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Preface

The International Diagnostic Course in Davos (IDKD) offers a unique learning
experience for imaging specialists in training as well as for experienced radiolo-
gists and clinicians wishing to be updated on the current state of the art and the
latest developments in the fields of imaging and image-guided interventions. 

This annual course is focused on organ systems and diseases rather than on
modalities. This year’s program deals with diseases of the heart, chest and breast.
During the course, the topics are discussed in group seminars and in plenary ses-
sions with lectures by world-renowned experts and teachers. While the seminars
present state-of-the-art summaries, the lectures are oriented towards future devel-
opments.

Accordingly, this Syllabus represents a condensed version of the contents pre-
sented under the 20 topics dealing with imaging and interventional therapies in
heart, chest and breast diseases. The topics encompass all the relevant imaging
modalities including conventional X-rays, computed tomography, nuclear medi-
cine with PET, ultrasound and magnetic resonance imaging, as well as image-
guided interventional techniques.

The Syllabus is designed to be an ‘aide-mémoire’ for the course participants so
that they can fully concentrate on the lectures and participate in the discussions
without the need of taking notes.

Additional information can be found on the IDKD website: www.idkd.org

J. Hodler00ii00
G.K. von Schulthess

Ch.L. Zollikofer00
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Introduction

Thoracic imaging has an important role in the evaluation
of patients with lung cancer: it is used in the detection,
diagnosis, and staging of the disease as well as in assess-
ing the response to therapy and monitoring for tumor re-
currence after treatment. This article reviews the diagno-
sis and staging of non-small-cell lung cancer (NSCLC),
emphasizing the appropriate use of computer tomography
(CT), magnetic resonance (MR), and positron emission
tomography (PET) imaging in patient management.

Manifestations of Lung Cancer

Radiologic manifestations of primary lung cancer can be
divided into five major patterns: pulmonary nodule or
mass, multiple pulmonary nodules, obstructive phenom-
ena, parenchymal opacification, and lymphadenopathy.

A solitary pulmonary nodule (SPN) is defined as a sin-
gle intraparenchymal lesion <3 cm in diameter that is not
associated with atelectasis or lymphadenopathy. Lung le-
sions >3 cm are termed lung masses and, accordingly, are
associated with a higher probability of being malignant.
A superior sulcus or Pancoast tumor is a lung cancer that
occurs at the lung apex and may involve the upper ribs,
lower roots (C8-T2) of the brachial plexus, subclavian
vessels, stellate ganglion, or vertebral bodies. On chest
radiography, ipsilateral pleural thickening >5 mm in
thickness or asymmetrical pleural thickening of >5 mm
difference should raise concern for a Pancoast tumor. On
CT, an apical mass with varying degrees of extension in-
to adjacent structures can be identified (Fig. 1).

The presence of more than a single focus of cancer in
the lungs is classified as satellite nodules, multiple pri-
mary lung cancers, or hematogenously spread pulmonary
metastases. A satellite nodule is defined as an additional
focus of lung cancer of the same histologic type and lo-
cated within the same lobe as that of the primary tumor
(Fig. 2). Synchronous tumors are found in approximately
1% of patients diagnosed with lung cancer. Two separate
primary lung cancers can be readily recognized if each is
of a different histology or has different molecular genet-
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2 Department of Radiology, Stanford University Medical Center, Stanford, CA, USA

Fig. 1. Pancoast tumor in a 55-year-old woman. Coronal reformat-
ted CT image shows right apical soft tissue mass without associat-
ed bony destruction. Histology was indicative of adenocarcinoma

Fig. 2. Adenocarcinoma with satellite nodule in a 70-year-old
smoker. Coronal reformatted CT image shows two nodules in the
right upper lobe associated with diffuse centrilobular emphysema
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ic markers. With two tumors of the same histologic type,
synchronous primaries are differentiated from hematoge-
nous pulmonary metastases by the absence of concomi-
tant mediastinal and systemic spread [1].

Obstructive phenomena result, by definition, from nar-
rowing of an airway by an endobronchial lesion or ex-
trinsic compression. Atelectasis and pneumonitis are the
two most common processes that develop distal to an ob-
structive bronchogenic carcinoma. On CT, differentiation
between the primary tumor and the adjacent post-ob-
structive changes is often difficult; PET/CT is currently
the study of choice in delineating tumor extent for pur-
poses of treatment planning (Fig. 3) [2].

Parenchymal opacification ranging from ground-
glass attenuation to consolidation is a CT pattern of
lung cancer that is uniquely attributable to adenocarci-

4

nomas (Fig. 4); bronchioloalveolar carcinoma is by far
the most common subtype. The extent of involvement
may range from focal to diffuse; centrilobular nodules,
indicative of aerogenous spread, are common associated
findings. Hilar and mediastinal lymphadenopathy are
frequently found in lung cancer patients and indicate
lymphatic spread of the disease. Sometimes, the prima-
ry tumor is occult, with enlargement of hilar or medi-
astinal nodes as the only radiologic abnormality; this
pattern of disease is most frequently associated with
small-cell lung cancer.

Evaluation of the Solitary Pulmonary Nodule

Although the differential diagnosis of a SPN is broad,
malignancy will account for 15-75% of lesions inciden-
tally discovered on radiographs, depending on the popu-
lation studied [3]. The essential first step in any SPN
workup consists of comparison of the radiograph with a
prior radiograph or CT study in order to evaluate tempo-
ral evolution. Stability of size over a 2-year period is
highly associated with a benign etiology; rarely, nodules
that demonstrate 2-year stability slowly grow and ulti-
mately prove to be indolent neoplasms. In the absence of
prior studies or with documented radiologic change, CT
evaluation should be performed to better characterize the
SPN, confirm its solitary nature, and to search for asso-
ciated findings.

On CT, detection of the presence of calcification in a
benign pattern allows a relatively confident diagnosis of
a benign SPN in a patient without prior history of malig-
nancy. The four characteristic patterns of benign calcifi-
cation are central (involving >10% of the cross-sectional

J.J. Erasmus, A.N. Leung

Fig. 3a, b. Obstructive atelectasis in a 77-year-old man with NSCLC.
a CT image shows atelectasis of right lower lobe with posterior and
medial displacement of major fissure. b Corresponding fused
PET/CT image shows hypermetabolic activity involving entirety of
atelectatic lung consistent with proximal tumor

a

b

Fig. 4. Adenocarcinoma in a 56-year-old man. Coronal reformatted
CT image shows multilobar ground-glass opacities most exten-
sively involving the right lower lobe
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area of the nodule), diffuse, laminated, and popcorn; the
first three are usually indicative of prior granulomatous
disease whereas popcorn calcification represents chon-
droid calcification in a pulmonary hamartoma. Detection
of the presence of fat in a SPN is indicative of a hamar-
toma (Fig. 5) or exogenous lipoid pneumonia.

The margin characteristics of a nodule are helpful in
estimating the probability of malignancy. A spiculated
appearance consisting of fine linear strands radiating out-
wards (corona radiata sign) is associated with malignan-
cy in 88-94% of patients [4]. Lobulated or scalloped bor-
ders are associated with an intermediate probability of
malignancy, whereas a smooth border is more suggestive
of benign disease. However, a recent study [5] reported
that the margin characteristics of malignant and benign
nodules associated with emphysema show considerably
more overlap on CT than do nodules in nonemphysema-
tous lungs.

The presence of an air bronchogram or ground-glass
opacity within a SPN is suggestive of malignant disease
[6, 7]. When seen in cross-section, an air bronchogram
manifests as a focal air collection within a SPN, an ap-
pearance that has been termed ‘pseudocavitation.’ In two
studies of 93 and 132 patients with SPNs, air bron-
chograms were identified in 25-29% of malignant nod-
ules as compared to 6-9% of benign lesions [6, 8].
Although it can be seen in all histologic types of lung
cancer, the air bronchogram sign is most commonly as-
sociated with bronchioloalveolar carcinomas and adeno-
carcinomas (Fig. 6) [6, 8]. Based upon data derived from
a population screened for lung cancer, nodules that are
partly solid (mixed solid and ground-glass components;
Fig. 7) or that are nonsolid (pure ground-glass in attenu-
ation) in nature are more likely to be malignant than are
homogenously solid nodules [7]. The most commonly as-
sociated histologies in that study were, again, bronchi-

oloalveolar carcinoma and adenocarcinoma with bron-
chioloalveolar features [7].

Due to the neovascularity associated with malignan-
cies, malignant nodules typically demonstrate more in-
tense enhancement than benign nodules. Swensen and
colleagues [9] reported the results of a multicenter trial
that prospectively evaluated 356 indeterminate SPNs and
tried to distinguish between malignant and benign etiolo-
gies on the basis of nodule enhancement. Using a thresh-
old of 15 Hounsfield units (HU), contrast-enhanced CT
had a sensitivity of 98%, a specificity of 58%, and an ac-
curacy of 77% for malignancy. False-positives were at-

Current Concepts in Diagnosis and Staging of Lung Cancer 5

Fig. 5. Hamartoma in
a 90-year-old man.
In the left lower lobe,
a smoothly marginat-
ed nodule is present
that shows areas of
fat attenuation

Fig. 6. Adenocarcino-
ma in a 65-year-old
woman. CT image
shows an irregularly
marginated nodule in
the right upper lobe
with intralesional air
bronchograms

Fig. 7. Adenocarcinoma
in a 52-year-old woman.
CT image shows a
sharply marginated nod-
ule in the right lower
lobe that has both solid
and ground-glass com-
ponents. Bronchiectasis
is present in the right
middle lobe
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tributed to active infectious granulomatous diseases that
manifested similarly intense enhancement. Since only
four (2%) of 171 malignant nodules failed to enhance
more than 15 HU, the study concluded that the absence
of significant lung nodule enhancement at CT is strong-
ly predictive of benignity.

Unlike CT, which primarily uses altered anatomy to
detect the presence of disease, PET relies on differences
in metabolism between normal and abnormal cells. 18-
fluorodeoxyglucose (FDG) is the most commonly used
radiotracer for PET imaging of lung cancers. Higher rates
of FDG uptake and phosphorylation in malignant cells
result in the intracellular accumulation of radiotracer,
which serves as the basis for tumor detection. In a recent
meta-analysis of 40 studies, Gould and colleagues [10]
estimated the sensitivity and specificity of PET for ma-
lignant pulmonary lesions to be 97 and 78%, respective-
ly. Currently, with a spatial resolution of 7 mm, PET can-
not reliably assess nodules <1 cm in size; other reported
false-negatives include indolent cancers, such as bronchi-
oloalveolar carcinoma and carcinoid tumor. A wide vari-
ety of false-positives have been reported and include in-
fectious and inflammatory diseases such as mycobacteri-
al (Fig. 8) and fungal infections, sarcoidosis, Wegener’s
granulomatosis, and rheumatoid nodule.

6

Management of the SPN

In any individual presenting with a SPN, the most effec-
tive and cost-effective management strategy will depend
upon the pre-test probability of malignancy [11]. CT is
well-accepted as the initial test of choice (after compar-
ison with archival studies) in nearly all circumstances as
it has high specificity for some benign conditions and its
results are integral to estimating the likelihood of malig-
nancy. In patients with a low probability of malignancy,
serial CT scans should be obtained to document 2-year
stability; nonsolid (ground glass) or partly solid nodules
may require a longer follow-up to exclude indolent ade-
nocarcinomas. A moderate probability of malignancy
warrants further investigation; the specific test chosen
will ultimately depend upon the size and location of the
nodule, comorbid conditions such as emphysema, local
availability of certain procedures, and both physician
and patient preferences. Surgery is the most cost-effec-
tive option in managing patients with a high pretest like-
lihood of malignancy [11]. Guidelines for management
of indeterminate small pulmonary nodules (≤8 mm) in-
cidentally detected on nonscreening CT scans in persons
35 years of age or older were published in a consensus
statement by the Fleischner Society in 2005 [12]. In
these guidelines, the specific management course is de-
termined by two variables, size of nodule (calculated as
the average of length and width) and patient’s relative
risk of malignancy (determined by smoking history or
other known risk factors).

Staging of Lung Cancer

Staging is typically done according to the recommenda-
tions of the International Staging System for Lung
Cancer. It describes the anatomic extent of disease in a
traditional TMN system that enables a standardized de-
scription of NSCLC in terms of the primary tumor (T),
lymph nodes (N) and distant metastases (M). The
International Staging System for Lung Cancer then com-
bines the TNM subsets to create either clinical (c-) or sur-
gical-pathological (p-) stages, which have similar treat-
ment options and prognosis. Radiologic imaging is usu-
ally used to determine the clinical stage of disease and is
directed at detecting non-resectable disease (T4 or N3 or
M1). The differentiation of T1-3 from T4 lung cancer and
the detection of contralateral nodal (N3) and or extratho-
racic (M1) metastases are important, as these typically
preclude surgical resection or require additional chemo or
radiotherapy.

Primary Tumor

The primary tumor is described according to its size, lo-
cation, and extent of local invasion (Table 1). CT is more
accurate than chest radiographs in assessing these para-

J.J. Erasmus, A.N. Leung

Fig. 8a, b. False-positive PET study in a 68-year-old woman with
nontuberculous mycobacterial infection. a CT image shows nodule
in right middle lobe. b Fused PET/CT image shows that the nod-
ule is intensely hypermetabolic. Correct diagnosis was obtained
following surgical resection

a

b
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meters and is typically used to evaluate patients after ini-
tial diagnosis. CT and MR imaging are both useful in con-
firming gross chest-wall or mediastinal invasion but are
inaccurate in differentiating between anatomic contiguity
and subtle invasion. MR imaging can be a useful adjunct
to CT in showing the extent of great-vessel, pericardial, or
cardiac involvement, particularly if there is a contraindi-
cation to the intravenous administration of iodinated con-
trast. Additionally, because of its superior soft-tissue con-
trast resolution and multiplanar ability, MR imaging is
recommended in the evaluation of patients with tumors of
the superior sulcus. More recently, there has been increas-
ing use of whole-body PET imaging with [18F]-fluoro-2-
deoxy-d-glucose positron emission tomography (FDG-
PET) in NSCLC staging [13-15]. However, the relatively
poor spatial resolution of PET imaging limits its utility in
the evaluation of primary tumors.

It is important to realize that, although the International
Staging System designates primary tumors associated
with satellite nodules in the same lobe as T4 or non-

resectable disease, it has been suggested that this designa-
tion may imply a worse prognosis than is warranted.
Consequently, some clinicians have advocated that pa-
tients with satellite nodules undergo definitive resection if
there are no other contraindications to surgery [16, 17]. In
contrast, pleural metastases with or without a malignant
pleural effusion, present in up to 33% of patients at diag-
nosis, are non-resectable [18].

Regional Lymph Nodes

The presence of nodal metastases and their location are im-
portant in determining management and prognosis in pa-
tients with NSCLC [13, 19]. To enable a consistent and
standardized description of nodal metastases, nodal sta-
tions are defined in relation to anatomic structures or
boundaries that can be identified before and during thora-
cotomy (Table 2) [13, 19]. Unfortunately, there are at least
three different lymph-node maps used worldwide, includ-
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Table 1. TNM descriptors (from [13])

Primary tumor (T) Comment

TX Primary tumor cannot be assessed, or tumor proven by the presence of malignant cells in sputum or
bronchial washings but not visualized by imaging or bronchoscopy

T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor ≤3 cm in greatest dimension, surrounded by lung or visceral pleura, without bronchoscopic 

evidence of invasion more proximal than the lobar bronchusa (i.e., in the main bronchus)
T2 Tumor with any of the following features of size or extent:

>3 cm in greatest dimension
Involves main bronchus, >2 cm distal to the carina
Invades the visceral pleura
Associated with atelectasis or obstructive pneumonitis that extends to the hilar region but does not 
involve the entire lung

T3 Tumor of any size that directly invades any of the following: chest wall (including superior sulcus 
tumors), diaphragm, mediastinal pleura, parietal pericardium; or tumor in the main bronchus <2 cm
distal to the carina, but without involvement of the carina; or associated atelectasis or obstructive
pneumonitis of the entire lung

T4 Tumor of any size that invades any of the following: mediastinum, heart, great vessels, trachea,
esophagus, vertebral body, carina; or tumor with a malignant pleural or pericardial effusion,b or with
satellite tumor nodule(s) within the ipsilateral primary-tumor lobe of the lung

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis to ipsilateral peribronchial and/or ipsilateral hilar lymph nodes, and intrapulmonary nodes

involved by direct extension of the primary tumor
N2 Metastasis to ipsilateral mediastinal and/or subcarinal lymph node(s)
N3 Metastasis to contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or 

supraclavicular lymph node(s)

Distant metastasis (M)
MX Presence of distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis presentc

a The uncommon superficial tumor of any size with its invasive component limited to the bronchial wall, which may extend proximal to
the main bronchus, is also classified T1
b Most pleural effusions associated with lung cancer are due to tumor. However, there are a few patients in whom multiple cytopathologic
examinations of pleural fluid show no tumor. In these cases, the fluid is non-bloody and is not an exudate. When these elements and clini-
cal judgment dictate that the effusion is not related to the tumor, the effusion should be excluded as a staging element and the patient’s
disease should be staged T1, T2, or T3. Pericardial effusion is classified according to the same rules
c Separate metastatic tumor nodule(s) in the ipsilateral nonprimary-tumor lobe(s) of the lung also are classified M1
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ing that proposed by Naruke and colleagues [13, 19, 20].
Size is the only criterion used to diagnose nodal metas-
tases, with nodes having a short-axis diameter >10 mm
considered abnormal. Chest radiographs are not sensitive
or specific in evaluating nodal metastases. CT and MRI are
better in this regard; but, because enlarged nodes can be
hyperplastic and small nodes can contain metastases, the
accuracy of CT and MR imaging in the detection of metas-
tases to hilar and mediastinal nodes is not optimal [21].
FDG-PET imaging can be used to improve the detection of
nodal metastases [22, 23]. In a meta-analysis comparing
PET and CT in nodal staging, the sensitivity, specificity,
positive predictive value, negative predictive value, and ac-
curacy of PET were 79, 91, 90, 93, and 92% compared to
60, 77, 50, 85, and 75% for CT, respectively [22]. More re-

8

cently, improved sensitivity (89%), specificity (94%), and
accuracy (93%) of regional lymph-node staging has been
reported using integrated CT-PET scanners that allow the
acquisition of co-registered, spatially matched functional
and morphologic data [24]. Current recommendations for
FDG-PET imaging are that it should be used in patients
with no CT findings of nodal metastatic disease in order to
corroborate the CT findings when there are no distant
metastasis (M0) or to redirect nodal sampling by identify-
ing an otherwise undetected site of metastasis.

Metastatic Disease

Distant metastases (M1) occur in 11-36% of patients with
NSCLC [25]. Although such patients commonly have

J.J. Erasmus, A.N. Leung

Table 2. Regional lymph node stations for lung cancer staging (from [13])

Nodal station Anatomic landmarks

TN2 nodes - All N2 nodes lie 
within the mediastinal 
pleural envelope

1 Highest mediastinal nodes Nodes lying above a horizontal line at the upper rim of the brachiocephalic (left innominate) vein
where it ascends to the left, crossing in front of the trachea at its midline

2 Upper paratracheal nodes Nodes lying above a horizontal line drawn tangential to the upper margin of the aortic arch and below
the inferior boundary of no. 1 nodes

3 Prevascular and Prevascular and retrotracheal nodes may be designated 3A and 3P; midline nodes are considered to be
retrotracheal nodes ipsilateral

4 Lower paratracheal nodes The lower paratracheal nodes on the right lie to the right of the midline of the trachea between a 
horizontal line drawn tangential to the upper margin of the aortic arch and a line extending across the
left main bronchus at the level of the upper margin of the left upper lobe bronchus, medial to the 
ligamentum arteriosum and contained within the mediastinal pleural envelope; the lower paratracheal
nodes on the left lie to the left of the midline of the trachea between a horizontal line drawn tangential
to the upper margin of the aortic arch and a line.
Researchers may wish to designate the lower paratracheal nodes as no. 4s (superior) and no. 4i 
(inferior) subsets for study purposes; the no. 4s nodes may be defined by a horizontal line extending
across the trachea and drawn tangential to the cephalic border of the azygos vein; the no. 4i nodes may
be defined by the lower boundary of the no. 4s and the lower boundary of no. 4, as described above

5 Subaortic Subaortic nodes are lateral to the ligamentum arteriosum or the aorta or left pulmonary artery and 
(aortopulmonary window) proximal to the first branch of the left pulmonary artery and proximal to the first branch of the left

pulmonary artery and lie within the mediastinal pleural envelope

6 Para-aortic nodes Nodes lying anterior and lateral to the ascending aorta and the aortic arch or the innominate artery, 
(ascending aorta or phrenic) beneath a line tangential to the upper margin of the aortic arch

7 Subcarinal nodes Nodes lying caudal to the carina of the trachea, but not associated with the lower lobe bronchi or ar-
teries with the lung

8 Paraesophageal nodes Nodes lying adjacent to the wall of the esophagus and to the right or left of the midline, excluding 
(below carina) subcarinal nodes

9 Pulmonary ligament nodes Nodes lying within the pulmonary ligament, including those in the posterior wall and lower part of
the inferior pulmonary vein

N1 nodes - All N1 nodes lie 
distal to the mediastinal pleural 
reflection and within the 
visceral pleura

10 Hilar nodes The proximal lobar nodes, distal to the mediastinal pleural reflection and the nodes adjacent to the
bronchus intermedius on the right; radiographically, the hilar shadow may be created by enlargement
of both hilar and interlobar nodes

11 Interlobar nodes Nodes lying between the lobar bronchi

12 Lobar nodes Nodes adjacent to the distal lobar bronchi

13 Segmental nodes Nodes adjacent to the segmental bronchi

14 Subsegmental nodes Nodes around the subsegmental bronchi
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metastases to the adrenal glands, kidneys, liver, brain,
bones, and lymph nodes at presentation, the role of imag-
ing in the detection of these metastases is not clearly de-
fined. Usually, CT of the chest that includes the adrenal
glands is performed to detect metastases. Imaging aimed
at detecting occult metastases to other organs, such as the
brain and bones, is more variable and is discussed below.
Generally, CT is the primary modality used to diagnosis
and characterize intra-abdominal lesions, and a confident
diagnosis of benignity or malignancy is frequently possi-
ble. For instance, if an adrenal mass contains fat or has an
attenuation value of less than 10 HU on a noncontrast CT
scan, the mass can be considered benign without the need
for MR imaging or biopsy [26, 27]. Routine CT or MR
imaging of the central nervous system has also been ad-
vocated because up to 18% of patients with NSCLC have
brain metastases at presentation. However, these metas-
tases are usually associated with neurologic signs and
symptoms; thus, if the patient is asymptomatic, imaging
of the brain is frequently omitted [28]. Similarly, imaging
rarely reveals occult skeletal metastases and therefore
bone radiographs, technetium 99mTc (technetium)-labeled
methylene diphosphonate bone scintigraphy, and MR
imaging are usually only done if the patient has focal bone
pain or an elevated alkaline phosphatase level [28].

Due to the fact that staging of NSCLC performed on
the basis of symptoms, laboratory findings, and conven-
tional radiologic imaging can be inaccurate, whole-body
imaging with FDG-PET is being used to improve the ac-
curacy of staging. FDG-PET has a higher sensitivity and
specificity than CT in detecting metastases to the adren-
al glands, bones, and extrathoracic lymph nodes. Whole-
body PET imaging stages intra- and extrathoracic disease
in a single study and is useful in the detection of occult
extrathoracic metastases [15, 16]. It is important to note
that the incidence of detection of occult metastases has
been reported to increase as the staging T and N descrip-
tors increase, i.e., 7.5% in early stage disease to 24% in
advanced disease [29]. Two recent studies of patients with
NSCLC considered resectable by standard conventional
imaging showed that PET imaging prevented nonthera-
peutic surgery in one in five patients [15, 16]. However,
a randomized controlled trial of the role of PET in early-
stage lung cancer (more than 90% of patients with T1-
2N0) showed that distant metastases were rarely detected
(<2.5%), although PET improved the accuracy of staging
and led to more age-specific therapy [30].
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Introduction

The possible diagnoses of a solitary pulmonary nodule
are numerous (Table 1), but over 95% fall into one of
three groups:
1. Malignant neoplasm, either primary or metastatic
2. Infectious granulomas, either tuberculous or fungal
3. Benign tumors, notably hamartomas.

In patients old enough to have lung cancer but with no
known extrathoracic primary tumor or other clinical indi-
cation to point to a specific diagnosis, the evaluation usu-
ally centers on deciding whether or not the patient has a
primary malignant neoplasm of the lung, notably bronchial
carcinoma. A solitary nodule >10 mm in diameter is suffi-
ciently likely to be a primary lung cancer that a definitive
diagnosis is required without undue delay. For practical
purposes, the only lung cancers that can be recognized on
plain chest radiographs as discrete solitary pulmonary nod-
ules (SPNs) are ≥10 mm in diameter. Thus, the diagnostic
work-up for SPNs recognized on plain films is different
that that of nodules <10 mm, which are found only on CT.
(The approach to these smaller nodules is discussed by Dr.
Claudia Henschke elsewhere in this volume.)

Morphologic features such as size, shape, and cavita-
tion, which can be diagnostically helpful, are discussed
later, but it is important to realize that no radiologic fea-
tures are entirely specific for lung carcinoma or any oth-
er primary malignant tumors. There are, however, four
observations that exclude the diagnosis with reasonable
certainty: (1) the detection of a benign pattern of calcifi-
cation; (2) a rate of growth that is either too slow or too
fast for the nodule to be primary lung cancer; (3) a spe-
cific shape indicating a benign process, and (4) unequiv-
ocal evidence on previous examinations that the nodule is
the end stage of a previous benign process, such as in-
farction or granulomatous infection.

Calcification and Fat Density

Various types of calcification may be identified within an
SPN: concentric (laminated), popcorn, punctate, cloud-
like, and uniform (homogeneous).

IDKD 2007

Computed Tomography of Solitary Pulmonary Nodules
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Table 1. Differential diagnosis of a solitary pulmonary nodule/mass.
From Armstrong (2005)

Neoplastic
Bronchial carcinomaa

Metastasisa

Pulmonary lymphomaa

Pulmonary carcinoida

Atypical adenomatous hyperplasia
Hamartoma
Connective tissue and neural tumors, e.g., lipoma, fibroma,

chondroma, neurofibroma, blastoma,a sarcoma

Inflammatory
Infective

Granuloma,a e.g., tuberculosis, histoplasmosis, cryptococco-
sis, blastomycosis, coccidioidomycosis, nocardiosis

Round pneumonia, acute or chronica

Lung abscessa

Septic embolia
Hydatid cysta
Dirofilariasis

Noninfective
Rheumatoid arthritisa

Wegener’s granulomatosisa

Lymphomatoid granulomatosisa

Sarcoidosisa

Necrotizing sarcoidosisa

Lipoid pneumonia
Behçet’s diseasea

Congenital
Arteriovenous malformation
Sequestrationa

Lung cysta
Bronchial atresia with mucoid impaction

Mimics of SPN
External object, e.g., nipple, skin nodule
Bone island in a rib
Healing rib fracture
Pleural plaque
Loculated pleural fluid
First chondro-costal junction

Miscellaneous
Organizing pneumonia
Pulmonary infarcta
Round atelectasis
Intrapulmonary lymph node
Progressive massive fibrosisa

Mucoid impactiona

Hematomaa

Amyloidosisa

Pulmonary artery aneurysm or venous varix

a May cavitate
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Concentric (laminated) calcification is virtually specif-
ic to tuberculous or fungal granulomas. Popcorn calci-
fications are randomly distributed, often overlapping
small rings of calcification that are seen only when
there is cartilage in the nodule, a feature specific to
hamartoma and cartilage tumors. Punctate calcification
occurs in a variety of benign and malignant lesions:
granuloma, hamartoma, amyloidoma, carcinoid, and
metastases, particularly osteosarcoma. Punctate calcifi-
cation is rare in bronchial carcinoma unless the tumor
engulfs a preexisting calcified granuloma (Fig. 1a, b), in
which case the calcification is rarely randomly distrib-
uted or at the center of the nodule. The presence of one
or more punctate calcifications arranged in an eccentric
group and of widespread cloud-like calcification of a
nodule substantially reduces the probability of bronchial

12

carcinoma, but they do not exclude the diagnosis en-
tirely. Uniform calcification of an SPN is virtually di-
agnostic of a calcified granuloma and excludes the di-
agnosis of bronchial carcinoma.

Unequivocal demonstration of fat within a solitary
pulmonary nodule is almost completely specific for
hamartoma (Fig. 2). Lipoid pneumonia and metastatic li-
posarcoma are very rare alternatives. Care must be taken
not to include adjacent aerated lung in the CT section, be-
cause the density reading may then be a mixture of air
and cancer and lie within the fat range.

Rate of Growth

Bronchial carcinomas usually take between l and 18
months to double in volume, the average time being 4-8
months, depending on cell type. A few take as long as 24
months or, very occasionally, even longer, and a few dou-
ble their volume in under a month. Therefore, doubling
times faster than l month or slower than 18 months make
bronchial carcinoma unlikely but do not exclude the di-
agnosis completely. (An increase in diameter of 26% cor-
responds to a doubling of volume.)

Volume doubling times faster than l month suggest in-
fection, infarction, aggressive lymphoma, or a fast-grow-
ing metastasis from tumors such as germ-cell tumor and
certain sarcomas. Doubling times slower than 18 months
suggest processes such as granuloma, hamartoma,
bronchial carcinoid, and round atelectasis. A practical
guideline in common use is that if a nodule becomes
smaller or has remained the same size over a period of 2
years, it is so likely to be benign that follow-up is a rea-
sonable course of action.

P. Armstrong

a

b

Fig. 1a, b. Benign infec-
tious granuloma show-
ing a partially calcified
solitary pulmonary nod-
ule (SPN). The calcifica-
tion is located centrally
within the nodule. The
technique used was to
view the nodule at lung
windows (a) and then re-
duce the window to the
minimum possible width
and set the level at 200
HU, so that all the voxels
>200 HU are white and
all those ≤200 HU are
black (b). If the nodule
had not contained calci-
fication, it would have
appeared black in b

Fig. 2. Fat within a hamartoma. The nodule shows an area of obvi-
ous low density (arrow) that, when measured, was clearly fat
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Size and Shape

When the nodule is between 1 and 3 cm in diameter,
none of the diagnoses listed in Table 1 can be excluded
on the basis of nodule size alone. Above 3 cm, the prob-
abilities begin to change dramatically. Most solitary
nodules >3 cm in diameter are bronchial carcinoma.
With few exceptions, SPNs above this size that are not
primary or metastatic carcinoma prove to be lung ab-
scess, Wegener’s granulomatosis, lymphoma, round
pneumonia, round atelectasis, or hydatid cyst. The first
three resemble one another and may be indistinguish-
able from bronchial carcinoma. The latter three, howev-
er, often show characteristics that permit a specific di-
agnosis to be made.

Certain shapes at CT or high-resolution CT provide
important diagnostic information and, in practice, shape
is often used to make management decisions [1]. A very
irregular edge makes bronchial carcinoma highly prob-
able, and a corona radiata (Fig. 3), i.e., the appearance
of numerous strands radiating into the surrounding
lung, is almost specific for bronchial carcinoma.
Infectious granulomas and other chronic inflammatory
lesions, notably organizing pneumonia, may occasional-
ly have a very irregular edge and may even show a coro-
na radiata [2].

Lobulation and notching, signs that indicate uneven
growth, are seen with almost all the diagnostic possibil-
ities, but the more pronounced these two signs are, the
more likely it is that the lesion is a bronchogenic carci-
noma. A well-defined, smooth, non-lobulated edge is
most compatible with hamartoma, granuloma, and
metastasis. It is rarely seen in patients with bronchial
carcinoma.

If the opacity is composed of one or more narrow lin-
ear shadows (Fig. 4) without focal nodularity, the chances
of bronchial carcinoma are so low that benign cause can
be assumed and follow-up is the only recommendation.

The presence of a pleuropulmonary tail associated with
a peripherally located nodule is not helpful in the differen-
tial diagnosis of SPN. The sign is seen with a variety of le-
sions, both malignant and benign, particularly granulomas.

The ‘feeding vessel sign’ can be used to suggest a di-
agnosis of hematogenous metasasis [3]. The sign refers to
a small pulmonary artery shown by CT to lead directly to
a nodule.

Enlarged blood vessels directly feeding and draining a
nodule should be looked for carefully as they are specific for
arteriovenous malformation. The vessels and the malforma-
tion itself will show substantial contrast enhancement.

Air Bronchograms and Bubble-Like Lucencies

Air bronchograms are seen on CT with some frequency
in primary bronchial carcinoma, particularly on high-res-
olution CT.

Bubble-like low attenuation areas, similar to air bron-
chograms but more spherical in configuration, are not un-
common in adenocarcinomas, particularly bronchi-
oloalveolar carcinomas [4]. These lucencies are due to
patent small bronchi within the nodule or to lepidic
growth of the tumor around alveolar walls.

Cavities and Air Crescent Sign

As can be seen in Table 1, many of the causes of SPN
may result in cavitation; thus, the presence or absence
of cavitation is of limited diagnostic value. The mor-

Computed Tomography of Solitary Pulmonary Nodules 13

Fig. 3. Lung carcinoma showing a corona radiata

Fig. 4. High-resolution CT shows an abnormal density that looked
like a nodule but is in fact made up of clear-cut linear components
with no nodular elements. The lesion is therefore benign and like-
ly to be a scar or a small area of atelectasis
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phology of any cavity may, however, be helpful. Lung
abscesses and benign lesions in general have a thinner,
smoother wall than cavitating malignant neoplasms. In
practice, the diagnosis of acute lung abscess usually de-
pends on the clinical features together with the appear-
ance of a cavity evolving in an area of undoubted pneu-
monia. The more difficult problem is distinguishing be-
tween cavitating neoplasm and chronic inflammatory
processes. Fungal pneumonia, particularly cryptococ-
cosis and blastomycosis, and various connective tissue
diseases, particularly Wegener’s granulomatosis and
rheumatoid arthritis, can appear identical to carcinoma
of the lung.

A cavity may contain a mass within it, the air within
the cavity forming a peripheral halo or crescent of air be-
tween an intracavitary mass and the cavity wall, giving
rise to the ‘air crescent’ or ‘air meniscus sign’. Intra-
cavitary masses are most often due to fungal mycetomas.
Other causes include complicated hydatid disease, blood
clot (as a result of tuberculosis, laceration with
hematoma, or infarct), abscess, necrotizing pneumonias
(particularly caused by Klebsiella or Aspergillus fumiga-
tus), and necrotic neoplasm.

The CT Halo Sign

The term ‘CT halo sign’ refers to ground-glass attenu-
ation surrounding a nodule on CT. Apart from malig-
nant neoplasms and hemorrhage following biopsy, the
most common cause of a CT halo sign is infection, no-
tably invasive aspergillosis (Fig. 5). The other causes
are candidiasis, coccidioidomycosis, tuberculosis,
cytomegalovirus, herpes simplex, Wegener’s granulo-
matosis, metastatic angiosarcoma, and Kaposi’s sarco-
ma. A feature that links many of these conditions is he-
morrhage into the region of the lung adjacent to the ba-
sic pathology.
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It is worth bearing in mind that a CT halo sign sur-
rounding a small asymptomatic nodule in a patient in
the lung-cancer age range is likely to be a bronchogenic
carcinoma (Fig. 6) and that when a CT halo sign is seen
surrounding central consolidation in a patient who is
immunocompromised due to leukemia or drug treat-
ment the diagnosis is highly likely to be invasive as-
pergillosis.

Adjacent Bone Destruction

Invasion of adjacent bone by a pulmonary mass is almost
pathognomonic of bronchogenic carcinoma. Actinomycosis
and, occasionally, tuberculosis or fungal disease are the al-
ternative possibilities.

Contrast Enhancement

Solitary pulmonary nodules caused by malignant neo-
plasm show a greater degree of contrast enhancement at
CT than benign nodules, presumably due to the presence
of angiogenesis in malignant neoplasms. The potential
usefulness of this technique now appears to be of 95%
or greater predictive value for benignity in nodules ≥5
mm in diameter that fail to enhance by more than 15 HU
(Fig. 7a, b). The negative predictive value is, or ap-
proaches, 100% if more conservative criteria for en-
hancement are used [5].

Tuberculous granulomas may show peripheral ring
enhancement or curvilinear central enhancement, fea-
tures that may help diagnostically [6]. The non-en-

P. Armstrong

Fig. 5. CT halo sign in a leukemic patient with Aspegillus fumiga-
tus infection

Fig. 6. Bronchioloalveolar carcinoma showing a mixed-density
mass with ground-glass opacity surrounding a soft-tissue density
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hanced portions of the nodules correspond to caseous
necrosis. Very dense uniform enhancement, as dis-
cussed previously, is a feature of arteriovenous malfor-
mations.

Management of a Solitary Pulmonary Nodule

The management of a patient with an SPN depends on a
combination of clinical and radiologic factors. A clinical
evaluation to find evidence of diseases such as rheuma-
toid arthritis, Wegener’s granulomatosis, hydatid disease,
and extrathoracic primary malignant tumor should be un-
dertaken.

Solitary masses >3 cm, unless they show the specific
features of round atelectasis or a congenital malformation
such as an arteriovenous malformation, are so frequently
lung cancers that benign entities should be diagnosed
with caution.

The radiological approach for patients in the cancer
age group who have an asymptomatic SPN between 1
and 3 cm in diameter is to examine all available im-
ages carefully for: visible calcification conforming to
a definite benign pattern, fat within the nodule, or sta-
bility of size on retrospective review of the images for
at least 18 months. Any one of these features is suffi-
cient evidence for a benign lesion to obviate surgical
resection.

If the nodule does not show any of these features,
thin-section CT can be used assess the morphologic
and density characteristics, notably calcification and/or
fat (using formal CT density measurements if neces-
sary). The presence of occult calcification must be in-
terpreted with care and is not absolute proof of benig-
nity. However, because the probability of cancer be-
comes very low when >10% of the nodule shows calci-
fication, it is prudent to institute a ‘watch and wait’
program. CT densitometry for calcification is not ad-
vised for nodules >3 cm in diameter, because the prob-
ability of a benign lesion above this size diminishes
greatly. If the presence of fat is used to diagnose a
hamartoma, care must be taken to ensure the CT sec-
tion is at the equator of the nodule and that the section
does not include adjacent lung which could, by partial
volume effect, lower the density of soft tissue to lie
within the range of fat.

An SPN that is still indeterminate after all the pre-
ceding considerations have been taken into account
may be benign, a solitary metastasis (unlikely, as the
first presenting feature of an extrathoracic primary ma-
lignancy), or a bronchogenic carcinoma. A negative re-
sult from FDG PET scanning is an excellent method of
determining that lung cancer is highly unlikely, but a
positive result is less reliable for predicting malignan-
cy. The same applies to contrast enhancement of the
nodule at CT. Fine-needle aspiration biopsy can prove
that a nodule is malignant but is less reliable at ex-
cluding malignancy. Resection of the nodule, with ap-
propriate prior staging, is the recommended course of
action when an SPN cannot be diagnosed as benign on
imaging grounds. Exceptions to this recommendations
are when the clinical likelihood of primary lung cancer
is deemed very low, e.g., young non-smokers or a
known extrathoracic tumor likely to have metastasized,
or when the risk of pulmonary resection outweighs the
potential benefit of removal of possible malignant tu-
mor. When follow-up is deemed a reasonable course of
action, an appropriate scheme is CT after 3 months and,
if there is no significant growth, at further intervals of
6-12 months until stability has been established. If the
nodule has not grown over a 2-year period, or the rate
of growth is so slow that its doubling time is well out-
side the range for lung cancer, then primary lung can-
cer is sufficiently unlikely that further follow-up can be
stopped.

Computed Tomography of Solitary Pulmonary Nodules 15

a

b

Fig. 7a, b. Benign nodule
showing less than 15
HU of contrast en-
hancement. This nodule
was stable in size during
more than 5 years of ob-
servation. a Pre-contrast
scan; b scan following a
100 ml bolus of intra-
venous contrast
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Introduction

The increasing use of CT, whether for screening for lung
cancer or for other reasons, has led to the increasing de-
tection of small pulmonary nodules. It was the develop-
ment of the knowledge base needed to make scientific
recommendations for the work-up of these small nodules
that led us to the topic of CT screening for lung cancer [1].

Since our initial publication on this subject, in 1999
[2], screening has become widespread; thus, there is an
ever increasing need for the management of small pul-
monary nodules. We have continued to update our man-
agement protocol since 1999 [3], as most recently pub-
lished in our long-term follow-up of the International
Early Lung Cancer Action Program (I-ELCAP) experi-
ence [4]. The latest version is always available on the I-
ELCAP website [5] and will continue to be updated
based on the latest findings reported at our semi-annual
international conferences [6].

It should be recognized that it is important to know the
context in which the pulmonary nodules were detected on
CT scans, as the work-up should differ and reflect the
probability of finding a malignancy according to the par-
ticular context. For example, the probability of detecting
a malignancy is low on the first (baseline) screening or
as an incidental finding on a CT done for reasons other
than screening as compared to the probability of detec-
tion on repeat screenings [4]. Also, clearly, the probabil-
ity of malignancy is influenced by the person’s risk char-
acteristics, including age and smoking history [7].

Definition of a Nodule

The elusiveness of a precise definition of nodule, as seen
on CT images, was recognized by the Fleischner report
[8], but it was defined previously in I-ELCAP as a non-
linear, rounded opacity. A nodule was classified as non-
calcified if: it was <5 mm in diameter and all of it ap-
peared non-calcified (attenuation less dense than the ribs
on bone and lung windows); it was 5-20 mm in diameter,
wholly non-calcified (by the above-specified criterion) or
the edge was spiculated (to any extent) even when the

nodule had calcifications of a classical benign pattern
(central, lamellated, popcorn); it was >20 mm in diame-
ter and any part of it was non-calcified (by the above-
specified criterion). Nodules classified as calcified by
these criteria or those containing sufficient fat to be con-
sidered as a hamartoma were classified as benign.

Among these non-calcified nodules, there are solid nod-
ules that are defined as completely obscuring the lung
parenchyma in them. There are also nodules that do not
completely obscure the entire lung parenchyma in them,
resulting in a property commonly called ‘ground-glass
opacities’ [9]. We have introduced a different terminology
for the term ‘ground-glass opacities,’ as we feel it is not ap-
propriate in the context of focal abnormalities in the lung.
The term ‘ground-glass’ was introduced for, and is still be-
ing applied to, not only focal abnormalities but diffuse
ones as well. Thus, for our purposes, the adjective ‘focal’
needs to be added. We also prefer to use the anatomic term
‘nodule’ rather than ‘opacity,’ as the former is in line with
other anatomic terms generally used in chest radiology,
such as ‘bronchi’ and ‘blood vessels.’ Accordingly, we dis-
tinguish between a solid and sub-solid nodule. The former
is defined as a nodule completely obscuring the entire lung
parenchyma in it, whereas the latter does not. A sub-solid
nodule can be further classified as part-solid when there
are patches of parenchyma that are completely obscured,
and as non-solid if there are no such areas.

Work-up

For baseline screening or for an incidental finding on a
CT scan done for other purposes, a positive result of the
initial low-dose CT comprises: identification of at least
one solid or part-solid non-calcified pulmonary nodule ≥5
mm in diameter, or at least one non-solid non-calcified
pulmonary nodule ≥8 mm in diameter, or a solid endo-
bronchial nodule. If none of the non-calcified nodules met
the criteria for a positive result (semi-positive result) or
the test was negative, a repeat CT was to be obtained 12
months later. Nodule diameter was defined as the average
of its length and width, as determined on the CT image
showing the largest cross-sectional area of a nodule.
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If the result is positive, the work-up depends on the
nodule’s diameter. For nodules 5-14 mm in diameter, the
preferred option is to perform another CT at 3 months; if
that CT shows growth of the nodule [10-14], biopsy, ide-
ally by fine-needle aspiration, should be done. If there
has been no further growth, the work-up is stopped. The
other option is to perform a PET scan immediately. If the
result is positive, a biopsy should be obtained; otherwise,
CT should be repeated at 3 months. For nodules ≥15 mm
in diameter (whether solid, part-solid, or non-solid), im-
mediate biopsy is another option in addition to those al-
ready specified for smaller nodules. In instances of sus-
picion of infection, a 2-week course of antibiotics fol-
lowed by CT 1 month later provides an alternative to any
of the above-described options [15]. If no resolution or
growth is observed, biopsy should be performed; other-
wise, the work-up is stopped. In all patients in whom ei-
ther the work-up is stopped or biopsy does not lead to a
diagnosis of lung cancer, repeat CT 12 months after the
initial baseline CT should be performed.
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Introduction

Knowledge of the normal mediastinal anatomy and its
variants is indispensable for proper interpretation of
chest radiology. Mediastinal masses may be found inci-
dentally in asymptomatic individuals, but they can also
be symptomatic, depending on their size and location.
Cross-sectional imaging with computed tomography
(CT) and magnetic resonance (MR) imaging plays an
important role in the nonsurgical evaluation of mediasti-
nal lesions.

In this article, we review the anatomy and normal vari-
ants of mediastinal structures as well as the radiographic,
CT, and MR appearances of some of the most common
mediastinal diseases, with emphasis on those features
that permit a focused differential diagnosis and help di-
rect management.

Imaging Strategies in Mediastinal Diseases

Conventional Chest Radiography

Many mediastinal masses are incidentally discovered on
routine chest examinations obtained for other reasons.
Chest radiography is the first imaging modality used in
those asymptomatic patients or when a mediastinal mass
is suspected. The key to the chest radiograph is to deter-
mine whether the lesion is actually within the medi-
astinum or lung and to make an educated guess as to
where the lesion is within the mediastinum. A lesion con-
fined to the posterior mediastinum (paravertebral region)
may be better evaluated by MR.

Computed Tomography

Computed tomography is currently the gold standard for
the detection of mediastinal pathology. Initial nonen-
hanced contiguous slices should be obtained to demon-
strate calcifications and hemorrhage. The injection of in-
travenous contrast will define the enhancement patterns
of the lesions as well as their relationship with adjacent
vascular and mediastinal structures.

Magnetic Resonance Imaging

Magnetic resonance has a complementary role in the
evaluation of mediastinal masses. It is mainly used: (a) to
solve unanswered questions after CT scan, (b) to assess
mediastinal masses in patients allergic to iodinated con-
trast material, and (c) to better assess the relationship of
the mediastinal mass with adjacent structures, e.g., the
pericardium, heart cavities, spinal canal, and vessels. For
this last reason, MR is usually preferred to CT for the as-
sessment of masses of suspected neurogenic origin.
Another indication for mediastinal MR is if the mediasti-
nal mass is suspected to be a cyst (thymic, pericardial,
foregut duplication, neuroenteric) and this suspicion can-
not be confirmed by CT. With MR subtraction imaging
(post contrast image minus pre-contrast image) only en-
hanced structures are shown. Cysts should be invisible on
these images.

Anatomic and Normal Variants Mimicking Mediastinal
Pathology

Thymus

The thymus has a wide variation in appearances on cross-
sectional imaging and its size and morphology are di-
rectly related with age [1]. Whereas relatively large in the
neonate and young infant, after puberty, there is a grad-
ual reduction of the thymus size due to a progressive re-
placement of the atrophied thymic follicles by adipose
tissue. However, there is a broad variation in this involu-
tion and significant residual thymic tissue may be present
in individuals over the age of 30.

Superior Pericardial Recess

The superior pericardial recess is a semicircular space sur-
rounding the ascending aorta. The most superior extent of
this recess is at the level of the innominate artery. On rare
occasions, pericardial effusion within the superior peri-
cardial recess can simulate a cystic mediastinal mass [2].
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Lymph Nodes

The maximal diameter of normal lymph nodes ranges
from 6 to 14 mm. However, the short axis of mediastinal
nodes has been advocated as the most predictable mea-
sure of nodal enlargement; 1.0 cm is considered the up-
per limit of normal [3]. When mediastinal fat is scanty,
the collapsed esophagus may be confused with a lymph-
node mass on CT and MR.

Left Pulmonary Artery

On rare occasion, the main and left pulmonary arteries
are positioned at an unusually high level with respect to
the aortic arch, thereby mimicking a mediastinal mass on
CT or plain-chest radiographs [4].

Pericardial Fat Pad

An enlarged pericardial fat pad, usually associated with
obesity, exogenous steroid therapy, and Cushing syndrome,
may mimic a cardiophrenic angle mediastinal mass.

Mediastinal Lipomatosis

An excess of mediastinal fat, which is a benign condi-
tion usually seen in obese patients or in patients under
exogenous steroid use, results in significant mediastinal
widening. Patients are asymptomatic and do not require
therapy.

Classification of Mediastinal Masses

Classification of a mediastinal mass on CT and MR is
based on two main features: location and attenuation/sig-
nal. Although sometimes artificial, the mediastinum can
be classified into three compartments: (a) anterior, com-
prising the structures and tissue situated in front of a line
drawn along the anterior border of the trachea and the
posterior border of the heart; (b) middle, located be-
tween this line and the anterior aspect of the vertebral
bodies; and (c) paravertebral, when a mass is situated
predominantly in the potential space adjacent to a verte-
bral body [5].

The attenuations/signals of fat and fluid as well as
high attenuation/signal (higher than muscle) may be of
diagnostic help. A fat attenuation/signal may be seen in
thymolipomas, germ-cell tumors, lipomatosis, fat pads,
liposarcomas, extramedullary hematopoiesis, and
esophageal fibrovascular polyps. A fluid attenuation/sig-
nal may be seen with foregut duplication cysts, germ-cell
tumors, thymomas, lymphomas, necrotic tumors, lym-
phangiomas, pericardial cysts, and thymic cysts. High-
attenuation/signal lesions include hemangiomas,
Castleman’s disease, goiter, paraganglioma, vascular ab-
normalities, and vascular metastases.

20

Anterior Mediastinum

The anterior mediastinum is the site of origin of the ma-
jority of mediastinal masses, including thymoma and oth-
er thymic disorders (cysts), lymphangioma, germ-cell
neoplasms (mature teratomas and malignant germ-cell tu-
mors), Hodgkin’s disease and non-Hodgkin’s lymphoma,
and mesothelial cyst (pericardial) [5-8]. Residents and
medical students sometimes like to use the mnemonic
‘3T’s’ to help with remembering thymoma, teratoma, and
‘terrible’ lymphoma. Though this can be helpful, it can al-
so be misleading, as it allows one to forget the other
thymic lesions that may be present in the anterior medi-
astinum (cysts, carcinoid, carcinoma) and that not all an-
terior germ-cell tumors are benign.

Thymoma

This is by far the most common primary tumor of the an-
terior mediastinum. Men and women are equally affected
and most of the lesions occur in patients >40 years.
Thymomas are rare in children and adolescents.
Myasthenia gravis occurs in approximately 30-50% of pa-
tients with this tumor. Less commonly, patients may pre-
sent with other parathymic syndromes, such as pure red
cell aplasia or hypogammaglobulinemia. Radiologically,
thymomas commonly manifest as well-defined, lobulated,
homogeneous, or heterogeneous mediastinal masses usu-
ally located anterior to the aortic root. Punctate or curvi-
linear calcifications can be detected on conventional radi-
ographs. In up to one third of cases, necrosis, hemorrhage,
and/or cystic changes can be demonstrated on cross-sec-
tional imaging studies (Fig. 1) [5]. Cross-sectional imag-
ing does not reveal the malignant potential of a thymoma

S. Bhalla, J. Cáceres

Fig. 1. Thymoma. CT shows a mass in the anterior mediastinum
with uniform enhancement
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unless pleural seeding is present. Therefore, the term ‘in-
vasive thymoma’ is reserved for the visualization of an an-
terior mediastinal mass with pleural deposits.

Thymic Cysts

Thymic cysts represent approximately 3% of all anterior
mediastinal masses and are most commonly found in
children. They are generally considered developmental
abnormalities caused by persistence of the thymopharyn-
geal duct. Radiologically, thymic cysts manifest as well-
marginated, rounded masses that are characteristically lo-
cated in the anterior superior mediastinum. On CT scans,
they appear as sharply delineated masses with near-water
attenuation (Fig. 2). Thymic cysts are usually unilocular
but some may be multiloculated, with occasional visual-
ization of linear wall calcification. On MR, thymic cysts
have a very high signal attenuation on T2-weighted im-
ages but variable signal intensity on T1-weighted images,
depending on the degree of proteinaceous material or he-
morrhage present [5, 6]. They should not enhance with
gadolinium. Occasionally, multiple thymic cysts may be
present in HIV patients and in those with Langerhans cell
histiocytosis.

Lymphangioma

Lymphangiomas are rare, benign lesions of lymphatic
origin, representing 0.7-4.5% of all mediastinal tumors
[5, 6, 8]. Most patients are asymptomatic, but occasion-
ally they have symptoms of compression or pain. In
adults, lymphangiomas are more often found in the me-
diastinum, whereas in children, especially those <2 years
of age, lymphangiomas are usually discovered as a mass

in the neck or axilla. CT scanning typically shows a uni-
formly cystic lesion with an attenuation equal to or slight-
ly higher than that of water and insinuating throughout
multiple mediastinal compartments (Fig. 3). On MR
imaging, the cyst contents have increased signal intensi-
ty on T2-weighted images and can also have high signal
intensity on T1-weighted images. 

Germ-Cell Tumors

Most primary mediastinal germ-cell tumors are ter-
atomas. These are a heterogeneous group of tumors that
are derived from more than one germ-cell layer and
thus contain different tissue types [9]. These tumors
can be found in persons of any age, although they are
most often detected in young adults. Teratomas account
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Fig. 2. Teratoma. CT shows an anterior mediastinal mass with a
combination of fat and soft-tissue attenuation

Fig. 3a, b. Pericardial cyst. a Posteroanterior chest radiograph shows
a well-defined mass in the right cardiophrenic space. b CT shows
the typical appearance of a pericardial cyst. Note the change in
shape with the change in the patient’s position

a

b
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for 60-70% of mediastinal germ-cell tumors. Mature
teratomas are by far the most frequent and occur more
commonly in young women. Radiologically, such tu-
mors manifest as a rounded or lobulated, well-defined,
anterior mediastinal mass that usually protrudes to one
side of the midline. The CT scan appearance of these
lesions depends on the proportions of the various tis-
sues of which they are composed. CT examination al-
lows a confident diagnosis of a mature teratoma when
a combination of fluid, soft-tissue, calcium, and fat at-
tenuation is present [5, 9] (Fig. 2).

Germ-cell tumors are frequently cystic, and mature
teratomas do not need to contain fat. When the soft-tis-
sue component is proportionally greater than the cystic
components, malignant germ-cell tumor may be suspect-
ed. Seminoma is the most common primary mediastinal
germ-cell tumor [5, 9].

Pericardial Cysts

These are believed to arise from the persistence of blind
segments of the ventral parietal recesses of the pericardi-
um. Seventy percent occur in the right cardiophrenic an-
gle as a well-defined soft-tissue opacity on conventional
chest radiograph [5, 7]. On CT, pericardial cysts typical-
ly manifest as well-circumscribed, unilocular, nonen-
hancing masses with low (near-water) attenuation con-
tents. They are located adjacent to the cardiac border, typ-
ically changing shape as the patient changes position
(Fig. 3). On MR, pericardial cysts have low-signal inten-
sity on T1-weighted images, homogeneous high-signal
intensity on T2-weighted images, and do not enhance [7].
Pericardial cysts not infrequently communicate with the
pericardial space and, therefore, may change in size be-
tween two CT examinations.

22

Middle Mediastinum

The most common abnormalities of middle-posterior me-
diastinum are developmental anomalies of the aortic arch
and aortic aneurysms, esophageal lesions and develop-
mental cysts (bronchogenic and enteric cyst) [5]. The pre-
dominant mass in the middle superior mediastinum is the
intrathoracic goiter.

Mediastinal Goiter

Mediastinal goiter is one of the most common mediasti-
nal abnormalities seen in daily practice [6]. Patients are
usually asymptomatic but rarely may present with pain or
symptoms related to tracheal compression.
Radiographically, mediastinal goiter appears as a sharply
defined, smooth or lobulated mass that usually causes
displacement and narrowing of the trachea. Coarse or
ring-like calcifications are commonly associated with the
lesion being visible on plain films. CT can show the ex-
tent of intrathoracic thyroid tissue and its connection with
the thyroid gland (Fig. 4) [5, 6]. On CT, goiters should be
heterogeneous in attenuation, with components that are
of high attenuation. If the thyroid is enlarged and shows
homogeneous low-attenuation, tumor infiltration should
be suspected [7].

Developmental Cysts

Bronchogenic cyst is by far the most common form of
foregut-duplication cysts, which result from abnormal
ventral budding of the tracheobronchial tree.
Bronchogenic cysts represent 50-60% of all mediastinal
cysts. Approximately 80% occur in the paratracheal or
subcarinal region, but they may also have an intrapul-
monary location [6, 8]. On CT scanning, bronchogenic
cysts are typically unilocular nonenhancing masses of
water attenuation, intimately related to the airway.
Calcification of the cyst wall can occur and sometimes
the cyst’s attenuation on CT can be higher because they
may contain milk or calcium. On MR imaging, the cystic
contents can exhibit low- or high-signal intensity on T1-
weighted images and typically have homogeneous bright
signal intensity on T2-weighted sequences [8] (Fig. 5).
They should not enhance with gadolinium.

Enteric cysts are usually lined by alimentary epitheli-
um. Esophageal duplication cysts comprise 10-15% of all
alimentary-tract duplications and 60% are located adja-
cent to the lower esophagus [6, 8]. They can be found
within or attached to the esophageal wall and rarely com-
municate with the esophageal lumen. On CT, esophageal
duplication cysts appear as spherical nonenhancing intra-
mural lesions with no esophageal communication, or
sometimes showing a fibrous tract attached to the
esophageal wall.

Often times, the foregut duplication cyst cannot be fur-
ther classified as bronchogenic or enteric. No communi-
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Fig. 4. Intrathoracic goiter. Middle mediastinal mass, posterior and
lateral to the trachea. Note the typical coarse calcifications
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cation to the trachea, bronchi or esophagus is demon-
strated. In these cases, one must wait for the final surgi-
cal pathology, although it may not be more revealing. If
the cyst has become infected or bled, the lining may be-
come indistinct and further classification is not possible.

Paravertebral Region

This region is bounded in the front by the anterior surface of
the vertebral column and in the back by the chest wall. The
most common abnormalities of the paravertebral region are
neoplasms of neural tissue arising from the peripheral
nerves or sympathetic ganglia, infectious processes from the
spine, bone and cartilage tumors, costovertebral traumatic
lesions, and extramedullary hematopoiesis [6, 10].

Tumors of Neural Tissue

Neoplasms of neural tissue account for about 20% of
all primary mediastinal neoplasms. Schwannoma, neu-
rofibroma (plexiform and nonplexiform), and malig-
nant schwannoma are tumors that arise from an inter-
costal nerve [6]. Their radiographic appearance con-
sists of sharply defined round, smooth, or lobulated
paraspinal masses. In 50% of cases they are associated
with bone abnormalities, including expansion of the
neural foramina, erosion of the vertebral bodies, and
erosion and deformity of ribs [6]. Ganglioneuroma,
ganglioneuroblastoma, and neuroblastoma are neural
tumors arising from the sympathetic ganglia. They usu-
ally manifest radiographically as sharply defined ob-
long masses located along the anterolateral surface of
the vertebral spine (Fig. 6). At times, a schwannoma
can emulate a foregut duplication cyst (low-attenuating
from the myelin). One must look for enhancement or
bone-remodeling to help in the identification, as nei-
ther of these properties is routinely seen with duplica-
tion cysts.

Extramedullary Hematopoiesis

Extramedullary hematopoiesis is a rare disease that is
usually associated with chronic hematologic diseases in
which there is inadequate production or excessive de-
struction of blood cells [10]. Thalassemia and sickle-cell
disease are the most common hematologic disorders as-
sociated with foci of extramedullary hematopoiesis in or-
gans such as liver, spleen, and lymph nodes. Unilateral or
bilateral masses of hematopoietic tissue can be occasion-
ally found in the paravertebral region. The radiographic
appearance consists of smooth and lobulated paraverte-
bral masses situated in the lower chest. On CT scans, they
may have a large fatty component [10]. This uncommon
disorder should be considered in the differential diagno-
sis of a paravertebral mass in a patient with severe chron-
ic anemia.

Plain-Film and CT Evaluation of the Adult Mediastinum and Hilum: Pitfalls vs. Disease 23

Fig. 6. Neurogenic tumor. T2-weighted tranverse MRI shows a pos-
terior mediastinal mass. Ganglioneuroma confirmed at surgery

Fig. 5a, b. Bronchogenic cyst. a T2-weighted transverse MRI shows
a high-signal round mass in the middle mediastinum. b T1-weight-
ed coronal view confirms the location of the mass and its liquid
content

a

b
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Vascular Abnormalities

Vascular anomalies of the mediastinum can occasionally
be confused with mediastinal masses on plain film.
Cross-sectional imaging is helpful in diagnosing them
but the clinician must be well-acquainted with these en-
tities to avoid propagating the confusion.

Tortuous vessels are perhaps the most common medi-
astinal vascular abnormality confused with mass on
chest radiography. The right innominate artery (causing
a right paratracheal opacity) and the left superior inter-
costal vein are two of the more common enlarged, tortu-
ous variants [11].

Anterior to the aortic arch in the para-aortic region,
two venous anomalies are frequently encountered: the
left-sided vena cava and partial anomalous return of the
left upper lobe [12]. The former drains from the left bra-
chiocephalic vein to the coronary sinus and may be pre-
sent with a right-sided superior vena cava. The latter rep-
resents the most common form of isolated anomalous
drainage. In this entity the left upper lobe drains into the
left brachiocephalic vein. The key to distinguishing par-
tial anomalous return of the left upper lobe from a left su-
perior vena cava is that the former does not connect to the
coronary sinus, and no vessel is encountered anterior to
the left mainstem bronchus. This is in distinction to the
situation with a left superior vena cava, in which two ves-
sels are encountered anterior to the left main-stem
bronchus (the normal superior pulmonary vein and the
left superior vena cava). Another venous anomaly is an
azygos continuation of an interrupted inferior vena cava.
In this condition, the azygos vein is responsible for all in-
frahepatic venous return. This entity should be suspected
when the azygos vein is noticeably enlarged in a patient
without superior vena cava thrombus or obstruction.

Aortic arch variations may also be encountered as an
incidental mediastinal mass. They include double aortic
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arch, right arch with aberrant left subclavian artery, and
left arch with aberrant right subclavian artery. Detailed
analysis of the branching vessels should allow for accu-
rate diagnosis.
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Introduction

Multidetector computed tomography (MDCT) using thin
collimation during a single breath hold has become the
best imaging technique for assessing airway diseases.
Volumetric high-resolution data sets provide a precise
morphologic evaluation of both proximal and distal air-
ways. The term ‘airway diseases’ covers acute and chron-
ic inflammatory disorders as well as the fibrotic sequelae
involving proximal and/or distal airways. Large-airway
diseases include tracheal disorders, bronchiectasis, and
broncholithiasis. Small-airway diseases include all infec-
tious or inflammatory diseases involving the bronchioles.
MDCT can also play a role in assessing obstructive lung
diseases, a group of diffuse conditions associated with
chronic airflow obstruction that includes chronic ob-
structive pulmonary disease (COPD), asthma, and oblit-
erative bronchiolitis.

Techniques

MDCT acquisition is done over both lungs at full sus-
pended inspiration, using thin collimation (0.6-1.5 mm)
without any contrast material. The axial images are re-
constructed with overlapping and thin-slice thickness
(0.8-1.5 mm). Complementary low-dose (120 kV, 20-40
mAs) MDCT acquisition at full continuous expiration is
often recommended and particularly useful for assessing
tracheobronchial collapsibility and expiratory air trap-
ping.

The images are interpreted at the workstation.
Sequential visualization of the overlapped thin axial im-
ages in cine-mode allows the bronchial divisions to be
followed from the segmental origin, to the distal
bronchial lumens, and down to the smallest bronchi that
can be identified on thin-section images. Moving and
swiveling through the volume to select the plane that best
displays the distribution of airway abnormality are high-
ly recommended. Multiplanar reformation of variable
thicknesses created on the selecting planes may be com-
pleted by intensity projection techniques. Minimum in-
tensity projection can be applied to visualize airway di-

latation and cystic changes, as well as to facilitate as-
sessment of the presence and extent of expiratory air trap-
ping. Maximum intensity projection is used in the display
of the mucoid impactions seen in dilated bronchi, or of
small, centrilobular, nodular linear opacities (‘tree-in-
bud’ sign) indicating infectious bronchiolitis.

Volume rendering techniques (CT bronchography)
consist of segmentation of the lumen-wall interface of the
airways. This approach has proven to be of particular in-
terest in diagnosing mild changes in airway caliber and
understanding complex tracheobronchial abnormalities.

Virtual bronchoscopy provides an internal rendering of
the tracheobronchial inner surface. It is used to detect in-
ner nodulation, indicative of granulomatous or tumoral
lesions in proximal airways.

Tracheal Disorders

Multidetector CT in which helical volumetric CT acqui-
sition is combined with thin collimation during a single
breath hold provides an accurate assessment of proximal
airways, allowing multiplanar reformations and 3D ren-
dering of very high quality. Complementary CT acquisi-
tion at suspended or continuous expiration allows the as-
sessment of tracheobronchial collapsibility and expirato-
ry air trapping.
– Post-traumatic strictures of the trachea are usually sec-

ondary to damage from a cuffed endotracheal or tra-
cheostomy tube or to external neck trauma. The lesions
consist of granulation tissue and, later, by dense mu-
cosal and submucosal fibrosis associated with the dis-
tortion of cartilage plates. The two principal sites of
stenosis following intubation or a tracheostomy tube
are at the stroma and at the level of the endotracheal
or tracheostomy tube balloon. The size of the narrow-
ing is usually well seen at CT. The narrowing is often
concentric. Post-intubation stenosis extends for sever-
al centimeters and typically involves the trachea above
the level of the thoracic inlet. Post-tracheostomy steno-
sis typically begins 1-1.5 cm distal of the inferior mar-
gin of the tracheostomy stoma and involves 1.5-2.5 cm
of tracheal wall. Multiplanar reformations are particu-
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larly helpful in defining accurately the site, length, and
degree of stenosis. In select cases, the degree of steno-
sis may also be assessed by virtual bronchoscopy.

– A number of infections, acute but more often chronic,
may affect the trachea and proximal bronchi, resulting
in focal or diffuse airway disease. Subsequent fibrosis
may lead to localized airway narrowing. The most
common causes of infectious tracheobronchitis are
bacterial tracheitis in immunocompromised patients,
tuberculosis, rhinoscleroma (Klebsiella rhinosclero-
matis), and necrotizing invasive aspergillosis. On CT,
the extent of irregular and circumferential tracheo-
bronchial narrowing is clearly demonstrated, and in
some patients an accompanying mediastinitis (opacifi-
cation of the mediastinal fat) is evident. In active dis-
ease, the narrowed trachea and, frequently, one or the
other main bronchi have an irregularly thickened wall.
In the fibrotic or healed phase, the trachea is narrowed
but has a smooth wall of normal thickness.

– In Wegener’s granulomatosis, involvement of the large
airways is a common manifestation. Inflammatory le-
sions may be present with or without subglottic or
bronchial stenosis, ulcerations, and pseudotumors.
Radiologic manifestations include thickening of the sub-
glottic region and proximal trachea, which has a smooth
symmetric or asymmetric narrowing over variable
length. Stenosis may also be seen on any main lobar or
segmental bronchus. Nodular or polypoid lesions may be
present on the inner contour of the airway lumen.

– Relapsing polychondritis is a rare systemic disease of
autoimmune pathogenesis that affects cartilage at var-
ious sites, including the ears, nose, joints, and tra-
cheobronchial tree. Histologically, the acute inflamma-
tory infiltrate present in the cartilages and perichondr-
ial tissue induces progressive dissolution and fragmen-
tation of the cartilage, followed by fibrosis. Symmetric
subglottic stenosis is the most frequent manifestation
in the chest. As the disease progresses, the distal tra-
chea and bronchi may be involved. CT scans show
smooth thickening of the airway wall associated with
more or less diffuse narrowing. In the early stage, the
posterior wall of the trachea is spared, but in advanced
disease circumferential wall thickening occurs. The
trachea may become flaccid with considerable collapse
at expiration. Gross destruction of the cartilaginous
rings with fibrosis may cause stenosis.

– Deposition of amyloid in the trachea and bronchi may
be seen in association with systemic amyloidosis or as
an isolated manifestation. The amyloid deposits form
either multifocal or diffuse submucosal plaques or
masses. The overlying mucosa is usually intact.
Dystrophic calcification or ossification is frequently
present. CT scans show focal or, more commonly, dif-
fuse thickening of the airway wall and narrowing of
the lumen. Calcification may also be present.
Narrowing of the proximal bronchi can lead to distal
atelectasis, bronchiectasis, or both, or obstructive
pneumonia.
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– Tracheobronchopathia osteochondroplastica is a rare
disorder characterized by the presence of multiple car-
tilaginous nodules and bony submucosal nodules on
the inner surface of the trachea and proximal airways.
Men are more frequently involved than women and
most patients are >50 years of age. Histologically, the
nodules contain heterotopic bone, cartilage, and calci-
fied acellular protein matrix. The overlying bronchial
mucosa is normal and, because it contains no cartilage,
the posterior wall of the trachea is spared. The chest ra-
diograph may be normal or may demonstrate lobar col-
lapse or infective consolidation. If the tracheal air col-
umn is clearly seen, multiple sessile nodules that pro-
ject into the tracheal lumen and extending over a long
segment of the trachea can be appreciated. On CT, tra-
cheal cartilages are thickened and show irregular cal-
cifications. The nodules may protrude from the anteri-
or and lateral walls into the lumen; they usually show
foci of calcification.

