-down frontal chest radiograph over the right hemitho-
rax of this young woman shows the anterior segmental artery
(ASa) and anterior segmental bronchus (ASb) projected en
face. Note: the normal ratio is roughly 1:1.
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Fig. .19 Right bronchial artery (CT). (A) Contrast-enhanced axial CT shows the normal common intercostobronchial ar-
tery trunk emanating off the posterolateral thoracic aorta (arrow). (B) Contrast-enhanced coronal MIP CT at the pericarinal
level of a 40-year-old man with chronic pulmonary thromboembolic disease, pulmonary artery hypertension, and acute
hemoptysis reveals a hypertrophied right bronchial artery originating off the posterolateral thoracic aorta (arrow).

Pulmonary Veins (Fig. 1.20)

During early embryogenesis, the primitive lungs are initially drained by a vascular plexus, which has numer-
ous connections with the cardinal veins. Later, a common pulmonary vein develops in the sinoatrial region
that connects with this vascular plexus, and the cardinal vein connections involute. If the vascular plexus-
cardinal vein connections fail to involute and persist, drainage from that portion of the lung may continue
to flow into derivatives of the cardinal veins (e.g., left brachiocephalic vein, superior vena cava, azygos vein)
rather than draining into the left atrium, resulting in either complete or partial forms of anomalous pulmo-
nary venous return (see Section II).

Most of the left atrium develops from this common pulmonary vein. Initially, a single common pulmonary
vein drains into the primitive left atrium. Later, as the left atrium expands, the proximal branches of the com-
mon pulmonary vein become incorporated into its wall, leaving four pulmonary veins with separate openings
into the left atrium. Accessory pulmonary veins may develop and can induce regression of portions of the
common pulmonary vein. This results in additional anomalous connections between the accessory pulmo-
nary veins and the left atrium itself.

Conventional pulmonary venous anatomy is defined as a single right and left superior and inferior pulmo-
nary vein that drain into the left atrium without any accessory veins (Fig. 1.20A). Normally, the right superior
pulmonary vein drains the right upper lobe and the right middle lobe, and descends medially into the supe-
rior aspect of the left atrium. The left superior pulmonary vein drains the left upper lobe and lingula, descends
medially into the mediastinum, and drains into the superior portion of the left atrium. Both the right and left
inferior pulmonary veins drain their respective lower lobes and follow a medial and oblique course into the
posterolateral left atrial wall. The ostia of the inferior pulmonary veins are more posterior and medial relative
to the superior pulmonary veins. The superior pulmonary veins tend to have a longer trunk and are larger in
diameter (mean 21.6 mm % 7.5 [SD] mm) than the inferior pulmonary veins (mean 14.0 mm + 6.2 [SD] mm).
There is no significant difference between the average diameters of the right and left inferior pulmonary vein
ostia (mean 18.0 = 3.7 [SD] mm).
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A common or conjoined pulmonary vein occurs when the superior and inferior pulmonary veins combine
proximal to the left atrium, resulting in a single broad atriopulmonary venous junction on the affected side
(Figs. 1.20B, 1.20C). Such conjoined pulmonary veins occur more frequently on the left. A common left pulmo-
nary vein trunk is one of the more common variants encountered. It is characterized by an ostial diameter
greater than that of the other pulmonary veins (mean 32.5 mm # [SD] 0.5 mm).

Supernumerary or accessory pulmonary veins represent “extra veins” with independent atriopulmonary
venous junctions separate from the superior and inferior pulmonary veins (Fig. 1.20D). Accessory veins are
designated for the bronchopulmonary lobe or segment they drain. Accessory drainage can be complex but
occurs more frequently on the right side. Accessory veins typically have a narrower atriopulmonary venous
junction than do the superior and inferior pulmonary veins. An accessory right middle lobe pulmonary vein is
the most common anatomic variant and may be identified in up to 16% of CT pulmonary vein examinations.
In such cases, the middle lobe pulmonary vein passes underneath the middle lobe bronchus and drains into
the left atrium at the base of the superior pulmonary venous confluence. The middle lobe pulmonary vein has
an ostial diameter smaller than that of the other pulmonary veins (mean 9.9 mm + 1.9 [SD] mm).

Fig. 1.20 Pulmonary venous anatomy—conventional pulmonary venous anatomy. (A) Non-gated MDCT (RPO epicardial
view) shows single right and left superior and inferior pulmonary veins draining into the left atrium without accessory veins.
LI, left inferior pulmonary vein; LS, left superior pulmonary vein; RI, right inferior pulmonary vein; RS, right superior pulmo-
nary vein. (B) Common (conjoined) veins. Volume rendered CT (PA epicardial view) from a non-gated MDCT shows a right
common pulmonary vein (RCV). LI, left inferior pulmonary vein; LS, left superior pulmonary vein. (C) Common (conjoined)
veins. Volume rendered CT (RPO epicardial view) from a non-gated MDCT performed in a different patient illustrates a left
common pulmonary vein (LCV). R, right inferior pulmonary vein; RS, right superior pulmonary vein. (D) Supernumerary or
accessory pulmonary vein. Volume rendered CT image (epicardial view) from a non-gated MDCT shows an accessory right
middle lobe pulmonary vein (RM). (Images courtesy of John D. Grizzard, MD, VCU Medical Center, Richmond, Virginia.)
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M Pleura

Anatomy

The pleura consist of two layers. The parietal pleura covers the non-pulmonary surfaces (e.g., ribs, medias-
tinum, and diaphragm). It has a systemic blood supply (via branches of the subclavian artery, internal mam-
mary artery, and intercostal arteries) and venous drainage (via branches of the azygos and hemiazygos
systems, and the internal mammary veins). The parietal pleura contains pain fibers, the irritation and inflam-
mation of which cause pleuritic chest pain. The parietal pleura lymphatics communicate with the pleural
space. The visceral pleura covers the surface of the lung. It has a dual blood supply. Branches of the bronchial
circulation supply the apical, hilar, mediastinal, and interlobar visceral pleura, whereas branches from the
pulmonary arteries supply the costal and diaphragmatic pleura. The visceral pleura also has a dual venous
drainage (e.g., pulmonary and bronchial veins). Branches of the vagus nerve and sympathetic trunk innervate
the visceral pleura. However, it does not contain pain fibers. Visceral pleura lymphatics do not communicate
with the pleural space. Contiguous layers of visceral pleura form interlobar fissures that may be complete or
incomplete.

Standard Fissures

The standard fissures divide the lung into lobes and include the minor (horizontal) and the major (oblique)
fissures (Fig. 1.21).

Minor Fissure (Figs. 1.22.A, 1.22B, 1.22C, 1.22D, 1.22E, 1.22F, 1.22G)

This fissure separates the anterior segment of the right upper lobe from the middle lobe. It is seen in 44-88%
of normal chest radiographs (Figs. .22A, 1.22B). In two-thirds of studies it lies at the fourth anterior intercos-
tal space. On MDCT, it is most often recognized as an oval lucent area devoid of vasculature (Fig. 1.22C). On
8% of studies, the fissure is seen as an oval area of ground glass attenuation. Coronal and sagittal MIP recon-
structions clearly delineate the course and orientation of the horizontal fissure relative to the other standard
fissures (Figs. 1.22D, 1.22E). On HRCT, the minor fissure often appears as a curvilinear line or C-shaped band
of increased attenuation (Fig. 1.22F). Incomplete minor fissure with resulting parenchymal fusion between
the upper lobe anterior segment and the middle lobe (Fig. 1.22G) is present in 60-90% of scans.

RMF LMF

MN MN

RMF LMF
RMF LMF
A B C
Fig. .21 Standard fissures (artist’s illustration). The standard fissures depicted in the coronal plane of (A) both lungs and

the individual (B) right and (C) left lung in sagittal planes are illustrated by solid lines. MN, minor fissure; LMF, left major
fissure; RMF, right major fissure.
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Fig. .22 Radiologic features of the minor fissure. (A) Coned-down PA and (B) lateral chest radiographs demonstrate the
normal course and position of the minor fissure (arrows). (C) Chest CT (lung windows) shows the minor fissure as a trian-
gular area devoid of vasculature (asterisk). (D) Coronal MIP CT image (PA and lateral radiograph equivalents) depicting the
course and orientation of the minor fissure and its relationship to the major fissure. (Continued on page 22)
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Fig. 1.22 (Continued) Radiologic features of the minor fis-
sure. (E) Sagittal MIP CT image (lateral radiograph equiva-
lents) depicting the course and orientation of the minor
fissure and its relationship to the major fissure. (F) HRCT
shows the minor fissure as a reverse C-shaped band of in-
creased attenuation. (G) Unenhanced axial CT reveals an
incomplete minor fissure and parenchymal fusion between
the right upper and middle lobes.

Major Fissures (Figs. 1.23, 1.24, 1.25, 1.26, 1.27)

The right major fissure separates the combined upper and middle lobes from the lower lobe. The left major
fissure separates the combined upper and lingular lobes from the lower lobe (Fig. 1.23). The major fissures
are best seen on lateral chest exams (Fig. 1.24). The right major fissure originates at the level of T5, and the
left at approximately T6. The major fissures parallel the sixth rib as they course obliquely and inferiorly. The
right fissure follows a more oblique, anterior, and inferior course than its counterpart. Major fissures are seen
on 80-90% of MDCT studies. Like the minor fissure, the major fissures most often appear as a lucent band
devoid of vasculature. However, the major fissure may also appear as a well-defined line (Fig. .25A), or as an
ill-defined dense or somewhat fuzzy band (Fig. 1.25A). On HRCT they are virtually always conspicuous, and
most often appear as a single line (Fig. 1.25B). Major fissures are incomplete on 12-75% of studies (Fig. 1.26).
Incomplete fissures are more frequently seen on the right, especially between the upper and lower lobes, and
are least common between the left upper and lower lobes. The major fissures undulate through the lung and
their morphology has been likened to that of a propeller blade or “figure 8” (Figs. 1.27A,1.27B), an appearance
better appreciated on CT. In the upper thorax, the fissure is anteriorly concave (lateral facing orientation) (Fig.
1.27C). In the inferior thorax, the fissure is anteriorly convex (medial facing orientation) (Fig. 1.27D). Altera-
tions in this orientation serve as clues to underlying volume loss or lung disease.
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Fig.1.23 Standard fissures (artist’s illustration). The standard fissures

depicted in the individual (A) right and (B) left lung illustrated by solid

lines. LNG, lingula; LLL, left lower lobe; LUL, left upper lobe; MN, mi-

nor fissure; LMF, left major fissure; RMF, right major fissure; RLL, right
B lower lobe; RML, right middle lobe; RUL, right upper lobe.

Fig. .24 Coned-down lateral chest radiograph demonstrat-
ing the normal course and position of the right (RMF) and left
(LMF) major fissures.

T, LATERAL

Fig. .25 Variable appearances of major fissures on MDCT. (A) The right major fissure is somewhat fuzzy and ill-defined,
whereas the left major fissure appears more linear. (B) On HRCT of another patient, both fissures are sharply defined and
curvilinear.
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Fig. 1.26 HRCT illustrating an incomplete right major fis-
sure. Note this fissure fails to reach the ipsilateral hilum, re-

=3 SR g N L= : sulting in a parenchymal bridge of communication between
S S s A the upper and lower lobe. The left fissure is complete.

Minor Fissure

A Right Lateral B Left Lateral

Fig. 1.27 Propeller-like morphology of the major fissure. Artist’s illustration depicts the undulating morphology of the
major fissures through both the (A) right and the (B) left thorax. (C) HRCT through the upper thorax demonstrates the
anterior concave (lateral facing orientation) of the major fissures. (D) HRCT through the lower thorax demonstrates the
anterior convex (medial facing orientation) of the major fissures.
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Accessory Fissures (Fig. 1.28)

Accessory fissures occur within a given lobe itself, and may be seen on 10% of chest radiographs and 20% of CTs.

Accessory Azygos Fissure (Fig. 1.29)

Embryologically, the azygos fissure results from abnormal migration of the right posterior cardinal vein (Fig.
I.29A) directly into the lung apex, drawing in the layers of visceral and parietal pleura. The displaced azygos
vein ultimately resides in a sling of four pleural layers (mesoazygos). This normal variant occurs in 1% of the
population. It is seen on 1% of imaging studies and appears as a curvilinear opacity extending obliquely from
the upper portion of the right lung, and terminates in a teardrop-shaped opacity 2-4 cm above the hilum
(Figs. 1.29B, 1.29E), representing the displaced azygos vein. The lung residing medial to this fissure is referred
to as the azygos lobe.

Inferior Accessory Fissure (Fig. 1.30)

The inferior accessory fissure separates the medial basal segment of the lower lobe from the remaining basilar
segments. It is the most common of the accessory fissures, seen in 30-45% of anatomic specimens, 5-10%
of frontal radiographs (Fig. I.30A), and 15% of CT examinations (Figs. 1.30B, 1.30C, 1.30D). Although it occurs
with equal frequency in the two lungs, it is more conspicuous in the right hemithorax, extending superiorly
and slightly medially from the hemidiaphragm toward the ipsilateral hilum (Fig. I.30A). The lung medial to
this fissure is called the cardiac lobe (Figs. 1.30B, 1.30C, 1.30D).

Superior Accessory Fissure (Fig. 1.31)

The superior accessory fissure separates the superior segment of the lower lobe from the remainder of the
lower lobe segments and is seen in 6% of anatomic specimens. On imaging, it lies in a horizontal plane and
may mimic the minor fissure, but is typically lower, at the level of the lower lobe segmental bronchus (Fig.
1.31). On lateral chest radiography, it extends further posteriorly than the minor fissure, often overlying the
spine. The portion of lung isolated by this fissure is called the dorsal lobe of Nelson.

AZF

RMF LMF

LMN
MN MN LMN

SAF

SAF
SAF SAF

RMF LMF

LMF
RMF

IAF

Fig. 1.28 Accessory fissures (artist’s illustration). The more commonly encountered accessory fissures are illustrated by
the interrupted lines. Solid lines illustrate the standard fissures. AZF, azygos fissure; IAF, inferior accessory fissure; LMF, left
major fissure; LMN, left minor fissure; MN, right minor fissure; SAF, superior accessory fissure; RMF, right major fissure.
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Fig. 1.29 Azygos fissure. Abnormal right posterior cardinal
vein (RPCV) migration results in formation of the azygos fissure
and lobe. (A) Artist’s illustration: (7) depicts the embryologic
origin of the RPCV before its migration into the mediastinum.
(2) llustrates the normal migration of the RPCV along the me-
diastinal pleural reflection. (3) The RPCV subsequently comes
to reside at the tracheobronchial angle; the normal anatomic
location of the azygos vein. (4) lllustrates abnormal migration
of the RPCV into the lung apex drawing in four layers of visceral
and parietal pleura forming the mesoazygos. (B) Coned-down
PA chest radiograph shows an azygos fissure (arrows). The
tear-dropped opacity (arrowhead) represents the displaced
azygos vein. (C) Axial chest CT (lung window) reveals the ap-
pearance, course and position of an azygos fissure (arrows) and
(D) displaced azygos vein cradled in 4 layers of pleura more
inferiorly. (E) Coronal MIP CT delineates an azygos fissure (ar-
row) and displaced azygos vein (arrowhead). Isolated lung tis-
sue medial to this fissure is the azygos lobe.
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Fig. 1.30 Inferior accessory fissure. (A) Coned-down PA chest radiograph shows the typical location and course of this
fissure (arrow). (B) Axial chest CT (lung window) demonstrates the normal course and orientation of this accessory fissure
(arrow) and the isolated cardiac lobe (asterisk). (C) Coronal and (D) sagittal MIP CT reveals an inferior fissure and its rela-
tionship to the standard fissures. IAF, inferior accessory fissure; MN, minor fissure; RMF, right major fissure; (asterisk) cardiac
lobe.

Left Minor Fissure (Fig. 1.32)

The left minor fissure is analogous to the right minor fissure. That is, it separates the lingula from the anterior
segment of the left upper lobe. Although present in 8-18% of anatomic specimens, it is seen in only 1.5% of
chest radiographs (Fig. I.32A). It usually lies more cephalad than its counterpart, and has a more medial slop-
ing or oblique course. On MDCT and HRCT the left minor fissure appears similar to the right minor fissure
(Figs. 1.32B, 1.32C). Additional unnamed, left upper lobe, accessory fissures or lung clefts are seen in up to
9% of studies (Fig. 1.32D). Such fissures often separate the superior and inferior lingular segments or apical
posterior and anterior segments of the upper lobe.
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Fig. .31 Superior accessory fissure. Coned-down PA chest radiograph
shows the typical location and course of this fissure. Note its relationship
to the displaced minor fissure in this patient with right upper lobe volume
loss. IAF, inferior accessory fissure; MN, minor fissure; SAF, superior acces-
sory fissure.
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Fig. .32 Left minor fissure. PA chest radiograph demonstrates the typical location and course of this fissure. (A) Note its
relationship to the right minor fissure. HRCT shows a left minor fissure as an anteromedial straight line extending obliquely
and medially from the (B) anterior chest wall and in another patient (C) as a C-shaped curvilinear opacity. (D) HRCT of an
unnamed left upper lobe accessory fissure seen as a convex medial linear opacity. LMF, left major fissure; LMN, left minor
fissure; RMF, right major fissure; RMN, right minor fissure.
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Pulmonary Ligament (Fig. 1.33)

This double layer of pleura tethers the medial aspect of the lower lobe to the mediastinum and diaphragm.
It is formed by the union of parietal and visceral pleural at the hilum and extends from its inferior margin
toward the ipsilateral hemidiaphragm. Although not conspicuous on radiography, the ligament is often seen
on CT at or just above the hemidiaphragm. It appears as a small pyramidal opacity on the mediastinal surface
(ligament) and as a thin, linear opacity that extends from the pyramid’s apex to the lung (intersegmental
septum). The right pulmonary ligament lies adjacent to the azygos vein and inferior vena cava and is seen
on 40-60% of CTs. The left pulmonary ligament lies adjacent to the esophagus and descending thoracic aorta
and is seen on 60-70% of CT exams. The septum created by these pleural reflections contains bronchial veins,
lymphatics, and lymph nodes. The pulmonary ligament may serve as an anchor for the lower lobe, prevent-
ing torsion.

