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Preface

Despite the fact that we concentrate on “fundamen-
tals” in this book (that has always been our goal), the 
fundamentals keep changing and evolving, along with 
advances in CT techniques, our improved understand-
ing of diseases, and changes in medical practice and dis-
ease evaluation. This new edition gives us the chance to 
update important topics and add new material, includ-
ing a number of high-quality, state-of-the-art images.

In the chest section, this includes updates in the 
classification of adenocarcinoma, lung cancer screening 
(using lung reporting and data system; Lung-RADS), 
lung cancer staging, and classification and diagnosis of 
interstitial lung diseases using high-resolution CT.

Additions to the abdominal section include a 
review of the liver imaging reporting and data system 
(Li-RADS) for imaging and reporting small hepatocel-
lular carcinoma, and reviews of the Atlanta classifica-
tion of acute pancreatitis, the revised classification of 
cystic neoplasms of the pancreas, and an improved 
description of CT findings of histologic subtypes of 
renal cell carcinoma.

In the musculoskeletal (MSK) section, an empha-
sis has been placed on the diagnosis of abnormalities, 
often incidental, detected on chest and abdominal CT 
scans obtained for non-MSK indications.

The half-dozen or so years since the third edition 
was published have seen continued advances in helical 
CT techniques. In this edition, we review the various 
spiral/helical CT protocols currently used in clinical 
practice for the diagnosis of chest, abdominal, and 
musculoskeletal abnormalities, including discussions 
of high-resolution CT, lung nodule assessment and 
lung cancer screening, CT pulmonary embolism diag-
nosis, CT enterography, CT enteroclysis, CT colonogra-
phy, and optimizing CT techniques in musculoskeletal 
diagnosis.

New topics, discussions of additonal diseases (too 
numerous to mention here), and new images have 
been added to all chapters, including updated descrip-
tions and illustrations of normal anatomy and inci-
dental findings. Disease classifications, including those 
for pulmonary adenocarcinoma, diffuse lung diseases, 
and pancreatic lesions, have been updated where 
appropriate.

We hope you enjoy and profit from our efforts.

W. Richard Webb
William E. Brant
Nancy M. Major











3CHAPTER 1 Introduction to CT of the Thorax: Chest CT Techniques

Lung windows typically have a window mean of 
approximately -600 to -700 Hounsfield units (HU) and 
a window width of 1000 to 1500 HU. Lung windows 
best demonstrate lung anatomy and disease, contrast-
ing soft-tissue structures with surrounding air-filled 
lung parenchyma.

Mediastinal or soft-tissue windows (window mean 
20–40 HU; window width 450–500 HU) demonstrate 
soft-tissue anatomy in the mediastinum and in other 
areas of the thorax, allowing the differentiation of fat, 
fluid, tissue, calcium, and contrast-opacified vessels. 
This window is also of value in providing information 
about consolidated lung, the hila, pleural disease, and 
structures of the chest wall. Subsequent chapters dis-
cuss more specific uses of these two windows. In the 
assessment of vascular structures (e.g., for pulmonary 
embolism or dissection diagnosis), a wider window 
or higher window mean than that used for a routine 
mediastinal window is often selected by the radi-
ologist to better see detail within the dense contrast 
column.

Bone windows typically have a window mean of 
approximately 300 to 500 HU and a window width 
of 2000 HU. They best demonstrate skeletal struc-
tures or very dense objects. This window is some-
times valuable in looking at densely opacified 
vascular structures.

SPIRAL CHEST CT: PROTOCOLS

In most patients, chest CT is performed with a routine 
protocol. This technique is designed to provide use-
ful information about the lung, mediastinum, hila, 
pleura, and chest wall. It is valuable in the diagnosis of 
a variety of diseases and types of abnormalities. Modi-
fied CT techniques are used in specific clinical settings 
or to look for specific abnormalities (e.g., pulmonary 
embolism, aortic dissection, and diffuse lung disease). 
Subsequent chapters provide detailed reviews of some 
specific protocols.

With current scanners having a large number of 
detector rows (e.g., 128), protocols for evaluation of 
different types of thoracic abnormalities have become 
similar, because scanning with thin slices and with 
excellent contrast opacification can easily be obtained 
during a single breath hold regardless of why the scan 
is being done. A general understanding of the princi-
ples involved in obtaining CT scans for specific indica-
tions is much more important than knowing detailed 
specific protocols because these differ with different 
scanners and manufacturers, and among different 
institutions.