– Saber-sheath trachea is characterized by a diffuse nar-
rowing involving the intrathoracic trachea. This entity
is almost always associated with COPD. The patho-
genesis of the lesion is obscure, but is probably an ac-
quired deformity related to the abnormal pattern and
magnitude of the intrathoracic pressure changes in
COPD. On radiographs and CT, the condition is easily
recognized by noting that the internal side-to-side di-
ameter of the trachea is decreased to half or less of the
corresponding sagittal diameter. On the postero-anteri-
or radiograph and CT multiplanar reformations, the
narrowing usually affects the whole intrathoracic tra-
chea, with an abrupt return to normal caliber at the
thoracic inlet. The trachea usually shows a smooth in-
ner margin but occasionally has a nodular contour.
Calcification of the tracheal cartilage is frequently ev-
ident.

– Tracheobronchomegaly (Mounier-Kuhn disease) refers
to marked dilatation of the trachea and mainstem
bronchi. It is often associated with tracheal diverticu-
losis, recurrent lower respiratory tract infection, and
bronchiectasis. Atrophy affects the elastic and muscu-
lar elements of both the cartilaginous and membranous
parts of the trachea. The diagnosis is based on radio-
logic findings. The immediately subglottic trachea has
a normal diameter, but it expands as it passes to the ca-
rina, and this dilatation often continuous into the ma-
jor bronchi. Prolapses of atrophic mucosa between car-
tilage rings give the trachea a characteristically corru-
gated outline on plain radiograph. The corrugations
may become exaggerated to form sacculations or di-
verticula. On CT, a tracheal diameter of >3 cm (mea-
sured 2 cm above the aortic arch) and a diameter of 2.4
and 2.3 cm for the right and left bronchi, respectively,
are diagnostic criteria. Additional findings include tra-
cheal scalloping or diverticula (especially along the
posterior membranous tracheal wall).

– Tracheobronchomalacia, resulting from weakened tra-
cheal cartilages, may be seen in association with a
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number of disorders, including tracheobronchomegaly,
COPD, diffuse tracheal inflammation such as relapsing
polychondritis, and following trauma. On the radi-
ographs, a reduction by almost 300% of the sagittal di-
ameter at expiration is an excellent diagnostic indica-
tor. At CT, the diagnosis is based on a narrowing of the
diameter of the lumen by >50% on expiration com-
pared with on inspiration. The increase in compliance
is due to the loss of integrity of the wall’s structural
components and is particularly associated with dam-
aged or destroyed cartilages. The coronal diameter of
the trachea becomes significantly larger than the sagit-
tal one, producing a lunate configuration to the tra-
chea. The flaccidity of the trachea or bronchi is usual-
ly most apparent during coughing or forced expiration.
Dynamic expiratory multislice CT offers a feasible al-

ternative to bronchoscopy in patients with suspected tra-
cheobronchomalacia. Dynamic expiratory CT may show
complete collapse or collapse of >75% of the airway lu-
men. Involvement of the central tracheobronchial tree
may be diffuse or focal. The airway reduction can appear
as oval- or crescent-shaped. The latter form is due to the
bowing of posterior membranous trachea.

Tracheobronchial Fistula and Dehiscence

Multidetector MDCT with thin collimation is the most
accurate technique to identify peripheral bronchopleural
fistula, which is most commonly caused by necrotizing
pneumonia or is secondary to traumatic lesions.
Nodobronchial and nodobronchesophageal fistulas due
to Mycobacterium tuberculosis infection are depicted ei-
ther by the presence of gas in cavitated hila or by medi-
astinal lymphadenopathy adjacent to the airways.
Tracheal diverticula and tracheobronchoesophageal fistu-
la may also be diagnosed, even in adults. Malignant neo-
plasia, particularly esophageal, is the most common
cause of tracheoesophageal fistula in adults.
Occasionally, congenital fistulas are first manifested in
adulthood. Infection and trauma are the most frequent
non-malignant causes. MDCT has a high degree of sen-
sitivity and specificity for depicting bronchial dehiscence
occurring after lung transplantation. Bronchial dehis-
cence is seen as a bronchial wall defect associated with
extraluminal air collections.

Bronchiectasis

Bronchiectasis is a chronic condition characterized by lo-
cal, irreversible dilatation of the bronchi and is usually as-
sociated with inflammation. In spite of its decreased preva-
lence in developed countries, bronchiectasis remains an
important cause of hemoptysis and chronic sputum pro-
duction. Although the causes of bronchiectasis are numer-
ous (Table 1), there are three mechanisms by which the di-
latation can develop: bronchial obstruction, bronchial wall

damage, and parenchymal fibrosis. In the first two mech-
anisms, the common factor is the combination of mucus
plugging and bacterial colonization. Cytokines and en-
zymes released by inflammatory cells together with toxins
released by the bacteria result in a vicious cycle of in-
creasing airway wall damage, mucous retention, and bac-
terial proliferation. In the case of parenchymal fibrosis, di-
latation of the bronchi is caused by maturation and retrac-
tion of fibrous tissue located in the parenchyma adjacent
to an airway (traction bronchiectasis).

Pathologically, bronchiectasis has been classified into
three subtypes, reflecting increasing severity of disease:
(1) cylindrical, characterized by relatively uniform airway
dilatation; (2) varicose, characterized by non-uniform
and somewhat serpiginous dilatation; and (3) cystic. As
the extent and degree of airway dilatation increase, the
lung parenchyma distal to the affected airway shows in-
creasing collapse of the fibrosis.

The CT findings of bronchial dilatations include lack of
tapering of bronchial lumina (the cardinal sign of
bronchiectasis), internal diameter bronchi greater than that
of the adjacent pulmonary artery (signet-ring sign), visual-
ization of bronchi within 1 cm of the costal pleura or abut-
ting the mediastinal pleura, and mucus-filled dilated
bronchi. In varicose bronchiectasis, the bronchial lumen
assumes a beaded configuration. The string of cysts in cys-
tic bronchiectasis can be seen by sectioning the irregular-
ly dilated bronchi along their lengths. The cysts may also
form a cluster, which is due to the presence of multiple di-
lated bronchi lying adjacent to each other. Clusters of cysts
are most frequently seen in an atelectatic lobe. Air-fluid
levels, resulting from retained secretion, may be present in
the dependent portion of the dilated bronchi. The accumu-
lated secretion within bronchiectatic airways is generally
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Table 1. Mechanisms and causes of bronchiectasis

Bronchial obstruction
– Carcinoma
– Fibrous stricture (e.g., tuberculosis)
– Broncholithiasis
– Extensive compression (lymphadenopathy, neoplasm)

Parenchymal fibrosis (traction bronchiectasis)
– Tuberculosis
– Sarcoidosis
– Idiopathic pulmonary fibrosis

Bronchial wall injury
– Cystic fibrosis
– Childhood viral and bacterial infection
– Immunodeficiency disorders
– Dyskinetic cilia syndrome
– Allergic bronchopulmonary aspergillosis
– Lung and bone marrow transplantation
– Panbronchiolitis
– Systemic disorders (rheumatoid arthritis, Sjögren’s syndrome,

inflammatory bowel disease, yellow nail syndrome)
– Alpha-1-antitrypsin syndrome

Congenital
– Williams-Campbell syndrome
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easily recognizable by its lobulated glove-finger shape, or
as a V- or Y-shaped density. CT may show a completely
collapsed lobe containing bronchiectatic airways. A subtle
degree of volume loss may be present in the lobes in rela-
tively early disease.

Associated CT findings of bronchiolitis are seen in
about 70% of patients with bronchiectasis. These abnor-
malities are especially common in patients with severe
bronchiectasis and can even precede the development of
bronchiectasis. The obstructive defect found at pulmonary
tests in patients with bronchiectasis does not appear to be
related to the degree of collapse of large airways, as seen
on expiratory CT, or the extent of mucous plugging of the
airway, but rather to obstructive involvement of the pe-
ripheral airways (obliterative bronchiolitis). The extent of
CT evidence of small-airway disease (decreased lung at-
tenuation, expiratory air trapping) commonly present in
patients with bronchiectasis has proven to be the major de-
terminant of airflow obstruction.

At the present time, MDCT with thin collimation is the
most highly recommended technique to assess the pres-
ence and extent of bronchiectasis. The reliability of CT
for distinguishing among the causes of bronchiectasis is
somewhat controversial. An underlying cause for
bronchiectasis is found in fewer than half of patients, and
CT features alone do not usually allow a confident dis-
tinction between idiopathic bronchiectasis and bronchiec-
tasis with a known cause. A bilateral upper lobe distribu-
tion is most commonly seen in patients with cystic fibro-
sis and allergic bronchopulmonary aspergillosis, a unilat-
eral upper lobe distribution in patients with tuberculosis,
and a lower lobe distribution in patients after childhood
viral infections. However, CT remains of little value in
diagnosing specific etiologies of bronchiectasis.

Broncholithiasis

Broncholithiasis is a condition in which peribronchial
calcified nodal disease erodes into or distorts an adjacent
bronchus. The underlying abnormality is usually granu-
lomatous lymphadenitis caused by M. tuberculosis or
fungi such as Histoplasma capsulatum. A few cases as-
sociated with silicosis have been reported. Calcified ma-
terial in a bronchial lumen or bronchial distortion by peri-
bronchial disease results in airway obstruction. This leads
to collapse, obstructive pneumonitis, mucoid impaction,
or bronchiectasis. Symptoms include cough, hemoptysis,
recurrent episodes of fever, and purulent sputum.
Broncholithiasis is more common in the right lobe, with
obstructive changes particularly affecting the right mid-
dle lobe.

At CT, broncholithiasis is recognized by the presence
of a calcified endobronchial or peribronchial lymph
node, associated with bronchopulmonary complications
due to obstruction (including atelectasis, pneumonia,
bronchiectasis, and air trapping), in the absence of an as-
sociated soft-tissue mass.
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Small-Airway Diseases

Although the visualization of normal bronchioles is im-
paired by the spatial resolution limits of thin-section CT,
these airways may become directly visible when in-
flammation of the bronchiolar wall and accompanying
exudate develop. While bronchiolar changes may also
be too small to be visible directly, they can cause indi-
rect signs that suggest small-airways involvement.
Obstruction of the bronchioles may induce regional un-
derventilation, leading to reflex vasoconstriction, and
expiratory air trapping, both of which can be depicted
on CT images. Four different CT patterns reflect small-
airway pathology.
– Tree-in-bud sign consists of focal or multifocal areas

of small centrilobular nodular and branching linear
opacities. It reflects abnormal bronchiolar wall thick-
ening and dilatation of the bronchiolar lumen, which
is filled with mucus or pus, often associated with
peribronchiolar inflammation. The branching pattern
of dilated bronchioles and peribronchiolar inflamma-
tion give the appearance of a budding tree. Some
variants have the same diagnostic value. They include
clusters of centrilobular nodules linked together by
fine linear opacities, or branching tubular or Y-
shaped opacities without nodules. In every case, the
key feature is the centrilobular location of these
opacities, at a distance of at least 3 mm from the
pleura. The tree-in-bud sign is characteristic of acute
or chronic infectious bronchiolitis. It can also be seen
in diffuse panbronchiolitis and diffuse aspiration
bronchiolitis.

– Poorly defined centrilobular nodules usually reflect
the presence of peribronchiolar inflammation in the
absence of airway filling with secretion. When the
finding is patchy in distribution, the list of entities
that are potentially responsible is long. When the dis-
tribution of nodules is diffuse and homogeneous in
distribution, the pattern is suggestive of bronchiolar
disease or vascular entities. Bronchiolar diseases in-
clude respiratory bronchiolitis, bronchiolitis associat-
ed with hypersensitivity pneumonitis, and follicular
bronchiolitis.

– Areas of decreased lung attenuation associated with
vessels of decreased caliber, such as observed in
bronchiolar disease, reflect bronchiolar obstruction,
resulting in a decrease of perfusion. In acute bron-
chiolar obstruction, the decreased perfusion repre-
sents a physiologic reflex of hypoxic vasoconstric-
tion, but in the chronic state there is vascular re-
modeling and the reduced caliber of the vessels be-
comes irreversible. Although the vessels within areas
of decreased attenuation on thin-section CT may be
of markedly reduced caliber, they are not distorted,
as is the case in emphysema. The lung areas of de-
creased attenuation related to decreased perfusion
can be patchy or widespread in distribution. They are
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poorly defined or sharply demarcated, giving a geo-
graphical outline that represents a collection of af-
fected secondary pulmonary lobules. Redistribution
of blood flow to the normally ventilated areas caus-
es increased attenuation of lung parenchyma in these
areas. The combination of a patchwork of abnormal
areas of low attenuation and normal lung or less-dis-
eased areas, appearing normal in attenuation or hy-
perattenuated, yields mosaic-type attenuation.
Because the vessels running in the abnormal hypoat-
tenuated areas are reduced in caliber, whereas those
running in normal areas are increased in size, the
mosaic appearance is called ‘mosaic perfusion’. This
pattern is not always the result of bronchiolar disease
but can also be caused by direct vascular obstruction.
When it is caused by bronchiolar obstruction, mosa-
ic perfusion is accentuated on expiratory CT because
the low-attenuation areas show air trapping. Since
the air is trapped, the cross-sectional area of the af-
fected parts of the lung do not decrease in size on ex-
piratory CT. Usually, the regional inhomogeneity of
the lung density seen at end-inspiration on thin-sec-
tion CT scans is accentuated on sections obtained at
end-expiration or during expiration, as high-attenua-
tion areas increase in density while low-attenuation
areas remain unchanged. In case of more global in-
volvement of the small airways, the lack of regional
homogeneity of the lung attenuation is difficult to
perceive on inspiratory scans and, as a result, mosa-
ic perfusion becomes visible only on expiratory
scans. In patients with particularly severe and wide-
spread involvement of the small airways, the patchy
distribution of hypoattenuation and the mosaic pat-
tern are lost. Inspiratory scans yield an apparent uni-
formity of decreased attenuation in the lungs, while
scans taken at end-expiration may appear unremark-
able. In such patients, the most striking features on
CT are the paucity of pulmonary vessels and the lack
of change in the cross-sectional areas of the lung at
comparable levels on inspiratory and expiratory
scans.
A mosaic perfusion pattern associated with expiratory

air trapping is seen on thin-section CT scans in patients
with obliterative bronchiolitis regardless of etiology,
bronchiolitis associated with hypersensitivity pneumoni-
tis, and asthma.

Obliterative bronchiolitis, characterized by submucos-
al circumferential fibrosis along the central axis of ter-
minal bronchioles, is the result of a variety of causes or,
rarely, is idiopathic (Table 2). Bronchial wall thickening
and bronchiectasis, both central and peripheral, are also
commonly present.
– Lobular areas of air trapping may appear on expira-

tory CT scans whereas there is no attenuation abnor-
mality on inspiratory CT scans. This phenomenon re-
flects the presence of air trapping in areas where par-
tial airway obstruction is present. These areas are
commonly well-demarcated, reflecting the geometry

of individual or joined lobules. This pattern is fre-
quently observed in smokers and in patients with
asthma, obliterative bronchiolitis, bronchiolitis asso-
ciated with hypersensitivity pneumonitis, or sar-
coidosis.

Chronic Obstructive Pulmonary Disease and Asthma

In patients with COPD, thickening of the bronchial wall
is often present. Thin-collimation MDCT acquisition
and multiplanar reformations associated with minimum
intensity projections show air-filled outpouchings or di-
verticula in addition to the lumen of the main lobar or
segmental bronchi. These abnormalities reflect the en-
largement of mucous glands and are related to the loss
of subepithelial connective tissue and to the herniation
of airway mucosa between small muscle bundles. Due
to the deficit of bronchial cartilage, the lumen of seg-
mental and subsegmental bronchi may show exaggerat-
ed collapse on expiratory CT scans, particularly in the
lower lobes.
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Table 2. Causes of and association with obliterative (constrictive)
bronchiolitis

Post-infection
– Childhood viral infection (adenovirus, respiratory syncytial

virus, influenza, parainfluenza)
– Adulthood and childhood (Mycoplasma pneumoniae, Pneumo-

cystis carinii in AIDS patients, endobronchial spread of tuber-
culosis, bacterial bronchiolar infection)

Post-inhalation (toxic fumes and gases)
– Nitrogen dioxide (silo filler’s disease), sulfur dioxide, ammonia,

chlorine, phosgene
– Hot gases

Gastric aspiration
– Diffuse aspiration bronchiolitis (chronic occult aspiration in the

elderly, patients with dysphagia)

Connective-tissue disorders
– Rheumatoid arthritis
– Sjögren’s syndrome

Allograft recipients
– Bone marrow transplant
– Heart-lung or lung transplant

Drugs
– Penicillamine
– Lomustine

Ulcerative colitis

Other conditions
– Bronchiectasis
– Chronic bronchitis
– Cystic fibrosis
– Hypersensitivity pneumonitis
– Sarcoidosis
– Microcarcinoid tumorlets (neuroendocrine cell hyperplasia)
– Sauropus androgynus ingestion

Idiopathic
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In asthmatic patients, the main CT abnormalities in-
clude bronchial wall thickening, bronchial dilatation, mo-
saic perfusion, and expiratory air trapping.

Thickening of the bronchial wall, as measured at CT,
has proved to be prominent in patients with more severe
asthma. It is correlated with the duration and severity of
disease and the degree of airflow obstruction.

The mosaic perfusion pattern is frequent in patients
with moderate persistent asthma. In severe persistent
asthma, diffuse decreased lung attenuation and expirato-
ry air trapping make the pattern difficult to distinguish
from that of obliterative bronchiolitis.

Expiratory CT can show abnormal air trapping even in
patients who have normal inspiratory scans and before lung
function deteriorates. The extent of such air trapping corre-
lates with the severity of the asthma. This reflects the lumi-
nal obstruction of the airways and is potentially, but not al-
ways, reversible. In patients with persistent asthma, the ab-
sence of a change in air-trapping scores after inhalation of
bronchodilator suggests that the air trapping reflects per-
manent changes resulting from small-airway remodeling.
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Introduction

The spectrum of diseases that affect the airways is im-
mense, ranging from disorders of the trachea to diseases
of the respiratory bronchioles. Moreover, the investiga-
tion of airway diseases is challenging to both physiolo-
gists and physicians, especially when dealing with small-
airway diseases.

In recent years, the introduction of computed tomogra-
phy (CT) has revolutionized our understanding of airway
diseases, since it allows noninvasive visualization of
changes involving both large and medium-sized bronchi
together with insight into airway physiology. Furthermore,
in small airways, high-resolution CT scanning can demon-
strate morphological changes that are associated with dys-
functions too subtle to be identified by lung-function test-
ing alone. By combining helical volumetric acquisition
and thin-slice thickness of the entire thorax within a single
breath-hold, multidetector-row CT (MDCT) allows a thor-
ough assessment of both large and small airways. Here,
MDCT protocols for imaging airways will be reviewed, to-
gether with a description of their clinical applications to
most common airway diseases, including bronchial
stenoses, bronchiectasis, and small-airway disease.

Computed Tomography Scanning

Technical Parameters

The use of narrow collimations (≤1.25 mm) is recom-
mended when imaging airways with a MDCT scanner, in
order to obtain high quality 2D and 3D reconstructions.
State-of-the-art scanners allow imaging of the entire tho-
rax within 5-15 s despite the use of very thin collima-
tions. Such speed is of particular benefit in patients with
airway disorders who do not tolerate longer breath-hold
periods and in young children who are often unable to un-
derstand breathing instructions.

Overlapping reconstruction intervals of about 50% are
also recommended to provide the highest morphological
detail and to enhance the quality of reformatted images;
however, this parameter is less important when very thin

collimations are used. A high spatial frequency algorithm
can be used to better demonstrate the sharp airway inter-
face, although on occasion this may introduce excessive
noise on subsequent 3D images. Thus, for most cases a
soft-tissue reconstruction kernel is preferred.

A well-known advantage of MDCT is the ability to
change the slice thickness before the raw data are erased.
This way, high-resolution images, 1-mm thick and 10
mm apart, and resembling those from a traditional se-
quential HRCT study, can be obtained from the apices to
the lung bases.

Most airway imaging can be done as a non-contrast
study, although i.v. contrast material should be considered
when the relationship of an airway abnormality to medi-
astinal vessels has to be assessed (e.g., congenital rings
and slings) or when an endobronchial mass is present.

As always, radiation dose is a consideration, since
MDCT results in a higher dose than required by single-
row detector CT (SDCT), particularly if narrow collima-
tions are used. However, because of the high natural con-
trast between air and soft-tissue structures, significant
dose reduction can be achieved in airway studies without
impairing image quality. As a matter of fact, using an an-
imal model, Phillip Boiselle recently demonstrated that a
six-fold dose reduction (from 240 to 40 mA) is possible
while preserving the quality of 2D and 3D images. The
use of 40 mA also resulted in a dose that was fourfold
lower than the standard dose of SDCT. Limiting the
length of volumetric acquisition to the area of known or
suspected abnormality also significantly reduces the dose
of radiation.

Expiratory CT

Expiratory CT scans can be useful in the evaluation of
patients with a variety of obstructive lung diseases, in-
cluding patients with tracheobronchomalacia, in whom
the degree of abnormal airway collapse has to be as-
sessed, and patients with small-airway disease, for evalu-
ation of the presence and extent of air trapping.
Moreover, expiratory CT scans may be of great value in
the follow-up of patients at risk of developing an ob-
structive disease, such as lung transplant recipients. In
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some cases, expiratory CT scans are able to demonstrate
air trapping in the absence of abnormalities on inspirato-
ry scans. For this reason, Webb recommends the routine
use of expiratory scans in a patient’s initial high-resolu-
tion CT evaluation.

Air trapping is diagnosed when an area of decreased
attenuation on inspiratory scans remains lucent and
shows little change in volume on expiratory scans.
Abnormal air trapping is a feature of small-airway dis-
ease, but it may also be seen beyond any bronchial ob-
struction, or in patients with asthma, chronic obstruc-
tive pulmonary disease (COPD), emphysema, and sar-
coidosis.

Expiratory CT scans are usually done during suspend-
ed respiration after a forced exhalation (post-expiratory
CT scans). Three to five scans at predefined levels or
scans at 2- to 4-cm intervals have been proposed by dif-
ferent authors. Each of the post-expiratory scans is then
compared with the inspiratory scan that most closely du-
plicates its level in order to detect air trapping. Anatomic
landmarks, such as pulmonary vessels, bronchi, and fis-
sures, are used to localize corresponding levels.

Expiratory imaging can also be done during continu-
ous expiration (dynamic expiratory CT). In general, with
this technique, a series of scans is obtained at a single
level during a 6-s period, as the patient inspires and then
forcefully exhales. Patients are instructed to breathe in
deeply and then breathe out as rapidly as possible. Images
are reconstructed using a high spatial frequency algo-
rithm. Although one or more of the images obtained dur-
ing the rapid phases of expiration will show motion arti-
facts, images near full expiration contain few artifacts
and thus allow optimal assessment of lung attenuation
and air trapping. To decrease radiation exposure, a low-
dose technique (40 mA) is recommended for the dynam-
ic exhalation acquisition. According to some authors, the
presence and extent of air trapping are better demonstrat-
ed on dynamic scans than on post-expiratory ones. A pos-
sible reason for this improvement is a small increase in
the degree of expiration (and therefore a greater increase
in lung attenuation) during continuous expiratory CT,
which leads to better detection of air trapping. Moreover,
patients may have greater difficulty in maintaining their
breath after a complete exhalation than in performing an
active exhalation.

Finally, expiratory imaging can be carried out using
MDCT and 2D or 3D reconstructions, again during ex-
halation. Volumetric imaging ensures that the entirety of
the central airways is imaged. In this case, the beginning
of the volumetric acquisition is coordinated with the on-
set of the patient’s expiratory effort. The use of paired in-
spiratory-dynamic expiratory MDCT has been proposed
in patients with tracheobronchomalacia, before thera-
peutic procedures such as stent placement and tracheo-
plasty. In addition, MDCT during inspiration and expi-
ration can also be used for the global assessment of lung
attenuation, with the advantage that it also provides
anatomic detail.

32

Image Post-processing

Reformatted 2D and 3D images are frequently used after
volumetric CT of the airways, since they can help over-
come the limitations of axial images by providing a more
easily comprehensible display of the tracheobronchial
tree. For example, these images have been shown to im-
prove the detection of airway stenoses, the assessment of
craniocaudal extent of disease, and the evaluation of
complex, congenital airway abnormalities. Additional
benefits include enhanced diagnostic confidence of in-
terpretation and therapeutic planning before surgery or
interventional procedures. Moreover, by reducing the
large CT dataset to a relatively small number of images,
reformatting facilitates communication between the radi-
ologist and referring physician.

As already noted, 2D and 3D images do not create new
information; instead, they represent an alternative pre-
sentation of CT data that is often more visually accessi-
ble and more anatomically meaningful than axial images.
Nonetheless, axial images allow a more comprehensive
review of all thoracic structures and should always serve
as a point of reference for optimal interpretation of re-
formatted images.

The most useful and frequently used post-processing
techniques for airway display include multiplanar refor-
mations and volume rendering.

Multiplanar reformations allow better evaluation of the
craniocaudal extent of vertically oriented diseases than
allowed by axial scans. They are of particular value in the
detection and evaluation of mild or focal tracheo-
bronchial stenosis (Fig. 1), the assessment of congenital

M.L. Storto

Fig. 1. A 67-year-old man with tracheal stenosis after tracheal intu-
bation. The coronal reformatted image clearly shows the location
and longitudinal extent of stenosis
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abnormalities of the tracheobronchial tree, and the diag-
nosis of bronchial dehiscence following lung transplanta-
tion or surgery (Fig. 2). Underestimation of a stenosis,
however, may occur if the reformation plane is not ade-
quately chosen. This can be avoided by simultaneous
reading of the native cross-sectional images and the se-
lection of a reformation plane from the 3D reconstructed
image of the airways.

Volume-rendering technique uses a percentage-based
probabilistic classification to assign a continuous range of
values to a voxel, allowing the percentage of individual
tissue types to be reflected in the final image while 3D
spatial relationships and high fidelity to the original data
acquisition are maintained. In this way, volume rendering
is less susceptible to volume-averaging artifacts, which
are a particular problem in airway imaging because of the
air-soft tissue interface and the small caliber of peripher-
al branches. When applied to central airways, volume ren-
dering allows reconstruction of 3D images of the airways
visualized in a semi-transparent mode, similar to conven-
tional bronchograms (virtual bronchography) (Fig. 3).
Virtual bronchography has proved to be useful for diag-
nosing mild changes in airway caliber and for under-
standing complex tracheobronchial abnormalities.

Virtual bronchoscopy provides an internal rendering of
the tracheobronchial walls and lumen, thus simulating an
endoscopist’s view of the internal surface of the airways.
Powerful computers permit real-time rendering, up to 15-
25 images/s, and allow a ‘virtual survey’ within the air-
ways. Virtual endoscopy is applicable to the central air-

ways, including the subsegmental bronchi, and allows ac-
curate reproduction of major endoluminal abnormalities,
with an excellent correlation with fiber-optic bron-
choscopy results regarding the location, severity, and
shape of airway narrowing (Fig. 4). Virtual endoscopy al-
so allows assessment of the bronchial tree beyond an ob-
structive lesion and visualization of peribronchial struc-
tures through bronchial walls. This helps in planning
transbronchial, transtracheal, or transcarinal needle punc-
tures. Despite these advantages, virtual endoscopy re-
mains very sensitive to partial volume averaging effects
and motion artifacts; moreover, discontinuities in the
walls of airways can be artifactually created. In addition,
virtual endoscopy is unable to identify the causes of
bronchial obstruction; mild stenosis, submucosal infiltra-
tion, and superficial spreading tumors are not identified. 

Minimum intensity projection (minIP) imaging is a simple
form of volume rendering in which pixels encode the min-
imum voxel value encountered by each ray. Airways are
visualized because air contained within the tracheo-
bronchial tree has a lower attenuation than the surround-
ing pulmonary parenchyma. Numerous drawbacks have
limited the use of minIP in the assessment of airway dis-
ease. For example, minor partial volume averaging leads
to underestimation of airway caliber; this effect increases
with increasing effective slice thickness, decreasing
bronchial diameter, and horizontal course of a bronchus.
Sometimes, high-grade stenoses can be imaged as pseu-
do-occlusions, whereas the intraluminal growth of eccen-
tric tumors is generally underestimated and may even be
completely missed. Intraluminal structures of higher den-
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Fig. 2. Patient status following right pneumonectomy with anasto-
mosis of the left bronchus to the trachea; a stent has been placed
in the distal trachea. The coronal oblique multiplanar image shows
air leakage at the distal end of the stent (arrow), indicative of anas-
tomotic dehiscence

Fig. 3. Multidetector-row computed tomography (MDCT) of the
central airways in a 56-year-old patient who had undergone
sleeve lobectomy of the right upper lobe. Three-dimensional vol-
ume rendering (virtual broncography) shows a focal anastomotic
stenosis
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sity, such as stents, are not displayed. Other air-containing
structures, such as the esophagus, may simulate tracheal
fistulas if all angles of view are not carefully analyzed.

In maximum intensity projection (MIP), pixels encode the
maximum voxel value encountered by each ray. This
technique highlights high-density structures and is com-
monly used in CT angiography; however, it can also be
applied to volumetric CT of airways for a better under-
standing of centrilobular opacities and to assess the pres-
ence of ‘tree-in-bud’ sign (Fig. 5).

34

Clinical Applications

Tracheobronchial Stenosis

The usefulness of volumetric CT acquisition in assessing
the central airways and trachea has been investigated in
several reports.

Airway stenoses may be etiologically classified as
those extrinsic to the tracheobronchial wall and those
that are intrinsic. Primary tracheal tumors are uncom-
mon, whereas the most common referral for airway-

M.L. Storto

Fig. 4a, b. A 52-year-old patient with bronchogenic carcinoma. Both
the axial image (a) and virtual bronchoscopy (b) show tumor ex-
tending within the lumen of the bronchus intermedius, which is
clearly reduced in caliber

a

b

Fig. 5a, b. Endobronchial spread of tuberculosis. The coronal MIP
images at anterior (a) and posterior (b) levels show multiple foci
of centrilobular nodules and branching linear opacities (‘tree-in-
bud’ sign). Consolidation is also seen in the right upper lobe and
superior segment of the left lower lobe

a

b
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stenosis evaluation is as a result of invasion of an ex-
trinsic bronchogenic or esophageal carcinoma or their
adenopathy. Tracheal or bronchial stenoses may also be
the result of inflammatory diseases or fibrosis after
surgery, endoscopic maneuvers, and radiation therapy. In
these cases, the main clinical questions asked include the
site and length of the stenosis, its degree and distance
from the carina or the vocal cord, and the caliber of nor-
mal trachea or bronchus above the stenotic segment.
Whether the lung parenchyma beyond the stenosis is sal-
vageable and will reinflate after therapy is also an im-
portant determination. Once other criteria have been ful-
filled, the ability of imaging to depict the central extent
of tumor spread along the airway may be the decision
point between resectable and non-resectable disease.
Volumetric CT with coronal, sagittal, and 3D images
have been found to be extremely helpful in assessing ma-
jor airways and addressing all these issues. Imaging is al-
so important in the follow-up of patients undergoing tho-
racic surgery or endoscopic procedures, in order to
search for complications such as recurrence of stenosis
and stent displacement. 

In patients with diffuse airway disease or multiple
stenotic segments, MDCT can be of value in the detec-
tion of additional areas of stricture beyond a stenosis that
is not traversable by the bronchoscope. 

Analysis of the shape, attenuation, and distribution of
disease on CT images can help in determining the cause
of a bronchial stenosis. For example, a fatty density with-
in an endobronchial mass is almost always indicative of
bronchial lipoma or hamartoma. Broncholithiasis is char-
acterized by calcified lymph nodes in a peribronchial lo-
cation associated with distal atelectasis or pneumonia.

Bronchiectasis

Sequential high-resolution CT is accepted as a reliable
method for imaging bronchiectasis; however, it has some
limitations in that the gaps between CT slices can result
in focal areas of bronchiectasis being overlooked within
these ‘skip’ regions. In addition, depiction of the bronchi
along the long axis is limited in axial imaging, which may
prevent recognition of slight bronchial dilatation in mild
cylindrical bronchiectasis. As a matter of fact, the most
reliable sign of cylindrical bronchiectasis, the lack of ta-
pering of the bronchial lumen, is sometime difficult to
perceive on successive CT scans. Volumetric CT can
overcome these difficulties with its ability to scan the
whole thorax in a single breath-hold and to perform mul-
tiplanar image reconstruction. Not only the identification
of bronchiectasis is improved with volumetric CT but al-
so interobserver agreement for the presence and extent of
bronchiectasis is better with helical CT than with se-
quential thin-section CT scans. For all these reasons,

some authors have proposed MDCT with thin collimation
and a low-dose protocol as the routine examination for
diagnosis and assessment of bronchiectasis.

Small-Airway Disease

High-resolution CT still represents the most reliable
imaging technique to assess patients with diseases of the
small airways, and MDCT with 3D images also has its
place. For example, both the presence and distribution of
centrilobular nodules and the ‘tree-in-bud’ sign can be
better appreciated on MIP images than on thin-section
CT scans (Fig. 5); this is particularly true in those pa-
tients showing only faint and few centrilobular nodules.
In the same way, MDCT followed by minIP reconstruc-
tions may be of help in assessing the extent of air trap-
ping in patients with constrictive bronchiolitis.

In summary, MDCT provides high-quality volume imag-
ing that is effective in the assessment of the airways and
lung parenchyma. It offers excellent quality multiplanar
and 3D images. MDCT also allows simultaneous recon-
struction of thick- and thin-slice images from a single set
of raw data, permitting comprehensive assessment of the
lungs and mediastinum without the need for multiple pa-
tient exposures. Nevertheless, further clinical studies are
required to elucidate the importance of high-resolution
volume imaging in the assessment of patients with sus-
pected airways disease or infiltrative lung diseases.
Although the technique has several advantages, including
very fast scanning times allowing high throughput, there
are certain disadvantages, including an increased radia-
tion dose and a large number of images to interpret.
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Introduction

Imaging of the airways with 2D and 3D reconstructions
has significantly improved with the advent of multidetec-
tor-row computed tomography (MDCT) scanners. These
scanners allow for volumetric acquisition of isotropic
datasets. As a result, the scanning time is significantly re-
duced, and large anatomic regions are covered within sec-
onds with optimal intravenous contrast material enhance-
ment. MDCT scanners have significantly improved the
image quality by dramatically reducing artifacts resulting
from partial volume averaging and motion. Additionally,
fast and user-friendly scanner workstations allow for
post-processing of impressive multiplanar 2D and 3D re-
constructions, which are desirable to clinicians for com-
prehensive pre-surgical planning purposes [1, 2].

MDCT Applications for Imaging of the Pediatric Airway

The introduction of 16-slice MDCT with its wide spec-
trum of applications has transformed the approach to
imaging the airways and thoracic vessels of infants and
children. With MDCT, scanning techniques may vary
when different collimations are selected: the narrowest
collimation is employed when partial volume effects need
to be minimal and 3D post-processing images of optimal
quality, e.g., in computed tomographic angiography
(CTA) and cardiac CT [3].

Preparation of the Child: Is Sedation Always Needed?

Due to the faster scanning times of MDCT scanners, rou-
tine sedation of pediatric patients is no longer required. In
the neonate, recent feeding usually provides tranquility,
while children over 3 years of age tend to cooperate after the
procedure has been explained through play therapy and ver-
bal reassurance. As a result, CT waiting lists have shortened.

Breathing During the Scan

Ideally, scans should be performed in suspended inspira-
tion at total lung capacity, but this is not often possible

in the younger patients. Experience has proved that qui-
et breathing is more successful than the confusion creat-
ed over attempts to acquire the scans in suspended in-
spiration [4]. When subtle air-trapping due to small air-
ways disease is suspected, a few supplementary expira-
tory sections may be obtained. If the child is too young
to breath-hold, decubitus scans may replace expiratory
scans, the dependent lung behaving as the ‘expiratory’
lung and the non-dependent lung behaving as the ‘inspi-
ratory’ lung [4].

Which Protocol Should Be Applied?

Planning the examination protocol is essential as this may
facilitate diagnosis. The differences between a ‘routine’
scan of the chest and a Combi-scan/CTA, as applied in
our institution, are summarized in Table 1.

When dealing with children, the issue of performing a
low-dose examination is crucial. Radiation dose is a con-
tentious issue in pediatrics as it is well-established that
the lifetime cancer mortality risks attributable to CT ex-
aminations are considerably higher than for adults [1, 2].
As proposed by the ALARA (‘as low as reasonably
achievable’) principle, the selection of appropriate scan-
ning parameters focuses on optimization of the image
quality while delivering the lowest possible radiation
dose and shifting the risk-benefit balance towards bene-
fit [1, 2, 5].

Technical parameters that need to be selected for any
scan include: collimation thickness, tube current [mil-
liamperage (mA)], and kilovoltage (kV). The collimation
thickness is the minimum section thickness that can be
acquired once the scan is finished, and in a 16-row MD-
CT scanner it is usually 1.5 mm. Thinner collimation
(0.75 mm) increases the radiation dose by approximately
30% with our in-house reduced protocol and is applied
only in selected cases of vascular abnormalities, visual-
ization of small structures, and cardiac CT (Table 2). The
axial images are reconstructed at 5-mm thickness and
archived to the picture archiving and communication sys-
tem (PACS) system within our hospital.

Methods adopted to minimize radiation dose in MD-
CT include:
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1. Applying a dose-modulation function, in which the
system samples the patient thickness and adjusts (e.g.,
reduces) the exposure accordingly when the tube is in
the AP/PA position, as patients are narrower in AP than
in the side-to-side orientation.

2. Reduction of the kilovoltage to 100 kVp when imag-
ing the thorax. Further reduction to 80 kVp is possible
for CTA, but as resolution of the parenchyma is not
ideal this is applied only if lung pathology is unlikely.

3. Selecting a tube collimation of 1.5 mm. The 0.75 mm
collimation improves spatial resolution but, as already
mentioned, it increases the radiation dose and is there-
fore reserved for CTA or when thin-slice reconstruc-
tion is indicated.

4. Appropriate mAs selection that is dependent on the pa-
tient’s weight or cross-sectional diameter.
Unlike the single slice scanner, an increase or decrease

in table-feed time on the MDCT scanner only affects the
overall scanning time. An increase in table speed results
in a concomitant increase in mA, and this has no effect
on the dose delivered. The tube current is automatically

compensated to ensure that the preset effective and total
mAs is delivered, i.e., a fast table movement results in an
automatic increase in the mA, keeping the mAs constant.

Anatomic Coverage

For imaging of the pediatric thorax, anatomic coverage
extends from the thoracic inlet to the diaphragm. Greater
degrees of coverage may be warranted in certain clinical
cases, such as an extralobar pulmonary sequestration that
may be present in the upper abdominal cavity. In order to
increase spatial resolution, the field of view (FOV)
should closely approximate the cross-sectional area of the
body part being studied [2].

Injection of Contrast Medium

When imaging the airways, intravenous non-ionic contrast
material is only administered if paratracheal abnormali-
ties, such as vascular rings, anomalous origin of the pul-
monary artery, and mediastinal masses are suspected [2].

Table 1. Imaging protocols of the pediatric chest with 16-row MDCT scanner

Routine Scan CombiScan/CTA

Indication Strictures Cardiovascular anomalies
Tumors Small tracheobronchial stenoses
Tracheomalacia
Peripheral-airways disease

Anatomic area Thoracic inlet to diaphragm

Tube collimation (mm) 1.5 0.75

Slice-width reconstructed (mm) 5 3

Table-feed (mm/rotation ’) 24 12

Exposure factors 100 kVp 100 kVp
20-75 effective mAs 20-75 effective mAs
(dependent on patient weight) (dependent on patient weight)
0.75-s scan time 0.75-s scan time

Respiration Suspended inspiration; single breath-hold where possible
3-5 expiratory scans for tracheomalacia/small-airways disease

Contrast material None Yes (triggering for CTAs)

Algorithm Soft tissue Soft tissue plus reconstruction on bony al-
gorithm for high-resolution CT of the lungs

Table 2. Dose comparison for different scanning protocols in a phantom study at our institution

Effective dose (mSv)

Volume (1.5 mm) Combi (0.75 mm) HRCT CTA CXR

M F M F M F M F AP LAT

<15kg 0.77 0.90 0.9 1.05 0.36 0.42 1.30 1.51 0.00487 0.00799

15-24 kg 0.93 1.09 1.13 1.31 0.36 0.42 1.62 1.89 0.00874 0.01086

25-34 kg 1.34 1.56 1.58 1.84 0.54 0.63 2.24 2.62 0.01163 0.00968

35-44 kg 2.11 2.46 2.48 2.89 1.00 1.17 2.57 3.0 0.01769 0.01452

CTA, CT angiography; CXR, chest X-ray; HRCT, High-resolution computed tomography; AP, anteroposterior; LAT, lateral
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An intravenous cannula should be preferably placed in
situ on the ward so that the child will not associate CT with
venopuncture especially in cases in which subsequent
scans may be required. Non-ionic contrast is administered
at a dose of 2.0 ml/kg in up to a maximum of 50 ml via a
20/22G cannula, using a power-injector or hand injection
(when the cannula is placed in the hand or the wrist). The
power-injector has the advantage of instilling contrast with
a constant delivery rate. A flow-rate of 2.0 ml/s is used, ris-
ing to 2.5 ml/s for cardiac studies. Central lines are used
for injection in conjunction with clinical agreement and are
more desirable, as the experience is more pleasant for the
child than having to undergo repeated cannulation. The de-
lay time between the start of injection and the start of the
scan can be empirical (Table 3).

In the case of complex vascular anatomy, the radiolo-
gist should be present for the examination. In those cas-
es, low-dose planning scans are done at a pre-determined
anatomic level and the injection of contrast medium is
triggered by the radiologist. The volumetric scan begins
when the contrast has reached the relevant pre-selected
vascular structure.

Post-processing of the Volumetric Data

Four reconstruction displays are used in the post-process-
ing of volumetric data: multiplanar reformations or recon-
structions (MPRs), 3D shaded-surface displays (SSDs),
multi-projective volume reconstructions (MPVRs), and 3D
volume renderings (VRs). In fact, the axial images include
all the information about the anatomy of the airways that
is provided with 2D and 3D reformats. However, post-pro-
cessing gives added value to imaging and increases diag-
nostic confidence, whereas axial scans are usually numer-
ous, and oblique structures as well as interfaces and sur-
faces parallel to the axial plane are poorly demonstrated
and sometimes occult.

Multiplanar Reformations

The additional diagnostic information in different planes
provided by MPRs is as accurate as that obtained with the
axial scans due to the nature of the isovolumetric acqui-
sition of the data [3]. MPRs are 1-voxel-thick, 2D tomo-
graphic sections that can be displayed in coronal, sagit-
tal, or parasagittal planes, or in a single tomographic
‘curved’ plane, along the axis of a structure of interest,
e.g., a bronchus or a feeding vessel [2, 3]. They are real-

time, easy-to-reconstruct images that can be produced as
soon as the axial sections are completed. MPRs impres-
sively demonstrate small focal lesions and the vertical ex-
tent of a bronchial stenosis, which may go undiagnosed
from the axial source CT images. They are also invalu-
able prior to surgical remodeling of vascular rings and the
tracheobronchial tree [3]. However, to avoid misinterpre-
tations due to partial volume effects, e.g. overestimation
of the degree of a stenosis, overlapping and thinner cuts
should be obtained when the raw data are processed.

Three-Dimensional Imaging

This diagnostic tool is only used in certain cases as it fre-
quently requires more time and post-processing skills to
provide information already included and demonstrated
in the axial images and MPRs. There is no doubt howev-
er that the 3D reformatted images may further increase
the diagnostic confidence which eventually affects pa-
tient management, particularly pertinent in pre-surgical
assessment. Communication with the referring clinicians
is simplified as they portray spatial relationships of im-
portant anatomic structures.

Three-Dimensional Shaded-Surface-Displays

These techniques are only applied in the imaging of the
central airways and they are usually more visually im-
pressive than clinically useful. However, their generation
from original data is time-consuming and they carry the
risk of loss of density information due to problems with
thresholding.

Multi-projective Volume Reconstructions

This method consists of ‘selective’ 3D images that re-
semble the 2D MPRs and which depict peripheral air-
ways better than individual sections. MPVR combines
the spatial resolution of thin sections with the anatomical
display of thicker slices, and all the information acquired
in the raw data set is used. The routine CT images are
combined in multiples to create an image that is thicker
in voxels, the volume ‘slab’, which constitutes an inter-
active sum of axial-, coronal-, and sagittal-reconstructed
sections [2, 3]. By using different algorithms and setting
thresholds, maximum or minimum intensity voxels can
be highlighted within the slab. For evaluation of the air-
ways, minimum intensity projections (MIPs) within the
slab are usually applied [2]. Slabs are time-consuming
and should be reserved for of the visualization of com-
plex morphologies.

Three-Dimensional Volume Renderings

The main technique for 3D reformatting of the airways and
the vascular structures of the mediastinum is 3D VR. This
technique is particularly useful for displaying structures
that course parallel or oblique to the transverse plane, those

Table 3. Suggested delay times from the injection of contrast medium

Manual injection Pressure injector

Scan initiation 10 s from termination 25 s from start 
time delay of injection of injection

Flow rate 2 ml/s

Age range All age groups All age groups
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that develop or extend into multiple planes, and short fo-
cal areas of narrowing [2, 3]. However, preliminary editing
is still necessary and can be time-consuming, altering the
usual work patterns in CT. In VR, different anatomic tis-
sues are represented by proportional values that are as-
signed to every voxel and depend on the range of tissue at-
tenuation values in the original data set. Voxels are select-
ed by the probability of belonging to the object of interest;
thus, they are displayed in different colors, or several
shades of gray, different transparency, or different opacity.
This 3D segmentation technique is better albeit more com-
plicated than the others previously mentioned; however,
some information is lost during processing so that the ax-
ial images are still indispensable for the radiologist to as-
sess extraluminal disease and to identify artifacts.

Virtual Bronchoscopy

The inner surface of air-containing tracheobronchial tree
can be displayed with virtual bronchoscopy (VB), which is
performed with either polygonal SSD or direct VR. VB is
a non-invasive and accurate technique that can provide
‘bronchoscopic’ views of the central and the peripheral air-
ways. As is the case with fiber-optic bronchoscopy, virtu-
al bronchoscopy is considered to be supplementary to CT;
likewise, referral to the axial sections is valuable to recog-
nize artifacts and to gain perception of the orientation
within the virtual airways. VB uses perspective surface
rendering, which takes advantage of the natural contrast
between the airway and the surrounding tissues [1]. The
point for viewing is located intraluminally, so that external
structures do not overlap and editing requires less time.
Sub-millimeter (0.75-mm) slice thickness allows deeper
penetration and visualization of the bronchial surface
down to bronchial diameters of <5 mm; it is associated,
however, with an inevitable increase in radiation dose [6].

Again, VB practically never adds anything particularly
new to the established diagnosis; thus, it is reserved for
use in patients in whom traditional bronchoscopy is not
applicable (e.g., children at risk) or when precise naviga-
tion to guide airway interventional procedures is not pos-
sible, or in emergencies, such as airway (tracheal) steno-
sis in an infant who cannot be evaluated otherwise [2].
However, compared to fiber-optic bronchoscopy, VB pre-
cludes any therapeutic maneuvering. It is incapable of de-
tecting endoluminal lesions <2-3 mm, and provides limit-
ed information about mucosal details making differentia-
tion between pathologic processes and retained secretions
difficult [1-3, 6-8]. Additionally, as VB is affected by par-
tial volume effects, severe stenoses may be misinterpreted
as occlusions. Therefore, the threshold level is of great im-
portance for displaying accurate simulations [9].

Peripheral Airways

Modern volumetric techniques have partially overcome the
difficulty of demonstrating 3D images of the peripheral
airways. Data are acquired and reconstructed at a later
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time, allowing for thin-slice high-resolution images at any
level. In this way, a whole affected bronchiectatic segment
can be displayed on a single MPR/VR oblique section with
images that resemble those of conventional bronchography
and which may therefore influence the approach for tissue
sampling [3, 10]. If there is suspicion of small-airways dis-
ease, some additional expiratory cuts may be useful.

Clinical Applications of Volumetric Imaging of the
Pediatric Airways

Selection of the most appropriate scanning CT protocol for
each individual case is paramount in imaging of the air-
ways in the pediatric population. Ultimately, the best pro-
tocol is the one that provides the most relevant information
at the lowest radiation burden possible. The indications in-
clude: (1) congenital bronchial anomalies (e.g., accessory
bronchi, bronchial hypoplasia and atresia, and bronchopul-
monary foregut malformations), (2) tracheobronchial stric-
tures (congenital and acquired) or tumors, (3) tracheoma-
lacia, and (4) peripheral (small)-airways disease. 

Tracheobronchial Anomalies

Some form of congenital variant is found in 1-12% of
adult patients who undergo bronchoscopy [1, 11].
Tracheobronchial anomalies may be associated with re-
current episodes of pulmonary infection and airway ob-
struction but usually go undiagnosed with conventional
imaging [1, 12].

Tracheal bronchus, with an incidence of 0.2-5%, rep-
resents an aberrant bronchus that usually arises from the
right tracheal wall above the carina and ventilates the api-
cal segment of the upper lobe (Fig. 1) [1, 13]. If the right
upper lobe bronchus has a normal trifurcation, then the
tracheal bronchus is supernumerary and may end blindly,
also called tracheal diverticulum. Its presence may be as-
sociated in some patients with other abnormalities of the
lung or within the spectrum of VACTREL (V=vertebral,
A=anorectal atresia, C=cardiac, T=tracheobronchial,
R=renal, E=esophageal, L=lumbosacral/limb abnormali-
ties) association. Diagnosis of tracheal bronchus should
be considered early in the clinical course of intubated pa-
tients with recurrent right-upper-lobe complications [11].

Patients with bronchial atresia may present with a va-
riety of findings depending on age (water-density mass in
newborns, bronchocoele and air-trapping during child-
hood, and solitary pulmonary nodule or area of emphy-
sema in adults). In doubtful cases, MPRs help identify
mucoid impaction and bronchocoele, showing a branch-
ing structure radiating from the hilum [13].

Bronchopulmonary foregut malformations are anom-
alies of pulmonary development that are due to abnormal
budding of the embryonic foregut and tracheobronchial
tree. They include duplication cysts, which are character-
ized by an isolated portion of lung tissue communicating
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with the upper GI tract or the central nervous system, such
as occurs with bronchogenic cysts, enteric cysts, and
neurenteric cysts. Symptoms are usually provoked by the
size and the location of the cysts, which may cause com-
pression of the trachea or bronchi leading to distal collapse
and air-trapping. Infection is less commonly encountered.

The spectrum of pulmonary underdevelopment in-
cludes agenesis of the bronchus and lung (pulmonary
agenesis), presence of a rudimentary blind-ending
bronchus without lung tissue (pulmonary aplasia), and
bronchial hypoplasia with variable reduction of the lung
tissue (pulmonary hypoplasia) (Fig. 2) [13].

The sequestration spectrum includes congenital pul-
monary airway malformations (CPAMs; previously
termed congenital cystic adenomatoid malformations),
pulmonary sequestrations, and hybrid lesions that histo-
logically consist of both entities (Fig. 3). CT defines the
location, extent and anatomic relationships of sequestra-
tions, and evaluates their density. MPRs and VRs can im-
pressively demonstrate the arterial feeder from a sub-
phrenic aortic branch and detect venous drainage into the
systemic or pulmonary circulation, for extra- and intra-
lobar sequestrations respectively (Fig. 3, IId and IIe).
Enhancement of the cystic wall implies infection. 

Tracheomalacia is a rare condition in which there is
softening of the tracheal wall. This is caused by an ab-
normality of the cartilaginous ring and hypotonia of the
myoelastic elements. There is dynamic collapse of the
trachea during expiration, which leads to airway obstruc-
tion with development of wheeze, cough, stridor, dysp-
nea, cyanosis, and recurrent respiratory infections [13].

Congenital tracheal stenosis is a rare disorder charac-
terized by a fixed tracheal narrowing caused by complete
tracheal cartilage rings. Approximately 50% of the con-
genital tracheal stenoses are focal, located usually in the
lower third of the trachea, 30% are generalized, and 20%
are funnel-shaped [13]. The bronchi are usually of nor-
mal size.

Areas of malacia or stenosis of the bronchial cartilage
are thought to be the etiological factors in the develop-
ment of congenital lobar emphysema/over-inflation
through a check-valve mechanism, which consists of pro-
gressive distension-hyperinflation of a lobe, most com-
monly the left upper lobe. CT will typically show hyper-
inflation of the affected lobe without destruction of the
alveolar walls and will help to differentiate it from other
conditions (Fig. 4).

Acquired trachoebronchial stenoses may result from
prolonged intubation (post-intubation webs) or at anasto-
mosis sites following surgical intervention/lung trans-
plant. In patients in whom the axis of the stenosis is ver-
tical or slightly oblique, the stenosis is usually difficult to
perceive from the axial images alone and MPRs/VRs are
useful adjunctive tools (Fig. 5).

Airway Compression of Cardiovascular Origin

This relatively common complication of cardiovascular
diseases may go unrecognized for some time.
Compression is caused either because of an underlying
anomalous anatomic relationship between the tracheo-
bronchial tree and the vascular structures, e.g., a double
aortic arch, or it is extrinsic, caused by enlarged cardiac
or pulmonary vascular structures, e.g., congenital heart
disease, dilated pulmonary arteries (Fig. 6). In children
with unexplained respiratory distress, stridor, wheezing,
dysphagia, and apnea, a high index of suspicion is re-
quired to identify these lesions, which cause mechanical
airway compression [14, 15].

Fig. 1. Volume rendered 16-slice virtual bronchoscopy (VB) multi-
detector-row computed tomography (MDCT) image at the level of
the carina, showing a more cephalad origin of apical accessory
bronchus (curved arrow)

Fig. 2. Coronal oblique multiplanar reformation (MPR) in a 4.5-
month-old boy with trisomy 21. There is hypoplasia of the right
lung and diaphragmatic eventration. The aberrant right subclavian
artery (arrow) was an incidental finding
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Fig. 3a-e. Combi-scan in an 11-month-old child with a hybrid congenital pulmonary airway malformations (CPAM) lesion in the right low-
er lobe. a Coronal MPR in lung-window setting shows the air-filled cystic component of the lesion. Axial slice (b) and coronal MPR (c)
show, additionally, a large arterial feeder (arrows). This is, however, better-visualized and -appreciated with an oblique MIP along the ax-
is of the vessel (d) and with coronal anterior and posterior 3D VRs (e). These images additionally demonstrate the pulmonary venous
drainage of the lesion, i.e., intralobar sequestration (curved arrows)

a b

e

c d
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A vascular ring is an aortic arch anomaly in which
the trachea and the esophagus are completely sur-
rounded by vascular structures. They are formed be-
cause components of the aortic-arch complex persist
or regress abnormally. If the airway is incompletely
encircled, then a vascular sling is produced [13-15].
The most common and clinically serious type of vas-
cular ring is the double aortic arch, which represents
the persistence of both right and left embryonic fourth
arches joining the aortic portion of the truncoaortic sac
to their respective dorsal aortae [14]. It typically con-
sists of a right and a left arch that encircle the trachea
and esophagus in a tight ring, joining distally to form
a common descending aorta (Fig. 7). Another vascular
sling can be produced by an abnormal origin of the left
pulmonary artery from the right pulmonary artery
(Fig. 8) [14].

Fig. 4. Axial CT slice in an infant with mediastinal shift, as seen on
chest X-ray, shows hyperinflation of the left upper lobe without de-
struction of the alveolar walls, in keeping with congenital lobar
emphysema

Fig. 5a-c. Chest CT (1.5-mm collimation, post i.v. injection of contrast) in a 10-month-old boy with recurrent wheezing due to congenital tra-
cheal stenosis treated previously with tracheoplasty. a There is mild stenosis of the trachea and the origin of the right main bronchus (ar-
row), which is appreciated with difficulty on the axial scans, but is nicely shown in coronal MPRs (b). Virtual bronchoscopy in the patient
was unnecessary. c Bronchogram and bronchoscopy confirmed a stenosis in the right main bronchus (arrow) caused by granulation tissue

a

b c
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Local Extension of Neoplasms

MPRs/VRs, with reference to the axial images, are the
method of choice to stage hilar or mediastinal neoplasms
(Figs. 9, 10) [3].

Peribronchial Air Collections

MPRs/VRs are helpful in demonstrating small extra-lu-
minal air collections and leakages of surgical anasto-

moses, especially in orthotopic lung or heart/lung trans-
plant patients [3].

Peripheral Airways

MPRs/VRs that are obtained using MDCT technology
have allowed more accurate visualization of the distal
airways. VR technique is applied in thin, overlapping,
transverse reconstructed sections with the use of a high-
resolution algorithm. The ‘Combi scan’ MDCT protocol,

Fig. 6a-d. Cardiac CT (0.75-mm collimation, post i.v. injection of
contrast medium) in a 6-month-old girl with absent pulmonary
valve syndrome. a Axial CT slice post-injection of contrast medi-
um shows massive dilatation of the main and the left pulmonary ar-
teries, with possible compression of the left main bronchus. b This
is also appreciated on serial oblique MIPs (arrows), and becomes
more apparent on the oblique minimum intensity projection (MIP)
along the axis of the left main bronchus (c) and on the 3D VR (d)

a

c

b

d
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Fig. 7a-c. a Axial image of the complete vascular ring around the
trachea and the esophagus, formed by double aortic arch, with in-
jection of contrast material. b 3D VR image of double aortic arch
from a left anterior oblique view. c Volume slab showing the re-
sulting significant narrowing of the trachea

a

b

Fig. 8a, b. a Contrast-enhanced 16-slice MCDT (0.75-mm collimation) shows marked tracheal narrowing and the aberrant origin of the left
pulmonary artery from the right pulmonary artery (pulmonary sling). b 3D VR demonstrates an elongated and stenotic trachea and iden-
tifies a separate bronchus for the right upper lobe

a b

c

036_047_Owens  2-03-2007  10:31  Pagina 44



Volumetric Computed Tomography of the Tracheobronchial Tree 45

with the possibility of high-resolution reconstructions, al-
lows for detailed parenchymal evaluation of the entire
chest and simultaneous imaging of the mediastinum, with
the disadvantage of increased radiation burden (Table 2).

Conclusions

The applications of CT in imaging of the pediatric chest
have been enhanced by MDCT with 2D and 3D recon-
structed imaging. Obtaining high-quality scans should
always be attempted at the lowest radiation dose possi-
ble. CT and bronchoscopy are supplementary examina-
tions in the diagnostic work-up of children with tra-
cheobronchial pathologies. Although 2D and 3D ren-

dering techniques are not first-line diagnostic tools,
they have significantly reinforced diagnostic confidence
even in complex cases. In specific scenarios, they may
supply information that, compared to conventional axi-
al scans, is more easily interpreted among the different
specialties. In the future, applications of virtual tra-
cheobronchial endoscopy are anticipated to include in-
teractive virtual-reality guidance in surgical procedures
of the airways.

Key Learning Points

– MDCTs provide increased volume coverage per time
unit at high axial and temporal resolution.

Fig. 9a, b. Combi-scan of the chest in a 15-year-old girl with laryngeal/pulmonary papillomatosis. I. There is irregular narrowing of proxi-
mal tracheal wall that is well-demonstrated on axial slices (a, left panel) and on coronal MPRs (a, right panel; b, left panel). Intrapulmonary
cavitating lesions are also demonstrated. Same findings impressively demonstrated on 3D VR (b, right panel)

a

b
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– With MDCTs, sedation is required infrequently and
scanning can be performed during quiet breathing.

– For all pediatric applications, the highest image quali-
ty with the lowest possible radiation dose should be
pursued.

– Thin-collimation (0.75 mm) scans for imaging of the
pediatric chest should only be obtained if complex vas-
cular structures need to be imaged or parenchymal
subtle abnormalities are suspected; for these situa-
tions, contrast injection is recommended.

– Among the variable post-processing techniques with
MDCTs, MPRs are of higher value, since they are not
time-consuming, are as accurate as axial images, and
may offer additional information regarding small and
vertically oriented structures.

– VB practically never adds new information to the es-
tablished diagnosis but is preferred by pulmonologists
and is specially applied in patients in whom actual
bronchoscopy is not feasible.

– Tracheobronchial anomalies include a wide spectrum
of congenital and acquired abnormalities that usually
go unrecognized and should be suspected when lower
respiratory tract symptoms persist on an unjustified
basis; vascular rings should be considered in the dif-
ferential of extrinsic compression of the airways.

Multiple-Choice Questionnaire

1 Multiplanar reconstructions (MPRS) with MDCTs are:
a. Less accurate than axial images (F)
b. Less accurate but more impressive than axial im-

ages (F)

c. As accurate as axial images (T)
d. As accurate as axial images, more impressive, and

occasionally more helpful (T)
2 Radiation dose with MDCTs is increased:

a. If MPRs are to be processed (F)
b. If cardiac CT is performed (T)
c. If SSD reconstructions are produced (F)
d. If VB is requested (T)
e. If Combi-scan is performed (T)

3 Regarding vascular rings/slings:
a. A double aortic arch results from the persistence of

right and left embryonic fourth arches joining of the
aortic portion of truncoaortic sac to their respective
dorsal aortae (T)

b. A double aortic arch results from persistence of
right and left embryonic third arches with joining of
the aortic portion of truncoaortic sac to their re-
spective dorsal aortae (F)

c. A pulmonary artery sling is associated with long-
segment tracheal stenosis (T)

d. A pulmonary sling is produced by an abnormal ori-
gin of the right pulmonary artery from the left pul-
monary artery (F)

e. Tracheal accessory bronchus is present in 0.1% of
the population (F)
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Fig. 10a, b. Myofibroelastic tumor in a child with a history of cough and hemoptysis. Infiltration of the right main bronchus from this het-
erogeneous soft-tissue mass is seen on axial slices (a) and coronal MPRs (b)

a b
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Introduction

This article reviews the applications of CT in the evalua-
tion of common chest problems in children, in particular
mediastinal masses and congenital lung anomalies.
Normal anatomy and anatomic variants and CT tech-
niques are also discussed.

Techniques

Two basic protocols suffice for most pediatric CT ex-
aminations. For metastases, a focal lung or mediasti-
nal mass, or trauma, CT with thicker slice collimation
(>1 mm) and higher pitch (>1.5) is used. If vascular or
airway disorders are suspected, thinner collimation
(<1.0 mm) and a smaller pitch (=1) are used. Tube cur-
rent and voltage are adapted to the patient’s dimen-
sions [1, 2].

Intravenous contrast agent is given via a power injec-
tor when a 22-gauge or larger cannula can be placed in
an antecubital vein. Flow rates are 1.5-2.0 ml/s for a 22-
gauge catheter and 2.0-3.0 ml/s for a 20-gauge catheter.
Manual injection is used when intravenous access is
through a peripheral access line in the dorsum of the hand
or foot. For conventional CT examinations, the scan de-
lay time is 30 s after the onset of contrast administration.
CT angiography is done with a bolus-tracking method. A
default time of 12-15 s is used if the automated trigger-
ing fails.

CT examinations are carried out with breath-holding at
suspended inspiration in cooperative patients, usually
children over 5-6 years of age. Scans are obtained during
quiet respiration in sedated children and in those who are
unable to cooperate with breath-holding instructions.

Normal Anatomy

In patients <5 years of age, the thymus usually has a
quadrilateral shape with convex or straight lateral mar-
gins (Fig. 1). Later in the first decade, the thymus is tri-
angular or arrowhead-shaped with straight or concave

margins; by 15 years of age, it is triangular in nearly all
individuals (Fig. 2). In prepubertal children, the thymus
is homogeneous, with an attenuation equal to that of
the chest-wall musculature. In adolescents, the thymus
may be heterogeneous, containing areas of fat deposi-
tion. Occasionally, the thymus extends either cranially
above the brachiocephalic vessels or into the posterior
thorax [3,4].

Mediastinal lymph nodes generally are not seen on CT
prior to puberty. In adolescents, small normal nodes (not
exceeding 1 cm in their widest dimension) occasionally
can be identified. 

The contour of the azygoesophageal recess is convex
laterally in children <6 years of age, straight in children
between 5 and 12 years of age, and concave in adoles-
cents or young adults [5]. Recognition of the normal dex-
troconvex appearance of this recess in young children is
important so that it is not mistaken for lymphadenopathy.
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Fig. 1. Normal CT appearance of the thymus in a 6-month-old boy.
The thymus (T) is quadrilateral in shape with slightly convex lat-
eral borders and a wide retrosternal component. The attenuation of
the thymus is equal to that of the chest-wall musculature
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Mediastinal Masses

Anterior Mediastinal Masses

Soft-Tissue Attenuation

Lymphoma is the most common cause of an anterior me-
diastinal mass of soft-tissue attenuation in children, with
Hodgkin’s disease occurring three to four times more
frequently than non-Hodgkin’s lymphoma [1-3, 6-8].
Lymphoma may manifest as nodal or thymic enlarge-
ment. Thymic lymphoma appears as an enlarged quadri-
lateral-shaped gland with convex, lobular lateral borders
(Fig. 3). Nodal disease ranges from mildly enlarged

nodes in a single area to large conglomerate masses in
multiple regions. Both forms of involvement show soft-
tissue attenuation and little if any enhancement after in-
travenous administration of contrast medium. 

Rebound thymic hyperplasia is defined as a >50%
increase in the size of the thymus compared to baseline
and is most often associated with chemotherapy, par-
ticularly therapy with corticosteroids. The overgrowth
is usually seen several months after the start of
chemotherapy and between courses of chemotherapy.
Rare causes of hyperplasia include myasthenia gravis,
red cell aplasia, and hyperthyroidism. CT features are a
diffusely enlarged thymus, which usually maintains a
triangular shape (Fig. 4) [1-3, 6, 7]. The attenuation is
similar to that of the normal organ and also of tumor.
The absence of other active disease and a gradual de-
crease in the size of the thymus on serial CT scans sup-
ports the diagnosis of rebound hyperplasia as the cause
of thymic enlargement.

Thymoma and thyroid abnormalities are rare causes of
anterior mediastinal masses in children.

Fat Attenuation

Germ-cell tumors are the second most common cause
of an anterior mediastinal mass in children and the
most common cause of a fat-containing lesion.
Approximately 90% are benign. On CT, benign ter-
atoma is a well-defined, thick-walled cystic mass con-
taining a variable admixture of water, calcium, fat, and
soft tissue (Fig. 5) [1-3, 6, 7, 9, 10]. Low-attenuation
fluid components predominate. By comparison, malig-
nant germ-cell tumors contain a predominance of soft-
tissue attenuation components (Fig. 6). Central areas of
necrosis or cyst formation are common, especially in

Fig. 2. Normal CT appearance of the thymus in a 17-year-old girl. The
thymus (T) has assumed a triangular shape but still abuts the sternum.
The heterogeneity corresponds to the presence of fatty infiltration

Fig. 3. Thymic Hodgkin’s disease with thymic infiltration in an 11-
year-old girl. A large mass (M) with biconvex borders fills the an-
terior mediastinum, compressing the superior vena cava (black ar-
row). Note the pretracheal adenopathy (white arrow)

Fig. 4. Rebound thymic hyperplasia in a 4-year-old boy receiving
chemotherapy for Wilms’ tumor. The CT scan was obtained 3
months after the start of chemotherapy. The thymus (T) is diffuse-
ly enlarged but maintains a triangular configuration
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nonteratomatous malignant tumors. Local infiltration
with encasement or invasion of mediastinal vessels or
airways also is frequent.

Thymolipoma is an infrequent cause of an in-
trathymic tumor. At CT, it appears as a heterogeneous
mass containing fat and some soft-tissue elements.
Thymolipoma does not compress or invade adjacent
structures [11].

Fluid Attenuation

Lymphangiomas are developmental tumors of the lym-
phatic system and are almost always inferior extensions
of cervical lymphangiomas [1-3]. At CT, they appear as
non-enhancing, thin-walled, multiloculated masses with
near-water attenuation (Fig. 7). Hemorrhage can cause a

sudden increase in tumor size and can increase CT at-
tenuation.

Thymic cysts usually are congenital lesions resulting
from persistence of the thymopharyngeal duct, but they
can occur after thoracotomy. Typically, these cysts are
thin-walled, homogeneous masses of near-water attenua-
tion on CT (Fig. 8).