B Lymphatic System

The pleuropulmonary lymphatics are not normally visible on radiography. However, their intrathoracic re-
pository, the hilar and mediastinal lymph nodes, are frequently seen. Nodal enlargement is common and
often serves as a diagnostic clue to underlying thoracic disease. On chest radiography, grossly enlarged me-
diastinal nodes manifest by increased opacity or alteration in normal mediastinal borders or contours. On
CT, lymph nodes appear as oval or kidney bean-shaped soft tissue attenuation structures, with or without
central or eccentric radiolucent fat. On MRI, lymph nodes often show soft tissue signal intensity and are eas-
ily distinguished from adjacent mediastinal vessels. Intrathoracic lymph nodes are broadly grouped as either
parietal or visceral.

Parietal Lymph Nodes

Parietal nodes reside outside the parietal pleura in extramediastinal tissue and drain the thoracic wall and
other extrathoracic structures. These nodes are divided into three subcategories (Table 1.2).

PL el

A Left Lung Right Lung ‘ \B

Fig. 1.33 Pulmonary ligament. (A) Artist’s illustration depicting the union of visceral and parietal pleural layers at the
hilum forming the pulmonary ligament. Chest CT (lung window) caudad to the inferior pulmonary vein shows a thin white
line extending from the mediastinum (arrow). (B) This represents the intersegmental septum of the lower lobe, bound at
the mediastinum by the base of the pulmonary ligament and laterally by a vertically oriented vein (arrowhead). PL, pulmo-
nary ligament.
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Table 1.2 Parietal Lymph Node Groups

Nodal Group

Location

Afferent Channels

Efferent Channels

Anterior
(internal mammary)

Posterior

Diaphragmatic

Upper thorax, behind anterior
intercostal spaces; parallels
internal mammary vessels

Intercostal—adjacent to rib
heads posterior intercostal
space

Juxtavertebral—parallel thoracic
spine

Anterior (prepericardiac)—

Upper anterior abdominal
wall

Anterior thoracic wall
Anterior diaphragm
Medial breasts

Intercostal spaces
Parietal pleura
Vertebral column

Diaphragm

Right lymphatic or thoracic
duct

Communicates with visceral
nodes of anterior mediastinum
and cervical nodes

Thoracic duct—upper thorax
Cisterna chyli—lower thorax

Communicates with other
posterior mediastinal nodes

Cisterna chyli

immediately behind xyphoid;
parallel anterior pericardium
Middle (juxtaphrenic)—near
phrenic nerves at diaphragm
Posterior (retrocrural)—behind
diaphragm crura

Anterior superior liver

Visceral Lymph Nodes

Visceral lymph nodes are located in the mediastinum between the pleural membranes and primarily drain
the intrathoracic structures. These nodes are also divided into three subcategories (Table L.3).

Table 1.3 Visceral Lymph Node Groups

Nodal Group

Location

Afferent Channels

Efferent Channels

Anterosuperior
mediastinal
(prevascular)

Posterior
mediastinal

Tracheobronchial

Anterior to superior vena
cava; innominate veins;
ascending aorta; thymus;
behind manubrium/
sternum

Periesophageal—around
esophagus

Periaortic—anterior/lateral
aspects descending thoracic
aorta

Paratracheal—parallel trachea

Tracheal bifurcation (carinal)—
precarinal/subcarinal fat;
right/left main bronchi

Aortopulmonary—Mediastinal

fat between left pulmonary
artery and aortic arch

Bronchopulmonary or hilar—
main bronchi and vessels

Most anterior mediastinal structures;
pericardium; thymus; diaphragmatic
and mediastinal pleura; part of the
heart; anterior hila

Posterior diaphragm; pericardium;
esophagus; lower lobes of lungs via
pulmonary ligament

Bronchopulmonary; tracheal bifur-
cation nodes; trachea; esophagus;
right/left lung

Bronchopulmonary nodes; anterior/
posterior mediastinal nodes; heart;
pericardium; esophagus; esophagus;
lungs

All lung lobes

Right lymphatic or tho-
racic duct

Right lymphatic or tho-
racic duct

Communicates with sub-
carinal tracheobronchial
nodes

Right lymphatic or tho-
racic duct

Communicates with
anterior/posterior visceral
nodes

Primarily right paratra-
cheal lymph nodes

Carinal/paratracheal
nodes
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Lymph Node Stations

As opposed to the anatomic grouping of lymph nodes into parietal and visceral groups, radiologists and
surgeons classify thoracic lymph nodes into stations relevant to the staging, management, and prognosis of
neoplastic diseases associated with lymph node involvement. The recently revised 7th edition of the TNM
classification for non-small cell lung cancer has placed thoracic lymph nodes into seven specific zones (Table
1.4). Although the nomenclature has changed, the general concept has not. N1 (hilar or peribronchial) nodes
include lymph nodes distal to the mediastinal pleural reflection and within the visceral pleura (stations
10-14). N2 (mediastinal) nodes include nodes within the mediastinal pleural reflection (stations 1-9) (see
Section VI). Pathologic staging often requires lymph node tissue sampling. The radiologist can be instrumen-
tal in directing the most appropriate means of lymph node biopsy by understanding this nodal classification
scheme and those stations most accessible to various sampling techniques (Table 1.5).

B Mediastinum

The mediastinum is the space between the lungs and pleural surfaces bound by the sternum anteriorly and
the vertebral column posteriorly (Fig. 1.34A). It extends from the thoracic inlet to the diaphragm and contains
the thymus, lymph nodes, heart, great vessels, trachea, esophagus, and other soft tissues. The division of the
mediastinum into compartments is arbitrary, as no anatomic boundaries divide the space. The method of
mediastinal compartmentalization varies among the medical disciplines, and several radiologic classifica-
tions have been proposed.

Table 1.4 International Association for Study of Lung Cancer Nodal Zones—
Revised Staging System for Lung Cancer

Nodal Zones Nodal Anatomic Locations Nodal Stations
Supraclavicular Supraclavicular 1
Low cervical 1
Sternal notch 1
Upper Upper paratracheal (left) 2L
Upper paratracheal (right) 2R
Pre-vascular 3A
Retrotracheal 3P
Lower paratracheal (right) 4R
Lower paratracheal (left) 4L
Aorticopulmonary Subaortic (aorticopulmonary window) 5
Para-aortic (ascending aorta/phrenic) 6
Lower Para-esophageal (below carina) 8
Pulmonary ligament 9
Subcarinal Subcarinal 7
Hilar/interlobar Hilar 10
Interlobar 11
Peripheral Lobar 12
Segmental 13

Subsegmental 14




Table 1.5 Accessible Lymph Node Stations by Various Biopsy Techniques

Sampling Technique

Accessible Lymph Nodes via Station

Cervical mediastinoscopy

Anterior/parasternal mediastinoscopy
(extended mediastinoscopy)

Parasternal mini-thoracotomy
(Chamberlain procedure)

Endobronchial ultrasound biopsy (EBUS)

Esophageal endoscopic ultrasound biopsy (EUS)

Transbronchial biopsy

Thoracoscopy and video assisted thoracoscopic
surgery (VATS):

Right hemithorax

Left hemithorax

Mediastinal transthoracic FNA/core biopsy:
CT or ultrasound guidance

Supranavigational electromagnetic biopsy

Upper right/left paratracheal®
Lower right/left paratracheal®
Anterior subcarinal

Some anterosuperior mediastinal and pre-vascular

Subaortic
Para-aortic

Subaortic
Para-aortic

Some anterosuperior mediastinal
Upper right/left paratracheal
Lower right/left paratracheal
Pre-vascular

Retrotracheal

Subcarinal

Hilar

Some interlobar

Upper left paratracheal
Lower left paratracheal
Subcarinal®
Para-esophageal®

Left pulmonary ligament®
Subaortic?

Para-aortic®

Left adrenal gland

Left hepatic lobe

Celiac axis nodes

Lower paratracheal
Subcarinal

Upper right paratracheal
Lower right paratracheal
Subcarinal

Pulmonary ligament
Hilar

Interlobar

Subaortic
Para-aortic
Subcarinal
Pulmonary ligament
Hilar

Interlobar

Most all nodal stations; Subaortic can be difficult

Some anterosuperior mediastinal
Upper paratracheal

Lower paratracheal

Pre-vascular

Subcarinal

Hilar

Interlobar

Peripheral lung nodule(s)

2optimal nodes to biopsy
bdifficult but possible in select cases
<requires punctures through pulmonary artery
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Mediastinal Compartments
Anatomic Compartments

Anatomists recognize four mediastinal compartments: superior, anterior, middle, and posterior (Fig. 1.34B).
This classification excludes the paravertebral regions and locates the anterior, middle, and posterior com-
partments below the superior mediastinum. The superior mediastinum is located between the manubrium
sternum and the first four thoracic vertebrae, from an oblique plane through the first rib superiorly to a hori-
zontal plane through the sternal angle inferiorly. It contains thymus, portions of the great vessels, portions
of the trachea and esophagus, portions of the vagus and phrenic nerves, and the recurrent laryngeal nerve.
The anterior mediastinum is located between the sternum and the pericardium, and contains areolar tissue,
lymphatics, and lymph nodes. The middle mediastinum is located between the anterior and posterior com-
partments, and contains the pericardium (in fact, the fibrous pericardium forms the borders of the anatomic
middle mediastinum), heart, great vessel origins, tracheal bifurcation, lymph nodes, portions of the phrenic
nerves, and azygos arch. The posterior mediastinum is located between the posterior aspect of the pericar-
dium and the spine, and contains the descending aorta, a portion of the esophagus, thoracic duct, azygos and
hemiazygos veins, portions of the vagus nerves, splanchnic nerves, and lymph nodes.

Surgical Compartments

Like anatomists, surgeons use four mediastinal compartments—superior, anterior, middle, and posterior
(Fig. 1.34C)—but the division of the mediastinum is based on areas of operability and includes the paraver-
tebral regions. The surgical superior mediastinum is situated above the aortic arch. The anterior, middle,
and posterior mediastinal compartments are located below the superior mediastinum. The anterior medi-
astinum is located between the sternum and pericardium. The middle mediastinum is located between the
anterior mediastinum and the thoracic spine and includes structures in the anatomic middle mediastinum
as well as the descending aorta, esophagus, azygos and hemiazygos veins, and thoracic duct. The posterior
mediastinum consists of the paravertebral soft tissues, including proximal intercostal neurovascular struc-
tures, lymph nodes, and the sympathetic chain and its branches.

Radiographic Compartments
Felson

Benjamin Felson divided the mediastinum based on the lateral chest radiograph (Fig. 1.34D). Because ante-
rior mediastinal masses frequently projected over the heart on lateral radiography, the heart was included in
the radiographic anterior mediastinum. The paravertebral region (not anatomically in the mediastinum) was
included in the posterior mediastinum. The anterior mediastinum includes structures located anterior to a
line drawn along the anterior tracheal wall and continued along the posterior heart border (Fig. 1.34D). The
posterior mediastinum includes structures located posterior to a line connecting points on each thoracic ver-
tebral body approximately one centimeter behind their anterior margins. The middle mediastinum contains
structures located between the above-mentioned lines.

Fraser, Miiller, Colman, Paré

This mediastinal division recognizes that the distinction between compartments is difficult to establish on
radiography and that mediastinal masses may occupy more than one compartment. It combines the middle
and posterior compartments and describes a separate paravertebral region. Masses are described as occur-
ring predominantly in one of the compartments (Fig. I.34E). The anterior mediastinum contains structures
anterior to a line that extends along the anterior wall of the trachea and continues along the posterior heart
border (as in the Felson mediastinal division). The middle-posterior mediastinum contains structures located
between the above-mentioned line and a line drawn along the anterior aspects of the thoracic vertebral bod-
ies. The paravertebral region overlaps the vertebral bodies on the lateral radiograph (Fig. 1.34E).

Cross-Sectional Imaging Divisions

Cross-sectional imaging with CT and MR imaging allows visualization of the normal mediastinal structures,
accurate localization of mediastinal abnormalities, and description of their relationship to normal structures
within the mediastinum. The anterior mediastinum is located between the chest wall anteriorly and the an-
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Fig. .34 The mediastinum. Artist’s illustration of the mediastinum
in the axial plane at the level of the aortic arch. (A) The mediasti-
num is bound by the lungs and pleural surfaces and does not include
the paravertebral regions. (B) lllustration of the mediastinum in the
sagittal plane depicts the four anatomic mediastinal compartments.
(C) lllustration shows the four surgical mediastinal compartments in
the sagittal plane. (D) Lateral chest radiograph with superimposed
lines illustrates the three radiographic mediastinal compartments
(anterior, middle, posterior) according to Felson. (E) Lateral chest ra-
diograph with superimposed lines illustrates the three radiographic
mediastinal compartments (anterior, middle-posterior, paravertebral
region) according to Fraser, Miiller, Colman, and Paré.
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terior aspects of the mediastinal great vessels and pericardium posteriorly. The middle mediastinum is bound
anteriorly by the pericardium and posteriorly by the dorsal tracheal wall and pericardium. The posterior
mediastinum is bound anteriorly by the plane between the trachea and esophagus and the pericardium, and
posteriorly by the spine or the paravertebral regions.

The Cervicothoracic Sign

Understanding this radiographic sign is useful in the analysis of paravertebral masses located in the superior
aspect of the mediastinum. Because the thoracic inlet is obliquely oriented, the paravertebral regions extend
cephalad to the superior aspect of the anterior mediastinum. Thus, a mediastinal or paravertebral opacity
that projects above the clavicles on a frontal chest radiograph must be posteriorly located (Fig. 1.35), whereas
an opacity that is effaced superiorly and appears to terminate at the clavicles must be located anteriorly. The
location of such lesions can be confirmed on lateral radiography, but when such lesions are small or when
only frontal radiography is available, this sign can be useful in localizing a lesion within the mediastinum or
paravertebral region.

Mediastinal Borders and Interfaces

Contact of the air density lung with the water density mediastinum produces a series of radiographic inter-
faces. On the frontal radiograph these include the superior vena cava interface and the right atrium on the
right, and the aortic arch, the pulmonary trunk, and the left ventricle on the left (Fig. .36A). Normal inter-
faces on the lateral radiograph include the pulmonary trunk and the right ventricle anteriorly and the left
atrium, left ventricle, and inferior vena cava posteriorly (Fig. 1.36B).

Mediastinal Lines, Stripes, and Interfaces

The points of contact between the bilateral lungs (and pleural surfaces) anterior and posterior to the medi-
astinum and the contact between the air density lungs and the water density mediastinal structures result
in a series of normal radiographic landmarks manifesting as lines, stripes, and interfaces. Lines characteristi-

Fig.1.35 Cervicothoracic sign. (A) Coned-down view of a frontal chest radiograph shows a right paramediastinal mass (M)
projecting above the level of the ipsilateral clavicle. (B) Sagittal chest CT (mediastinal window) demonstrates the lesion (M)
is located within the posterior aspect of the mediastinum (paravertebral region) and located above the ipsilateral clavicle
(arrowhead).
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Fig. 1.36 Normal mediastinal borders and inter-
faces. (A) Frontal chest radiograph labeled to show
normal radiographic interfaces, including the (7)
superior vena cava interface, (2) right atrium, (3)
aortic arch, (4) pulmonary trunk, and (5) left ven-
tricle. (B) Lateral chest radiograph labeled to show
normal radiographic interfaces, including the (6)
pulmonary trunk, (7) right ventricle, (8) left atrium,
(9) left ventricle, and (70) inferior vena cava.

cally represent contact of the bilateral lungs and pleural surfaces, stripes generally represent contact of the
lung and surrounding pleura with mediastinal mesenchymal tissues, and interfaces usually represent contact
between the lung/pleura and specific mediastinal organs.

The Junction Lines

Anterior (Fig. 1.37) and posterior (Fig. 1.38) junction lines are formed by contact of the bilateral lungs anteri-
orly (posterior to the sternum and anterior to the mediastinum) or posteriorly (posterior to the mediastinum
and anterior to the thoracic vertebrae), respectively. They comprise four layers of pleura (the visceral and
parietal pleural surfaces around each lung) and are more frequently visualized in the setting of emphysema
due to increased lung volumes. When mediastinal fat intervenes between the apposed lungs, anterior or
posterior junction stripes may be visualized.

The anterior junction line (Fig. 1.37) follows an oblique course from the caudal aspect of the manubrium
sternum and extends inferiorly toward the left on frontal chest radiography (Fig. 1.37A). It is visible in ap-
proximately 20% of subjects. In cases of upper lobe atelectasis, the junction line may manifest as an interface
between normal aerated lung and the water density atelectatic lung.

The posterior junction line (Fig. 1.38) is located in the superior aspect of the thorax, includes four layers of
pleura and intervening mediastinal fat, and is visible in 40% of cases. It manifests as a vertical line or stripe
usually visible through the tracheal air column and terminates at the level of the aortic arch (Fig. 1.38). When
the air-filled esophagus is contained within the posterior junction stripe, it is referred to as the right and/or
left pleuroesophageal stripe.