Use of Contrast Agents
Chest CT can be performed with or without the admin-
istration of an intravenous contrast agent, depending 
on the indication for the study. Scans obtained to rule 
out pulmonary metastases or to assess lung disease, 
generally do not require the use of contrast agent. Con-
trast agent should be used in patients with suspected 
hilar, mediastinal, or pleural abnormalities and in 
patients with possible vascular abnormalities. If you 
are unsure of the indication for the scan, the use of a 
contrast agent is generally appropriate.

With MDCT, injection of contrast agent at 3 to 5 mL 
per second, 10 to 30 seconds before scanning begins 
and for the duration of the scan series, provides excel-
lent opacification of vascular structures. For routine 
indications, injection of contrast agent at 3 mL per 
second is generally sufficient. When a vascular abnor-
mality is suspected, injection at 5 mL per second is usu-
ally used. The rate of contrast agent injection and the 
scan delay (the time between the start of contrast agent 
injection and the start of scanning) differ depending on 
the reason for the study.

Scanning is begun when the vessels of interest are 
opacified. For pulmonary embolism diagnosis, the 
pulmonary arteries need to be opacified; this usually 
requires a 10- to 15-second delay, although timing the 
scan to the aorta or left atrium may be beneficial. For 
diagnosis of aortic abnormalities, a delay of usually  
20 to 30 seconds is needed. The delay differs in individ-
ual patients according to a number of factors. Timing 
the scan delay is usually done with a timing bolus or 
software available on the scanner, which shows vascu-
lar opacification during the injection, and begins scan-
ning when contrast agent appears in the target vessel. 
The use of an oral contrast agent for opacification of 
the esophagus and gastrointestinal tract is not neces-
sary unless a specific gastrointestinal (i.e., esophageal) 
abnormality is suspected.

Routine Chest CT
With an MDCT scanner, I routinely scan the chest with 
0.625-mm detectors, with reconstruction of 1.25-mm 
slices at 1.25-mm intervals. This allows the entire tho-
rax to be scanned in 2.5 seconds or less. Depending 
on the indication for the study, a high-resolution algo-
rithm or smooth algorithm may be chosen for image 
reconstruction, and intravenous or oral contrast agents 
may be used (see earlier). Generally speaking, with 
the exception of vascular imaging protocols, a high-
resolution reconstruction algorithm will be chosen for 
reconstruction of most chest CT studies. This routine 
protocol is used for evaluation in most patients not 
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being assessed for a specific vascular abnormality, such 
as pulmonary embolism or possible aortic disease, or 
in patients being evaluated for a diffuse lung disease, 
which would require a high-resolution CT protocol.

Vascular Imaging Protocols
In some patients, chest CT is performed primarily for 
the diagnosis of a vascular abnormality suspected on 
the basis of clinical symptoms or radiographic findings. 
Common thoracic vascular abnormalities assessed with 
CT include pulmonary embolism, aortic dissection or 
aneurysm, and traumatic aortic rupture. Although the 
protocols for each indication differ among institutions 
and with different scanners, some general principles 
apply.

Vascular protocols attempt to optimize the degree 
of contrast enhancement of the vessels of interest and 
image resolution, while keeping the length of breath 
hold and the amount of contrast agent injected at a 
reasonable value. In general, a relatively smooth recon-
struction algorithm is preferred for vascular imaging. 
Reduced image noise with smooth reconstruction 
makes it easier to see small filling defects (i.e., pul-
monary emboli) and subtle differences in contrast 
enhancement.

Pulmonary Embolism

For the diagnosis of pulmonary embolism by MDCT, 
slices 1.25 mm thick at 1.25-mm intervals are sufficient 
for diagnosis, although scanning is usually performed 
with the thinnest detectors available (e.g., 0.625 mm). 
A smooth reconstruction algorithm is generally used. 
Intravenous contrast agent is injected rapidly (e.g., 5 
mL per second). Scanning is begun when the scan-
ner shows the pulmonary arteries or left atrium to 
be opacified. The delay between the start of contrast 
agent injection and scanning differs, but it averages 
about 10 to 15 seconds if pulmonary artery opacifica-
tion is desired and is somewhat longer for opacifica-
tion of the left atrium. In large patients, scan noise 
may make interpretation difficult. In such patients, 
reconstructing slices 2.5 mm thick may reduce noise 
and increase accuracy.