Middle Mediastinal Masses

Frequent causes of middle mediastinal masses are
lymph-node enlargement and congenital foregut cysts
[1-3, 6, 7]. Mediastinal lymphadenopathy is usually the
result of lymphoma or granulomatous disease. On CT,
adenopathy can appear as discrete, round, soft tissue
masses, or as a single soft-tissue mass with poorly de-

Fig. 5. Benign teratoma in an 18-year-old girl. A large, well-circum-
scribed, heterogeneous mass containing a predominance of low-at-
tenuation fluid with scattered areas of calcifications and fat occupies
the right lobe of the thymus. The arrow indicates the left thymic lobe

Fig. 6. Teratocarcinoma. A large, anterior mediastinal, soft-tissue mass
containing calcifications and some low-density areas, representing
necrosis, displaces the mediastinal vascular structures to the right

Fig. 7. Cystic hygroma in a 6-month-old girl. A septated low-atten-
uation mass infiltrates the superior mediastinum and right axilla

Fig. 8. Thymic cyst. Contrast-enhanced CT demonstrates replace-
ment of the thymus by a homogeneous, water-attenuation mass (M)
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fined margins (Fig. 9). Calcification within lymph
nodes suggests old granulomatous disease, such as
histoplasmosis or tuberculosis. Areas of low attenuation
suggest tuberculosis.

Foregut cysts include bronchogenic and enteric cysts
[12]. Bronchogenic cysts are lined by respiratory epithe-
lium and most are located in the subcarinal or right para-
tracheal area. Enteric cysts are lined by gastrointestinal
mucosa and are located in a paraspinal position in the
middle to posterior mediastinum. CT findings are those
of a well defined, round, non-enhancing mass of near-wa-
ter attenuation, which reflects the serous contents of the
cyst (Fig. 10).

Posterior Mediastinal Masses

Posterior mediastinal masses are of neural origin in ap-
proximately 95% of patients and may arise from sympa-
thetic ganglion cells (neuroblastoma, ganglioneuroblas-
toma, or ganglioneuroma) or from nerve sheaths (neu-
rofibroma or schwannoma). Rarer causes of posterior
mediastinal masses in children include paraspinal ab-
scess, lymphoma, neurenteric cyst, lateral meningocele,
and extramedullary hematopoiesis [1-3].

On CT, ganglion-cell tumors appear as fusiform,
paraspinal masses extending over the length of several
vertebral bodies and with soft-tissue attenuation.
Calcifications are seen in up to 50% of these tumors
(Fig. 11). Nerve-root tumors tend to be smaller, spheri-
cal, and occur near the junction of a vertebral body with
an adjacent rib. Both types of tumors may invade the
spinal canal.

Fig. 9. Middle mediastinal adenopathy in a 15-year-old boy with
histoplasmosis. Axial CT shows a bulky mass (M) of coalesced
lymph nodes in the subcarinal area. Adenopathy is also present in
the left hilum

Fig. 10. Duplication cyst in a 15-year-old girl. Contrast-enhanced
CT shows a homogeneous, cyst (C) of near-water-density in the
right paratracheal area (middle mediastinum)

Fig. 11a, b. Neuroblastoma in a 2-year-old girl. a Axial CT shows a
large, right, paraspinal soft-tissue mass (M). b Sagittal multiplanar
reformatted image shows the tumor extending over the length of
several vertebral bodies. The craniocaudal extent of the mass is
better defined on the reformatted image

a

b
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Congenital Pulmonary Lesions

Congenital lung anomalies include a variety of conditions
involving the pulmonary parenchyma, the pulmonary
vasculature, or a combination of both.

Anomalies with Normal Vasculature

Congenital lobar emphysema, cystic adenomatoid mal-
formation, and bronchial atresia are anomalies resulting
from abnormal bronchial development. Chest radiogra-
phy often suffices for diagnosis. CT is used to confirm
the diagnosis and to determine the extent of disease in pa-
tients in whom surgery is contemplated.

Congenital lobar emphysema is characterized by hyper-
inflation of a lobe [13, 14]. It is believed to be due to
bronchial obstruction. CT shows a hyperinflated lobe with
attenuated vascularity, compression of ipsilateral adjacent
lobes, and a mediastinal shift to the opposite side (Fig. 12).
The left upper lobe is involved in about 45% of patients,
the right middle lobe in 30%, the right upper lobe in 20%,
and two lobes in 5% [13].

Cystic adenomatoid malformation is characterized by
an overgrowth of distal bronchial tissue resulting in the
formation of a cystic mass. Type I (50% of patients) is de-
fined as a single cyst or multiple large cysts (>2 cm in di-
ameter), type II (41%) as multiple small cysts (1-10 mm
in diameter). Type III (9%) appears on visual inspection
to be a solid lesion but contains microscopic cysts [15,
16]. In neonates, the anomaly appears as a multiloculat-
ed, thin-walled mass containing air-filled cysts surround-
ed by septations (Fig. 13). In older children, the cysts
may have thicker walls and contain fluid or air; air-fluid
levels may be seen [1-3].

Bronchial atresia results from abnormal develop-
ment of a segmental or subsegmental bronchus. It
rarely causes symptoms and is usually discovered on
chest radiographs obtained for other indications. CT
features include overaerated lung distal to the atresia

and a round, ovoid, or branching density near the hilum,
representing mucoid impaction just beyond the atretic
bronchus (Fig. 14) [17].

Fig. 12. Congenital lobar emphysema in a 6-month-old boy. CT
through the upper thorax shows a hyperinflated left upper lobe with
attenuated vascularity

Fig. 13a, b. Cystic adenomatoid malformation. a Type I lesion in a
neonate; a multilocular mass in the right upper lobe contains a dom-
inant large cyst. b Type II malformation in a neonate; CT shows a
complex mass in the left lower lobe containing multiple small cysts

a

b

Fig. 14. Bronchial atresia in a 15-year-old girl. CT shows an ovoid
soft-tissue nodule (arrow) in the left lower lobe. The nodule is sur-
rounded by overaerated lung, due to collateral air drift
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Anomalies with Abnormal Vasculature

Sequestration, hypogenetic lung syndrome, and arteri-
ovenous malformation (AVM) are congenital anomalies
characterized by abnormal vasculature. When the se-
questered lung is confined within the normal visceral
pleura and has venous drainage to the pulmonary veins,
it is termed ‘intralobar’ or ‘congenital’. The sequestered
lung is termed ‘extralobar’ or ‘acquired’ when it has its
own pleura and venous drainage to systemic veins 
[18, 19]. Contrast-enhanced CT demonstrates opacifica-
tion of the anomalous vessel immediately following en-
hancement of the descending thoracic aorta (Figs. 15, 16)
[20-22]. The CT appearance of the pulmonary parenchy-
ma depends on whether or not the sequestered lung is aer-
ated. When the sequestration communicates with the re-
mainder of the lung, usually after being infected, it ap-

pears cystic; a sequestration that does not communicate
appears as a homogeneous density, usually in the posteri-
or portion of the lower lobe.

Hypogenetic lung syndrome, also referred to as
scimitar syndrome, is characterized by a small right
lung, ipsilateral mediastinal displacement, a corre-
sponding small pulmonary artery, and partial anom-
alous pulmonary venous return from the right lung to
the inferior vena cava (Fig. 17) [23]. Other associated

Fig. 15. Intralobar sequestration in a 10-year-old girl with recurrent left
lower lobe pneumonia. CT demonstrates the anomalous arterial sup-
ply (arrow) to the sequestered lung (S) arising from the thoracic aorta

Fig. 16. Extralobar pulmonary sequestration in a 2-week-old girl
with a left paraspinal mass seen on chest radiographs. Coronal CT
shows the anomalous arterial vessel (arrow) arising from the distal
aortal and supplying the sequestered left lower lobe (S)

Fig. 17. Scimitar syndrome with partial anomalous venous return.
Coronal CT scan shows the anomalous vein (arrow) entering the
intrahepatic inferior vena cava. Note that the right hemithorax is
smaller than the left and that there is a mediastinal shift to the
right. (Case courtesy of Dr Edward Lee, Children’s Hospital,
Boston, MA, USA)

Fig. 18. Pulmonary arteriovenous malformation (AVM). Coronal
maximum-intensity projection CT at soft-tissue windows shows
multiple nodular AVM (arrows) with its feeding arteries and drain-
ing veins. AVMs can be reliably diagnosed on CT based on their
morphology
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anomalies include systemic arterial supply to the hypo-
genetic lung, accessory diaphragm, and horseshoe lung.
Horseshoe lung is a rare anomaly in which the poster-
obasal segments of both lungs are fused behind the
pericardial sac.

Pulmonary AVM is a direct communication between a
pulmonary artery and vein without an intervening capil-
lary bed [1-3]. AVMs appear as rounded or lobular mass-
es with rapid enhancement and washout after intravenous
administration of contrast medium. Maximal-intensity
projections or 3D volume-rendered reconstructions are
particularly useful to show the feeding and draining ves-
sels (Fig. 18) [24].
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Introduction

This paper reviews the common spectrum of disorders of
the neonatal chest. Emphasis is on radiographic changes
that have been produced by the introduction of new ther-
apeutic maneuvers, particularly the use of artificial sur-
factant in treating hyaline membrane disease and the sur-
vival of profoundly premature newborns (less than 650
grams). A discussion of meconium aspiration syndrome,
neonatal pneumonia, transient tachypnea of the newborn,
congenital lymphangiectasia and congenital heart disease
is also included. The effect on the neonatal chest radi-
ograph of extracorporeal membrane oxygenation and
high frequency ventilation are also mentioned [1]. A re-
view of ‘surgical’ lesions is also included [2].

Although cross-sectional and ultrasound imaging have
specific but limited roles in assessing the newborn chest,
the standard chest radiograph remains the most common
imaging tool. Diseases that affect the neonate’s chest sig-
nificantly overlap in their radiographic and clinical ap-
pearances. Therefore, an open exchange of information
between the neonatologist and the radiologist is critical to
the intelligent interpretation of these images.

The main disease entities of concern are hyaline mem-
brane disease (HMD), chronic lung disease (BPD), meco-
nium aspiration syndrome (MAS), neonatal pneumonia,
and transient tachypnea of the newborn (TTN). Congenital
lymphangiectasia may mimic the findings of MAS or
neonatal pneumonia. Congenital heart disease may be pre-
sent in a fashion that is easily confused with a pulmonary
parenchymal process. This is most common when the heart
remains normal in size, but there is pulmonary venous hy-
pertension. Specific infective organisms, such as Chlamydia
trachomatis or viruses, that are acquired during or follow-
ing birth may be present within the neonatal period, with
clinical and radiographic findings that are easily confused
with one or several of the above-mentioned entities.

Hyaline Membrane Disease

Hyaline membrane disease is a manifestation of pul-
monary immaturity, seen predominantly in children less

than 36-38 weeks of gestational age and weighing less
than 2.5 kg. HMD remains the leading cause of death in
live-born infants. The death rate is highest in the most
premature infants, with few deaths occurring in infants
weighing more than 1.5 kg. Males are affected almost
twice as often as females. HMD is more common in
whites than in blacks. The disease results from a defi-
ciency of surfactant in the lungs, which leads to the in-
ability to maintain acinar distention. Exposure to air
rapidly leads to the development of hyaline membranes
containing fibrin and cellular debris. There frequently is
epithelial necrosis beneath the hyaline membranes. By
the second day of life, repair has begun as evidenced by
the proliferation of type 2 pneumocytes (which produce
surfactant) and increased secretions. The lungs are almost
impossible to inflate and on gross inspection appear sim-
ilar to liver. Clinically, the infants are usually sympto-
matic within minutes of birth, with grunting, nasal flar-
ing, retractions, tachypnea, and cyanosis; however, it may
be a few hours before symptoms are recognized.
Although the initial radiographic findings may be noted
minutes after birth, occasionally the maximum radi-
ographic findings are not present until 12-24 h of life.

The rigid, noncompliant lungs and the associated hy-
poxia and acidosis often result in persistent pulmonary
hypertension. As pulmonary resistance decreases, there
may be the onset of left to right shunting across a patent
ductus arteriosus. This may be recognized radiographi-
cally before clinical symptoms or a murmur may devel-
op. Shunting is heralded by the development of pul-
monary edema and a suddenly enlarging heart size. The
ductus arteriosus can only respond to stimuli to close if it
is term or near term in development. These stimuli in-
clude a normal oxygen level, a normal pH, and normal
levels of prostaglandin E1 and E2. In the premature new-
born with HMD, the ductus is open, but the pulmonary
and systemic pressures may be equal or the pulmonary
pressure may exceed the systemic pressure, precluding
left to right shunting. These babies are usually hypoxic
and acidotic with high levels of prostaglandin E1 and E2.
By several days of life, as the pulmonary resistance
drops, if the ductus is not responsive or the stimuli are not
present, the ductus arteriosus will remain open allowing
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left to right shunting and the development of congestive
heart failure. Treatment with indomethacin (by inhibiting
production of prostaglandin) may produce ductal closure
but at the risk of inducing gastrointestinal perforation
and/or osteoarthropathy. Surgery may be required to
close a persistent patent ductus arteriosus.

Sudden diffuse opacification of the lungs in HMD may
be seen with other conditions. A frequent cause is de-
creasing ventilatory settings, including inspiratory pres-
sure, PEEP, or rate. Less commonly, diffuse pulmonary
hemorrhage is a cause. Sudden catastrophic intracranial
hemorrhage may produce central nervous system (CNS)-
mediated edema.

Since Northway’s original description of bronchopul-
monary dysplasia (BPD), in 1967 [3], many changes have
occurred in the management and outcome of children
with HMD. Much has been learned about the specific
toxic effects of oxygen and assisted ventilation. Babies of
much lower gestational age and birth weight are surviv-
ing with BPD, particularly since the advent of high-fre-
quency ventilation and the use of artificial surfactant. The
likelihood of developing BPD or retinopathy of prematu-
rity and the severity of these conditions in any particular
baby has diminished due to the successful attempts at
keeping inspired oxygen at or below 60% (FiO2 <0.6),
keeping ventilatory pressures and rate as low as possible,
and extubating as soon as possible. Infants at greatest risk
for chronic lung disease (BPD) are the profoundly pre-
mature who require longer courses of assisted ventilation
at greater pressures and rate and a higher inspired oxygen
concentration (FiO2 of 0.6-1.0). Infants with air-leak phe-
nomenon (pneumothorax, pneumomediastinum, or pneu-
mopericardium) also usually require prolonged treatment
with a higher oxygen concentration. With the exception
of an occasional baby, usually in one of these two latter
groups, it is rare to see the development of the classic
four stages of BPD described by Northway [3]. In chil-
dren successfully managed with short courses of assisted
ventilation and FiO2 <0.4-0.6, the usual radiographic
course is to evolve from HMD to a hazy diffuse opacifi-
cation of the lungs to normal over a period of several days
to 2-3 weeks.

Since glucocorticoids accelerate lung maturation, the
incidence of RDS in babies born at under 32 weeks ges-
tations can be significantly reduced by administering
betamethasone to the mother during the 2 days prior to
delivery.

Several emerging technologies have greatly altered the
clinical and radiographic evaluation of children with
HMD. Two modes of treatment are now being used in an
attempt to reduce the incidence of pneumothorax, tradi-
tionally seen in up to 25% of ventilated babies with HMD.
Artificial surfactant is being given at birth, with up to
three or four additional doses in the first 48 h in selected
cases. This treatment modality has significantly improved
the early management and survival of these children, al-
though the long-term consequences of their disease, such
as BPD, have not been clearly altered [4-6]. The use of ar-
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tificial surfactant has produced several significant
changes in the radiographic configurations. The surfactant
is given as liquid boluses via an ET tube. Usually, the sur-
factant is not evenly distributed throughout the lungs;
therefore, it is common to see areas of lung that rapidly
improve in aeration alternating with areas of unchanged
HMD. The uneven distribution produces a radiograph that
may simulate other entities, such as neonatal pneumonia
or MAS. In addition, the surfactant may reach the level of
the acinae, causing sudden and effective distention of
multiple acinar units and thereby producing a radiograph-
ic configuration quite suggestive of pulmonary interstitial
emphysema (PIE) [7]. In these situations, close commu-
nication with the neonatologist to ascertain clinical status
is mandatory to the intelligent interpretation of the radi-
ograph. Babies with surfactant effect generally improve at
this point, those with PIE deteriorate.

High-frequency ventilation (HiFi) (10-15 hertz, 600-
900 cycles/min) has also been employed to reduce the in-
cidence of barotrauma [8]. For both of these modalities,
the overall improvement in the long-term prognosis has
yet to be determined. The radiographs of babies receiving
HiFi are not significantly altered from those of babies
treated with conventional ventilator therapy. However, the
degree of pulmonary inflation is used to adjust mean air-
way pressure (MAP). Ideally the dome of the diaphragm
should project over the eighth to tenth posterior rib if
MAP is appropriately adjusted.

A limited number of institutions have successfully
managed most of their premature infants with nasal
CPAP, and thus have avoided many of the complications
of intubation.

With advances in medical management, more pro-
foundly premature babies are being maintained and res-
cued. It is not uncommon today for babies weighing as lit-
tle as 650 grams to be successfully treated and to survive
their prematurity. The radiographic presentation of these
babies may differ from that of the more gestationally ma-
ture infant. In this profoundly premature age group, it is
common that initial radiographs performed within the
first few hours to 2 days of life are normal or nearly nor-
mal with only minimal evidence of HMD. Then, sudden-
ly, over a period of 2-3 days, the radiographic pattern may
evolve into one reflecting much coarser and somewhat ir-
regularly distributed lung disease, similar to that seen in
stage three BPD (a situation originally described as oc-
curring at several weeks of age) [3].

Meconium Aspiration Syndrome

Meconium aspiration syndrome is the result of intra-
partum or intrauterine aspiration of meconium. It most
commonly occurs in babies who are post mature (the
mean gestational age for MAS has been reported as 290
days or 10 days past the expected day of delivery), small
for gestational age, or when there has been intrauterine
stress causing hypoxemia. Although there is meconium
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staining of the amniotic fluid in approximately 10-15% of
live births, MAS, which is diagnosed by the presence of
meconium in the airway below the vocal cords, is seen in
1-5% of newborns.

The radiographic findings in MAS vary, in part sec-
ondary to the severity of the aspiration. The tenacious
meconium often will cause both medium and small-air-
way obstruction, even after vigorous endobronchial suc-
tioning. This typically will cause areas of atelectasis al-
ternating with areas of overinflation. The meconium is an
irritant to bronchial mucosa and may cause a chemical
pneumonia. This increases the risk for subsequent gram-
negative bacterial infection. Hypoxia usually results, with
all factors combining to produce pulmonary hyperten-
sion, referred to as persistent fetal circulation (PFC). As
vigorous suctioning and aggressive therapy with endotra-
cheal intubation and ventilatory support are often re-
quired, it is not surprising that air-leak phenomenon is en-
countered, with pneumothorax present in 25-40% of cas-
es. Occasionally, however, babies with MAS requiring
ventilatory support will have a normal chest X-ray or
possibly only a pneumothorax. Small pleural effusions
are also seen in approximately 10% of cases. The chest
X-rays of infants with MAS may be indistinguishable
from those of children with neonatal pneumonia. Due to
the difficulty in excluding neonatal pneumonia and the
possibility of developing a superimposed pneumonia in
MAS, most of these infants are treated with antibiotics.

In spite of optimal care, there is a persistent mortality
rate of up to 25% in babies with MAS. Recently, this was
addressed by the use of extracorporeal membrane oxy-
genation (ECMO). Since ECMO has potentially life-
threatening side effects, including hemorrhage, frequent-
ly into the brain, its use is limited to babies who have
failed conventional therapy. Although selection criteria
are evolving, the usual practice is to attempt convention-
al therapy for 1-2 days before resorting to ECMO.
Survival rates with ECMO have been excellent. The most
critical factor in weaning from ECMO is not simply im-
proved pulmonary mechanics, but a reduction of pul-
monary vascular pressure to below systemic pressure.
Some investigators have postulated a primary abnormal-
ity of the pulmonary microcirculation in MAS, while oth-
ers feel that the increased pressures within the airways,
produced by assisted ventilation, is the cause of PFC in
these babies. ECMO, which bypasses the lungs, allows
pulmonary inflation to be at a minimum while maintain-
ing physiologic levels of oxygen tension and saturation
[9-11]. Therefore, the lungs of infants on ECMO are usu-
ally nearly or completely airless.

Neonatal Pneumonia

Neonatal pneumonia is seen in less than 1% of live-born
infants; premature infants are at increased risk. It may be
acquired in utero, during labor, at delivery, or shortly af-
ter birth. The major risk factor for intrauterine develop-

ment of pneumonia is prolonged rupture of the maternal
membranes, particularly if labor is active during this pe-
riod. Some organisms, particularly viruses, may cross the
placenta. Group B streptococcus infections are currently
the most common cause of pneumonia in the newborn,
with an incidence of 3/1000 live births, and are acquired
in utero or during labor and delivery. Both clinically and
radiographically, it may be difficult to distinguish neona-
tal pneumonia from HMD. Chest radiographs may reveal
lung disease identical to that of HMD; however, pleural
effusions are associated with pneumonia (in up to 67% of
cases) and essentially never with uncomplicated HMD. In
neonatal pneumonia, the lungs may reveal irregular
patchy infiltrates or occasionally be normal. There may
be mild cardiac enlargement with pneumonia but it is un-
usual with uncomplicated HMD [12]. Infections with
other bacterial organisms may produce radiographic find-
ings identical to those described above in group B strep-
tococcal infections. HMD and neonatal pneumonia fre-
quently co-exist.

Several infants with late-onset (at several days of life)
right-sided diaphragmatic hernia in association with
neonatal pneumonia were described [13]. At surgery,
there were no distinguishing characteristics of the hernia
to suggest a specific effect of the pneumonia or of sep-
sis. These cases presumably represent a late onset of her-
niation of the liver and intestine through a pre-existing,
congenital diaphragmatic defect.

Transient Tachypnea of the Newborn

Transient tachypnea of the newborn is also referred to as
retained fetal lung liquid. Fetal lung liquid is an ultrafil-
trate of fetal serum. Under normal circumstances, it is
cleared from the lungs at or shortly after birth via the tra-
cheobronchial system (30%), the interstitial lymphatics
(30%), and the capillaries (40%). TTN is most common-
ly seen in infants born by cesarean section but may also
be identified in children who are quite small or who have
experienced a precipitous delivery. The lungs usually are
diffusely affected, with a variable characterization rang-
ing from an appearance similar or identical to HMD, a
coarse interstitial pattern similar to pulmonary edema, or
an irregular opacification as may be seen with meconium
aspiration or neonatal pneumonia. A pleural effusion is a
common accompaniment. A transient slight cardiac en-
largement may occur. The hallmark of this process is a
relatively benign clinical course (i.e., tachypnea) com-
pared to the overall severity of disease suggested by chest
X-ray and rapid clearing (1-2 days). In particularly severe
cases, where clearing may require up to 3 days, there
should be a rapid improvement on each successive image.

Focal retention of fetal lung liquid within congenital
lobar emphysema has been recognized for several years.
A recent publication suggested that the retention occurs
only, or mainly, within polyalveolar lobes, in contrast to
classic congenital lobar emphysema [14].
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Congenital Lymphangiectasia

Babies with congenital lymphangiectasia may present
with symptoms similar to those of HMD. The lungs may
be normal or reveal a course interstitial infiltrate sec-
ondary to the distended and abnormally draining lym-
phatics. There may be generalized overinflation. Pleural
effusions may be present. A particularly large pleural ef-
fusion should suggest this diagnosis or it may be related
to a traumatic chylous or hemorrhagic effusion. The pres-
ence of a chylous effusion without a history of trauma is
suggestive of congenital lymphangiectasia, although iso-
lated chylous effusions do occur. This diagnosis is best
made by sampling of the pleural effusion following the
administration of fatty foods.

Congenital Heart Disease

Cases of congenital heart disease may closely mimic sev-
eral of the entities mentioned previously. The presence of
pulmonary interstitial edema may be difficult to distin-
guish from HMD, neonatal pneumonia or TTN.

A particularly confusing constellation of chest find-
ings may occur in those congenital heart lesions pro-
ducing obstruction to pulmonary venous return but
without significant cardiac enlargement. This includes
congenital obstructing lesions that occur at the level of
the mitral valve or between the mitral valve and the pul-
monary venous system. Specifically, these lesions in-
clude mitral valve stenosis, supravalvular mitral steno-
sis, cor triatriatum, stenosis of a common pulmonary
vein, or total anomalous pulmonary venous connection
(TAPVC) with obstruction. Physiologically, TAPVC
may present with or without obstruction. If obstruction
is sufficient, children will present in the first week of
life with cyanosis (in severe cases) or with signs of pul-
monary edema, dyspnea, and feeding difficulties (in
less severe cases). A chest radiograph will show evi-
dence of pulmonary venous hypertension but without an
enlarged heart. If there is little or no obstruction to ve-
nous return, the children usually present with high out-
put failure at 6-12 months of age and have a radiograph
suggestive of congestive heart failure. Several recent re-
views have estimated an overall incidence of obstruction
in TAPVC of 50-65%. With supradiaphragmatic drain-
ing veins, obstruction has been noted in up to 53% of
patients. Essentially, all subdiaphragmatic draining
veins are obstructed [15].

If the heart is significantly enlarged, the likelihood that
the baby has true congestive heart failure is suggested.
Within the first week of life, before the pulmonary vas-
cular resistance drops sufficiently to allow left to right
shunting, congestive heart failure is usually secondary to
pressure overload, obligatory volume overload, or my-
ocardial dysfunction. The lesions most commonly pro-
ducing this phenomenon include critical aortic stenosis,
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hypoplastic left heart syndrome, coarctation of the aorta
(interruption of the aortic arch), myocarditis, dysrhyth-
mias, myocardial ischemia, and arterial venous fistula.
Significant arterial shunting outside the heart, such as
vein of Galen aneurysm, hepatic hemangioma, or he-
mangioendothelioma, may also produce congestive fail-
ure in this time period. By the second week of life, after
pulmonary resistance has dropped sufficiently, volume
overload lesions are the predominant cause for congestive
failure. This includes ventricular septal defect, endocar-
dial cushion defect, patent ductus arteriosus, aortopul-
monic window, as well as milder forms of those lesions
potentially presenting within the first week of life.
Children with untreated hypoplastic left-heart syndrome
may live beyond the first week and are therefore a po-
tential category of children having congestive heart fail-
ure in the older age group [16].

Chlamydia Pneumonia

Chlamydia pneumonia is caused by a bacterial-like in-
tracellular parasite, Chlamydia trachomatis [17-19],
which is acquired from the mother by direct contact dur-
ing vaginal delivery. This organism is widely distrib-
uted, having been identified in the vagina of up to 13%
of women tested. Up to 50% of babies infected become
symptomatic with conjunctivitis, the most common
manifestation, which usually appears around 5-14 days
of life. Pneumonia develops in 10-20% of infected ba-
bies, appearing between 2 weeks and 3 months of age.
However, since the average age of onset is 6 weeks,
Chlamydia infection is somewhat unusual in the neona-
tal age group. Cough, sometimes paroxysmal and asso-
ciated with tachypnea, is the most common symptom of
this disease. It may be preceded by nasal obstruction or
discharge. Up to 50% of infants with chlamydia pneu-
monia will have conjunctivitis and up to 50% will have
peripheral eosinophilia, with absolute blood eosinophil
levels in excess of 300/mm3. Not uncommonly, the find-
ings on chest radiograph are far worse than would be
predicted by physical examination and may range from
a purely interstitial process to a focal alveolar infiltrate.
Hyperinflation is generalized, pleural effusions are un-
common. Occasionally, there is a diffuse coarse linear
opacification closely mimicking congenital lymphang-
iectasia, obstructed pulmonary venous return, or possi-
bly bacterial pneumonia or meconium aspiration.

Lines and Tubes

What is considered to be the ‘correct’ position of various
lines and tubes used for support purposes varies from in-
stitution to institution. The following discussions reflect
the current practice in our institutions. Since opinion con-
cerning ‘safe and appropriate’ positioning changes fre-
quently and differs between institutions and physicians,
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the following should not be taken as recommendations
but merely a reporting of current practice at the authors’
institutions.

Endotracheal Tubes

Endotracheal tubes (ETT) in neonates do not have inflat-
able cuffs. Therefore, many neonatal intensivists attempt
to maintain the ETT tip within the intrathoracic trachea,
i.e., between the thoracic inlet and the carina. The tho-
racic inlet is anatomically defined as a plane extending
from the first thoracic vertebral body (T1) to the medial
end of the clavicles. At the level of the thoracic inlet, the
trachea is midway between the T1 vertebral body and the
medial end of the clavicles. For purposes of chest-X-ray
assessment, the level of the thoracic inlet in reference to
the trachea is the midpoint between the body of T1 and
the medial end of the clavicles.

It has been demonstrated that the tip of the ETT in
neonates may move a distance equal to the length of the
intrathoracic trachea when the head is moved from com-
plete flexion to complete extension. Thus, the ‘correct’
position of an ETT must relate to head position and the
level of the ETT tip, which moves inferiorly with flexion
of the head and superiorly with extension of the head
[20]. Accordingly, if the chin is flexed upon the chest
wall, the ETT tip should be very slightly above the cari-
na. If the head is quite extended and rotated laterally, the
ETT tip should be slightly below a point midway between
the TI vertebral body and the clavicles. Some institutions
will reference the ETT tip to a vertebral body. Since dif-
ferences in X-ray-beam angle, i.e., straight anterior-pos-
terior versus lordotic, will alter the way the ETT tip pro-
jects over the spine, using only the vertebral level is a less
accurate means of assessment.

Enteric Tubes

Nasogastric and orogastric tubes should be positioned so
that their tips project in the expected region of the stom-
ach. Due to the relative sizes of premature and full-term
neonates and commercially available tubes, an appropri-
ately positioned tube often unavoidably, will have the side
port in the esophagus.

Enteric tubes are often placed into the small bowel
for feeding purposes. Ideally, these tubes should follow
a course that corresponds to the normal positioning of
the stomach, pylorus, duodenum, and proximal jejunum,
with the duodenal-jejunal junction (DJJ; also referred to
as the ligament of Treitz) in the left upper quadrant of
the abdomen, roughly at the craniocaudal level of the
pylorus. However, the course of enteric tubes, particu-
larly those in place for several days, will often straight-
en, mimicking the positioning of midgut malrotation. In
these situations, it may be prudent to slightly withdraw
the tube so that it is proximal to the DJJ and inject
opaque contrast material at the bedside to document
placement of the DJJ.

Central Venous Lines

The ‘correct’ position of central venous lines (CVL), in-
cluding peripherally inserted central catheters (PICCs), is
highly controversial. Some authorities insist that these
lines should never be within the right atrium (RA),
whereas others insist that they must be within the RA.
The best policy is to know the manufacturer’s recom-
mendations, the planned use of the catheter, and any ex-
isting institutional or governmental policies concerning
the ‘correct’ position of the CVL in use.

For most PICC, many neonatologists prefer to have the
tip situated within the superior vena cava (SVC). Based on
the course of the PICC, the level of the confluence of the
innominate veins, which represents the superior extent of
the SVC, can usually be estimated. The junction of the SVC
and RA (SVC/RA junction) can be estimated by projecting
the lateral margin of the RA to its junction with the SVC.
As discussed in the section concerning ETT, some institu-
tions use the thoracic spine level as the point of reference;
however, because of reasons discussed in connection with
ETT position, this is felt by many clinicians to be a less ac-
curate method of determining intravascular position.

Umbilical Arterial Catheters

There are two commonly used practices for umbilical ar-
terial catheter (UAC) placement: the ‘high line’ position
and ‘low line’ position. Both are meant to minimize the
potential for development of thromboembolic propaga-
tion into the main braches of the aorta. Occasionally,
there may be a need or preference for placement of pe-
ripheral arterial lines.

Since the aorta lies adjacent to the spine, the UAC tip po-
sition can be reliably referenced to the vertebral level. The
branching of the aorta in newborns is slightly different from
that of older children and adults. The ductus arteriosus is
frequently initially open in both full-term and premature
newborns. It joins with the aorta at the level of the forth tho-
racic vertebra (T4). The expected level of abdominal aortic
branching in newborns is two vertebral bodies higher than
in adults. In newborns, the best assumptions are that the
celiac axis arises at T10-11, the superior mesenteric artery
at T11, the renal arteries at T12-L1, the inferior mesenteric
artery at L1, and the iliac bifurcation at L3.

The goal of UAC placement following ‘high line’ posi-
tioning is to have the tip between the ductus arteriosus and
the celiac axis, i.e., between T4 and T10. Most neonatol-
ogists, therefore, attempt to have the tip between T6 and
T9. For ‘low line’ placement, the tip should be at or below
L3. However, the iliac bifurcation lies roughly at L3; thus,
lines with their tips in the iliac artery risk being displaced.
As a result most institutions follow a ‘high line’ policy.

Umbilical Venous Catheters

In contrast to UAC, the tip position of umbilical venous
catheters (UVCs) is not reliably referenced to the verte-
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bral level. The reason is as explained for ETTs and CVLs.
Since the venous anatomy is not adjacent to the spine,
variability in patient positioning and X-ray-beam angle
will significantly alter the projected UVC tip position in
relationship to the spine. Therefore, reference should be to
the venous anatomy. This may be stated as below, within,
or above the liver. Rarely, the UVC will descend in the in-
ferior vena cava (IVC). Most clinicians consider the pre-
ferred UVC tip position to be at the IVC and right atrial
junction (IVC/RA junction). When the catheter extends
more superiorly, a statement should be made as to where
the tip resides, i.e., in the RA, the right ventricle, the pul-
monary artery, across the foramen ovale into the left atri-
um or pulmonary veins, up the SVC, into the neck, etc.

Abnormalities of the Lung Bud and Vascular Development

The most common abnormalities of the lung bud and of
vascular development that lead to respiratory distress in the
neonatal period include chylothoraces, congenital cystic
adenomatoid malformation (CCAM), occasionally associ-
ated with pulmonary sequestration, pulmonary hypoplasia
and pulmonary venolobar syndrome, and congenital lobar
emphysema. Rarer anomalies include bronchial atresia,
pulmonary agenesis, and neurenteric cysts.

Chylothorax

The etiology of chylothorax is not known. Late maturation
of the thoracic duct has been proposed and may explain
the resolution of the abnormality following repeated
episodes of aspiration. Trauma has also been proposed as
a cause, but this does not explain the fact that the effusion
may be seen antenatally. The chest radiograph demon-
strates an effusion that maybe unilateral or bilateral and,
when large, may opacify the entire hemithorax. The diag-
nosis is confirmed by aspiration of the fluid, which is ini-
tially clear and has a high lymphocyte count. The fluid
will have a milky appearance once the infant has a feed
containing fat. The condition resolves following aspira-
tion; frequently, repeated aspiration is necessary.

Congenital Cystic Adenomatoid Malformation

This condition is the result of hamartomatous develop-
ment of the terminal respiratory structures, which results
in a multicystic mass. The cysts may communicate with
each other but seldom with the airway. CCAM involves a
lobe or part of a lobe in the majority of patients; bilater-
al lesions are extremely rare. Stoker et al. classified
CCAM into three histological types [21]. Type I com-
prises multiple cysts greater than 2 cm in diameter. This
is the commonest form and accounts for approximately
60-70% of the abnormalities. Type II includes cysts less
than 2 cm in diameter. Type III lesions are bulky with mi-
crocysts and are extremely rare. More recently, a type IV
CCAM, consisting of a large cyst lined by alveolar type

60

cells, was described. The chest radiograph at birth usual-
ly shows an opaque mass that, if large, may cause a me-
diastinal shift. If it lies adjacent to the hemidiaphragm, it
may be difficult to distinguish from a congenital di-
aphragmatic hernia. With time, the cysts become air-
filled. Computed tomography (CT) has a role in defining
the extent of the abnormality. The condition may be di-
agnosed antenatally, and more than 50% become smaller
on sequential obstetric sonograms [22]. It is well-known
that chest CT is superior to chest radiograph in showing
residual lesions [23, 24]. The development of infection
and malignancy, in particular rhabdomyosarcoma and
pulmonary blastoma, has been reported in patients with
CCAM. Nevertheless, the need for surgery and its timing
is controversial in asymptomatic patients. Pulmonary se-
questration may be associated with CCAM; both condi-
tions are probably in a spectrum of related lung abnor-
malities [25, 26] and are associated with other anomalies.
In particular, infants with type II CCAM have an in-
creased incidence of cardiac, renal, and chromosomal
anomalies. Pulmonary sequestration is associated with
cardiac anomalies, diaphragmatic hernias, and gastric du-
plication [27].

Extralobar Pulmonary Sequestration

This condition is due to a segment of lung parenchyma
that lacks a connection with the tracheobronchial tree and
whose blood supply originates from a systemic artery. It
is thought to result from abnormal diverticulation of the
foregut or aberrant lung buds, which if beneath the pleu-
ra are intralobar, and if outside the pleura are extralobar.
Extralobar pulmonary sequestrations occur most fre-
quently on the left side. In neonates, sequestrations that
are large enough to cause respiratory distress are usually
extralobar [28]. They are separate from the lung and have
their own pleural covering as well as their own systemic
artery, which occasionally courses in a cranial direction
from the abdominal aorta through the diaphragm to sup-
ply the lesion. On histological examination, there may be
features of immature lung parenchyma or a hamartoma-
tous-type lesion similar to CCAM. As mentioned above,
hybrid lesions are also seen [25]. Ultrasonography with
Doppler examination may show the soft-tissue mass and
its blood supply pre-operatively. The abnormality can al-
so be elegantly demonstrated using contrast enhanced CT
or magnetic resonance (MR) imaging.

Congenital Lobar Emphysema

Focal areas of bronchomalacia, kinks, webs, mucosal
folds, and crossing vessels have all been implicated in the
etiology of congenital lobar emphysema. In this focal
large airway abnormality, the lobe is enlarged and
overdistended [22]. If chest radiography is done very ear-
ly in the course of the disease, the over-distended lobe
may be fluid-filled. Once the fluid is resorbed, the lobe
appears hyperlucent and overdistended. There may be at-
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electasis of the adjoining lobes and a mediastinal shift to
the contralateral side. The chest CT scan shows a similar
appearance. The upper lobes are most commonly in-
volved – the left more often than the right. The right mid-
dle lobe is rarely involved.

Pulmonary Hypoplasia

Pulmonary hypoplasia may be secondary to oligohy-
dramnios; for example, in Potter sequence or to a large
intrathoracic mass, such as a diaphragmatic hernia.
Unilateral pulmonary hypoplasia, usually right-sided, is
associated with a small or absent pulmonary artery with
a mediastinal shift to the affected side. This latter abnor-
mality does not usually present in the neonatal period.

Abnormalities of the Diaphragm

Congenital Diaphragmatic Hernia (Bochdalek Type)

This results from a defect in the diaphragm as a result of
failure of closure of the pleuroperitoneal canal, which
should occur by the tenth week of gestation. The fetal
bowel, which migrates outside the abdominal cavity, re-
turns by the tenth to twelfth week but moves into the
chest if the diaphragm has not completely formed. The
presence of bowel loops in the thorax results in hypopla-
sia of one or both lungs, which depends on the number of
bowel loops present and the length of time the abnormal-
ity is present. However Tenbrink et al. [29] concluded that
the mass effect adjacent to the lung does not adequately
explain all the pulmonary findings in congenital di-
aphragmatic hernia, as other mass lesions do not affect
the lungs to the same degree. They suggested that a pri-
mary teratogenic abnormality in the lung leads to its fail-
ure to induce diaphragmatic closure. The condition may
be diagnosed antenatally and is left-sided in 90% of pa-
tients. It is associated with other congenital cardiac, gen-
itourinary, CNS, and chromosomal abnormalities in 10-
50% of infants. Direct intrauterine repair of the hernia
was pioneered in the early 1990s [30]. Fetal tracheal lig-
ation, known as PLUG (plug the lung until it grows), has
been shown to increase alveolar and vascular growth
[31]. However, neither technique has found worldwide fa-
vor to date. The prognosis ultimately is dependent upon
the degree of pulmonary hypoplasia, which in turn de-
pends largely, but not entirely, on the size of the herniat-
ed contents [32].The presence of the stomach in the tho-
rax is related to a poorer prognosis, as it indicates that the
diaphragmatic defect is large. The chest radiograph ini-
tially shows opacification with significant mediastinal
shift to the contralateral side. Over the subsequent hours,
air outlines the bowel loops. The abdominal radiograph,
which should also be obtained, will show a scaphoid ap-
pearance of the abdomen due to absence of bowel loops
from their normal location in the abdomen. This helps to
differentiate the condition from CCAM or a large pleur-

al effusion. Right-sided diaphragmatic hernias may in-
volve herniation of the liver or kidney in addition to the
bowel loops. Ultrasonography may also be helpful as it is
useful in outlining the presence of the diaphragm and in
detecting the presence of fluid-filled bowel loops prior to
their filling with air. It is also able to detect the liver or
kidney in a right-sided lesion. It is seldom necessary to
use a contrast material to confirm the presence of bowel
loops in the chest.

Initial therapy includes continuous deflation of the
bowel loops, mechanical ventilation, and the use of nitric
oxide to produce pulmonary vasodilatation. If this treat-
ment is unsuccessful, the infant may be treated with EC-
MO. Repair is undertaken after the infant’s condition has
been stabilized. Following repair of the diaphragmatic
defect, the chest radiograph shows the true volume of the
underlying lungs.

Eventration of the Diaphragm

This condition is usually asymptomatic, but is very rarely
large enough to cause neonatal respiratory distress as a
result of the reduction in overall diaphragmatic function
and the mass effect of the upwardly displaced structures
beneath it.

Conclusions

The chest radiograph remains the most common and
most useful imaging tool in the diagnosis of conditions
that contribute to respiratory distress in the newborn pe-
riod, in particular those which cause lung parenchymal
disease. A detailed clinical history should be obtained
prior to interpretation of the images. Many of the devel-
opmental lung-bud and vascular conditions, together with
congenital diaphragmatic hernias, are now diagnosed an-
tenatally and the radiologist is required to help more with
therapy than with diagnosis. Ultrasonography and, occa-
sionally, CT may also be necessary for further evaluation
in these instances.
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Introduction

Radiology has always been involved with the analysis of
the pulmonary vasculature. A chest radiograph is a
unique piece of information since it is the only radi-
ographic examination that can depict veins and arteries
without the need to inject a contrast agent. Instead, the
natural contrast between the density of air and water per-
mits excellent analysis of the vessels in the lungs.

Today, new imaging techniques have propitiated a fur-
ther advance in the visualization and analysis of the pul-
monary vessels.

In this article, information concerning the pulmonary
vasculature and related diseases that are of particular im-
portance to the radiologist are discussed.

Pulmonary Embolism

Thromboembolic disease is frequent and often lethal [1].
In Spain, it constitutes 2% of all hospitalizations and hos-
pital mortality is between 6 and 15% [2]. The risk factors
associated with pulmonary embolism (PE) are mainly re-
lated to age, immobilization, cancer, and certain alter-
ations in blood coagulation. PE usually originates in the
legs and pelvis. Other sites of thrombosis are the heart
and arms, especially after trauma or placement of intra-
venous catheters.

Venous thrombosis and PE are manifestations of the
same disease and should thus be treated as a single dis-
ease. PE is treated with anticoagulant therapy. Low-mol-
ecular-weight heparins are used initially. However, while
this is a very effective treatment, complications may oc-
cur. Approximately 10% of patients have complications
and the reported mortality is around 0.6% [2].

Diagnosis of Pulmonary Embolism

The introduction of CT angiography (CTA) has dramati-
cally changed the management of PE. In a published se-
ries, the percentage of emergency cases studied with CT
increased from 9 to 83%, while nuclear medicine studies
diminished from 87 to 17% [3].

In 2004, in our hospital clinical suspicion of PE ac-
counted for 0.8% of all emergencies and 25% of the CT
studies in those patients were positive for PE. This increase
in the demand for PE imaging studies obliges the clinician
to properly select candidate patients in order to avoid over-
diagnosis or underdiagnosis. Therefore the diagnosis must
be approached as a continuum in which clinicians and ra-
diologists work together. An initial clinical workup is
mandatory and should define the degree of probability of
PE according to different published scales (Wells, Geneva).
Once the probability of PE has been determined, a D dimer
test should be carried out. Imaging is indicated when the
clinical probability and D dimer results suggest PE.

Chest Radiograph

The chest radiograph should not be used to diagnose PE
since very frequently there will be no specific signs of
embolism. The main utility of the radiograph is to diag-
nose alternative diseases and as a guide to interpreting
ventilation-perfusion studies, since only those without
signs of chronic obstructive pulmonary disease can be
considered as reliable. In PE, there may be signs such as
cardiomegaly, pleural effusion, elevation of the di-
aphragm of local atelectasis. Nonetheless, nearly 25% of
the chest radiographs in PE are normal [4].

Ventilation-Perfusion Gammagraphy

The PIOPED (Prospective Investigation of Pulmonary
Embolic Disease) investigation demonstrated that venti-
lation-perfusion gammagraphy (VPG) is an excellent test
in patients with a clinical and gammagraphic high prob-
ability of PE and in those with a low clinical probability
and a normal scan [5]. The problem is that these scenar-
ios occur in less than 35% of the cases; therefore, most
patients will have an indeterminate result. Another prob-
lem associated with VPG is that its availability is low as
an emergency procedure. Currently, VPG is indicated in
patients with allergy to iodine or severe renal insuffi-
ciency [1, 6]. The radiation dose delivered by VPG is
slightly lower than that of CT although the dose to the fe-
tus in pregnant women is higher [7, 8].

IDKD 2007

The Pulmonary Vessels: A Modern Approach

J. Vilar Samper1, D.F. Yankelevitz2

1 Servicio de Radiología, Hospital Universitario Dr. Peset, Valencia, Spain
2 New York Cornell Medical Center, New York, NY, USA

063_068_Vilar  1-03-2007  15:42  Pagina 63



64 J. Vilar Samper, D.F. Yankelevitz

Computed Tomography and Pulmonary Angiography

The main advantage of CT is direct visualization of the
thrombus. In fact, this technique is an arteriography with-
out the disadvantages of percutaneous puncture. There
are other associated advantages of CTA:
1. Availability: in most centers, CT is available on a 24-

h basis.
2. It allows alternative diagnosis that explains the pa-

tient’s symptoms [9].
3. CTA detects signs of right-heart failure and pulmonary

vascular obstruction, both of which have a high mor-
tality [10].

4. CT venography of the lower limbs can be obtained as
part of the same procedure.
Multidetector CT (MDCT) machines have a high

temporal and spatial resolution, and thus can depict
small subsegmental arteries, although the importance
of isolated thrombi in these arteries is unclear. Some
authors consider that such thrombi are only significant
when associated with right-heart failure. A recent
meta-analysis demonstrated that the sensitivity of CT
is similar to that of arteriography in the diagnosis of
PE [11]. Other studies demonstrated that the use of CT
in a diagnostic protocol of PE reduces patient mortal-
ity and is cost-effective when compared to arteriogra-
phy [12].

It is perhaps more important to know the ability of
CTA to rule out PET. In patients with a negative CTA
who were not treated, the recurrence of PE was <2%,
which is similar to the results obtained with arteriography
or VPG [13-15]. Thus, it may be concluded that CTA, and
especially MDCT, can reliably exclude PE.

The radiation dose of a CTA is also an aspect to con-
sider. The usual dose is around 1.8 mSv [7], but further
reductions may be obtained with new machines, espe-
cially by current modulation. Other factors that influence
the radiation dose are kVp, pitch, and the length of the
area studied.

Technique

The main aspects of the technique are described in
Tables 1 and 2. The direction of the scan should be cau-
do-cranial to avoid respiratory artefacts and artefacts
due to excess contrast material in the superior vena ca-
va. It is important to use adequate Ma settings to avoid
signal noise, which may result in false-positive findings
in small vessels (Fig. 1). Fine collimation (1.5 mm) is
also mandatory in order to detect smaller emboli and to
avoid partial volume artefacts [16, 17]. The amount of
contrast agent must be adjusted to the duration of the
scan, with faster machines requiring less. However, if a
CT venography of the lower extremities is planned, then
the contrast dose should not be <120 ml. The most com-
mon problems related to use of the technique are de-
scribed in Table 2.

Image Analysis

Since images have to be viewed with varying windows and
planes, they must be visualized in a work station. Each
lung is visualized separately, and good knowledge of the
pulmonary vascular anatomy is mandatory. Multiplanar re-
constructions are of particular help in the analysis of ves-
sels that run in the horizontal plane, partial-volume phe-

Table 1. Computed tomography angiography (CTA): Main technical
parameters

Collimation 1-1.5 mm; 2 mm in very obese patients

MaS 150 (maximum in obese patients)

Kv 120-140

Scan direction Caudo-cranial

Contrast 120 ml
4/s
Delay with test bolus, bolus tracking. or
fixed: 15 s + scan time

Visualization Workstation

Fig. 1. Computed tomography angiography (CTA) artefact due to
insufficient mAs. Noise in the pulmonary arteries impedes a con-
fident diagnosis

Table 2. Problems and solutions in pulmonary CTA

Problems Solutions

Motion Fast scan (multidetector): <20 s
Caudo-cranial direction

Partial volume Thickness: <1.5 mm
Multislice, multiplanar

Noise High mAs, high kVp

Insufficient vascular High injection rate (≥4 ml/s)
opacification Adequate timing
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nomena, and adenopathy in the hilar region (Fig. 2).
Windowing may aid in distinguishing an artery from a mu-
cus-filled bronchus or a vein (Table 3, Fig. 3) [16].

Diagnostic criteria

Thrombi may produce intraluminal filling defects that
may be central, eccentric, or that totally occlude the ves-

sel (Fig. 4). Sometimes, an enlargement of the artery may
be noted [16, 17].

Severity: CT allows prognostic evaluation of PE according to:
1. Quantification. The method of Quanady can be used to

quantify the amount of vascular occlusion. A study by
Wu et al. demonstrated that this method is able to pre-
dict mortality [10].

Fig. 3a, b. CTA pitfall. a
There is an apparent embo-
lus in a segmental artery
(arrow). b Same patient.
Slightly above the previous
slice and small window
change: air can be seen in
the same structure indicat-
ing that it is a bronchus
partially filled with mucus
(arrow)

ba

Fig. 2a, b. CTA pitfall. a Ap-
parent eccentric filling de-
fect in the left pulmonary
artery (arrow). b Same case.
The next slice shows that
the filling defect was due to
partial volume of lymphoid
tissue (arrow)

ba

Table 3. Artefacts: causes and solutions

Artefact Cause Solution

Poor vascular opacification Beginning or end of injection Examine vessels of the same slice
Artery or bronchus? Mucus-filled bronchus Follow the slices and change windowing
Artery or vein? Irregular contrast of pulmonary veins Follow the vessel
Distortion of vessels with low density Motion (respiratory or cardiac) Lung window better recognizes motion
Hypodense area in lobar arteries near hila Normal lymphatic tissue Follow the slices

Use multiplanar reconstructions
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2. Right-heart failure. The transverse diameter of the
right ventricle should be smaller than that of the left
ventricle in the axial CT scan. An increase in the di-
ameter of the right-ventricle and, especially, bulging of
the interventricular septum towards the left ventricle
are signs of right ventricular overload, and should al-
ways be reported [18].

Magnetic Resonance

MR is not usually as readily available as CT in an emer-
gency scenario. Nevertheless, MR angiography can also
be used as an imaging tool for PE. In our institution, MR
imaging is indicated for pregnant women and patients
with contrast allergy.

Arteriography

Most of the recent evidence indicates that angiography
should be replaced by CT in the diagnosis of PE. In cas-

es of chronic pulmonary embolism, and especially when
an interventional procedure, such as thrombectomy or
fibrinolysis, is indicated angiography can be used [2, 6].

Congenital Anomalies of the Pulmonary Vessels 
in the Adult

Pulmonary Artery Sling

This condition is also defined as an anomalous origin of
the left pulmonary artery. In these patients, the left pul-
monary artery originates from the right one. The diagno-
sis is usually made in infancy due to the symptoms that
are produced by compression of the airway and esopha-
gus. Sometimes, this entity can be diagnosed in adults,
such as in the case shown in Fig. 5.

The differential diagnosis is established initially with
other space-occupying lesions in the middle medi-
astinum. CT with contrast and MR will show the typical
findings. Barium swallow shows a posterior extrinsic
compression of the esophagus. In infants, a tracheal car-
tilaginous ring can accompany pulmonary artery sling
and in this case can be life-threatening [19, 20].

Anomalous Drainage of the Pulmonary Veins

This congenital disorder may appear in association with
other anomalies, especially hypogenetic lung and
bronchial anomalies. It occurs almost always in the right
lung and can be partial or total. The use of CT has in-
creased the detection of anomalous veins, most of which
are without clinical significance. Large anomalous ve-
nous drainage acts as a left-to-right shunt and may be ac-
companied by cardiac anomalies. Plain films generally

Fig. 5. Pulmonary sling. Magnetic resonance angiography. The left
pulmonary artery originates from the right and travels behind the
esophagus (Courtesy of Eva Castamer, M.D., Udiat, Spain)

Fig. 4. a Pulmonary embolism showing typical intravascular filling de-
fects (arrows) in CTA. b Large embolus in the right pulmonary artery

b

a
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clearly reveal the abnormalities, but CT with contrast or
MR angiography will better depict the vascular connec-
tions and other associated findings [21-23] (Fig. 6).

Arteriovenous Malformations of the Lung

These can be found as an isolated lesion and are some-
times misinterpreted as a pulmonary nodule or as part
of a generalized systemic disease (Rendu-Osler-Weber
disease). Although usually asymptomatic, arteriovenous
malformations may generate paradoxical embolism,
with neurological symptoms, and hemoptysis. Imaging
starts with the chest radiograph, which will usually
show a nodular-tubular lesion most commonly in the

lower lobes (Fig. 7). The proper timing of contrast in-
jection is an important consideration in the CTA of such
malformations and must be done with care [24]. MR
imaging has also been used for their diagnosis.
Angiography is reserved for embolization, which may
be recommended in these cases.
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the right lung (arrow). b Same patient. Pul-
monary angiogram shows contrast enhance-
ment of the suspected nodule, which has a
feeding artery (A, lower arrow) and a drain-
ing vein (V, upper arrow)
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Introduction

Pulmonary infections are one of the most frequent
causes of morbidity and mortality throughout the
world. In the immune-competent population, pneumo-
nia is a major infectious disease, either in the more
prevalent community-acquired form or as a nosocomi-
al complication.

Radiography plays an important role in the detection
and management of patients with pneumonia. Among all
diagnostic tests, the chest film is among those essential
for confirming or excluding the diagnosis. The chest ra-
diograph will also help narrow the differential diagnosis,
assist in the selection of direct additional diagnostic mea-
sures, and allow the clinician to monitor the course of
disease. The diagnostic usefulness of the radiograph is
maximized by integrating epidemiologic and clinical fea-
tures of the individual patient. This article reviews the
more important clinical and radiological principles re-
garding community-acquired, nosocomial, and oppor-
tunistic pneumonias. 

Community-Acquired and Nosocomial Pneumonia

Community-acquired pneumonia (CAP) is defined as an
acute infection of the pulmonary parenchyma in a patient
who has developed the disease in the community, as dis-
tinguished from hospital-acquired (nosocomial) pneumo-
nia. Community-acquired pneumonia is a common and
serious illness with considerable morbidity and mortality,
as approximately 20% of episodes result in patient hos-
pitalization. Nosocomial pneumonia (NP) is causally as-
sociated with a mortality that is higher than that of any
other type of infection acquired in the hospital. The dif-
ferentiation between CAP, NP, and opportunistic pneu-
monia (OP) is of practical interest because varied treat-
ments will need to be targeted against the offending
pathogen. Although the spectrum of causative organisms
differs between these disorders, considerable overlap ex-
ists on chest film and CT. The radiologic approach to di-
agnosing and monitoring CAP in the immunocompetent
adult patient is reviewed here.

A pulmonary opacity on a chest radiograph is con-
sidered the ‘gold standard’ for diagnosing pneumonia
when clinical and microbiologic features are supportive;
thus a film should be obtained in most patients when-
ever possible. The radiographic appearances of CAP in-
clude homogeneous and heterogeneous opacities in fo-
cal and diffuse distribution. It is often taught that focal
lobar homogeneous opacities are due to ‘typical’ bacte-
ria (e.g., S. pneumoniae), whereas focal or diffuse het-
erogeneous opacities are due to ‘atypical’ organisms,
(e.g. M. pneumoniae, viruses). However, radiologists
cannot reliably differentiate the organism responsible
for pneumonia on the basis of the radiographic appear-
ance of the disease. 

If the clinical evaluation does not support pneumonia,
other causes of the radiographic abnormalities must be
considered, such as malignancy, hemorrhage, pulmonary
edema, and noninfectious inflammatory causes. However,
if the clinical presentation favors pneumonia but the radi-
ograph is normal, the radiograph may be falsely negative
and further imaging may be warranted. 

Case reports and animal experiments support the hy-
pothesis that volume depletion produces initially negative
radiographic findings that will become positive following
rehydration. In particular, one population-based cohort
study by Basi et al. found that 7% of patients with sus-
pected CAP and negative initial studies developed
changes consistent with CAP when repeat chest films
were obtained. 

A CT scan might be helpful for patients with negative
chest radiography when there is a high clinical suspicion
of pneumonia. CT scanning, especially with high-resolu-
tion CT (HRCT) protocols, is more sensitive than chest
films for the evaluation of interstitial disease, extent of
disease, cavitation, empyema, and hilar adenopathy. CT is
not generally recommended for routine use because there
are few data regarding its use in CAP, it is expensive, and
there is no evidence that outcome is improved. Chest ra-
diography thus remains the preferred method for initial
imaging, with CT scanning or, rarely, magnetic resonance
imaging (MRI) reserved for high-suspicion normal chest
film cases or for further definition of the abnormality
(e.g., cavitation, empyema, adenopathy, mass).
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In patients with CAP, the primary task for the radiolo-
gist is to detect or to exclude pneumonia; a second task
is to aid the clinician in determining the etiology.
Identifying the causative organism to a high degree of
likelihood is sometimes possible by integrating clinical
and laboratory information with the radiographic pattern.
However, establishing a specific etiology is very difficult
due to the increasing spectrum of causative organisms
and their overlapping radiographic features. In a prospec-
tive study of 359 adults with CAP, Fang and co-authors
compared the radiographic, clinical, and laboratory fea-
tures of patients with bacterial pneumonia (caused by
Hemophilus influenzae, Streptococcus pneumoniae,
Staphylococcus aureus, and aerobic gram-negative bacil-
li) with features from patients with atypical pneumonia
(caused by Mycoplasma pneumoniae and Chlamydia
species). The authors found no features that reliably dif-
ferentiated these groups.

An extensive knowledge of the radiographic appear-
ance of pulmonary infections will help to narrow the
spectrum of possible organisms, and this will, in turn,
help guide further diagnostic procedures and enable a
more targeted antibiotic regimen. In this way, the radiol-
ogist is of significant help to the clinician. Beware, how-
ever, that erroneous over-interpretation of findings can be
potentially misleading and dangerous. Special attention is
required when typical patterns may be altered by pre- or
co-existing lung disease, such as emphysema or malig-
nancy.

Recognizing Specific Radiographic Patterns of
Pulmonary Infections

Homogeneous Opacities (Airspace Disease)

Homogeneous opacities are usually caused by bacterial
pneumonia. However, they can also be caused by certain
viral, protozoal, and fungal infections, and may have non-
infectious etiologies as well. Acute bacterial infections are
characterized by a mostly homogeneous opacification of
lung parenchyma, poorly-defined borders unless up
against a fissure, and loss of clearly defined segmental
boundaries. An air bronchogram is very common. Typical
organisms are Streptococcus pneumoniae, most gram-
negative bacilli, and Legionella pneumophila. Progression
to complete lobar pneumonia may occur, particularly with
Legionella. Involvement is unilateral or bilateral.
Cavitation is rare with pneumococcal but typical with
gram-negative disease. The lung volume is usually normal
in gram-positive pneumonias and may be increased in
gram-negative pneumonias (Klebsiella sp.).

Staphylococcus aureus is the prototype of organisms
causing the radiographic pattern defined as bronchop-
neumonia. The parenchymal consolidation is typically
segmental, scattered in distribution, and with a heteroge-
neous or, less commonly, homogeneous appearance. In

70

more than half of the cases involving Staphylococcus au-
reus, the abnormalities are bilateral. Cavitation is com-
mon. Mycobacterium tuberculosis, Pseudomonas aerug-
inosa, and Mycoplasma are other organisms with a radi-
ographic pattern that can resemble that of bronchopneu-
monia. In P. aeruginosa pneumonia, bilateral disease,
lower lobe predominance, and abscess formation are also
common. Resolution of the infiltrates may take several
weeks, particularly with Staphylococcus aureus and
Mycoplasma pneumonias.

The term ‘atypical pneumonia’ was originally applied
to pneumonias with unusual, conflicting clinical, labora-
tory, and/or radiographic features. The term has also
been applied to atypical bacterial, viral, protozoal, and
fungal infections; however, it is currently reserved for
pneumonias of bacterial origin, in which the organism is
difficult to isolate. Among the group of ‘atypical’ bacte-
rial community acquired pneumonias, Legionella pneu-
mophila and, occasionally, Mycoplasma pneumoniae and
Chlamydia may cause a homogeneous radiographic pat-
tern indistinguishable from that of typical bacterial in-
fections. Unilateral or bilateral disease may be due to
such ‘atypical’ organisms.

Localized airspace disease may also be caused by
Mycobacterium tuberculosis. The typical radiographic
features of post-primary disease in the adult consist of ar-
eas of ill-defined heterogeneous opacities in the upper
lobes, with or without cavitation. In primary tuberculosis,
homogeneous opacity, with or without hilar and/or medi-
astinal lymphadenopathy, is typically seen. In some cas-
es, differentiation of primary and post-primary disease
may be difficult.

Invasive pulmonary aspergillosis (IPA) and mucor are
fungal pneumonias seen almost exclusively in immuno-
compromised patients. Either disease may produce a ho-
mogeneous opacity, sometimes peripheral and wedge-
shaped, sometimes segmental or lobar. Finally, viral (e.g.,
influenza) and protozoal organisms can cause a segmen-
tal homogeneous opacity that simulates bacterial infec-
tions.

Diffuse Heterogeneous Opacities (Interstitial or Mixed
Alveolar-Interstitial Disease)

Community-acquired pneumonia can present with diffuse
lung disease characterized by widely distributed hetero-
geneous opacities, sometimes reticular and/or nodular.
The most common etiologies for this appearance are
viruses and protozoa. In general, the precise etiology can-
not be diagnosed because the patterns overlap. Diffuse bi-
lateral lung disease is rarely seen in bacterial pneumonias
and is also rare in patients with CAP. However, if identi-
fied in otherwise healthy people, diffuse disease is most
commonly due to viral pneumonias, such as that caused
by the respiratory syncytial virus (RSV). In RSV pneu-
monia, the chest radiograph shows discrete heteroge-
neous linear opacities in a perihilar distribution. In
Herpes varicellae (Varicella zoster) pneumonia, diffuse-
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ly distributed, nodular opacities are typical. Diffusely dis-
tributed fine nodules (miliary disease) may be seen with
the hematogenous spread of tuberculosis.

Nodules

Nodules attributed to pulmonary infections are most often
seen in nosocomial pneumonias and in immunocompro-
mised patients. They may be caused by bacteria such as
Nocardia asteroides and M. tuberculosis, septic emboli,
and fungi. On chest film, Nocardia asteroides can cause
single or multiple nodules with or without cavitation. IPA,
mucor, and Cryptococcus neoformans infections may
manifest as single or multiple nodules that often progress
to wedge-shaped areas of opacity. Cavitation (sometimes
with the ‘crescent sign’) is common later in the course of
disease. In the appropriate clinical setting, CT may sug-
gest the diagnosis of IPA by demonstrating the ‘halo sign.’

Opportunistic Infections

Infectious agents that cause opportunistic pneumonia in
humans include representatives from the classifications
bacteria, virus, fungus, protozoa, and parasites. This sec-
tion discusses some of these pathogens and their appear-
ance on chest film and CT. Usually, the chest radiograph
reveals the abnormality, but occasionally the increased
sensitivity of CT is necessary to see the pneumonia.
While the findings on chest imaging may not be totally
pathognomonic of the underlying etiology of infection,
they may be highly suggestive and will certainly lead to
a reasonable differential diagnosis.

Human Immunodeficiency Syndrome

Since the first description of this disease and AIDS,
Pneumocystis jiroveci (previously P. carinii) pneumonia
(PCP) has been one of the most common complications.
Patients with PCP typically present with increasing short-
ness of breath and may run a gradual or fulminant course
of infection. Chest films classically reveal a bilateral,
fine to medium reticulonodular pattern that is generally
bilateral, but occasionally not. If the disease is not treat-
ed, the radiographic findings will show progressively in-
creasing opacities; ultimately, bilateral homogeneous
opacities may be seen. Upper lobe involvement is more
common in patients when administered prophylactic pen-
tamadine inhalation therapy was used. The appearance of
the chest film may worsen a few days after the patient has
been treated with intravenous trimethaprin-sulfamethox-
adole, due to overhydration and the production of pul-
monary edema, but this can be treated with diuretics.
Otherwise, with treatment the radiographic course re-
flects steady improvement in the patient’s condition until
by day 11 complete resolution may be seen. In approxi-
mately 10% of patients, pneumatoceles develop. These
are frequently in the upper lobes and resolve within 2
months. However, they may also lead to pneumothorax,

which can be extremely difficult to treat. Pneumothorax
is seen in 5% of patients with PCP and AIDS. In about
10% of patients with PCP, the chest film may be normal.
In some of those patients, a CT scan will show the typi-
cal geographic appearance of ground-glass opacities as-
sociated with PCP. Lymphadenopathy and pleural effu-
sions are not part of the PCP picture.

Cytomegalovirus infection may mimic the look of PCP
on chest film, with diffuse, bilateral, fine to medium
reticulonodular opacities. On CT, centrilobular nodules
and ground-glass opacities have been reported, and in a
fairly large number of patients with cytomegalovirus
(CMV) the presence of discrete nodules, sometimes sev-
eral centimeters in size, may help in distinguishing be-
tween these two entities.

Disseminated fungal infections, such as histoplasmo-
sis and coccidioidomycosis, generally produce bilateral,
fairly symmetric, coarse nodular opacities on chest radi-
ographs. The nodules and occasionally reticular opacities
are larger than those seen with PCP and this may aid in
distinguishing between the processes.

Tuberculosis will appear differently depending on the
immune status of the patient. In patients with relatively
normal CD-4 lymphocyte counts, TB will look much like
it does in the general population. That is, with primary in-
fection patients will present with a homogeneous lobar
opacity and ipsilateral hilar and/or mediastinal adenopa-
thy. With post-primary infection, patients will present with
apical and posterior upper lobe and/or superior segment
lower lobe heterogeneous opacities with or without cavi-
tation. In patients with low CD-4 cell counts and primary
infection, the chest film may show homogeneous lobar
opacities with adenopathy similar to immune-competent
hosts, but the chance of increased adenopathy is present.
With post-primary disease, the bacterium disseminates
more widely, creating a diffuse coarse nodular pattern on
chest film similar to the pattern seen with fungal infec-
tions. Cavitation is not seen since the body’s response is
weak; well-formed granulomas and necrosis are also not
usually seen. If the bacterium is sensitive to the appropri-
ate therapy, then some resolution of the abnormal findings
on chest film should be observed within one week.

Ordinary bacterial infections occur with increased fre-
quency in patients with HIV disease. These usually ap-
pear as they do in normal hosts as homogeneous lobar
opacities. They should begin to resolve within days after
the institution of antibacterial therapy and complete res-
olution of abnormalities is seen in the majority of patients
in about 2 weeks.

Two neoplasms, related to infections, may also be
seen in patients with AIDS and could cause confusion
in generating a differential diagnosis. Non-Hodgkin’s
lymphoma will produce well-defined nodules on chest
film. The nodules range in size from about 1 cm to sev-
eral centimeters. Solitary or multiple nodules may be
noted. Lymphadenopathy and pleural effusions are also
observed. The nodules have a tendency to grow ex-
tremely rapidly.
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Whereas the nodules with NHL are very well-de-
fined, those seen with Kaposi’s sarcoma are not. This
disease produces poorly marginated nodules that tend to
coalesce. They occur most often in the perihilar lung
and lower lobes. On CT, the distribution is along bron-
chovascular pathways. In almost all cases of Kaposi’s
sarcoma involvement in the lungs, cutaneous lesions
will be seen.

Other Immune-Compromised Conditions

Increasing numbers of transplant procedures, both solid
organ and bone marrow, have led to the widespread use
of induced immunosuppression. Steroids are also being
administered with increased frequency for a number of
medical conditions. As a result, infectious complications
in the setting of transplantation or steroid use have be-
come a major problem. While prophylactic treatment
(with anti pneumocystis, cytomegalovirus, and occasion-
ally fungal drugs) of these patients leads to some reduc-
tion in the number of infections, not all cases are pre-
vented. The appearances on chest film of PCP and CMV
will be similar to that in patients with HIV infection and
were described in the section above. 