The Paratracheal Stripes

Right and left paratracheal stripes (Fig. 1.39) are formed by contact between the lung and the lateral tra-
chea walls and their surrounding mediastinal soft tissues. The right paratracheal stripe courses between the
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Fig. 1.37 Radiologic depiction of the anterior junction
line. (A) Anterior junction line (black arrowheads) formed

by contact between the bilateral upper lobes anterior to
the mediastinum on PA chest radiography. (B) Axial and (C)

coronal chest CT (lung window) shows the anatomic basis
for the anterior junction line (white arrowheads). C 3

thoracic inlet and the azygos arch (Figs. I.39A, 1.39B, 1.39C) and is visible in approximately 95% of normal
subjects and measures up to 4 mm in thickness. The left paratracheal stripe (Figs. 1.39A, 1.39D, I.39E) extends
from the thoracic inlet to the aortic arch and is typically thicker than the right due to intervening fat and
vascular structures (Figs. 1.39D, I.39E), particularly the left subclavian artery.

The Aortopulmonary Window

The aortopulmonary (AP) window (Fig. 1.40) is the interface formed by the contact between the left upper
lobe and the mediastinal reflection between the aortic arch superiorly and the left pulmonary artery infe-
riorly (Fig. 1.40B). It is characteristically either straight or concave laterally. On cross-sectional imaging, the
aortopulmonary window refers to the mediastinal space bound laterally by the left parietal pleura and medi-
ally by the ligamentum arteriosum.



38 SECTIONI NORMAL THORACIC ANATOMY

Fig. 1.38 Radiologic depiction of the posterior
junction line. (A) Posterior junction line (black ar-
rows) formed by contact between the bilateral up-
per lobes posterior to the mediastinum and visible
through the tracheal air column on PA chest radi-
ography. (B) Axial and (C) coronal chest CT (lung
window) shows the anatomic basis for the poste-
rior junction line (white arrows).

The Paravertebral Stripes

The paravertebral stripes (Fig. 1.41) are formed by contact between the lower lobes and the paravertebral soft
tissues. The right paravertebral stripe is visualized more frequently and is often longer than the left. The right
paravertebral stripe is typically visible adjacent to the inferior thoracic spine (Figs. 1L41A, 1.41B). The thick-
ness of the right paravertebral stripe may be accentuated by osteophytes (Fig. 1.41C, 1.41D) whereas that of
the left may be accentuated by aortic tortuosity.

The Posterior Tracheal Stripe

The posterior tracheal stripe (Fig. 1.42), also known as the tracheoesophageal stripe, is formed by contact
between the right upper lobe and the posterior wall of the trachea (Figs. .42A, 1.42B, 1.42C) and occasionally
the intervening esophagus, and has a variable length and thickness.
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Fig. 1.39 Radiologic depiction of the paratracheal stripes. (A)
Normal PA chest radiograph showing the right (arrowheads)
and left (arrows) paratracheal stripes. (B) Axial and (C) coronal
chest CT (lung window) show the normal thin right paratracheal
stripe. (D) Axial and (E) coronal chest CT (lung window) show
the thicker left paratracheal stripe with intervening fat and vas-
cular structures between the left tracheal wall and adjacent ip-
silateral lung.
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Fig. 1.40 Radiologic depiction of the aortopulmonary window. (A) Normal PA chest radiograph and (B) coronal contrast-
enhanced chest CT (mediastinal window) show the AP window (asterisk) between the aortic arch superiorly and the left
pulmonary artery inferiorly.

The Retrotracheal Triangle

The retrotracheal triangle (also known as Raider’s triangle) (Fig. 1.43) is a lucent triangular area with a su-
periorly oriented apex located between the posterior tracheal stripe anteriorly and the thoracic vertebrae
posteriorly (Fig. .43B).

The Azygoesophageal Recess

The azygoesophageal recess (Fig. 1.44) is the interface produced by contact between the right lower lobe and
the adjacent mediastinum near the azygos vein and esophagus. This interface extends from the azygos arch
to the diaphragm and normally exhibits a gentle laterally concave or S-shaped contour. When the adjacent
esophagus contains air, it becomes the right inferior pleuroesophageal stripe.

The Pericardium

The pericardium is formed by an outer fibrous pericardium (Fig. 1.45), which defines the boundaries of the
anatomic middle mediastinum, and an inner serous pericardium. Like the pleura, the serous pericardium (Fig.
1.45) is a continuous thin membrane composed of parietal (lining the fibrous pericardium) and visceral (lin-
ing the heart) components. The visceral pericardium is synonymous with the epicardium. Subjacent fat is
referred to as subepicardial fat. The fat that surrounds the outer aspect of the pericardium is simply the
mediastinal fat.

The fibrous pericardium is contiguous with the vascular adventitia of the ascending aorta (Fig. 1.45) and
the pulmonary artery. The serous pericardium forms reflections around the ascending aorta, pulmonary
trunk and the pulmonary veins, and two sinuses, the oblique sinus and the transverse sinus (Fig. 1.46). The
transverse sinus and the pericardial space give rise to a series of pericardial recesses. These recesses have
variable appearances based on the amount of pericardial fluid they contain and should not be mistaken for
pathologic processes.
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Fig. 1.41 Radiologic depiction of the paravertebral stripes. (A) Normal PA chest radiograph and (B) corresponding axial
chest CT (lung window) demonstrate the right paravertebral stripe (arrowheads). (C) PA chest radiograph of an elderly
patient with large vertebral osteophytes shows thick bilateral paravertebral stripes (arrows) demonstrated on (D) coronal
thoracoabdominal CT (soft-tissue window).
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Fig.1.42 Radiologic depiction of the posterior
tracheal stripe. (A) Normal lateral chest radio-
graph shows the posterior tracheal stripe (black
arrowheads). (B) Axial and (C) sagittal chest CT
(lung window) show the right upper lobe con-
tact with the posterior tracheal wall to form the
posterior tracheal stripe (white arrowheads). C

£9

Fig.1.43 Radiologic depiction of the retrotracheal triangle. (A) Normal lateral chest radiograph and (B) unenhanced chest
CT (mediastinal window) demonstrate the retrotracheal triangle (outlined by asterisks) situated posterior to the trachea (t)
and superior to the dorsal aspect of the aortic arch (a).
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Fig. 1.44 Radiologic depiction of the azygoesophageal recess. (A) Normal PA chest radiograph demonstrates the normal
course and contour of the azygoesophageal recess (black arrowheads). (B) Axial contrast-enhanced chest CT (lung window
and (C) mediastinal window) demonstrates the anatomic basis of the azygoesophageal recess (white arrowhead) formed by
contact of the right lower lobe with the adjacent mediastinum near the esophagus anteriorly and the azygos vein posteri-
orly (C). (D) Coronal chest CT demonstrates the course of the esophagus (e) and the azygos vein (a).
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Superior Aortic Recess

Left Pulmonic
Recess

Right Pulmonary
Fig. 1.45 Pericardial layers. Artist’s il- Venous Recess

lustration of the pericardial layers shows
the fibrous pericardium (outer pericardial
layer), which defines the anatomic middle
mediastinum and is contiguous with the
aortic and pulmonary artery adventitia.
The serous pericardium is a continuous
membrane that lines the fibrous pericardi-
um (serous parietal pericardium) and the
heart (serous visceral pericardium).

Fig. 1.46 Pericardial sinuses and recesses. Artist’s illustration of the se-
rous pericardium, its sinuses and recesses, formed by the pericardial re-
flections surrounding various vascular structures. Note the oblique sinus
(0), the transverse sinus (t) and three of the pericardial recesses.

The oblique sinus is located immediately superior to the left atrium and anterior to the esophagus. It does
not give rise to recesses (Fig. 1.47). The transverse sinus is located anterior to the oblique sinus and does not
communicate with it (Fig. 1.47). It gives rise to the superior and inferior aortic recesses, the right and left
pulmonic recesses, and the post-caval recess. The superior aortic recess (Figs. 1.48, 1.49) is frequently iden-
tified and has anterior (Fig. 1.49), lateral (Fig. 1.49A), and posterior portions (Figs. 1.48, 1.49). The anterior
portion of the superior aortic recess insinuates between the pulmonary trunk and the ascending aorta (Fig.
1.49). The posterior portion of the superior aortic recess has a semilunar shape and is intimately related to
the posterior wall of the ascending aorta (Figs. 1.48, 1.49). The right and left pulmonic recesses (Fig. 1.50) are
located immediately below the respective pulmonary arteries. The post-caval recess is located posterior to
the superior vena cava.

The pericardial space proper gives rise to the right and left pulmonary venous recesses (Fig.1.51). These are
in close proximity to the bilateral pulmonary veins and may mimic lymph node enlargement.

B Chest Wall

Various soft-tissue structures of the chest wall may be seen on chest radiography. Those most frequently
observed include sternocleidomastoid muscles, breast tissue, and pectoralis muscles (anterior axillary fold)
(Fig. 1.52). Companion shadows are smooth, homogeneous opacities with a well-defined margin paralleling
bony structures and should not be confused with chest wall or pleural pathology. The three most common
companion shadows are the clavicular companion shadow, a thin soft-tissue stripe along the upper edge of
the clavicle (Fig. .53A); rib companion shadows, comprised of fat and muscles, which parallel ribs in the in-
tercostal space and measure 1-5 mm in thickness, and are best seen adjacent to the inferior and inferolateral
margins of the first and second ribs (Fig. 1.53B) and axillary portions of the lower ribs; and the scapular com-
panion shadow, which parallels the medial scapular border and can be mistaken for a pleural-based lesion.
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Fig. 1.47 CT depiction of the oblique and transverse sinus. Axial contrast-enhanced chest CT (mediastinal window) dem-
onstrates the oblique sinus (0) and the transverse sinus (asterisk). (A) These pericardial sinuses do not communicate with
each other and are separated by a tissue plane. (B) Sagittal contrast-enhanced chest CT (mediastinal window) shows the
oblique sinus (arrow) located above the left atrium and the transverse sinus (arrowhead).

Fig. 1.48 Superior aortic recess of the transverse sinus.
Axial unenhanced chest CT (mediastinal window) shows the
posterior portion of the superior aortic recess of the trans-
verse sinus (arrowhead), manifesting as a water attenuation
semilunar fluid collection located immediately posterior to
the ascending aorta.
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Fig. 1.49 Components of the superior
aortic recess on CT. (A,B) Axial and (C)
sagittal contrast-enhanced chest CT (me-
diastinal window) demonstrate the com-
ponents of the superior aortic recess: the
posterior (arrowheads), anterior (arrows)
and lateral (double arrowheads) portions.

-
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Fig. .50 The pulmonic recesses on CT. (A) Axial and (B) coronal contrast-enhanced
chest CT (mediastinal window) demonstrate the right (arrow) and left (double arrows)
pulmonic recesses located below the corresponding pulmonary arteries and arising
from the transverse sinus (asterisk).
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Fig. .51 Right pulmonary venous recesses on CT. (A) Axial and (B) coronal contrast-enhanced chest CT (me-
diastinal window) demonstrate the right pulmonary venous recess (arrowheads). It is located adjacent to the
right inferior pulmonary vein seen anastomosing with the adjacent left atrium (LA). Its characteristic location,
attenuation and shape allows distinction from lymphadenopathy.

4

Fig. .52 PA chest radiograph shows normal soft tis-
sues of the chest wall. 7, sternocleidomastoid muscles;
2, axillary fold; 3, left breast shadow; 4, right breast
shadow.
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Fig. 1.53 Normal companion shadows. (A) Coned-down
PA chest radiograph over the upper thorax reveals a thin
soft-tissue stripe paralleling the upper edge of each clav-
icle. CCS, clavicular companion shadows. (B) Coned-down
PA chest X-ray over the upper left thorax reveals a radio-
opaque stripe along the inferolateral margins of the first
and second ribs representing the rib companion shadow
(arrows). B

Costochondral calcification is a common finding that increases in frequency with age. The pattern of calcifi-
cation varies with the patient’s sex. In men, the superior and inferior borders of the cartilage tend to calcify,
whereas in women, the central cartilage calcifies.

The normal chest wall musculature is clearly demonstrated on both MDCT and MRI studies. Those muscles
the radiologist should be most familiar with and able to recognize are highlighted in Fig. 1.54 and Fig. 1.55.
Congenital and pathologic processes affecting the chest wall are discussed further in Section XII.

Fig. .54 CT—normal chest wall musculature.
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Fig. 1.54 (Continued) CT—normal chest wall musculature. 7, right anterior scalene muscle; 2, left anterior scalene muscle;
3, sternothyroid-sternohyoid muscles; 4, sternocleidomastoid muscles; 5, pectoralis major muscle; 6, pectoralis minor
muscle; 7, trapezius muscle; 8, erector spinae muscle; 9, latissimus dorsi muscle; 70, subscapularis muscle; 71, infraspina-
tus muscle; 12, supraspinatus muscle; 13, serratus anterior muscle; 74, teres major muscle; 15, rhomboid major muscle;
16, rectus abdominis muscle; 17, diaphragm.
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Fig. .55 MRI—normal chest wall musculature (SSFP pulse sequence). 7, pectoralis major muscle; 2, trapezius muscle; 3,
subscapularis muscle; 4, pectoralis minor muscle; 5, infraspinatus muscle; 6, deltoid muscle; 7, coracobrachialis muscle;
8, erector spinae muscle; 9, breast tissue; 10, rhomboid major muscle; 71, serratus anterior muscle; 72, latissimus dorsi
muscle; 13, rectus abdominis muscle.
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Fig. 1.56 (A) PA and (B) lateral chest radiographs demonstrate the normal relationships of the right and left
hemidiaphragms.

m Diaphragm (Fig. 1.56)

The diaphragm is a muscular tendinous sheath that separates the thorax from the abdomen. It is supplied
by the phrenic and intercostal arteries, and branches of the internal mammary artery, and is innervated by
the phrenic nerve. The right hemidiaphragm is usually one-half an interspace higher than the left, and the
heart usually obscures the anterior and medial portion of the left hemidiaphragm. The diaphragm is usually
smooth and uniform in contour, but arcuate elevations or scalloping may be seen in 5% of normal individuals.
Diaphragmatic abnormalities are discussed further in Section XII.
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Developmental Anomalies






OVERVIEW OF DEVELOPMENTAL ANOMALIES

Congenital lesions of the thorax include a variety of malformations that occur during various stages of
embryologic development. Many of these lesions manifest in neonates, infants, and children, but in some
cases, the first clinical manifestations may not occur until adulthood. This section discusses common con-
genital lesions that characteristically affect adults. These include abnormalities of the airways, heart, and
thoracic vascular structures (Table IL.1).

Many congenital lesions of the airways and lungs occur early in embryologic development and involve
anomalous development of the primitive foregut. These lesions include variant tracheobronchial branch-
ing, tracheoesophageal abnormalities, congenital foregut cysts, and pulmonary sequestrations. Congenital
tracheoesophageal abnormalities are typically diagnosed in infancy. Congenital foregut cysts are character-
istically located in the mediastinum and are discussed in Section XI. Although intralobar sequestration is
thought to represent an acquired condition in most instances, it will be discussed in this section to compare
and contrast it with congenital extralobar sequestration, which typically affects neonates and young infants
(Table I1.2). Some congenital lesions of the airways (e.g., bronchial atresia) occur later in embryologic life
with relatively normal distal bronchopulmonary development.

Vascular lesions comprise many of the congenital lesions characteristically diagnosed in adults. These
include lesions related to abnormal development of the aorta and its branches as well as variant develop-
ment of the pulmonary venous system, including both the systemic and pulmonary veins. While congenital
heart disease is often diagnosed in infancy, some congenital anomalies may produce few symptoms and may
remain clinically silent until adulthood. Various abnormalities of situs may be associated with non-cyanotic
asymptomatic or minimally symptomatic congenital heart disease and may be incidentally diagnosed in
asymptomatic adults.

Congenital lesions characteristically diagnosed in utero or in infancy and early childhood are beyond the
scope of this book and belong in the discussion of pediatric conditions affecting the chest. It should be noted
that some lesions (such as intralobar sequestration and pulmonary varix) may have both developmental and
acquired etiologies, which complicates their classification.

Table II.1 Congenital Lesions in Adults

Airway/lung Tracheal bronchus
Bronchial atresia
Pulmonary sequestration

Vascular Systemic arteries
Right aortic arch
Aortic coarctation
Marfan syndrome
Aberrant right subclavian artery

Systemic veins
Persistent left superior vena cava
Interruption of the IVC with azygos continuation

Pulmonary arteries|veins
Arteriovenous malformation

Pulmonary veins

Partial anomalous pulmonary venous return
Scimitar syndrome

Pulmonary varix

Heart
Heterotaxy
Atrial septal defect

Heart valves
Pulmonic stenosis
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Table 1.2  Pulmonary Sequestrations

Intralobar Extralobar
Age Children/adults Neonate/infant
Gender M=F 4M:1F
Clinical Infection Mass effect
Location Lower lobe (L>R) Extrapulmonary

Associated anomalies
Blood supply

Venous drainage
Borders

Lesion

Rare

Systemic
Systemic
Irregular

Heterogeneous: air, air-fluid levels

Common
Systemic
Pulmonary
Well defined

Homogeneous or fluid-filled cysts




CASE 1

H Clinical Presentation

74-year-old man evaluated for exacerbation of chronic obstructive pulmonary disease

m Radiologic Findings

Axial and coronal chest CT (lung window) (Figs. 1.1, 1.2) demonstrates a right tracheal bronchus. A normal
right upper lobe apical segmental bronchus was not present. Volume-rendered surface display (Fig. 1.3)
demonstrates an anomalous bronchus arising from the right lateral tracheal wall (arrow). Artist’s illustra-
tion (Fig. 1.4) depicts variations of right-sided anomalous bronchial branching. The tracheal bronchus (TB)
arises from the lateral tracheal wall. The pre-eparterial bronchus (Pre-EAB) arises from the right mainstem
bronchus proximal to the origin of the right upper lobe bronchus. The post-eparterial bronchus (Post-EAB)
arises distal to the origin of the right upper lobe bronchus. The accessory cardiac bronchus (ACB) arises from
the medial wall of the right mainstem bronchus or the bronchus intermedius and is usually blind-ending.