Aortic Disease

Aortic abnormalities assessed by CT include dissection, 
aneurysm, intramural hematoma, penetrating ulcer, 
and traumatic aortic rupture. A scan series through the 
thorax with relatively thick (2.5- or 5-mm) slices often 
precedes contrast agent injection (to look for a high-
attenuation intramural hematoma; see Chapter 3).   
If only the thoracic aorta is being examined, scans 
through the thorax may be obtained with a protocol 

similar to that used for pulmonary embolism diagnosis 
(1.25-mm slices reconstructed at 1.25-mm intervals). 
Intravenous contrast agent is injected rapidly (e.g.,   
5 mL per second), and scanning is begun when the 
scanner shows the left atrium or aorta to be opaci-
fied. The scan delay may range from 15 to 30 seconds, 
depending on the patient. If imaging of the abdomi-
nal aorta is also required (e.g., for aortic dissection), 
scans continue through the abdomen. Quiet breathing 
during the abdominal portion of the scan is usually 
allowed if the patient cannot hold his or her breath for 
the duration of the study.

High-Resolution Lung CT
HRCT is used to diagnose diffuse lung diseases, emphy-
sema, bronchiectasis, and some focal lung lesions 
(e.g., a solitary nodule). HRCT requires thin slices 
(e.g., 0.625–1.25 mm) and image reconstruction with 
a sharp (high-resolution) algorithm, which reduces 
image smoothing and increases spatial resolution. 
Although use of a sharp algorithm also increases image 
noise, this is not usually a problem in the interpreta-
tion of lung images. Injection of contrast agent is not 
necessary for HRCT but may be used on occasion if pul-
monary embolism is also a consideration.

Scans performed with the patient supine and prone, 
and following expiration, are often obtained, at least 
for the patient’s initial examination. Prone scans are 
used to detect subtle posterior lung abnormalities; expi-
ratory scans are used to detect air trapping because of 
airway obstruction.

HRCT can be performed in three different ways:
•  Spaced axial imaging. Thin slices (e.g., 0.625–1.25 

mm) are performed at spaced intervals (e.g., 1–2 
cm) without table movement to optimize spatial 
resolution. Because of the spaced images, the radia-
tion dose is reduced.

•  Volumetric HRCT using the spiral technique, thin de-
tectors, and 1- to 1.25-mm slice thickness reconstruc-
tion. This results in an increased radiation dose and   
slightly decreased resolution, but the entire thorax 
is imaged and two- or three-dimensional recon-
struction and assessment of other abnormalities   
(e.g., pulmonary embolism) is also possible. If de-
sired, the scans can be reconstructed with both a 
high-resolution algorithm (for diagnosis of lung ab-
normalities) and a smooth algorithm (for diagnosis 
of vascular abnormalities).

•  Combined volumetric and axial imaging. In some pa-
tients, volumetric imaging is obtained for supine 
scans, with spaced axial imaging for prone and ex-
piratory images. This optimizes the volume imaged, 
but with a reduced radiation dose.
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Computed tomography (CT) is commonly used in 
patients suspected of having a mediastinal mass or 
vascular abnormality (e.g., an aortic aneurysm). In gen-
eral, CT is performed in two situations.

First, in patients with a mediastinal abnormality 
visible on plain radiographs, CT is almost always the 
preferred imaging procedure. CT is used to confirm the 
presence of a significant lesion, determine its location 
and relationship to vascular or nonvascular structures, 
and characterize the mass as solid, cystic, vascular, 
enhancing, calcified, inhomogeneous, or fatty.

Second, CT is often used in patients in whom there 
is clinical suspicion of mediastinal disease, regardless 
of plain radiograph findings. As an example, patients 
with lung cancer often have mediastinal lymph node 
enlargement (i.e., metastases) visible on CT when chest 
radiographs are normal.