Other viral pathogens are seen with greater frequency
in this setting, including varicella zoster, which may oc-
cur in patients with lymphoma and those undergoing
steroid therapy. On chest film, varicella pneumonia usu-
ally produces bilaterally symmetric acinar opacities (nod-
ules about 7-10 mm in diameter) that may coalesce as the
disease worsens. CT shows similar-sized nodules and dis-
tribution as well as ground-glass opacities.

Among the fungal organisms seen with some regular-
ity in this group of immunocompromised patients are
cryptococcus and aspergillus. Cryptococcus has numer-
ous types of presentation on chest film. Perhaps most
common is the appearance of well-defined nodules, usu-
ally solitary but sometimes multiple. If the nodules be-
come masses, the margins may be indistinct. The nodules
may cavitate. Cryptococcus can also manifest as a lobar
pneumonia or as diffuse heterogeneous reticulonodular
opacities.

Aspergillus fumigatus is the usual species responsi-
ble for lung infections. The pattern of abnormality seen
on chest film depends on the patient’s immune status.
In the setting of immunosuppression (neutropenia), the
typical appearance is that of invasive aspergillosis. In
this form of disease, the chest film initially demon-
strates a poorly-marginated area or areas of homoge-
neous opacity that may resemble ordinary bacterial
pneumonia in look and distribution, but such lesions
are occasionally more round and distant from the sub-
pleural lung than is the case in common community in-
fections. In some cases, the disease is peripheral and
wedge-shaped secondary to infarction caused by the
angioinvasive obstruction of pulmonary vessels. In
time, the lesions become more discrete and round, thus
taking on the look of lung masses. As patients are treat-
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ed and immune status improves, there may be cavita-
tion within the masses with the formation of an air
crescent. The cavity wall is generally of moderate
thickness. The air crescent is created by the contained
necrotic debris within the cavity. On CT, the areas of
homogeneous opacity may initially show air bron-
chograms, and additional regions of involvement are
commonly identified. A ‘halo sign’ may be observed.
The halo is a ground-glass opacity that surrounds (fre-
quently incompletely) a more opaque center of the le-
sion. The ground-glass portion is an area of hemor-
rhage and the central area is necrotic lung. The ‘halo
sign’ was thought to be pathognomonic of invasive as-
pergillosis, but can be seen with other infections, neo-
plasms, and inflammatory diseases.

Take Home Messages: Usefulness of Imaging Methods
in Pulmonary Infections

Despite the increasing use of CT imaging for the diag-
nosis of chest disorders, plain film radiography is still
the primary imaging modality for patients with sus-
pected pneumonia. The presence of a characteristic
lung opacity on a chest radiograph is considered the
‘gold standard’ for diagnosing pneumonia. The radiol-
ogist’s extensive knowledge of the radiographic appear-
ances of pulmonary infections, their complications, and
course is essential in aiding the referring clinician and
ultimately the patient. CT imaging is useful in patients
with CAP and NP when there is an unresolving or com-
plicated chest film, and at times in immunocompro-
mised patients with suspected pulmonary infections.
CT can help in differentiating infectious from non-in-
fectious abnormalities, and it may detect empyema,
cavitation, and lymphadenopathy when chest films can-
not. Immunocompromised patients with a clinical sus-
picion of pneumonia should undergo CT examination
when the chest film is normal. This is especially true
when the early diagnosis of pneumonia is critical, as is
the case with immunocompromised and severely-ill pa-
tients.

To reiterate, no pattern of abnormality seen on chest
films can be considered pathognomonic of a specific in-
fection. However, the distribution and appearance of
lung opacities, especially in conjunction with clinical in-
formation, should enable the radiologist to produce a
useful, ordered list of most-likely possibilities helpful to
our clinical colleagues and most importantly to their pa-
tients.
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Introduction

Imaging in the intensive care unit (ICU) has to deal with
several disorders affecting the critically ill patient. In such
patients, one or more organs are so compromised that man-
agement requires continuous monitoring of vital functions
and their support through external devices, either mechan-
ical or pharmacological. Above all, two functions of ex-
ceeding importance are often impaired and require exter-
nal support: respiration and circulation. The task frequent-
ly involves the use of mechanical instruments and the ad-
ministration of fluids and drugs, in turn, may interfere
with, or even damage thoracic organs and structures.

This article deals with the respiratory and circulatory
problems of the critically ill in the ICU, as well as the side
effects and complications associated with the use of mon-
itoring and support. The imaging techniques involved in
the management of the critically ill are manifold, but the
most important remains the chest X-ray (CXR). Plain
films are valuable in identifying clinically suspected or
unexpected new abnormalities, monitoring already
known lesions, and in the management of mechanically
ventilated patients.

The obstacles caused by low-quality films, repeatedly
remarked upon by the older literature, have all but disap-
peared due to the present availability of high performance
X-ray equipment, dedicated screen film systems, and the
more widespread use of computed radiography. However,
the need to obtain high-quality films should not be under-
valued. The amount of information present in a radiograph
is great, provided that the films are taken at the peak of the
inspiratory cycle and that a projection respectful of the
symmetries is used. Knowledge of selected technical and
clinical information (patient’s exact position, modalities of
ventilation, etc.) is useful and often mandatory to evaluate
adequately lung volumes, flow distribution, diffuse or fo-
cal abnormalities, and the status of the mediastinum and
the heart. Last, but not least, the actual position of the de-
vices must be taken into account so as to allow the radiol-
ogist to recognize misplacements or complications.

It is also very important for the radiologist to be aware
that, when dealing with the critically ill patient, knowl-
edge not only of morphology but also of physiology and

physiopathology is mandatory. Moreover, correct inter-
pretation of the films requires that the clinician be well-
aware of the patient’s respiratory and circulatory condi-
tion, as it is the key to understanding the images and of-
ten essential to assigning the radiological signs to their
appropriate clinical context. Indeed, the main aim of this
article is to present physiopathological and practical in-
formation useful for interpreting the radiological aspects
based on clinical grounds.

Respiration

Many conditions identifiable on chest images are related
to pathologies of the respiratory and/or circulatory sys-
tems. Their clinical presentation is commonly accompa-
nied by respiratory difficulties, which in turn may lead to
the derangement of one or more organs and systems,
eventually to catastrophic consequences. A quick review
of the physiopathology of these conditions and ready
knowledge of the relevant normal and abnormal clinical
parameters is helpful, and encourages productive discus-
sion with the intensivist in the clinical radiology setting.

Parameters

Respiration serves to oxygenate the blood and to remove
the volatile waste product of metabolism, carbon dioxide
(CO2) [1]. In charge of this process is the respiratory sys-
tem; simply stated, its role is to maintain normal arterial
blood PO2, PCO2, and pH [2]. Usually, the system is tight-
ly controlled; in particular, the pH of arterial blood (pHa)
is kept between 7.35 and 7.43 within 95% confidence lim-
its. PHa is largely determined by the relative concentra-
tions of bicarbonate (HCO3

–) and carbon dioxide (CO2) in
the blood: the former is controlled principally by renal
conservation or excretion of bicarbonate and hydrogen
ion, the latter largely by pulmonary ventilation [2].

Since it is impossible to predict PaO2 and PaCO2 accu-
rately using clinical criteria, the diagnosis of respiratory
failure has to rely on arterial blood gas (ABG) analysis
[1], usually performed via puncture of the radial artery.

The normal ABG values are shown in Table 1.
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PaO2 measures the effectiveness of oxygenation,
PaCO2 the effectiveness of ventilation [2]. ABG indicates
the main reason for a respiratory failure, either failure of
the lungs (hypoxemia with hypocapnia or normocapnia)
or failure of the thoracic diaphragmatic pump (hypox-
emia with hypercapnia; see below).

Another important parameter to contemplate when
looking at the ABG is the amount of oxygen in the in-
haled air. This is indicated as FiO2 (fractional inspired
oxygen concentration) and is given as fraction of a unit
or as a percentage. For room air, the FiO2 is equal to 0.21
(21%); through use of a ventilator this fraction can be en-
riched up to a FiO2 of 1 (100%).

Hypoxemia

Hypoxemia is a reduction of the PaO2 to <70 mmHg in
room air; its consequences depend on the underlying dis-
ease entity. Although hypoxemia to <30 mm Hg and acute
hypercapnia (up to 70 mm Hg, pH 7.16) may lead to coma
and circulatory collapse, chronic exposure permit adapta-
tion with more subtle effects. Thus, the ABG provides the
most important way of diagnostically assessing the nature
and severity of a respiratory or metabolic disturbance and
of following its progression or resolution over time [1].

As for the gravity, hypoxemia is defined as shown in
Table 2.

Unsuspected hypoxemia or hypercapnia can cause a
constellation of central nervous system and cardiovascu-
lar signs and symptoms [2].

Acute Respiratory Failure

Respiratory failure is the inability of the respiratory sys-
tem to maintain a normal state of gas exchange from the
atmosphere to the cells, as required by the body. With
few exceptions, respiratory failure is present if PaO2 is
<60 mm Hg in room-air breathing (FIO2 = 0.21) or

PaCO2 is >45 mm Hg, but hypoxemia while breathing
supplemental oxygen also indicates respiratory failure [2].

Acute respiratory failure (ARF) can result from im-
pairment of lung ventilation or perfusion, or their cou-
pling (the right ventricle and its output should be consid-
ered functionally as part of the respiratory system). While
not defined as respiratory failure, dysfunctions of the
heart, the pulmonary and systemic circulations, the oxy-
gen-carrying capacity of the blood, and the systemic cap-
illaries nonetheless have important implications for pa-
tients with respiratory failure [1].

ARF from diseases that directly affect the lungs (lung
failure) involve the airways, alveolar spaces, interstitium,
and pulmonary circulation, and such patients almost al-
ways present with low arterial PaO2 but normal or low
PaCO2 – the latter distinguishing them from those with
hypercapnic respiratory failure, in which the primary
problem is alveolar hypoventilation. Examples of dis-
eases that may lead to ARF include bacterial or viral
pneumonia, aspiration of gastric contents, acute respira-
tory distress syndrome, pulmonary embolism, asthma,
and interstitial lung diseases [2].

ARF resulting from disorders of the respiratory system
other than the lungs (pump failure) usually causes hyper-
capnia [2]. The two pathways, lung failure and pump fail-
ure, are discussed in further detail below.

Lung Failure

Definition

Hypoxemic respiratory failure indicates disease affecting
the lung parenchyma or pulmonary circulation. Affected
patients have abnormally low arterial PO2 but normal or
low PaCO2.

Causes

Causes of lung failure include bacterial or viral pneumo-
nia, aspiration of gastric contents, acute respiratory dis-
tress syndrome, pulmonary embolism, asthma, and inter-
stitial lung diseases.

Effects

Arterial hypoxemia increases ventilation by stimulating
carotid-body chemoreceptors and leads to dyspnea,
tachypnea, hyperpnea and, usually, hyperventilation.
There may be cyanosis, which is especially marked in the
distal extremities but also centrally prominent around the
mucous membranes and lips.

Hypoxia in the tissues causes a shift to anaerobic me-
tabolism, accompanied by the generation of lactic acid.
Manifestations of hypoxemic respiratory failure are mag-
nified in the presence of impaired tissue oxygen delivery:
examples of this are the increased risk of myocardial is-
chemia from hypoxemia in a patient with coexisting coro-
nary artery atherosclerosis or a patient with hypovolemic

Table 1. Arterial blood gas (ABG) analysis (room air, sea level)

Range Units

pH 7.38-7.42 Absolute

PaO2 75-100 mmHg

PaCO2 38-42 mmHg

HCO3
– 22-26 meq/l

O2 sat 94-100 %

Table 2. Definition of hypoxemia

Hypoxemia mmHg

Mild 60-69

Moderate 50-59

Severe <50
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shock who shows evidence of lactic acidosis in the pres-
ence of mild arterial hypoxemia [2].

Clinical Features

Manifestations of hypoxemic respiratory failure are the
result of a combination of features of arterial hypoxemia
and tissue hypoxia. Hypoxia may cause impaired mental
performance, an increase of sympathetic nervous system
activity accompanied by tachycardia, diaphoresis, and
systemic vasoconstriction, leading to hypertension.
Severe hypoxia, however, can lead to bradycardia, va-
sodilation, and hypotension as well as to myocardial is-
chemia, infarction, arrhythmias, and cardiac failure due
to an increase of the pulmonary vascular resistance [2].

Pump Failure

Definition

Patients with pump failure have hypercapnic respiratory
failure; by definition, the PCO2 levels (PaCO2) are raised.
Since CO2 is elevated in the alveolar spaces, O2 is displaced
from the alveoli and arterial PO2 decreases. Thus, patients
with pump failure usually have both hypercapnia and hy-
poxemia, unless the inspired gas is enriched with oxygen.

Causes

Examples of thoracic diaphragmatic pump failure include
diseases that result in weakness of the respiratory mus-
cles, central nervous system diseases that disrupt ventila-
tory control, and conditions that affect chest wall shape
or size, such as kyphoscoliosis.

Effects

Increased arterial PaCO2 is a central nervous system de-
pressant, but the mechanism is primarily through a fall of
pH in the cerebrospinal fluid, resulting from acute eleva-
tion of PaCO2. The major differential diagnostic point is
between hypercapnic respiratory failure due to pump dis-
orders versus lung disease. Patients with lung disease will
often have hypoxemia out of proportion to the degree of
hypercapnia [2].

Clinical Features

Acute hypercapnia acts largely on the central nervous
system. Symptoms of hypercapnia may overlap those of
hypoxemia; consequently, dyspnea, tachypnea, and hy-
perpnea may be associated with hypercapnic respiratory
failure just as often as bradypnea and hypopnea [2].

Ventilation Techniques

A subject with hypoxemia, in particular in the setting of
ARF, must be supported artificially.
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Spontaneous Ventilation

Physiologically, ventilation is entirely managed by the
subject. Anytime the length or thickness of the thoracic
cavity increases or decreases, simultaneous changes in
lung volume occur. During inspiration, the pressure in the
alveoli decreases to about -1 cm H2O, this slight negative
pressure is sufficient to move about 0.5 l of air into the
lungs within the 2 s required for inspiration. During ex-
piration, the opposite occurs: alveolar pressure rises to
about +1 cm H2O, which forces 0.5 l of inspired air out
of the lungs during the 2-3 s of expiration. Control of
ventilation consists of a network of sensors (chemore-
ceptors, lung receptors) that provide information to a cen-
tral controller (pons, medulla), which activates an array
of respiratory muscles: the diaphragm, intercostal mus-
cles, abdominal muscles, and accessory muscles such as
the sternomastoids [3].

Mechanical Ventilation

Most patients admitted to the ICU care require some
form of respiratory support. This is usually because of
hypoxemia or ventilatory failure, or both. The support of-
fered ranges from oxygen therapy by face mask, through
non invasive techniques, to full ventilatory support with
endotracheal intubation [3].

The goals are to reverse life-threatening hypoxemia or
acute progressive respiratory acidosis and to decrease the
work of breathing. The most noticeable difference be-
tween wave-forms of mechanical and spontaneous venti-
lation is that the former uses positive pressures (hence the
name ‘positive pressure ventilation’), which may reach
levels that are much higher than in the latter.

Oxygenotherapy

Oxygen is administered to treat simple hypoxemia.
Patients should initially be given a high concentration;
the amount can be subsequently adjusted according to the
results of pulse oximetry and ABG analysis. Oxygen may
be given by face mask, nasal prongs, or cannulas. A
fixed-performance, high-flow air-entrainment mask can
provide a known fractional inspired oxygen concentration
(FiO2), within a range 0.24-0.60 [3].

Non-invasive Positive Pressure Ventilation

If the patient remains hypoxemic on high-flow oxygen
(15 l/min), continuous positive airways pressure (CPAP)
may be used. Patients must be cooperative and have the
strength to breathe spontaneously against a continuous
positive pressure administered by a nasal or face mask.
The technique improves oxygenation by recruiting un-
derventilated alveoli and thus is most successful in those
clinical situations in which alveoli are readily recruited,
such as acute pulmonary edema and postoperative at-
electasis. It is also helpful in immunocompromised pa-
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tients with pneumonia. As intubation is avoided, the risks
of nosocomial pneumonia are reduced [3].

Invasive Mechanical Ventilation

Endotracheal intubation and ventilation are the next steps
in the management of respiratory failure. Inspiratory gas
is pushed into the chest by the ventilator, which performs
either a portion of or the entire work required to inflate
the lungs and chest wall [4]. Tracheostomy is usually
done electively when intubation is likely to be prolonged
(>14 days), but it may also be done for the patient’s com-
fort and to facilitate weaning from the ventilator.

No consensus exists on the best method of ventilation.
However, one should keep in mind that the higher the degree
of injury related to stretching and volume change of the res-
piratory system due to ventilator usage, the higher the risk of
complications (volotrauma, commonly called barotrauma).

Circulation

Central Venous Pressure

Central venous pressure (CVP) describes the pressure in
the thoracic vena cava near the right atrium (therefore,
CVP and right atrial pressure are essentially the same); it
is measured with a central venous catheter at the level of
the superior vena cava. CVP is an important concept be-
cause it is a major determinant of the filling pressure
(preload) of the right ventricle, which regulates stroke
volume. A normal value in a spontaneously breathing pa-
tient is 5-10 cmH2O, rising by 3-5 cmH2O during me-
chanical ventilation. CVP is low under hypovolemic con-
ditions and low or normal during sepsis. It rises in the
presence of a tension pneumothorax, right cardiac failure,
pericardial tamponade, and fluid overload conditions.

Pulmonary Arterial Pressure

The lungs are the only organs that receive the entire car-
diac output, which is delivered at a mean resting pul-
monary arterial pressure of 15 mmHg. The pulmonary
circulation is a low-pressure, low-resistance circuit capa-
ble of handling large increases in pulmonary blood flow
(up to six-fold with strenuous exercise) with only small
changes in pressure. The maintenance of a low pul-
monary capillary pressure is vital in preserving the func-
tion of the blood-gas barrier. The pressure within the right
heart and pulmonary arteries must be measured through
a Swan-Ganz catheter, which is a central venous catheter
with a small inflatable balloon near the tip.

Pulmonary Capillary Wedge Pressure

When the Swan-Ganz catheter balloon is inflated in a distal
pulmonary vessel, its tip measures the distal pressure. There
is only a continuous column of fluid between the tip of the
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catheter and the left atrium, without interference from heart
valves and lung pathology. Therefore, pulmonary capillary
wedge pressure (PCWP) is a good approximation of the
pressure in the left atrium and provides evidence regarding
venous return to the left side of the heart (Table 3).

Hypoxemia in the Intubated and Mechanically
Ventilated Patient

In the ventilated patient, the causes of hypoxemia may be
due to the patient or to the treatment itself. Causes due to
the patient may be of systemic origin and include hyper-
thermia, pain, agitation, epilepsy, hemorrhage. Those of
pulmonary and/or cardiac origin consist of atelectasis,
contusion (in trauma patients), pneumonia, pleural effu-
sion, aspiration, pulmonary edema, acute lung injury
(ALI)/ARDS, fluid overload, asthma, reduced cardiac
output, and pulmonary thromboembolism (with/without
infarction). The latter group can usually be identified ra-
diologically as diffuse or focal opacities. A reduced car-
diac output and simple pulmonary thromboembolism
without infarction may present as a diffuse or focal hy-
perlucency of the lung with oligemia.

Causes due to treatment itself include ventilator mal-
functioning or disconnection, tracheal tube or cannula ob-
struction or malpositioning, insufficient FiO2, and baro-
trauma; the latter also radiologically detectable.

Atelectasis

Definition

Atelectasis is defined as a collapse of the alveoli, with a
reduction in the quantity of intrapulmonary air. In the
ICU, it remains a frequent and severe complication oc-
curring during spontaneous or mechanical ventilation.

Mechanisms

Postoperative diaphragmatic dysfunction is the major
cause of alterations in respiratory mechanics and subse-
quent atelectasis. Moreover, general anesthesia decreases

Table 3. Pressures in the superior vena cava and right heart (normal
values, mmHg)

Mean Range

Central venous pressure (CVP) 7 5-10

Right atrium 5 1-10

Right ventricle 25/5 15-30/0-8

Pulmonary artery (systolic/diastolic) 23/9 15-30/5-15

Pulmonary artery (mean) 15 10-20

Pulmonary capillary wedge pressure (PCWP) 10 5-15

Left atrium 8 4-12

Left ventricle (systolic) 130 90-140
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total pulmonary compliance and favors the development
of atelectasis in the dependent zones of the lung. Finally,
reduction of mucociliary clearance and of the cough re-
flex contributes to the stagnation of bronchial secretions
and favor atelectasis formation [4].

Risk Factors

Post-anesthesia alveolar hypoventilation, type of surgery,
posture (maintaining the patient in a supine or lateral posi-
tion), abdominal distention, pain that limits thoracic ex-
pansion, age, obesity, smoking attitude, chronic respirato-
ry conditions, dehydration with hyperosmolarity, patholog-
ical conditions such as pneumothorax, and hemothorax are
all risk factors for atelectasis. Patients in the postoperative
period, in particular, ventilate at a greater respiratory rate
and with a smaller tidal volume, with the usual conse-
quence of alveolar collapse and reduction of functional
residual capacity (FRC) under the closing volume [4].

Consequences

Tidal volume, vital capacity, and FRC are diminished,
leading to a restrictive syndrome with reduction of pul-
monary volumes. The immediate effect is the development
of an intrapulmonary shunt and then eventually severe hy-
poxemia. Their severity is correlated with the degree of at-
electasis. Infectious complications may also occur [4].

Radiology

Atelectasis is characterized by partial or lobar consolida-
tion, more often seen in the lower lobes, particularly to
the left. The radiographic hallmark of this collapse is an
increased opacity of the left cardiac region and a con-
comitant disappearance of the diaphragm. Some degree
of proximal air bronchogram can be seen. Due to the
gravitational component of the process, reversing the pa-
tient to the upside down position may lead to a reduction
of the opacities in the dependent dorsal lung and their
horizontal appearance (well-demonstrated with CT) [5].

Contusion

Definition

Pulmonary contusion is an injury to the lung parenchy-
ma that leads to edema and blood collection in the alve-
olar spaces, with subsequent loss of normal lung struc-
ture and function [6]. It is the most frequent finding af-
ter major blunt chest trauma. Aspiration is also common
in trauma subjects and may not be distinguishable from
the former [7].

Mechanisms

Following blunt trauma (e.g., deceleration, blast injury), a
pressure wave compresses the thoracic cavity, injuring the
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underlying lung. In young people, the pliable chest wall
often returns to normal without rib fracturing; however,
with increasing age, rib fractures are more common [7].

Risk Factors

Subjects with extensive or multiple injuries are at greater
risk of having pulmonary contusions; these occur in ap-
proximately 20% of patients with blunt traumas and an
Injury Severity Score >15 [6].

Consequences

Contusion develops over the course of 24 h. The majori-
ty of patients have minimal respiratory deficit; neverthe-
less, depending on the cause of the damage, the condition
may lead to poor gas exchange, increased pulmonary vas-
cular resistance, and decreased lung compliance. There is
also a significant inflammatory reaction to blood compo-
nents in the lung. Possible complications of extensive
massive contusions are atelectasis, pneumonia, respirato-
ry failure, and ARDS [6].

Radiology

Since contusions are hemorrhages inside lung parenchy-
ma and alveoli, they show up as patchy or diffuse areas
of airspace disease. The opacities are indistinguishable
from those of any other cause of airspace disease, except
for the absence of air bronchogram (the bronchi are filled
with blood). Usually, in addition to their presence at the
site of direct impact, contusion may also occur on the op-
posite side (counter-blow injury). The densities may
mask underlying areas of pulmonary laceration, which
may become apparent, after the contusion clears, as focal
hyperlucencies (if they contain air) or well-delimitated
roundish opacities (if they contain blood; hematomas).
The hallmark of contusion is rapid resolution that may be
complete within 24-48 h [6].

Pneumonia

Definition

Nosocomial pneumonia is the second most frequent hospi-
tal acquired infection after urinary tract infections. It is es-
timated that at least 5% of hospitalized patients will devel-
op a nosocomial infection, and nosocomial pneumonia is
responsible for 15% of all nosocomial infections [2].
However, the incidence among ventilated patients is much
greater and is associated with a risk that may be as much as
20 times higher, with reported rates as high as 25-70% [4].

Mechanisms

Pneumonia develops from one of three mechanisms: (1) in-
halation of an aerosol containing infectious microorganisms
(common); (2) hematogenous seeding of microorganisms in
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the lung (uncommon), or (3) aspiration of oropharyngeal
flora (most common) [2]. Aerosol inoculation (nebulizers)
or contamination of respiratory equipment (mechanical
ventilators) is a well-known mechanism for respiratory
nosocomial transmission. Colonization of the oropharynx
with gram-negative bacteria increases from 35% in moder-
ately ill patients to 73% in critically ill patients [4].

Risk Factors

Reservoirs such as dental plaque, sinuses, and nasal mu-
cosa may serve as the initial reservoir for oropharyngeal
colonization, but antibiotic therapy also seems to be one
of the more important cofactors related to the develop-
ment of pneumonia. Gastric colonization may occur with
advanced age, achlorhydria, alterations in gastric juice
secretion, and particularly with treatment with antacids or
H2 blockers prescribed for stress-bleeding prophylaxis in
critically ill patients [4].

Consequences

Postmortem studies of human ventilator-associated pneu-
monia (VAP) have demonstrated that pneumonia in criti-
cally ill patients is a diffuse polymicrobial process with a
nonhomogeneous distribution of micro-organisms.
Furthermore, it is an ongoing dynamic structural process,
showing different degrees of histological evolution,
which are multifocal and predominate in lung-dependent
zones. The association of pneumonia and diffuse alveolar
damage is not an uncommon finding [4]. The mortality
rates are in the range of 5-20% when pneumonia is due
to gram-positive cocci, 30-50% with enteric gram-nega-
tive bacilli, and up to 70% with Pseudomonas aeruginosa
infection [2].

Radiology

Although plain films cannot provide a specific microbial
diagnosis in a patient with pneumonia, radiology has a
central role in both initial evaluation and treatment. The
chest radiograph documents the presence and extent of
disease, cavitation, associated parapneumonic effusions,
and abscess formation. Radiographically, nosocomial
pneumonia is heralded by the development of new or
worsening parenchymal opacities, usually multifocal.
Development of cavitation helps to distinguish nosoco-
mial pneumonia from other causes of parenchymal opaci-
fication, such as atelectasis, lung contusion, and pul-
monary edema. The chest radiograph is also critical in
evaluating the patient’s response to therapy [2].

Pleural Effusion

Definition

Pleural effusion is a common development with pleural
disorders and frequently indicates a significant underly-
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ing systemic disease. The rate of fluid formation and re-
absorption depends on Starling forces, the pleural lym-
phatics, and the pleural surface area. In the normal phys-
iological state, the balance between these forces creates a
gradient in which absorption of pleural fluid by the vis-
ceral pleura is favored. Only a small volume of fluid (0.1-
0.2 ml/kg body weight) is maintained [4].

Mechanisms

Pleural effusions result when there is a breakdown in the
balance between hydrostatic and cellular osmotic
forces. An increase in hydrostatic pressure in the pul-
monary capillaries favors the accumulation of pleural
fluid. Inflammatory processes or neoplasms can in-
crease capillary permeability and decrease fluid reab-
sorption by the visceral pleura, due to obstruction of the
lymphatics [4].

Risk Factors

Cardiogenic pulmonary edema and fluid overload with
hypovolemia are very typical reasons for pleural effu-
sions. Pleural effusion occurs in up to 40% of patients
with bacterial pneumonia. A parapneumonic effusion
consists of intrapleural fluid in association with pneumo-
nia or lung abscess; empyema is defined as pus in the
pleural space [2].

Consequences

Pleuritic pain and cough are common findings in patients
with pleural effusions. Dyspnea is also frequent. The pos-
sible causes are decreased vital capacity, pleural splinting,
and mechanical distortion of the lung and chest wall [4].

Radiology

The distribution of fluid within the pleural space is large-
ly affected by the elastic recoil of the lung and by gravi-
ty. Whereas small effusions and consolidations are fre-
quently missed on the radiographs of supine subjects,
larger amounts of fluid are responsible for unilateral den-
sities, reduced visibility of the lower lobe vessels, and
missing diaphragm, which can mimic basal atelectasis.
However, an air bronchogram is not seen with the effu-
sion, and a blunted costophrenic angle, an extrapul-
monary pleural band, and an apical cap may be observed
around the peripheral lung whenever the pleural liquid
spills over enough to create tangency. The above men-
tioned features are the general rule; however, in particu-
lar conditions, very dense and homogeneous parenchy-
mal consolidations, especially following extensive contu-
sions in trauma patients, may not show an air bron-
chogram and thus will mimic effusions. Ultrasound and
CT are valuable in differentiating which compartment is
involved and to quantify the effusion whenever pleural
drainage is considered [5].
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Aspiration

Definition

Aspiration of gastric contents leading to ARDS is defined
as an observed aspiration during intubation or witnessed
vomiting in a patient with impaired airway protective
mechanisms [2]. Gastric content with a pH <2.5 and a
volume of 25-50 ml has been shown to be far more dam-
aging than an equal volume of a more alkaline fluid;
however, even the aspiration of particulate contents at
neutral pH can have severe consequences [4].

Mechanisms

Initially, the inhalation of food particles results directly in
mechanical obstruction of the airways, with distal collapse
leading to increased shunt, loss of FRC, and an increase
in the work of breathing. Later, in response to either acidic
fluid or particulate matter, there is a chemical-injury-type
response, with bronchorrhea, bronchoconstriction, and
mucosal edema [4]. Studies have supported a contributo-
ry role for bacteria, partially digested food particles, gas-
tric enzymes, and other noxious substances [2].

Risk Factors

The aspiration of gastric contents is a feared complica-
tion in the obtunded patient [4]. It is particularly common
in subjects of advanced age, those with neurologic dis-
eases resulting in impaired swallowing, or those who
have advanced organ system failure. The potential for as-
piration is increased by administration of sedatives, mus-
cle relaxants, general anesthesia, local anesthesia to the
pharynx and larynx, endotracheal intubation, enteral
feeding, and in diabetics or other individuals with im-
paired gastrointestinal motility [2].

Consequences

The associated reduction in airway defenses increases the
risk of bacterial infection [4]. Aspiration of gastric con-
tent and other syndromes of aspiration, including necro-
tizing pleuropulmonary infection and lung abscess, can
lead to ARDS if there is a severe response to lung injury
or in the presence of sepsis [2].

Radiology

Aspiration results in consolidations in dependent regions
of the lung. Accordingly, the location of the pneumonia
will vary depending on the patient’s position at the time
of aspiration. In the supine patient, the superior segments
of the lower lobes, the posterior segment of the right up-
per lobe, and the posterior subsegment of the left upper
lobe are involved, usually on both sides. The more direct
continuation of the right main bronchus with the trachea
results in a higher percentage of right-sided abnormalities
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in the supine patient. Due to frequent subsequent infec-
tion with anaerobes, cavitation and abscess formation
may be seen. Effusions are infrequent. Patients who aspi-
rate gastric contents may develop a chemical pneumoni-
tis that shows characteristics consistent with noncardio-
genic pulmonary edema [2].

Cardiogenic Pulmonary Edema

Definition

Cardiogenic pulmonary edema is an accumulation of wa-
ter outside the vascular compartment of the lung. In the
presence of a healthy alveolar-capillary membrane, the
normal Starling forces (hydrostatic and colloid oncotic
pressure) cooperate, thus preventing fluid from accumu-
lating in the alveoli. A small excess of extravascular lung
water remains in the pulmonary interstitium but it is
thereafter removed by the lymphatics.

Mechanisms

Decreased plasma oncotic pressure and obstruction to
lymphatic drainage only rarely lead to pulmonary edema
but may be contributing factors in the setting of increased
hydrostatic pressure. The most common cause of edema
is hydrostatic pressure elevation due to cardiac disease.

Risk Factors

Loss of muscle mass (myocardial infarction), reduced
myocardial contractility (cardiomyopathy), and modified
cardiac kinetic (valvulopathies, severe arrhythmias) are
common causes of cardiogenic edema. Co-factors are ar-
rhythmogenic conditions, such as alkalosis, acidosis, hy-
poxemia, drugs, bronchoscopy, and the insertion of a
Swan-Ganz catheter.

Consequences

When hydrostatic pressure increases in the microcircula-
tion, the rate of transvascular fluid filtration rises: a tran-
sudate fills and freely moves throughout the interstitium
following osmotic (from the periphery to the hylum) and
hydrostatic (gravity dependent) gradients. Eventually,
the alveoli and bronchi are also flooded with fluid. When
the lung interstitial pressure exceeds the pleural pres-
sure, fluid moves also across the visceral pleura, creat-
ing pleural effusion.

Radiology

Cardiogenic pulmonary edema initially may present at
the level of the interstitial compartment as septal Kerley
lines, hilar haze, vascular blurring, bronchial cuffing, and
subpleural thickening. If the alveolar phase follows, ho-
mogeneous confluent basal infiltrates without air bron-
chogram become evident. The heart is enlarged. During
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follow-up, the opacities may disappear swiftly in re-
sponse to cardiac drugs and diuretics.

Acute Lung Injury/Acute Respiratory Distress Syndrome

Definition

Acute respiratory distress syndrome (ARDS) can be de-
fined as the clinical syndrome resulting from the severe
end of the spectrum of acute lung injury (ALI), with dam-
age to the alveolar epithelium and pulmonary vasculature
resulting in increased capillary permeability edema. By
definition, ALI does not result primarily from elevated
left atrial or pulmonary capillary pressure [2].

Mechanisms

Dense, protein-rich fluid leaking out from the damaged
endothelium expands in the extravascular space but does
not follow either osmotic or gravity-dependent gradients.
Thus, for the same level of hydrostatic pressure, the
amount of fluid is larger than in cardiogenic edema. The
level of hypoxemia distinguishes ARDS (PaO2/FiO2
<200) from ALI (PaO2/FiO2 <300).

Risk Factors

Trauma, sepsis, acute pancreatitis, aspiration of gastric
content, pulmonary and extrapulmonary infection, tissue
necrosis, severe burning, shock, fat embolism, massive
blood transfusion, drug overdose, cranial trauma, near
drowning, aspiration, cardiopulmonary bypass are risk
factors for ALI/ARDS.

Consequences

Patients have severe dyspnea, tachypnea and respiratory
distress, refractory hypoxemia (PaO2/FiO2 <200 regard-
less of PEEP) and decreased lung compliance. Features
of congestive heart failure are notably absent. Early in
ARDS, symptoms and signs are limited to the lungs. If
multiple organ system failure develops, then clinical fea-
tures of hepatic, renal, or central nervous system failure
may become evident. Mortality was 50-60% in the mid-
1980s, but fell to 30-40% in the late 1990s.

Radiology

ARDS usually presents in phases corresponding to the
underlying pathology. In the first phase, during a period
of hours, it is characterized by capillary congestion, en-
dothelial swelling, exudation of inflammatory fluid into
the interstitium, and only minimal fluid in the alveoli. At
this point, the lung density on the chest film is normal or
slightly reduced but the pulmonary volumes progressive-
ly reduce. Radiology is useful in this early stage because
it excludes pneumothorax, atelectasis, iatrogenic compli-
cations, and cardiogenic pulmonary edema as the reasons
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for the incipient respiratory failure. It also constitutes the
baseline for follow-up of the patient.

In the second phase, which may last from days to
weeks, there is sloughing of the epithelial lining of the
lung (alveolar cells), flooding of airspaces, alveolar at-
electasis, and hyaline membrane formation. Radiology
shows patchy consolidations that are more homoge-
neously distributed throughout the lung than those occur-
ring in CPE, and with only some gravity-dependent
prevalence. There are also fewer tendencies to confluence
and an obvious air bronchogram is typically visible. At
this time, radiology should be used to evaluate the
amount of fluids in the vascular and extravascular com-
partments of the lung, monitor their evolution, and detect
complications during follow-up.

The late findings depend on the evolution of ARDS:
the opacities may progressively resolve or the consolida-
tions may regress, but a coarse reticular pattern with lung
remodeling due to residual fibrosis persists. Alternatively,
the aspect of the opacities changes little over time, docu-
menting subsequent recurrence of the disease [5].

Fluid Overload

Definition

In the presence of active pulmonary disease, such as
pneumonia, ARDS, or pulmonary edema, and suspected
prerenal azotemia, aggressive fluid replacement may be
implemented, but to the detriment of pulmonary gas ex-
change. Furthermore, in patients with vasodilatory shock
or hypoalbuminemia, substantial edema may be present
but the patient still has an insufficient circulating volume.
In these settings, monitoring of intravascular pressure be-
comes invaluable [2].

Mechanisms

No formula exists to predict how much fluid should be
given to expand plasma volume in critically ill patients
[4]. Clearly, adequate cardiac output and oxygen delivery
must be provided to sustain life. However, this is not a
simple task because plasma exchanges with the extracel-
lular fluid and is influenced by events occurring at the
capillary wall and within endothelial cells. In addition,
damage to epithelial cells causes loss of plasma volume
into potential spaces [4].

Risk Factors

Sepsis and shock are major factors in diseases such as
ARDS, and patients suffering from either often require
massive additions of fluid because of hypotension and
decreased tissue perfusion [2]. Other conditions that put
patients at risk are trauma, burns, major surgery, hyper-
catabolic states (including sepsis), renal insufficiency,
cachexia and dehydration, and imbalanced parenteral
nutrition.
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Consequences

Pulmonary congestion resulting from fluid overload may
occur. Clinically, the evidence consists of respiratory dis-
tress with normal left-heart filling pressures and func-
tion. The effect of fluid overload is more pronounced
when the primary problem involves either a decrease in
plasma colloid oncotic pressure or changes in the pul-
monary capillary membranes [1].

Radiology

When the patient is overloaded with fluids, the systemic
intravascular volume increases and fluid moves from the
intravascular to the extravascular space in the lung (i.e.,
pulmonary edema occurs). Fluid also accumulates in the
pleural cavity and in the subcutaneous soft tissues, which
increase in thickness.

Barotrauma (Volotrauma)

Definition

Barotrauma is somewhat of a misnomer since it is now
understood that lung injury from barotrauma occurs be-
cause of excessive and repeated stretching of the lungs,
regardless of the pressure. Therefore, a patient with very
stiff or noncompliant lungs may require high pressures to
ventilate; but because the lungs are not particularly
stretched, barotrauma is uncommon in this situation. By
contrast, a patient with very compliant lungs, such as are
seen in bullous emphysema, requires very low pressures
to stretch the lungs considerably. This type of patient is at
high risk of barotrauma despite low ventilation pressure,
because of the large volume changes [2].

Mechanisms

Air initially escapes into the interstitial spaces of the lungs
and tracks along bronchovascular bundles toward the me-
diastinum. Subsequently, the patient may develop evidence
of air surrounding mediastinal structures or pneumomedi-
astinum. If the air separates the lungs and pleura from the
inner surface of the chest wall, an extrapleural pneumoth-
orax can form. Another way in which pneumothorax can
evolve is through rupture of the lung directly into the space
separating the visceral and parietal pleura [2].

Risk Factors

It is likely that both acute lung injury (i.e., thoracic trau-
ma, ARDS) and some forms of chronic lung diseases
(i.e., asthma, chronic obstructive pulmonary disease)
are associated with an increased risk of barotrauma.
ARDS positive-pressure ventilation, especially com-
bined with PEEP, has been associated with explosive
barotrauma, including interstitial emphysema and pneu-
mothorax, but there continues to be debate about the rel-
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ative contributions of underlying lung disease and posi-
tive-pressure ventilation [2].

Consequences

Between 60 and 90% of pneumothoraces in patients on
positive-pressure ventilation are under tension. Mortality
increases from 7 to 31% when there is a delay from 30
min to 8 h in diagnosing and treating pneumothoraces
that occur in patients on ventilators. Avoiding high peak-
inspiratory pressures and large tidal volumes reduces the
risk of barotrauma and volotrauma, especially in vulner-
able patients.

Radiology

Interstitial emphysema, pneumomediastinum, pneumoth-
orax, and hypertension pneumothorax are the specific as-
pects of barotrauma itself that are seen on the radiograph.
In some patients, when there is clinical and radiological
evidence of air in the soft tissues and in the mediastinum
following a maneuver such as endotracheal intubation, a
CT examination is indicated. CT may reveal a complica-
tion from the maneuver, such as a tear of the trachea or
of a main bronchus, improper positioning of the tube, or
an anomalous distension and shape of the balloon [5].
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Introduction

Trauma is the third leading cause of death in the USA and
the leading cause of death for those under 40 years of
age. Approximately 25% of trauma deaths result from
thoracic injuries. In the USA each year, more than
300,000 patients are hospitalized and more than 25,000
die as a consequence of chest trauma [1-3]. Blunt trauma
accounts for 90% of chest trauma and the most common
causes of blunt trauma are motor-vehicle collisions and
falls [4, 5].

The imaging workup of patients with suspected tho-
racic injuries usually begins with a supine, portable chest
film taken on arrival to the emergency center. Many ob-
vious thoracic injuries, such as displaced rib fractures, as
well as large pneumothoraces and hemothoraces can be
quickly detected with this examination. Also, the chest
film may confirm proper positioning of an endotracheal
tube or nasogastric tube. Other conditions, including
small pneumothoraces, small hemothoraces, lung lacera-
tion, aortic trauma, tracheobronchial injury, cardiac in-
jury, diaphragm rupture, and thoracic spine injuries, re-
quire further imaging with CT. Today multidetector CT
(MDCT) scanners can quickly and accurately diagnosis
and display, with axial, multiplanar, and volumetric im-
ages, a wide variety of thoracic injuries. In the multiple-
trauma patient, chest CT can be included as part of a sin-
gle acquisition total body trauma scan, which also in-
cludes the patient’s head, face, cervical spine, chest, ab-
domen, and pelvis; when indicated clinically, the scan can
be continued downward to include the entire lower ex-
tremities.

MDCT Protocol for Suspected Thoracic Injury

Chest CT scans for suspected thoracic trauma should be
performed with intravenous contrast material in order to
demonstrate any sites of active bleeding and to opacify
the heart, aorta, and thoracic blood vessels. Optimum
vascular opacification may be obtained with an injection
of 75-125 ml of 370 concentration at 3.0 ml/s, with scan-
ning beginning after a 30-s delay. Scans should be ac-

quired at thin detector configurations so that high-quali-
ty multiplanar and volumetric reformations can be pro-
duced from the thin axial images. Routine coronal and
sagittal reformations of the chest are recommended for
all chest-trauma patients, and optional volumetric (3D),
maximal intensity projection (MIP), and curved plane re-
formations are recommended in positive cases to better
show trauma pathology. A detector configuration of
4×1.25 mm is recommended for 4-slice scanners and
16×1.25 mm for 16-slice scanners. Current 64-slice scan-
ners acquire axial slices of <1 mm (sub-mm) thickness.
These thin slices can be used to produce high-quality rou-
tine coronal and sagittal reformations, and in positive
cases are transmitted directly to a workstation for any in-
dicated volumetric or other form of post-processing, such
as 3D reformations of fractures and dislocations or CT
arteriograms (CTAs) of vascular injuries. The thin slices
can also be reformatted for viewing to 2.5- or 5.0-mm ax-
ial slices and transmitted to a picture archiving and com-
munications system (PACS) along with the coronal and
sagittal reformations for formal interpretation of the ex-
amination. All axial and multiplanar images should be re-
viewed on soft-tissue, lung, and bone windows.

Injuries of the Thoracic Skeleton

Skeletal injuries of the thorax may be apparent on plain-
film examination, but nearly all are better-shown and
more accurately diagnosed by CT. Upper-rib fractures oc-
cur with severe chest trauma and may be associated with
injuries of the aorta, great vessels, and brachial plexus.
Lower-rib fractures may be associated with injuries of the
liver, spleen, and kidneys. Multiple fractures of the same
rib involving three or more adjacent ribs may produce a
flail segment of the chest wall with paradoxical motion
during respiration, resulting in a ‘flail chest,’ with venti-
latory compromise. Other common injuries of the tho-
racic skeleton include scapular fractures, sternal frac-
tures, sternoclavicular dislocation, and thoracic spine in-
juries. Serious morbidity and even death have been asso-
ciated with posterior dislocation of the clavicle at the
sternoclavicular joint as the displaced clavicle head may
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impinge on or injure the trachea, esophagus, great ves-
sels, or major nerves in the superior mediastinum.
Sternoclavicular dislocation is well shown by CT. Sternal
fractures are usually not seen on the AP portable chest
film but are nearly all visible at CT, especially on sagit-
tal reformations. CT will also show any associated ret-
rosternal hematomas. Sternal fractures, however, are
shown on the lateral chest film and have a high associa-
tion with aortic and cardiac injuries.

Fractures of the thoracic spine account for 15-30% of
all spine fractures. The most vulnerable segment of the
thoracic spine is at the thoracoabdominal junction, from
T9 to T12. About 70% of thoracic-spine fractures are vis-
ible on plain films but CT will show nearly all. With the
superior spatial resolution of MDCT technology, axial,
coronal, and sagittal thoracic-spine reformations obtained
from the chest-trauma CT imaging protocol will show
more fractures than AP and lateral thoracic spine plain
films [6].

Pleural Manifestations of Trauma

Non-penetrating trauma may be associated with hemoth-
orax and pneumothorax. Blood can flow into the pleural
space from injuries of the chest wall, diaphragm, lung,
and mediastinal structures. CT can confirm a hemotho-
rax when a pleural fluid collection in a trauma patient
measures over 35-40 Hounsfield units (HU). Air can en-
ter the pleural space as a result of a lung injury, tracheo-
bronchial injury, or esophageal rupture. A pneumothorax
may be seen in about 15-40% of patients with acute chest
trauma [4]. Many small and even moderate-sized pneu-
mothoraces that are not visible on the supine chest film
can be easily identified at CT. A pneumothorax seen at
CT which cannot be identified on a supine chest film is
referred to as an ‘occult’ pneumothorax. A persistent
pneumothorax after chest-tube suction suggests either a
malfunctioning chest tube or bronchial injury. A tension
pneumothorax is an emergency condition resulting from
a lung or airway injury associated with a one-way accu-
mulation of air within the pleural space. As intrapleural
pressure rises, the mediastinal structures are compressed,
decreasing venous return to the heart and leading to he-
modynamic instability. Radiography and CT will show a
mediastinal shift to the contralateral hemithorax, hyper-
expansion of the ipsilateral thorax, and depression of the
ipsilateral hemidiaphragm.

Pulmonary Contusion

Pulmonary contusion represents traumatic extravasation
of blood and edema fluid into the interstitium and air
spaces of the lung as a result of small-vessel trauma with-
out significant parenchymal disruption. The injury is
caused by energy transmitted directly to the lung from a
blow to the overlying chest wall. On radiographs, contu-
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sion will appear as patchy areas of consolidation, which,
if extensive, may show diffuse homogeneous lung con-
solidation. Contusion may be absent on the initial chest
film but is usually evident within 6 h of injury and re-
solves rapidly, within 3-10 days [7]. CT will show non-
segmental areas of consolidation often directly beneath
the site of injury, and often sparing 1-2 mm of the sub-
pleural lung parenchyma. The opacities may be single or
multiple, and both coup and contra-coup contusions may
be identified. Contusion is often seen surrounding pul-
monary lacerations.

Pulmonary Lacerations

Pulmonary lacerations are tears of the lung parenchyma
that fill with air, blood, or both. When filled with air,
these injuries are called traumatic pneumatoceles, and
when filled with blood they are referred to as traumatic
hematoceles or lung hematomas. If both air and fluid are
present, an air-fluid level may be identified. On chest
films, lacerations may initially be obscured by surround-
ing lung contusion, but they are revealed when the con-
tusion clears, a few hours or days after the injury; how-
ever, acute lung lacerations are nearly always detected by
CT. Four types of pulmonary lacerations have been de-
scribed with blunt trauma: compression rupture, com-
pression shear, rib penetration injury, and adhesion tears
[5]. They may also result from penetrating trauma, most
frequently from stab wounds and gunshot wounds.
Pulmonary lacerations are better shown and more exten-
sively evaluated with CT than with plain films. Unlike
pulmonary contusion, lung lacerations may take weeks or
months to heal and may result in residual lung scarring.

Tracheobroncheal Injury

Tracheobronchial injuries are uncommon and >80% oc-
cur within 2 cm of the carina [8]. There is an equal fre-
quency of rupture of the left and right main-stem
bronchi. The most common findings on chest films are
pneumomediastinum and subcutaneous emphysema;
leakage of air through the rupture flows into the sur-
rounding mediastinal soft tissues with subsequent dis-
section up into the neck. Large pneumomediastinums are
easy to identify on plain films, however small ones may
not be visible on the initial portable chest film. The ma-
jority of patients will have an associated pneumothorax.
The clinical observation characteristic of this condition
is a pneumothorax that does not resolve with chest-tube
suction, due to continued leakage of air through the rup-
ture. Nonetheless, resolution of a pneumothorax after
chest-tube placement does not exclude the diagnosis.
Another pathognomonic finding is that of a ‘fallen lung,’
which occurs when there is complete disruption of a
main-stem bronchus. On the supine chest film, the lung
falls laterally and posteriorly while in the upright posi-
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tion it falls inferiorly. This appearance contrasts with the
usual situation, in which a lung collapses toward the pul-
monary hilus.

Other signs of tracheobronchial injury include a sharply
angulated bronchus, bronchial discontinuity, or bronchial
‘cut-off.’ Abnormalities of an endotracheal-tube balloon
may also be noted with tracheal injury. The balloon may
appear over-inflated or more spherical as it actually her-
niates through a vertical laceration of the trachea. All of
these findings are better-depicted at CT, which can show
the actual tracheobronchial injury. In addition, CT will
show more subtle, secondary signs, such as smaller pneu-
momediastinum, than the chest film.

Esophageal Rupture

Esophageal injury is rare with blunt trauma and is far
more common with penetrating trauma or iatrogenic trau-
ma. Blunt trauma may involve the upper thoracic esoph-
agus or the lower esophagus just above the gastroe-
sophageal junction. Plain films of the chest may show
pneumomediastinum and subcutaneous emphysema. CT
may show focal air collections at the site of the tear or an
esophageal-wall hematoma. As lower injuries may rup-
ture into the left pleural space, there may also be a left
pneumothorax, left pleural fluid collection, and left low-
er-lobe atelectasis. The diagnosis is usually confirmed by
the demonstration of oral contrast material that has ex-
travasated at the site of injury.

Aortic and Great-Vessel Injuries

Approximately 8,000 cases of thoracic aortic injury oc-
cur in the US each year, and traumatic aortic rupture is
responsible for 15-20% of all fatalities associated with
motor-vehicle accidents [4]. Approximately 90% of pa-
tients with traumatic aortic rupture die before emergency
treatment can be instituted. Most aortic injuries involve
the junction of the posterior aortic arch and descending
aorta, just distal to the origin of the left subclavian artery
[5, 9]. The proposed mechanism of injury is rapid decel-
eration, resulting in differential forces acting on the prox-
imal descending aorta between fixed and more mobile
segments.

A normal chest radiograph has a high negative pre-
dictive value (98%) but a low positive predictive value
for aortic injury [10]. The chest-film findings sugges-
tive of aortic injury include mediastinal widening >8
cm, loss of the normal aortic arch, a left apical pleural
cap, displacement of the nasogastric tube to the right,
widened paraspinal lines, and loss of the descending
aortic line. Most of the plain-film findings of aortic in-
jury are non-specific. While the gold standard for the
diagnosis of aortic injury has been aortography, at most
trauma centers today aortography has been replaced
with MDCT.

The sensitivity of CT has been reported to be 92-
100% and the specificity 62-100% for the detection of
aortic injury [11-13]. The CT findings include both in-
direct signs, such as mediastinal hematoma surrounding
the posterior aortic arch and proximal descending aorta,
as well as direct signs of intimal tear/flap, aortic contour
abnormalities, thrombus protruding into the aortic lu-
men, false aneurysm formation, pseudocoarctation, and
extravasation of intravenous contrast material. If only di-
rect signs are considered, the sensitive and negative pre-
dictive value remains at 100% but the specificity in-
creases to 96% [13]. The accuracy of aortic-trauma de-
tection with CT has been improving in parallel with
technological improvements in CT scanning. Current-
generation fast scanners decrease motion artifacts and
provide higher quality two- and three-dimensional refor-
mations for diagnosis and surgical planning. Also, these
scanners can scan the chest with cardiac gating during
diastole to eliminate aortic pulsatile motion artifacts that
may be confused with an acute aortic injury. Today, pa-
tients with no direct evidence of aortic injury at CT and
no mediastinal hematoma around the expected site of in-
jury do not require further imaging workup to rule out
aortic trauma.

Cardiac Injuries

Cardiac and pericardial injuries are uncommon with
blunt thoracic trauma but do occur with severe blows to
the anterior chest. They include cardiac contusion, car-
diac rupture, pneumopericardium, hemopericardium,
cardiac tamponade, and cardiac-valve injury. Hemo-
pericardium from a cardiac injury or cardiac rupture can
quickly produce cardiac tamponade with hemodynamic
compromise. Cardiomegaly will be shown on the plain
chest film; CT or cardiac ultrasound can confirm hemo-
pericardium.

Diaphragmatic Injury

Diaphragmatic rupture is seen in about 5% of patients un-
dergoing laparotomy or thoracotomy for trauma [14]. The
postulated mechanism is a sudden increase in either in-
trathoracic or intra-abdominal pressure against a fixed di-
aphragm. Left-sided injuries are more common, with a
reported ratio of left-to-right injuries of 3:1, while 4.5%
of patients have bilateral rupture [15].

The chest film may show hemothorax, pneumothorax,
loss of the visualized hemidiaphragm, apparent elevation
of the hemidiaphragm, visualization of herniated abdom-
inal organs into the thorax, and cephalad extension of a
nasogastric tube into the thorax. Today, MDCT axial
scans combined with high-quality coronal and sagittal re-
formations can show both large and small ruptures of the
diaphragm, in addition to any abdominal organs that have
herniated across the rupture.
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Introduction

The vast literature on the approach of X-ray interpreta-
tion confirms the difficulty of this subject. The process
of image interpretation comprises perception and inter-
pretation of the abnormality.

The pattern approach has many critics and indeed not
all diagnostic problems can be solved by applying it, sim-
ply because it may not be feasible to include certain find-
ings only within a specific pattern.

In this workshop, tips and tricks to increase the diag-
nostic yield of chest X-rays will be discussed.

Chest-Wall and Pleural Lesions

Most of the time, chest-wall and pleural lesions have
the common characteristics of extrathoracic extrapul-
monary lesions, notably, well-def ined margins, ta-
pered borders when seen on edge, and an incomplete
border sign. Well-defined borders are formed by the
interface between the pleura and the aerated lung,
which may be compressed by the space-occupying ef-
fects of a lesion.

Irregular and shaggy borders indicate that the lung
next to the lesion in question is either involved in the
primary process (e.g., neoplastic or inflammatory) or
that there is primary pulmonary disease that also in-
volves the subpleural structures, namely, the pleura
and/or chest wall. Tapered boarders are not seen when
the lesion is viewed en face. In that situation, an in-
complete border sign suggests the extrapulmonary na-
ture of the abnormality.

A definite sign indicating that a lesion indeed in-
volves the chest wall is bone destruction. This key ob-
servation suggests that the lesion consists of either a
neoplastic or an inflammatory process. Actinomycosis is
one of the aggressive granulomatous infections that in-
volve the chest wall, pleura, and lung. Neoplastic dis-
eases that cause bone destruction include metastasis,
multiple myeloma, Ewing’s tumor, and metastatic neu-
roblastoma. Bone indentation may be caused by neuri-
nomas and schwannomas.

Pleural Opacities

These present with tapered borders when seen tangen-
tially, but otherwise they are irregularly shaped. Multiple
pleural densities may represent loculated pleural effu-
sions, metastatic disease (usually adenocarcinomas), pri-
mary pleural tumors (mesothelioma), and malignant thy-
moma with a lepidic growth pattern.

Pleural effusions have a very long differential diag-
nosis. It is important to carefully examine the abnor-
mality to determine whether it is bilateral or unilateral,
and whether there is concomitant pericardial effusion.
For this purpose, in addition to X-ray evidence, an ul-
trasound image of the costophrenic spaces and peri-
cardium is vital in order to assess the potential presence
of an underlying systemic disease. Correlation with the
clinical history, the presence of cardiac enlargement, co-
existing lung consolidation, or hilar enlargement pro-
vide key information that, in association with the results
of pleural tap, allow the radiologist to narrow the diag-
nostic differential.

Diffuse Pleural Thickening

Prior infections (empyema, tuberculosis), neoplastic dis-
ease (mesothelioma, lymphoma), prior hemothorax,
rheumatoid arthritis and systemic lupus erythematosus,
and asbestos exposure are associated with diffuse pleural
thickening. Coexistent pleural calcification suggests prior
trauma and hemothorax, empyema (particularly TB-asso-
ciated), and, together with pleural plaques, asbestos expo-
sure, especially if the calcification is juxtadiaphragmatic.

Diaphragmatic Elevation

When bilateral, diaphragmatic elevation is usually the re-
sult of a shallow breath-hold, such as typical of obese pa-
tients. If the radiograph has been taken at total lung ca-
pacity (TLC), elevation indicates inhibited diaphragmat-
ic movement due to thoracic disease (restricting disease
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with small lung volumes), poor diaphragmatic motility
(bilateral phrenic-nerve damage), or that the disease is of
subdiaphragmatic etiology, namely, ascites.

When the two hemidiaphragms are separated by a sig-
nificant distance (>5 cm), then the radiologist has to de-
cide which one is abnormal (elevation or low position?).

The radiological search for the thoracic etiology of ab-
normal positions of the diaphragm includes looking for
signs of pleural effusion, atelectasis, hypoplastic lung
lobectomy, or tumor near the course of the phrenic nerve.
Abdominal disease such as subdiaphragmatic inflamma-
tory processes or space-occupying lesions may also be
the source of an elevated hemidiaphragm. Local causes of
diaphragmatic elevation include phrenic-nerve paralysis,
diaphragmatic eventration, diaphragmatic hernias, or rup-
ture of a hemidiaphragm.

However, the most common intrathoracic cause of an
elevated hemidiaphragm is the presence of subpulmonic
pleural effusion, which can be recognized by the acute
convexity of the dome of the hemidiaphragm on the right
side and the increased distance to the fundus of the stom-
ach on the left side. An ultrasound will reveal the pres-
ence of even small amounts of fluid but, when not avail-
able, an X-ray image of the region with the patient in the
lateral decubitus position will also confirm the diagnosis.
An Alexander or sniff test with fluoroscopy or ultrasound
will confirm an abnormal movement of the diaphragm in
cases of phrenic-nerve paralysis.

Mediastinal Shift

A shift of the mediastinum is approached by first identi-
fying the abnormal hemithorax.

Loss of volume of one lung is usually associated with
other dynamic signs, such as small or irregular position
of the ipsilateral hilum. The latter may be a more subtle
sign of volume loss and, in fact, may be associated with
a relatively oligemic lung compared to the contralateral
side. Loss of volume may be attributed to atelectasis, hy-
poplastic lung. It is also possible that overexpansion of
one hemithorax is the cause of the mediastinal shift.

Overexpansion (not attributed to an obvious space-
occupying mass, cyst, or a tension pneumothorax) can be
associated with a large bulla, congenital lobar emphyse-
ma, and, rarely, with air trapping. Swyer James syndrome
can also be a cause of mediastinal shift if the involved
lung is of considerable size or if the bronchiolitis oc-
curred late during childhood.

In Swyer James syndrome, although there is localized
air trapping in the involved lung, it is usually not overex-
panded because in most cases the underlying bronchioli-
tis obliterans occurred when the subject was much
younger; therefore, locally the lung did not grow in size.
The key observation in addition to air trapping is the rel-
ative hyperlucency, oligemia, and decrease in size of the
affected lobe or lung. Since the advent of computed to-
mography (CT), it has been shown that these areas may
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involve an entire lobe but also only segments. It must be
pointed out that the complete algorithm for evaluating
these abnormalities is beyond the scope of this article.
However, in addition to undergoing CT examination,
these patients need to proceed to bronchoscopy to ex-
clude an endobronchial lesion.

An unusual cause of a small hemithorax, but one that
is identifiable from the chest X-ray, is an extended pleur-
al thickening that prevents normal movement of the chest
wall, lung, and pleura. A typical example is the pleural
thickening subsequent to empyema, TB, or mesothelioma.

Mediastinum

The perception of mediastinal abnormalities in chest ra-
diographs can be improved by careful observation of the
aortopulmonary window, azygoesophageal recess, retro-
tracheal area, supra-aortic triangle, and paraspinal lines.

Any convexity in a soft-tissue density that can be seen
in the aortopulmonary window at radiography is abnor-
mal. This area normally contains mediastinal fat, the left
pulmonary recess of the pericardium, and, in some indi-
viduals, lung parenchyma (especially in patients with
chronic obstructive pulmonary disease). The ligamentum
arteriosum and the recurrent laryngeal nerve normally
cross this space. The most common space-occupying le-
sion in this area is enlarged lymph nodes.

The azygoesophageal recess is normally relatively hy-
perlucent to the right side with a straight or concave in-
terface with the right lung. Convex borders usually rep-
resent space-occupying lesions.

The retrotracheal area in the lateral view should be rel-
atively translucent, otherwise it may indicate the presence
of a middle mediastinal mass.

Lung Opacities

Widespread airspace opacities with a perihilar distribu-
tion may be seen in high-pressure pulmonary edema,
alveolar proteinosis, pulmonary hemorrhage, or follow-
ing the inhalation of noxious gases. The timing and cor-
relation with clinical information is highly suggestive of
the correct diagnosis.

Atelectasis

Depending on the type and anatomical location of the at-
electatic lung, the density of the lung is variably in-
creased. More constant and characteristic signs of atelec-
tasis are those that indicate volume loss, i.e., alteration of
the size and position of the hilae and displacement of fis-
sures and pulmonary blood vessels. These are the most
important signs pointing to atelectasis, since a shift of the
mediastinum or hemidiaphragm may be compensated for
by over-aeration and distention of the remaining aerated
lung lobes.
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An important consideration regarding solitary pul-
monary nodules is first and foremost recognition.
Perception is a major problem, and it is well-known that
even nodules >1 cm may be missed, especially if they are
in the parahilar, supraclavicular, or retrocardiac areas of
the lung. Calcifications within a nodule are only appre-
ciated by CT, which can identify both the presence and
the pattern of calcification, facilitating further manage-
ment of the patient. In addition, it must be stated that, to-
day, it is by no means justifiable to assess the rate of
growth with chest radiographs. Cavitation or air bron-
chograms within a nodule may be seen on chest X-rays,
but CT is absolutely essential for correct evaluation. CT
is also imperative to define whether the patient has one
or multiple pulmonary nodules. Multiple pulmonary
nodules may be malignant, benign (hamartomas, chon-
dromas, or papillomatous), infective, granulomatous
non-infective, congenital, or of miscellaneous origin,
e.g., amyloidosis.

Diffuse Parenchymal Disease

Septal-line thickening is identified as Kerley B, C, and A
lines and is also described as ‘linear’ pattern. When of re-
cent origin, septal-line thickening can most often be attrib-
uted to pulmonary edema or lymphangitis carcinomatosa.
Although high-resolution CT can identify septal lines also
in patients with viral or mycoplasma pneumonia, pul-

monary edema should be excluded even in the febrile pa-
tient. Interstitial pulmonary fibrosis and late-stage hemo-
siderosis may also cause septal-line thickening.

Diffuse small nodular opacities (miliary pattern) may
be associated with miliary tuberculosis, and non-tuber-
culous granulomatous infections in endemic areas. In
the non-febrile patient, a miliary pattern may be due to
pneumoconiosis (notably silicosis, siderosis, berylliosis,
and coal-miner’s pneumoconiosis) or old viral infec-
tions (e.g., varicella pneumonia), Langerhans cell histi-
ocytosis, alveolar microlithiasis, and, rarely, metastatic
disease.
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Introduction

This article reviews the approach to commonly encountered
chest radiographic abnormalities, with a focus on the use of
ancillary imaging studies for specific characterization of ra-
diographic findings and to facilitate differential diagnosis.

Parenchymal Lung Diseases Associated with Increased
Lung Density

Interstitial Lung Disease

The radiographic detection of diffuse interstitial lung dis-
ease can be difficult, as the findings may be subtle despite
the presence of symptoms. The earliest indications of inter-
stitial disease are loss of vascular sharpness and an increase
in lung density. The most common classification of inter-
stitial abnormalities is to divide the observed changes into
reticular, nodular, and linear interstitial disease. Reticular
lung disease is usually further subclassified as fine, medi-
um, or coarse, depending upon the size of the intervening
lucent areas. Fine reticular interstitial disease is also termed
ground-glass opacity. It generally reflects a process that re-
sults in incomplete alveolar filling or lining, and therefore
points to either interstitial or alveolar disease processes.

Since there are innumerable processes that can pro-
duce diffuse interstitial opacities, the differential diagno-
sis of diffuse interstitial disease depends primarily on the
associated clinical and ancillary radiographic findings, as
well as on more specific characterization of the findings
as seen on high-resolution CT scan. In patients with acute
interstitial abnormalities, the differential diagnosis is
brief and primarily includes cardiac and infectious con-
ditions. Table 1 lists the radiographic findings that, when
identified in association with interstitial opacities, help
limit the differential considerations.

Air-Space Disease

The findings of air-space disease are opacities that tend
to obscure the underlying parenchyma. They are often ill-

defined, tend to coalesce over time, and can produce lo-
bar or segmental opacification with air bronchograms
that obscure the silhouettes of adjacent mediastinal struc-
tures and the diaphragm. The approach to air-space dis-
ease is best considered by determining the distribution of
opacities, as the finding is very nonspecific and simply
reflects the presence of material (blood, edema fluid, in-
flammatory cells, tumor cells, or proteinaceous material)
within the alveoli. The differential diagnosis of air-space
disease is shown in Table 2.

Solitary Pulmonary Nodule

The primary goal of the radiologist when identifying a
focal opacity on chest radiography is to determine
whether the finding truly reflects a solitary pulmonary
nodule (SPN). Identification of the opacity on orthogo-
nal radiographic projections and methods of excluding
abnormalities that may produce a nodular opacity on a
single radiographic view, such as nipple shadows, skins
lesions, and bone islands or healing rib fractures, are ex-
cluded by comparison with prior chest radiographs. To
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Table 1. Ancillary findings in patients with interstitial lung disease
and differential considerations

Finding(s) Disease

Hilar lymph node enlargement Sarcoidosis, ,lymphangitic carci-
nomatosis, viral pneumonia

Clavicular/bony erosions Rheumatoid associated UIP

Pleural effusions Infection, edema

Pleural plaques Asbestosis

Hyperinflation LCH, stage IV sarcoidosis,
LAM/TS, emphysema with UIP

Esophageal dilatation Scleroderma associated UIP, re-
current aspiration

Conglomerate masses Silicosis, sarcoidosis, talcosis

Basilar sparing LCH, sarcoidosis
Basilar predominance UIP, aspiration

LAM/TS, lymphangioleiomyomatosis/tuberous sclerosis; LCH,
Langerhans cell histiocytosis; UIP, usual interstitial pneumonia
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this end, additional radiographic views and techniques,
such as nipple markers, oblique or apical lordotic pro-
jections, and in some cases chest fluoroscopy, may be
necessary. Once a new or enlarging SPN has been iden-
tified, thin-section CT will almost invariably be needed
for further evaluation. The differential diagnosis of a
SPN is shown in Table 3.

Parenchymal Lung Diseases Associated with Decreased
Lung Density

Emphysema

The ability to discern an abnormal decrease in lung den-
sity is more difficult than the detection of increased den-

sity, owing to the intrinsic low attenuation of normal lung
parenchyma. Furthermore, technical factors, including
overpenetration, can produce a false appearance of lung
hyperlucency. The radiologist must exclude technical is-
sues and abnormalities of the chest wall before deter-
mining that the lungs are indeed hyperlucent.

Diseases that cause an abnormal decrease in lung at-
tenuation may be localized, unilateral, multifocal, or dif-
fuse (Table 4). Emphysema is the most common cause of
diffuse hyperlucency, and is usually recognized by asso-
ciated findings, including low and flattened diaphragms,
an increase in the anteroposterior diameter with enlarge-
ment of the retrosternal air space, and attenuation of vas-
cular markings (particularly in the upper lobes) with bul-
lae containing thin walls.

Evaluation of a Mediastinal Mass

Mediastinal masses may be asymptomatic (e.g., bron-
chogenic cyst), symptomatic, e.g., as a result of com-
pression or invasion of adjacent mediastinal structures
(intrathoracic thyroid goiter), or come to attention in
patients examined for possible malignancy (e.g.,
thymoma in a patient with myasthenia gravis).
Radiographically, a mediastinal mass is characterized
by sharp demargination, obtuse borders with the adja-
cent lung, and an incomplete border sign where it aris-
es from the mediastinum. While, in the past, precise lo-
calization guided the specif ic imaging evaluation,
presently virtually all mediastinal abnormalities are as-
sessed by multidetector CT evaluation for localization
and characterization of the mass. Common causes of
mediastinal masses, based upon the primary site of ori-
gin, are detailed in Table 5.