B Diagnosis

Tracheal Bronchus

m Differential Diagnosis

e Tracheal Diverticulum
* Tracheal Air Cyst

Fig. 1.1 Fig. 1.2
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Fig. 1.3 Fig. 1.4

B Discussion
Background

Variations of bronchial branching are common, may affect all portions of the tracheobronchial tree, and are
usually discovered incidentally. Tracheal bronchus is characterized by its anomalous origin from the lateral
tracheal wall (usually within 2.0 cm from the carina) and typically supplies the right upper lobe. It is also
known as “pig bronchus” or “bronchus suis” (the usual anatomic bronchial morphology in pigs and certain
other mammals). Other right-sided anomalous bronchi are classified as pre-eparterial or post-eparterial if
they arise proximal or distal to the origin of the right upper lobe bronchus respectively (and distal to the
carina). The terms pre-hyparterial and post-hyparterial are used for left-sided anomalous bronchi that arise
proximal or distal to the left upper lobe bronchus respectively. Upper lobe anomalous bronchi are seven times
more common on the right than on the left. Displaced (absent equivalent lobar, segmental or subsegmental
bronchus) and supernumerary (coexistent normal upper lobe bronchial anatomy) anomalous bronchi occur;
the former are more frequent. A displaced pre-eparterial bronchus arising from the right mainstem bronchus
to supply the apical segment of the right upper lobe is the most common variant (Fig. 1.2). Tracheobronchial
diverticula are blind-ending airway outpouchings not surrounded by lung parenchyma.

Etiology

Tracheobronchial development occurs during the early embryonic period (26 days to six weeks). The nor-
mal five lobar bronchi appear by 32 days of gestation. While the precise etiology of tracheal (and other
anomalous) bronchi is not known, regression of anomalous bronchial buds, migration of primitive bronchi
to anomalous positions, and induction of anomalous bronchial branches by surrounding primitive mesen-
chyme have all been suggested as possible mechanisms. Associated conditions include vascular abnormali-
ties (e.g., anomalous venous drainage), accessory lobes and fissures, rib anomalies, tracheoesophageal fistula,
tracheobronchial stenosis, and trisomy 21.
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Clinical Findings

Most adults with anomalous bronchi are asymptomatic and are diagnosed incidentally on chest CT. The re-
ported prevalence of tracheal bronchus in adults is 0.1%. However, affected patients may present in infancy or
childhood with recurrent pulmonary infection, cough, stridor, hemoptysis, or respiratory distress. Recurrent
upper lobe consolidation, bronchiectasis, atelectasis, and emphysema are reported in affected symptomatic
children.

Imaging Findings
Radiography

* Normal chest radiograph
» Rare visualization of anomalous bronchi
» Segmental or lobar right upper lobe atelectasis/consolidation

MDCT

» Visualization of anomalous bronchus originating from lateral tracheal wall (Figs. 1.1, 1.2, 1.3) or proximal
mainstem bronchus

e Multiplanar reformations, shaded surface displays (Fig. 1.3), volume rendering, and virtual bronchoscopy
techniques useful in anatomic characterization and classification

Management

* None for asymptomatic individuals
« Excision of anomalous bronchus and associated lung tissue in patients with recurrent infection

Prognosis

* Good (particularly without associated anomalies)

PEARLS

* Recognition of asymptomatic tracheal bronchi is important in patients undergoing endotracheal intuba-
tion as an appropriately positioned endotracheal tube may occlude the anomalous bronchus with resul-
tant obstruction and potential pulmonary infection.

» Accessory cardiac bronchus is an anomalous bronchus that arises from the medial aspect of the right main-
stem or intermediate bronchus and courses caudally toward the heart and mediastinum (hence the “car-
diac” designation) (Fig. 1.5). It is typically blind-ending but may be surrounded by normal or vestigial lung
parenchyma. Affected patients are often asymptomatic, but hemoptysis and recurrent infection have been
reported.

» Tracheobronchial diverticula are blind-ending airways that often arise from the mainstem bronchi
(Fig. 1.6).

» Tracheal air cysts (Fig. 1.7) are tracheal diverticula manifesting as air-filled thin-walled blind-ending
structures at the thoracic inlet. These exhibit a normal mucosal lining and cartilage within their walls.
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Fig. 1.5 Composite image from a chest CT (lung win-
dow) shows an incidental accessory cardiac bronchus
found in a 52-year-old woman evaluated for chronic dys-
pnea. The accessory cardiac bronchus manifests as an
air-filled tubular structure arising from the medial wall
of the bronchus intermedius and coursing inferomedially
(arrowhead).

2

Fig. 1.7 Coned-down chest CT (lung win-
dow) shows a right tracheal air cyst mani-
festing as an ovoid air-filled structure located
to the right of the trachea near the thoracic
inlet.

M W

Fig. 1.6 Composite image from a chest CT (lung win-
dow) with coronal and oblique reformatted images dem-
onstrates a tiny tracheal diverticulum (black arrows) arising
from the medial wall of the right mainstem bronchus.
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CASE 2

H Clinical Presentation

Asymptomatic 42-year-old woman

m Radiologic Findings

PA (Fig. 2.1) chest radiograph demonstrates a left lower lobe branching tubular opacity (arrow). Chest CT
(lung window) (Figs. 2.2, 2.3) shows the branching tubular lesion (Fig. 2.3) surrounded by hyperlucent lung.
Artist’s illustration (Fig. 2.4) shows the proposed etiology of bronchial atresia: an interruption of the bron-
chial lumen produces a mucocele distal to the atresia formed by accumulation of secretions (carried centrally
by the mucociliary escalator).

H Diagnosis

Bronchial Atresia

m Differential Diagnosis

Mucoid Impaction Distal to Bronchial Obstruction (e.g., endobronchial neoplasm)
Focal Bronchiectasis with Mucoid Impaction

Allergic Bronchopulmonary Fungal Disease

Vascular Malformation

Intralobar Sequestration

Fig. 2.2
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Fig. 2.3 Fig. 2.4

H Discussion

Background

Bronchial atresia is a rare congenital anomaly that typically affects segmental bronchi, although lobar and sub-
segmental bronchi may also be involved. The left upper lobe bronchus (apical-posterior segment) is affected
in approximately 64% of cases, followed by involvement of segmental right upper, middle, and lower lobe
bronchi. Most cases of bronchial atresia are isolated, but associated congenital anomalies have been reported.

Etiology

Bronchial atresia is thought to result from an in-utero vascular insult that affects the blood supply to a small
segment of the tracheobronchial tree, with resultant complete interruption (atresia/stenosis) of the airway
lumen with development of the distal airways. The surrounding alveoli may fail to develop normally and may
overinflate because of collateral air drift through pores of Kohn, canals of Lambert, or other communications.
Endoluminal debris accumulating distal to the atresia may form a mucocele (Fig. 2.4). Another theory postu-
lates multiplying bronchial bud cells that lose connection with the proximal tracheobronchial tree.

Clinical Findings

Patients with bronchial atresia exhibit a wide age range but are often asymptomatic adults diagnosed in-
cidentally on chest radiography. Up to 40% present with cough, dyspnea, bronchospasm, or symptoms of
pulmonary infection. Men are more frequently affected than women.

Imaging Findings
Radiography

» Focal pulmonary overinflation

* Rounded, tubular, or branching opacity (mucocele) (Fig. 2.1)

» Focal overinflation surrounding mucocele

» Expiratory air trapping surrounding mucocele

* Air-fluid level within mucocele (with superimposed infection)
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MDCT

* Rounded (Fig. 2.2), branching (Figs. 2.3, 2.5), or tubular (Fig. 2.6) typically central opacity; low attenua-
tion (-5 to 25 HU) (Figs. 2.5, 2.6)

« Absence of contrast enhancement within bronchus or mucocele (Figs. 2.5, 2.6)

» OQverinflated lung surrounding mucocele (Figs. 2.2, 2.3, 2.5, 2.6)

MRI

» Visualization of mucocele with high signal intensity on T1- and T2-weighted images

Management

» Observation of asymptomatic patients (clinical/radiographic follow-up)
» Lobectomy/segmentectomy in chronically symptomatic patients

Prognosis

« Excellent

PEARLS

» Bronchial atresia is a radiologic diagnosis based on the demonstration of a central mucocele surrounded
by pulmonary overinflation (Figs. 2.2, 2.3, 2.5, 2.6). The tubular morphology of the mucocele may suggest
a vascular etiology, which is excluded by absence of contrast enhancement (Figs. 2.5, 2.6) and absence of
communication with pulmonary vessels.

* Mucoid impaction may result from a slow-growing central obstructing endobronchial neoplasm. Thus,
contrast-enhanced chest CT and/or endoscopic examination may be required.

Fig. 2.5 Coronal MIPimage from a contrast-enhanced chest
CT (lung window) of an asymptomatic 52-year-old woman
with left lower lobe bronchial atresia demonstrates a soft tis-
sue branching opacity (asterisk) surrounded by hyperlucent
lung.
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Fig. 2.6 Composite contrast-enhanced chest
CT (lung and mediastinal window) of an asymp-
tomatic young woman with bronchial atresia
demonstrates a non-enhancing low-attenuation
tubular opacity in the right lower lobe with
surrounding pulmonary hyperlucency charac-
teristic of bronchial atresia. Absence of enhance-
ment or communication with pulmonary vessels
excludes a vascular lesion. (Images courtesy of
Jill D. Wruble, DO, Danbury Radiology Associates,
Danbury, CT.)
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CASE 3

H Clinical Presentation

37-year-old woman with recurrent pneumonia and productive cough

m Radiologic Findings

PA (Fig. 3.1) and lateral (Fig. 3.2) chest radiographs demonstrate a left lower lobe thin-walled multilocular
cystic lesion with a large air-fluid level. Contrast-enhanced chest CT (mediastinal window) (Fig. 3.3) through
the inferior chest demonstrates a heterogeneously enhancing left lower lobe lesion with soft tissue, air, and
fluid attenuation components, supplied by a branch of the descending thoracic aorta (arrowhead). Coronal
gradient-echo MRA (Fig. 3.4) demonstrates the aortic arterial branch (arrow) that supplies the lesion.

H Diagnosis

Intralobar Sequestration

m Differential Diagnosis

Pneumonia (including post-obstructive pneumonia from central obstruction)
Lung Abscess

Bronchiectasis (with secondary infection)

Infected Bullae

Fig. 3.1 Fig. 3.2
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Fig. 3.3 Fig. 3.4

H Discussion

Background

The term pulmonary sequestration refers to lung parenchyma that does not communicate normally with
the tracheobronchial tree and has a systemic blood supply. Intralobar sequestrations are four times more
frequent than extralobar sequestrations and occur almost exclusively in the lower lobes, slightly more fre-
quently on the left. The systemic arterial supply to the lesion often courses within the pulmonary ligament
and typically originates from the descending aorta, although other systemic arteries (abdominal aorta, infe-
rior phrenic, coronary) may participate. The venous drainage is typically (95%) normal into the pulmonary
veins. The lesion is often heterogeneous due to acute and chronic inflammation and bronchopneumonia
with resultant bronchiectasis, fibrosis, and cystic change. The lesion typically abuts adjacent normal (non-
sequestered) lung.

Extralobar sequestrations represent accessory pulmonary lobes that result from abnormal foregut bud-
ding and are located outside the confines of normal lung. They may occur in the thorax, diaphragm, or abdo-
men; are characteristically supplied and drained by the systemic circulation; and represent true congenital
anomalies. Affected patients are typically diagnosed within the first 6 months of life, but a small number of
lesions (10%) are diagnosed in asymptomatic adults.

Etiology

The majority of intralobar sequestrations are thought to represent acquired lesions, which result from lower
lobe bronchial obstruction and subsequent distal infection. It is postulated that the normal pulmonary arte-
rial supply to the infected lung is obliterated by the inflammatory process, and that normal systemic pulmo-
nary ligament arteries (which arise from the thoracic aorta) are parasitized to supply the affected lung. A
small number of intralobar sequestrations represent true congenital anomalies.

Clinical Findings

Patients with intralobar sequestration are often older children and young adults, but approximately 50% are
over the age of 20 years. Men and women are equally affected. Presenting symptoms include chronic cough,
sputum production, recurrent pneumonia, chest pain, bronchospasm, and hemoptysis. Some patients pres-
ent with acute, chronic, or recurrent lower lobe infection. A small percentage of patients (15%) are asymp-
tomatic and are diagnosed because of an incidentally discovered radiographic abnormality.



68 SECTIONII DEVELOPMENTAL ANOMALIES

Imaging Findings

Radiography

Typical location: posterior basal segment of a lower lobe (98%), more frequently the left (Figs. 3.1, 3.2)
Consolidation or mass; may contain air, fluid, and/or air-fluid levels (Figs. 3.1, 3.2), and multilocular cystic
areas (Figs. 3.1, 3.2); irregular margins typical, but may exhibit well-defined borders

Predominantly cystic lesions; exhibit a single cyst or multiple cysts of variable sizes

Rarely, branching tubular opacities representing mucoid impacted bronchi

Surrounding lung may be hyperlucent

May produce mass effect on adjacent structures

MDCT

N\

Fig. 3.5 Contrast-enhanced chest CT (mediastinal Fig. 3.6 Contrast-enhanced chest CT (lung and mediasti-
window) of a 6-year-old with a left lower lobe intra- nal window) of a 25-year-old woman with right lower lobe
lobar sequestration demonstrates a heterogeneously intralobar sequestration manifesting as hyperlucent lung pa-
enhancing multicystic mass with irregular borders. renchyma supplied by aberrant systemic vessels (arrowhead)

Posteromedial lower lobe location (Figs. 3.3, 3.5, 3.6)

Homogeneous or heterogeneous mass (Fig. 3.5)

Homogeneous or heterogeneous consolidation

Smooth, lobular, or irregular (Fig. 3.5) borders against adjacent lung

Typically heterogeneous attenuation with air-filled and fluid-filled components, and/or air-fluid levels
(Figs. 3.3,3.5)

Heterogeneous enhancement (Figs. 3.3, 3.5)

Hyperlucent (Fig. 3.6) or predominantly cystic lesion with single or multiple thin-walled cysts; may con-
tain air and/or fluid

Demonstration of anomalous systemic arterial supply (usually from descending aorta) in up to 80% of
cases (Figs. 3.3, 3.6); CT angiography with multiplanar reformatted images may enhance visualization of
anomalous vessel

arising from the celiac axis.
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Fig. 3.7 Artist’s illustration (left) de-
picts the heterogeneous morphology
and typical lower lobe location of intralo-
bar sequestration and the homogeneous
morphology of extralobar sequestration
(right) and its location outside the con-
fines of the normal lung. Both lesions are
supplied by systemic arteries. Intralobar
sequestration has a normal (pulmonary)
venous drainage and extralobar seques-
ILS ELS tration has a systemic venous drainage.

MRI

* Heterogeneous intrapulmonary lower lobe lesion; may exhibit cystic areas
* Gradient-echo sequences may demonstrate systemic blood supply (Fig. 3.4) and pulmonary venous
drainage

Angiography

» Aortography for demonstration of anomalous systemic arterial supply (single or multiple vessels) arising
from descending aorta in up to 73% of cases, or other systemic abdominal arteries

* Selective angiography of anomalous systemic artery may allow demonstration of pulmonary venous
drainage

Management

» Surgical excision of affected lobe and ligation of anomalous feeding vessels

Prognosis

¢ Excellent

PEARLS

» Intralobar sequestration must be considered in the differential diagnosis of any patient who presents with
recurrent infection or a chronic radiologic abnormality in a lower lobe. The diagnosis is based on identifi-
cation of systemic arterial supply to the lesion (Figs. 3.3, 3.4, 3.6).

« Differentiation from extralobar sequestration is not always necessary but can usually be made based on
clinical and morphologic features.

o Intralobar sequestration typically manifests in children and adults with signs and symptoms of infection,
while extralobar sequestration usually affects neonates and infants who present with respiratory distress.

o As its name implies, intralobar sequestration is always located within lung, typically in a lower lobe
(Fig. 3.7, left). As a result, it often exhibits irregular margins against the adjacent (non-sequestered)
lung and may contain air. Extralobar sequestration occurs outside normal lung and typically demon-
strates a well-defined border (Fig. 3.7, right) and does not contain air.



70 SECTIONII DEVELOPMENTAL ANOMALIES

o Both lesions are supplied by the systemic circulation (Fig. 3.7), although the pulmonary arteries may
partially supply both lesions.
* Preoperative imaging allows delineation of the number and location of systemic feeding arteries and may
be helpful in surgical planning for ligation and control of these vessels.
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CASE 4

B Clinical Presentation
43-year-old man evaluated prior to neck surgery

m Radiologic Findings

PA (Fig. 4.1) chest radiograph demonstrates a right-sided aortic arch with a right descending aorta. Contrast-
enhanced chest CT (mediastinal window) (Figs. 4.2, 4.3) demonstrates the right aortic arch (asterisk) and an
aortic diverticulum (arrowhead) (Fig. 4.2) giving rise to an aberrant left subclavian artery (arrow) (Fig. 4.3).