NORMAL MEDIASTINAL ANATOMY

The mediastinum is the compartment situated between 
the lungs, marginated on each side by the mediastinal 
pleura, anteriorly by the sternum and chest wall, and 
posteriorly by the spine and chest wall. It contains the 
heart, great vessels, trachea, esophagus, thymus, con-
siderable fat, and a number of lymph nodes. Many of 
these structures can be reliably identified on CT by their 
location, appearance, and attenuation.

For the purpose of CT interpretation, the mediasti-
num can be thought of as consisting of three almost 
equal divisions along the longitudinal axis of the 
patient, the first beginning at the thoracic inlet and the 
third ending at the diaphragm. In adults, each of these 
divisions is about 7 to 8 cm long and is thus made 
up of about 15 contiguous 5-mm slices. These can be 
remembered as follows:
•  the supra-aortic mediastinum: from the thoracic inlet 

to the top of the aortic arch;
•  the subaortic mediastinum: from the aortic arch to the 

superior aspect of the heart;

•  the paracardiac mediastinum: from the heart to the 
diaphragm.

In each of these compartments, specific structures are 
consistently seen and need to be evaluated in every 
patient. The following description of normal anatomy 
is not comprehensive but is limited to the most impor-
tant mediastinal structures.

Supra-Aortic Mediastinum
When one is evaluating a CT scan of this part of the 
mediastinum, it is a good idea to localize the trachea
before doing anything else (Fig. 2.1A). The trachea 
is easy to recognize because it contains air, is seen in 
cross section, and has a reasonably consistent round 
or oval shape. It is relatively central in the mediasti-
num, from front to back and from right to left, and 
it serves as an excellent reference point. Many other 
mediastinal structures maintain a consistent relation 
to it.

At or near the thoracic inlet, the mediastinum is 
relatively narrow from front to back. The esophagus
lies posterior to the trachea at this level (Fig. 2.1), but 
depending on the position of the trachea relative to the 
spine, the esophagus can be displaced to one side or 
the other, usually to the left. It is usually collapsed and 
appears as a flattened structure of soft-tissue attenua-
tion, but small amounts of air or air and fluid are often 
seen in its lumen.

In the supra-aortic mediastinum, the great arterial 
branches of the aortic arch and the great veins are the 
most recognizable structures. At or near the thoracic 
inlet, the brachiocephalic veins are the most anterior and 
lateral vascular branches visible, lying immediately 
behind the clavicular heads (Fig. 2.1A and B). Although 
they differ in size, their positions are relatively constant. 
The great arterial branches (innominate, left carotid, 
and left subclavian arteries) are posterior to the veins 
and lie adjacent to the anterior and lateral walls of the 
trachea. They can be reliably identified by their relative 
positions, but variations are common.

CHAPTER 2

Mediastinum: Introduction 
and Normal Anatomy
W. RICHARD WEBB
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Below the thoracic inlet, anterior to the arterial 
branches of the aorta, the left brachiocephalic vein 
crosses the mediastinum from left to right (Fig. 2.1C) 
to join the right brachiocephalic vein, thus forming the 
superior vena cava (Fig. 2.1C–E). The left subclavian artery
is most posterior and is situated adjacent to the left 
side of the trachea, at the three or four o’clock position 
relative to the tracheal lumen. The left carotid artery is 
anterior to the left subclavian artery, at the one or two 
o’clock position, and is somewhat variable in position. 
The innominate artery is usually anterior and somewhat 
to the right of the tracheal midline (11 or 12 o’clock 
position), but it is the most variable of all the great ves-
sels and can have a number of different appearances 
in various patients or in the same patient at different 
levels.

Near its origin from the aortic arch, the innominate 
artery is usually oval and is somewhat larger than the 
other aortic branches. As it ascends toward the tho-
racic outlet, it may appear oval or elliptic because of its 
orientation or because of its bifurcation into the right 
subclavian and carotid arteries. This vessel can also be 
quite tortuous and can appear double if both limbs of 
a U-shaped part of the vessel are imaged in the same 
slice. Usually these vessels can be traced from their ori-
gin at the aortic arch to the point where they leave the 
chest, if there is any doubt as to what they represent.