Table 5. Differential diagnosis of mediastinal masses

Superior Anterior Middle Posterior

Thyroid goiter Lymphoma Bronchogenic carcinoma Schwannoma

Lymphangioma Thymic neoplasm Lymph-node enlargement/mass Ganglion cell tumor

Lymphadenopathy Germ-cell neoplasm Foregut cyst Hiatal hernia

Aortic aneurysm

Table 3. Differential diagnosis of the solitary pulmonary nodule

Granuloma

Bronchogenic carcinoma (adenoacarcinoma most common)

Hamartoma

Solitary metastasis

Focal organizing pneumonia

Hematoma

Table 4. Lung processes associated with decreased lung attenuation

Peripheral ASO Eosinophilic pneumonia, ARDS,
contusion

Localized lucency (lucencies) Bullae, cyst, pneumatocele, cavity

Unilateral hyperlucency Swyer-James syndrome, bronchial
obstruction (e.g., carcinoid tumor)

Multifocal lucency Asthma, constrictive bronchiolitis

Diffuse hyperlucency Emphysema, asthma, constric-
tive bronchiolitis

Table 2. Differential diagnosis of air-space opacification (ASO)

Finding(s) Disease

HFocal/segmental ASO Pneumonia, contusion, infarct,
lung cancer (BAC)

Lobar disease Pneumonia, endogenous lipoid
pneumonia, BAC

Patchy ASO Infection, cryptogenic organiz-
ing pneumonia, BAC, metas-
tases, emboli

Diffuse ASO Edema, hemorrhage, pneumonia

Perihilar ASO Edema, hemorrhage

Peripheral ASO Eosinophilic pneumonia, ARDS,
contusion

Rapidly changing/resolving ASO Edema, eosinophilic pneumonia,
hemorrhage

ARDS, acute respiratory distress syndrome; BAC, bronchioloalve-
olar carcinoma; COPD, chronic obstructive pulmonary disease
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Hilar Enlargement

Hilar disease can represent a number of conditions (Table
6). Radiographically, there is an increased hilar density, a
lobulated and enlarged hilar shadow, or a discrete hilar
mass. CT with contrast enhancement is necessary for fur-
ther evaluation of suspected hilar disease.

Cardiac and Pericardial Disease

Although echocardiography has become the primary tech-
nique to evaluate cardiac and pericardial disease, chest ra-
diography can provide important information regarding
the presence of cardiac or pericardial processes. These can
cause symptoms that overlap with those of lung disease,
including dyspnea and chest pain. Direct radiographic
findings of cardiac disease are primarily cardiac enlarge-
ment or an abnormal cardiac contour. Pericardial disease
may manifest as an enlarged cardiomediastinal silhouette,
pericardial calcification, or a positive stripe sign indicat-
ing the presence of pericardial effusion as seen on lateral
chest radiography. The causes of an enlarged cardiomedi-
astinal silhouette are listed in Table 7.

Pleural Disease

Pleural disease may take on of several forms radiograph-
ically: pleural mass, focal or diffuse smooth or nodular

thickening or calcification, or penumothorax. The char-
acteristics of a pleural mass are similar to those of a me-
diastinal mass: a sharply-marginated peripheral opacity
with obtuse margins and an incomplete border. The com-
mon etiologies of a pleural mass are listed in Table 8. The
appearance of pleural air depends upon the amount, pa-
tient position (upright vs. supine), and the presence or ab-
sence of pleural adhesions.

Chest-Wall Disease

Lesions of the chest wall are recognized radiographical-
ly when they protrude from the skin surface to be out-
lined by air, or when associated with rib, vertebral, ster-
nal, clavicular, or scapular involvement. Most patients
will present with chest-wall pain. Common causes of
chest-wall masses with rib involvement are listed in
Table 9.
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Table 7. Causes of an enlarged cardiomediastinal silhouette

Cardiomegaly

Pericardial effusion

Thymic enlargement (i.e., hyperplasia, thymolipoma)

Table 8. Differential diagnosis of a pleural mass

Loculated pleural effusion (pseudotumor)

Lipoma

Localized fibrous tumor of pleura

Metastatic lesion

Table 9. Common causes of a chest wall mass involving the ribs

Metastasis Enchondroma

Myeloma Abscess

Fibrous dysplasia Chondrosarcoma

Eosinophilic granuloma

Table 6. Etiologies of an enlarged hilum or hila

Unilateral Bilateral

Bronchogenic carcinoma Sarcoidosis

Infection (granulomatous) Metastatic lymphadenopathy

Metastatic lymphadenopathy Pulmonary hypertension

Bronchogenic cyst Lymphoma

Valvular pulmonic stenosis (left) Infection (granulomatous)
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Introduction

High-resolution computed tomography (HRCT) is right-
ly considered by radiologists and physicians to be an im-
portant technique in the investigation of patients with
suspected diffuse lung disease. In those cases in which
biopsy would previously have been mandatory, the diag-
nostic process has been revolutionized by HRCT. For ex-
ample, in patients with the entity of usual interstitial
pneumonia, the appearance of the disease on HRCT is
characteristic enough for an accurate radiological diag-
nosis to be made, rendering biopsy unnecessary [1-3]. A
similar scenario is the patient with suspected sarcoidosis;
in such cases the HRCT images will allow a radiological
diagnosis to be made with greater confidence, again ob-
viating the need for more invasive procedures.

HRCT Technique

Two technical features differentiate HRCT imaging from
conventional (i.e., 10-mm collimation) CT. Firstly, in HRCT,
collimation of the X-ray beam is narrower. This results in a
reduced section thickness and thus increases the likelihood
that a small lesion will have dimensions comparable to the
size of a voxel, resulting in significantly improved spatial
resolution. Secondly, unlike in conventional CT, in HRCT a
dedicated algorithm is used to reconstruct the data [4]. The
‘high-frequency’ algorithm takes advantage of the intrinsi-
cally high contrast environment of the lung parenchyma, so
that the natural density differences between aerated lung and
the interstitium are enhanced [4]. The conspicuity of vessels,
small bronchi, and interlobular septa is therefore greater
than in conventional (thick-section) CT images [5]. An im-
portant ‘downside’ of high-frequency algorithms is the in-
creased visibility of image noise; however, in practice, this
rarely hampers radiological interpretation.

HRCT in Diffuse Interstitial Lung Disease

The diffuse interstitial lung diseases (DILDs) are a het-
erogeneous group of disorders that principally affect the

lung parenchyma [2]. Within the ‘umbrella’ term DILD,
it is possible to categorize a number of entities. Firstly,
there are DILDs that are secondary to a known cause (for
example, lung disease secondary to exposure to certain
drugs or as a consequence of collagen vascular diseases).
Secondly, there is the large and interesting group of idio-
pathic interstitial pneumonias. Thirdly, there are the gran-
ulomatous diseases that affect the lung parenchyma; and
fourthly, a group of less common diffuse lung diseases,
such as Langerhans’ cell histiocytosis and lymphangi-
oleiomyomatosis.

In patients with established diffuse lung disease,
HRCT improves the detection of subtle parenchymal ab-
normalities. Accordingly, ground-glass opacification,
small cystic air spaces, traction bronchiectasis/bronchi-
olectasis. and the irregular interfaces along pleural sur-
faces and bronchovascular structures are better appreciat-
ed on HRCT images [6]. An important caveat is that, in
patients with nodular infiltrates, the HRCT appearances
may be misleading, and on thin-section images the di-
mensions of nodules and pulmonary vessels may be com-
parable, making their distinction difficult [6]. Thankfully,
the spectrum of CT features that denote interstitial lung
disease is limited and manageable: a reticular pattern,
thickening of interlobular septa, honeycombing, nodules,
and ground-glass opacification are the typical CT signs
of interstitial disease [7].

Unlike conventional chest radiography, HRCT depicts
the macroscopic abnormalities seen by the pathologist.
This was elegantly demonstrated in a study by Müller and
colleagues, which showed that CT features in patients
with cryptogenic fibrosing alveolitis reflected the
histopathological changes [8]. A reticular pattern was
seen in seven out of nine patients and corresponded to ar-
eas of irregular fibrosis at microscopy.

Not surprisingly, because there is no anatomical su-
perimposition, the sensitivity of HRCT is better than that
of chest radiography. However, a more important issue is
the confidence and accuracy with which diagnosis can be
made. In a study of 118 patients with a variety of biop-
sy-confirmed interstitial lung diseases (including crypto-
genic fibrosing alveolitis, sarcoidosis, lymphangitis car-
cinomatosa, and Langerhans’ cell histiocytosis), experi-
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enced chest radiologists were asked to provide up to three
diagnoses, based independently on chest radiographs and
CT [9]. For their first-choice diagnosis, the radiologists
were asked to assign a level of confidence. An important
finding of the study was that, compared to the chest ra-
diograph, a confident diagnosis was made nearly twice as
often when based on HRCT images. The second, and per-
haps more striking, message was that when experienced
radiologists were confident of the diagnosis, they were al-
most always correct [9]. In contrast, a confident diagno-
sis on chest X-ray (incidentally, high confidence was on-
ly assigned in one quarter of the cases) was associated
with a significantly lower rate of correct diagnoses.

The results of subsequent studies have not always been
as impressive [10]. Due to problems of study design, the
majority of these comparative investigations probably un-
dervalued the true utility of HRCT [1]. For example, there
was no recourse to pre-test probabilities for the observers in
early HRCT series, such that clinical practice was not real-
istically or accurately reflected. Secondly, since the advent
of HRCT, radiologists (particularly those interested in tho-
racic diseases) have become increasingly familiar with the
spectrum and, more importantly, histopathological signifi-
cance of HRCT abnormalities. Consequently, it is likely
that there has also been a proportionate increase in the con-
fidence of experienced observers when making a diagnosis
based on HRCT. Some justification for the last statement
comes from a study conducted in the early 1990s that ad-
dressed the clinically vexing issue of ‘end-stage’ lung dis-
ease [11]. In that study, two experienced thoracic radiolo-
gists independently made correct first-choice diagnoses in
just under 90% of cases; and nearly two-thirds of these were
made with high confidence. On first inspection, these data
seem less than impressive. However, the results of open-
lung biopsy (the purported ‘gold-standard’ for diagnosing
diffuse lung disease) are also often disappointing. Thus,
when considered in this context, the capabilities of HRCT
can be put into perspective.

Basic HRCT Patterns

The basic HRCT patterns described below are common
to many disease processes and are usually non-specific.
However, their distribution and temporal evolution are of-
ten characteristic enough for diagnostic purposes.

Reticular Pattern

A netlike (reticular) pattern represents linear opacities that
intersect one another. The most important form occurs in
intralobular interstitial thickening and it reflects infiltration
and thickening of the intralobular interstitium. The latter
refers to the interstitial network of structures supporting the
secondary pulmonary lobules, excluding the interlobular
septa. Intralobular interstitial thickening is a common
HRCT finding in patients with usual interstitial pneumonia
(UIP). The typical HRCT findings of UIP are honeycomb-
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ing and reticulation. A reticular appearance can also be due
to the infiltration of structures by infection, malignant cells
(lymphangitic carcinomatosis), pulmonary edema, the pres-
ence of abnormal protein (alveolar proteinosis), or simply
edema fluid from cardiac failure (Fig. 1).

Linear Pattern

In this pattern, an interlobular septum marginates part of
a secondary pulmonary lobule. Thickening of interlobu-
lar septa is commonly seen in patients with a variety of
interstitial lung diseases and can result from fibrosis, in-
terstitial fluid, and infiltration by cells or other material.
Interlobular septal thickening may be smooth, nodular, or
irregular. Smooth thickening is commonly seen in pa-
tients with pulmonary edema or hemorrhage, lymphan-
gitic carcinomatosis, and amyloidosis (Fig. 2). Nodular or

S.R. Desai, T. Franquet

Fig. 2. Pulmonary edema. HRCT (2-mm collimation) shows bilat-
eral smooth thickening of the interlobular septa due to interstitial
edema (arrows). A bilateral ground-glass pattern is also visible.
Pleural effusions are present (asterisks)

Fig. 1. Idiopathic intersti-
tial fibrosis. Close-up
high-resolution comput-
ed tomography (HRCT)
(2-mm collimation) view
shows peripheral honey-
combing and marked
reticulation (arrows)
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beaded thickening occurs in sarcoidosis, lymphangitic
carcinomatosis, and amyloidosis.

Ground-Glass Opacity

Ground-glass opacity is defined as ‘hazy increased at-
tenuation of the lung with preservation of bronchial and
vascular margins’ [12]. The significance of ground-
glass opacities depends on the clinical scenario. This
finding can be made with HRCT while plain films are
still negative. Ground-glass opacity may be caused by
partial filling of air spaces, interstitial thickening, par-
tial collapse of alveoli, normal expiration, or increased
capillary blood volume. It must not be confused with
consolidation, in which bronchovascular margins are
obscured, but may be associated with an air bron-
chogram. A large number of diseases can be associated
with ground-glass opacity on HRCT (Fig. 3). In acute
diffuse lung disease, ground-glass attenuation as the
main pattern is suggestive of acute interstitial pneumo-
nia (AIP), acute or subacute hypersensitivity pneu-
monitis, pulmonary edema, pulmonary hemorrhage, or
drug-induced disease. The most common causes of
ground-glass opacity in chronic diffuse lung disease in-
clude UIP, nonspecific interstitial pneumonia (NSIP),
desquamative interstitial pneumonia (DIP), and respira-
tory-bronchiolitis-associated interstitial lung disease
(RB-ILD). A ‘crazy-paving’ pattern represents the su-
perimposition of a linear pattern on a background of
ground-glass opacity. This pattern, initially described
in alveolar proteinosis, can also be seen in bronchi-
oloalveolar cell carcinoma and exogenous lipoid pneu-
monia (Fig. 4).

Honeycombing

Honeycombing is a process characterized by the pres-
ence of cystic spaces, with thick, clearly definable

fibrous walls lined by bronchiolar epithelium. These
spaces usually average 1 cm in diameter and their
walls have a thickness of 1-3 mm. A honeycomb pat-
tern represents the presence of terminal lung disease
(‘end-stage lung’). At this stage, no specific diagnosis
can be reached by biopsy techniques. The determina-
tion of the presence or absence of honeycombing on
HRCT in patients with idiopathic interstitial pneumo-
nia is of great importance. An additional and important
function of HRCT is to guide the surgeon away from
the honeycombed region and towards areas of ground
glass opacities, where earlier stages of disease are
more likely to be found. A confident diagnosis of UIP
can be established on the basis of characteristic HRCT
findings. Honeycombing may have an atypical distrib-
ution, particularly in asbestosis, sarcoidosis, NSIP,
drug-related fibrosis, and hypersensitivity pneumonitis
(Fig. 5).
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Fig. 3. Respiratory bronchiolitis. HRCT ( 2-mm collimation) shows
bilateral patchy areas of ground-glass opacification in a subpleur-
al distribution. These CT findings in heavy smokers are suggestive
of this diagnosis

Fig. 4. Alveolar proteinosis. HRCT (2-mm collimation) shows bi-
lateral ground-glass opacification with a superimposed reticulation
(‘crazy-paving’ pattern)

Fig. 5. Honeycombing in idiopathic pulmonary fibrosis. HRCT (2-
mm collimation) shows bilateral peripheral honeycombing and
reticulation
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Nodules

A nodular pattern refers to multiple round opacities rang-
ing in diameter from 1 mm to 1 cm. Nodules can also be
characterized according to their margins (e.g., smooth or
irregular), the presence or absence of cavitation, and dis-
tribution (e.g., centrilobular, perilymphatic, or random).
Multiple small smooth or irregularly marginated nodules
in a perilymphatic distribution are characteristic of sar-
coidosis (Fig. 6). Numerous small nodules of ground-
glass opacity, in a centrilobular distribution, are charac-
teristic of the subacute stage of extrinsic allergic alveoli-
tis or respiratory bronchiolitis (Fig. 7).

Miliary nodules, as small as 1 mm in diameter, can
easily be detected by HRCT, an important advantage over
plain radiography. A random distribution of military nod-
ules can be seen with hematogenous spread of tuberculo-
sis, fungal infection, or metastases.

96

Cysts

Cysts are commonly present in parenchymal disease.
The term ‘cyst’ is non-specific and refers to a thin-
walled (usually <3 mm thick), well-defined, circum-
scribed, air- or fluid-containing lesion ≥1 cm in diame-
ter, with an epithelial or fibrous wall. Although the pre-
cise mechanism of cystic changes is not fully under-
stood, they can be found whenever lung destruction oc-
curs, such as in end-stage fibrosis, emphysema, or in-
fection. Lung diseases characterized by cysts include
Langerhans’ cell histiocytosis, lymphangioleiomy-
omatosis, lymphocytic interstitial pneumonia, post-in-
fectious pneumatoceles, and amyloidosis (Fig. 8).
Recently, lung cysts were reported in association with
extrinsic allergic alveolitis (Fig. 9). Dilated bronchi sec-
ondary to bronchiectasis may also appear as cystic
changes. The relationship of nearby vessels to the cys-
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Fig. 6. Sarcoidosis. HRCT (2-mm collimation) shows bilateral
small nodules associated with irregular thickening of the interlob-
ular septa (black arrows) and fissures (white arrows)

Fig. 8. Lymphangioleiomyomatosis. HRCT (2-mm collimation)
shows diffuse, bilateral, thin-walled rounded cysts

Fig. 9. Extrinsic allergic alveolitis. HRCT (2-mm collimation) shows
a diffuse bilateral ground-glass pattern. Note the presence of multi-
ple thin-walled cysts in both lungs (arrows)

Fig. 7. Respiratory bron-
chiolitis in a heavy-smoker.
HRCT (2-mm collima-
tion) shows diffuse, bilat-
eral, ill-defined ground-
glass nodules in a cen-
trilobular location
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tic process can often be helpful in the characterization
of the lesion, with central vessels seen in centrilobular
emphysema.

HRCT Appearances in the More Commonly Encountered
Diffuse Lung Diseases

A working knowledge of the histopathological changes in
various diseases will allow the radiologist to understand
and predict the HRCT findings [13]. This is illustrated in
the following section, in which the HRCT appearances of
three diseases relatively familiar to a practicing thoracic
radiologist are illustrated.

Idiopathic Pulmonary Fibrosis

The expected histopathological diagnosis in patients with
the clinical entity of cryptogenic fibrosing alveolitis
(CFA, known in North America as idiopathic pulmonary
fibrosis) is UIP [2]. At microscopy, there is temporally
heterogeneous fibrosis intermingled with areas of unaf-
fected lung parenchyma. Within the areas of fibrosis,
there will be honeycombing and tractional dilatation of
the airways. The disease has a characteristic basal and
subpleural predilection. Thus, on HRCT, the typical pa-
tient with CFA will have evidence of a basal and sub-
pleural reticular pattern with honeycombing. Traction
bronchiectasis is commonly seen within the reticular pat-
tern [14].

Sarcoidosis

Non-caseating epithelioid-cell granulomata are the
histopathological hallmark of sarcoidosis [15]. The gran-
ulomata have the tendency to distribute along the lym-
phatics. Thus, lymphatic pathways surrounding the axial
interstitium that invests bronchovascular structures and
those located subpleurally (including the subpleural lym-
phatics along the fissures) are typically involved. Not sur-
prisingly, a nodular infiltrate (presumably reflecting con-
glomerate granulomata) with a propensity to involve the
bronchovascular elements is a characteristic CT finding
[16, 17]. Subpleural nodularity is also commonly seen. In
the later stages of the disease there may be obvious signs
of established lung fibrosis, with upper-zone volume
loss, parenchymal distortion, and traction bronchiectasis.
Due to the bronchocentric nature of the disease, signs of
small-airways disease are seen at CT in some patients
with sarcoidosis [18].

Extrinsic Allergic Alveolitis

Exposure to a range of organic antigens will cause lung
disease in some people, probably due to an immunolog-
ically mediated response [15]. In the subacute stage,
there is an interstitial infiltrate comprising lymphocytes

and plasma cells, with a propensity to involve the small
airways (bronchioles). Scattered non-caseating granulo-
mata may be seen. Predictably, at CT, there is diffuse
ground-glass opacification, ill-defined centrilobular
nodules, and lobular areas of decreased attenuation on
images performed at end-expiration [19, 20]. The CT
appearances in subacute extrinsic alveolitis may be iden-
tical to those of patients with RB-ILD [21]. However,
consideration of the smoking history may help in the dif-
ferentiation: a history of smoking is the norm in the vast
majority of patients with RB-ILD, whereas cigarette
smoke appears to protect against the development of ex-
trinsic allergic alveolitis.

In summary, the advent of HRCT has had a major
impact on clinical practice. Indeed, HRCT is now an in-
tegral component of the clinical investigation of pa-
tients with suspected and established interstitial lung
disease.
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Diseases of the Chest Wall

In contrast to the visceral organs (lung, mediastinum), the
symmetry of the chest wall allows radiographic detection
of tiny changes overlaying the deeper structures. Except
in skeletal disease, calcification, and emphysema, chest
radiography will often only reveal nonspecific signs,
whereas sectional methods, i.e., ultrasound (US), com-
puted tomography (CT), and magnetic resonance imaging
(MRI), permit the identification, characterization, and as-
sessment of many diseases.

Specific Radiographic Patterns of Chest-Wall Disease

Soft-tissue emphysema is recognized on radiographs and,
by its expansion through loose tissue, demonstrates the
continuity between the chest wall, the neck, the medi-
astinum, and the abdominal wall. Calcifications, whether
dystrophic or metastatic, are similarly well seen on X-ray
films. Soft-tissue swelling and tumors first have to be dif-
ferentiated from asymmetries due to technical reasons,
including contralateral surgery (e.g., of the breast), atro-
phy, such as seen in hemiplegia, or simply right/left-
handedness. Beyond a regionally increased absorption,
specific signs may be present that help to detect and dis-
tinguish chest-wall diseases from intrathoracic ones.
Depending on the angle of projection, chest-wall diseases
often extend beyond the parietal pleura and may even
bulge the skin. Medially, they are not limited by the me-
diastinum but may well continue over the midline. In case
of pedunculation, analogous to the breast gland, they have
a sharp, inferiorly convex, lower but no recognizable up-
per contour. Smaller lesions, similar to the nipples, may
produce ‘nodules’ in one projection but usually will not
project into the lung on the orthogonal second view.
Chest-wall tumors sometimes involve the skeleton, such
that bone changes will often be detected more easily.
Finally, when they grow into the chest, chest-wall disease
will behave as extrapulmonary lesions; like pleural dis-
ease, they are usually sharply marginated, convex towards
the hilum, have no air bronchogram, and form an obtuse
angle with the adjacent normal pleura. Any skeletal
pathology may also involve the chest wall. Rib erosions

are a unique and relatively specific sign found at the
lower or upper contour, Concave osteolytic defects of 
2-4 mm at the lower border are seen with enlarged inter-
costal collateral arteries, but sometimes also with venous
collaterals or nerve disease.

Congenital Diseases of the Chest Wall

In the soft tissues, the Poland syndrome corresponds to
an absence of the major pectoral muscle. It is often ac-
companied by an absent breast gland and syndactyly,
whereas polythelia means multiple nipples along the
mammary crest. Lymphangioma and lymphangio-heman-
gioma often extend from the neck to the chest wall and
are best analyzed by CT or MRI. Hemolytic anemia (tha-
lassemia) may induce extramedullary hematopoiesis,
causing paravertebral pseudotumors but of course also
expansion of the ribs. There is a large spectrum of anom-
alies of the ribs, sternum (funnel chest, pigeon chest, de-
fects), scapula, clavicle, and spine.

Inflammatory Diseases of the Chest Wall

Non-infectious, mostly rheumatic disorders often involve
the joints, cartilage, and soft tissues of the chest wall. Of
these, Tietze syndrome and sternocostoclavicular hyper-
ostosis deserve special mention. Chest-wall infection
may arise through the skin (including wounds), extend
from the lung and pleura (empyema) or the abdominal
wall, or be due to hematogenous spread. Radiography –
when the lung is not involved – shows the signs typical
for extrapulmonary disease (see previous section), where-
as CT or MRI demonstrate the exact multicompartmental
location. Bone scintigraphy will show the distribution of
inflammatory activity in the entire body. US helps guide
diagnostic aspiration and drainage.

Trauma of the Chest Wall

Though not as critical as trauma to the visceral organs,
injury to the bones and soft tissues of the chest wall is
much more frequent. Chest instability may result both
from vertebral fractures and multiple rib fractures (flail
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chest), requiring surgical stabilization. Sternal fracture,
diagnosed on lateral projections or CT, is often missed on
supine radiographs.

Neoplasms of the Chest Wall

Primary tumors of the chest wall may be benign or ma-
lignant and arise in the skeleton (all types of chondro-
genic neoplasms, angioma, Langerhans’ cell histiocyto-
sis, Ewing and osteo-sarcoma, plasmocytoma) or the soft
tissues (hemangioma, skin tumors, fibrous and neuro-
genic neoplasms). Radiographs show bony destruction,
expansion, and calcification and/or simply the non-spe-
cific signs of extrapulmonary lesions (see ‘Congenital
Diseases of the Chest Wall’). CT or MRI can be used to
localize, differentiate, and stage these neoplasms.
Secondary tumors arise from hematogenous or lymphat-
ic spread (in malignant lymphoma and organ tumors), or
from continuous infiltration from neighboring regions, as
most often seen in lung cancer and pleural mesothelioma.
Again, cross-sectional imaging is required for staging,
treatment planning, and follow-up [1].

Other Diseases of the Chest Wall

These include degenerative and metabolic disorders,
sometimes with typical manifestations, such as seen in
diffuse idiopathic skeletal hyperostosis (DISH) or hyper-
parathyroidism (rugger jersey spine). Obstructive arterial
and venous vascular disease often causes the formation of
chest-wall collaterals (see ‘Congenital Diseases of the
Chest Wall’). Iatrogenic disorders mainly include com-
plications after surgery and following the insertion of
central venous catheters or drains, but also occur as se-
quelae after therapeutic irradiation.

Diseases of the Pleura

The chest radiograph is still the most important and wide-
ly used means of demonstrating and following the
progress of pleural disease, although US, CT, and MRI
play a role in a number of specific situations [2, 3].
Grossly, pleural disease manifests as an accumulation of
fluid or air in the pleural space, as pleural thickening
(with or without calcification), or as the presence of a
pleural mass.

Pleural Effusion

While all types of pleural effusion are radiographically
identical, historical, clinical, and other radiological fea-
tures may help limit the diagnostic possibilities. US, CT,
and MRI can help to specify the diagnosis [2-4]. The
goals of diagnostic imaging are: (1) detection of the ef-
fusion and differentiation from other pathological pleural
processes; (2) detection of underlying pulmonary, car-
diac, mediastinal, or abdominal pathology; (3) when pos-
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sible, obtaining a specific diagnosis. A small amount of
free fluid may be undetectable on an erect PA chest radi-
ograph, as it tends initially to collect under the lower
lobes. Such small subpulmonic effusions can be demon-
strated by US or CT [2, 3]. Fluid can also loculate be-
tween visceral pleural layers in fissures or between vis-
ceral and parietal layers, usually against the chest wall. It
is unusual for this to happen without some additional ra-
diographic clue to the presence of pleural disease. Both
US and CT can be used to distinguish loculated fluid
from solid lesions. In addition, US and especially CT al-
low characterization of the morphology of pleural thick-
ening – which often accompanies a pleural effusion – dis-
tinguishing between malignant (nodular, with focal mass-
es) and benign thickening, the latter typically being uni-
form. CT can also identify any underlying lung disease
that might have provoked an effusion and it facilitates
percutaneous aspiration and biopsy.

Pneumothorax

The diagnosis of pneumothorax is usually made with the
chest radiograph, which also detects complications and
predisposing conditions and helps in management.
Iatrogenic causes apart, the commonest type of pneu-
mothorax in the adult is so-called primary spontaneous
pneumothorax, which nearly always results from the rup-
ture of an apical pleural bleb. High-resolution CT
(HRCT) can be helpful to detect these abnormal apical
airspaces, which are not visible on the chest X-ray [5]. A
large number of conditions predispose to the develop-
ment of a secondary pneumothorax. Pneumothorax can
be a complication of histiocytosis X, lymphangioleiomy-
omatosis, chronic obstructive pulmonary disease (COPD),
and lung metastasis of an osteogenic sarcoma.

Visualization of a visceral pleural line (usually at the
apex on an erect chest film) separated from the chest
wall by a transradiant zone devoid of vessels is the typ-
ical sign of a pneumothorax. Interpretation can be diffi-
cult with avascular lung apices, as in bullous disease and
when clothing or dressing artifacts create linear shad-
ows, tubes, and skin folds. Diagnosis is especially diffi-
cult when images are obtained with the patient in the
supine position. In this case, pleural air rises and collects
anteriorly, particularly medially and basally, and may not
extend far enough posteriorly to separate lung from the
chest wall at the apex or laterally [6]. Signs that nonethe-
less suggest a pneumothorax under these conditions are:
(1) ipsilateral transradiancy, either generalized or
hypochondrial; (2) a deep, finger-like costophrenic sul-
cus laterally; (3) a visible anterior costophrenic recess
seen as an oblique line or interface in the hypochondri-
um; (4) a transradiant band parallel to the diaphragm
and/or mediastinum with undue clarity of the mediasti-
nal border; (5) visualization of the undersurface of the
heart and of the cardiac fat pads as rounded opacities
suggesting masses; and (6) diaphragm depression. In
case of doubt, a CT can be performed.
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Pleural Thickening

Pleural thickening is common and usually represents the
organized end-stage of various active processes, such as
infective and non-infective inflammation (including as-
bestos exposure [7] and pneumothorax) and hemothorax.
When generalized and gross, the condition is termed a fi-
brothorax and it may cause significant ventilatory im-
pairment. Radiologically, pleural thickening gives fixed
shadowing of water density, most commonly located in
the dependent parts of the pleural cavity. On US, benign
pleural thickening produces a homogeneous echogenic
layer just inside the chest wall. It is not reliably detected
unless it is ≥1 cm thick. CT, however, is very sensitive at
detecting pleural thickening, which is most easily as-
sessed on the inside of the ribs, where there should nor-
mally be no soft-tissue opacity. Pleural calcification is
most commonly seen following asbestos exposure,
empyema (usually tuberculous), and hemothorax.

Pleural Tumors

Localized tumoral thickening of the pleura can be a mass
originating from the pleura itself, such as a fibrous tumor
(localized mesothelioma) [8], or a pleural lipoma, but is
more frequently a pleural metastasis usually resulting from
an adenocarcinoma. The plain radiographic findings of a fi-
brous tumor are a pleural-based, well-demarcated, rounded,
and often slightly lobulated mass (2-20 cm in diameter)
which may, because of pedunculation, show marked posi-
tional variation with changes in posture and respiration.
Such tumors usually form an obtuse angle with the chest
wall and may reach enormous sizes. CT findings are simi-
lar to those observed on plain radiography, i.e., a large mo-
bile mass, often heterogeneous because of necrosis and he-
morrhage, frequently enhancing after contrast administra-
tion and rarely calcified. Malignant types are usually >10
cm in size and may invade the chest wall. Typically these tu-
mors show low signal intensity on both T1- and T2-weight-
ed images, although tumors with intermediate to high sig-
nal intensity have been described. Lipomas are asympto-
matic benign tumors that are usually discovered incidental-
ly on chest radiographs as sharply defined pleural masses.
Diagnosis is easy with CT because this approach delineates
the pleural origin and the fatty composition. Pleural metas-
tases are very often accompanied by pleural effusion, which
may be the only finding on a chest radiograph. CT, MRI,
and US are more sensitive techniques to demonstrate pleur-
al metastasis as the cause of the pleural effusion.

Diffuse tumoral thickening of the pleura can be caused
by malignant mesothelioma or by pleural metastasis. The
two entities are usually indistinguishable with imaging.
Diffuse malignant mesothelioma presents on a chest ra-
diograph as an irregular and nodular pleural thickening
with or without associated pleural effusion. Tumor exten-
sion into the interlobar fissures, accompanying pleural
effusion, and invasion in the chest wall are better appre-
ciated with CT. MRI may be superior to CT in determin-

ing the extent of disease because it allows better evalua-
tion of the relationship of the tumor to the structures of
the chest wall, the mediastinum, and the diaphragm. In
most cases, however, CT and MR provide similar infor-
mation that often can be improved for N- and M-stage
disease by positron emission tomography (PET) [9, 10].
Sonography may provide a supplementary method for
biopsy and surgery planning.

Diseases of the Diaphragm

The diaphragm is a thin, flat musculotendinous struc-
ture that separates the thoracic cavity from the abdom-
inal cavity. Being a respiratory muscle, it has an im-
portant role in respiration. Radiology of the diaphragm
is difficult mainly because there is no imaging tech-
nique that can clearly and entirely visualize the di-
aphragm. On conventional chest film, the diaphragmat-
ic muscle is only visible when air is present above and
below it. The only imaging modalities that can visual-
ize the diaphragm itself are US, CT, and MRI, although
visualization is usually partial and dependent on the
presence of pleural disease in the case of US, and on
the presence of subdiaphragmatic fat when in the case
of CT or MRI [11-13].

Diaphragmatic Hernia

Bochdalek Hernia

Large Bochdalek hernias usually become evident in the
neonatal period. Small asymptomatic Bochdalek hernias
are sometimes an incidental finding in adults and can
cause a smooth focal bulge seen on a lateral chest film
centered approximately 4-5 cm anterior to either posteri-
or diaphragmatic insertion. On CT, the diagnosis of
Bochdalek hernia can be made when a soft-tissue or fat-
ty mass is seen abutting the upper surface of the postero-
medial aspect of either hemidiaphragm. This mass is in
continuity with subdiaphragmatic structures through a di-
aphragmatic defect presenting as a discontinuity of the
soft-tissue line of the diaphragm [14].

Morgagni Hernia

The incidence of Morgagni hernia detected in the neonatal
period, because of respiratory symptoms, is low. In older
children and adults, Morgagni hernia is often an incidental
finding since there are mostly no symptoms. Although the
weak area is caused by an embryonal failure of muscular-
ization, herniation of the abdominal contents to the thorax
can be acquired as a result of increased intra-abdominal
pressure due to severe effort, trauma or obesity. On chest
film, Morgagni hernia presents as a variably sized, round-
ed density in the right (or rarely left) anterior cardiophrenic
angle, possibly containing gas shadows. A herniated liver
can be identified on CT, MRI, or US [14].
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Hiatal Hernia

In hiatal hernia, there is herniation of a part, or seldom,
of the entire stomach or of another abdominal structure
(fat, pancreas pseudo-cyst) through the esophageal hia-
tus. Diagnosis can be made on conventional PA and lat-
eral chest film and confirmed by a barium study. Hiatal
hernias are often an incidental finding on CT [14].

Traumatic Diaphragmatic Rupture

Blunt trauma and penetrating wounds of the chest are the
most frequent causes of traumatic diaphragmatic rupture.
Clinical symptoms are often very aspecific, but missing
a diaphragmatic rupture can have severe consequences
when strangulation of the herniated viscera occurs. Thus,
special attention has to be given to small changes in the
diaphragmatic contour or basal lung translucency when a
conventional chest film of a patient with trauma to the
lower chest or the pelvis is interpreted. Diagnosis is eas-
ier when a gas and fluid shadow is seen in the thorax.
However, radiological signs are very often aspecific and
can be limited to a localized density in close relationship
to the diaphragm. The chest film may even be complete-
ly normal [15].

Barium studies can be helpful in making the correct
diagnosis and may reveal an extrinsic narrowing at the
border of the stomach or bowel at the point where either
structure passes the diaphragmatic tear.

Ultrasound can be diagnostic if both the diaphragm
and the herniated organs can be visualized [16]. However,
this technique is limited by the often-minimal visualiza-
tion of the diaphragm itself, tenderness over the upper ab-
domen, and the presence of gas in the herniated bowel.

Multislice CT is superior because of its high image
quality and its ability to produce reformatted images. CT
signs of diaphragmatic rupture include discontinuity of
the diaphragm with direct visualization of the diaphrag-
matic injury; herniation of abdominal organs with the liv-
er, bowel, or stomach in contact with the posterior ribs
(‘dependent viscera sign’); thickening of the crus (‘thick
crus sign’); constriction of the stomach or bowel (‘collar
sign’); active arterial extravasation of contrast material
near the diaphragm; and, in case of a penetrating di-
aphragmatic injury, depiction of a missile or puncturing
instrument trajectory.

When the rupture is missed at the time of the trauma
and the patient has recovered from the associated lesions,
a ‘latent ‘phase of diaphragmatic rupture can occur.
Symptoms and signs are then caused by recurrent herni-
ation of abdominal structures through the diaphragmatic
defect and are again often aspecific. CT and MRI can be
helpful to detect these missed tears [17].

Tumors of the Diaphragm

Tumors of the diaphragm are rare lesions that are often dif-
ficult to assess and classify clinically as well as roentgeno-
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graphically. Malignant tumors are more frequent than be-
nign tumors and can be primary or secondary. CT and MRI
may be helpful in providing a specific diagnosis [18]. CT
attenuation values can be used to diagnose lipoma or cys-
tic tumors. Visualization of an interrupted diaphragmatic
soft-tissue line can be helpful to differentiate herniation of
fat from lipoma. Visualization of the peridiaphragmatic
area in frontal or sagittal views with spiral and multidetec-
tor CT or MRI can give additional information.

Eventration

Eventration of the diaphragm is defined as an abnormal-
ly high or elevated position of one leaf of the intact di-
aphragm as a result of paralysis, aplasia, or atrophy of
varying degrees of muscle fibers. In the area of eventra-
tion, the normal diaphragmatic muscle fibers are re-
placed by a thin layer of connective tissue and a few scat-
tered muscle fibers. Eventration can be congenital, re-
sulting from the congenital failure of proper muscular-
ization of a part or the entire diaphragmatic leaf.
Eventration can also be acquired and is then the result of
long-lasting paralysis causing atrophy and scarring of the
diaphragmatic muscle. On conventional chest X-ray, par-
tial eventration presents as a semicircular or semi-oval
homogeneous shadow of soft-tissue density arising from
the diaphragm that becomes more prominent on deep in-
spiration. CT as well as US and MRI can be helpful to
differentiate this entity from pleural, mediastinal, and
pericardial tumors or cysts. Differentiation from hernia-
tion and diaphragmatic paralysis may be difficult [19].

Paralysis of the Diaphragm

The most common cause of unilateral paralysis of the di-
aphragm is involvement of the phrenic nerve by tumor.
But there are also many other causes. Fluoroscopy is the
easiest imaging tool to use for the evaluation of diaphrag-
matic dysfunction. However, in experienced hands, US is
also valuable to study and monitor diaphragmatic move-
ment [20]. Four signs indicate diaphragmatic paralysis:
(1) elevation of the diaphragm above the normal range; (2)
diminished, absent, or paradoxical movement on inspira-
tion; (3) mediastinal shift on inspiration; and (4) paradox-
ical movement during sniffing.

All these signs need not be present simultaneously, but
paradoxical movement during sniffing is generally con-
sidered as the sine qua non of diaphragmatic paralysis.

Other Causes of Diaphragmatic Dysfunction

Diaphragmatic fatigue, hiccups, and diaphragmatic flut-
ter are other causes of diaphragmatic dysfunction. The
role of radiology in the diagnosis and follow-up of these
diseases is limited.
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Local irritation of the diaphragm can also cause di-
aphragmatic dysfunction (decreased motion or even paral-
ysis). Peridiaphragmatic inflammation or infections, such
as lower-lobe pneumonia or subdiaphragmatic abscess,
are the most common causes. Diaphragmatic function
usually returns after the inflammatory condition resolves.

Fluoroscopy and US show decreased movement and
often-paradoxical motion. CT and US can aid in the di-
agnosis of peridiaphragmatic disease.
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There are numerous systemic diseases, both acquired and
hereditary, that affect the thorax. The many radiologic
manifestations of these diseases may involve the lungs
and pleura as well as cardiovascular, neurologic, hemato-
logic and osseous structures of the thorax. What follows
is a summary of the more common of these entities.

Collagen Vascular Diseases

Scleroderma (Progressive Systemic Sclerosis)

Demographics and Clinical Manifestations

The incidence of scleroderma is 2-12 per million, with
the usual onset before age 45 and a three-fold higher in-
cidence in women than in men. PSS is characterized by
sclerosis and atrophy of the skin, GI tract, musculoskele-
tal system, lungs, and heart, as well as arteritis and thick-
ening of blood vessels. It affects the skin in 90% of pa-
tients, the vascular system, esophagus, and intestines in
80%, lungs in 45%, heart in 40%, kidneys in 35%, and
musculoskeletal system in 25% of patients. In addition,
there is an association with primary biliary cirrhosis. The
clinical presentation includes fever, lassitude, and weight
loss. Antinuclear antibodies are present in 30-80% of pa-
tients; anti-topoisomerase or antiScl-70 is present with
diffuse cutaneous involvement. Anti-centromere antibody
is present in a third of patients with scleroderma, and
two-thirds of patients with CREST syndrome (calcinosis,
Raynaud’s, esophageal dysmotility, sclerodactyly, telang-
iectasias) [1-4].

Radiologic Manifestations

Basilar interstitial pneumonitis and fibrosis are the radi-
ologic manifestations of scleroderma [3]. The basilar dis-
tribution is more pronounced in scleroderma than in oth-
er collagen vascular diseases. On radiographs there may
be fine/coarse basilar reticulations with small lung vol-
umes due to the restrictive process of the disease. High-
resolution computed tomography (HRCT) demonstrates
inter- and intralobular septal thickening, subpleural lines

and micronodules, ground-glass opacity, and honey-
combing. The findings may be very similar to those of
the usual interstitial pneumonia (UIP) form of idiopathic
interstitial pneumonia; however, in scleroderma the dis-
ease progresses more slowly. Esophageal dysmotility re-
sults in a dilated air-filled esophagus and findings of as-
piration pneumonia. Pulmonary arterial hypertension oc-
curs in 6-60% of patients, and sclerosis of cardiac mus-
cle may result in cor pulmonale [5]. Pleural involvement
is rare. There is an increased risk of lung cancer (adeno-
and bronchoalveolar).

Rheumatoid Arthritis

Demographics and Clinical Manifestations

The prevalence of RA is as high as 2%. The usual age of
onset is between 25 and 55 years, and the occurrence is
three times more common in women than in men. In most
cases, RA begins insidiously, causing ill health and
chronic joint deformity. Rheumatoid factor is positive in
50-70% of patients. Although the brunt of the disease oc-
curs in the joints, extra-articular manifestations of this
systemic connective tissue disease are present in up to
76% of patients (Table 1). Therefore, RA is better termed
‘rheumatoid disease’ [1-3, 6-8]. Indeed, 2-54% of pa-
tients with RA develop rheumatoid lung disease, which
occurs five times more often in men than in women.

Chest Manifestations of Systemic Diseases
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Table 1. Thoracic manifestations of rheumatoid arthritis

Pleura Effusion
Thickening
Pneumothorax

Lungs Diffuse interstitial fibrosis
Necrobiotic nodules (rheumatoid nodules)
Bronchial abnormalities
Caplan syndrome

Cardiovascular Cardiac enlargement
Pulmonary arteritis

Osseous Erosive arthritis
Facet joint ankylosis
Rib erosions
Osteoporosis and compression fractures
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Radiologic Manifestations

Pleural abnormalities are the most frequent thoracic man-
ifestation and include a unilateral exudative pleural effu-
sion in 90% of patients (protein content >4 g/dl, a low
glucose content of <30 mg/dl that does not rise during in-
travenous glucose infusion), which may change little over
months. The fluid has a low white cell count, many lym-
phocytes, and is usually positive for rheumatoid factor,
LDH, and RA cells [9]. Bilateral large effusions may al-
so be seen. Pleural disease is nine times more common in
men than in women and may antedate arthritis. In addi-
tion, pleural thickening may occur, usually bilaterally,
with pleural fibrosis and adhesions being common find-
ings at autopsy. Pneumothorax may be present secondary
to rupture of rheumatoid nodules, which are often cavi-
tary, or end-stage fibrotic lung disease.

Diffuse interstitial fibrosis is seen in 2-6% of patients
and is most frequent in cases of seropositive RA [9].
This restrictive lung disease, with lower-lobe subpleural
predominance, is often indistinguishable from usual in-
terstitial pneumonitis (UIP form). As such, it manifests
as irregular septal lines, honeycombing, or a reticulo-
nodular pattern. HRCT improves early detection.
Rheumatoid lung disease has a more benign course than
UIP [3, 9, 10].

Necrobiotic nodules are well-circumscribed masses in
the lungs, pericardium, and visceral organs. They are
identical pathologically to the subcutaneous nodules, and
are seen with advanced disease. These nodules are usual-
ly multiple, non-calcified, peripherally occurring, and
range in size from 3 mm to 7 cm. They may cavitate, typ-
ically with a thick wall and smooth border. Necrobiotic
nodules are often found in conjunction with subcuta-
neous nodules that wax and wane [1, 3, 6, 9, 10].
Bronchial abnormalities, such as bronchiectasis or bron-
chiolitis obliterans, occasionally occur. Bronchiectasis is
mainly seen in women with longstanding seropositive
disease, while bronchiolitis obliterans is rare but fre-
quently fatal. Follicular bronchiolitis is defined as hyper-
plasia of BALT (bronchus-associated lymphoid tissue)
and as such classified as a lymphoproliferative disorder.
Nonetheless, in two-thirds of cases it occurs in RA pa-
tients. HRCT demonstrates nodular opacities 1-3 mm in
size (rarely up to 10 mm) in a centrilobular and peri-
bronchovascular distribution.

Pulmonary arteritis is a rare manifestation of RA. It
consists of fibroelastoid intimal proliferation that may re-
sult in pulmonary arterial hypertension and cor pul-
monale [9]. Cardiopericardial silhouette enlargement is
also unusual, and may result from a pericardial effusion
or myocarditis with congestive cardiac failure. Various
bone abnormalities may be seen on chest X-ray or CT, in-
cluding erosive arthritis, ankylosis of vertebral facet
joints, osteoporosis, and vertebral-body collapse sec-
ondary to steroid therapy. Caplan syndrome is the coex-
istence of coal-workers pneumoconiosis and RA.
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Systemic Lupus Erythematosus

Demographics and Clinical Manifestation

Systemic lupus erythematosus has an incidence of 1 in
2000, is usually diagnosed between 20 and 40 years of
age, and is nine times more common in women than in
men. SLE is more prevalent in East Asia and especially
in the USA, where the incidence in African-American
women is as high as 1 in 250 and in whom the disease of-
ten has a more severe course. There is an increased inci-
dence of HLA B8 and DR3 antigens in SLE patients. The
disease may be exacerbated by sunlight and infection.
Furthermore, a lupus-like syndrome may be induced by
certain medications, such as hydralazine, oral contracep-
tives, phenothiazines, and procainamide. The most com-
mon early features are fever, arthralgia, general ill health,
and weight loss. The ‘butterfly’ rash on the face is char-
acteristic. Antinuclear antibodies are present in 95% of
patients. Antibodies to double-stranded DNA are consid-
ered diagnostic, although Sm antibodies are more specif-
ic. Hypergammaglobulinemia occurs in 77% of patients,
LE cells in 80%, and a false positive Wasserman test for
syphilis in 24%. SLE affects the joints in 90% of patients,
skin in 80%, kidneys in 60%, lungs in 50%, cardiovascu-
lar system in 40%, and nervous system in 35%. It also in-
volves the blood and lymphatic systems [1-3, 8]. SLE af-
fects the respiratory system more often than other con-
nective tissue diseases.

Radiologic Manifestations

Pleural effusion is the most common manifestation, with
recurrent small bilateral pleural effusions in 70% of pa-
tients. There may be pleural thickening. Pericardial effu-
sion from pericarditis is common, whereas cardiomegaly
from primary lupus cardiomyopathy is rare [11, 12].
Acute lupus pneumonitis is characterized by ground-
glass opacity/consolidation at the lung bases, evolving
when chronic to basal interstitial pulmonary fibrosis in
approximately 3% of patients. Alveolar hemorrhage also
manifests as ground-glass opacity or consolidation.
Bibasilar fleeting plate-like atelectasis secondary to in-
fection or infarction may occur. Patients with SLE have
an increased incidence of pulmonary emboli secondary to
circulating antiphospholipid antibodies (Table 2).

Table 2. Thoracic manifestations of systemic lupus erythematosus

Pulmonary Ground-glass opacity (pneumonitis or hem-
orrhage)
Consolidation (pneumonitis or hemorrhage)
Atelectasis
Pulmonary embolism

Pleural Effusion (pleuritis)
Thickening

Cardiovascular Pericardial effusion (pericarditis)
Cardiomegaly (cardiomyopathy)
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Polymyositis/Dermatomyositis

Demographics and Clinical Manifestations

These diseases have an incidence of 1-8 per million, a bi-
modal age distribution with an early peak at 5-15 years
and a later peak at 45-65 years, and a four times higher
incidence in women than in men. Patients have an in-
creased incidence of HLA A1, B8, DR3, and DR5 anti-
gens. Clinical presentation may be acute or chronic, with
proximal muscle weakness, a heliotrope or violaceous
skin rash in dermatomyositis, and telangiectasias over
the joints of the hand. Dysphagia occurs in up to 50% of
affected individuals. Skin and muscle changes may oc-
cur together or 2-3 months apart. General ill health and
fever are common. Disease is associated with the anti-
Jo1 antibody. In 10% of cases there is an underlying ma-
lignancy, with carcinomas of lung, breast, stomach, and
ovary being the most common. In men presenting over
the age of 50, 60% have carcinoma, usually bron-
chogenic carcinoma.

Radiologic Manifestations

Chest radiographs are often normal. Basal interstitial pul-
monary fibrosis indistinguishable from UIP or nonspe-
cific interstitial pneumonitis (NSIP) occurs in up to 10%
of patients. Bronchiolitis obliterans and bronchiolitis
obliterans organizing pneumonia also occur. When pha-
ryngeal muscle paralysis accompanies polymyositis, as-
piration pneumonia may develop. Diaphragmatic eleva-
tion with small lung volumes is also seen.

Sjögren’s Syndrome

Demographics and Clinical Manifestations

Sjögren’s syndrome consists of the clinical triad of kera-
toconjunctivitis sicca, xerostomia, and recurrent parotid-
gland swelling. It may occur in isolation, in which case it
is referred to as primary SS (pSS); however, the majority
of patients have coexistent collagen vascular disease (sec-
ondary SS, sSS), usually most commonly RA. Sjögren’s
is nine times more common in women than in men, with
a peak incidence in women around 55 years of age.
Pleuropulmonary manifestations are found in 10% to as
high as 75% of patients, depending on the associated col-
lagen vascular disease. Clinical symptoms include
hoarseness, cough, dyspnea, and recurrent infections, al-
though many patients have no respiratory symptoms.
Antinuclear antibodies, rheumatoid factor (IgM, anti
IgG), and antibodies against the salivary glands are de-
tected in 80% of patients. There is a two-fold increased
incidence of developing lung cancer (adeno- and bron-
chioloalveolar carcinoma). Extraglandular manifestations
include arthritis, Raynaud’s syndrome, splenomegaly,
lymph-node enlargement, involvement of the kidneys,
liver, and GI tract, mononeuritis, and vasculitis.
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Radiologic Manifestations

Radiographic findings include nodular and reticulonodu-
lar opacities predominantly in the lower lungs. Early
HRCT findings are thick interlobular septa, bronchiecta-
sis, centrilobular nodules (follicular bronchiolitis), and
tree-in-bud sign. Focal air trapping indicates follicular
bronchiolitis. As disease progresses, fibrotic changes
such as traction bronchiectasis, honeycombing, and ir-
regular septal lines are seen in a subpleural location, in-
distinguishable from scleroderma. Mediastinal lymph
nodes are usually not enlarged; when they are, lymphoma
should be suspected. LIP is characterized by the combi-
nation of ground-glass opacities and diffusely distributed
thin-walled cysts; thickened bronchovascular intersti-
tium, centrilobular nodules and patchy consolidation may
also be seen (Table 3).

Vasculitis

Systemic Vasculitides with Pulmonary Involvement

There are many systemic vasculitides that can involve
lungs. They are categorized according to the size of the
vessels primarily involved, and whether or not they are
associated with elevated anti-nuclear cytoplasmic anti-
body (ANCA). These disorders have manifestations in
many organ systems, especially skin and kidneys, and are
frequently accompanied by pulmonary hemorrhage.

Antiglomerular Basement Membrane Disease 
(Goodpasture’s Disease)

Demographics and Clinical Manifestations

Goodpasture’s disease is rare, with an incidence of 1 in 2
million, an age of onset at 20-30 years. It is two to nine
times more common in men than in women and is essen-
tially a disease of young white males, as it is rare in African-
Americans. There is an increased incidence of HLA DR2
antigen. Anti-GBM disease comprises a triad of glomeru-
lonephritis, circulating antibodies against the glomerular
and alveolar basement membranes, and pulmonary hemor-

Table 3. Thoracic manifestations of Sjögren’s syndrome

Pulmonary Atelectasis (diaphragmatic elevation)
Fibrosis
Vasculitis (pulmonary hypertension)

Pleural Effusion (pleuritis)
Thickening

Lymphoproliferative Lymphocytic interstitial pneumonia
Lymphocytic bronchitis
Focal polyclonal lymphoproliferation (low-
grade lymphoma)
Malignant lymphoma
Amyloidosis
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rhage [1, 2, 20]. When there is lung involvement it is
termed Goodpasture’s syndrome. Hemoptysis is the most
common and earliest manifestation, usually preceding renal
disease by several months. It has a poor prognosis, with one
series showing 96% mortality and a mean survival of only
15 weeks [6]. Therapy includes immunosuppression and the
removal of circulating antibodies by plasmaphoresis.

Radiologic Manifestations

Acute pulmonary hemorrhage appears as diffuse or multi-
focal consolidation or ground-glass opacities, often with a
perihilar or basilar distribution and sparing the costophrenic
angles. It may be asymmetric or unilateral. Over time, the
alveolar pattern is replaced by reticulation that usually re-
solves in 2 weeks. With repeated hemorrhage, interstitial fi-
brosis develops, causing a permanent reticular pattern.
Hilar lymph nodes may be enlarged acutely [13, 14].

Wegener’s Granulomatosis

Demographics and Clinical Manifestations

The incidence of Wegener’s granulomatosis is 3 per mil-
lion, with a mean onset at 40 years and a slightly higher
occurrence in men (1.3:1). There is an increased incidence
of HLA B8 and DR2 antigens. While the onset is usually
acute or subacute, it may also be indolent. Positive
cANCA is found in 85% of patients [1, 2, 6]. The disease
triad consists of respiratory tract necrotizing (upper and
lower) granulomatous inflammation, systemic small ves-
sel vasculitis, and necrotizing glomerulonephritis.

Radiologic Manifestations

The upper respiratory tract is involved in all patients,
with cartilage destruction in the nasal cavity and mucos-
al thickening of sinuses. Pulmonary involvement occurs
in 85-90% of cases. The classic appearance is multiple ir-
regular nodules or masses, up to 9 cm in size, predomi-
nantly in the mid/lower lungs. Cavitation is present in 25-
50% of patients; occasionally there may be a single nod-
ule. Patchy airspace disease due to pulmonary hemor-
rhage is more common than masses. Tracheobronchial
thickening and stenosis are not uncommon. Pleural effu-
sions occur in up to 25% of patients, but lymph-node en-
largement is rare. Wegener’s granulomatosis is termed
‘limited’ in the absence of renal disease [6, 13, 15, 16].

Hematological Disorders

Sickle Cell Disease

Demographics and Clinical Manifestations

Sickle cell disease includes disorders characterized by
hemoglobin S (HbS). The homozygous form (HbSS) is

Chest Manifestations of Systemic Diseases 107

called sickle cell anemia, the heterozygous form (HbSA)
is sickle trait, and there are heterozygous variants. Up to
13% of African-Americans have sickle trait. The disease
presents after the sixth month of life, after fetal hemo-
globin has been replaced by HbS. Red blood cells con-
taining HbS have a reduced capability for oxygen trans-
fer and at lower oxygen tensions are less plastic, adopt-
ing a ‘sickle’ shape. This leads to increased blood vis-
cosity and stasis in areas of slow flow or high metabo-
lism.

Radiologic Manifestations

Sickle cell anemia mainly affects bones/bone marrow,
brain, kidneys, and spleen, but also the thorax [1, 2].
Chronic anemia results in cardiomegaly and pulmonary
plethora due to a high-output cardiac state. Acute chest
syndrome is a frequent cause of hospitalization, and
consists of a triad of fever, clinical findings of a pul-
monary process, and radiologic pulmonary disease that
includes lobar or segmental airspace disease, atelectasis,
and/or pleural effusions. The syndrome may be caused
by pneumonia or infarction, and distinguishing the two
can be difficult. Sickle cell patients are at increased risk
of infection, particularly Streptococcus pneumoniae,
Haemophilus influenzae, and Mycoplasma, but also
Salmonella and Staphylococcus, owing to autosplenec-
tomy. In children, acute chest syndrome is usually due to
infection. Infarcts are more frequent in adults, although
most cases of sickle cell crisis are still due to infection.
Pulmonary infarction is often associated with evidence
of infarction elsewhere, such as in the abdomen, muscle,
and bone (Table 4) [6, 18-20].

Chronic anemia and infarction result in coarsening and
diffuse sclerosis of the thoracic skeleton. Infarcts in the
central portion of vertebral bodies result in a characteris-
tic ‘H’ shape. Periosteal reaction may be due to infarction
or infection. Infarcts of the humeral head result in focal
sclerosis, called ‘snow-capping.’ Ribs may be short [7].
Sickle cell patients have an increased incidence of gall-
stones secondary to increased hemoglobin turnover.
Children may have splenomegaly, while most adults have
autosplenectomy manifesting as a large gastric air bubble.

Table 4. Thoracic manifestations of sickle cell disease

Lung/pleura Consolidation (infection or acute chest syndrome)
Atelectasis
Pleural effusion

Cardiac Cardiomegaly
Increased pulmonary blood flow

Osseous Osteosclerosis
H-shaped vertebral bodies
Humeral head infarcts (focal sclerosis or periosteal
reaction)
Short ribs

Abdominal Splenomegaly
Splenic infarction (small and/or calcified spleen)
Cholelithiasis
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Lymphoproliferative Disorders

There are many forms of lymphoproliferative disease in
the lung: Their radiologic manifestations include solitary
and multiple masses within the lung and/or mediastinum,
as well as solitary and multiple lung nodules, ground-
glass opacity, consolidation, and reticulation. The more
common entities are discussed below.

Leukemia

Demographics and Clinical Manifestations

Leukemias are a heterogeneous group of hematopoietic
cells neoplasms. They may be of myeloid or lymphoid
cell origin, and acute or chronic in presentation (Table 5).
There is an overall incidence of 13 per 100,000, varying
by type of leukemia and age. Acute leukemias are more
common in children and young adults; chronic leukemias
more common in older adults. Abnormalities can be di-
vided into three categories: (1) leukemic infiltration of
the lung, intrathoracic lymph nodes, pleura, and chest
wall; (2) complications of the disease or its treatment;
and (3) graft-versus-host disease [1, 2, 21, 22].

Radiologic Manifestations

Leukemic infiltration of the lungs is common pathologi-
cally, but rarely a cause of opacities on radiographs.
Although it is better seen on HRCT, it is often nonspe-
cific in appearance, as hemorrhage, infection, and edema
(complications of the disease and treatment) may resem-
ble leukemic infiltration [23]. T-cell leukemias may cause
massive mediastinal lymph-node enlargement that re-
solves quickly with treatment. Pleural effusions are com-
mon. Subpleural and chest-wall deposits may occur, with
extraparenchymal masses associated with rib destruction,
known as chloromas (most commonly with myeloid
leukemias) [6].

Acute graft-versus-host disease occurs 20-100 days af-
ter bone marrow transplantation. The effects on the lungs
are usually minimal, with the brunt of the disease affect-
ing the skin, gastrointestinal tract, and liver. After 100
days, it is termed chronic graft-versus-host disease.
Radiographs are frequently normal, but when abnormal
there may be diffuse or patchy perihilar airspace disease.
More severe disease results in a diffuse interstitial pat-
tern. Bronchiolitis obliterans is the most common finding
in chronic graft-versus-host disease. It is best appreciat-

ed on HRCT, which may demonstrate bronchial wall di-
lation and thickening, mosaic attenuation, and air trap-
ping on expiration [24].

Multiple Myeloma

Demographics and Clinical Manifestations

The incidence of multiple myeloma is 3 per 100,000. The
disease usually presents in the fifth to eighth decade of
life (98% of patients >40 years of age), is twice as com-
mon in men than in women, and twice as more common
in blacks than in whites. Multiple myeloma is defined as
a malignant proliferation of plasma cells from a single
clone, as diagnosed by monoclonal gammopathy on
serum electrophoresis [1, 2].

Radiologic Manifestations

While lung involvement is rare, lymph-node enlargement
and pleural effusions can occur. Myeloma predominantly
affects bone. On chest X-ray this can be seen as a general-
ized osteoporosis of the ribs and vertebrae, with wide-
spread osteolytic lesions. Expansile lytic rib lesions and
extrapleural soft-tissue masses that erode the ribs may be
found. Plasmacytomas may occur in unexpected locations.

Langerhans’ Cell Histiocytosis

Demographics and Clinical Manifestations

This poorly understood group of disorders is characterized
by the proliferation of Langerhans’ cells, possibly due to
an immunoregulatory defect. It is subdivided into three
diseases according to age and severity of onset: (1)
Letterer-Siwe disease, which is an acute disseminated ful-
minant form that occurs in neonates; (2) Hand-Christian-
Schuller disease, which is a chronic disseminated less-se-
vere form occurring in children age 5-10 years; and (3)
eosinophilic granuloma, which is the most benign form
and usually occurs in young adults, predominantly affect-
ing the lungs and bones. Lung involvement occurs in 20%
of patients and is termed pulmonary Langerhans’ cell his-
tiocytosis. It has an incidence of 1-5 per million and an
onset at 20-40 years. Once thought to be a male-predom-
inant disease, it is now considered equally prevalent in
both sexes. This may reflect changing smoking patterns,
as there is a strong association with cigarette smoking. It
is much rarer among African-Americans [1, 2, 6].

Radiologic Manifestations

The lungs are initially involved, with multiple upper-lobe
stellate nodules 3- to 10-mm in size and sparing the
costophrenic angles; this is defined as the granuloma
stage. On HRCT, the nodules have a centrilobular distri-
bution with normal intervening lung. Small irregular
cysts are seen. HRCT is extremely useful in the evalua-

Table 5. The common leukemias

Myeloid leukemias Acute myeloid leukemia
Chronic myeloid leukemia

Lymphoid leukemias Acute lymphoblastic leukemia
Chronic myeloid leukemia
Hairy-cell leukemia
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tion of nodules and cysts. Alveolar consolidation is rare
but can occur when the alveoli fill with histiocytes and
eosinophils. Abnormality progresses to a reticulonodular
pattern and finally culminates in fibrosis, large cystic
spaces, and honeycombing. One-third of patients have
increased lung volumes. Spontaneous pneumothorax is
common [25]. Rib involvement results in well-defined
osteolytic lesions, which may be expansile. Involvement
of vertebral bodies may cause severe collapse, with ver-
tebra plana.

Sarcoidosis

Demographics and Clinical Manifestations

Sarcoidosis has an incidence of 2-10 per 100,000 and an
onset at 20-40 years with a second peak in the sixth
decade of life. Although the incidence is equal in white
men and women, it is ten times more common in black
women than in black men, and 17 times more common
in blacks than whites. The incidence is increased in peo-
ple with blood group A. Sarcoidosis may also be famil-
ial. It is a chronic multisystem disorder of unknown eti-
ology and characterized by non-caseating epithelioid
cell granulomas, usually presenting with fever, malaise,
polyarthralgias (ankles and knees), erythema nodosum,
and thoracic lymph-node enlargement. Although sar-
coidosis predominantly affects the chest, it affects the
skin (erythema nodosum, lupus pernio and/or scar infil-
trates) in up to 70% of patients. Generalized lymph-
node enlargement occurs in 30%, myopathy in 25%, oc-
ular involvement in 15% (keratoconjunctivitis or
uveitis), hepatosplenomegaly in 10%, osseous involve-
ment in 5-10%, parotitis in 5%, and CNS involvement
in 3-5% [1, 2, 6].

Radiologic Manifestations

The triad of bilateral hilar lymph-node enlargement and
right paratracheal lymph-node enlargement (Garland’s
triad or 1-2-3 sign) is seen in up to 80% of patients,
making it the most common thoracic manifestation.
Lymph-node enlargement ranges from barely detectable
to massive; the lymph nodes are usually lobulated and
well-marginated. Symmetry is an important diagnostic
feature, as this is not usually seen in the common alter-
native diagnoses (lymphoma, tuberculosis, and metasta-
tic disease) [6, 26]. Other nodes may be enlarged, par-
ticularly the anterior mediastinal and subcarinal lymph
nodes, but this is difficult to see on chest X-ray al-
though readily apparent on CT. Posterior mediastinal
node enlargement is uncommon, whereas the abdominal
nodes are occasionally enlarged. The staging system for
sarcoidosis is based on the chest X-ray findings (Table
6). In most patients (60-70%), especially those with ery-
thema nodosum and arthralgias, lymph-node enlarge-
ment completely resolves. Lymph nodes can show cal-
cification, yielding an eggshell pattern [26]. Sarcoidosis
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is the second most common cause of eggshell lymph-
node calcification (after silicosis/coal-worker’s pneu-
moconiosis).

Lung disease develops in 30-40% of patients, at
which time lymph-node enlargement often decreases.
Lung involvement is initially characterized by small,
well-defined nodules in a perilymphatic distribution ad-
jacent to the subpleural surface/fissures, along thick-
ened interlobular septa, and adjacent to vessels in the
lobular core. The nodules may be evenly distributed
throughout both lungs, but predominating in the upper
and mid-lungs; however, in most cases they are clus-
tered in the perihilar and peribronchovascular region or
grouped in small areas. Confluence of granulomas re-
sults in large mostly ill-defined opacities or consolida-
tions. Nodules measuring between 1 and4 cm in diame-
ter are seen in up to 25% of patients (so-called nodular
sarcoidosis).

Interstitial lung disease in sarcoidosis is initially not fi-
brotic, but fibrotic lung disease may develop once lymph-
node enlargement has resolved. Conglomerate masses
mostly in a perihilar location represent areas of fibrosis
and cause characteristic traction bronchiectasis.

While peribronchial and perivascular granulomatous
infiltration is common, symptomatic bronchial obstruc-
tion is not. Thoracic lymph-node enlargement may
cause compression of the trachea or bronchi. Tracheal
involvement is rare but may result in strictures (smooth,
irregular or nodular). Sarcoidosis of the larynx is un-
common.

Large-vessel arteritis is rare, whereas arteritis of the
small vessels is more common. The latter often occurs
with granulomas that result in vessel narrowing, but not
usually necrosis or thrombosis. Coronary artery in-
volvement has been described. Aortic involvement, ei-
ther aneurysmal dilation or stenosis and occlusion, with
a clinical picture similar to Takayasu’s arteritis is rare.
Pulmonary arteritis or extrinsic compression by en-
larged lymph nodes is similarly rare. Although medi-
astinal lymph-node enlargement may be massive, supe-
rior vena cava syndrome is very rare. Myocardial in-
volvement may result in ventricular arrhythmias or
heart block, cardiomyopathy, and congestive failure
[26]. Granulomas may be found on the visceral or pari-
etal pleura; pleural effusions are uncommon, occurring
in only 2% of patients. Sarcoidosis of bone occurs in 5-
20% of patients; the phalanges are usually affected
with a lace-like pattern. Although histologic involve-

Table 6. Chest radiography staging of sarcoidosis

Stage Lymph-node enlargement Interstitial lung disease

0 No No
I Yes No
II Yes Non-fibrotic
III No Non-fibrotic
IV No Fibrotic
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ment of the liver and spleen are common in sarcoido-
sis, it is seldom of clinical or radiologic significance,
manifesting as organomegaly or diffuse heterogeneous
nodularity [6, 26]. Similarly, the kidneys may be in-
volved.

Neurocutaneous Syndromes (The Phakomatoses)

Neurofibromatosis (von Recklinghausen’s Disease)

Demographics and Clinical Manifestations

Neurofibromatosis type 1 (von Recklinghausen’s disease)
is an autosomal dominant disease with an incidence of 1
per 3000. Half of the cases are sporadic mutations, and
there is no gender or racial predominance. The abnormal
gene is located on chromosome 17. There is an associa-
tion with multiple endocrine neoplasia type IIb (pheo-
chomocytoma, medullary thyroid carcinoma, and multi-
ple neuromas) and a ten-fold increased incidence of con-
genital heart disease [1, 2].

Radiologic Manifestations

The cutaneous tumors can be seen as nodules on radi-
ographs and CT. If they are projected outside the lungs,
a diagnosis of cutaneous nodules can easily be made on
radiographs; otherwise, they may be mistaken for lung
nodules. The ribs may be abnormal, being thin and/or
twisted (ribbon ribs). Kyphoscoliosis of the thora-
columbar spine occurs in 10-60% of patients. There may
also be developmental and modeling abnormalities of
the vertebrae, such as posterior vertebral scalloping, en-
largement of intervertebral foramina, and an absence or
remodeling of the pedicles [36, 37]. Lung involvement
has a prevalence of 20%, affecting men and women
equally and manifesting as basilar predominant intersti-
tial fibrosis, with upper and mid-lung thin-walled bul-
lae. Malignant neural tumors may metastasize to the
lungs [6, 27].