B Diagnosis
Right Aortic Arch with Aberrant Left Subclavian Artery

m Differential Diagnosis

None

Fig. 4.1
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Fig. 4.2

B Discussion
Background

The aorta and great vessels develop from primitive paired dorsal aortas, which sequentially give rise to six
paired primitive arches (Fig. 4.4), portions of which sequentially regress. The normal left aortic arch results
from persistence of the left fourth primitive arch (Fig. 4.4), regression of the right fourth arch beyond the
right subclavian artery, and persistence of the left dorsal aorta and the left ductus arteriosus (the latter forms
from the left sixth primitive arch). The brachiocephalic, left common carotid, and left subclavian arteries arise
in succession from the normal left aortic arch (Fig. 4.4). Right aortic arch affects approximately 0.1% of the
population. A right aortic arch may exhibit mirror image or non-mirror image branching of the great vessels.
In right aortic arch with mirror image branching, the left brachiocephalic, right common carotid, and right
subclavian arteries arise in succession. The most common type of right aortic arch exhibits non-mirror image
branching, and the left common carotid, right common carotid, right subclavian, and aberrant left subclavian
arteries arise in succession. The aberrant left subclavian artery may be associated with dilatation of its origin
(diverticulum of Kommerell). A coexistent left ligamentum arteriosus results in a complete vascular ring.

RSA

Fig. 4.4 Artist’s illustration depicts the normal embryologic
development of the aortic arch; several components of the
system regress (broken lines). Paired dorsal aortas sequen-
tially give rise to six paired arches (roman numerals). The nor-
mal left aortic arch results from persistence of the left fourth
primitive arch and involution of part of the right fourth primi-
tive arch. A portion of the right fourth primitive arch gives
rise to the right subclavian artery. Precursors of the right
subclavian artery (RSA), right carotid artery (RCA), left carotid
artery (LCA), and left subclavian artery (LSA) are illustrated.
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Etiology

The most common type of right aortic arch (non-mirror image branching) is thought to result from involu-
tion of the left fourth primitive arch and persistence of the right fourth arch, which is interrupted between
the left common carotid and left subclavian arteries (Fig. 4.4), the latter arising from the dorsal aorta as its
fourth branch. The diverticulum of Kommerell may be congenital, a remnant of the left fourth aortic arch, or
acquired due to atherosclerotic dilatation.

Clinical Presentation

Right aortic arch with aberrant left subclavian artery (retroesophageal segment) and left ductus arteriosus
results in a true vascular ring but is not usually associated with congenital heart disease. Affected patients
may be asymptomatic or may present with cough, stridor, or dysphagia. Right aortic arch without a retro-
esophageal arterial segment (mirror image branching) is associated with congenital heart disease (seen in
1.4% of patients with congenital cardiac anomalies), particularly tetralogy of Fallot, persistent truncus arte-
riosus, transposition of the great vessels with pulmonic stenosis, and ventricular septal defect with infun-
dibular pulmonic stenosis. Associated tracheomalacia may contribute to respiratory symptoms.

Imaging Findings
Radiography

» Right paratracheal soft-tissue mass (Fig. 4.1)
o Vascular impression on the right side of the trachea
o Rightward azygos vein displacement

» Right or left para-aortic interface depending on location of descending aorta

» Retrotracheal soft-tissue mass from Kommerell diverticulum (at origin of aberrant left subclavian artery)
(Fig. 4.5)

» Visualization of oblique tubular opacity projecting over the trachea on frontal radiography and coursing
toward the left (aberrant left subclavian artery)

MDCT/MRI

 Direct visualization of right aortic arch (Figs. 4.2, 4.3)

» Direct visualization of aortic diverticulum (Fig. 4.3)

» Direct visualization of aberrant left subclavian artery origin (Fig. 4.3)

» Evaluation of mass effect on adjacent mediastinal structures (trachea, esophagus) (Figs. 4.2, 4.3)
» Cardiac evaluation to exclude associated congenital heart disease

Fig. 4.5 Lateral chest radiograph of a patient with a right aortic arch
and an aberrant left subclavian artery who presented with cough and
dysphagia demonstrates mass effect on the posterior trachea pro-
duced by a diverticulum of Kommerell at the origin of the aberrant
left subclavian artery.
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Management

* Observation of asymptomatic patients

» Surgical reconstruction in symptomatic patients including arteriopexy, aortopexy, and tracheopexy

Prognosis

* Good for adults without associated congenital anomalies

PEARLS

« Patients with right aortic arch with non-mirror image branching may have a large aortic diverticulum,
which may manifest as a left paratracheal soft-tissue mass and may mimic a left aortic arch.

* Double aortic arch results from persistence of both embryonic fourth aortic arches. The arches encircle the
trachea and join posteriorly as a left or right descending aorta. The right arch is usually larger and situated
more cephalad than the left in 75% of cases (Fig. 4.6), and each arch gives rise to ipsilateral common ca-
rotid and subclavian arteries. This is the most common cause of a symptomatic vascular ring in infants and
young children. Radiographic findings may be similar to those of right aortic arch, but CT (Fig. 4.7) and MR
demonstrate the patent left and right aortic arches and allow assessment of the origins of the great vessels.

Fig. 4.6 PA chest radiograph of a woman with
vague chest pain and a double aortic arch demon-
strates bilateral indentations on the trachea pro-
duced by the two components of the double arch.
Note the right arch is located slightly cephalad to
the left. The resultant vascular ring (Fig. 4.7) pro-
duces mild mass effect on the trachea. Note the lat-
eral displacement of the superior vena cava (arrow)
by the right aortic arch (Fig. 4.7).

Fig. 4.7 Contrast-enhanced chest CT (mediastinal win-
dow) of the same woman in Fig. 4.6 with vague chest
pain and a double aortic arch. (Images courtesy of Diane C.
Strollo, MD, University of Pittsburgh Medical Center, Pittsburgh,
Pennsylvania.)
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CASE 5

H Clinical Presentation

18-year-old woman with differential upper and lower extremity blood pressures and stronger radial than
femoral pulses

m Radiologic Findings

PA (Fig. 5.1) chest radiograph demonstrates rib notching (arrowhead) and an inconspicuous aortic arch. The
heart size and pulmonary vascularity are normal. The straight left superior mediastinal contour (arrow) is
formed by an enlarged left subclavian artery. Artist’s illustration (Fig. 5.2) depicts the collateral pathways
that produce dilatation and tortuosity of the intercostal arteries and the radiographic finding of rib notching,
which results from benign pressure erosion by the pulsatile collateral vessels on the adjacent ribs.

B Diagnosis

Coarctation of the Aorta

m Differential Diagnosis

» Pseudocoarctation
* Neurofibromatosis
» Pulmonary Atresia with Harvested Systemic Vessels Communicating with Pulmonary Vessels

Fig. 5.1 Fig. 5.2
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B Discussion
Background

Coarctation of the aorta is a focal luminal narrowing distal to the left subclavian artery near the ligamentum
arteriosum. Such luminal narrowing can be focal (coarctation), diffuse (hypoplastic isthmus), or complete
(aortic interruption). It accounts for approximately 6% of congenital cardiac anomalies. While there is blood
flow across the coarctation, it is supplemented by collateral blood flow that bypasses the obstruction through
the spinal artery, intercostal arteries (Fig. 5.2), epigastric arteries, lateral thoracic artery, and periscapular
arteries. These collateral vessels are not usually present at birth and develop over time.

Etiology

Coarctation of the aorta is a congenital anomaly of unknown etiology. Diffuse coarctation is thought to result
from marked reduction of blood flow through the fetal aortic isthmus from associated congenital cardiac
anomalies.

Clinical Findings

Aortic coarctation occurs slightly more commonly in males than in females (1.5:1 ratio), but coarctation as-
sociated with congenital cardiac anomalies affects males and females equally. Associated conditions include
Turner syndrome, bicuspid aortic valve, intracranial aneurysm, atrial and ventricular septal defects, and vari-
ous degrees of aortic hypoplasia. Patients with aortic coarctation and associated anomalies typically become
symptomatic at birth. Patients with isolated coarctation may be asymptomatic or may become symptomatic
in childhood or young adulthood. Symptoms include headache, claudication, and fatigue. Patients may also
present with a murmur, systemic hypertension, or aortic dissection. Aortic coarctation in association with
bicuspid aortic valve typically does not manifest with symptoms related to valvular stenosis but may manifest
with bacterial endocarditis. On physical examination there are differential blood pressures between the upper
and lower extremities (difference of at least 20 mm Hg) and radial pulses that are stronger than femoral pulses.

Imaging Findings
Radiography

» Infants
o Cardiomegaly related to heart failure
- Left ventricular dilatation
- Right ventricular dilatation
- Left atrial enlargement
o Accentuated pulmonary vasculature from pulmonary venous hypertension
o Pulmonary edema
* Older children and adults
o Normal heart size, normal pulmonary vasculature (Fig. 5.1)
Left ventricular configuration from left ventricular hypertrophy
Cardiomegaly from left ventricular failure
Narrow cardiac waist and inconspicuous pulmonary trunk (Fig. 5.1)
Inconspicuous aortic arch (Fig. 5.1) obscured by enlarged left subclavian artery that forms a straight
left superior mediastinal contour (Fig. 5.1)
“Figure-of-3” sign of the left lateral arch
o Aortic valve calcification, wide ascending aorta from associated stenotic bicuspid aortic valve
o Inferior rib notching (usually ribs 3 to 9) (Fig. 5.1)

o O O o

o

MDCT

» Visualization of length and location of coarctation and evaluation of aortic size proximal and distal to the
obstruction

» Visualization of aortic branches and their relationship to the coarctation

* Visualization of collateral vessels
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MRI

» Oblique sagittal MRI (Fig. 5.3) and gadolinium-enhanced magnetic resonance angiography (Fig. 5.4) for
visualization and measurement of length and location of coarctation and degree of luminal narrowing

* Visualization of aortic branches and their relationship to coarctation (Figs. 5.3, 5.4)

» Velocity-encoded cine MRI, flow mapping, and three-dimensional MRA for estimation of flow gradient
across coarctation and estimation of collateral blood flow

Angiography

» Demonstration of location and length of coarctation
» Visualization of aortic branches and their relationship to the coarctation

Management

» Surgical treatment with resection or aortoplasty
» Balloon angioplasty of discrete luminal stenosis
* Endovascular stent placement

Prognosis

* Good with surgical treatment

» Early post-surgical complications: systemic hypertension and mesenteric arteritis

» Late post-surgical complications: aneurysm, pseudoaneurysm, re-coarctation, and infective endocarditis
» Poor prognosis without treatment, with over 90% of patients dying by 60 years of age

Fig. 5.3 Sagittal T1-weighted MRI of an 11-year-old boy Fig. 5.4 Contrast-enhanced sagittal MR angiography of
with aortic coarctation demonstrates the location and a patient with aortic coarctation demonstrates the loca-
degree of aortic stenosis and mild post-stenotic aortic tion of the coarct (distal to the origin of the left subclavian
dilatation. artery [asterisk]), the major aortic branches, and numer-

ous collateral vessels, including internal mammary (arrow)
and intercostal (arrowhead) arteries.
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PEARLS

Rib notching is produced by pulsation of dilated intercostal arteries (Figs. 5.1, 5.2, 5.4), which provide
collateral flow. It is rare before age 10 and most prominent along the posterior ribs and most visible in the
upper ribs. The upper ribs (1 to 3) are usually free of notching because of communication between the
intercostal arteries and the aorta above the coarctation (without a drop in systolic pressure). The lower
ribs (10 to12) are free of notching because of communication between intercostal arteries and superior
epigastric arteries without additional collateral flow. Unilateral rib notching results when one of the sub-
clavian arteries arises distal to the coarctation.

Aortic pseudocoarctation (Fig. 5.5) is elongation of the aortic arch and proximal descending aorta with
a “kink” in the descending thoracic aorta at the ligamentum arteriosum without obstruction, pressure
gradient, or collateral blood flow. Chest radiographs may demonstrate mediastinal abnormalities similar
to those seen in coarctation, but there is no obstruction and no symptoms or signs related to aortic ob-
struction or collateral blood flow. With increasing age, flow turbulence may result in progressive aortic
dilatation with reported cases of dissection.

Fig. 5.5 Sagittal contrast-enhanced chest CT (mediastinal
window) of an asymptomatic 25-year-old woman evaluated
because an abnormal chest radiograph shows a pseudoco-
arctation of the aorta manifesting as a “kink” of the aorta just
distal to the left subclavian artery (asterisk).
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CASE 6

H Clinical Presentation

18-year-old man with recurrent pneumothorax

m Radiologic Findings

PA (Fig. 6.1) and lateral (Fig. 6.2) chest radiographs demonstrate a right pneumothorax and thickening of the
right apical pleura (Fig. 6.1). Note the abnormal cardiac contour, enlargement of the pulmonary trunk, and
pectus excavatum deformity (Figs. 6.1, 6.2). Note left apical pleural thickening and metallic sutures (Fig. 6.2)
(arrow) from previous lung resection for treatment of recurrent pneumothorax. Oblique sagittal gradient-
echo MRA (Fig. 6.3) shows dilatation of the proximal ascending aorta and sinuses of Valsalva.

H Diagnosis

Marfan Syndrome

Fig. 6.2
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Fig. 6.3

m Differential Diagnosis

* Primary Spontaneous Pneumothorax

* Annuloaortic Ectasia of Other Etiology (Ehlers-Danlos Syndrome, Turner Syndrome, Polycystic Kidney Dis-
ease, Osteogenesis Imperfecta)

* Aortic Stenosis with Post-Stenotic Dilatation

» Aortic Dissection

H Discussion
Background

Marfan syndrome is a systemic connective tissue disorder involving primarily elastic tissues that affects the
central nervous system, eye, skeleton, lung, and cardiovascular structures. Marfan syndrome is an autosomal
dominant disorder, but may occur sporadically in up to 30% of cases.

Etiology

Marfan syndrome results from a genetic defect (linked to the fibrillin-1 [FBN1] gene on chromosome 15) in
the production of glycoprotein fibrillin, which is important in the formation of elastic fibers found in normal
connective tissue, and particularly affects the walls of major arteries. The resultant disruption of elastic fi-
bers in the ascending aorta results in annuloaortic ectasia with dilatation of the ascending aorta, sinuses of
Valsalva (formed by the aortic valve leaflets), and the aortic annulus. Myxomatous degeneration of the aortic
and mitral valves is also described.

Clinical Findings

Marfan syndrome affects men and women equally, with an estimated prevalence of 2-3 persons per 10,000.
Affected patients are typically tall, thin individuals and may exhibit arachnodactyly. Chest wall anomalies
include scoliosis and pectus deformities. Ocular involvement manifests with subluxation of the optic lens
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in up to 80% of patients. Approximately 50% of patients have clinical evidence of cardiovascular disease by
age 21 years. Children with Marfan syndrome typically exhibit auscultatory evidence of mitral insufficiency
whereas aortic insufficiency is more commonly diagnosed in adults. Up to 15% of affected patients may have
spontaneous pneumothorax resulting from bullous disease. The diagnosis is based on the presence of a com-
bination of major and minor clinical features listed in the revised 1996 Ghent Nosology.

Imaging Findings

Radiography

Narrow anteroposterior chest diameter, pectus (excavatum or carinatum) deformity, scoliosis, and long
thin body habitus (Figs. 6.1, 6.2)

Dilatation (aneurysm) of ascending thoracic aorta with normal caliber arch and descending aorta; may
not be visible on radiography

Cardiomegaly from aortic and less commonly mitral insufficiency and consequent left ventricular (Fig.
6.1) and left atrial enlargement

Enlarged pulmonary trunk (Fig. 6.1)

Spontaneous pneumothorax (may be recurrent) (Fig. 6.1)

MDCT

Enlargement of ascending aorta from aortic valve to origin of brachiocephalic artery
Normal aortic arch and descending aorta

Left ventricular enlargement and hypertrophy

Findings of aortic dissection (Figs. 6.4A,B): intimal flap, mural/mediastinal hemorrhage
Pulmonary trunk dilatation

MRI

Enlargement of ascending aorta from aortic valve to origin of brachiocephalic artery (Fig. 6.3)
Left ventricular enlargement and hypertrophy

Findings of aortic dissection: intimal flap, mural/mediastinal hemorrhage

Valvular evaluation, demonstration of valvular insufficiency

Management

Control of dysrhythmias and systemic hypertension to prevent further dilatation of ascending aorta and
progression of aortic insufficiency
Surgical graft placement within ascending aorta and aortic valve replacement

Prognosis

PEARLS

Guarded; death from cardiovascular disease in over 90% of untreated patients
Good results with early surgical aortic repair prior to onset of dissection

Marfan syndrome is one of the most common causes of ascending aortic aneurysm in young adults. Aortic
aneurysm in patients with Marfan syndrome is differentiated from atherosclerotic aneurysm by absence
of involvement of the descending thoracic aorta in the former and universal involvement of the descend-
ing aorta in the latter.

Aortic aneurysm is defined as permanent dilatation with resultant diameter of at least 50% greater than
normal. Normal aortic measurements in young adults on CT are: 3.6 cm (aortic root), 3.5 cm (ascending
aorta), 2.6 cm (proximal descending aorta), and 2.5 cm (distal descending aorta). There is progressive di-
ameter enlargement with increasing age (approximately 0.1 cm per decade).
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Figs. 6.4 Composite image (coronal reformations) of a contrast-enhanced chest CT (mediastinal window) (A) of a young
woman with chest pain and known Marfan syndrome status post aortic valve replacement and ascending aorta repair (left
image) for type A dissection (A) demonstrates an intimal tear of the descending aorta (arrow) communicating with the
thrombosed false lumen of a descending aortic dissection. The ascending aortic repair and the morphology of the true
lumen of the descending aorta are shown on the oblique sagittal volume-rendered CT aortogram (B). (See color insert fol-
lowing page 108.)