Other than the great vessels, trachea, and esophagus, 
little is usually seen in the supra-aortic mediastinum. A 
few lymph nodes are normally visible. Small vascular 
branches, particularly the internal mammary veins, can be 
seen in this part of the mediastinum. In some patients 
the thyroid gland may extend into this portion of the 
mediastinum, and the right and left thyroid lobes may 
be visible on each side of the trachea. This appearance 
is not abnormal and does not imply thyroid enlarge-
ment. On CT the thyroid can be distinguished from 
other tissues or masses because its attenuation is greater 
than that of soft tissue (because of its iodine content). 
The thymus is sometime visible at this level anterior to 
the large vessels described earlier, within the prevascular 
space (described further later).

Subaortic Mediastinum
The subaortic mediastinum extends inferiorly from 
the top of the aortic arch to the upper portion of the 
heart (Fig. 2.2). Whereas the supra-aortic region largely 
contains arterial and venous branches of the aorta and 
vena cava, this compartment contains many of the 
undivided mediastinal great vessels (the aorta, superior 
vena cava, and pulmonary arteries). This compartment 
also contains most of the important mediastinal lymph 

node groups. A few key levels in this part of the medias-
tinum will be discussed in detail.

Aortic Arch Level

In the upper portion of the subaortic mediastinum, 
the aortic arch is easily seen and has a characteristic but 
somewhat variable appearance (Fig. 2.2A). The aortic 
arch is seen anterior and to the left of the trachea, with 
the posterior arch lying anterior and lateral to the spine. 
Usually the aortic arch is about the same diameter in 
its anterior and mid portions, although the posterior 
arch is typically somewhat smaller. The position of the 
anterior and posterior aspects of the arch can vary in 
the presence of atherosclerosis and aortic tortuosity; in 
patients with a tortuous aorta, the anterior arch is dis-
placed to the right, whereas the posterior aortic arch is 
displaced laterally and posteriorly, to a position to the 
left of the spine.

At this level the superior vena cava is visible ante-
rior and to the right of the trachea and is usually oval 
(Fig. 2.2A–C). The esophagus appears the same as at 
higher levels and is variable in position. It is posterior 
to the trachea and often lies to the left of the tracheal 
midline.

A somewhat triangular region, with the apex of the 
triangle directed anteriorly, marginated by the aortic 
arch on the left, the superior vena cava and medias-
tinal pleura on the right, and the trachea posteriorly, 
represents the pretracheal or anterior paratracheal space   
(Fig. 2.2A and C). This fat-filled space is important 
because it contains middle mediastinal lymph nodes in 
the paratracheal chain, which are commonly involved 
in various lymph node diseases. Whenever the medias-
tinum is being viewed for diagnosis of lymphadenopa-
thy, you should look here first. Other mediastinal node   
groups are closely related pretracheal nodes, both spa-
tially and in regard to lymphatic drainage. It is not uncom-
mon to see a few normal-sized lymph nodes (short-axis 
or least diameter less than 1 cm) in the pretracheal space 
(see the review of mediastinal lymphadenopathy in   
Chapter 4 for a detailed discussion of this topic).

Anterior to the great vessels (aorta and superior 
vena cava) is another roughly triangular space called 
the prevascular space (Fig. 2.2A–C). This compartment 
constitutes part of the anterior mediastinum and pri-
marily contains the thymus, lymph nodes, and fat. 
The apex of this triangular space represents the ante-
rior junction line, which is sometimes visible on chest 
radiographs.

In young patients (generally up to 30 years of age),   
CT shows the thymus to be of soft-tissue attenuation 
and bilobed or arrowhead shaped, with each of the 
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(the latter two are usually invisible, although a calcified 
ligamentum is sometimes seen; Fig. 2.2D and E). Aorto-
pulmonary window lymph nodes freely communicate with 
those in the pretracheal space, and it may be difficult to 
distinguish nodes in the medial aortopulmonary win-
dow from those in the left part of the pretracheal space. 
In some patients the aortopulmonary window is not 
clearly visible, with the main pulmonary artery lying 
immediately below the aortic arch. In such patients it 
is difficult to distinguish lymph nodes from volume 
averaging of the adjacent aorta and pulmonary artery, 
unless thin slices are obtained.