Neural tumors can arise from the chest wall or inter-
costal nerves and may erode the ribs, causing rib notch-
ing. Neural tumors, especially neurofibromas,
neurilemmomas, schwannomas, and their malignant
counterparts, arise in the mediastinum. They can be lo-
calized or diffuse, and are more common on the left.
These tumors often arise from the vagus nerve and pre-
sent as slowly growing, smoothly marginated masses
that may be of soft-tissue or lower attenuation on CT
due to lipid-rich neural sheath cells. Neurofibroma and
schwannoma are isointense, with nerve tissue on T1-
weighted images and high signal intensity on T2-
weighted images. Although they may be asymptomatic,
large lesions can cause local compression. Malignant
transformation is possible [6]. Additional mediastinal
masses include lateral meningoceles or, rarely,
pheochromocytomas. Lateral meningoceles usually oc-
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cur at the apex of kyphoscoliosis and are more common
on the right. They are associated with vertebral devel-
opmental/modeling abnormalities.

Tuberous Sclerosis (Bourneville’s Disease)

Demographics and Clinical Manifestations

Tuberous sclerosis is an autosomal dominant disorder
with low penetrance. The incidence is 7 per million and
the disease occurs equally in men and women [1, 2]. The
abnormal gene is located on chromosome 16; sponta-
neous mutations account for 50-80% of cases. Tuberous
sclerosis is characterized by a triad of adenoma se-
baceum, seizures, and mental retardation.

Radiologic Manifestations

Pulmonary involvement occurs in 1-2% of cases and is
indistinguishable from lymphangioleiomyomatosis.
Spontaneous pneumothorax is a frequent finding. Lung
disease may appear as a reticular or reticulonodular
pattern on radiographs, with small nodules measuring
1-2 mm. Over time, the reticular elements become
more marked, with cysts visible on radiographs. On
HRCT, the cysts are usually <1 cm in size, smooth-
walled, and uniformly distributed throughout the lungs.
Lung volume is either normal or enlarged due to this
obstructive lung disease. Bone cysts or sclerotic verte-
brae may be seen [27-29]. Associated renal angiomy-
olipomas may help to establish the diagnosis in equiv-
ocal cases.

Although not a neurocutaneous disorder, the pul-
monary features of lymphangiomyomatyosis (LAM) are
virtually identical to those of tuberous sclerosis. LAM is
characterized by a triad of (1) gradually progressive in-
terstitial lung disease with uniform, smooth-walled cysts,
(2) recurrent chylous pleural effusions, and (3) recurrent
pneumothoraces. It is a rare disorder, occurring exclu-
sively in premenopausal women. At HRCT, the appear-
ance is the same as that of tuberous sclerosis, except that
nodules are not seen. LAM may be a forme fruste of
tuberous sclerosis, with occasional patients having renal
angiomyolipomas.
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The following review focuses on pulmonary manifesta-
tions of granulomatous diseases (sarcoidosis), connective
tissue diseases, vasculitis (Wegener granulomatosis and
Church-Strauss), and Goodpasture syndrome. Rare pul-
monary manifestations associated with other diseases,
such as tuberous sclerosis and lymphangioleiomyomato-
sis, Erdheim-Chester disease (rare non-Langerhans cell
histiocytosis), storage diseases (Gaucher, Niemann Pick),
systemic amyloidosis, and relapsing polychondritis, as
well as manifestations of neoplastic diseases (e.g., lym-
phoma) are not considered herein. Langerhans cell histi-
ocytosis shows a pulmonary involvement that is associa-
ted with a systemic manifestation only in children and not
in adults.

Granulomatous Diseases

Pulmonary Sarcoidosis

Sarcoidosis is a systemic disorder of unknown origin. It
is characterized by non-caseating epitheloid-cell granulo-
mas in multiple organs; however, morbidity and mortali-
ty are closely related to pulmonary manifestations, which
occur in >90% of patients. The CT appearance of pul-
monary sarcoidosis varies greatly and is known to mim-
ic many other diffuse infiltrative lung diseases. These in-
clude Loffgren syndrome (fever, bilateral adenopathy,
eythema nodosum, and arthralgia) and lupus pernio (cu-
taneous lesions, bone cysts and pulmonary fibrosis).

The histology of pulmonary sarcoidosis consists of
noncaseating granulomas rimmed by lymphocytes and fi-
broblasts in a perilymphatic distribution, which may re-
solve or cause fibrosis. The disease may occur at any age,
but mostly affects individuals between 20 and 40 years of
age, and only rarely those over 65 years of age. Females
are affected more often than males. The prognosis is
mostly good, with disease resolution occurring in <2
years; mortality is 1-5%.

The chest X-ray shows lymphadenopathy, reticulonodu-
lar opacities predominantly in the upper lobes (rarely, larg-
er nodules), and fibrosis with honeycombing and volume
loss, predominantly in the upper lobes and segment 6.

Staging based on chest X-ray is as follows:
Stage 0 Normal chest radiograph (>50% at presentation)
Stage I Bilateral hilar and paratracheal lymphadenopathy
Stage II Lymphadenopathy and nodular opacities
Stage III Nodular opacities without lymphadenopathy or

signs of fibrosis
Stage IV Signs of fibrosis with or without lympha-

denopathy.
Computed tomography (CT) and high-resolution CT

(HRCT) show small, well defined nodules in a characteris-
tic perilymphatic distribution in relation to the subpleural
surface. The nodules are located adjacent to the major fis-
sures, along thickened interlobular septa, and adjacent to
vessels in the lobular core. There may also be even distrib-
ution of the nodules throughout both lungs, with a predom-
inance in the upper and middle lung zones. However, in
most cases they are clustered in the perihilar and peribron-
chovascular region, with relative sparing of the lung periph-
ery, or they are grouped in small areas uni- or bilaterally.
Confluence of granulomas results in larger nodules (1-4 cm,
nodular sarcoid, galaxy sign) or ill-defined opacities
(ground-glass or consolidations, up to 10 cm, alveolar sar-
coidosis). There may be irregular thickening of the bronchial
wall, with narrowing of the large and small airways (mosa-
ic pattern). Lymphadenopathy is noted in up to 50% of pa-
tients on CT. Calcifications may be bilateral, more focal
than complete, eggshell-like, or with an amorphous cloud-
like pattern. In up to 20% of patients, pulmonary fibrosis
with septal thickening, traction bronchiectasis, and honey
combing (stage IV) may be observed. Conglomerate mass-
es mostly in a perihilar location represent areas of fibrosis
with characteristic traction bronchiectasis.

Important take-home points regarding pulmonary sar-
coidosis are:
• Caveat complications: Aspergilloma in cavitations

with hemoptysis (stage IV) and pneumothorax (more
common with alveolar sarcoid).

• Sarcoidosis may present with very characteristic
HRCT features, obviating further invasive diagnosis.

• Sarcoidosis may also present less typically, e.g., lower
lobe predominance mimicking idiopathic pulmonary fi-
brosis (IPF), subpleural consolidations mimicking
eosinophilic pneumonia, thus requiring further diagnosis.

IDKD 2007

Pulmonary Manifestations of Systemic Diseases

C. Schaefer-Prokop

Department of Radiology, Academic Medical Center, Amsterdam, The Netherlands

112_118_Schaefer_Prokop  1-03-2007  15:05  Pagina 112



Pulmonary Manifestations of Systemic Diseases 113

• Sarcoid is a frequent differential diagnosis when ana-
lyzing diffuse lung disease.

• Airflow obstruction is common and occurs in associa-
tion with fibrotic changes, especially in the large air-
ways, but also in earlier disease stages (small-airway
obstruction).

Connective-Tissue Disorders

Involvement of the respiratory system in rheumatology or
connective-tissue disorders (CTDs) is common and re-
sults in significant morbidity and mortality. Many of the
diseases are characterized by a specific serological anti-
body (Table 1). The underlying mechanism of that group
of autoimmune mediated diseases is still unknown. The
most important factor contributing to poor outcome in
patients with CTD is the presence of lung fibrosis. Early
HRCT screening for lung involvement in patients with
CTD is therefore justified.

The histological pattern is like that of usual interstitial
pneumonia (UIP), the most frequent pattern in biopsies

from patients with IPF. Cryptogenic fibrosing alveolitis ap-
pears to be relatively rare in patients with CTD. The pres-
ence of a combination of radiological and histological pat-
terns, e.g., those of nonspecific interstitial pneumonia
(NSIP), lymphocytic interstitial pneumonia (LIP)/follicu-
lar bronchiolitis and organizing pneumonia, should initiate
further diagnostic work-up for a CTD. Recent publications
suggested a prevalence of distinct histological patterns be-
tween the various CTDs: NSIP in systemic sclerosis, orga-
nizing pneumonia in polymyositis/dermatomyositis, follic-
ular bronchiolitis and UIP in rheumatoid arthritis, and
chronic bronchiolitis in Sjögren’s syndrome (Table 2).

Diffuse alveolar damage can complicate the clinical
course of patients with CTD. The outcome is critical, es-
pecially for those with preexisting interstitial lung dis-
ease.

Pulmonary Scleroderma

Progressive systemic sclerosis is a generalized CTD af-
fecting multiple organ systems (skin, lungs, arteries, heart
and kidneys), but it has the highest incidence of lung fi-

Table 1. Serological markers of connective tissue disorders (modified from Sperber M [1999])

ANA Rheumatoid factor ACA Anti DNA Anti RNA CPK

Rheumatoid arthritis x
Systemic lupus erythematosus x x
Systemic sclerosis) x x
Polymyositis/dermatomyositis x
Mixed connective-tissue disease x x
Sjögren’s syndrome x x

ANA, Anti-nuclear antigen; ACA, anticentromere; CPK, creatinin phosphokinase

Table 2. Prevalence of patterns in connective-tissue disorders (modified from Hansell DM et al. [2005])

Pattern Progressive Rheumatoid Polymyositis/ Sjögren’s Mixed Systemic
systemic arthritis dermatomyositis syndrome connective-tissue lupus 
sclerosis disease erythematosus

Usual interstitial pneumonia + +++ + + + +

Nonspecific interstitial pneumonia ++++ + ++ + ++ +

OP + +++ +++ + +

Diffuse alveolar damage + ++ ++ +++

LIP + ++

Alveolar hemorrhage + + ++ + +++

Upper-lobe fibrosis +

Aspiration ++ ++ +

Pulmonary hypertension +++ + + +

Bronchiectasis +++ ++

Obliterative bronchiolitis +++ +

Necrobiotic nodules +++

Pleural effusion + +++ +++

Diaphragm dysfunction ++ + +

OP, Organizing pneumonia; LIP, lymphocytic interstitial pneumonia
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brosis. In this case, it is referred to as fibrosing alveolitis
of systemic sclerosis. The lung is the fourth most common
organ involved, after skin, arteries and esophagus. Patients
can be of any age, but are mostly middle-aged The 5-year
survival of patients with progressive systemic sclerosis is
70%. Most commonly, death is from aspiration pneumo-
nia and respiratory failure.

The histology of progressive systemic sclerosis con-
sists of overproduction and tissue deposition of collagen.
Lung fibrosis presents with a pattern typical of either
NSIP (80%, cellular or fibrotic) or UIP (20%). The de-
mographics of the disease reveal a 3:1 preponderance in
women.

The chest X-ray findings include symmetric reticulon-
odular densities, small cystic destruction and honey-
combing, with a predominantly basal location. The ob-
served volume loss is disproportionate to the symptoms.
The hemidiaphragms are elevated due to muscle atrophy.
Patients also show signs of recurrent infection due to as-
piration. Esophageal dilatation is seen as a fluid-air-lev-
el. Pleural effusion is found in <15% of patients.

On CT/HRCT, the spectrum of fibrotic changes ranges
from ground-glass with or without fine intralobular retic-
ular densities (NSIP pattern) to honeycombing associat-
ed with traction bronchiectasis (UIP pattern). These
changes show a subpleural and basal predominance.
Frequently, the findings remain consistent over a period
of years, with no or very little progression. The esopha-
gus is dilated and the lung parenchyma shows postinfec-
tious changes. There is mild lymphadenopathy, which is
usually not seen on chest X-ray, as well as mild pleural
thickening (pseudoplaques). In addition, signs of pul-
monary hypertension (enlarged pulmonary artery), inde-
pendent of interstitial fibrosis and reflecting small-vessel
disease (intimal proliferation, medial hypertrophy, myxo-
matous changes), is present. Cardiomyopathy, due to is-
chemia or based on infiltrative cardiomyopathy is anoth-
er component of progressive systemic sclerosis.

Important take-home points to consider in patients
with progressive systemic sclerosis are:
• Dilated esophagus should be looked for in patients

with a newly diagnosed fibrosis.
• Systemic sclerosis should be considered in patients

with newly diagnosed, fine reticular and microcystic
parenchymal changes.

• Signs of pulmonary hypertension (out of proportion to
the extent of lung disease) and reflecting vasculopathy
should be noted.

• There is an increased risk of cancer, generally by a fac-
tor of 1.8-6.5, in patients with this disease. Moreover,
for lung cancer there is an 18-fold increased risk for
adenocarcinoma and bronchoalveolar carcinoma.

• Scleroderma features (clinical and radiological) are
seen in CREST (limited cutaneous systemic sclerosis:
calcinosis, Raynaud, esophageal dysmotility, sclero-
dactyly, teleangiectasis), mixed connective tissue dis-
ease), graft vs. host disease, carcinoid syndrome, and
drug reactions. Up to 25% of all patients showing sys-
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temic sclerosis-like features suffer from an overlap
syndrome, with symptoms of one or more CTDs.

• In progressive systemic sclerosis, the outcome is sim-
ilar for patients with UIP and NSIP, and is more
strongly linked to the disease severity at presentation.

Rheumatoid Arthritis

This disease consists of subacute or chronic inflammato-
ry polyarthropathy of unknown cause. Associated lung
findings include fibrosis (mostly UIP pattern), organizing
pneumonia, airways disease (bronchitis and bronchiolitis),
pleural disease (pleuritis sicca) and (large) cavitating nod-
ules (pulmonary nodules are always associated with sub-
cutaneous nodules). Pleural involvement is the most com-
mon thoracic manifestation of rheumatoid arthritis.

Histologically, rheumatoid nodules (pathognomonic),
lymphoid follicles, UIP and NSIP patterns of fibrosis, and
signs of organizing pneumonia are seen. The incidence of
rheumatoid arthritis shows a 3:1 female to male predom-
inance. However, extra-articular disease is more common
in men, and more common in smokers. While patients
may be of any age, the disease mostly occurs in middle-
aged individuals. The 5-year survival is 40%, with death
from infection, respiratory failure, or cor pulmonale.

Chest X-ray findings indicative of rheumatoid arthritis
include signs of pleural disease, such as thickening or an
effusion which may be transient, persistent over months,
or relapsing, but is usually asymptomatic. Pleural find-
ings are more commonly seen in men than in women.
Other findings include lower-zone fibrosis (honeycomb-
ing) and volume loss. Pulmonary involvement may also
include a cryptogenic organizing pneumonia (COP) pat-
tern of disease. Nodules (5 mm-7cm) show signs of cav-
itation in 50% of affected patients, may be PET positive,
and are a more frequent finding in smokers. They also
represent an increased risk for pneumothorax.

Airway disease is also evident radiographically, pre-
senting as bronchial wall thickening and bronchiectasis.
Consolidations are present in patients with organizing
pneumonia. Signs of recurrent infectious disease are also
observed.

CT/HRCT findings of rheumatoid arthritis include
pleural disease (thickening, effusion, empyema), pul-
monary fibrosis with honeycombing, traction bronchiec-
tasis, and parenchymal distortion (UIP pattern, indistin-
guishable from that of IPF). Ground-glass and reticular
densities (NSIP pattern) and features of a COP pattern of
disease are seen. Nodules (up to 7cm in size) may mim-
ic neoplasm, are frequently subpleural, and cavitate in
>50% of affected patients. obliterative bronchiolitis with
a mosaic pattern is rarely seen. There are also signs of
follicular bronchiolitis (subpleural, centrilobular, unsharp
nodules <1 cm). While systemic vasculitis affecting the
small vessels, usually in the skin, is found in rheumatoid
arthritis, pulmonary vasculitis is exceptionally rare.
Cardiac signs include cor pulmonale and pericarditis.
Sclerosing mediastinitis is very rare.
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Important take-home points concerning rheumatoid
arthritis are:
• Pleural abnormalities are the most common abnormal

thoracic findings.
• Parenchymal fibrosis is evident in 5% of chest X-rays

but in up to 40% of HRCT findings. It is mostly of the
UIP pattern and indistinguishable from IPF.

• Associated nodules and pleural disease help to differ-
entiate rheumatoid arthritis from IPF.

• There is an increased risk for empyema in patients
with pleural disease.

• Patients with (cavitating) nodules are at increased risk
for pneumothorax.

• Many of the available treatment options for rheuma-
toid arthritis are associated with lung toxicity (see
www.pneumotox.com).

Pulmonary Dermatomyositis/Polymyositis

This idiopathic, immune-mediated, inflammatory myo-
pathic disorder has multiple systemic manifestations.
Females are affected twice as often as males. Patients may
be of any age but are mostly middle-aged. Pulmonary in-
volvement is associated with a poorer prognosis. The 5-
year survival rate ranges from 35 to 77%. Findings con-
sistent with diffuse alveolar damage are predictive of poor
prognosis.

In the lungs, the histological findings have prognos-
tic implications. Most typical is a mix of various find-
ings that include UIP and NSIP pattern (cellular and fi-
brotic type) patterns of fibrosis and organizing pneu-
monia.

The chest X-ray of patients with pulmonary dermato-
myositis/polymyositis shows fibrotic changes, with a
subpleural and basal distribution. Volume loss can be
observed. Other findings include sequelae after recur-
rent aspiration pneumonia and consolidations. The dif-
ferential diagnosis includes aspiration or organizing
pneumonia.

The CT/HRCT findings depend on the nature of the
parenchymal changes. Ground-glass (diffuse alveolar
damage), fine reticular densities (NSIP pattern) honey-
combing and traction bronchiectasis (UIP pattern), and
consolidations (COP pattern) may be present simultane-
ously.

There disease shows a basal and subpleural predomi-
nance. Frequently, sequelae of aspiration pneumonia
and/or opportunistic pneumonia are seen.

Important take-home points to keep in mind when
evaluating patients with suspected pulmonary dermato-
myositis/polymyositis are:
• A mixture of radiological and histological findings, in-

cluding NSIP-, UIP-, COP-, and diffuse alveolar-type
damage, is suggestive of pulmonary dermatomyositis/
polymyositis.

• The disease is sometimes associated with other collagen-
vascular diseases (systemic lupus erythematosus, sclero-
derma, rheumatoid arthritis, Sjögren’s syndrome).
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• There is an increased risk for malignancy (especially of
the breast, lung, ovary, and stomach) which is concur-
rently diagnosed within 1 year in up to 20% of patients.

• Whole-body magnetic resonance imaging (short tau
inversion recovery, STIR) is used to demonstrate in-
flammatory soft-tissue burden.

Sjögren’s Syndrome

Primary Sjögren’s syndrome is a systemic inflammatory
disorder affecting exocrine glands (dry mouth and dry
eye). The incidence of extraglandular involvement of the
lung varies from 9 to 75%. The secondary form of
Sjögren’s syndrome is associated with collagen-vascular
disease (systemic lupus erythematosus, rheumatoid
arthritis, and pulmonary dermatomyositis/polymyositis).
There is a well-established association with LIP and 
an overlap between LIP, amyloid deposition, sarcoid-
like reactions, and Sjögren’s syndrome. Middle-aged
women are affected much more often than men, the ra-
tio being 9:1.

Histologically, the tissues of patients with Sjögren’s
syndrome show widespread tissue infiltration by poly-
clonal B lymphocytes.

The chest X-ray findings in this disease consist of bi-
lateral interstitial opacities, consolidations, bilateral nod-
ules, and pleural effusion (when associated with cardio-
vascular disease, such as systemic lupus erythematosus,
or rheumatoid arthritis).

CT/HRCT findings include pulmonary fibrosis with
either a UIP or a LIP pattern. The latter consists of dif-
fuse ground-glass opacities and thin-walled cysts, that,
while widely distributed, show a subpleural predomi-
nance. Airway disease, e.g., bronchiolitis with air-trap-
ping, tree-in-bud sign, and bronchitis, is common.
Additional findings are organizing pneumonia and pul-
monary hypertension.

Important take-home points in evaluating patients with
Sjögren’s syndrome are:
• Generally, the risk for malignoma is doubled, and there

is an up to 40 times increased risk for developing a
lymphoma. In this context, mediastinal lym-
phadenopathy (visible on chest X-ray) and new intra-
pulmonary consolidations are suggestive for the devel-
opment of nodular lymphoid hyperplasia or a malig-
nant lymphoma.

• Pleural effusion suggests an association with a colla-
gen-vascular disease (rheumatoid arthritis or systemic
lupus erythematosus).

Systemic Lupus Erythematosus

This chronic collagen vascular disease involves blood
vessels (vasculitis with and without pulmonary hyperten-
sion), serosal surfaces, joints (pericardiac effusion, pleur-
al effusion), kidneys, central nervous system, and skin.
Thoracic manifestations are seen in up to 70% of pa-
tients. The disease occurs ten times more often in women
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than in men. The etiology is unknown. The most common
causes of death related to this chronic (10 years) disease
are sepsis and renal failure.

Histologically, hematoxylin bodies are pathognomonic
but they are rarely seen in the lungs. Alveolar hemor-
rhage reflects endothelial damage.

Chest X-ray shows evidence of (painful) pleural dis-
ease, with thickening or effusion (usually small).
Consolidations may be of various origin. Consequently,
the differential diagnosis should consider opportunistic
infection, hemorrhage, pneumonitis, organizing pneumo-
nia, and infarcts. The diaphragm may be elevated due to
muscle dysfunction, with plate-like atelectasis and signs
of shrinking lung syndrome. Other findings are cardiac
enlargement (pericardial effusion) and lung fibrosis (seen
in <5% of patients).

CT/HRCT will reveal mild adenopathy in 20% of pa-
tients. Ground glass and/or consolidations, due to hem-
orrhage, pneumonia, pneumonitis, are seen. Airway dis-
ease manifests as tree-in-bud sign, bronchiectasis, and
bronchial wall thickening. Fibrosis (UIP pattern) is seen
in up to 15% of patients, and in autopsy in up to 30%.
Pulmonary hypertension occurs primary to vasculitis
and secondary to chronic embolism. Cavitating nodules
indicate areas of infarct.

Important take-home points in the diagnosis of sys-
temic lupus erythematosus include:
• Acute pneumonitis with diffuse hemorrhage is rare but

has a very high mortality. It is mostly associated with
renal infiltration and multi-organ failure.

• Patients are at increased risk for opportunistic infec-
tions.

• There is increased risk for pulmonary embolism; in-
creased levels of antiphospholipid antibodies are pre-
sent in 40% of patients.

• Patients with drug-induced systemic lupus erythe-
matosus have a better prognosis.

Pulmonary Vasculitis/Diffuse Alveolar Hemorrhage

Non-infectious systemic necrotizing vasculitides are a
large and varied group of disorders characterized by in-
flammation and necrosis of blood vessels (Table 3).
Pulmonary involvement is seen in Wegener granulomato-
sis, Goodpasture syndrome, Church-Strauss disease, mi-
croscopic polyangiitis, Behçet disease, and Takayasu dis-
ease. The combined involvement of the lungs and kidneys
by some of these diseases is also described as pulmonary-
renal syndrome.

Wegener Granulomatosis

The classic form of Wegener granulomatosis affects the
sinuses, kidneys, and lungs resulting in a frequent triad of
symptoms comprising sinusitis and/or tracheobronchitis,
pathological chest X-ray (with or without signs of he-
moptysis), and microhematuria. However, any part of the
body may be affected. Females and males are affected
equally and at any age (mostly age 40-55). Airway in-
volvement is more frequent in men. The most common
cause of death is renal failure. With treatment, the 24-
month survival is 80%.

Histologic findings include necrotizing granulomatous
vasculitis of the small to medium-sized vessels, without
associated infection. Serologically, up to 90% of patients
are positive for c-ANCA (circulating antineutrophil cyto-
plasmic antibodies). However, c-ANCA findings should
not replace histological confirmation!

The chest X-ray findings in Wegener granulomatosis
include the presence of single or multiple nodules, 50%
of which are cavitating. The cavitations may be thick-
walled. There are multifocal, non-segmental, or diffuse
consolidations, the latter due to hemorrhage and/or vas-
cular necrosis. Pleural effusion is seen in 20% of patients.

Table 3. CT findings associated with pulmonary vasculitis syndromes (modified from Marten K et al. [2005])

Vasculitis Size of involved Pulmonary-renal Pulmonary Pulmonary 
vesselsa, b syndrome hemorrhage hypertension

Wegener Small 50-75% In up to 8%, diffuse –

Church Strauss Small Up to 25% Very rare, diffuse –

Microvascular polyangiitis Small In 75-100% Very rare, diffuse –

Polyarteritis nodosa Medium – Very rare, diffuse –
(associated with hepatitis B)

Giant-cell arteritis Large – Rare, focal Rare

Takayasu Large – Rare, focal Rare

Rheumatoid arthritis CTD – Very rare, diffuse Up to 60%

Systemic sclerosis CTD – Rare, diffuse, 10-60%
with necrotizing vasculitis

Mixed connective-tissue disease CTD – Rare, diffuse Up to 45%

Systemic lupus erythematosus CTD Up to 60%, late In 4% (but potentially 5-45%
more frequent), diffuse

a According to the Chapel Hill classification, 2000
b CTD, Connective tissue disease
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In patients with airway involvement, segmental or lobar
atelectasis may be seen.

On CT/HRCT multiple nodules with or without a CT
halo sign (hemorrhage) may be visible. Cavitations show
thick walls. Peripheral wedge-shaped consolidations rep-
resent infarcts and may cavitate. Diffuse consolidations
or ground-glass opacities representing areas of hemor-
rhage are present. Preexisting fibrotic changes reflect
preexisting disease. In addition, there is concentric thick-
ening of the tracheal or bronchial walls with a reduction
in their diameters.

Atelectasis and pleural effusion are also components
of this disease.

Important take-home points to consider in Wegener
granulomatosis are:
• Rapid enlargement of nodules suggests superinfection

or hemorrhage.
• Subglottic stenosis is often visible on chest X-ray but

may be overlooked.
• No response to treatment (within one week) suggests

superinfection.

Church-Strauss

Church-Strauss syndrome is caused by a small-vessel
systemic vasculitis that almost exclusively occurs in pa-
tients with asthma and is characterized by marked pe-
ripheral eosinophilia. Clinically, radiologically, and
pathologically the syndrome combines features of
Wegener granulomatosis and eosinophilic pneumonia
(i.e., allergic granulomatosis and angiitis). Many other
organs may be involved, including the heart (up to
40%), the skin (up to 40%), and the musculoskeletal
system (up to 50%). Five-year survival is reported in up
to 80% of patients; 50% of deaths are related to cardiac
involvement.

Histological findings demonstrate small-vessel (arter-
ies and veins) vasculitis, with eosinophilic infiltrates and
vascular and extravascular granulomas. Serology find-
ings include myeloperoxidase (MPO)-ANCA positivity
in up to 70% of patients, and serum eosinophilia.

Chest X-ray and CT/HRCT findings during the
eosinophilic and vasculitic phase consist of transient, mul-
tifocal, and non-segmental consolidation without a zonal
predilection. Frequently, the subpleural findings mimic
those seen eosinophilic pneumonia, with ill-defined nod-
ules or masses sometimes present. Cavitations of nodular
opacities are uncommon. There may be diffuse consolida-
tions due to hemorrhage. Interstitial markings are the re-
sult of edema with cardiac and/or renal involvement.
Eosinophilic pleural effusions are seen in up to 30% of pa-
tients.

Important take-home points in the diagnosis of
Church-Strauss syndrome are:
• The disease may be drug-induced.
• The potential for cardiac involvement (enlargement,

insufficiency with pulmonary congestion, pericarditis)
should be noted.
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Goodpasture Syndrome

This disease is characterized by a combination of
glomerulonephritis and diffuse alveolar hemorrhage.
Young men are much more often affected than young
women, with the ratio of (F:M=1:9). The disease also oc-
curs in elderly women. With early treatment, the progno-
sis is good. Recurrent episodes result in lung fibrosis.

Histologically, a linear deposition of IgG along the
glomerular basement membranes is seen. Thus, renal
biopsy is used to establish the diagnosis. The serology of
these patients is c-ANCA or p=ANCA positivity in 30%
and anti-basement-membrane antibodies in >90%.

The chest X-ray findings depend on the degree of he-
morrhage and range from ground glass opacities to con-
solidations. Mostly findings show a symmetric distribu-
tion with sparing of the subpleural space. Pleural effu-
sions are very rare.

Similarly, CT/HRCT findings range from ground glass
to dense consolidations dependant on the severity of he-
morrhage. In the subacute stage, there is increasing over-
lay by reticular densities (‘crazy paving’). Recurrent dis-
ease results in fibrosis.

Important take-home points that aid in the diagnosis of
Goodpasture syndrome are:
• The disease has an acute onset; hemoptysis occurs in

80-95% of patients.
• With therapy, there is rapid and progressive improve-

ment (within days).
• Sparing of the subpleural space and the basal sinus is

typical. If this is not the case, another diagnosis should
be considered.

• Pleural effusions are uncommon. If they occur, a dif-
ferent diagnosis should be considered.
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Introduction

Modern day CT angiography (CTA) has replaced diagnostic
angiography for the evaluation of thoracic aortic diseases.
The development of CTA with retrospective ECG gating has
been driven by coronary artery CTA, but it also provides sig-
nificant benefits to imaging of the thoracic aorta.
Retrospective ECG gating virtually eliminates cardiac pulsa-
tion artifacts and has therefore extended the clinical applica-
bility of CTA to finally also include the aortic root.
Moreover, ECG gating allows cardiac phase-resolved (‘time-
resolved’) cine imaging and visualization, adding a ‘fourth
dimension’ (4D) to this technique.

The first immediate clinical benefit of motion-free 3D
imaging of the thoracic aorta is improved visualization
and thus characterization of acute aortic dissection and its
variants. In addition to the ability to visualize a dissection
flap all the way to the aortic root and into the coronary ar-
teries, it has become possible to precisely localize the site
of intimal tears, which is increasingly important in the
stent-graft era. Furthermore, motion-free images allow the
detection of less-common, subtle but clinically equally
important intimal lesions, which have been notoriously
difficult to detect in vivo with any imaging modality [1].
We therefore use ECG gating routinely at our institution
in all patients with acute aortic syndromes. The second
clinical scenario in which ECG-gated thoracic CTA plays
a central role, and thus has become a routine application
at our institution as well, is in pre- and postoperative 3D
and 4D imaging of patients with aortic-root diseases.

The purpose of this article is to explain the techniques
of image acquisition as well as 3D and 4D visualization
of the thoracic aorta using ECG-gated CTA. The clinical
topics of this review focus on the practical application of
this technique in the setting of acute aortic dissection
with its variants, and on surgical treatment planning of
patients with aneurysms of the aortic root.

CT Imaging Technique

A summary of the CT scanning and reconstruction parame-
ters used with a 16-channel GE Lightspeed scanner and a
64-channel Siemens Sensation scanner are provided in

Tables 1 and 2. A gated chest CTA is usually preceded by a
non-enhanced CT series. Non-enhanced images are critical
for the identification of intramural hematomas in the acute
setting, and are indispensable for the identification of surgi-
cal graft material and the differentiation of calcifications,
Teflon pledgets, or glue from small leaks. CT scanning of
nearly the entire thorax with retrospective ECG gating can
be obtained with all 16- or more channel CT systems. The
scanning range includes the origins of the supra-arch vessels
down to the base of the heart. With 16-channel systems it is
not possible to use the thinnest available collimation (e.g.
0.625, as would be used for a coronary CTA). A nominal
section thickness of 1.25 mm is certainly adequate for visu-
alization of the thoracic aorta, the aortic valve, and the
course and origin of the coronary arteries. This protocol is
not sufficient to rule out coronary artery stenoses, however.
With 64-channel CT, we use a reconstructed section thick-
ness of 1 mm for our gated chest protocol, and no pre-med-
ication unless visualization of the coronary arteries is specif-
ically requested. In the latter situation, we administer oral
beta-blockers and sublingual nitroglycerin according to our
coronary CTA protocol, but we use the larger scanning
range (and longer scan time) for the entire chest. Except for
obese patients (a tube output limited to 700 eff. mAs results
in greater image noise), this protocol is technically and clin-
ically equivalent to a coronary CTA (850 eff. mAs) and thus
allows significant coronary artery disease to be ruled out.

Other than in coronary CTA, in which the reconstruction
of one or very few datasets (e.g., a diastolic dataset at 65%
of the RR-interval) suffices, gated chest studies require the
reconstruction of several phases through the cardiac cycle.
We generally reconstruct images through the entire chest at
65% of the RR-interval, and then reconstruct ten phases
(from 0% through 90% of the RR-interval) of the heart and
relevant portion of the thoracic aorta. These ten datasets can
then be viewed as a cine-loop. In order to maintain similar
image noise throughout the cardiac cycle, ECG dose mod-
ulation is not used in our gated chest protocol.

Good arterial opacification is a key element of CTA in
general, and even more so if small structures, such as the
aortic valve leaflets or tiny aortic-wall irregularities, are of
diagnostic interest. We use high-concentration contrast
medium (350-370 mg/ml) for all CT angiograms. For a
16-channel gated chest, we generally inject 5 ml/s (4.5-
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6ml/s) for the duration of the scan time +8 s (e.g., for a
20-s scan we inject for 28 s, resulting in a total of 140 ml)
(Table 1). The 8-s safety cushion compensates for the de-
lay between the arrival of contrast medium in the ascend-
ing aorta and the initiation of the CTA acquisition above
the aortic arch, inherent in the use of automated bolus trig-
gering. For 64-channel gated chest studies and for all gat-
ed chest + abdomen and pelvis CTAs, we prefer biphasic
injections. Biphasic injections with a short first high-flow-
rate injection, followed by a second lower flow-rate main-
tenance injection provide bright vessel opacification at
moderate total volumes of contrast for these relatively
long scan times [2]. It is particularly important to set the
total injection duration equal to the total-scan time, which
also takes into account the (scanner-specific) ‘interscan’
delay between the gated portion (through the chest) and
the non-gated CTA sequence through the abdomen and
pelvis (Table 2). If this is ignored, abdominal and pelvic
arterial opacification can be suboptimal or even inade-
quate for planning endovascular access.

120

3D and 4D Visualization

Powerful visualization tools are needed to take full ad-
vantage of the high-resolution multi-phase volumetric
datasets. We use the AquariusNET server and thin
client application (TeraRecon, Inc, San Mateo, CA)
which allows to manage up to 28,000 CT slices simul-
taneously. While axial source images are always re-
viewed and remain the basis for diagnosis, real-time
rendering and interaction with all ten phases of the car-
diac cycle is key to analyzing aortic-root morphology
and function. The possibility of cine viewing (looping
through the datasets reconstructed at different RR-in-
tervals) allows the selection of the best phase for a giv-
en abnormality. Moreover, cine-viewing provides in-
valuable dynamic information that is not obvious on
static images from the systolic or diastolic phases only.
Examples are small puffs of contrast-medium indicat-
ing the site of a small intimal tear or leak, and motion

D. Fleischmann, D.C. Miller

Table 1. Scanning and injection parameters for retrospectively EKG-gated computed tomography angiography (CTA) of the thorax

16-channel CT (GE LightSpeed 16) 64-channel CT (Siemens Sensation 64)

Premedication none None,or betablockers and sublingual 
nitroglycerinea

Pre-contrast series Contiguous 2.5 mm Contiguous 3 mm

Scanning range/direction Above the aortic arch to the hiatus of diaphragm, cradio-caudal

Tube voltage/current 120 kV/400 mA 120 kV/700 eff. mAs

Detector configuration 16×1.25mm 2×32×0.6-mm

Section thickness/reconstruction interval 1.25/0.8 1.0/0.7
0.75/0.5 mma

Reconstruction phases 65% of RR-interval (entire scanning range), 0-90% of RR-interval (10 phases) of ascend-
ing aorta and heart (depending on the pathology)

Scan time ~20-25 s

Contrast medium High-concentration (≥350 mg I/ml)

Injection parameters 5 ml/s injection for duration of scan + 8 s Biphasic injection, body-weight-based 
(typically, 140 ml) (see below)

Scanning delay Minimum delay (automated bolus triggering, 
region of interest in ascending aorta)

a If performed as a coronary CTA at the same time, the same premedication and thin-section thickness can be used with 64-channel systems

Table 2. Scanning and injection parameters for retrospectively EKG-gated CTA of the thorax with non-gated CTA of the abdomen and
pelvis. All other acquisition and reconstruction parameters are as in Table 1

Scanning range Above the aortic arch to the diaphragm (gated chest portion, and from the diaphragm to the lesser trochanter
(non-gated portion)

Scan time Total scan time: ~20 s (gated chest) + 5 s interscan-delay + ~10 s (abdomen)

Contrast medium Biphasic, body-weight-adjusted injection protocol

Injection parameters Phase I (5s) Phase II (total scan time of 5 s)
injection rate (volume): injection rate:

<55 kg 4.0 ml/s (20 ml) 3.2 ml/s (×scan time-5s)

<65 kg 4.5 ml/s (23 ml) 3.6 ml/s (×scan time-5s)

Average ~75 kg 5.0 ml/s (25 ml) 4.0 ml/s (×scan time-5s)

>85 kg 5.5 ml/s (28 ml) 4.4 ml/s (×scan time-5s)

>95 kg 6.0 ml/s (30 ml) 4.8 ml/s (×scan time-5s)
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abnormalities and functional deformities of the valve
leaflets.

In addition to real-time interactive 2D, 3D and 4D
(cine 3D) viewing of the datasets during image interpre-
tation, it is important to also establish a consistent proto-

col of 2D, 3D, and 4D documentation for communicating
the findings to the physicians involved in the patient’s
care. A typical set of images and movie clips of the tho-
racic aorta and the aortic root in a patient before surgical
repair of a thoracic aortic aneurysm is provided in Fig. 1.
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Fig. 1a-f. Visualization of the thoracic aorta and the aortic root. Preoperative ECG-gated computed tomography angiography (CTA) of the
chest in a 73-year-old woman with thoracic aortic aneurysm (64-channel CT, 0.75-mm section thickness, premedication with oral beta-block-
er and sublingual nitroglycerine). (a) Volume-rendered view shows the ascending aortic aneurysm and generous aortic root. Measurements
were obtained in oblique coronal and LAO views centered at the aortic valve (b, c) Green Anulus, blue sinuses of Valsalva, yellow sino-
tubular junction, light blue mid ascending aorta (b, c). Normal coronary anatomy is shown in (d). The aortic valve is visualized ‘from above’
using MinIP (e) and volume-rendered (f) images and movie clips. Note the small central valvular coaptation defect in (f), consistent with
mild aortic regurgitation. Coronary arteries and/or sinuses of Valsalva are annotated as left (L), right (R), or non-coronary (NC)

a b

c

d e f
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An overview of commonly used rendering parameters
employed at our institution is provided in Table 3.

Basic 2D multiplanar reformations (MPR) are com-
monly viewed in sagittal, coronal, or arbitrarily oblique
cross-sections to make an initial diagnosis. We use 3D
volume rendering (VR), maximum intensity projections
(MIPs), and minimum intensity projections (MinIPs) to
further interrogate the data. Typically, a slab of variable
thickness is navigated through the dataset interactively,
quite similar to the way a patient’s body would be interro-
gated with an ultrasound probe. Familiarity with the prin-
ciples of VR and a basic understanding of opacity trans-
fer function settings is helpful to adjust parameters. For
example, rendering the vessel lumen transparent (in order
to visualize the aortic valve) usually requires adjusting the
parameters to the degree of vessel opacification and im-
age noise. This is straightforward with an intuitive user in-
terface and preset templates. Thin (1-4 mm) MinIP slabs
are ideally suited for visualizing low-attenuation struc-
tures (valve leaflets, tendinous chords) within high-atten-
uation surroundings (contrast-medium-opacified blood).
Increasing the MinIP slab thickness makes very thin
valves more visible in a noisy environment, but at the
same time increases the thickness of the leaflets.
Routinely inverting the gray scale of MinIP (Fig. 1e) im-
ages clearly identifies them as such, and thus distinguish-
es MinIPs from MIPs. MinIPs should not be used to vi-
sualize calcified valves.

The selection of rendering techniques, thickness, and
orientation of the interrogating slab depends on the

122

pathology at hand. In the acute setting, axial images alone
are usually sufficient to make the diagnosis. Two-dimen-
sional MPRs and 3D (or 4D) views are only generated if
necessary to convey a particularly relevant finding, such
as the location of an intimal tear relative to the supra-arch
vessels before stent grafting. On the other end of the
spectrum are elaborate, fairly standardized images, movie
clips and measurements before surgical aortic-root re-
construction.

Surgical Anatomy of the Thoracic Aorta

The thoracic aorta begins at the ventriculo-aortic junction
(often, but not semantically correctly referred to as the
aortic anulus) and extends to the level of diaphragmatic
hiatus, where it becomes the abdominal aorta. Diseases of
the thoracic aorta - notably aortic dissection - commonly
extend into the abdominal aorta and its branches.
Therefore, imaging of the thoracic aorta requires that the
chest, abdomen, and pelvic vasculature are imaged in their
entirety. From a surgical perspective, the thoracic aorta is
divided into four anatomic segments (Fig. 2): the aortic
root, the ascending aorta (tubular portion), the transverse
aorta (aortic arch), and the descending thoracic aorta.
– The aortic root consists of the aortic anulus, the sinus-

es of Valsalva, and the sinotubular junction (or ridge).
The aortic anulus (Latin: small ring) at the site where
the cusp hinges insert is not a planar anatomic structure
since the ventriculo-arterial junction is not ring; rather,
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Table 3. Post-processing techniques and parameters for preoperative visualization of the thoracic aorta

Rendering technique and parameters Views/images

Chest wall, 3D VR, full-volume or slab; adjust transfer function to In patients with scoliosis and pectus excavatum 
visualize bony and cartilaginous portions of the ribs (Marfan’s), and in all re-do procedures, to show

position of heart and vessels, notably the right
coronary artery, relative to the sternum

Aorta, 3D overviewa VR, 5- to 8-cm thick slab, CTA-transfer function ‘Candy cane’ view; usually a LAO projection; 
(opaque vessels) shows which segments are involved as well as the

position and orientation of the aorta in the chest

Aorta, diameters Thin-slab MIPs (5 mm) Thin-slab MIPs are obtained in LAO view; 
Ascending more than one image is required in very tortuous 
Transverse aortas. ‘True’ diameters should be obtained from 
Descending aorta MPR images oriented normal to the vessel axis 

MPR orthogonal if needed (e.g., stent-grafting)

Aortic root, 3D and 4Db VR, 2- to 4-cm slab, transfer function adjusted to View directed at the valve from above (‘anesthe-
render vessel lumen transparent; adjustments needed siologist perspective’). Provides ‘inside’ view of 
to display calcifications as well the ‘hollow’ sinuses, coronary origins, and aortic

Thin-slab MinIP (1-3 mm); inverted gray-scale valve
Or thin slab MIP (1-3 mm) if calcified Capture systolic and diastolic views, as well as a

cine-loop movie clips of aortic valve

Aortic-root, measurementsc MPRs or thin MIPs Oblique coronal and LAO (~3-chamber) views, 
Anulus with plane through center of valve, orthonormal 
Sinuses of Valsalva measurements (e.g., at sinuses of Valsalva level)
Sinotubular junction

VR, Volume rendering; MIP, maximum intensity projection; MinIP, minimum intensity projection; MPR, multiplanar reformation
a See Fig. 1a
b See Fig .1d-f
c See Fig. 1b, c
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it is a complex ‘coronet’ or crown-shaped three-dimen-
sional structure. In between the three commissures are
the subanular ‘inter-leaflet triangles’, one of which is
the membranous septum. The normal anulus measures
27 mm in diameter or less, and is usually oval. The
three sinuses of Valsalva (left, right, and non-coronary)
contain the aortic valve with its three cusps. The left
and right sinus of Valsalva give rise to the left and right
coronary arteries, respectively. The highest points of
the valve commissures/leaflet insertions are located at
the level of the sinotubular junction, which is also the
landmark separating the aortic root from the tubular
portion of the ascending aorta.

– The ascending aorta refers to the aortic segments
above the sinotubular ridge and proximal to the bra-
chiocephalic artery.

– The transverse aorta or aortic arch is the segment con-
taining the three supra-aortic branches; it begins prox-
imal to the brachiocephalic artery and ends distal to
the subclavian artery.

– The descending thoracic aorta begins distal to the left
subclavian artery. The proximal portion of the de-
scending aorta can be quite elongated, higher within
the chest than the transverse aorta, and (misleadingly)
assume the shape of an arch. Another anatomic feature
of the normal descending thoracic aorta is a mild nar-
rowing distal to the subclavian artery, the so called
aortic neck or isthmus, and a smooth dilatation in the
adjacent more distal portion of the aorta, anatomically
referred to as the aortic spindle, but better known as
the ‘ductus bump.’ The latter should not be confused
with an aneurysm or a traumatic aortic transection.
The diameter of the normal thoracic aorta encompass-

es quite a wide, poorly defined range, and depends on the
anatomic segment as well as the subject’s age, sex, and
body size [3]. In general, the aorta is larger proximally
than distally. Men have larger aortic diameters than
women. Aortic diameters increase throughout adult life
with normal aging.

Aortic-Root Diseases

When the diameter of the aortic anulus exceeds 27 mm
and the sinuses of Valsalva (SOV) are enlarged, the term
‘anuloaortic ectasia’ is used. For practical and imaging
purposes, it is also sufficient to define a thoracic aortic
aneurysm using a single diameter as a threshold. We use
the term ‘aneurysm’ for any aortic segment (SOVs, sino-
tubular junction, ascending, transverse, and descending
thoracic aorta) with a diameter >4 cm. The terms
(mild/moderate) dilatation or ectasia are used for appar-
ently wider segments that are ≤4 cm in diameter. Some
patients, typically the elderly with long-standing hyper-
tension, have diffuse aortic ectasia, in which the entire
thoracic and abdominal aorta is moderately dilated.

Morphologically, thoracic aortic aneurysms can be de-
scribed as saccular, fusiform, or diffuse. The most im-
portant descriptors, however, are the maximum diameter
and the anatomic extent relative to the above-mentioned
segments. An aortic-root aneurysm, ascending aneurysm,
arch aneurysm, descending aneurysm, or any combina-
tion thereof each has its respective surgical implications.

The maximum diameter of a thoracic aortic aneurysm
is an important predictor for the risk of dissection or rup-
ture. In asymptomatic patients with Marfan syndrome or
other congenital aortic diseases, surgical repair is indi-
cated when the maximum aneurysm diameter reaches 5
cm (2.75 cm/m2 body surface area) [4]. In patients with
degenerative or atherosclerotic aneurysms, surgical repair
is usually indicated when the maximum aneurysm diam-
eter reaches 6-7 cm. Most thoracic aortic surgical au-
thorities today use a ‘2×’ rule, in which the diameter of a
contiguous normal aortic segment is the denominator and
the maximal aortic size is the numerator. If this ratio ex-
ceeds 2, surgical (or stent-graft) consideration is war-
ranted as the risks of operation usually are less than the
risk of aortic catastrophe within the next year. The ratio
normalizes the dilated segment to the patient’s normal
aortic size and is valid in petite women as well as large
men. In patients with Marfan syndrome and a positive
family history of aortic catastrophe who are treated in
centers with a documented clinical track record of suc-
cessful valve-sparing aortic-root replacement and an op-
erative mortality risk <1%, prophylactic operation is in-
dicated when the aortic root is even smaller than the 2×
the size of the normal distal ascending aorta, e.g., as
small as 3.5-4 cm [5]. Other methods include normaliz-
ing aortic size to BSA or using the area of the maximal-
ly dilated segment (cm2) divided by the patient’s height
(in meters) (if >10 cm2/m, then operation should be con-
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Fig. 2. Schematic view of the surgical anatomy of the thoracic aor-
ta and the aortic root. SOV sinuses of Valsalva, STJ sinotubular
junction, arrow aortic isthmus, triangle ‘ductus bump’

119_130_Fleischmann_COL  1-03-2007  15:05  Pagina 123



sidered). The indication for elective surgical repair of aor-
tic-root aneurysms is usually determined by the presence
and degree of aortic-valve incompetence due to stretch-
ing and subsequent non-coaptation of the valve cusps [6].
It should also be noted that the term ‘sinus of Valsalva
aneurysm’ applies to aneurysms of a single sinus, rather
than a dilatation of all sinuses (which should be described
as root aneurysm) [7].

The etiology of aortic-root aneurysms is dominated by
congenital, often inherited disorders and syndromes. The
great majority of patients undergoing aortic-root replace-
ment have either Marfan syndrome or bicuspid aortic
valve (BAV) associated aneurysms. Other, less common
heritable disorders are Ehlers Danlos (type IV) syn-
drome, and familial aortic aneurysm and dissection.
While genetically diverse, all of these disorders result in
strikingly similar pathologic features, traditionally (al-
though misleadingly) referred to as ‘cystic medial necro-
sis’; that is, elastolysis (degeneration and fragmentation
of elastic fibers and collagen), mucoid degeneration (ac-
cumulation of basophilic ground substance in cell-de-
pleted layer of the vessel wall; no cysts), smooth-muscle-
cell loss and dedifferentiation (no necrosis). Similar de-
generative changes can also be seen in normal aging and
in patients with severe hypertension.

The aortic root can also be involved in degenerative
atherosclerotic aneurysms of the ascending aorta. Other
than in typical Marfanoid aortic-root aneurysms, in
which the sinotubular junction is effaced resulting in the
typical pear-shaped proximal aorta, the waist at the sino-
tubular junction is usually preserved in degenerative
aneurysms of the ascending aorta. Involvement and di-
latation of the sinotubular junction can nevertheless result
in reduced cusp coaptation and aortic-valve incompe-
tence (Fig. 1F). Other causes of aortic-root and ascend-
ing-aortic disease include infectious and inflammatory
conditions, such as syphilis and giant cell (Takayasu) ar-
teritis. Aortic dissection is discussed below.

Sinus of Valsalva aneurysms are also thought to be con-
genital in origin, caused by a developmental defect. This is
supported by the frequent association with ventricular sep-
tal defects (30-60%), bicuspid aortic valve (~10%), and
other congenital abnormalities. SOV aneurysms most
commonly originate from the right sinus (65-85%), less
commonly from the non-coronary sinus (10-30%), and
rarely from the left sinus (<5%).

Marfan Syndrome

The incidence of Marfan syndrome is 1:3,000-1:5,000.
This genetic disease can be inherited (autosomal domi-
nant with variable penetrance) or occure as a spontaneous
mutation of the fibrillin-1 gene [8]. The cardiovascular
system (aortic aneurysm and dissection, mitral-valve pro-
lapse), eye (ectopia lentis), and musculoskeletal system
(dolichostemomelia, arachnodactyly, scoliosis, pectus de-
formity) are affected. Diagnosis is based on clinical cri-
teria (Ghent nosology). Progressive aortic root dilatation
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leads to aneurysm and dissection, which are the leading
causes of morbidity and mortality. Thoracic aortic dis-
section occurs in 40% of patients. Prophylactic aortic-
root and ascending-aortic repair is indicated when the
aortic diameter approaches 5 cm. Valve-sparing aortic-
root replacement represents a reasonable alternative to
composite valve-graft repair. Survival is excellent and
complications are rare with either technique, but the
long-term durability of valve-sparing aortic-root replace-
ment has yet not been established (Fig. 3).

Bicuspid Aortic-Valve Disease

The incidence of bicuspid aortic-valve disease is very
high, approximately 1:100 (4 million affected individuals
in the USA). It has a 4:1 male predominance and familial
aggregation. The disease is associated with coarctation of
the aorta, patent ductus arteriosus, and coronary artery
anomalies. While the most common fate is calcific aortic
stenosis (85%), aortic-root enlargement, irrespective of al-
tered hemodynamics, is highly prevalent (approx. 50%).
Root enlargement is considered a precursor to aneurysm
and dissection, and regular surveillance (echocardiogra-
phy) is indicated [9]. Thoracic aortic dissection occurs in
5% of patients. Aneurysms involve the root as well as the
ascending aorta, and typically extend into the (proximal)
aortic arch (Fig. 4). Elective surgical repair is indicated
when the aortic diameter approaches 5 cm, or when valvu-
lar complications occur. Valve-sparing aortic-root replace-
ment is a reasonable alternative in patients whose valves
are well-functioning.

Pre- and Postoperative CT Angiography of the Aortic Root

A basic understanding of surgical treatment options and
techniques is helpful for diagnostic image interpretation,
treatment planning, and particularly for post-operative
follow-up. A detailed discussion of surgical techniques
for treating aortic root and thoracic aortic diseases is be-
yond the scope of this article and can be found elsewhere
[10]. Surgical access to the thoracic aorta is either from
a median sternotomy (for the aortic root, ascending, and
transverse aorta), or from a left lateral thoracotomy (arch
and descending thoracic aorta). While a single tube-graft
often suffices to replace the tubular portion of the as-
cending aorta, replacement or reconstruction of the aor-
tic root is significantly more complex since the aortic
valve and the coronary arteries have to be addressed.
Several dedicated procedures using various graft/tissue
materials have been derived over the years, i.e., compos-
ite valve graft and variants, valve-sparing procedures, ho-
mograft, pulmonary autograft (Ross procedure), stentless
and bioprosthetic porcine root. Aortic-root replacement
commonly requires the simultaneous replacement of
parts or the entire ascending aorta, and may require par-
tial (hemiarch) or complete replacement of the transverse
aorta. Surgical replacement of the aortic arch is particu-
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larly challenging since reconstruction of the arch branch-
es mandates hypothermic circulatory arrest and antegrade
cerebral perfusion to protect the brain.

Aortic Root Replacement: Valve Sparing and Composite 
Valve Graft

Historically, the traditional surgical method of aortic-root
replacement consists of a single graft that contains a me-
chanical valve - the so-called composite valve graft
(CVG) [11]. In this procedure, the coronary artery ostia
are reimplanted.

One increasingly popular alternative to CVG that
avoids anticoagulation is valve-sparing aortic-root re-
placement. The basic idea is to replace the walls of the
aortic root, while preserving the patient’s own valve.
Again, the coronary ostia need to be reimplanted. The var-
ious techniques of valve-sparing aortic-root replacement
can be categorized into two broad groups [12]: (1) the
Yacoub remodeling procedure, in which a scalloped graft
is sewed to the residual portions of sinus tissue [13], and
(2) the Tirone David reimplantation procedure, in which
the proximal graft anastomosis is anchored at the ven-
triculo-aortic junction below the level of the cusps, and
the valve commissures are then sewn inside the graft [14].

At our institution, a variant of the Tirone David [14]
reimplantation technique (T. David-V, Stanford modifica-
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Fig. 3a-f. Valve-sparing aortic-root replace-
ment in a patient with Marfan syndrome. Pre-
operative volume-rendered image (a) of the
thoracic aorta in a 27-year-old man with
Marfan syndrome shows aneurysmal dilata-
tion predominantly of the aortic root.
Transparent-blood rendering (b) and a view
‘from above the valve’ (anesthesiologists per-
spective) (c) illustrate remarkable dilatation of
the sinuses of Valsalva. Intraoperative pho-
tographs demonstrate (d) the flaccid aortic
valve and the residual sinus tissue surround-
ing the valve commissures after resection of
the sinuses of Valsalva. Note the sutures
through the ventriculo-aortic junction, which
is used to anchor the graft. The excised right
coronary button (R) with the right coronary
artery ostium is seen. (e) The aortic valve is
seen resuspended within the proximal graft,
which is anchored to the ventriculo-aortic
junction (not shown). (f) An anterior view of
the completed reconstruction of the aortic root
with its neo-sinuses and the reimplanted right
coronary artery (R), and the second tube graft
replacing the tubular portion of the ascending
aorta. Sinuses of Valsalva are annotated as left
(L), right (R), or non-coronary (NC)

a b c

d e f

Fig. 4a-c. Bicuspid aortic valve (BAV) disease. Volume-rendered di-
astolic (a) and systolic (b) images of the aortic root (transparent
blood) in a 53-year-old woman show three sinuses of Valsalva (R
right, L left, NC non-coronary) but two leaflets. In diastole (a), a
raphé is seen between the right and non-coronary portions of the
closed valve. In systole (b), however, the right and the non-coro-
nary valve tissue are clearly fused (R+NC) to form a common
valve leaflet. Note the typical shape of BAV-associated aneurysms,
which involve the root, have their maximum diameters in the as-
cending aorta, and extend into the aortic arch. Compare with the
normal descending aorta

a

b

c
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tion) using two separate grafts has been the preferred ap-
proach since December 2002 [12]. The modified tech-
nique gives the surgeon unlimited flexibility to individu-
alize the dimensions and 3D geometry of the root recon-
struction according to the patient’s specific pathoanatomy
and creates ‘neo-sinuses’ in the vascular graft that mim-
ic SOVs (Fig. 3).

Preoperative imaging and visualization with accurate
measurements of the aortic anular and sinotubular junc-
tion diameter and cusp height help the surgeon to con-
ceptualize the size of the graft, which is ‘necked-down’
(plicated) proximally to create the necessary anular size.
Imaging also facilitates the determination of the appro-
priate diameter and height of the graft neo-sinuses and
the size of the second graft above the neo-sinotubular
junction.

Preoperative CT Angiography Image Evaluation

Image interpretation always includes a complete evalua-
tion of the thorax by reviewing the transverse source im-
ages. The specific information sought in preoperative
ECG-gated CTA of the thoracic aorta is listed below, and
should be included in the radiological report. This infor-
mation is supplemented by the respective 2D images, 3D
images, and video clips (Table 3, Fig. 1):
– Type and size of aneurysm: Anatomic extent (e.g. aor-

tic root aneurysm ± anuloaortic ectasia; ± involvement
of ascending aorta; ± tapering into arch).

– Measurements: Diameters of anulus, SOVs, sinotubular
junction, ascending, transverse and descending aorta.

– Aortic valve: Normal or abnormal; tricuspid vs. bicus-
pid. If bicuspid, describe morphology (one or two si-
nuses of Valsalva; which cusps are fused ± raphé);
leaflet thickness, normal/abnormal motion (pliable or
limited motion due to stretching of cusp edges), steno-
sis or incompetence [often caused by stretching of
valve (central coaptation defect), or by valve prolapse
(asymmetric coaptation defect)].

– Coronary-artery anatomy (and pathology): normal or
abnormal coronary-artery anatomy. Note: variants can
add significant complexity to surgery. Image-quality
permitting (64-channel CT with modified coronary
protocol), the presence/absence of coronary artery
stenoses should be reported.
Other surgically relevant findings, such as the loca-

tion/angle of the sternum relative to the mediastinal
structures in patients with scoliosis or pectus excavatum,
should also be included in the report. Attention should be
given to postoperative changes from prior procedures
(e.g., course of existing CABG grafts), if present.

Postoperative CT Angiography Image Evaluation

The first postoperative (pre-discharge) CT after aortic-
root replacement is routinely obtained with retrospective
ECG gating, in order to detect any early postoperative
complications. Knowledge of the specific surgical proce-
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dure is often required to unambiguously interpret postop-
erative findings. Non-enhanced images are essential to
identify graft material and may be the only clue as to
what procedure was done when the (sometimes remote)
surgical history is obscure. Post-operative image inter-
pretation specifically attempts to:
– Identify grafts: On non-enhanced images, surgical

grafts are slightly hyperdense. Also look for felt strips
(reinforced anastomoses), felt pledgets (reinforced su-
tures), and BioGlue (after dissection repair), which
should not be confused with small anastomotic leaks
(on contrast-enhanced images).

– Detect potential pitfalls: Graft folds (at graft angles, or
when the graft is plicated) or a so-called elephant
trunk (free ending graft dangling in the descending
aorta with its proximal anastomosis often in the region
of the aortic neck and without a distal anastomosis)
can simulate redissections. Tied-off graft cannulation
sites, graft stumps (e.g., to the right axillary artery) or
graft limbs (arch), which are used in cardiopulmonary
bypass or cerebral perfusion (right axillary artery), can
mimic small leaks or pseudoaneurysms. Unusual
grafts (e.g., Cabrol aorto-coronary interposition graft)
as well as unusual and ‘historic’ procedures (e.g.,
wrapping of the aortic wall around the graft, as in the
original Bentall procedure) can be very difficult to in-
terpret without the surgical history.

– Search for leaks and pseudoaneurysms: Proximal, dis-
tal, and graft to graft anastomoses, as well as coronary
buttons should be evaluated. Small leaks (peri- supra-
or infravalvular) may not be visible in all phases of the
cardiac cycle! Review systolic and diastolic views!
Pseudoaneurysms can also occur at arterial or cardiac
cannulation sites.

– Rule out postoperative hematoma: Small amounts of
retrosternal, pericardial, or periaortic fluid and strand-
ing in the mediastinal fat are normal early postopera-
tive findings. Consider adding a delayed phase (non-
gated) CT acquisition to rule out small extravasations.

– Exclude infection: Graft infections and sternum os-
teomyelitis are rare but difficult to treat late complica-
tions. Imaging findings range from extensive abscess-
like fluid collections with rim enhancement and con-
tained ruptures, to small amounts of perigraft fluid col-
lections. Minimal soft-tissue density abnormalities
may harbor infected and necrotic tissue and further
imaging (white cell scan) should be recommended in
the proper clinical setting.

Acute Aortic Dissection Variants

Imaging plays a central role in the diagnostic evaluation
and management of patients with acute conditions of the
aorta - the so-called acute aortic syndromes (Table 4).
Modern multidetector-row CT technology has become
increasingly available in the 24/7 emergency setting,
with sensitivity and specificity both approaching 100%
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for the detection of acute aortic disorders, and with the
ability to detect alternative findings [15]. With the ad-
vent and increasing use of endovascular stent-grafting
[16, 17], CT has also assumed a critical role in treat-
ment planning. Stent-grafting requires not only accurate
3D measurements and localization of the intimomedial
flap, but also a clear depiction of the site of the intimal
tear as the primary treatment target. Covering the culprit
intimal tear in the descending aorta may be a viable
treatment strategy even in patients with (retrograde)
type A dissection.

We have found retrospective ECG-gating of the tho-
racic aorta to be very helpful in the characterization of
aortic dissections, and we use this technique routinely in
patients presenting with acute aortic syndromes. Near-
motion-free images allow identification of the site of
the intimal tear, the location of the intimomedial flap,
and its motion, which can be delineated even when ex-
tending into the aortic root and coronary arteries.
Another consequence of using increasingly powerful CT
equipment in the evaluation of acute aortic diseases is
the ability to see more subtle abnormalities and variants
of aortic dissections, and their evolution over time,
which may ultimately expand our understanding of
these disorders.

Classic Aortic Dissection and Intramural Hematoma

Aortic dissection is an uncommon yet potentially cata-
strophic clinical event. The incidence has been estimat-
ed at 5-30/million/year (vs. 4,400/million/year for
acute myocardial infarction in the USA). Acute aortic
dissection is the most common acute aortic condition
requiring urgent surgery. While the initiating event
leading to aortic dissection is unknown, the common
feature in most patients is a structural abnormality of
the aortic media. Degeneration of the elastic fibers and
smooth muscle cells of the aortic media is seen in pa-
tients with Marfan syndrome (and other heritable dis-
orders leading to aortic aneurysms and dissections; see
above) and in patients with hypertension. Intimal dis-
ease (atherosclerosis) is not a prerequisite for aortic
dissections.

Classic aortic dissection is characterized by the pres-
ence of an entry tear in the intima and a clear separation
between layers of the aortic media, resulting in two sep-
arate flow channels, i.e., the true lumen, and the false

lumen (a channel entirely within the media) (Fig. 5).
The relative flow of blood and the shape of the true and
false lumens are highly variable and probably depend on
the size of the entry tear, the degree of media degener-
ation, the presence, location, number, and size of re-en-
try tears (where false-lumen blood flow reenters or
communicates with the true lumen). Neither the size of
the channels nor the orientation and degree of arterial
enhancement necessarily allow identification of the true
and false lumen, respectively. However, modern CT
technology provides reliable identification of the flow
channels by analyzing the entire aorta and tracing the
respective lumens. This is particularly important when
ischemic complications occur (cerebral, renal, mesen-
teric, or lower limb).

Involvement of the ascending aorta in acute dissection
is a surgical emergency owing to its high mortality if left
untreated. Fluid seeping through the diseased wall can
lead to pericardial tamponade. Ascending dissections can
extend into the SOVs and into the coronary artery ostia,
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Table 4. Acute aortic syndromes

Dissection and variants
Classic dissection
Intramural hematoma
Limited intimal tear

Penetrating atherosclerotic ulcer
Intramural hematoma
Pseudoaneurysm/contained rupture

Rupturing aortic aneurysm

Fig. 5a-d. Aortic dissection variants. (a) The layers of the normal
aortic wall consist of the intima, the media, and the adventitia.
Most of the substance of the aortic wall is media (gray). Neither
the intima nor the adventitia (black inner and outer contours of the
aortic wall) is visible on CT. All dissection variants have an ab-
normal media in common, historically referred to as ‘cystic media
necrosis’ (see text for details). Classic aortic dissection (b) occurs
within the outer third of the medial layer, resulting in two channels
of blood flow. Note that the tissue separating the true and false lu-
men is mostly media tissue, and correctly should be termed the in-
timomedial flap (in lieu of intimal flap). (c) When the separation
plane within the media is filled with stationary blood, instead of
flowing blood, this is an intramural hematoma (IMH). A limited in-
timal tear (d) is a partial-thickness tear (arrowheads) through the
intima and inner portion of the media, thus exposing the residual
media/adventitia, which tends to bulge out (small arrows) relative
to the remainder of the aortic circumference
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causing valve incompetence, myocardial ischemia, and
leading to frank rupture.

There is considerable overlap between intramural
hematoma (IMH) and aortic dissection, in terms of un-
derlying media degeneration, patient population, and risk
of rupture. IMH is considered a variant of classic dissec-
tion, where the above mentioned layer within the aortic
media is not filled with flowing, but with stationary
blood (Figure 5). Presenting features are similar, pro-
gression to dissection may occur, and treatment consid-
erations are similar to classic dissection [18].

Limited Intimal Tear (Limited Dissection)

So-called isolated or limited intimal tears are probably
the least common and less well-known intimomedial le-
sions of the aorta. The true prevalence and spectrum of
these lesions is unknown but, if specifically searched for,
may be up to 5% of patients undergoing acute ascending
aortic repair [1]. The clinical implications are identical to
those of other acute aortic syndromes, and surgical repair
is indicated in these cases, which usually affect the as-
cending aorta. Chronic limited tears have also been de-
scribed, notably in patients with Marfan syndrome.

Owing to their morphology, these lesions are particu-
larly difficult to detect on imaging studies. In fact, the
nine patients described in Sevensson’s original descrip-
tion were all diagnosed intraoperatively despite multiple
preoperative noninvasive and invasive studies [1].

128

Pathologically these lesions represent partial-thick-
ness linear or stellate tears through the intima and un-
derlying superficial media, exposing the deeper media
and adventitia [1]. The edges of the tear may show lim-
ited undermining but, oddly enough, this does not result
in a more extensive separation between the torn and in-
tact layers of the aortic wall, as one might expect.
Intramural blood has not been described as a typical fea-
ture of this lesion, but we have observed both a tiny in-
timal flap and a small intramural hematoma at the two
ends of a longitudinal tear in a patient imaged with
ECG-gated CTA (Fig. 6). The edges of the tear are sep-
arated from each other, probably due to stretching of the
residual aortic wall (consisting of remaining intact me-
dia and adventitia) or some elastic recoil of the torn lay-
er, resulting in an eccentric bulge of the aorta. An ec-
centric bulge may be the only imaging sign of this sig-
nificant lesion, and these lesions have been under-diag-
nosed with all imaging modalities (US, CT, MR). It is
not clear what determines whether a classic dissection
with a septum, intramural hematoma, or limited intimal
tear occurs.

While it is reasonable to assume that the sensitivity of
ECG-gated CTA will improve the detection of these sub-
tle ascending aortic lesions, this has not been established.
The main implication for the radiologist is therefore to be
aware of the fact that these subtle lesions indeed exist and
should be searched for with the appropriate technique
and in the right clinical setting.