Suggested Reading

1. Fraser RS, Miiller NL, Colman N, Paré PD. Hereditary anomalies of pulmonary connective tissue. In: Fraser RS, Miiller
NL, Colman N, Paré PD, eds. Fraser and Paré’s Diagnosis of Diseases of the Chest, 4th ed. Philadelphia: WB Saunders;
1999;676-693

2. Ha HI, Seo ]B, Lee SH, et al. Imaging of Marfan syndrome: multisystemic manifestations. Radiographics 2007;27(4):
989-1004

3. Kimura-Hayama ET, Meléndez G, Mendizabal AL, Meave-Gonzalez A, Zambrana GF, Corona-Villalobos CP. Uncom-
mon congenital and acquired aortic diseases: role of multidetector CT angiography. Radiographics 2010;30(1):
79-98

4, Loeys BL, Dietz HC, Braverman AC, et al. The revised Ghent nosology for the Marfan syndrome. ] Med Genet
2010;47(7):476-485

5. Nguyen BT. Computed tomography diagnosis of thoracic aortic aneurysms. Semin Roentgenol 2001;36(4):
309-324



CASE 7

H Clinical Presentation

Asymptomatic 42-year-old man

m Radiologic Findings

Coned-down PA (Fig. 7.1) and lateral (Fig. 7.2) chest radiographs demonstrate a left aortic arch and a tubular
opacity (asterisk) that arises from its superior aspect, projects over the tracheal lumen, and courses obliquely
toward the right upper extremity (Fig. 7.1). Note the presence of an accessory azygos fissure. The lateral
radiograph (Fig. 7.2) demonstrates a soft-tissue opacity (double asterisk) that produces mass effect on the
dorsal trachea. Contrast-enhanced chest CT (mediastinal window) (Figs. 7.3, 7.4) demonstrates an aberrant
right subclavian artery (arrow) (Fig. 7.3) that arises from a diverticulum of Kommerell (arrowhead) (Fig. 7.4).

B Diagnosis
Aberrant Right Subclavian Artery

m Differential Diagnosis

None

Fig. 7.1 Fig. 7.2
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R

Fig. 7.3 Fig. 7.4 (Images 7.1-7.4 are courtesy of Maysiang Lesar,
MD, National Naval Medical Center, Bethesda, Maryland.)

W Discussion
Background

An aberrant right subclavian artery arises as the last branch off a left-sided aortic arch and courses obliquely
and superiorly behind the trachea and esophagus to resume its normal course. It is typically an isolated
anomaly, represents one of the most common aortic arch branching anomalies, and affects up to 0.5% of the
population, with a reported prevalence of 0.4-2%.

Etiology

An aberrant right subclavian artery results from involution of the entire right fourth embryonic arch with
persistence of the right seventh intersegmental artery (which gives rise to the right subclavian artery); the
latter maintains its attachment to the descending aorta. The aortic arch branches arise in the following order:
right common carotid, left common carotid, left subclavian, and right subclavian arteries. The aberrant right
subclavian artery may arise from an aortic diverticulum that may result from persistence of the dorsal por-
tion of the embryonic arch.

Clinical Findings

Affected patients are typically asymptomatic adults. Patients with associated right ligamentum arteriosus
have a complete vascular ring and may have symptoms. In addition, symptoms of tracheal compression have
been described in affected children, particularly those with associated common origin of the carotid arteries.
With aneurysmal dilatation of the aberrant vessel, esophageal compression may produce symptoms. In these
cases, the aberrant vessel has been called “arteria lusoria” and the symptom “dysphagia lusoria” (from the
Latin lusus naturae, meaning “game” or “freak of nature”).

Imaging Findings
Radiography

» Tubular opacity arising from superior aspect of aortic arch and coursing obliquely toward the right over
the tracheal air column on frontal radiography (Fig. 7.1)

« Soft-tissue opacity above the aortic arch; may produce mass effect on the dorsal aspect of the trachea on
lateral radiography (Fig. 7.2)

* Lucent band coursing diagonally across the esophagus toward the right with focal mass effect on the dor-
sal esophagus on barium esophagography
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MDCT/MRI

» Visualization of aberrant vessel arising from the distal posterior aortic arch and coursing superiorly and to
the right behind the trachea and esophagus (Figs. 7.3, 7.4, 7.5)
* Visualization of aortic diverticulum when present (Fig. 7.4)

Angiography

» Demonstrates pattern of aortic branching—right carotid, left carotid, left subclavian, and right subclavian
arteries, the latter coursing obliquely toward the right shoulder

Management

* None for asymptomatic patients
» Division of right-sided ligamentum arteriosum or resection of aortic diverticulum in symptomatic patients

Prognosis

« Excellent

PEARLS

* An aberrant right subclavian artery is a significant incidental finding in patients who undergo cardiac
catheterization through the right arm as the catheter typically enters the descending aorta and cannot be
maneuvered into the ascending aorta.

Fig. 7.5 Composite contrast-enhanced chest CT (mediasti-
nal window) with coronal (left) and sagittal (right) reformat-
ted images shows the oblique orientation of an aberrant
right subclavian artery coursing behind the trachea and
esophagus (arrowhead). (Images courtesy of Michael Atalay,
MD, PhD, Department of Diagnostic Imaging, Brown Medical
School, Rhode Island Hospital, Providence, Rhode Island.)
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The so-called diverticulum of Kommerell (Fig. 7.4) was first described on an esophagram of an asymp-
tomatic patient with a left aortic arch and an aberrant right subclavian artery with a diverticulum at its
origin, which produced mass effect on the esophagus. Interestingly, the aortic diverticulum occurs more
frequently in patients with right aortic arch and aberrant left subclavian artery and is also referred to as di-
verticulum of Kommerell in these instances. It may be congenital or secondary to atherosclerotic dilatation.
An aberrant right subclavian artery in a patient with aortic coarctation typically arises distal to the coarc-
tation. A right vertebral subclavian steal may result in these cases from retrograde flow from the right sub-
clavian artery into the descending thoracic aorta. Affected patients may exhibit unilateral left rib notching.
Other minor anomalies of aortic arch branching occur relatively frequently. The most frequent are: com-
mon origin of the right brachiocephalic artery and the left common carotid artery (so-called bovine arch)
(25% prevalence) (Fig. 7.6) and aberrant origin of the left vertebral artery proximal to origin of the left
subclavian artery (Fig. 7.7) (2.4-5.8% prevalence).

Fig. 7.6 Volume-rendered display of a contrast-en- Fig. 7.7 Coronal MIP image of a contrast-enhanced
hanced chest CT of a patient with a so-called bovine chest CT (mediastinal window) shows an aberrant left ver-
arch demonstrates the common origin of the bra- tebral artery (asterisk) arising directly from the aortic arch.
chiocephalic and left carotid arteries (asterisk). Note: (Images courtesy of Michael Atalay, MD, PhD, Department of
in a “true” bovine arch, all great vessels share a com- Diagnostic Imaging, Brown Medical School, Rhode Island Hos-
mon origin. pital, Providence, Rhode Island.)
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CASE 8

H Clinical Presentation

Asymptomatic 30-year-old man

m Radiologic Findings

Coned-down PA chest radiograph (Fig. 8.1) demonstrates a subtle vertically oriented left paramediastinal
interface lateral to the aortic arch (arrow). Contrast-enhanced chest CT (mediastinal window) (Figs. 8.2, 8.3,
8.4) demonstrates a persistent left superior vena cava (arrow) coursing vertically along the left superior me-
diastinum lateral to the aortic arch (Fig. 8.2). The vessel courses medial to the left superior pulmonary vein
(arrowhead) (Fig. 8.3) and drains into a dilated coronary sinus (S) (Fig. 8.4). Note the coexistent small-caliber
right superior vena cava (Figs. 8.2, 8.3)

B Diagnosis

Persistent Left Superior Vena Cava

m Differential Diagnosis
Left Upper Lobe Partial Anomalous Pulmonary Venous Return (PAPVR)

Fig. 8.1 Fig. 8.2 (Images courtesy of Maysiang Lesar, MD, National
Naval Medical Center, Bethesda, Maryland.)
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H Discussion

Background

A persistent left superior vena cava (PLSVC) is a relatively common anomaly and represents the most fre-
quent form of anomalous venous return to the heart. It occurs in approximately 0.3-0.5% of the general
population, with an increased prevalence (4.4%) in patients with congenital heart disease.

Etiology

The embryonic sinus venosus has right and left horns which receive blood from three major venous struc-
tures during the fourth week of embryonic development: the vitelline, umbilical, and common cardinal veins.
The anterior cardinal veins are paired structures that drain the upper body while the posterior cardinal veins
drain the lower body. The left anterior cardinal vein normally joins the right anterior cardinal vein to form
the left brachiocephalic vein. The caudal portion of the right anterior cardinal vein forms the superior vena
cava. The proximal left horn of the sinus venosus gives rise to the coronary sinus. The left anterior cardinal
vein caudal to the brachiocephalic vein normally involutes, but its distal aspect persists as the ligament or
oblique vein of Marshall. Failure of involution of the left anterior cardinal vein results in a PLSVC (Fig. 8.5).
In many cases the left brachiocephalic vein is absent and the right superior vena cava is smaller than the left
(Fig. 8.5). A bridging vein between the two superior vena cavae may be present. Obliteration of the right an-
terior cardinal vein results in absence or atresia of the right superior vena cava. PLSVC typically receives the
accessory hemiazygos vein and continues vertically to drain into the coronary sinus.

Clinical Findings

Affected patients are typically asymptomatic adults. The diagnosis is often made incidentally in patients who
undergo central venous catheterization (Fig. 8.6), pacemaker placement, or cardioverter defibrillator implan-
tation when access to the heart is attempted via a jugular/subclavian venous approach. PLSVC is associated
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BV

|

Fig. 8.5 Artist’s illustration demonstrates the course of the persis-
tent left superior vena cava (PLSVC), which arises at the anastomosis
of the left jugular and subclavian veins. Note the PLSVC drains into the
right atrium (RA) via the coronary sinus (CS). A normal right superior
vena cava (RSVC) and a normal, small or atretic bridging vein (BV) are
often found in association with a PLSVC.

with abnormal cardiac impulse formation/conduction related to abnormal development of the sinus node,
the AV node, and the His bundle. Affected patients may be predisposed to dysrhythmias and sudden death.
Patients with PLSVC may have associated congenital heart disease, including abnormal atrioventricular con-
nections/situs ambiguous, anomalous pulmonary venous return, Ebstein anomaly, common atrioventricular
valves, tetralogy of Fallot, subaortic stenosis, and ventricular/atrial septal defects.

Imaging Findings

Radiography

* \Vertical left superior mediastinal interface lateral to aortic arch (Fig. 8.1)

» Abnormal course of venous catheters/leads introduced via jugular (Fig. 8.6) or subclavian vein approach;

vertical left paramediastinal central catheter course (Fig. 8.6); catheter course into the coronary sinus to
enter the right heart

Fig. 8.6 PA chest radiograph of a 67-year-old man
with chronic renal failure demonstrates a dialysis
catheter placed via left internal jugular vein approach
with its tip in a PLSVC.
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MDCT/MRI

Left superior vena cava; vertical course along left superior mediastinum lateral to aortic arch (Fig. 8.2)
Vertical course posterior to left atrial appendage, anterior and medial to left superior pulmonary vein
(Fig. 8.3)

Drainage into coronary sinus, which may be enlarged and demonstrate dense contrast (Fig. 8.4)
Identification and evaluation of coexistent right superior vena cava and bridging vein (Figs. 8.2, 8.3, 8.7);
absence of right superior vena cava

Management

Awareness of anatomic variant

Prognosis

PEARLS

Excellent (in the absence of associated anomalies)

Recognition of a PLSVC is important in patients undergoing placement of central venous catheters (Fig.
8.6), pacemaker electrodes, or cardioverter-defibrillator leads as special techniques may have to be em-
ployed. In affected patients undergoing open-heart surgery, special techniques must be used to avoid
flooding of the cardiac chambers by systemic blood entering through the coronary sinus. Surgical ligation
of the LSVC in cases in which there is no venous connection between the right and left superior vena cavae
and/or absence of the right superior vena cava may result in venous engorgement of the head and upper
extremities.

PLSVC may be associated with atresia of the coronary sinus ostium without a left atrial connection, result-
ing in retrograde flow of cardiac blood into the PLSVC. In such cases, surgical ligation of the PLSVC may
result in myocardial ischemia and infarction.

PLSVC may be associated with coronary sinus-left atrium fenestration (unroofing) with resultant right-
to-left shunt or an interatrial communication (coronary sinus atrial septal defect) at the mouth of the
coronary sinus. In these cases the PLSVC drains into the left atrium and is associated with congenital heart
disease.

Fig. 8.7 Coronal contrast-enhanced chest CT (mediastinal window)
of an asymptomatic 66-year-old woman with PLSVC (arrow) demon-
strates a coexistent right superior vena cava (arrowhead). The vertical
course of the PLSVC accounts for the left superior mediastinal inter-
_ face seen on radiography
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CASE 9

H Clinical Presentation

22-year-old woman with postpartum dyspnea and hypoxemia

m Radiologic Findings

Coned-down PA chest radiograph (Fig. 9.1) demonstrates a left lower lobe mass of lobular contours with
tubular opacities (arrowheads) coursing between the mass and the left hilum. Left pulmonary arteriogram
(Figs. 9.2, 9.3) demonstrates a pulmonary arteriovenous malformation supplied by two branches of the
left interlobar pulmonary artery (Fig. 9.2) that drains into the left atrium (LA) via an enlarged pulmonary
vein (Fig. 9.3).

H Diagnosis

Pulmonary Arteriovenous Malformation

m Differential Diagnosis

* Arteriovenous Fistula
e Pulmonary Artery Aneurysm

Fig. 9.1
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Fig. 9.2 Fig. 9.3 (Images 9.1-9.3 are courtesy of Wanda
M. Kirejczyk, MD, New Britain General Hospital,
New Britain, Connecticut.)

B Discussion

Background

A pulmonary arteriovenous malformation (PAVM) is an abnormal communication between a pulmonary
artery and a pulmonary vein without an intervening capillary bed, and results in a right-to-left shunt. Simple
PAVMSs (90%) are defined as single or multiple feeding arteries originating from a single segmental pulmonary
artery. Complex PAVMs (10%) are characterized by feeding arteries originating from two or more segmental
pulmonary arteries. Approximately 33% are multiple; 20% are bilateral.

Etiology

PAVMs are thought to arise from congenital defects in the capillary bed, which result in a direct communica-
tion between the pulmonary arterial and venous circulations. Acquired arteriovenous communications also
occur, usually follow trauma (non-iatrogenic or iatrogenic) or inflammation, and are designated arteriove-
nous fistulae. Rendu-Osler-Weber syndrome or hereditary hemorrhagic telangiectasia (HHT) is an autosomal
dominant disorder characterized by recurrent epistaxis, mucocutaneous telangiectasias, and arteriovenous
malformations, with an estimated prevalence of one in 5,000 to 10,000 persons. Approximately 60-90% of
PAVMs occur in patients with HHT, up to 35% of patients with HHT have one or more PAVMs, and 60% of pa-
tients with HTT-related PAVMs have multiple lesions.

Clinical Findings

Over 50% of patients with PAVM are asymptomatic. Symptomatic patients are usually adults between the
fourth and sixth decades of life. Symptoms include fatigue and exertional dyspnea (related to hypoxemia)
and neurologic complaints and/or fever from paradoxical emboli. Affected patients may develop myocardial
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infarction and mesenteric, renal, or limb ischemia. Stroke occurs in up to 40% of patients with PAVM, brain
abscess in 20%, and hemoptysis/hemothorax in 10%. Affected patients may have a family history of PAVM or
HHT with associated clubbing, cyanosis, and mucosal telangiectasias. Approximately 40-60% of these pa-
tients have additional arteriovenous malformations in the skin and mucous membranes and may present
with epistaxis, chronic gastrointestinal bleeding, and/or hematuria.

Imaging Findings

Radiography

Lobular well-defined non-calcified nodule/mass (Fig. 9.1)

Typically in peripheral lower lobe; often projects below dome of diaphragm (Fig. 9.1)

Associated tortuous tubular opacities coursing to and from ipsilateral hilum representing feeding and
draining vessels (Fig. 9.1)

Rarely, multiple pulmonary nodules/masses

CT/MDCT

Demonstration of PAVM manifesting as nodule with feeding and draining vessels (Fig. 9.4)

Evaluation of origin, number, length, and diameter of feeding vessels and internal structure of vascular sac
(Figs. 9.4,9.5)

Enhancing mass with vascular connections (Fig. 9.4)

Rapid contrast enhancement and washout (Fig. 9.4)

Unenhanced or enhanced multidetector CT imaging for screening (Fig. 9.5), characterization, and quanti-
fication of PAVM (Fig. 9.8)

Fig. 9.4 Coned-down contrast-enhanced chest CT (soft- Fig. 9.5 Oblique sagittal volume-rendered CT image of
tissue window) of a man with an asymptomatic left lower a PAVM demonstrates its feeding artery (arrow) and drain-
lobe simple PAVM demonstrates intense lesion enhance- ing vein (arrowhead).

ment and allows identification of the feeding artery (ar-
row) and draining vein (arrowhead).
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MRI

* Low-signal flow void in PAVM; low to intermediate signal in PAVM with internal thrombus

* Three-dimensional contrast-enhanced MR angiography for non-invasive diagnosis of PAVM larger than 3
mm in size; high-signal-intensity nodule and associated vessels

« Evaluation of size and number of feeding vessels prior to embolotherapy

Angiography

* Opacification of feeding vessels and draining veins (Figs. 9.2, 9.3, 9.6)
» Confirmation of diagnosis, documentation of multiple lesions, and evaluation of origin, number, length,
and diameter of the feeding vessels (Figs. 9.2, 9.3) for coil embolization therapy planning (Figs. 9.6, 9.7)

Other Modalities

* Contrast-enhanced two-dimensional echocardiography for screening (90% sensitivity for detection of in-
trapulmonary shunts)
» Lung perfusion scintigraphy for determination of shunt size

Management

» Embolotherapy with detachable coils or vascular plug for improvement of oxygenation and prevention of
neurologic and systemic complications (Fig. 9.7)

Figs. 9.6 Subtraction image from a pulmonary arterio- Fig. 9.7 Frontal coned-down subtraction radiograph
gram of a 47-year-old man who developed a left tempo- demonstrates the pulmonary artery catheter within the
roparietal brain abscess secondary to a right middle lobe feeding artery immediately after deployment of embolo-
PAVM demonstrates selective injection of the feeding therapy coils (arrowhead), which completely obliterated

pulmonary artery and the tortuous draining vein (arrow). flow through the PAVM.
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Fig. 9.8 Chest CT (lung window) of a 32-year-old woman with HHT
demonstrates at least three PAVMs of various sizes affecting the left
lung. The PAVMs manifest as peripheral sub-pleural pulmonary nod-
ules with associated tubular opacities that represent the feeding pul-
monary arteries and draining pulmonary veins.