Main Pulmonary Arteries, Subcarinal Space, 

and Azygoesophageal Recess Level

At or slightly below the aortopulmonary window, at 
the level the ascending aorta is first seen in cross section 
(i.e., it is round or nearly round), a portion of the peri-
cardium, usually containing a small amount of pericar-
dial fluid, extends up from below into the pretracheal 
space, lying immediately behind the ascending aorta. 
This is termed the superior pericardial recess (Fig. 2.2F 
and G). Although it can sometimes be confused with a 
lymph node, its typical location, immediately behind 
and hugging the aortic wall, its oval or crescentic shape, 
and its relatively low (water) attenuation allow it to be 
distinguished from a significant abnormality. Another 
part of the pericardial recess can sometimes be seen 
anterior to the ascending aorta and pulmonary artery 
(Fig. 2.2F and G).

At or near this level the trachea bifurcates into the 
right and left main bronchi. The carina itself is usually 
visible on CT (Fig. 2.2F).

Below the level of the carina and azygos arch   
(Fig. 2.2F–I), the medial aspect of the right lung tucks 
into the posterior portion of the middle mediastinum, 
adjacent to the azygos vein and esophagus. This part of 
the mediastinum, reasonably termed the azygoesopha-
geal recess, is important because of its close relationship 
to the esophagus, the main bronchi, and the subcarinal 
space containing lymph nodes. The azygoesophageal 
recess appears concave laterally in most normal indi-
viduals. A convexity in this region may be attributed 
to the esophagus, azygos vein, enlarged lymph nodes, 
or a mass.

In many people, the azygoesophageal recess is 
somewhat posterior to the node-bearing subcarinal 
space, which lies between the main bronchi. Normal 
nodes are commonly visible in this space, because 
they are larger than normal nodes in other parts of the 
mediastinum and up to 1.5 cm in short-axis diameter. 
The esophagus is usually seen immediately behind the 
subcarinal space, and distinguishing nodes and the 

esophagus may be difficult unless the esophagus con-
tains air or contrast material, or its course can be traced 
on adjacent slices. At levels below the subcarinal space, 
the appearance of the azygoesophageal recess is rela-
tively constant, although it narrows in the retrocardiac 
region.

Also at or near this level the main pulmonary artery
divides into its right and left branches. The left pulmo-
nary artery (Fig. 2.2F–I) is somewhat higher than the 
right, usually seen 1 cm above it, and appears to be the 
continuation of the main pulmonary artery, directed 
posterolaterally and to the left. The right pulmonary 
artery arises at an angle of nearly 90 degrees to the main 
and left pulmonary arteries and crosses the mediasti-
num, anterior to the carina or the main bronchi. In this 
location the right pulmonary artery effectively fills in 
the pretracheal space. At the point the main bronchi 
and pulmonary arteries exit the mediastinum, the pul-
monary hila are visible (see Chapter 5).

Paracardiac Mediastinum
On progression caudally through the mediastinum, 
the origins of the great vessels from the cardiac cham-
bers can be seen to a variable degree. Although CT is 
not commonly used to diagnose cardiac abnormalities 
(echocardiography or magnetic resonance imaging is 
usually preferred), a simple understanding of cardiac 
anatomy on CT can be helpful in diagnosis, and its use 
is increasing with gated multidetector techniques.

The main pulmonary artery or pulmonary outflow 
tract is most anterior and is continuous with the right 
ventricle, which can be seen at lower levels as anterior 
and to the right of the ascending aorta or left ventricle 
(Fig. 2-3A–C). The superior vena cava joins the right 
atrium, which is elliptic or crescentic. The right atrial 
appendage extends anteriorly from the upper atrium, 
bordering the right mediastinal pleura.

Between the right atrium and the main pulmonary 
artery or pulmonary outflow tract, the aortic root enters 
the left ventricle. At this level it is common in adults 
to see some coronary artery calcification (Fig. 2.3A–C), 
and often, uncalcified coronary arteries (left main coro-
nary artery, left anterior descending coronary artery, cir-
cumflex coronary artery, and right coronary artery) are 
visible surrounded by mediastinal fat. Coronary artery 
anatomy is discussed further in Chapter 3.

The left atrium is posteriorly located, usually appear-
ing larger than the right. The left atrial appendage
extends anteriorly and to the left and is visible below 
the left pulmonary artery, bordering the pleura. On 
each side the superior and inferior pulmonary veins can be 
seen entering the left atrium (Fig. 2.3A–E; see Chapter 5
for further discussion).
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