D. Fleischmann, D.C. Miller

Fig. 6a-d. Limited intimal tear of the ascending aorta. Non-enhanced CT image (a) and ECG-gated axial CTA images (b, c) show a small
intramural hematoma at the level of the proximal aortic arch (arrow in a). Note the displaced small calcification, indicating the location
of the intima. In the proximal ascending aorta, a single image (b) demonstrates a small flap, consistent with an undermined edge of a lim-
ited intimal tear. Image (c), immediately superior to (b), shows the edges of the limited intimal tear (arrowheads) and the bulge of the ex-
posed residual aortic wall (small arrows). The full longitudinal extent of the lesion is shown in a thin-slab maximum intensity projection
image (d): The tear extends from the proximal ascending aorta to the proximal arch, with a length >6 cm
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Anatomic Classification of Aortic Dissection

We use the 1970 Stanford classification to describe the
type of dissection and the extent of the intimal (intimo-
medial) flap [19]. In addition, we specifically describe
the site of the primary intimal tear (PIT), as advocated by
Griepp’s Mt. Sinai cardiovascular surgical group [20],
which was not included in the original Stanford classifi-
cation scheme. The definition of a Stanford type A dis-
section is based on the presence of a dissection flap in the
ascending aorta, whereas a Stanford type B dissection -
irrespective of the location of the PIT [ascending, arch,
descending (retro-A dissection), or abdominal aorta] - is
defined by the absence of a dissection flap in the as-
cending aorta. Note that the definition of type A vs. type
B is thus exclusively based on the involvement or not of
the ascending aorta. This is clinically meaningful because
it predicts the expected biological behavior of the process
if untreated, and therefore dictates management; for ex-
ample, ascending aortic involvement (acute type A dis-
section) mandates emergency surgical repair. While most
type B dissections commonly involve the descending aor-
ta distal to the subclavian artery and frequently the ab-
dominal aorta, this is not how type B dissections are
strictly defined (despite the notorious propagation of mis-
interpretation in the literature). Type B dissections also
include those that involve the transverse aorta (aortic
arch) due either to the PIT being located in the arch or to
retrograde propagation of the false lumen back up into
the arch. Regardless of arch involvement, most patients
with acute type B dissections are treated conservatively
unless complications, such as rupture, leak, distal body
malperfusion due to true lumen collapse, rapid false lu-
men expansion, refractory pain, malignant hypertension,
or branch-vessel ischemia, require urgent surgical or
stent-graft intervention. The terms type A and type B are
also used to describe the location of aortic intramural
hematoma (IMH). More detailed anatomic descriptions
of the location of IMH have recently been proposed in the
literature [18].

Penetrating Atherosclerotic Ulcer

Penetrating atherosclerotic ulcers (PAUs) are a rather dis-
tinct entity within the acute aortic syndromes.
Pathologically, these lesions are defined as ulcers of the
inner lining of the aorta (usually, a thickened intima with
chronic atherosclerotic change) that penetrate through the
internal elastic lamina into the aortic media, which may
result in a local aortic-wall hematoma. Alternatively, the
ulcer may penetrate through the entire aortic wall and re-
sult in a (contained) rupture.

The radiologic diagnosis of a PAU is based on the
presence of an ulcer-like aortic-wall lesion (the internal
elastic lamina is not visible on imaging studies) that typ-
ically protrudes beyond the aortic circumference and is
associated with a local intramural hematoma or signs of
rupture. Clinical correlation is important, since ulcer-like

lesions can be an incidental finding in asymptomatic pa-
tients, representing either an ulcerated plaque (not pene-
trating into the media) or a chronic, healed (reendothe-
lialized) ulcer. There is a continuum between the latter le-
sions and atherosclerotic aneurysms.

Penetrating aortic ulcers can be considered a conse-
quence of a diseased intima (i.e., atherosclerosis), in con-
tradistinction to aortic dissection and its variants. In these
latter entities, intimal disease is not a prerequisite, but de-
generative changes of the elastic fibers and smooth muscle
cells of the aortic media are the rule. This is also in keep-
ing with the observation that in older patients with signif-
icant atherosclerotic plaques PAUs tend to occur in the de-
scending thoracic aorta. More than one PAU is not un-
common in a given patient. The fact that both PAUs and
the dissection-complex can result in the accumulation of
blood in the aortic wall as an intramural hematoma may be
considered a mere coincidence. The IMH seen in patients
with PAUs are usually more focal than those seen in pa-
tients with IMH alone. If ‘intimal flaps’ are seen in patients
with PAUs, these may be regarded as deep overhanging
edges of an ulcer rather than true dissections. Nonetheless,
some morphologic overlap and ambiguity on imaging
studies does occur. The therapeutic consequences in the
appropriate clinical setting are the same for any morphol-
ogy, independent of the semantics.

CT Angiography Image Evaluation in Acute Aortic
Syndromes

The diagnostic evaluation of patients with acute aortic
syndromes is based on a thorough review of the trans-
verse source images. Simple 2D reformations can be very
helpful in the assessment of aortic dissections. ECG gat-
ing substantially improves the quality of images of the
aortic root and ascending thoracic aorta. Three- and 4-di-
mensional visualization is helpful for treatment planning.
The specific information sought in patients with acute
aortic syndromes should comprise:
– Lesion characterization: Dissection and its variants vs.

PAU. The presence of intramural hematoma and flow
channels should be determined on non-enhanced im-
ages.

– Anatomic extent: The extent of the intimo-medial flap
(Stanford Type A vs. Type B) the site of intimal tear
should be described.

– True vs. false lumen and side-branch involvement: The
entire aorta should be scrutinized in order to identify
true and false lumens, notably in the presence of side-
branch ischemia.

– Complications: Pericardial fluid and signs of rupture,
e.g., periaortic hematoma and hemothorax should be
noted. Mild periaortic stranding should be mentioned
if present, but is not a definite sign of rupture in sta-
ble/asymptomatic patients. Signs of organ (kidneys,
bowel) malperfusion should also be looked for.
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– Stent-graft planning: Measurements of aortic diame-
ters, distance of the intimal flap and tear from the sub-
clavian and left carotid artery origins should be mea-
sured. Femoral and pelvic vessel size and tortuosity
should be assessed for stent-graft planning.
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Thoracic vascular imaging is moving away from catheter
angiography towards non-invasive techniques, and in par-
ticular computed tomography angiography (CTA). The
three-dimensional imaging capabilities of CT and its ease
of use have been the main reason for this change.
However, 3D imaging is not limited to the vascular sys-
tem; it also has useful but underused applications in rou-
tine chest CT, high-resolution CT (HRCT), or trauma
cases. This article will present the basic rules for data ac-
quisition for 3D imaging in chest CT and CTA, briefly
discuss the various techniques for exploring a 3D data
set, and finally focus on clinical applications that can im-
prove chest imaging in daily routine as well as in situa-
tions in which it is important to gain as much informa-
tion as possible about the three-dimensional extent of the
anatomy and pathology of interest.

Acquisition Technique

Optimal three-dimensional imaging requires a near
isotropic data acquisition. In CT, this is possible with
thin-section imaging, in which the in-plane and through
plane resolution are similar. In practice, this is synony-
mous with thin sections (ideally <1.25mm thickness).

Single-Slice CT

Isotropic imaging with single-slice CT is limited to very
short scan ranges (e.g., 6 cm for protocols with 1-mm
collimation, pitch 2, and a 30-s scan duration). It may be
used in the evaluation of focal bronchial abnormalities or
tumors, but in clinical practice it is seldom applied.

For the aorta, pulmonary artery, and bronchial system,
a scanning protocol with 3-mm collimation and a pitch
between 1.6 and 2 can be applied if the scan range is lim-
ited to only part of the chest (top of the diaphragms to 1
cm above the aortic arch). Despite a scan range of <20 cm,
the scan duration should be >30 s. This requires meticu-
lous patient instruction to avoid breathing artifacts.

For routine imaging, a 5-mm collimation with a pitch
around 1.7 is necessary to cover the whole chest within
one breath-holding period. Again, proper patient in-

struction is mandatory. However, this protocol will suf-
fer from substantial anisotropy (effective section thick-
ness 6-7mm) and will only suffice in the assessment of
gross abnormalities, e.g., of the aorta, or for general
anatomic orientation.

Reconstruction increments should ideally be half the
effective section thickness, i.e., 0.7-1 mm for the near-
isotropic protocol, 2 mm for evaluation of the central or-
gans, and 3-4 mm for the whole chest.

Multislice CT

Isotropic imaging of the whole chest is possible with all
multislice scanners (4-slice and more). At thin collima-
tion (1-1.25 mm), 4-slice scanners still require scan du-
rations between 20 and 30 s, which makes them vulnera-
ble to breathing artifacts towards the end of the scan. The
10- to 64-slice scanners require only 5-15s, even at sub-
millimeter collimation. However, since scans are now
much faster, breathing artifacts may occur towards the
beginning of the scan if the patient has not fully stopped
breathing when the scan is started. Still, in very dyspne-
ic or uncooperative patients, no breath-hold should be at-
tempted because artifacts will be major if patients con-
tinue breathing after a failed breath-holding maneuver.
Instead, such patients should be asked to hyperventilate
before the scan (if possible) and then told to breathe shal-
lowly. Breathing artifacts with fast scanners will be mi-
nor, and 3D evaluation will still be possible.

In general, a collimation between 0.5 and 1.25 mm is
used with multislice scanners. The pitch factor should be
set around 1.5 for 4-slice units, around 1.25 for 10- to 16-
slice scanners, and around 0.9 for 32- to 64-slice scan-
ners. Cone-beam artifacts are reduced at lower pitch and
the increase in scan speed with more detector rows is
such that a minor reduction in pitch can be afforded.

As with single-slice CT, reconstruction increments
should theoretically be about half the effective section
thickness but they need not be smaller than the pixel
size in the scan plane. In practice, this pixel size be-
comes the determining factor for the choice of the re-
construction increment: at a field of view of between
250 and 350 mm, the pixel will vary between 0.5 and
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0.7 mm (512 matrix). For practical reasons, we set the
reconstruction increment to 0.7 mm for all but small or
pediatric patients.

The reconstructed section thickness can be chosen
(almost) arbitrarily with multislice scanners. However,
it has to be equal to or larger than the slice collimation.
If the chosen section thickness is identical to the colli-
mation, then the image noise will usually be substan-
tially higher - a situation that should be avoided for 3D
imaging. As a consequence images of between 0.8 and
1.0 mm thickness should be reconstructed for 10- to
64-slice scanners and images of 1.25- to 1.6-mm thick-
ness for 4-slice scanners. Since image noise will in-
crease substantially in the imaging of large patients,
even thicker sections (1.5-2.5 mm) and/or additional
smoothing filter kernels should be applied in such sit-
uations.

With 16- to 64-slice scanners, ECG-gating becomes an
option. This technique has been developed for imaging of
the heart but it can also be applied to 3D imaging of the
thoracic aorta, which otherwise will suffer from substan-
tial pulsation artifacts, especially in young patients or
those with high blood pressure, aortic valve disease, or
acute aortic dissections. Since the use of ECG gating will
increase the scan duration substantially, the slice colli-
mation will have to be increased with 16-slice units. With
64-slice scanners, ECG-gated imaging of the whole chest
can be achieved within 20-35 s.

Rendering Techniques

The most common techniques for exploring 3D data in
CT are multiplanar reformations (MPRs) and maximum
intensity projections (MIPs). Minimum intensity projec-
tions (MinIPs) or volume rendering techniques (VRTs)
are reserved for more specialized applications. During
the course various tips and tricks will be demonstrated for
optimizing these viewing techniques with respect to im-
age quality but also with respect to time-efficient use in
clinical practice.

Multiplanar Reformations

Multiplanar reformations (MPRs) are the basis for 3D
image evaluation with CT. They allow for interactive ex-
ploration of a CT data set similar to that obtained with ul-
trasound (but after data acquisition has been accom-
plished). MPRs should be standard for a large variety of
clinical imaging tasks.

One of the most important tasks of MPR is noise re-
duction: by increasing the MPR thickness, image noise
can be controlled without losing in-plane resolution. This
is usually the first step in the process of interactive analy-
sis of a 3D CT data set.

MPR can be used to display the craniocaudal extent
of disease, to improve anatomic delineation, for tu-
mors, the spine, aortic arch abnormalities (Fig. 1), the
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bronchial system, or the lung parenchyma, to name but
a few.

MPR can either be incorporated into a standard proto-
col (e.g., coronal and sagittal MPR for staging of bron-
chogenic carcinoma) and be performed by technologists
or be done interactively by the radiologists during image
evaluation. In general, we combine both approaches: rou-
tine MPR for most indications and additional interactive
MPR wherever necessary.

Maximum Intensity Projections

Maximum intensity projections (MIPs) are most popular
for vascular imaging (CTA) but are also useful for evalu-
ation of the lung parenchyma. For the whole scan vol-
ume, a suitable subvolume, or an image slab, MIPs dis-
play the maximum CT number in the viewing direction
and therefore optimize the display of high-density struc-
tures, such as contrast-enhanced vessels, but also lung
nodules and bones.

MIPs require the choice of a subvolume that is free
from structures whose densities are higher than that of
the structure to be visualized. In practice, MIPs for the
chest are usually applied to thin slabs of 5- to 20-mm
thickness, which can be interactively moved through the
data volume much in the same way as MPRs.

MIPs are less useful for the aorta, but play a role in
evaluating the supra-aortic vessels, the bronchial arteries,
and, most importantly, the pulmonary arteries (Fig. 2).
Recently, MIPs have turned out to be most efficient when
used to search for pulmonary nodules, be it in the case of
metastases, lung cancer screening, or simply as a final
step in any chest CT. MIPs have also been successfully
employed for identifying and classifying subtle HRCT
findings (Fig. 3).

M. Prokop

Fig. 1. Parasagittal reformation of the aorta in a trauma patient.
Note the irregularity of the aortic lumen at a typical position in the
proximal descending aorta, indicative of traumatic injury. Also
note the extensive mural hematoma in the descending aorta
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Minimum Intensity Projections

Minimum intensity projections (MinIPs) display pixels
with the lowest density in the viewing directions. Their
use has been advocated in assessing the central bronchial
system. However, because MinIPs lack depth informa-
tion, they turn out to be quite useless for most such clin-
ical applications. Instead, for evaluation of lung density
changes, such as mosaic patterns, and for the display of
bronchiectases, MinIPs are well-suited because they sup-
press the anatomic background (vessels) and only display
the lung parenchyma and dilated bronchi.

Volume-Rendering Techniques

These allow for a vast variety of display options, be it for
the vessels, the skeleton, the bronchi, or the lung
parenchyma. Volume rendering images can yield surface
as well as density information and can be easily color-
coded.

Volume-rendering techniques (VRTs) are the best ap-
proach to visualizing the thoracic aorta because depth in-
formation is preserved and 3D orientation is facilitated.
Bone removal can improve the display of paravertebral
portions of the aorta; but in general some parts of the
skeleton should remain in the image to facilitate anatom-
ic orientation. Complex anatomy is preferentially dis-
played by VRTs (Fig. 4).

VRTs can be targeted to display density gradients,
such as at the aortic or bronchial wall, and can thus be
used for luminal evaluation. With densities color-coded
in the range of the lung parenchyma, VRT improves the
visualization of subtle variations in lung density, such as
occur in mosaic perfusion or bronchiolitis obliterans.

Shaded Surface Displays

This older technique can be used as an alternative to
VRTs but it is less versatile and more prone to artifacts.
For this reason, shaded surface displays (SSDs) are hard-
ly used anymore.

Virtual Endoscopy

Virtual endoscopy is a technique that uses VRT or SSD
combined with perspective rendering to gain endoscopy-
like images of interior surfaces. While it is very useful
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Fig. 2. Maximum intensity projection (MIP) in a patient with bron-
chogenic cancer and encasement of the pulmonary arteries on the
right (arrowheads) as well as pulmonary embolus on the left (arrow)

Fig. 3. Comparison of a 1-mm thick axial high-resolution CT
(HRCT) image (a) and a 10-mm thick maximum intensity projec-
tion (MIP) (b) for the differentiation of centrilobular abnormalities.
Correct classification of the tree-in-bud phenomenon is much eas-
ier on MIP images

a b

Fig. 4. Volume rendering of an aberrant arterial supply of a pul-
monary sequester. Note the excellent anatomic orientation
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for evaluation of the colon, virtual endoscopy plays a
minor role in the chest. Neither virtual bronchoscopy nor
virtual angioscopy have made their way into routine clin-
ical practice.

Image Noise

Noise is the most important enemy of 3D evaluation tools
other than MPR. Too much noise will increase the back-
ground density in MIPs and decrease the background in
MinIPs. While this effect is less critical for MIPs, it can
substantially deteriorate the evaluation of smaller struc-
tures on MinIPs. On MIPs, however, irregular contours of
high-density may occur due to image noise. Similar ef-
fects are seen on images obtained with VRTs.

Noise will increase with thinner sections, use of high-
er-resolution filters for image reconstruction, and espe-
cially in obese patients. In fact, every additional 4 cm of
soft tissue roughly cuts the number of photons that hit the
CT detector in half and will increase the noise by the
square root of 2 (i.e. by ca. 40%).

The image quality achieved with MIPs, MinIPs, or
VRTs can therefore be improved by using lower-resolu-
tion filters or by increasing the thickness of the recon-
structed sections. Some manufacturers offer edge-pre-
serving filters that reduce noise without sacrificing im-
age details. If thick MPRs are first reconstructed perpen-
dicular to the viewing plane (i.e., coronal planes for the
AP viewing direction), then noise can be reduced without
sacrificing spatial resolution in the viewing direction.

Clinical Applications

Oncologic Imaging

Staging of primary tumors of the chest requires excel-
lent anatomic orientation. For this reason, coronal and
sagittal MPR should be routinely reconstructed. This is
best done in a standardized fashion by CT technolo-
gists. Interactive MPR will only be necessary in com-
plex cases. Such an approach ensures correct assign-
ment of tumors to pulmonary lobes and improves the
evaluation of tumor invasion into the mediastinum or
chest wall. For vascular encasement and stenoses, MIPs
are advantageous.

The search for lung metastases is substantially im-
proved if ~10-mm thick MIPs, rather than axial sections,
are evaluated. This is best done interactively at a work-
station. Since vessel cross-sections resemble nodules on
axial sections, small and central metastases can easily be
missed. With MIPs, vessels retain their tubular shape
while the contrast with nodules remains intact. Thus,
MIPs facilitate the detection of difficult nodules and
therefore should be adopted as the standard approach to
this imaging task.

In lung cancer screening, MIPs play the same role. For
small nodules, growth may be the main criterion to dif-
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ferentiate malignant from benign disease. Three-dimen-
sional measurements by automated segmentation and
volumetry are much more reliable than diameter mea-
surements in the determination of growth.

High-Resolution CT

If HRCT is done using volumetric data acquisition rather
than (classical) discontinuous scanning, coronal MPRs
should be reconstructed on a standard basis by CT tech-
nologists. This improves evaluation of the extent of dis-
ease and facilitates the comparison of inspirational depth
on inspiratory and (low-dose) expiratory scans.

MIPs of ~10-mm thickness improve the differentiation
between centrilobular nodules and tree-in-bud sign (Fig.
3) and allow better detection of micronodules in sar-
coidosis or pneumoconiosis patients, as well as identifi-
cation of the initial signs of interstitial lung disease that
may be missed on axial sections.

For the identification of mosaic patterns in ground-glass
disease, chronic embolism, or air trapping, MinIPs of 5- to
10-mm thickness remove anatomic background (i.e., small-
er vessels) and make the detection of density difference
much easier. For the detection of discrete density changes,
color-coded VRTs applied to analysis of the lung parenchy-
ma (20-30mm thickness) can be very advantageous.

For peripheral bronchiectases, MinIPs (~10-mm thick)
well-demonstrate the extent of the disease, and MIPs (al-
so ~10-mm thick) better display small mucous plugs.

Standard Chest CT

Standard chest CT relies on axial sections. Additional
coronal or sagittal MPR are useful but not mandatory on
a routine basis. However, if interactive evaluation is eas-
ily available (e.g., good integration in a PACS worksta-
tion), thin-slab MIPs in axial directions should be evalu-
ated in order not to miss small nodules. Sagittal MPRs
can be helpful in order to evaluate the vertebral column.
When performed on a regular basis, it is surprising how
many nodules or vertebral abnormalities would have been
missed if they had been evaluated on axial sections only.

Interactive evaluation using MIPs or MPRs can be
helpful in patients with more complex pathology: MIPs
for the evaluation of vascular structures and discrete
parenchymal abnormalities, and MPRs for the assess-
ment of spatial relationships to the chest wall, medi-
astinum, and lung segments.

Computed Tomography Angiography

CT angiography (CTA) profits most from 3D rendering
techniques, even if single-slice scanning has been used.

Aorta

Evaluation of the aorta requires standard reconstruction
of coronal and oblique MPRs (Fig. 1) that are adapted to
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the position of the aortic arch (very much like the posi-
tion of parasagittal slabs in magnetic resonance angiog-
raphy). MIPs play no major role in CT, mainly because
VRTs yield superior image quality and retain depth in-
formation. In addition, only rough segmentation is need-
ed for VRTs, while MIPs require the removal of all su-
perimposing bony structures. Bone removal for VRTs can
be limited to cutting away the sternum and removal of the
lateral portions of the chest. Simple cutting functions suf-
fice for this task. The result is a superior demonstration
of the aorta from the arch to its descending portion. It is
useful for evaluating aneurysms as well as dissections or
congenital abnormalities, such as coarctation.

In case of an ECG-gated acquisition, less pulsation ar-
tifacts are seen in the ascending aorta and even the eval-
uation of the (proximal) coronaries may become feasible.
Four-dimensional evaluation (MPRs) allows valvular
function and dynamic processes, such as obstruction of
the true lumen during diastole in acute dissection, to be
examined.

Pulmonary CTA

This technique relies on the evaluation of thin axial sec-
tions. The first step is to exclude those intraluminal em-
boli that only obstruct the lumen incompletely. They are
usually found in more central locations and are more eas-
ily detected than complete occlusions of smaller periph-
eral vessels. The latter are subject to partial volume ef-
fects (even with new multislice scanners) and therefore
may have a slightly decreased contrast enhancement.
Differentiation from occlusions may therefore be difficult
and is facilitated by MIP (Fig. 2). By evaluating MIPs of
~10-mm thickness, both in the axial and coronal plane, it
is much easier to differentiate between real occlusions
and partial volume effects: for this purpose one has to
compare the density of a suspicious vessel with that of a
‘normal’ vessel of similar size and orientation. If the den-
sity is substantially lower, then a peripheral embolus
should be suspected.

MPRs can be helpful for differentiating lymph nodes
from occluded central vessels but are rarely necessary
with thin-section imaging.

MinIPs and color-coded VRTs of the lung parenchyma
improve the detection of signs of mosaic perfusion in pa-
tients with suspected chronic thrombembolic pulmonary
hypertension.

Volume rendering becomes important for examination
of pulmonary arteriovenous malformations or congenital
abnormalities, such as aberrant veins or pulmonary se-
questration (Fig. 4).

Trauma

The evaluation of chest trauma mainly profits from sagit-
tal MPRs of the spine, which in turn facilitates identifica-
tion of vertebral fractures. For this reason, sagittal (and
coronal) reformations should be reconstructed routinely by

CT technologists. Coronal reformations may help further
classify vertebral fractures and identify sternal fractures.

Parasagittal MPRs are vital for establishing the extent
of (and sometimes detecting) aortic tears, which can then
be better visualized with VRTs.

MIPs approximately 1 cm in thickness can be helpful
in analyzing the extent of severe trauma involving chest
contusion in order to identify active contrast extravasa-
tion that may otherwise escape detection.

For further evaluation of the data (not a first-line task),
coronal curved planar reformations (CPRs) of the sternum
or vertebral column can optimize the display of these re-
gions. VRTs can be helpful for visualizing complex frac-
tures but also provide a good overview of fractured ribs.

Conclusions

Modern CT techniques require 3D exploration for opti-
mized use of the available information. Of these, thick
MPRs are the most important, but MIPs, MinIPs, and
VRTs should be used regularly in clinical practice for
imaging tasks as diverse as nodule detection, subtle find-
ings in HRCT, CTA of the aorta and pulmonary arteries,
and evaluation of thoracic trauma, to name but a few. This
review has discussed the efficient use of these techniques
in clinical practice.
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Introduction

A number of imaging techniques are available for evalu-
ating the thorax. Currently, conventional and digital chest
radiography, multidetector-row computed tomography
(MDCT), and magnetic resonance imaging (MRI) are the
most widely used. The particular focus of the chest radi-
ologist is imaging of the lungs, mediastinum, chest wall,
and large vessels, with less attention given to the inter-
pretation of cardiac and pericardiac diseases. The pur-
pose of this article is to draw attention to those car-
diac/pericardial diseases that can be detected on MDCT
and MRI of the chest. A short description of the technol-
ogy will be provided, followed by a discussion of the nor-
mal cardiovascular anatomy and the presentation of case
material to illustrate the most common diseases that can
be diagnosed.

Description of the Technology

Digital Chest X-ray

Chest radiography is widely used as the first-line exami-
nation for evaluating possible heart and pulmonary
pathologies. Digital chest systems have been introduced
in many hospitals, allowing digital chest radiography to
be done using various technical approaches owing to im-
provements in X-ray detector technology. Digital elec-
tronic X-ray detectors can be broadly classified as those
based on thin-film transistor (TFT) arrays and those
based on the older, charged-coupled device (CCD) de-
sign. Accordingly, these two types of electronic X-ray de-
tectors consist of either direct conversion detectors that
immediately convert X-ray photons into an electric
charge (TFT-based flat-panel systems) or indirect conver-
sion detectors (TFT array or CCD-based). In the latter, a
scintillator converts the X-rays into visible light; that is,
into an electric charge which is directly read-out by a TFT
or CCD detector array. Our institution uses a dedicated
digital chest unit based on an indirect conversion detec-
tor system employing a multilinear CCD array with slot-
scan technology. Slot-scan technology collimates the X-

rays into a narrow, horizontally fan-shaped beam that
matches the size and shape of the detector. The CCD de-
tector is integrated with a scintillator of thallium-doped
cesium iodide to convert the X-rays into visible light (i.e.,
indirect conversion) that is guided to the CCD by fiber-
optic coupling. Full-size chest radiographs (44 _ 44 cm)
are thus routinely obtained with high diagnostic quality.
It has been concluded that, for most diagnostic applica-
tions, 0.2-mm pixel spacing (2.5 lp/mm) is adequate,
whereas the current system has a standard resolution of
3.1 lp/mm. Detective quantum efficiency (DQE) is gen-
erally accepted as the best single, objective indicator of
image fidelity. This measurement combines spatial reso-
lution (i.e., modulation transfer function) and image
noise to provide an estimate of the signal-to-noise ratio.
DQE values >60% for current digital systems are con-
sidered to indicate excellent performance, whereas the
values of other systems (e.g., screen-film systems) are
<30%.

Multidetector-Row CT

MDCT is currently undergoing rapid technological evo-
lution. The technique has great potential for evaluating
chest and heart disease. Our institution currently uses a
64-row MDCT with retrospective segmental reconstruc-
tion for cardiovascular imaging. The rapid acquisition
time allows breath-hold imaging during peak enhance-
ment of a compact bolus of iodinated contrast material.
Shorter acquisition times reduce the total amount of con-
trast material needed, but require higher rates of iodine
administration. Retrospective segmental reconstruction
algorithms allow anatomic and functional evaluation of
the heart. Cardiac imaging requires estimation of the scan
delay time by using a test bolus or automated detection
of contrast-material arrival in, for example, the ascending
aorta. Non-ionic contrast material containing 400 mg io-
dine per ml is advocated. The reconstruction window has
to be selected for individual coronary arteries in order to
optimize image quality.

Improved imaging of aortic dissection and pulmonary
embolism is now feasible by using fully isotropic sub-
millimeter acquisitions in a few seconds. Reduction of
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the radiation dose is desirable. Recent developments in-
clude the use of highly effective detector systems, on-line
tube-current modulation, and noise-reduction techniques
to lower the radiation dose.

Magnetic Resonance Imaging

The MRI techniques for chest imaging are still evolving.
While chest imaging can be performed with the standard
body coil, a dedicated phased-array coil is helpful for im-
proving the quality of cardiac images as it allows parallel
imaging (SENSE; sensitivity encoding) by using various
coil elements. For example, three elements (SENSE-fac-
tor=3) speed up the examination three-fold. The im-
provement in speed can also be traded off for improved
spatial resolution. Breath-holding during image acquisi-
tion will minimize respiratory motion artefacts.
Navigator technology traces the position of the di-
aphragm and allows chest imaging while the patient
breathes freely. Free-breathing navigator MR angiogra-
phy is commonly used to image the coronary arteries.
Motion from the heart itself is ‘frozen’ via ECG trigger-
ing. Previously, the registration of a good ECG for trig-
gering in the MRI was often problematic. However, ro-
bust vector-ECG technology is currently available and
yields optimal and reliable triggering.

The set-up of a chest MRI study starts with a series of
scout views for general orientation and planning of addi-
tional acquisitions. Simple transverse image orientation
is generally used to visualize the morphology of the
chest. Conventional spin-echo images have largely been
replaced by new black blood pulse sequences for evalu-
ating the anatomy. A black blood sequence consists of a
non-selective 180° pulse to invert the signal, followed by
a slice-selective 180° pulse (double-inversion technique).
Blood with an inverted signal flows into the slice plane.
After a delay time, the blood signal is zero and actual da-
ta acquisition is performed with a fast spin-echo pulse
train during a breath-hold. Flow artefacts are efficiently
suppressed, thereby providing high-quality images with
exquisite anatomical detail. Movie loops of the heart can
be obtained with gradient-echo pulse sequences.
Recently, a major improvement of the image quality of
these bright blood techniques has been achieved.
Balanced fast-field echo (b-FFE) or true fast imaging
with steady-state precession (true-FISP) pulse sequences
yields movie loops of consistent and reliable image qual-
ity. A very good contrast is seen between the flowing
blood (bright) and cardiac walls (dark). Acquisitions are
performed during breath-holding. Contraction of the
heart, flow, and valvular motion are well-visualized, sim-
ilar to echocardiography. Slice thickness may be chosen
depending on the structures under investigation (mostly
8- to 10-mm slice thickness). Movie loops can be ob-
tained in simple transverse orientation and sometimes in
angulated orientations to image the heart (short-axis;
long-axis). Flow mapping is an additional MRI pulse se-
quence for measuring flow in large and medium-sized
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vessels. Flow can be expressed in ml/s (volume flow) or
cm/s (velocity). The technique is a very helpful and reli-
able approach for measuring flow parameters. Finally,
gadolinium-enhanced MR angiography is a widely used
and practical technique to study large-vessel disease in
the chest and elsewhere in the body. Delayed-enhance-
ment MRI has gained widespread acceptance for infarct
imaging and the assessment of viable myocardium. Areas
of delayed enhancement after gadolinium administration
are also observed in other disease entities such as my-
ocarditis, but commonly have a subepicardial distribu-
tion, unlike infarcts.

Description of the Normal Anatomy

Transverse sections obtained with CT or MRI extend
from the base of the heart to the cranial portion of the liv-
er to depict the cardiovascular anatomy. In these sections,
parts of the normal pericardium are visualized, most con-
sistently anterior to the right ventricle. The normal peri-
cardial thickness is <2 mm, and the low signal intensi-
ty/density line of the pericardial layers contrasts well with
the surrounding epicardial and pericardial fat. The peri-
cardium is composed of fibrous tissue and some fluid
(10-50 ml) within the pericardial sac. The superior peri-
cardial recess extends posterior to the ascending aorta
and can be mistaken for a lymph node or dissecting flap.
At the base of the heart, the size and spatial relationship
of the aorta and pulmonary artery are depicted. The aor-
ta is normally located to the right and posterior to the pul-
monary artery or the right ventricular outflow tract.
Sometimes the tricuspid nature of the aortic and pul-
monary valve can be visualized. The right ventricle is
normally located anteriorly and to the right, has a trian-
gular shape, reveals the moderator band as an intracardiac
muscular structure, and has a muscular outflow tract (in-
fundibulum). The left ventricle is located posteriorly and
to the left, has an elliptical shape, and lacks a moderator
band and infundibulum. The atria also have distinct
anatomic features. The right atrium is located to the right
and has a broad-based triangular appendage. The tricus-
pid valve, between the right atrium and right ventricle, is
located closer to apex than the mitral valve between the
left-sided left atrium and left ventricle. The left atrium
has a narrow tubular appendage and characteristically re-
ceives four pulmonary veins. A number of normal vari-
ants should be recognized (e.g., Chiari network in the lat-
eral wall of the right atrium; pericardial recess posterior
to the ascending aorta; lipomatous change of atrial sep-
tum; thin fossa ovalis). The cardiovascular anatomy can
be visualized also with dynamic CT or MRI. In particu-
lar, the newer MRI techniques show ventricular function,
flow, and valve function in exquisite detail. The normal
left ventricle has homogeneous wall thickening during
contraction (especially endocardial inward motion should
thus be noted). The normal end-diastolic wall thickness is
<1 cm (local or diffuse hypertrophy should be noted).
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Regional or global function abnormalities are easily rec-
ognized by visual inspection of the movie loop. Opening
and closing of the valves is well-visualized with current
techniques, thereby allowing the diagnosis of stenotic and
thickened valve leaflets. The overall size, shape, and spa-
tial relationships of the cardiac compartments and large
vessels are well-depicted on transverse CT or MRI im-
ages. Recognition of abnormal spatial relationships be-
tween vascular structures and other anatomic landmarks
(e.g., trachea) is the basis for diagnosing a number of en-
tities, such as vascular ring and pulmonary sling. Finally,
knowledge of the normal anatomy of the coronary vessels
is required for the recognition of anatomic variations and
to localize coronary artery stenosis. CT and MRI are clin-
ically used to diagnose variations in the normal course
and origin of the coronary arteries. These imaging tech-
niques mainly visualize the proximal parts of the coro-
nary arteries. The ostium of the right coronary artery
(RCA) is located in the right sinus of Valsalva at the lev-
el of the aortic ring and courses to the right and anterior
between the right atrium and pulmonary outflow tract.
The left main coronary artery (LCA) directs to the left
between the pulmonary artery and left atrial appendage
and then divides into two major branches, namely, the left
anterior descending (LAD) and the left circumflex (LCX)
arteries. The LAD runs anteriorly in the interventricular
sulcus (along the septum) to the apex of the heart, where-
as the LCX runs posteriorly in the atrioventricular
groove. CT and MRI visualize proximal segments of the
RCA, left main LCA, LAD, and, with greater difficulty,
the proximal LCX (a deeply lying structure). The spatial
relationship between the origin of these coronary vessels,
the aortic root, and the pulmonary artery is easily appre-
ciated, allowing the detection of an anomalous course of
these vessels. Vascular anomalies and variants may be
seen as incidental findings on CT or MRI of the chest.

The Most Common Cardiac/Pericardial Diseases

Pericardial Effusion

Cross-sectional imaging by CT or MRI is very sensitive
in the detection of generalized or loculated pericardial ef-
fusions. Some fluid in the pericardial sac contributes to
the apparent thickness and should be considered normal.
Commonly, free-flowing fluid accumulates first at the
posterolateral aspect of the left ventricle, when the pa-
tient is imaged in the supine position. Estimation of the
amount of fluid is possible to a limited extent based on
the overall thickness of the crescent of fluid. Compared
to cardiac ultrasound, CT and MRI may be particularly
helpful in detecting loculated effusions, owing to the
wide field of view provided by these techniques.
Hemorrhagic effusions can be differentiated from a tran-
sudate or an exudate based on signal characteristics (high
signal on T1-weighted images) or density (high-density
clot on CT). Pulsation artefacts may cause local areas of

low signal in a hemorrhagic effusion. Effusions are often
incidentally noted on CT scans obtained for other indica-
tions. Pericardial thickening (thickness >4 mm) is diffi-
cult to differentiate from a small generalized effusion.
Both entities will reveal a low signal/density line that is
thicker than the normal pericardial thickness. In acute
pericarditis, the pericardial lining can show intermediate
signal intensity and may enhance after gadolinium ad-
ministration.

Constrictive Pericarditis

Pericardial thickening may result in constrictive peri-
carditis. In this entity, pericardial thickening will hamper
cardiac function, with hemodynamic consequences.
Many disease conditions can lead to constrictive peri-
carditis (infection, tumor, radiation, heart surgery,
etc.).The diagnostic features include thickened pericardi-
um in conjunction with signs of impaired right ventricu-
lar function: dilatation of caval veins and hepatic veins,
enlargement of the right atrium, and the right ventricle it-
self may be normal or even reduced (tubular, sigmoid) in
size due to compression. Localized pericardial thickening
may also cause functional impairment (localized con-
strictive pericarditis). Sometimes constriction may occur
despite a normal appearance of the pericardium.
Pericardial calcifications are easily visualized by CT but
may be difficult or impossible to appreciate on MRI.

Pericardial Tumor

A pericardial cyst is most commonly located at the right
cardiophrenic angle. On T1, it appears either as a low sig-
nal or an intermediate signal due to high protein content,
or with a characteristic light-bulb appearance on T2.
Unusual tumors may arise from the pericardium
(mesothelioma, angiosarcoma, etc.). Malignant primary
tumors have many overlapping imaging features and gen-
erally cannot be differentiated. The role of cross-section-
al imaging is to establish a diagnosis and to define the ex-
tent of the lesion (invasion of cardiac structures, veins,
pericardium, etc.). Sometimes lesions may have helpful
signal characteristics to suggest a specific diagnosis, e.g.,
high-signal fat on T1 or low-density fat on CT in lipo-
ma/liposarcoma. Secondary tumors are much more com-
mon than primary tumors. Lung cancer may invade the
mediastinal and cardiac structures directly or indirectly.
The most common secondary tumors affecting the heart
are lung cancer, breast cancer, and lymphoma. Metastatic
pericardial disease commonly presents as hemorrhagic
effusion. Tumor nodules may enhance after intravenous
gadolinium administration.

Intracardiac Masses

Myxomas comprise up to 50% of all primary cardiac tu-
mors and may first be identified by cardiac ultrasound in
patients referred for suspected cardiac embolism or as an
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incidental finding on cross-sectional imaging. Myxomas
mostly originate from the left atrium, although they may
arise from the right atrium or even from the ventricle.
Variations in the histological structure (myxoid matrix, ar-
eas of hemorrhage, cysts and calcifications, thrombotic ma-
terial) can affect the appearance of myxomas on CT or
MRI. They are generally polypoid, often pedunculated,
smooth-appearing lesions of variable size. Dynamic MRI
reveals their mobility. Signal characteristics are variable
(generally, intermediate on T1 spin-echo MRI and low-sig-
nal on gradient-echo MRI due to hemorrhage or calcifica-
tions). Contrast uptake may be demonstrated after gadolin-
ium administration due to the vascularity of the lesion. A
cardiac thrombus can have similar and overlapping imaging
features, although the location is most commonly the left
atrial appendage or left ventricle adjacent to an infarcted re-
gion. Other differentiating features are the high signal of
fresh thrombus (methemoglobin) on T1-weighted spin-echo
MRI, the very low signal intensity of a thrombus using gra-
dient-echo MRI (susceptibility effect), and the usual lack of
contrast enhancement after gadolinium administration.

Cardiac lipoma is a frequently occurring benign tumor
of the heart but it may become quite large and thereby
compromise cardiac function. The lesion may arise from
the myocardium itself, with the interatrial septum being a
preferred location. Typical high signal on T1-weighted
spin-echo MRI is helpful for making the diagnosis. There
is a lack of contrast enhancement. Lipoma and liposarco-
ma are usually difficult to differentiate.

Aortic Disease

Evaluation of the aorta is a common referral for CT or
MRI after initial assessment with other techniques (chest
radiography, ultrasound, etc.). Furthermore, aneurysms
and other chronic diseases of the aorta are often inciden-
tally noted on cross-sectional imaging. Thoracic aortic
aneurysms are common (found in 10% of autopsies) and
are frequently associated with atherosclerosis. Aortic ath-
erosclerosis is considered to be the origin for throm-
boemboli in many patients presenting with stroke; there-
fore, the recognition of aortic wall disease may have im-
portant clinical implications. Treatment of thoracic aortic
aneurysms depends on size, anatomy, growth rate, the
presence of complications, underlying cause, and in-
volvement of adjacent structures such as the aortic valve.
MDCT and MRI are both well-suited to image aortic dis-
ease and its complications. The method selected will de-
pend on the availability of the scanner, speed and ease of
the examination, costs, and local expertise and prefer-
ences. Initial diagnosis of aortic dissection is commonly
performed by MDCT. First and foremost, the exam must
confirm or refute the diagnosis of dissection. Second, the
study must determine whether or not the dissection in-
volves the ascending aorta (type A is an indication for
surgery). The speed and ease of image acquisition make
MDCT an attractive first-line modality. In this regard, it
may also be preferred in patients with acute chest pain
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and in trauma patients (diagnosis of aortic rupture). In
acute chest pain, MDCT is currently the preferred ap-
proach to diagnose pulmonary embolism. Other common
causes for acute chest pain may become evident on cross-
sectional imaging (pneumonia, pericarditis, dissection,
chest wall disease, etc.). MRI may be reserved for follow-
up of aortic disease in stable patients. Dynamic MRI per-
mits the detection and quantification of aortic valvular
insufficiency by demonstrating flow across the aortic
valve. Although coronary involvement may be useful in-
formation before surgery for dissection, it is not routine-
ly obtained due to the invasiveness of coronary X-ray an-
giography. Possibly, coronary MR angiography can pro-
vide this additional information in the near future.

An important differential diagnosis of aortic dissection
is intramural hematoma (IMH), which presents with a
similar clinical picture and risk profile as classical dis-
section. IMH is probably a variant of aortic dissection
and not a separate disease. Rupture of the aortic vasa va-
sorum may initiate the process of hemorrhage within the
aortic wall (‘dissection without intimal flap’). Cross-sec-
tional imaging techniques (ultrasound, MDCT, MRI) are
better-suited to diagnose IMH than angiographic ap-
proaches (X-ray, MR angiography, CT angiography) due
to the lack of intraluminal abnormalities. Aortic ulcers
occur in the presence of aortic atherosclerosis and clini-
cally may mimic subacute dissection or IMH. Neither the
prognosis nor the outcome has been defined. Penetrating
aortic ulcers have a predilection for the descending and
abdominal aorta. Cross-sectional imaging may reveal a
localized ulcer within the aortic wall, sometimes with ad-
jacent intramural hemorrhage.

Marfan syndrome, an inherited connective tissue dis-
ease that results from mutations in genes coding for fib-
rillin, commonly affects the aorta. Cardiovascular in-
volvement decreases life expectancy, primarily from pro-
gressive aortic root dilatation (typical pear shape of the
aortic root) and consequent aortic insufficiency, dissec-
tion, and aortic rupture. MRI of the lumbar spine may
add a major diagnostic criterion to establish the diagno-
sis of Marfan syndrome by demonstrating dural ectasia.
A number of congenital malformations of the aorta are
also regularly referred for imaging (coarctation, vascular
ring, variants of anatomy, etc.). Pseudocoarctation can
present as an abnormal aortic contour on chest radiogra-
phy and may require further evaluation. CT and MRI are
regularly requested to differentiate solid tumors from vas-
cular lesions, which may present with unusual appear-
ances on routine chest radiography.

A number of MRI techniques are currently used for the
evaluation of ischemic heart disease. These may be ap-
plied also for general chest imaging, incidentally reveal-
ing cardiac pathology. Black-blood MRI is usually ap-
plied for morphological imaging of the chest. Similar to
CT images, cardiac and mediastinal disease may be diag-
nosed. Images may be obtained after gadolinium admin-
istration and may incidentally reveal enhancing lesions
within the heart. For example, myocardial infarction or
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myocardial scar will be seen as a bright region within the
myocardium after gadolinium administration (‘delayed
hyperenhancement’). Balanced fast-field echo imaging is
now routinely used to visualize vascular and cardiac
structures. These images are displayed as movie loops in
an echocardiographic format and reveal anatomy as well
as function. For example, depressed left ventricular func-
tion is easily observed in patients with cardiomyopathy or
after multiple infarcts. Also, regional myocardial dys-
function due to infarction, ischemia, scar, or aneurysm
formation is visualized. Thrombus within the atrium or
ventricle is recognized as a dark structure within the
heart. MDCT is now also used to evaluate cardiac func-
tion. The CT information can also be displayed as a
movie loop, so that functional abnormalities can be rec-
ognized. MDCT and MRI are both used for coronary
artery imaging. Recognition of the normal coronary
artery anatomy is therefore part of the CT or MR exam-
ination. Incidental findings, an abnormal course of a ves-
sel or structure, or unusual spatial arrangements can be
seen. CT images regularly show localized or diffuse
coronary calcifications, which are a sign of atherosclero-
sis. Finally, valve motion and thickness should be noted
on cine-MRI. Thickening of the aortic valve leaflets due
to calcifications are easily visualized. In patients with
stenotic or regurgitant valves, the abnormal flow across
the valve can be appreciated using cine MRI. Valve cal-
cifications are well-depicted on CT imaging.

Miscellaneous

After initial evaluation of the patient by echocardiogra-
phy, regularly further cross-sectional imaging by CT or
MRI is requested to solve any remaining problems.
Unusual pathology may be diagnosed or excluded by CT
or MR imaging. For example, Ebstein’s disease of the tri-
cuspid valve is well-recognized on cine MRI, whereas the
diagnosis may be difficult to establish with echocardiog-
raphy. Postsurgical complications (e.g., retained surgical
material, hemorrhage, fistulas, pseudoaneurysm, con-
duits) are also commonly referred for cross-sectional
imaging. Sometimes it is difficult to differentiate solid
from vascular structures based on chest radiography or
echocardiography, and CT and MRI may therefore be in-
dicated. In conclusion, cross-sectional CT or MR imag-
ing is commonly requested for problem solving of sus-
pected cardiovascular chest abnormalities.
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Introduction

Magnetic resonance (MR) imaging is widely recog-
nized as providung an accurate and reliable means of
assessing the function and anatomy of the heart and
great vessels. Previously, the means to obtain images of
the cardiovascular system were compromised by ex-
tremely long examination times and software that was
available only at specialized centers. With the recent
development of specialized cardiovascular MR scan-
ners, cardiac MR applications have become more wide-
ly used on a routine basis. In this article, the technical
aspects of MR scanning of the cardiovascular system
are outlined, followed by a discussion of its applica-
tions to the heart and aorta.

Understanding the Basic Pulse Sequences

It is extremely helpful to understand the strategy behind
the MR pulse sequence being used. This allows the radi-
ologist to determine the length of time for the acquisition
and the corresponding imaging strategy to be employed.
A fundamental characteristic of all pulse sequences is
that the image is generated in the frequency domain, al-
so referred to as ‘k-space.’ Fourier reconstruction is then
employed to generate the image. The ‘k-space’ represen-
tation of the image is a pixel array that is generated one
line at a time, and typically 128-256 lines must be gener-
ated. Traditionally, each line of the image required one
heart beat to acquire, thus imaging times were relatively
long. For example, if 256 lines were generated, 256 heart
beats at 60 beats per min required 256/60=4.3 min. An
improvement in imaging speed by a factor of 4-64 times
or more is now commonplace. The most useful pulse se-
quences are briefly explained below.

Spin-Echo Imaging

Spin-echo images are the fundamental MR pulse se-
quences used to evaluate the cardiovascular system. As in
all other parts of the body, a complete examination con-
sists of T1- and T2-weighted images. T1 images clearly

display the anatomy, while T2 images accentuate patho-
logic changes, such as edema from infarction or the rela-
tionship of a tumor to the pericardium. Advantages of spin
echo are excellent signal-to-noise ratio (SNR) as well as
excellent contrast between the heart, epicardial fat, and
adjacent structures. The primary disadvantage is that these
are very time-consuming sequences. As in the example
discussed above, they require between 128 and 256 heart
beats or more to acquire, depending on the desired reso-
lution. Blood is typically made to appear dark (‘black
blood’ images) and no cine information is obtained.
Despite these drawbacks, echo images remain important
for: (1) imaging of congenital anomalies, (2) pericardium
evaluation, (3) assessment of right ventricular dysplasia,
and (4) identification of cardiac tumors.

Fast/Turbo Spin-Echo Imaging

Fast, or turbo, spin-echo imaging reduces acquisition
times by an acceleration factor typically ranging from
16 to 32. Parallel imaging can further accelerate speed
by a factor of two to three. Essentially all spin-echo im-
ages of the cardiovascular system are now acquired
with fast/turbo spin echo imaging, usually during a
breath-hold.

Cine-Gradient Echo Imaging

Cine-gradient echo images are used to evaluate motion
gated to the cardiac cycle. Information from 4-12 car-
diac cycles is used in order to obtain cine information
during the entire cardiac cycle. This is termed ‘seg-
mented k-space cine’ MR imaging. Older MR scanners
use so-called conventional gradient-echo pulse se-
quences in combination with ‘gradient moment nulling,’
or ‘flow compensation’ to make blood appear bright
(‘bright-blood images’). In nearly all new MR scanners,
however, ‘steady-state free precession’ (SSFP, also
known as TrueFISP, Fiesta, balanced fast-field echo)
images are used with segmented k-space acquisition.
SSFP images are acquired very rapidly, and the blood is
of very high signal intensity compared to the ventricu-
lar wall. Due to the large amount of signal available, the
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SSFP technique is often combined with parallel imag-
ing. The latter improves imaging speed by a factor of
two to three.

The different and emerging clinical applications of
cardiac MR imaging are described below.

Assessment of Ventricular Function

Ejection fraction and ventricular volumes can be mea-
sured in three dimensions accurately, noninvasively, and
with high reproducibility using MR imaging. For this
reason, it has become the ‘gold standard’ to which other
modalities are compared [1]. Simpson’s rule is applied to
determine the ejection fraction and volumes. For assess-
ment of volumes and mass, bright-blood gradient-echo
sequences are most often obtained, with 10-30 phases
per cardiac cycle. Breath-holding techniques with acqui-
sition times of about 6-12 s are preferred in order to re-
duce blurring of the endocardial border. Generally, for
accurate measurement of volume and mass, entire cov-
erage of the left ventricle with short-axis views from the
mitral plane are recommended. Slice thickness should
not exceed 10 mm; in the presence of subtle changes, the
thickness should be reduced appropriately. MR imaging
is the method of choice for longitudinal follow-up in pa-
tients undergoing therapeutic interventions [2]. From a
research perspective, the sample size needed to detect
left ventricular parameter changes in a clinical trial is far
less, in the range of one order of magnitude, with MR
imaging than with 2D echocardiography, which marked-
ly reduces the time and cost of patient care and pharma-
ceutical trials [3].

A unique MR technique called myocardial tagging
(SPAMM technique) has been developed. It labels the
heart muscle with a dark grid and enables 3D analysis of
cardiac rotation, strain, displacement, and deformation
of different myocardial layers during the cardiac cycle
(Fig. 1). This helps in assessing regional wall motion of
the myocardium [4, 5].

Assessment of Cardiomyopathies

Magnetic resonance imaging is a noninvasive tool that
has a high degree of accuracy and reproducibility in the
visualization of left and right ventricular morphology and
function [6]. It is also superior to echocardiography in the
determination of ventricular mass and volumes [3, 7] and
is fast becoming the method of choice for in vivo identi-
fication of the phenotype of cardiomyopathies [1].

Dilated Cardiomyopathy

In dilated cardiomyopathy (DCM), MR imaging is use-
ful in the study of ventricular morphology and function
(Fig. 2). Gradient-echo sequences are obtained, as these
have low inter- and intra-observer variability with re-
spect to the determination of left ventricular mass and
volumes [6]. MR imaging is also employed in the analy-
sis of wall thickening [8], impaired fiber shortening [9],
and end-systolic wall stress, which is a very sensitive
parameter of a change in left ventricular systolic func-
tion [10]. This approach can accurately assess the mor-
phology and function of the right ventricle, which is al-
so frequently affected in DCM [11]. MR spectroscopy
has been used to reveal changes in phosphate metabo-
lism in DCM [12]. A ratio of phosphocreatine to adeno-
sine triphosphate has some prognostic value in assess-
ing the disease.

Contrast-enhanced T1-weighted images are also help-
ful in detecting changes characteristic of acute myocardi-
tis. The increased gadolinium accumulation is thought to
be due to inflammatory-hyperemia-related increased
flow, slow wash-in/wash-out kinetics, and diffusion into
necrotic cells. There is some evidence of similar changes
in chronic DCM [13]. Contrast-enhanced MR imaging

Fig. 1. Cardiac magnetic
resonance tagging. Mag-
netic strips are placed in
the heart and then fol-
lowed throughout the car-
diac cycle in order to
measure regional contrac-
tion of different portions
of the heart

Fig. 2. Bright-blood image showing a dilated, thin left ventricle (LV)
due to a large anterior-wall infarct, with a mural thrombus adjacent
to the infarcted myocardium (arrows)
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increases the sensitivity of endomyocardial biopsy by al-
lowing visualization of inflamed areas, which aids in de-
termining the biopsy site [14].

Hypertrophic Cardiomyopathy

Due to its high accuracy, MR imaging is becoming the
preferred method to assess morphology, function, tissue
characterization, and degree of left ventricular outflow
tract (LVOT) obstruction in patients with hypertrophic
cardiomyopathy (HCM) (Fig. 3). It is also very accurate
in assessing left ventricular mass, regional hypertrophy
patterns, and different phenotypes of the disease (e.g.,
apical HCM) [7]. Post-surgical changes after myomecto-
my can also be reliably monitored [15]. The turbulent jet
during systolic LVOT obstruction is also easily detected
with suitable echo times (about 4 ms). MR imaging re-
veals the systolic anterior motion of the mitral valve in
the four-chamber view or with a short-axis view at the
valvular plane [16]. Mitral regurgitation can also be well-
documented and quantified by MR techniques [17]. MR
spectroscopy reveals changes in phosphate metabolism in
patients with HCM [18]. Also in these patients, MR
analysis of blood flow in the coronary sinus can indicate
alterations in coronary flow reserve [19]. A relatively
newer technique is to measure the effective LVOT area by
MR planimetry during systole. This method has the po-
tential to overcome the problem of interstudy variability
of the LVOT gradient due to its independence from the
hemodynamic status [20]. There are preliminary data that
MR assessment of diastolic function may be superior to
conventional echocardiography parameters. Analysis of
the early untwisting motion of the myocardium may aid
in assessing diastolic function [21]. Other functional
changes can be evaluated by myocardial tagging; these

include a reduction in posterior rotation, reduced radial
displacement of the inferoseptal myocardium, and re-
duced 3-D myocardial shortening and heterogeneity of
regional function [17]. MR imaging allows the follow-up
of patients who have undergone surgical or pharmaco-
logic interventions [16], and easily detects acute and
chronic changes after septal artery ablation [22].

Arrhythmogenic Right Ventricular Dysplasia

Arrhythmogenic right ventricular dysplasia (ARVD) is a
rare disorder in which there is fibrofatty replacement of
the right ventricular free wall. MR imaging is rapidly be-
coming the diagnostic technique of choice for ARVD
(Fig. 4), as it allows visualization of the ventricular cavi-
ties and walls, with excellent depiction of the myocardial
anatomy. T1-weighted spin-echo images reveal fatty in-
filtration, thinned walls, and dysplastic trabecular struc-
tures. Axial and short-axis views are usually recom-
mended for optimal results [17]. Standard gradient-echo
images reveal characteristic regional changes in wall mo-
tion, localized early-diastolic bulging, wall thinning, and
saccular aneurysmal out-pouchings [23, 24]. However,
MRI is not as specific as endomyocardial biopsy in the
detection of myocardial fat [25], although biopsy may be
falsely negative. Currently, the working group classifica-
tion proposed by Mckenna et al. is the recognized stan-
dard to arrive at a diagnosis of ARVD [26].

Restrictive Cardiomyopathy

Primary infiltration of the myocardium by fibrosis or oth-
er tissues leads to the development of restrictive car-
diomyopathy, which is characterized by normal left ven-
tricular size and systolic function, severe diastolic dys-

Fig. 3. Long-axis view of the heart (black-blood image) shows a se-
verely thickened left ventricular wall due to hypertrophic car-
diomyopathy (arrows)

Fig. 4. Axial black-blood image of the heart showing enlargement
of the right ventricle (RV) as well as increased (similar to fat) sig-
nal in the RV free wall (arrow), consistent with fatty deposits com-
patible with arrhythmogenic RV dysplasia. LV, Left ventricle
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function, and biatrial enlargement. This condition needs
to be differentiated from constrictive pericarditis, which
is a primary disease of the pericardium rather than the
myocardium. Left ventricular size and thickness are
quantified using gradient-echo sequences. Atrial enlarge-
ment is assessed in a four-chamber view. The potential
presence of mitral regurgitation should also be examined.

The following different restrictive diseases can be ef-
fectively evaluated using MR imaging [17].

Sarcoidosis

The incidence of myocardial involvement in systemic sar-
coidosis is 20-30%, and up to 50% [27] of the deaths in
sarcoidosis may be due to cardiac involvement. MR
imaging is a useful tool in the assessment of this disease.
Sarcoid lesions may lead to different signal intensities,
most likely due to different disease stages. In some in-
stances, high-intensity areas in T2-weighted images have
been reported, while in others a central low-intensity area
surrounded by a high signal ring on T1- and T2-weight-
ed imaging has been described [28]. Gadolinium has al-
so been reported to accumulate in sarcoid lesions and is
thought to be due to fibrotic non-active granulomatous
nodules and the inflammatory response of the surround-
ing tissue [29]. Thus, T2-weighted imaging followed by
T1-weighted spin-echo techniques in short- and long-ax-
is views with and without gadolinium could be useful to
detect and/or exclude sarcoid granulomas. Occasionally,
MR imaging can be useful in guiding endomyocardial
biopsy to evaluate sarcoidosis [17].

Hemochromatosis

Extensive iron deposits leading to wall thickening, ven-
tricular dilatation, congestive heart failure, and death
characterize cardiac hemochromatosis. Usually, the iron
deposits are subepicardial; hence, endomyocardial biop-
sy may fail to confirm the diagnosis [17]. However, due
to the very strong paramagnetic properties of iron, MR
imaging can be used to detect iron deposits. MR images
of this disease show extensive signal loss in native T1-
and T2-weighted images [30]. The pattern of focal signal
loss in a dysfunctional myocardium associated with an
abnormally ‘dark’ liver might be sufficient to confirm the
diagnosis of systemic hemochromatosis. Left ventricular
function in patients with cardiac hemochromatosis can be
accurately assessed by MR techniques, which are also
useful in the follow-up of patients receiving intensified
medical therapy [17].

Amyloidosis

Infiltration of the heart by amyloid deposits is found in
almost all patients with primary amyloidosis and in 25%
of patients with familial amyloidosis. MR imaging can be
useful in the detection of amyloidosis and its differentia-
tion from HCM. A thickness of the atrial septum or right
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atrial posterior wall >6 mm is fairly specific for amyloid
infiltration and consistent with previously published
echocardiographic data [31]. Tissue characterization in
cardiac amyloidosis has not been well-studied. However,
one study reported a decrease in the signal intensity of
the amyloid-infiltrated myocardium compared to the ref-
erence tissue [31]. The mechanism underlying this hy-
pointensity is uncertain, but is likely due to abnormal in-
terstitium and fibrosis.

Assessment of Myocardial Viability

The concept of myocardial viability is of great signifi-
cance in patients with ischemic heart disease, in terms of
achieving the maximum benefit from revascularization
[32]. Revascularization improves the function of viable
myocardium, but not of myocardium that has been re-
placed by fibrous scar. It is therefore imperative to dis-
tinguish between scar and viable myocardium. Contrast-
enhanced MR imaging is coming of age in terms of its
ability to accurately predict myocardial viability. Two en-
hancement patterns have been described. The first is seen
on first-pass perfusion images and consists of an area of
hypoenhancement within the infarcted region, which has
been found to correlate with microvascular obstruction
and is related to ‘no reflow’ inside the infarct zone [33].
The second can be observed 10-30 min after contrast in-
jection (delayed hyperenhancement, DHE) and is depict-
ed with a breath-hold inversion-recovery gradient-echo
sequence (Fig. 5). This pattern of DHE, seen after acute
as well as chronic myocardial infarction, reflects nonvi-
able, infarcted tissue and fibrosis, respectively. In patients
with a chronic myocardial infarction, DHE can accurate-
ly locate and determine the extent and transmurality of
the infarct [33-35]. Thus, because of its high spatial res-
olution, high reproducibility, and predictive value, MRI is
fast becoming the reference standard for the assessment
of myocardial viability. Further development of necrosis-
specific contrast agents and refinement of MR spec-
troscopy to assess regional chemistry and metabolism
will enhance the utility of this imaging strategy.

Fig. 5. Delayed gadol-
inium short-axis im-
age of the heart in a
patient with a prior
myocardial infarction.
The bright high-signal
portion of the anterior
and anterolateral wall
(arrows) of the left
ventricle is the area of
prior infarction
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Assessment of Pericardial Disease

Evaluation of the pericardium is ideally suited to MR
imaging (Fig. 6). T1-weighted spin-echo imaging
demonstrates normal pericardium as a thin band (<2 mm)
of low signal, bordered by epicaridal and pericardial fat,
which have a high signal. Since pericardial thickness
varies at different levels, it is generally recommended to
measure the thickness in axial images at the level of the
right atrium, right ventricle, and left ventricle. A thick-
ness of >4 mm is considered abnormal and suggestive of
fibrous pericarditis, either acute or chronic (due to
surgery, uremia, tumor, infection or connective tissue
disease) [36]. Contrast-enhanced MR imaging may help
to better delineate the pericardium in patients with effu-
sive-constrictive pericarditis [37]. Breath-hold or real-
time cine-gradient-echo images of the ventricles and
phase-velocity mapping of the cardiac valves may aid in
assessing the significance of pericardial pathology.
These techniques are also useful in detecting other dis-
orders, such as congenital absence of pericardium, peri-
cardial cysts, or pericardial effusion undetected by other
modalities.

Evaluation of Cardiac and Paracardiac Masses

Primary cardiac tumors are rare (0.002-0.3% incidence),
and the majority (75%) are benign. Metastatic tumors are
20- to 40-fold more common than primary tumors. MR
imaging is excellent for delineating the morphologic de-
tails of a mass, including extent, origin, hemorrhage, vas-
cularity, calcification, and effects on adjacent structures.

Protocols include the combined use of axial black-blood
sequences and axial bright-blood cine images. Functional
MR images are useful to study the pathophysiologic con-
sequences of the mass.

Specifically, benign myxomas (the most common car-
diac tumor) appear brighter than myocardium on T2
weighting, and cine images may reveal the characteristic
mobility of the pedunculated tumor. Lipomas (Fig. 7) are
brighter on spin-echo T1-weighted images and the diag-
nosis is verified by a decrease in signal intensity using a
fat-suppression technique.

Evaluation of Congenital Heart Disease

Due to its unparalleled resolution and 3D imaging ca-
pacity, MR imaging plays an important role in diagnos-
ing and serially following patients with various congeni-
tal heart diseases, complementary to echocardiography. It
is a very good tool for identifying and sizing atrial and
ventricular septal defects. Phase-velocity mapping at the
level of the shunt also allows calculation of the shunt
fraction (Qp/Qs ratio). The different imaging sequences,
including MR angiography, facilitate the diagnosis of le-
sions such as anomalous pulmonary venous return, trans-
position of the great vessels, aortic rings, truncus arterio-
sus, double-outlet right ventricle, tetralogy of Fallot, pul-
monary atresia, and pulmonary artery stenosis. They can
also be used to follow these patients for effects and com-
plications after corrective surgery. Venous anomalies,
such as persistent superior vena cava and interruption of
the inferior vena cava with azygos continuation, can be
diagnosed with MR angiography.

Fig. 7. Black-blood image of the heart in a long-axis view shows a
mass (arrow) posterior to the right atrium (RA) that was subse-
quently diagnosed as lipoma. LV, Left ventricle; RV, right ventri-
cle; DA, descending aorta

Fig. 6. Black-blood image of the heart in long-axis view shows a
thickened pericardium (arrows). LV, Left ventricle; RV, right ven-
tricle; DA, descending aorta. Pericardial thickening ≥4 mm is ab-
normal and indicative of constrictive pericarditis
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Evaluation of Valvular Diseases

Echocardiography with color Doppler is usually the first-
line imaging modality for diagnosing valvular diseases.
MR imaging is generally reserved for use when other
modalities fail or provide suboptimal information.
Double-inversion recovery sequences can show valve
morphology and evidence of secondary changes, such as
chamber dilatation, myocardial hypertrophy, post-stenotic
changes in the great vessels, and thrombus in any of the
chambers. Semi-quantitative assessment of valvular
stenosis or regurgitation can be obtained by measuring the
area of signal void on gradient-echo images. The duration
or extent of the signal void correlates with the severity of
aortic stenosis, and the total area of signal loss correlates
with the severity of mitral regurgitation. This technique
has a very high sensitivity (98%), specificity (95%), and
accuracy (97%) for diagnosing aortic and mitral regurgi-
tation. The signal void, however, is dependent upon cer-
tain scan parameters, such as echo time, voxel size, and
image orientation relative to flow jet. Phase-contrast MR
allows the severity of valvular stenosis to be assessed (by
measuring the peak jet velocity) by calculating the valve
orifice area and transvalvular pressure gradient.

Evaluation of Myocardial Perfusion and Ischemia

Magnetic resonance imaging is emerging as a reliable
and useful tool in the assessment of regional left ventric-
ular perfusion. Currently, it relies upon monitoring the
first pass of contrast agents. After rapid injection of in-
travenous contrast material, there is marked signal en-
hancement first in the right ventricular cavity, then in the
left ventricular cavity, and then in the left ventricular my-
ocardium. This is completed within 20-30 s and involves
a prolonged breath hold. Gradient-echo sequences have
been used for single-slice (mid-cavity, short-axis) perfu-
sion MR imaging in humans [38]. Recently, echo planar
techniques have been employed for ultrafast multislice
MR imaging. The peak signal intensity is related to the
concentration of the contrast agent in the local tissue and
is directly proportional to the coronary blood flow.
Perfusion MR at rest and after infusion of pharmacolog-
ic agents (adenosine and persantine) has been compared
to standard methods (angiography or radionuclide
scintigraphy) and demonstrated reasonable sensitivity
(67-83%) and specificity (75-100%). Additionally, the
assessment of wall motion further improved the perfor-
mance of MR imaging.

Coronary Artery Imaging

Imaging of the coronary arteries using MR still remains
a very challenging proposition and is thus predominant-
ly relegated to research centers. In patients with left-
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main or three-vessel disease, MR has a sensitivity of
100%, specificity of 85%, and accuracy of 87% for the
diagnosis of coronary artery disease [39]. The drawback
of current MR technology is its inability to visualize
smaller distal vessels [39]. However, with the develop-
ment of more sophisticated sequences, better contrast
agents, routine non-invasive MR coronary angiography
might soon become a reality.

Nonetheless, the role of MR imaging in assessing for
an anomalous origin and course of a coronary artery is
well-established. MR techniques have shown excellent
results in the definition and identification (93-100% cas-
es) of anomalous coronary arteries. Also, MR imaging
can aid in classifying cases that could not be classified
with other diagnostic methods or that were misclassified
by conventional angiography [40].

Conclusions

Magnetic resonance imaging is the newest, most com-
plex and rapidly emerging non-invasive test of choice
for patients with a multitude of cardiovascular prob-
lems. Its role in becoming the dominant imaging modal-
ity in every facet of cardiology cannot be understated.
At the same time, this technique is entering an impor-
tant phase in its evolution, with an anticipated exponen-
tial growth in its current applications and the develop-
ment of new ones.
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Introduction

Cardiovascular magnetic resonance (CMR) is a develop-
ing field with enormous potential because of its major at-
tributes of high image quality and resolution combined
with non-ionising radiation and versatility. With recent
major technological advances, there have been great im-
provements in acquisition speed and quality that makes
the use of CMR in a wide range of cardiac conditions ro-
bust and valuable. This article reviews the fundamentals
of CMR and its current clinical applications.

Fundamentals of Cardiovascular Magnetic Resonance

There are essentially three types of imaging sequence
that are used in the cardiovascular system: In spin-echo
imaging, the blood appears black and good-quality
anatomical imaging is obtained. In gradient-echo imag-
ing, the blood is white and the high-quality cine imaging
is used to identify regional myocardial function and ab-
normal flow patterns. The gradient-echo technique of ve-
locity mapping uses the phase of the MR signal to mea-
sure velocity; it usually behaves like 2-dimensional
Doppler, but unlike Doppler it can measure flow direct-
ly and can be extended into seven dimensions for com-
plex flow-dynamics problems [1]. CMR therefore con-
sists of applications of these sequences and their vari-
ants, which allows determination of cardiac physiology,
anatomy, metabolism, tissue characterisation, and vascu-
lar angiography.

For dedicated CMR, the environment typically incor-
porates medical gases, full invasive and non-invasive
physiological monitoring telemetry, stress infusion
pumps for adenosine and dobutamine, a power injector
for contrast studies, and full resuscitation equipment and
drugs. Experience has demonstrated that acutely ill and
anaesthetised patients can be safely managed within the
magnet in experienced centres. Modern CMR scanners
incorporate ultrafast technology that allows real-time
imaging (up to 50 frames per second), and ultrafast ap-
plications for assessing coronary artery disease (CAD).
Currently, most scans are still gated to the electrocardio-

gram, and in some cases also to the respiratory cycle us-
ing advanced diaphragm-monitoring techniques.

CMR is as safe as echocardiography. It is also safe for
scanning all prosthetic heart valves and for patients with
sternal wires, joint replacements, and retained epicardial
pacing leads. There is abundant evidence that stents are
safe to scan any time after insertion [2]. Pacemakers are
problematic. Although recent MR experience is encour-
aging, this should only be considered in centres of spe-
cialist experience. Other implantable electronic devices,
including defibrillators and cerebrovascular aneurysm
clips, are currently a contraindication to CMR.
Claustrophobia occurs in about 4% of patients but such
patients frequently respond to low-dose diazepam.