Prognosis

PEARLS

Guarded

Significant morbidity and reported mortality rate of 10% for patients with HHT

Complications of embolotherapy: paradoxical emboli, air emboli, transient ischemic attacks, angina, bra-
dycardia, hypotension, and chest pain

Complete obliteration of right-to-left shunt achieved in less than half of treated patients

Patients with suspected HHT may undergo screening with arterial blood gas evaluation in room air and
with 100% oxygen. Affected patients typically exhibit a 1-2% drop in O, saturation after standing and a
further 8% drop in O, saturation after exercise. These findings are supplemented by imaging studies for
definitive diagnosis.

AVM in patients with HHT typically affects the lungs, brain, nose, and gastrointestinal system (including
the liver).

PAVM with feeding vessels >3 mm in diameter are traditionally treated with embolotherapy (Figs. 9.6,
9.7). However, patients with smaller lesions may suffer from clinically occult stroke. Thus, embolotherapy
may be performed on all PAVMs that can be selectively cannulated. Embolotherapy catheters are ideally
placed distal to branches supplying normal lung and as close as possible to the neck of the PAVM (Figs. 9.6,
9.7). Reperfusion of embolized PAVMs is reported.
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CASE 10

H Clinical Presentation

36-year-old woman with cough and fever

m Radiologic Findings

Coned-down PA chest radiograph (Fig. 10.1) demonstrates an abnormal contour of the left superior medi-
astinum (arrow). Coronal (Fig. 10.2) and axial (Figs. 10.3, 10.4) contrast-enhanced chest CT (mediastinal
window) demonstrates the anomalous course of the left superior pulmonary vein (arrowhead) (Fig. 10.2),
which anastomoses with a vertical left superior mediastinal vein (arrow) (Fig. 10.3), which drains into the
left brachiocephalic vein (double asterisk). Note the absence of the left superior pulmonary vein from its
normal anatomic position posterior to the left atrial appendage (asterisk) (Fig. 10.4) and dilatation of the
superior vena cava (Fig. 10.2).

B Diagnosis

Partial Anomalous Pulmonary Venous Return; Left Upper Lobe

m Differential Diagnosis

» Persistent Left Superior Vena Cava

Fig. 10.1 (Image 10.1 courtesy of Maysiang Lesar, MD, Na- Fig. 10.2
tional Naval Medical Center, Bethesda, Maryland.)
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Fig. 10.3 Fig.10.4

B Discussion
Background

Anomalous pulmonary venous connections are congenital anomalies in which one or more pulmonary veins
drain into the right-sided circulation with a resultant left-to-right shunt. These anomalous connections may
be total (the entire pulmonary venous return) or partial. Partial anomalous pulmonary venous connections
may affect left or right pulmonary veins and are reported in up to 0.7% of autopsies and in approximately 0.2%
of adults studied with CT.

Etiology

The primitive common pulmonary vein begins to drain into the heart early in embryogenesis by joining
the pulmonary portion of the splanchnic plexus. Partial anomalous pulmonary venous return is thought to
result from premature atresia of the right or left primitive pulmonary veins while there are still primitive
pulmonary-systemic connections.

Clinical Findings

Patients with partial anomalous pulmonary venous return and a significant left-to-right shunt present with
symptoms. Symptomatic patients are typically children and adolescents who are usually males and in whom
the anomalous venous return is right-sided (superior vena cava or right atrium). Up to 90% of these patients
have an associated sinus venosus atrial septal defect and up to 15% have an associated ostium primum atrial
septal defect. These patients may present with fatigue, exertional dyspnea, and heart failure. Asymptomatic
patients are usually adults without known atrial septal defect, are more frequently female, characteristically
have left-sided anomalous venous drainage, and are often diagnosed incidentally with chest CT.



100 SECTIONII DEVELOPMENTAL ANOMALIES

Imaging Findings
Radiography

» Abnormal left superior mediastinal contour (Fig. 10.1)
* Abnormal/anomalous course of pulmonary veins

MDCT/MRI

e Demonstration of anomalous pulmonary vein (Fig. 10.2)
» Demonstration of anomalous vascular connections
o Left upper lobe anomalous pulmonary vein drainage into a vertical vein (Figs. 10.2, 10.3) which drains
into a dilated left brachiocephalic vein (Fig. 10.2); absence of left superior pulmonary vein from its
normal location anterior to the left mainstem bronchus and posterior to the left atrial appendage (Fig.
10.4)
o Right upper lobe anomalous pulmonary venous drainage into the superior vena cava, azygos vein, or
right atrium; may exhibit absence of right upper lobe pulmonary vein from its normal location
 Identification of associated sinus venosus atrial septal defect

Management

» Surgical repair of partial anomalous venous connection when ratio of pulmonary-to-systemic shunt ex-
ceeds 1.5:1
» Surgical repair of associated anomalies, such as atrial septal defect

Prognosis

* Excellent in patients without associated anomalies
» Dependent on severity and number of associated conditions in patients with congenital heart disease

Suggested Reading
1. Demos TC, Posniak HV, Pierce KL, Olson MC, Muscato M. Venous anomalies of the thorax. AJR Am ] Roentgenol
2004;182(5):1139-1150

2. Dillman JR, Yarram SG, Hernandez R]. Imaging of pulmonary venous developmental anomalies. AJR Am ] Roentgenol
2009;192(5):1272-1285

3. Haramati LB, Moche IE, Rivera VT, et al. Computed tomography of partial anomalous pulmonary venous connection in
adults. ] Comput Assist Tomogr 2003;27(5):743-749

4. Ho ML, Bhalla S, Bierhals A, Gutierrez F. MDCT of partial anomalous pulmonary venous return (PAPVR) in adults. ]
Thorac Imaging 2009;24(2):89-95



CASE 11

H Clinical Presentation

Asymptomatic 29-year-old woman

m Radiologic Findings

PA (Fig. 11.1) chest X-ray demonstrates a small right lung with ipsilateral mediastinal shift and arcuate tu-
bular opacities that course toward the right cardiophrenic angle. Note that the right bronchus is hyparterial
(Fig. 11.1). Contrast-enhanced chest CT (lung window) (Fig. 11.2) demonstrates the small volume of the
bilobed right lung. Contrast-enhanced chest CT (mediastinal window) (Figs. 11.3, 11.4) demonstrates paired
anomalous pulmonary veins (Fig. 11.3) that drain into the inferior vena cava (Fig. 11.4).

H Diagnosis

Scimitar Syndrome

m Differential Diagnosis

Arteriovenous Malformation
Pulmonary Varix

Intralobar Sequestration

Mucoid Impaction/Bronchial Atresia

Fig. 11.1
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Fig. 11.4
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B Discussion
Background

Scimitar syndrome is a complex disorder also known as pulmonary venolobar syndrome and hypogenetic
lung syndrome. It characteristically affects the right lung and manifests with a variety of cardiopulmo-
nary anomalies. The term scimitar refers to the arcuate course followed by the anomalous pulmonary vein,
which resembles the shape of a scimitar (a Turkish sword). The anomalous vein(s) may affect all or part of
the right lung and typically drains into the inferior vena cava, hepatic/portal circulation, azygos vein, coro-
nary sinus, or right atrium. Associated findings include aplasia/hypoplasia of the right pulmonary artery,
systemic blood supply to the right lung, interruption of the inferior vena cava, duplication, eventration or
partial absence of the right hemidiaphragm, tracheal trifurcation, esophageal/gastric communication with
the lung, and horseshoe lung. The hypogenetic right lung may exhibit anomalous segmentation, lobation,
and/or bronchial branching

Etiology

Scimitar syndrome is a rare congenital anomaly of the right lung and pulmonary vasculature of unknown
etiology.

Clinical Findings

Patients with scimitar syndrome may be diagnosed as infants or neonates because of associated symptom-
atic congenital cardiovascular disease (in approximately 25-50%). Associated congenital cardiac anomalies
include: secundum atrial septal defect, ventricular septal defect, patent ductus arteriosus, tetralogy of Fal-
lot, coarctation of the aorta, hypoplastic left heart, double-outlet right ventricle, double-chambered right
ventricle, endocardial cushion defect, and pulmonary arterial hypertension. Patients with significant left-
to-right shunts (typically 2:1 or greater) may present with fatigue and dyspnea. Patients may also present
with hemoptysis and/or recurrent pulmonary infection. Approximately 50% of patients are asymptomatic
and diagnosed incidentally on chest radiography. Pulmonary artery pressures are normal or slightly el-
evated in the majority of patients who present as adults. Women are slightly more commonly affected, with
a female-to-male ratio of 1.4:1.

Imaging Findings
Radiography

* Small right lung and hemithorax (Figs. 11.1), mediastinal shift to the right (dextroposition of the heart)
(Fig. 11.1), indistinct right cardiac border (Fig. 11.1), increased right lung opacity (Fig. 11.1), right apical
pleural cap (Fig. 11.1)

 Blunt costophrenic angle (Fig. 11.1)

» Vertically oriented curved tubular opacity (anomalous draining vein) in right inferior hemithorax cours-
ing toward right cardiophrenic angle (Figs. 11.1, 11.5); may be obscured by the heart in cases with pro-
nounced cardiac dextroposition (Fig. 11.1)

« Diminished right pulmonary vascularity (Fig. 11.1)

* Broad retrosternal band-like opacity on lateral radiography

MDCT/MRI

» Small right lung; mediastinal shift to the right (Fig. 11.2)

» Optimal visualization of anomalous vessel (variable size and number), its course and drainage into inferior
vena cava (Figs. 11.3, 11.4, 11.6), right atrium, coronary sinus, or hepatic circulation

» Evaluation/identification of other components of the syndrome (Fig. 11.6)

* Non-invasive assessment of left-to-right shunt with velocity-encoded cine MRI
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Fig.11.5 PA chest radiograph of an asymptomatic Fig. 11.6 Coronal contrast-enhanced volume ren-
22-year-old man demonstrates the scimitar sign in asso- dered chest CT image of an asymptomatic 19-year-old
ciation with mild right pulmonary hypoplasia. man with chest pain and scimitar syndrome demon-

strates the course of the anomalous vein (white arrow).
Note the systemic arterial supply to the right lower
lobe (black arrow) that arose from the celiac axis.

Management

Observation of asymptomatic patients without associated anomalies

Surgical correction, ligation, or coil embolization for symptomatic patients with significant shunts
Lung resection for patients with recurrent hemoptysis and/or pulmonary infection

Correction of significant associated congenital cardiovascular disease

Prognosis

PEARLS

Excellent in the absence of associated anomalies
Related to associated congenital heart disease and its severity

Most frequent anomalies in patients with pulmonary venolobar (scimitar) syndrome are hypogenetic
right lung and partial anomalous pulmonary venous return.

Radiographic visualization of the anomalous pulmonary (scimitar) vein with its typical curved configura-
tion is known as the scimitar sign (Figs. 11.1, 11.5).

Partial anomalous pulmonary venous return occurs in up to 0.7% of patients with congenital heart dis-
ease. It is most commonly associated with atrial septal defect (ASD). ASD occurs in approximately 90% of
patients with partial anomalous pulmonary venous return to the superior vena cava or right atrium, and
in only 15% of patients with anomalous drainage to the inferior vena cava.

Some investigators classify cases of scimitar syndrome with abnormal right bronchial communications
and systemic blood supply to the right lung as variants of intralobar sequestration. There are also reports
of pulmonary venolobar syndrome in association with extralobar sequestration. In some cases of scimitar
syndrome, there is systemic blood supply to the hypogenetic lung without other typical features of pul-
monary sequestration (Fig. 11.6).
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CASE 12

H Clinical Presentation

65-year-old woman with chest pain

m Radiologic Findings

PA (Fig. 12.1) and lateral (Fig. 12.2) chest radiographs demonstrate a multi-lobular soft-tissue mass that proj-
ects over the right hilum (Fig. 12.1) and focal enlargement of the superior aspect of the left atrium (Fig. 12.2).
Nodular upper lobe parenchymal opacities represented remote granulomatous infection. Contrast-enhanced
chest CT (Figs. 12.3, 12.4) shows that the lobular opacities seen on radiography correspond to focal dilatation
of the pulmonary veins as they enter an enlarged left atrium.

H Diagnosis

Pulmonary Varix

m Differential Diagnosis

e Indeterminate Pulmonary Nodule/Mass
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H Discussion

Background

Pulmonary varix is a rare lesion characterized by focal non-obstructive aneurysmal enlargement of one or
more pulmonary veins prior to entering the left atrium.

Etiology

Both acquired and congenital etiologies of pulmonary varix have been proposed. Pulmonary varix is typically
associated with mitral valve dysfunction, particularly insufficiency. In these cases, the right pulmonary veins
are typically affected.

Clinical Findings

Affected patients are often asymptomatic and are diagnosed incidentally because of a radiographic abnor-
mality. Some patients present with symptoms related to mitral valve disease. Hemoptysis and chronic lo-
bar collapse are reported. Rarely, patients present with systemic embolization of associated endoluminal
thrombus.

Imaging Findings
Radiography

» Single/multiple rounded or ovoid lobular mass/nodule (Fig. 12.1) projecting over the medial lower lobe;
may be visible on only one radiographic projection (PA or lateral)

* Round mass/nodule related to the left atrium on lateral radiography (Fig. 12.2)

* May enlarge with onset of pulmonary venous hypertension

» Cardiomegaly; left atrial enlargement (Figs. 12.1, 12.2)

MDCT/MRI

» Demonstration of vascular nature of the nodule/mass seen on radiography (Figs. 12.3, 12.4)
* Demonstration of communication with the left atrium (Figs. 12.3, 12.4)

* Prompt (Figs. 12.3, 12.4) and delayed vascular enhancement reported

» Left atrial enlargement related to mitral valve disease (Figs. 12.3, 12.4)



108 SECTIONII DEVELOPMENTAL ANOMALIES

Management

» Awareness of vascular nature of radiographic abnormality
» Management of mitral valve dysfunction in symptomatic patients

Prognosis

* Good
» Death rarely reported from associated hemoptysis

PEARLS

* Pulmonary varix typically affects the right inferior pulmonary or the lingular vein.

* Pulmonary varix is also known as hilar pseudotumor. Imaging abnormalities typically relate to enlarge-
ment of the right venous confluence.

» Peripheral pulmonary varix may mimic arteriovenous malformation.

Suggested Reading
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Figs. 6.4B The ascending aortic repair and the mor-
phology of the true lumen of the descending aorta are
shown on the oblique sagittal volume-rendered CT
aortogram.

Fig. 82.6B FDG PET-CT shows intense FDG uptake in the
lesion.



Fig. 95.1B 3-D CT reconstruction illustrates the acutely fractured first
through eighth anterior and more inferiorly displaced posterior rib fractures

to better advantage.

Fig. 97.3E 3-D volume-rendered reconstruction demonstrates
marked separation of the left scapula from the chest wall. The scapu-
lothoracic ratio (i.e., thoracic spinous process-medial scapular border
distance) is 1.8. Compare the relationship of the left and right scapula
to the thoracic cage on the 3-D images.



Fig. 113.2C Fused transverse PET/CT images show focal in-
creased uptake of ®F-FDG in the areas of basilar disease incor-
rectly suggesting neoplasia.

Fig. 135.1E 3-D color volume-rendered image
confirms the mediastinal mass is a large saccular an-
eurysm off the transverse aorta.

Fig. 135.5C The TAA and its great vessel relationships are nicely
depicted on the 3-D volume-rendered CTA.




Fig. 183.2C Metallic bands and bars extend along and
across the sternum, respectively; the bars connect to the
anterior aspect of adjacent ribs. The 3-D volume-ren-
dered image shows the post-surgical changes to better
advantage.

Fig. 183.2D Metallic bands and bars extend along and
across the sternum, respectively; the bars connect to the
anterior aspect of adjacent ribs. The 3-D volume-rendered
image shows the post-surgical changes to better advantage.



CASE 13

H Clinical Presentation

68-year-old woman admitted for pacemaker placement

m Radiologic Findings

PA chest radiograph (Fig. 13.1) demonstrates cardiomegaly, marked enlargement of the azygos arch and
vein, and bilateral hyparterial bronchi. Contrast-enhanced CT (mediastinal window) (Figs. 13.2, 13.3, 13.4)
demonstrates bilateral hyparterial bronchi (Fig. 13.3), enlargement of the azygos arch (a) (Fig. 13.2), and de-
scending azygos vein (arrowhead) (Figs. 13.3, 13.4), consistent with azygos continuation of the inferior vena
cava and multiple left-sided spleens (polysplenia) (Fig. 13.4).

H Diagnosis
Heterotaxy Syndrome: Polysplenia, Azygos Continuation of the Inferior Vena Cava

m Differential Diagnosis
* Azygos Continuation of the Inferior Vena Cava with Situs Solitus

Fig. 13.1
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Fig. 13.2

Fig. 13.4

B Discussion
Background

Visceroatrial situs (location, position) refers to the location of the atria with respect to the midline and to
other organs. The majority of the population exhibit normal visceroatrial situs (situs solitus) characterized
by a morphologic right (systemic) atrium on the right side and a contralateral morphologic left (pulmonary)
atrium. The pulmonary anatomy is characterized by a tri-lobed right lung with ipsilateral liver, gallbladder,
and inferior vena cava and a bi-lobed left lung with ipsilateral stomach, single spleen, and aortic arch. The
incidence of congenital heart disease in patients with situs solitus is approximately 0.8%. Approximately
0.1% of the population exhibit situs inversus, characterized by mirror image location of the atria, major ves-
sels, and abdominal structures. These patients have a 3-5% incidence of congenital heart disease. The terms
heterotaxy, isomerism, and situs ambiguous refer to absence of an orderly arrangement of visceroatrial mor-
phology (in one or the other side of the body). Patients with heterotaxy or situs ambiguous have a high in-
cidence (50-100%) of congenital heart disease. Tracheobronchial situs is characteristically concordant with
visceroatrial situs. However, tracheobronchial situs is not necessarily concordant with situs of the cardiac
apex, ventricles, or great vessels.
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Etiology

The primitive heart and its vascular connections form early in embryogenesis (between 20 and 30 days of
gestation). The cardiac atria retain their situs during embryologic development of the heart. Failure of nor-
mal lateralization results in duplication of left- or right-sided structures and, therefore, situs ambiguous or
indeterminate situs. The major types of situs ambiguous are asplenia and polysplenia. The latter is associated
with absence of, or less severe, congenital heart disease.

Clinical Findings

Polysplenia more commonly affects women than men. Affected patients may be diagnosed as infants or neo-
nates because of associated symptomatic (typically non-cyanotic) congenital cardiovascular disease, includ-
ing endocardial cushion defects, double-outlet right ventricle, aortic coarctation, and atrial septal defect.
Approximately 25% of patients with polysplenia have no significant congenital heart disease. These patients
are asymptomatic and are diagnosed incidentally. Associated abnormalities include interruption of the in-
trahepatic inferior vena cava with azygos continuation, duplication of the superior vena cava, and partial
anomalous pulmonary venous return. Patients with asplenia typically present in infancy with symptoms
of cyanosis and respiratory distress from severe complex cyanotic congenital heart disease, usually total
anomalous pulmonary venous return, common atrioventricular canal, and univentricular heart. They may
also present with symptoms of immune deficiency related to absence of the spleen.

Abdominal abnormalities in patients with heterotaxy include multiple spleens (polysplenia), absence of
the spleen (asplenia), bowel malrotation, midline liver and gallbladder, truncated pancreas, and biliary atre-
sia. Thus, affected patients may present with symptoms related to abdominal situs abnormalities.

Imaging Findings
Radiography

 Bilateral hyparterial bronchi (Fig. 13.1)

» Variable position of the heart (dextrocardia in up to 50%), aortic arch, and stomach

« Enlarged azygos arch and visualization of enlarged azygos vein (with associated azygos continuation of
the inferior vena cava) (Fig. 13.1)

MDCT/MRI

» Demonstration of bilateral hyparterial bronchial morphology (Figs. 13.3, 13.5); bilateral bi-lobed lungs
on CT

* Variable position of the heart

e Multiple spleens or single multi-lobate spleen (Figs. 13.4, 13.6, 13.7)

 Variable positions of spleen(s), stomach, liver, and gallbladder (Fig. 13.7)

» Demonstration of azygos (Figs. 13.2, 13.3, 13.4, 13.6) or hemiazygos continuation of the inferior vena
cava; hepatic vein drainage into atrium

* Demonstration of atrial morphology through evaluation of atrial appendage morphology on MRI; mor-
phologic left atrial appendages have a tubular shape and a curved downward apex

» Evaluation of associated cardiac anomalies

Management

* Awareness of abnormalities and associations in asymptomatic patients
» Surgical correction of symptomatic/significant congenital heart disease and associated conditions

Prognosis

» Polysplenia: Excellent without associated anomalies; high mortality with associated biliary atresia
« Asplenia: Poor; death in the first year of life in up to 80% of affected patients
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Fig. 13.5 Coronal contrast-enhanced chest CT (lung Fig. 13.6
and mediastinal window) of a patient with polysplenia

demonstrates bilateral hyparterial bronchi (Fig. 13.5), an

enlarged azygos vein (arrowhead), and multiple left-sided

spleens (Fig. 13.6).

Fig. 13.7 Contrast-enhanced abdominal CT of a patient
with polysplenia (soft-tissue window) demonstrates a
left-sided liver, a right-sided stomach, and multiple right-
sided spleens. This patient also had dextrocardia.

PEARLS

* Morphology of the tracheobronchial tree is a reliable indicator of underlying atrial morphology. An ep-
arterial bronchus exists when the main bronchus is superior to the ipsilateral pulmonary artery, and a
hyparterial bronchus exists when the main bronchus is inferior to the ipsilateral pulmonary artery. The
morphologic right (systemic) atrium is usually ipsilateral to an eparterial bronchus while the morphologic
left (pulmonary) atrium is usually ispilateral to a hyparterial bronchus.

 Identification of situs is the first step in the assessment of patients with complex congenital heart disease.
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CASE 14

H Clinical Presentation

35-year-old man evaluated for a murmur found on a routine physical examination

m Radiologic Findings

PA (Fig. 14.1) and lateral (Fig. 14.2) chest radiographs demonstrate cardiomegaly and over-circulation. Note
the enlarged central and peripheral pulmonary arteries.

B Diagnosis
Atrial Septal Defect

m Differential Diagnosis

» Other Left-to-Right Shunts; Ventricular Septal Defect; Patent Ductus Arteriosus
* Pulmonary Arterial Hypertension

Fig. 14.1 Fig. 14.2
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B Discussion
Background

Atrial septal defect (ASD) accounts for approximately 10% of congenital heart disease and is a common con-
genital cardiac lesion among those that initially manifest in adulthood. It represents approximately 30% of all
congenital cardiac lesions in patients over the age of 40 years. ASD may be an isolated condition or may be
associated with other cardiovascular anomalies.

Etiology

Atrial septal defect represents a congenital defect in the interatrial septum that results in communication
between the two atria. ASD is classified based on anatomic location (Fig. 14.3). Ostium secundum ASD is the
most common type, located at the fossa ovalis; ostium primum ASD is rare but represents the second most
common ASD, is located in the inferior atrial septum, and is associated with partial atrioventricular septal de-
fect (including a cleft mitral valve); sinus venosus ASD is rare, is located at the superior aspect of the septum
near the orifice of the superior vena cava, and is associated with anomalous pulmonary venous drainage in
up to 90% of cases; coronary sinus ASD represents unroofing of the coronary sinus with resultant interatrial
communication and is associated with persistent left superior vena cava, partial anomalous pulmonary ve-
nous connections, and mitral valve prolapse.

Clinical Findings

Patients with ostium secundum ASD may remain asymptomatic until the second or third decade of life.
Women are more commonly affected than men, with a 3:2 female-to-male ratio. Some patients are diag-
nosed incidentally because of a left sternal murmur, which is typically systolic with a split fixed second heart
sound. Approximately half of patients over the age of 40 years are symptomatic and present with exertion-
al dyspnea, fatigue, chest pain from atrial flutter/fibrillation, fever from infective endocarditis, paradoxical
emboli, clinical right heart failure, and/or pulmonary hypertension. Palpitations and recurrent pulmonary
infections are also reported. Approximately 15% of affected patients also have mitral insufficiency. ASD is
described as part of the autosomal dominant Holt-Oram syndrome

Fig. 14.3 Artist’s illustration of the different types of ASD and their
locations within the atrial septum. The most common is the ostium
secundum (OS) type of ASD. The sinus venosus (SV) type of ASD
occurs superiorly near the orifice of the superior vena cava, and the
ostium primum (OP) type occurs inferiorly. The coronary sinus (CS)
type of ASD occurs near the ostium of the coronary sinus.
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Imaging Findings
Radiography
» Cardiomegaly (Figs. 14.1, 14.4, 14.5)

» Right atrial and ventricular enlargement with filling of retrosternal space
* Enlargement of central and peripheral pulmonary arteries from shunt circulation (Fig. 14.1)
* Pulmonary arterial hypertension (untreated patients) and Eisenmenger physiology
o Enlargement of central pulmonary arteries and pulmonary trunk (Figs. 14.4, 14.5)
o Decreased visualization (“pruning”) of peripheral pulmonary arteries (Figs. 14.4, 14.5)
o Calcification of central pulmonary arteries (with sustained pulmonary hypertension) (Fig. 14.5)
* Normal or small left atrium, normal pulmonary valve
» Left atrial enlargement and pulmonary venous hypertension in older adults with ASD
e Visualization of post-treatment changes (Figs. 14.7, 14.8)

Fig. 14.4 PA chest radiograph of a 33-year-old man with
ASD and Eisenmenger physiology who presented with a
brain abscess following an episode of bacteremia dem-
onstrates cardiomegaly and marked enlargement of the
central pulmonary arteries. Note the poor visualization of
peripheral pulmonary arteries.

Fig. 14.5 PA chest radiograph of a 45-year-old woman
with an ASD and Eisenmenger physiology demonstrates
findings consistent with long-standing pulmonary arterial
hypertension: cardiomegaly, massive enlargement and
mural calcification (arrow) of the central pulmonary arter-
ies, and vascular pruning.

Fig. 14.6 Contrast-enhanced chest CT (mediastinal win-
dow) of a patient with an ASD demonstrates discontinuity
of the atrial septum at the site of the ASD (asterisk). (Image
courtesy of Diane C. Strollo, MD, University of Pittsburgh Medical
Center, Pittsburgh, Pennsylvania.)
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Fig. 14.7 Coned-down PA (Fig. 14.7) and lateral (Fig.
14.8) chest radiographs of a 35-year-old woman who
was treated for a secundum ASD demonstrate the radio-
opaque portions of an atrial septal closure device (arrows).
Contrast-enhanced chest CT (mediastinal window) (Fig.
14.9) demonstrates the metallic portion of the atrial sep-
tal device (arrow) used for treatment of an ASD.

Ultrasound

* Demonstration and evaluation of ASD
» Evaluation of associated valvular dysfunction
« Measurement of defect and chamber size

MRI/MDCT

Fig. 14.8

» Demonstration of ASD (Fig. 14.6); visualization of defect at two adjacent anatomic levels on MR
* Gradual pulmonary artery enhancement during bolus tracking on contrast-enhanced CT pulmonary angi-

ography related to left-to-right intracardiac shunt

» Demonstration of anomalous right superior pulmonary vein
* Measurement of size of shunt with velocity-encoded cine MR
* Flow turbulence in pulmonary arteries in patients with pulmonary arterial hypertension

* Visualization of post-treatment changes (Fig. 14.9)

Management

» Spontaneous closure reported in secundum ASD within the first year of life
» Transcatheter closure of selected secundum ASD with prosthetic closure device
» Elective surgical repair (closure) for children with ASD and persistent left-to-right shunt greater than 50%

between ages 2 and 4 years

 Surgical repair for adults without severe pulmonary arterial hypertension
» Surgical repair of sinus venosus, ostium primum, and coronary sinus ASD
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Fig. 14.9 Contrast-enhanced chest CT (mediastinal window) of
the same patient illustrated in Figs. 14.7 and 14.8 demonstrates
the metallic portion of the atrial septal device (arrow) used for
treatment of an ASD.

Prognosis

* Good for surgically treated patients; 95% 10-year survival

» Relates to degree of mitral valve dysfunction and associated dysrhythmias in patients with ostium secun-
dum ASD

* Unknown long-term outcome for transcatheter closure devices

PEARLS

» Echocardiography with color flow Doppler is the modality of choice for evaluation of ASD.

» Lung perfusion scintigraphy may establish the presence of a shunt.

» Surgery for correction of ASD is not indicated before the age of 1 year, as many times the ASD will close
spontaneously.
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CASE 15

H Clinical Presentation

22-year-old man evaluated for newly diagnosed leukemia

m Radiologic Findings

PA (Fig. 15.1) and lateral (Fig. 15.2) chest radiographs demonstrate enlargement of the main pulmonary
artery. The heart and peripheral pulmonary vasculature are normal. Note the central venous catheter with
its tip in the superior vena cava. Contrast-enhanced chest CT (mediastinal window) (Figs. 15.3, 15.4) dem-
onstrates marked enlargement of the pulmonary trunk and the left pulmonary artery with a normal right
pulmonary artery (Fig. 15.4)

H Diagnosis

Pulmonic Stenosis

m Differential Diagnosis

e Patent Ductus Arteriosus
* Pulmonary Artery Hypertension

Fig. 15.1 Fig. 15.2
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Fig. 15.4 (Images courtesy of Diane C. Strollo, MD, Univer-
sity of Pittsburgh Medical Center, Pittsburgh, Pennsylvania.)

H Discussion

Background

Pulmonic stenosis is the most common anomaly that produces obstruction of the right ventricular outflow
tract. It occurs as an isolated anomaly in up to 7% of patients with congenital heart disease. It is a common
congenital cardiac lesion among those that initially manifest in adulthood. Pulmonic stenosis may be associ-
ated with other congenital heart lesions and is a component of tetralogy of Fallot.

Etiology

Pulmonic stenosis is a congenital malformation of the pulmonary valve. Stenosis may be related to fused
valve commissures, dome-shaped stenosis, and bicuspid or dysplastic morphology. Stenosis may be valvular,
subvalvular, or supravalvular. Acquired pulmonic stenosis is rare and can be related to rheumatic heart dis-
ease or carcinoid syndrome.

Clinical Findings

Patients with pulmonic stenosis are acyanotic. Many are entirely asymptomatic and most present in the third
or fourth decade of life. Physical examination typically reveals a harsh long (diamond-shaped) systolic ejec-
tion murmur. Patients with severe obstruction from pulmonic stenosis may present in childhood with easy
fatigability and right ventricular failure.

Imaging Findings
Radiography

* Mild to moderate pulmonary trunk enlargement (Figs. 15.1, 15.5)

* Left pulmonary artery enlargement (Figs. 15.1, 15.5)

» Normal right pulmonary artery, peripheral pulmonary arteries, and pulmonary veins (Figs. 15.1,15.2,15.5)
* Normal heart size (Figs. 15.1, 15.2, 15.5); right ventricular enlargement in cases of right ventricular failure
e Left lung may appear oligemic relative to the right.
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Fig. 15.5 PA chest radiograph of a young man
with post-primary tuberculosis and asymptom-
atic pulmonic stenosis demonstrates a cavitary
lesion of the right upper lobe and enlargement of
the pulmonary trunk (initially thought to repre-
sent lymphadenopathy).

MDCT/MRI

* Pulmonary trunk and left pulmonary artery enlargement (Figs. 15.3, 15.4, 15.6)

» Rarely pulmonic valve calcification

* Normal right pulmonary artery (Figs. 15.4, 15.6)

» Right ventricular hypertrophy

» Bowing of interventricular septum to the left

* Velocity-encoded cine MR imaging; demonstration of differential blood flow in the pulmonary arteries,
estimation of gradient across stenotic valve, and assessment of valve motion

» Turbulent flow on gradient-echo cine sequences

» Left lung may appear oligemic relative to the right.

Management

» Balloon dilatation for reduction of transvalvular gradient
» Repeat dilatation or open surgical correction (valve replacement) in approximately 20% of patients

v SN

Fig. 15.6 Chest CT (lung window) demonstrates
marked enlargement of the pulmonary trunk and
the left pulmonary artery. Note the normal right
pulmonary artery and the tree-in-bud opacities in
the right lung secondary to transbronchial dissemi-
nation of tuberculosis.
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Prognosis

PEARLS

Good with appropriate treatment
Survival beyond 50 years unusual in untreated patients
Mortality and morbidity from infective endocarditis

Pulmonary artery enlargement in pulmonic stenosis results from post-stenotic dilatation secondary to the
high-velocity jet of blood forced through the stenotic valve, but the degree of dilatation is not related to
the severity of the obstruction.

Pulmonic stenosis and pulmonary arterial hypertension may both manifest with pulmonary artery en-
largement. The two conditions are differentiated based on the fact that the right pulmonary artery is nor-
mal in pulmonic stenosis and enlarged in pulmonary arterial hypertension. The right pulmonary artery
originates at a 90° angle from the pulmonary trunk, is not affected by the turbulent jet, and does not dilate.
Trilogy of Fallot refers to pulmonic stenosis complicated by right ventricular hypertrophy and a right-to-
left shunt through an incompetent foramen ovale.
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CASE 16

H Clinical Presentation

50-year-old man evaluated for chest and abdominal pain

m Radiologic Findings

Coned-down PA chest radiograph (Fig. 16.1) demonstrates enlargement of the azygos arch, a right eparterial
bronchus, and a left hyparterial bronchus. Axial (Figs. 16.2, 16.3) and coronal (Fig. 16.4) contrast-enhanced
chest CT (mediastinal and lung windows) show enlargement of the azygos arch (a) and azygos vein (arrow-
head). Note right eparterial and left hyparterial bronchi consistent with situs solitus (Fig. 16.4).

H Diagnosis

Interruption of the Inferior Vena Cava with Azygos Continuation

m Differential Diagnosis

* Lymphadenopathy
e Situs Ambiguous

Fig. 16.1
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Fig.16.2 Fig.16.3

Fig. 16.4

B Discussion
Background

Interruption of the inferior vena cava (IVC) is a congenital anomaly characterized by absence or hypoplasia of
the hepatic IVC, with blood from the infrarenal and renal IVC draining into the azygos or hemiazygos system
to reach the superior vena cava. Associated conditions include congenital heart disease, left-sided or dupli-
cated IVC, and situs ambiguous (specifically left isomerism).

Etiology

Interruption of the inferior vena cava with azygos (or hemiazygos) continuation results from malformation
of the right subcardinal-phrenic vascular anastomosis with resultant subcardinal (suprarenal) inferior vena
cava atrophy.
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