Established Clinical Indications

Aorta

The aorta is well-imaged by CMR over its entire length.
Three-point plane definition techniques are useful for
imaging in the long axis of the aorta with reference to
points in the ascending and descending limbs and the
arch. The ‘candy cane’ view shows the extent of dissec-
tions and the location of coarctation. Closer interrogation
of specific regions can also be made with orthogonal
planes. CMR has been shown to be more accurate than
transoesophageal echocardiography (TE) and computed
tomography (CT) in evaluating acute dissection [3], al-
though TE is often simpler to organise. CMR is ideal for
the long-term follow-up of these patients in order to ex-
clude aneurysm formation and other complications. In
coarctation, Doppler is often problematic, and CMR is
ideal in answering clinical issues, as well as being cost-
effective [4]. In addition, CMR can demonstrate the net
flow in collaterals as an index of stenosis severity.

Congenital Heart Disease

Echocardiography is ideal for monitoring congenital dis-
ease in the young, but with growth into adulthood and af-
ter corrective surgery, CMR plays a larger role and is of-
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ten complementary to TE. TE is better at defining fine
structure, such as valve morphology, whereas CMR is su-
perior for flow, conduits and great-vessel anatomy [5]. In
centres with expertise in both techniques, invasive
catheterisation is reserved mainly for pressure measure-
ments.

Angiography

For non-coronary angiography, CMR has become the in-
vestigation of choice. MR angiography (MRA) is fast,
non-invasive, simple and safe, requiring only a peripher-
al intravenous injection of gadolinium, and 4-20 s of 3D
acquisition on modern scanners. The data can be dis-
played in a rotating cine, which can, on the latest scan-
ners, be time-resolved (4D angiography). This has
proved useful for visualising the pulmonary arteries.
Major applications have been shown for the aorta, renal
and leg arteries [6], but the technique is not limited to
these areas. Recently, thrombus imaging with CMR in
the venous system has been demonstrated [7], and com-
parisons with established techniques for detection of
deep-vein thrombosis and pulmonary embolism are un-
der way.

Masses and Tumours

CMR defines the size, extent and relation of cardiac
masses to surrounding tissues [8]; in addition, tissue
characterisation and enhancement with gadolinium
yield valuable information. T1- and T2-weighted images
vary between masses according to their biochemical
composition; for example, pericardial cysts have a char-
acteristic high signal on T2 imaging, and the fat content
of tumours can be selectively ascertained using fat sup-
pression. Gadolinium enhancement reflects tumour vas-
cularity; therefore, positive enhancement typically oc-
curs in malignancy, although this is not excusive as vas-
cular benign tumours such as myxoma and haeman-
gioma also enhance. These additional characterisation
features are very useful clinically in the guidance of di-
agnosis and surgery. 

Assessment of Cardiac Volumes, Mass and Function

Ventricular function, volumes and mass are important
prognostic indicators in CAD and other cardiac disease.
Current clinical techniques (echocardiography, radionu-
clide ventriculography) have now been shown to be less
accurate and reproducible than CMR [9], which has be-
come the new gold standard. The interstudy reproducibil-
ity of CMR has been recognised by the pharmaceutical
industry, which is using CMR for drug development stud-
ies in order to reduce the sample size [10], which reduces
costs significantly. Comparisons of the current clinical
techniques with CMR show that mean values in popula-
tion vary between techniques by small amounts, but that
individual variation can be very substantial [11]. If indi-
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vidual patient clinical decisions are based on numerical
thresholds, then CMR is the preferred technique. The ac-
quisition of these parameters by CMR is now achievable
in a few minutes, and analysis techniques can also be
completed quickly.

Flow and Shunts

CMR is useful for the measurement of flow in the heart
and great vessels. The signal phase can be encoded for
velocity and used to produce 2D velocity maps corre-
sponding with the anatomical images. By measuring the
area of a vessel and the mean velocity within the vessel,
absolute measurements of instantaneous flow can be de-
rived. When run in cine mode, flow curves are generated
in which the area under the curve represents true flow in
the vessel. This is very valuable in the non-invasive mea-
surement of the pulmonary to systemic flow ratio in car-
diac shunting and in a number of other clinical scenarios.

Valvular Heart Disease

Echo is excellent for investigating valvular disease, but
CMR has its particular uses. In valvular regurgitation,
echo may not easily determine the severity of the regur-
gitant flow. With CMR, the regurgitation can be mea-
sured directly using reverse-flow measurement in diastole
[10]. Extension to assessment of mitral regurgitation in-
volves the subtraction of aortic flow from true left-ven-
tricular stroke volume, measured using the multislice
technique. This approach is especially useful when
surgery is being considered and clinical and echo results
are not concordant, or there is doubt. For valvular steno-
sis, Doppler is very reliable for assessment and CMR is
required less often, but useful if echo assessment fails.
Experience suggests that CMR is a valuable alternative to
echocardiography when flow across the valve is very ec-
centrically orientated.

Pericardium

The pericardial thickness is a guide to the presence of
constriction and can be measured using CMR. The thick-
ness is slightly greater than that measured with patholog-
ical studies due to chemical-shift artefact, caused by fat
overlying the thin fibrous pericardial tissue. The normal
CMR thickness of pericardium is therefore quoted as <4
mm. The pericardium appears black on CMR because of
its low water content, although in acute inflammation it
can enhance with gadolinium and appear bright. The
thickness of the pericardium needs to be distinguished
from any pericardial effusion. Pericardial effusion is
commonly black on spin-echo images, but bright on gra-
dient-echo cines, and this is a useful means of differenti-
ation. Pericardial calcification is not well-seen by CMR,
as calcium appears black, and therefore may simply ap-
pear as a localised area of pericardial thickening. CT is
the best technique for showing calcium. 
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Cardiomyopathy

CMR is very useful in the assessment of cardiomyopathy
such as arrhythmogenic right ventricular cardiomyopathy
(ARVC), thalassaemia and dilated/hypertrophic cardiomy-
opathy. ARVC, which typically affects young men, causes
right ventricular tachycardia and sudden death. It is fa-
milial and many gene abnormalities of the cellular desmo-
some have been discovered, which reveals the disease to
be one of impaired intercellular integrity. Fibrofatty re-
placement occurs on the basis of injury and repair. The
disease presents with abnormalities of the right ventricle
(15% also have left ventricular involvement). These are
best delineated by CMR, as they can be subtle and lo-
calised [12]. The late stages, with a large poorly function-
ing right ventricular and widespread fat infiltration, is
readily identified, but the early stages, characterised by
discrete areas of fat infiltration, regional hypokinesia, lo-
calised myocardial thinning and abnormal trabeculations
pose a greater challenge, and CMR appears to be the best
technique. Experience is required to differentiate these
findings from normal variants. In particular, the normal
patterns of epicardial fat distribution associated with the
coronary arteries must be understood.

The assessment of myocardial iron overload has been
problematic in clinical practice, but recently a T2* CMR
technique has been established that allows reproducible
quantification of the iron concentration [13]. Results
show that iron loading in the myocardium is not correlat-
ed with that in other tissues, such as the blood and liver,
and must be examined separately. T2* values <20 ms in-
dicate iron overload, and nearly all cases of heart failure
(the commonest cause of death in these patients) occur
when the myocardial T2* is <10 ms. The technique has
shown that removing cardiac iron is best achieved using
oral chelators. T2* CMR combined with targeted chela-
tion has considerably reduced the premature mortality
from heart failure in thalassaemia.

In dilated cardiomyopathy, CMR has shown intramur-
al mid-wall striae of fibrosis in one-third of patients, and
no fibrosis in about half. These findings are very useful
for distinguishing dilated cardiomyopathy from heart
failure due to coronary artery disease. Recently, the pres-
ence and extent of late gadolinium enhancement has been
shown to predict outcome in dilated cardiomyopathy.

Hypertrophic cardiomyopathy can usually be diag-
nosed by echocardiography, but there are circumstances
when CMR is very useful. If the condition is suspected
but not confirmed by echo, CMR is ideal as a second-line
investigation. CMR also shows the distribution of hyper-
trophy, especially in isolated basal and apical hypertro-
phy, and is superior for quantification of myocardial
mass. Late gadolinium enhancement occurs in hyper-
trophic cardiomyopathy and is associated with a worse
prognosis. Finally, CMR is valuable for the assessment of
septal ablation techniques in locating the size and extent
of infarction and assessing rest and stress outflow tract
gradients.

Coronary Anomalies

Coronary anomalies occur in approximately 1% of the
population and are usually clinically silent. Their impor-
tance lies in the occurrence of sudden death in patients
who have a coronary artery passing between the great
vessels (aorta and pulmonary artery). This may occur be-
cause of compression or kinking during exercise. X-ray
coronary angiography commonly identifies the anom-
alous origin of the coronary artery, but is poor at defin-
ing the proximal course and the relation to the great ves-
sels. Coronary CMR is now a robust technique for show-
ing the origin and course of the proximal coronaries and
also the three-dimensional relations of the great vessels.
Several studies have shown that CMR is superior to X-
ray angiography for this purpose. More recently, coronary
CMR has been applied to evaluate patients with congen-
ital heart disease, in whom the incidence of coronary
anomaly is up to 30%. Defining the course by X-ray an-
giography is even more complex due to altered positions
of the great vessels and ventricles [14].

Developing Indications

Detection of Myocardial Infarction

The technique of late enhancement with gadolinium has
been developed, in which the heart is imaged 10-15 min
after injection. The gadolinium concentrates in the
necrotic (acute infarction) or scar tissue (chronic in-
farction) due to an increased partition coefficient, and
the infarcted area becomes bright [15]. There is very
close correlation of the volume of signal enhancement
and infarct size in animal models of acute infarction.
The technique has high resolution and can define the
transmural extent of necrosis and scar. In addition, a dif-
ferent technique, known as early enhancement (at 1-2
min after gadolinium injection) can be used to define
the extent of microvascular obstruction in infarctions.
Microvascular obstruction has already been shown to
predict remodelling and adverse cardiac events after in-
farction.

Assessment of Myocardial Viability

The technique of late enhancement has clinical applica-
tion to the assessment of viability in that the percentage
transmural replacement of normal myocardium by scar
can thus be determined. Segments with <50% trans-
mural replacement showed improved function with
revascularisation, whilst those with higher grades of
transmural replacement fail to improve [16]. It is antic-
ipated that the late enhancement technique will make
substantial clinical impact in the management of infarc-
tion and its sequelae.
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Dobutamine stress testing

Dobutamine CMR was first used for the detection of is-
chaemia in CAD a decade ago, but modern comparisons
with stress echocardiography have shown significantly
improved diagnosis related to improved results from
those patients in whom echocardiographic image quality
was suboptimal or poor [17]. Results from several centres
have begun to establish this technique, and where avail-
able, it can be considered as a first-line approach if
acoustic windows are limited.

CMR Techniques in Development

Myocardial Perfusion

SPECT is a widely used technique to assess perfusion, but
a safer technique would be medically welcome, providing
it can maintain the same valuable diagnostic and prognos-
tic information and is cost effective. Perfusion CMR may
be a contender for this role. This technique consists of a
baseline first-pass perfusion study and a repeat study dur-
ing adenosine stress. Gadolinium is used as the contrast
agent. Areas of reduced perfusion appear as dark areas in
the myocardium surrounded by normal-enhancing areas.
One of the advantages of perfusion CMR is high resolu-
tion, which allows the visualisation of subendocardial per-
fusion defects in vivo for the first time. Quantitative
analysis tools have been developed that examine the slope
of signal increase during the first pass and the myocardial
perfusion reserve index [18]. Other advantages of perfu-
sion CMR include the speed of the examination (1 h com-
pared with typically 2-6 h for a nuclear examination), and
the easy combination with other techniques, such as late
enhancement. Recent multicentre studies suggested that
CMR is more accurate than myocardial perfusion SPECT
for detection of coronary artery disease.

Atherosclerotic Plaque

Further down the road for clinical use is the technique of
plaque imaging. CMR can be used to depict plaques and
interrogate their lipid constituents as well as the integrity
of the fibrous cap, which are factors that determine the
propensity to plaque rupture and thrombus formation. T2
imaging has proved so far to be the most helpful, and val-
idation of results against pathology has been achieved in
the aorta and carotids. Latest results have also shown
plaques in the coronary arteries [19].

Coronary Imaging

Much work has been devoted to the non-invasive assess-
ment of the coronary artery lumen by CMR. There have
been tremendous improvements in techniques, notably in
the development of ‘navigators’ which allow patients to
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breathe freely during the acquisition, whilst increasing
resolution [20]. Most recently, 3D breath-hold techniques
during contrast-agent infusion have shown good results. It
is likely that coronary CMR will prove useful in CAD at
some point in the future, but currently its clinical robust-
ness needs improvement, and the issue of preventing coro-
nary motion during the acquisition has to be improved fur-
ther. However, the success of the technique for coronary
anomalies is established and vein-graft imaging by CMR
is now straightforward. In this area, coronary CT has ad-
vantage because of superior resolution, although in estab-
lished coronary disease, interpretation is considerably hin-
dered by coronary calcium. CT is good for detecting ear-
ly coronary disease, prior to excessive calcium deposition.
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Over the past decades, conventional coronary angiogra-
phy has been the only accepted ‘gold standard’ method
for clinical imaging of coronary artery disease (CAD).
However, coronary angiography is costly, causes patient
discomfort, and is associated with a small but distinct
procedure-related morbidity (1.5%) and mortality
(0.15%). Moreover, the accuracy of coronary angiogra-
phy is severely hampered by significant intraobserver as
well as interobserver variability in defining the anatomic
relevance of stenoses (up to 50%) [1, 2] – a problem that
is underlined by the poor correlation with post-mortem
coronary pathology findings [3, 4]. In addition, angio-
graphic findings are unable to predict the physiologic rel-
evance of a coronary stenosis [2, 5-8].

In 2002, about 2 million conventional coronary an-
giography procedures were carried out in Europe [9].
Interestingly, the fact that percutaneous coronary inter-
vention (PCI) was performed in only a third of these pro-
cedures implies that coronary angiography was and is
mostly used as purely diagnostic tool. The associated eco-
nomic burden and the inconvenience to patients have
prompted an intensive search for alternative, noninvasive
means for coronary artery imaging [10]. Indeed, over the
last 5 years there has been an impressive growth in the lit-
erature on non-invasive techniques for the assessment of
CAD. In particular, the introduction of multidetector
computed tomographic scanners with submillimeter spa-
tial resolution and subsecond gantry rotations has revolu-
tionized the field of cardiac imaging by enabling ‘direct’
non-invasive imaging of the coronary arteries. As a re-
sult, purely diagnostic coronary angiography may not be
considered an acceptable procedure in the near future.

Coronary Angiography by Multidetector-Row Computed
Tomography

The latest advances in computed tomography (CT) tech-
nology using multidetector-row CT systems with 64-
slices and dual source CT has led to the achievement of
a non-invasive means to obtain excellent-quality images
of the coronary artery tree (Fig. 1). Nevertheless, even

with 64-slice CT there is a decline in diagnostic accura-
cy that is mainly associated with the presence of severe
vessel-wall calcification and motion artifacts [11]. For
routine clinical use, CT coronary angiography (CTA)
needs to provide reliable visualization of the complete
coronary artery tree. The temporal resolution of 64-slice
CT sometimes is insufficient for artifact-free visualiza-
tion of the coronary arteries due to their heterogeneous
motion throughout the cardiac cycle, which typically af-
fects distal vessel segments of the left circumflex (LCX)
artery and the mid-section of the right coronary artery
(RCA). As this most often occurs in patients with high
and variable heart rates [12], it was considered necessary
with 64-slice CT to control patient heart rate prior to
scanning by administering beta-blockers and/or benzodi-
azepines. The most recently developed dual-source CT
scanner system further improved temporal resolution to a
heart-rate-independent 83 ms by simultaneously acquir-
ing data with two X-ray tubes and two detectors mount-
ed onto the gantry with a 90° angular offset. A prelimi-
nary study using dual-source CT reported high accuracy
in the diagnosis of CAD, with a sensitivity of 96% and a
specificity of 98% [13]. The authors of that study did not
control heart rate with beta-blocking medication and
reported a low rate of not-evaluable segments of only
1.4% – all in distal segments or side branches.

With 64-slice and dual-source CT scanners, the con-
sistently high negative predictive value (approaching
100%) allows the reliable exclusion of significant CAD
in a non-invasive manner. This severely challenges the
role of conventional coronary angiography as a purely di-
agnostic tool.

Additional benefits from cardiac CT derive from its
ability to accurately evaluate ventricular function with an
accuracy that is similar to that of the current standard of
reference, magnetic resonance imaging [14]. In addition,
cardiac valvular morphology and function can be as-
sessed with results similar to those obtained with
echocardiography [15, 16], and approximately 70% of the
lung parenchyma [17] can be covered without the need
for additional radiation or contrast media.
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Hybrid Imaging

It has become the clinical standard to require proof of
ischemia by a non-invasive test before considering
revascularization procedures [18, 19]. As illustrated in
Fig. 2, a purely morpho-anatomical method is insuffi-
cient at predicting the functional relevance of a stenosis
[6]. Thus, an accurate, non-invasive technique for the
evaluation of CAD should provide complementary in-
formation on coronary anatomy and the pathophysiolog-
ic implications of lesion severity. Currently, the integra-
tion of functional and morphological information is done
by mentally combining coronary angiography findings
with those from myocardial perfusion imaging (MPI).
Unfortunately, the planar nature of coronary angiogra-
phy projections and the axial slice-by-slice display of
cardiac MPI render a subjective integration difficult,
leading to inaccurate allocation of the coronary lesion to

its subtended myocardial territory. There have been sev-
eral attempts to fuse conventional coronary angiography
with MPI [20-22]. However, this approach does not al-
low non-invasive preplanning of the intervention, as in-
formation regarding the coronary anatomy is obtained
only during conventional coronary angiography. In addi-
tion, the time-consuming process of fusing coronary an-
giography with MPI prevents rapid decision-making dur-
ing an ongoing intervention. Consequently, this ap-
proach has not been adopted into daily clinical routine.
Ideally, complementary information should be obtained
completely non-invasively, allowing proper planning of
the elective intervention.

We have recently shown that combining MPI with
multislice CTA is a feasible and interesting approach for
non-invasive complementary morpho-anatomical and
functional CAD assessment [23, 24], providing useful in-
formation for clinical decision-making [25].

Fig. 1a-d. Dual-source computed tomography (CT) coronary angiography (mean heart rate during scanning 78 bpm) in a 49-year-old female
patient with atypical chest pain and inconclusive stress testing. CT ruled-out coronary artery disease in a non-invasive means. Volume-ren-
dered 3-D image (a), curved multiplanar reformations along the centerline of the right coronary artery (b), as well as curved multiplanar
reformations along the centerline of the left anterior descending (c) and left circumflex (d) arteries demonstrate normal coronary arteries
with no calcifications or stenoses

a b

c d
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The Future of Non-invasive Cardiac Imaging with CT
and Nuclear Methods

Developments in non-invasive cardiac imaging using CT and
nuclear methods are anticipated to proceed in two directions.

First, the most recent multidetector-row CT scanner
technology appears to be robust with respect to coronary
artery assessment in patients with acute chest pain, there-
by optimizing the triage of those patients for further in-
vasive or non-invasive workup and therapy [26]. In addi-
tion, initial experience indicates that multidetector row
CT allows the evaluation of acute and chronic myocardial
pathologies, with results similar to those obtained with
magnetic resonance imaging [27]; however, at the same
time it also provides accurate information about the sta-
tus of the coronary arteries.

Second, the very encouraging preliminary data sug-
gest that hybrid imaging has the potential to be imple-
mented into clinical practice, eventually leading to a
reduction in the frequency or overuse of angioplasty
and stent placement, key cost drivers in interventional
cardiology practice. Occasionally, in patients whose
lesions are unsuitable for angioplasty, bypass surgery
may be considered directly without the need for pre-
operative diagnostic coronary angiography [28].
Furthermore, new ligands are currently under investi-
gation that will allow imaging of plaques in vulnerable
vessels (aorta, carotids, coronaries). Optimal fusion
(inherent to hybrid scanners) of molecular images with
those generated by CT angiography will allow exact
allocation of the vulnerability to the specific anatomic
lesion.

Fig. 2a-h. 64-slice CT coronary angiography (mean heart rate during scanning 69 bpm) in a 56-year-old male patient with atypical chest
pain, a positive family history, and dyslipidemia. Volume-rendered 3-D images show multiple calcifications (arrows) in the left anterior
descending artery (LAD) (a) and in the right coronary artery (RCA) (b). It is important to note that no diagnosis should be done on vol-
ume rendered 3-D images. Curved multiplanar reformations allow calcifications involving the LAD (c), the proximal segment of the first

diagonal branch (d), the left circumflex
(e) and the RCA (f) to be localized.
However, even with reformations lumi-
nal narrowing can sometimes be difficult
to estimate. The angiographic view (g)
confirms severe overall calcifications.
Myocardial perfusion scan (adenosine
stress/rest Tc-99m-tetrofosmin protocol)
(h) reveals slightly inhomogeneous per-
fusion but neither ischemia nor scarring,
indicating that none of the lesions were
pathophysiologically relevant

a b

c d

e f

g h
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Morphological Evaluation of Congenital Heart Disease

Depiction of the anatomy of simple and complex forms
of congenital heart disease constitutes the most common
clinical indication for magnetic resonance imaging
(MRI) of the heart at many centers in the United States.
The most frequently applied noninvasive technique for
the assessment for congenital heart disease is echocar-
diography. Consequently, MRI is used in situations in
which the information provided by echocardiography is
incomplete or cannot be obtained. MRI using the ECG-
gated spin-echo technique has been shown to have high
diagnostic accuracy for demonstrating the morphologic
aspects of many forms of congenital heart disease, in-
cluding both simple and complex lesions. Due to the
ready availability of echocardiography and its greater fa-
miliarity, the major uses of MRI in the evaluation of con-
genital heart disease are aimed at specific indications in
which the information is either unique or supplementary
to that obtained with echocardiography.

The current indications for the use of MRI for the mor-
phologic diagnosis of congenital heart disease include:
evaluation of coarctation of the aorta, aortic arch anom-
alies and other vascular rings, pulmonary venous con-
nections and pulmonary venous obstructions, the assess-
ment of pulmonary arterial dimensions and sites of ob-
struction or atresia, the evaluation of complex cyanotic
anomalies including various types of single ventricle
(uni-ventricular connections), and postoperative follow-
up of congenital heart disease. Perhaps the most frequent
use of MRI is, and in the future will be, for monitoring
the morphology of cyanotic congenital heart disease and,
to some extent, evaluating the success of complex opera-
tions used in its treatment. MRI also permits precise as-
sessment of the morphology of the supracardiac as well
as intracardiac aspects affected by these complex opera-
tions. Moreover, it has also accurately demonstrated
residual obstructions of the central or branch pulmonary
arteries after operations involving the pulmonary arteries.
This is particularly the case for surgery to correct tetral-
ogy of Fallot, pulmonary atresia, and truncus arteriosus.

For the evaluation of coarctation of the aorta, MRI has
been effective in demonstrating the site, extent and sever-

ity of the coarctation, and the status of the aortic arch. In
the evaluation of vascular rings, sagittal and transverse
tomograms demonstrate the severity of airway compres-
sion as well as the precise anatomy of the vascular anom-
aly. For complex lesions, such as single ventricle, the to-
mographic nature of MRI allows depiction of the atri-
oventricular and arterioventricular connections, which is
necessary in defining the anatomy of the lesions.
Likewise, MRI has been effective in defining the anato-
my of surgical procedures used in the correction of these
complex cyanotic congenital heart lesions. A number of
studies have compared the normal anatomy with compli-
cations following use of the Rastelli procedure, Fontan
procedure, Jatene procedure, Norwood procedure, and
other operations involving the great vessel and cardiac
levels. Most of these operations influence the size of
stenoses involving the pulmonary arteries. Recent studies
have demonstrated that MRI is more effective than
echocardiography in detecting abnormalities in the right
and left pulmonary arteries occurring residual to or as a
complication of previous operative procedures.

Functional Evaluation of Congenital Heart Disease

Depiction of the morphology of congenital heart disease
is the most important aspect in the diagnosis of the many
forms of this disease. However, the functional aspects of
congenital heart disease are also important and in some
cases are critical to patient management. A number of
new magnetic resonance techniques have been devised or
already applied to the assessment of several functional
aspects of congenital heart disease. Evaluation of the vol-
umes and functions of both ventricles has been achieved
using cine-MRI and more recently, breath-hold cine-
MRI. Compared to echocardiography and other imaging
techniques, MRI has the advantage of providing better
quantification of right ventricular volume and function.
Many congenital heart lesions, especially cyanotic le-
sions, frequently afflict and alter the dimensions and
shape of the right ventricle. Consequently, a three-di-
mensional imaging technique that provides direct mea-
surements of right ventricular volume and mass is im-
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portant in the management of a number of types of con-
genital heart disease. The determination of adequate vol-
ume and function of two ventricles may be important in
surgical consideration and in the decision as to whether
to perform a bi-ventricular or uni-ventricular reconstruc-
tion in complex congenital lesions.

The measurement of blood flow in the great vessels
and cardiac chambers may be extremely important in the
assessment of congenital heart disease. The velocity-en-
coded cine-MRI technique can provide measurements of
blood flow in the ascending aorta and pulmonary artery
simultaneously. This technique has been used to measure
the difference between pulmonary arterial flow and aor-
tic flow in order to calculate the volume of left-to-right
shunts and the pulmonary to systemic flow ratio (Qp/Qs)
of shunts. The Qp/Qs derived from velocity-encoded cine-
MRI close correlates with the same measurement derived
from oximetric data obtained during cardiac catheteriza-
tion in patients with atrial septal defects. Moreover, this
technique has been used to separately measure flow in the
right and left pulmonary arteries, and has shown that the
sum of flow measured in the right and left pulmonary
artery is equivalent to the flow measured in the main pul-
monary artery in normal individuals. This technique has
been used to quantify the distribution of blood flow in the
right and left pulmonary arteries in patients with congen-
ital lesions, in whom blood flow to the two lungs is gross-
ly unequal as a consequence of stenoses within the
branches of the right or left pulmonary artery, after con-
struction of systemic to pulmonary shunts, or in atresia or
hypoplasia of one of the hilar pulmonary arteries.
Velocity-encoded cine-MRI has also been used to esti-
mate the peak velocity across stenoses in order to calcu-
late the gradient across them. This information has been
useful in the assessment of congenital heart disease as it
allows the gradient across pulmonary valvular stenoses,
pulmonary arterial stenoses, and Rastelli conduits to be
estimated. Several recent studies have also shown a cor-
relation between estimates of the gradients across valvu-
lar stenoses and those across coarctation of the aorta with
measurements made at cardiac catheterization.

Velocity-encoded cine-MRI has recently been applied
to determine the volume of the collateral circulation in
coarctation of the aorta. The rationale in this application
is to demonstrate greater flow in the distal descending
aorta than in the proximal descending aorta. The increase
in flow from the proximal to the distal aorta is presumed
to occur as a result of retrograde flow in the intercostal
arteries and other branches of the descending aorta. In
normal volunteers, the total flow in the distal part of the
descending aorta was slightly decreased compared with
the flow in the proximal part of the descending aorta be-
cause of normal antegrade flow through the intercostal
arteries. However, in patients with hemodynamically sig-
nificant coarctation (>20 mm gradient), velocity-encod-
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ed cine-MRI measurements demonstrated a substantial
increase in the distal aorta compared to the proximal part
of the descending aorta. The increase in flow was pre-
sumably due to the retrograde flow in branches of the de-
scending aorta. In that study, there was a significant lin-
ear relationship between the volume of collateral flow
measured by velocity-encoded cine-MRI and the mor-
phologic severity of the stenosis, as measured by the per-
cent reduction in luminal diameter of the aorta at the site
of the coarctation. It thus seems likely that this technique
can provide a new method for defining the hemodynam-
ic significance of a coarctation.

The Future of MRI in Congenital Heart Disease:
Catheterless Cardiac Catheterization

The multifaceted morphologic and functional informa-
tion provided by MRI suggests that this technique has the
potential to replace cardiac catheterization while provid-
ing the same information. In recent years, the volume of
cardiac catheterization has declined considerably due to
the capability of echocardiography for evaluating mor-
phology and function in congenital heart disease. The
combination of echocardiography and MRI should elim-
inate a substantial amount of cardiac catheterizations. In
the future, the major use of cardiac catheterization in con-
genital heart disease may be to apply interventional ther-
apeutic procedures.

Under optimal circumstances of application, MRI can
supply most of the information for which cardiac
catheterization is currently used. This information in-
cludes morphologic, pressure, and oximetric data in order
to define the pressure gradient across stenoses, the vol-
ume of shunts, and the presence and severity of pul-
monary arterial hypertension. Currently, the morphology
of congenital heart disease is defined by ECG-gated,
spin-echo, and cine-MRI with a precision that rivals and
usually surpasses that provided by catheterization.
Quantitative function of both ventricles can be provided
by cine-MRI, and the accuracy and reproducibility of this
approach should be better than that obtained with cardiac
angiography because of the three-dimensional imaging.
As discussed above, velocity-encoded cine-MRI can be
used to estimate the gradients across valves and great ar-
teries and to calculate the volume of left-to-right shunts.
However, the reliability of this method for estimating gra-
dients across stenoses under a variety of pathologic cir-
cumstances has not yet been established. Moreover, it is
now theoretically possible to estimate pulmonary arterial
pressure by examining the jet of tricuspid regurgitation
usually present in patients with pulmonary arterial hy-
pertension. However, no studies have documented the ca-
pability of MRI to provide an estimate of pulmonary ar-
terial pressure.
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Introduction

Recent advances in diagnostic radiology have radically
altered the approach to the diagnosis of congenital heart
disease (CHD). Sophisticated trans-thoracic and trans-
esophageal echocardiography is perhaps the best-known
example. Additionally, state of the art magnetic reso-
nance (MR) and multidetector computed tomography
(CT) scanners, each with cardiac packages, can render di-
agnostic angiocardiography unnecessary at times. With
an accurate diagnosis, interventional angiocardiography,
embolotherapy, surgical correction, or even cardiac trans-
plantation can be accomplished for palliation or cure.

In spite of these imaging breakthroughs, many if not
most CHD patients, independent of age, are referred to the
radiologist with a request for a chest radiograph, either
one or two views. The accompanying patient report usu-
ally includes a few, brief clinical observation (e.g., cyan-

otic infant, shortness of breath, enlarged heart, murmur).
Consequently, the traditional approach to treating such pa-
tients, i.e., situs evaluation, vascular pattern assessment,
and cardiac contour/chamber analysis, still merits review.
Most importantly, this approach follows directly from the
underlying pathophysiology seen in CHD, in which there
are deranged flow dynamics and cardiac chamber alter-
ations. With this in mind, this article describes a schemat-
ic approach to assessing the most common forms of CHD,
without technically addressing specific CT/MR protocols,
which are covered elsewhere in the IDKD.

Approach to the Plain Chest Radiograph in Patients
with Heart Disease

The situs of heart disease is inferred based on the anato-
my of the atria (Fig. 1), the anatomy of the tracheo-

IDKD 2007

Diagnosis of Congenital Heart Disease II

I.L.D. Tonkin

Division of Cardiovascular, Interventional, and Pediatric Radiology, University of Tennessee Health Science Center, Memphis,TN, USA

Fig. 1. Normal cardiac anatomy. From Netter FH (1969), and from Elliott LP (1991), with permission
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bronchial tree, the position of the pulmonary arteries, lo-
cation of the thoracic and abdominal viscera, and iso-
merism (symmetric morphology) (Figs. 1, 2). Situs soli-
tus, or normal situs, is defined by the position of the
stomach (and liver), the cardiac apex, and the aortic
arch. In this type of situs, the patient’s bronchial and atri-
al anatomies suggest right and left sidedness in the nor-
mal positions. Accordingly, situs inversus refers to a re-
verse of the normal situs. Situs indeterminus (situs am-
biguous) is further described with respect to either bilat-
eral right isomerism (sidedness), such as occurs in as-
plenia syndrome, or bilateral left isomerism, as seen in
polypslenia syndrome. Bilateral right isomerism consists
of bilateral eparterial bronchi and right-sided atrial
structures, the absence of a spleen, and an increased in-
cidence of congenital heart disease. In bilateral left iso-
merism, there are multiple splenules along the greater
curvature of the stomach, bilateral left isomerism with
bilateral hyperarterial bronchi, and bilateral left pul-
monary arteries extending over the bronchi. There is al-
so a bilateral left atrial anatomy with bilateral left atrial
appendages, as well as abnormal systemic venous con-
nections and azygos or hemiazygos continuation with in-
terruption of the hepatic segment of the inferior vena ca-
va. Bilateral left isomerism is associated with a lower in-
cidence of CHD.

The Pulmonary Vasculature in CHD

The pulmonary vasculature in CHD patients can be dif-
ficult to evaluate and requires considerable experience.
The radiographs of these patients are difficult to inter-
pret and must be ‘overread’ in order to identify the vas-
cular defects. Pulmonary vascularity may be normal, in-
creased, or decreased. Increased vascularity is associat-
ed with pulmonary overcirculation (shunt vascularity),
pulmonary venous hypertension, or pre-capillary hyper-
tension (pulmonary arterial hypertension). In addition,
there may be systemic collaterals from the aorta and
major aortopulmonary collateral arteries (MAPCAs).
An overview of the four main groups of CHDs with re-
spect to the pulmonary vascular pattern is provided in
Table 1.

Group 1 CHDs: Increased Pulmonary Vascularity
Without Cyanosis

Due to the difference in pressure and resistance between
the greater and lesser circulation, the communication be-
tween the two circuits results in increased pulmonary
blood flow with increased blood flow through the left
atrium, which is enlarged in all cases unless it is decom-

Table 1. Congenital heart disease classification by pulmonary vascular pattern

Acyanotic Cyanotic

Group 1 Group 2 Group 3 Group 4

↑PBF PVH or normal ↓PBF ↑PBF

Left to right shunts LV inflow or outflow obstruction; Right to left shunts due to RV Admixture lesions
muscle disease inflow or outflow obstruction

Group 2a: Neonatal Group 3a: Normal heart size; 
Group 2b: Childhood or later VSD present

Group 3b: Cardiomegaly; 
intact septum

PBF, Pulmonary blood flow; PVH, pulmonary vascular hypertension; LV, left ventricle; RV, right ventricle; VSD, ventricular septal defect

Fig. 2. Types of situs. RL, Right lung; LL, left lung; RA, right atrium; LA, left atrium. From Tonkin ILD (1992), with permission
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pressed by a large atrial communication. Table 2 lists the
group of acyanotic CHDs characterized by increased pul-
monary blood flow, some of which are described below
in greater detail.

Ventricular Septal Defect

The most common congenital cardiac anomaly is ventric-
ular septal defect (VSD): It occurs as an isolated lesion in
20% of CHD patients and is present with other anomalies
in another 5% of patients. Four types of VSD can be dis-
tinguished: (1) membranous VSD (80%), (2) muscular
(10%), (3) A-V canal type (5%), and (4) supracristal (5%).

The radiographic findings seen on cardiac imaging of
VSD consist of increased pulmonary vascularity,
acyanosis, an enlarged pulmonary artery, and an enlarged
left atrium.

Atrial Septal Defect

Of the five recognized types of atrial septal defect (ASD),
the most common is septus secundum, abnormal resorp-
tion of the fossa ovalis. In the septum primum type, the
defect is situated low, near the mitral valve, and consists
of a partial atrioventricular canal. In sinus venosus, the
third type of ASD, the most common defect results in par-
tial anomalous pulmonary venous return, as the right up-
per lobe pulmonary vein drains into the vena cava.  An
inferior vena caval defect can rarely occur. In patients
with a stretched patent foramen ovale, the defect is func-
tional due to right atrial enlargement and right atrial hy-
pertension.

The radiograhic findings on cardiac imaging of ASD
can include increased pulmonary vascularity, acyanosis
(clinically evident), the absence of left atrial enlargement,
and an enlarged right ventricle. Atrial-level CT/MR
imaging with contrast enhancement will detect and iden-
tify the type of ASD and show alterations in pulmonary
venous return.

Atrioventricular Septal Defects (Endocardial Cushion Defect)

In atrioventricular septal defects, also known as endo-
cardial cushion defect, three types of defects are recog-
nized. In the partial form there is low atrial septal de-

fect, ostium primum type, and a cleft in the mitral
valve. In the intermediate form, there is low and a small
VSD, whereas complete endocardial cushion defect
consists of low ASD, a large VSD, and complete clefts
within the atrioventricular valves.

Patent Ductus Arteriosus

In this acyanotic CHD, imaging may reveal a prominent
aorta. A characteristic murmur is heard on auscultation
(Figs. 3, 4).

Table 2. Acyanotic CHD with increased pulmonary blood flow (left
to right shunts)

Common Rare

Ventricular septal defect Aortic pulmonary window

Atrial septal defect Sinus of Valsalva aneurysm

Patent ductus arteriosus Coronary artery fistula

Endocardial cushion defect Left ventricle to right atrium shunts
(atrioventricular septal defect)

Partial anomalous pulmonary
venous return

Fig. 3. Fetal circulation with patent ductus arteriosus. From Tonkin
ILD (1992), with permission

Fig. 4. Schematic illustration of the defects in patent ductus arte-
riosus (PDA) and aortic pulmonary window (APW). Ao, Aorta;
PT, pulmonary trunk; LIG ART, ligamentus arteriosus. From
Gedgaudas E et al. (1985), with permission
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Miscellaneous Left-To-Right Shunts

The common feature of these CHDS is left-to-right shunt-
ing. In aortic pulmonary window (Fig. 4), the shunt arises
from the connection between the ascending aorta and main
pulmonary artery. Patient with ruptured aortic sinus of
Valsalva aneurysm will present with a continuous murmur
and shunt vasculature. The aneurysm itself is not evident on
the plain radiograph but may be seen at echocardiography,
MR imaging, or double subtraction angiography. Coronary-
artery fistula is defined as a communication between a
coronary artery and either a chamber of the heart or a com-
ponent of the systemic or pulmonary circulation. The rare
patient with left ventricular to right atrial shunt will present
with clinical features of atrial shunt but have a murmur re-
sembling that of VSD as well as right atrial enlargement.

Group 2 CHDs: Acyanotic with Pulmonary Vascular
Hypertension or Normal Vascularity

Either valvular obstruction or obstruction of the great
vessels may be associated with pulmonary vascular hy-
pertension or normal vascularity. Obstruction of the great
vessels will occur in patients with coarctation of the aor-
ta (Fig. 5a, b), either preductal or postductal (juxtaduc-
tal), and in those with pulmonary valve stenosis.

Stenosis of the Aortic Valve

Aortic stenosis may be supravalvular, valvular or manifest
as hypertrophic obstructive cardiomyopathy (idiopathic
hypertropic subaortic stenosis; IHSS). The most common
form of aortic valve stenosis involves the bicuspid valve
(Fig. 6). In the USA, 2% of the population is estimated to
have this type of CHD. It is thus the most common con-
genital heart lesion in all age groups (Fig. 6).

Obstruction of the Great Vessels: Coarctation of the Aorta,
Pulmonary Valve Stenosis, and Venous Obstruction

The clinical findings of coarctation are decreased
femoral pulses in the lower extremities. In the juxtaduc-
tal form of the disease (Fig. 6b), the radiographic find-
ings include rib notching of ribs 3-8 in school-age chil-
dren, normal pulmonary vascularity, and a normal-size

heart with a left ventricular contour. Other findings are
an abnormal aortic arch with a characteristic ‘3’ sign and
a ‘reverse 3’ sign with barium in the esophagus. An ab-
normal aortic valve is found in 50-85% of these patients.

Stenosis and partial fusion of the pulmonary valve re-
sults from fused or dysplastic valve leaflets. Pulmonary
vascularity is normal as is the size of the heart. However,
the main pulmonary artery is enlarged and a prominence
of the left proximal pulmonary artery can be seen.

Pulmonary venous obstruction causes usually a char-
acteristic granular pattern in infancy that is sometimes in-
distinguishable from respiratory distress syndrome (RDS,
or hyaline membrane disease). The presence of an air
bronchogram may help to identify RDS. Redistribution
of pulmonary blood flow occurs later in life. These le-
sions place an increased demand on the right ventricle,
which consequently hypertrophies. The heart size is usu-
ally normal or slightly enlarged.

Other CHDs – Venous Obstruction

Congenital mitral stenosis is a very rare form of CHD. It
is associated with hypertrophy of the right ventricle and
left atrial enlargement.

In cor triatriatum, left atrial enlargement is also some-
times visible along the right heart border. Cardiac imaging

Fig. 6. Aortic valve stenosis. From Netter FH (1969)

Fig. 5a, b. Coarctation of the aorta. a Pre-ductal (in-
fantile); b juxtaductal (postductal).From Elliott LP
(1991), with permission

a b
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with CT/MR demonstrates the presence of a membrane in
the left atrium, an accessory chamber, and restricted ASD.

Patients with stenosis of individual pulmonary veins
will have unilateral pulmonary edema but not left atrial
enlargement.

Left atrial enlargement is also not a feature of total
anomalous pulmonary venous return below the di-
aphragm. In this condition, the heart is of normal size.

Congestive heart failure results from a variety of pri-
mary cardiomyopathies.

The four most common vascular compression anom-
alies are illustrated in Fig. 8.

Group 3 CHDs: Decreased Pulmonary Blood Flow

Group 3A: Decreased Pulmonary Flow with Cyanosis

Perhaps the best-described CHD of this group is tetralo-
gy of Fallot (Fig. 9). The radiographic findings on cardiac
imaging are decreased pulmonary vascularity, right ven-
tricular hypertrophy (‘coeur in sabot’), an inapparent pul-
monary artery segment, and a large aorta. In 25% of af-
flicted patients, the right arch is involved, sometimes with
a boot-shaped heart. Palliative surgery includes a
Blalock-Taussig shunt or a central shunt (Fig. 10 a, b).

Fig. 7. Pulmonic valve stenosis stenotic and partially fused pul-
monary valve. Ao, Aorta; PA, pulmonary artery; RA, right atrium;
LA, left atrium; RV, right ventricle; LV, left ventricle. From
Gedgaudas E et al. (1985), with permission

Fig. 9. Tetralogy of
Fallot. Ao, Aorta;
LA, left atrium; LV,
left ventricle. From
Amplatz K, Moller
JH (1994), with per-
mission

Fig. 8 a-d. Vascular compression anomalies. a Double aortic arch; b
anomalous innominate artery; c right arch, with an aberrant left sub-
clavian artery (usually a vascular ring), or left arch, with an aberrant
rightsubclavian artery (usually not a ring); d pulmonary sling. From
Berdon WE et al. (1972), with permission

a b

c d

Fig. 10a, b. Surgical
treatment of tetralogy
of Fallot. a Blalock-
Taussig shunt; b
central shunt. From
Amplatz K, Moller
JH (1994), with per-
missiona

b
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Embolotherapy has been used to occlude the MAPCAs of
patients with tetralogy of Fallot (Fig. 11). Gelfoam, Ivalon,
and platinum coils have been used as embolic material.

Group 3B (Cardiomegaly)

In this group of cyanotic CHDs, cardiomegaly and an in-
tact ventricular septum are the predominant features.
Several examples are shown in Figs. 12-14.

Group 4 CHDs: Cyanosis with Increased Pulmonary
Blood Flow

This group of CHDs includes transposition of the great
vessels (the most common), truncus arteriosus, total
anomalous pulmonary venous connection (TAPVC)
above the diaphragm, the ‘tingles’ (involving a single
ventricle or atrium), and tricuspid atresia (without right
ventricular outflow tract obstruction).

Fig. 11. Major aortopulmonary collateral arteries (MAPCAs). From
Mullins CE et al. (1988), with permission

Fig. 12. Pulmonary stenosis or atresia. Note the intact ventricular sep-
tum, the very large heart, and the markedly decreased pulmonary
vascularity. From Amplatz K, Moller JH (1994), with permission

Fig. 13. Tricuspid atresia. Left axis deviation is noted on the ECG.
On a chest radiograph, the left ventricle may be normal or have a
rounded contour. Ao, Aorta; PA, pulmonary artery; LA, left atrium;
RV, right ventricle; LV, left ventricle. From Gedgaudas E et al.
(1985), with permission

Fig. 14. Ebstein’s anomaly, in which the tricuspid valve is abnor-
mally formed, may feature a very large heart. A characteristic mur-
mur is present. From Netter FH (1969)
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D-transposition of the Great Vessels

The reversal of the connections of the aorta and pulmonary
artery is the most common neonatal cyanotic congenital
heart lesion. The transposition results in arterioventricular
concordance and ventriculoarterial discordance (Fig. 15).

The radiographic findings on cardiac imaging of a D-
transposition include normal to increased pulmonary vascu-
larity, an inapparent pulmonary artery segment, right-heart
prominence, and an ‘egg’ or ‘apple on string’ appearance.

Truncus Arteriosus

Cardiac imaging of truncus arteriosus will reveal in-
creased pulmonary vascularity, a right aortic arch (35%
of patients), and an elevated left pulmonary artery (type
I truncus arteriosus) (Fig. 16).

Total Anomalous Pulmonary Venous Connection

In this CHD, all of the pulmonary veins are anomalously
connected. Four variations of TAPVC have been de-
scribed, It should be noted that left atrial enlargement is
never seen in patients with TAPVC.

In type I TAPVC, the connections are supracardiac and
involve the left vertical vein, innominate vein, superior
vena cava, and right atrium. This condition is sometimes
referred to as ‘snowman’s heart’. Type II TAPVC is at the
cardiac level, with connections to the coronary sinus or
right atrium. In type III disease, the connections are infra
diaphragmatic, with drainage into the portal vein. In type
IV, the connections are mixed, with various flows of the
pulmonary veins to the right side of the heart (Fig. 17).

Fig. 16. Truncus arteriosus. Three variants of the condition are rec-
ognized. From Elliott (1991), with permission

Fig. 17. Total anomalous pulmonary venous return above the di-
aphragm, to the coronary sinus, and below the diaphragm. From
Elliott (1991), with permission

Fig. 15. Complete transposition of the great arteries. From Elliott
(1991), with permission
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The ‘Tingles’

In CHD patients with a single ventricle (‘tingle ventri-
cle’), there will be situs anomalies and an inapparent pul-
monary artery segment except for a double-outlet right
ventricle. Other forms of this abnormality are single atri-
um (‘tingle atrium’) and tricuspid atresia (without right
ventricular outflow tract obstruction).

Hypoplastic Left Heart

The radiographic findings in patients with hypoplastic
left heart include a normal to mildly enlarged heart (1-3
days), pulmonary edema, severe pulmonary venous ob-
struction, and right to left shunt across the posterior de-
scending artery. Echocardography is diagnostic and will
demonstrate an enlarged right heart and pulmonary artery
as well as an underdeveloped left heart and ascending
aorta. CT/MR imaging will also show the underdevel-
oped left heart. A hypoplastic ascending aorta and aortic
valve can be seen on angiography, which also reveals the
positions of the coronary arteries, posterior descending
artery, and brachiocephalic arteries (Fig. 18).

Clinical Information

The presence or absence of cyanosis and the age of the
patient are important factors to consider in the diagnosis
of CHDs. Diagnostic accuracy is increased by obtaining

a detailed clinical history, a chest radiograph, ECG, and
echocardiogram. CT and MR imaging will often provide
invaluable diagnostic information, as will cine angio-
cardiography or digital subtraction angiography. Inter-
ventional procedures may also be required.
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Non-vascular Interventions

Percutaneous Transthoracic Needle Biopsy

Percutaneous lung biopsy was first described by Leyden,
in 1883, and was carried out in order to establish the in-
fectious nature of lung disease. Currently, percutaneous
tissue sampling of a pulmonary, pleural, or mediastinal
lesion is indicated when histological diagnosis will fur-
ther influence the diagnostic strategy and therapeutic op-
tions, or modify tumor staging and the sequence of can-
cer treatment. Cost efficiency by shortening hospital stay
has also been demonstrated [1].

Indications

The main indications for percutaneous transthoracic needle
biopsy (PTNB) can be summarized as follows [2]: (1) pul-
monary nodule(s) without specific diagnostic criteria on
computed tomography (CT) that ascertain benignity; (2) a
pulmonary nodule(s) or mass suggestive of malignancy in
a patient whose surgery will be postponed or replaced by
chemotherapy and/or radiotherapy – for example, a patient
who refuses invasive diagnostic procedures and therapy but
may change his or her mind when irrefutable proof of ma-
lignancy is established by percutaneous biopsy; (3) pul-
monary nodule(s) in a patient with a history of extrapul-
monary primary malignancy and who is either in clinical
remission or who presents with several primary malignan-
cies; (4) a residual non-regressive lesion following radio-
therapy or chemotherapy; (5) tissue sampling for therapeu-
tic sensitivity tests; (6) measurements of tumor markers or
hormone dependence; (7) analysis of DNA, chronic diffuse
pulmonary infiltrates in selected patients, pleural nodule or
mass of indeterminate origin, mediastinal mass, or
adenopathy. The requirement for preoperative diagnosis of
a solitary pulmonary nodule varies between institutions but
also depends on the pretest probability of diagnosing a le-
sion that would obviate an unnecessary thoracoscopy or
thoracotomy, and on the demand of the patient [3].
Concerning the X-ray and CT characteristics of pulmonary
nodules, the following observations should be noted: 43%
of nodules with a diameter <1 cm are benign 97% of nod-

ules with a diameter >3 cm are malignant 33% of primary
malignant nodules have regular contours 46% of benign
nodules are spiculated 26% of benign nodules and 5% of
malignant nodules show microcalcifications on CT 21% of
benign and 40% of malignant nodules contain an air bron-
chogram. Overall, a correct diagnosis is established with
CT in 66-98% of patients [4]. PTNB is a useful alternative
to mediastinoscopy or mediastinotomy for tissue diagnosis
of enlarged hilar or mediastinal lymph nodes. All areas of
the mediastinum are accessible to PTNB. Furthermore, the
technique is faster, better tolerated, and less expensive [5].
Percutaneous puncture is also indicated in other conditions:
intracavitary injection for treatment of secondary as-
pergillomas [6] insertion of a harpoon or injection of meth-
ylene blue or black carbon as a localizer prior to pleuro-
scopic or video-assisted thoracic surgery (VATS) of lung
nodules or of highest yield areas for infiltrative disease [7-
10], and percutaneous brachytherapy of pulmonary malig-
nancy [11]. Lesions with a diameter <3 cm and seated in
the outer third of the lung or near a fissure are usually con-
sidered for PTNB examination.

Contraindications

Vascular structures, such as aneurysm or pulmonary arteri-
ovenous malformation, hydatid cyst, meningocele and medi-
astinal pheochromocytoma, are absolute contraindications of
PTNB. The correct diagnosis should instead be established
with cross-sectional imaging. The following are relative con-
traindications: puncture of both lungs on the same day, punc-
ture of only one functional lung, chronic respiratory insuffi-
ciency, pulmonary arterial hypertension, cardiac insufficien-
cy, recent myocardial infarct, angina, severe emphysema,
and bullae situated in the vicinity of the pulmonary lesion. A
coagulation defect should be recognized and corrected be-
fore sampling. Cough, dyspnea, and reduced patient cooper-
ation are other limiting factors. Mechanical ventilation is a
relative contraindication of PTNB.

Technique

PTNB is preferentially done under uni- or biplanar fluo-
roscopy control, when the target can be precisely local-

IDKD 2007

Interventional Techniques in the Thorax of Adults

B. Ghaye, R.F. Dondelinger

Department of Medical Imaging, University Hospital Sart Tilman, Liège, Belgium

168_183_Dondelinger_Ghaye  6-03-2007  15:01  Pagina 168



ized [12, 13]. It should be remembered that projection of
a lesion can vary over 4 cm when the patient’s position
changes from supine to prone. The needle path should
avoid traversing intercostal vessels (i.e., needle entry is
optimally defined at the mid-intercostal space). A lesion
that is difficult to see with fluoroscopy can be localized
with CT [14]. CT is particularly useful for lesions that are
situated at the apex and the base of the lung, in the pos-
terior sulcus, or at the pulmonary hilum. Mediastinal and
hilar vascular structures surrounding a lesion are recog-
nized with contrast-enhanced CT. In complex situations,
CT may reveal a tumor obscured by atelectasis, obstruc-
tive pneumonia, or pleural effusion. Central tumor necro-
sis is recognized on the basis of central low densities af-
ter intravenous contrast injection. The biopsy needle
should be directed to the viable tumor component, which
is situated at the periphery of the lesion. CT recognizes
the pleural fissures and avoids lobar transgression. Non-
aerated lung or symphyses established between a pul-
monary lesion and the pleura allow use of this needle
pathway and thus minimize the risk of pneumothorax.
PTNB performed at the site of pneumonectomy to dis-
close local cancer recurrence is best monitored with CT.
Spiral scanning did not prove to be superior to conven-
tional CT in the monitoring of percutaneous lung biopsy
in our experience, based upon a prospective comparative
study [15]. It is more time-consuming and should be ap-
plied only in those cases in which identification of the
needle tip is problematic in a non-cooperative patient or
when an oblique pathway of the needle is necessary.
Real-time CT (fluoro-CT or continuous CT) is now be-
coming widely available and makes CT control even
more expedient [16]. Slices or a lung volume can be ac-
quired continuously, which allows reliable control of the
procedure. Ultrasound (US) can be used to guide the
puncture of pleural or subpleural lesions [17]. A large
number of cutting or aspiration biopsy needles, including
automatic pistols with a needle caliber of <1 mm and a
variable tip design, are currently used. Almost all needles
allow cytological and histological samples and give sim-
ilar rates of results and complications. Several percuta-
neous passes are performed when the anticipated risk of
complications is low.

Results

PTNB has an accuracy varying from 80 to 95% in the
confirmation of malignancy [14, 18-26]. In a comparative
study, sputum and bronchial aspiration alone were diag-
nostic of cancer in 5.4% of patients, PTNB alone in
72.6%, and both techniques were in agreement in 22%
[25]. Inadequate cytologic smears were noted in up to
17% of patients and allowed no interpretation in 9% in a
larger series [27]. Additional false-negative diagnoses
were obtained in about 5% and were caused by inadequate
sampling, tumor necrosis, crushed cells, or errors in sam-
pling reading. The negative predictive value of percuta-
neous pulmonary biopsy is 84-96% and false-positive re-
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sults are noted in 2-4% of patients [12, 27]. Diagnostic ac-
curacy for small nodules (15 mm) is similar to that for
larger lesions [28]. The following criteria should be ful-
filled to ascertain that a lung nodule is benign: a techni-
cally successful biopsy, adequate aspiration that is not
normal lung, no suspicion of cancer in the aspirated cells,
and normal bronchoscopy. If a specific diagnosis of be-
nign can be reached, no further exploration is required.
Most frequently, a non-specific and non-malignant in-
flammatory process is evidenced on cytological smears.
Such lesions should be followed up for 2 years [22]. If the
sampled material is inadequate or insufficient, or in case
of a cytologic or clinical suspicion of malignancy, the
biopsy should be repeated. The literature reports a mean
specific benign diagnosis in 25% of patients. Most medi-
astinal lesions are of metastatic or lymphomatous origin.
Results of PTNB are similar to those of lung biopsy, when
metastatic adenopathies are considered. Mediastinal non-
Hodgkin’s lymphoma can be more accurately diagnosed
when either smears or tissue fragments are compared with
a previous sampling or a sampling from another, ex-
trathoracic site is available. Confirmation of Hodgkin’s
disease is difficult, particularly the scleronodular type or
following mediastinal radiotherapy. Inconclusive results
are obtained in tumors of the thymus or other primary ma-
lignant neoplasms of the mediastinum and in malignant
pleural tumors, even when large cutting needles are used.
Examination of the entire resected specimen often re-
mains mandatory. Nevertheless, recent studies have
demonstrated that cutting-needle biopsies provide diag-
nostic material sufficient to guide therapy from 83-95% of
lymphoma patients as well as from patients with diffuse
pleural thickening [3].

Complications

Pneumothorax is the most frequent complication follow-
ing PTNB, with an incidence of 8-60%. Less than 5% of
patients have persistent clinical symptoms and require as-
piration or drainage. Factors influencing pneumothorax
are: age, collaboration, respiratory function, elasticity of
lung parenchyma, biopsy technique, experience of the
surgeon, duration of the procedure, number of needle
passes, diameter and flexibility of the needle, emphyse-
ma, difficult localization of the target, depth and diame-
ter of the target, mechanical ventilation, and cavitary le-
sion. Special care should be taken with patients who have
undergone thoracic surgical intervention resulting in a
potential communication between both pleural spaces,
which increases the risk of bilateral pneumothorax. The
best prevention of complications is to perform the proce-
dure rapidly and to reduce the number of passes by in-
specting the quality of the smears or fragments after each
puncture. Pneumothorax is further prevented by the roll-
over technique, which consists in turning the patient, fol-
lowing biopsy, for 15-30 min onto the side that was punc-
tured. All patients should be maintained in the recumbent
position for 4 h after the biopsy, and then an erect chest
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radiograph is obtained. If no pneumothorax is present,
compliant patients can be discharged. Asymptomatic pa-
tients with a pneumothorax covering one third or less of
the lung field are also discharged if the pneumothorax re-
mains stable for 3-4 h. The patient and the accompanying
persons are advised to return to the hospital when symp-
toms suggestive of complications (cough, chest pain,
shortness of breath) are noticed. When a large or symp-
tomatic pneumothorax persists, in our experience, a
Heimlich valve is inserted under fluoroscopy control. A
7-10F catheter with multiple side holes is inserted in the
pleural cavity using the trocar or the angiographic
catheter exchange technique. The pneumothorax is aspi-
rated with a syringe, the valve is connected, and its func-
tion is checked before the patient is discharged. The
catheter is sutured to the skin and the Heimlich valve is
loosely attached to the patient’s waist. Some patients may
be sent home and recalled the next day for a control chest
X-ray. In our experience, the pneumothorax disappeared
in all cases. If the pneumothorax occurs during mediasti-
nal biopsy, biopsy is completed before the pneumothorax
is treated. In the literature, small-bore catheter drainage
of iatrogenic pneumothorax was reported to be success-
ful in 75-97% of patients [29-32]. Complications include
thoracic pain, pleural effusion, and superinfection. To re-
duce the risk of pneumothorax or pulmonary hemorrhage
during mediastinal biopsy, small amounts of saline can be
injected with a small-gauge needle in order to distend the
extrapleural tissue, which allows access to most medi-
astinal lesions, using an exclusive extrapleural pathway
without transgression of the visceral pleura [33].
Similarly, extrapleural injection of saline displaces the
pleura, allowing for transpleural access to subpleural pul-
monary lesions [34]. When a localization wire is placed,
dislodgement of the harpoon occurs in 3-10% of patients.

Hemoptysis or hemorrhage is encountered in less than
10% of PTNB procedures, and most are not life-threat-
ening [18, 27, 29]. This complication can be impressive
for the patient, but rarely requires specific treatment, as
hemorrhage is almost always self-limited. A limited
perinodular alveolar hemorrhage is commonly observed
on CT and can obscure the nodule, rendering further
punctures impossible with fluoroscopy control. Alveolar
blood is usually not released to the exterior. Codeine can
be given to reduce the cough. Other complications, such
as mediastinal emphysema, thoracic-wall hematoma, he-
mothorax, cardiac tamponade, empyema, bronchopleur-
al fistula, lung torsion, implantation metastasis along the
needle tract, air embolus, and sudden death, are rarely
observed [35, 36]. The mortality rate of PTNB is esti-
mated at 0.02% [19].

Clinical Usefulness of PTNB

A recent study on the influence of PTNB on treatment
showed that management was altered in 51% of patients
and unaltered (i.e., confirmed a diagnosis of a resectable
malignancy or provided non-diagnostic results) in 49%.
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Surgery was avoided in 83% of patients in whom biop-
sies altered treatment [37]. When the pretest hood likely
of malignancy of a resectable lesion is high, thoracoto-
my is appropriate since preoperative PTNB or fiberoptic
bronchoscopy (FOB) is unlikely to alter patient manage-
ment [3]. Otherwise, PTNB and FOB must be consid-
ered complementary and PTNB performed only after a
negative FOB. In patients with indeterminate pulmonary
nodules, VATS may be the method of choice, as it pro-
vides simultaneous diagnosis and treatment and reduces
the total cost of care.

Future Direction

The sensitivity of transbronchial needle aspiration (TB-
NA) for hilar and mediastinal malignancy varies from
34% to more than 90%, according to the experience of
the operator and the equipment that is used [38-40].
Nevertheless, one large survey of chest physicians re-
ported that only 12% routinely performed TBNA [41].
Virtual bronchoscopy (VB) is a 4D image reconstruction
technique that produces simulated endobronchial images
obtained from a spiral CT data set. Recent studies have
achieved automatic matching between FOB and VB to
guide TBNA of enlarged hilar or mediastinal lymph
nodes [40, 42]. Preliminary results show that merging of
VB and FOB could improve the results of TBNA, even
when small needles (22G) are used [40].

Percutaneous Aspiration and Drainage of Thoracic Fluid Collections

Thoracic fluid collections of various origin, located in the
pleura, pericardium, lung, or mediastinum, can be aspi-
rated or drained percutaneously with imaging guidance.
Percutaneous therapy is an important refinement com-
pared to blind bedside technique and compares favorably
with surgery. Diagnostic fluid aspiration includes cyto-
logical, bacteriological, and chemical analyses.
Confirmation of malignant cells, exudative fluid, blood,
lymph, bile, amylase, clear fluid, or gross pus provide in-
formation regarding etiology. Fluoroscopy, US, and CT
can be used as guidance modalities, either alone or in
combination. The choice of the imaging technique de-
pends on technical characteristics, availability, and loca-
tion of the collection and operator expertise. Loculated
pleural effusions may be treated by thoracocentesis, tho-
racoscopy, surgically or CT-guided thoracostomy tube
drainage, open drainage or thoracotomy and pleural
decortication. Imaging guidance best insures proper
catheter positioning.

Guidance Modalities

Fluoroscopy

Uni- or biplanar fluoroscopy is used for percutaneous
drainage of large pleural and pulmonary collections [31,
43-50]. The patient is placed in a sitting or a posterior
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oblique position with the involved side up. A free pneu-
mothorax is drained by a cephalad anterior approach, the
patient being in an upright position. Pulmonary abscess-
es can be drained with fluoroscopy control when a broad
contact with the pleura is demonstrated. If a catheter is
inserted in a pulmonary or pleural collection with US or
CT control, definitive adjustment of the tip of the
catheter is easily achieved with fluoroscopy control [51].
For this purpose, we use a combined CT and angiography
suite equipped with a single table that pivots on a verti-
cal axis. The patient is examined by fluoroscopy while re-
maining still for a few seconds [52]. Opacification of tho-
racic cavities is best documented with fluoroscopy.

Ultrasonography

Ultrasound is particularly indicated to guide bedside per-
cutaneous aspiration and catheter drainage of pericardial
and pleural fluid, even of reduced amount [31, 44-46, 51,
53-56]. Pulmonary abscesses that are located in a sub-
pleural location can also be included. Shifting of free
pleural fluid during respiratory movements and change of
the patient’s position is easily observed with US. The per-
cutaneous approach is done with the patient in the posi-
tion that optimally displays access to the fluid collection.

Computed Tomography

This approach offers exquisite anatomical display of all
thoracic structures and allows percutaneous access to all
spaces with equal ease [31, 44-47, 51, 57-60]: Most
catheters can be inserted with the patient remaining in a
supine position. The optimal percutaneous entry point to
a pulmonary abscess is defined according to its pleural
contact as well as the locations of pleural fissures and
vascular structures. CT is particularly useful for the per-
cutaneous approach to the mediastinum, pleural fissures,
and pulmonary abscesses with reduced pleural contact. It
is the optimal modality to confirm pneumothorax or
pneumomediastinum following a percutaneous proce-
dure.

Drainage Techniques

The number and size of percutaneous drainage catheters
should be adapted to the number and extent of collections
and to the viscosity of the fluid to be drained. Small 7-9F
flexible catheters are well-tolerated and sufficient for the
short-term drainage of water-like fluid. The trocar tech-
nique is the most expedient and can be used in combina-
tion with the tandem technique (a trocar is inserted par-
allel to an 18-gauge needle placed in the collection for as-
piration), which is useful for large collections and pul-
monary abscesses with a broad pleural contact. The an-
giographic catheter exchange technique or Seldinger
technique is more rarely used in the thorax and most suit-
able for mediastinal collections or small or encapsulated
pleural pockets that are located in the paramediastinal
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pleural space [58]. Percutaneous access through the
thickened pleura can be difficult, even when regular chest
tubes are used, since stiff dilators and guide wires may be
required. Chest drainage catheters are connected to con-
tinuous negative water-seal suction. Gentle saline irriga-
tion is performed on the ward to increase drainage and
maintain catheter patency.

Pleural Empyema

Empyemas develop secondary to preexisting pulmonary,
mediastinal, or thoracic-wall infection, spread of cervical
or abdominal infection, trauma, surgical or other invasive
thoracic procedures, or lung abscess they may also arise
from the hematogenous spread of infection. Of the patients
with pleural empyema, 50% have coexisting pneumonia.
The clinical signs may be torpid and the time interval be-
tween the onset of empyema and diagnosis can be several
weeks. While antibiotic therapy is necessary, without ef-
fective fluid drainage, medical treatment will fail. CT dis-
closes satellite pleural pockets that form rapidly due to
pleural adhesions they can be aspirated or drained with
small-caliber catheters. Pleural fluid, encapsulated in a fis-
sure, can also be adequately drained with CT control with
or without transgression of the collapsed lung parenchyma
by the catheter. The diameter of the catheter varies from 7
to 30F according to the viscosity of the fluid.

Indications depend on the evolutionary stage of the
pleural effusion [61]. Class 1 and 2 effusions, i.e., those
in the exudative phase, are an obligatory transitional
phase before the empyema is formed and do not require
drainage. Pleural effusion of class 3 can still be treated by
complete aspiration of the pleural fluid, but the recur-
rence rate is 75%. A collection of class 4, i.e., those at the
fibrinopurulent stage, should be drained with mid-sized
8-l4F catheters, whereas class 5 effusions regularly re-
quire large-bore 20-30F catheters. If drainage is attempt-
ed during class 4, pleural thickening may increase to 10
mm within a week. At class 6, fibroblasts infiltrate the
thickened pleura and limit expansion of the underlying
lung due to pleural peeling.

Technical success is obtained in almost all cases.
Multiple catheters are required in 30% of cases. Clinical
success is achieved in 70-89% of patients and depends on
the stage of empyema. With a history of illness in excess
of 1 month before drainage, the procedure may fail in
spite of the insertion of multiple catheters. Usually, the
duration of percutaneous drainage is about 1 week, al-
though single-session catheter treatment has been de-
scribed [55]. Radiologically guided drainage procedures
exhibit a similar efficiency in patients in whom previous
surgical tubes have failed, as in patients treated in a first
intent. The failure of percutaneous drainage varies from
12 to 28%. In patients with chronic empyema, pleural
thickening can prevent the insertion of a closed catheter.
Failure of the pleural cavity to collapse and obliterate oc-
curs in 5-12% of patients and favors recurrence, which
requires additional drainage. Opacification of the pleural
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catheter with propyliodine oil can reveal unexpected
bronchopleural fistulae. Massive bronchopleural fistulae
are an indication for surgery. Thick pleural peels often re-
solve spontaneously after weeks or months and regres-
sion can be followed by serial CT examinations. In se-
lected patients, pleural decortication should only be con-
sidered if pleural thickening persists [59]. Irrigation and
lavage are done when blood or viscous material is pre-
sent. Intrapleural injection of fibrinolytic agents has been
proven to be efficient in the prevention of fibrin deposi-
tion and secondary loculation of the empyema (classes 5
and 7 of Light) [47, 49, 61-75]. By reducing the number
of pleural pockets, the number of drainage catheters, the
length of drainage and hospitalization are also reduced
and progressive fibrosis of the pleural surfaces is pre-
vented. Intrapleurally injected fibrinolytic agents do not
diffuse through the pleura, and blood coagulation tests
are not affected. Urokinase is preferred to streptokinase
to avoid possible allergic reactions. Recent surgical
branchial suture, macroscopic bronchopleural fistula, and
recent trauma should be considered as a relative con-
traindication of intrapleural injections of fibrinolytic
agents [76]. Larger prospective studies are required to
evaluate the effect of daily administration of intrapleural
fibrinolytic agents on morbidity, mortality, and the need
for surgical intervention.

Malignant Pleural Effusion

Recurrent malignant pleurisies are usually drained with
soft 8F catheters. Sclerosing drugs (doxycyclin,
bleomycin) that limit mesothelial cell secretion are in-
jected through the catheter when basal out- put volume
has decreased to ≤100 ml per day. Obstruction of the pul-
monary interstitium by metastatic lymphangitis can im-
pede re-expansion of the lung and is a contraindication to
treatment. Complete regression of the pleural effusion is
obtained in 61-81% of patients and partial resolution in
up to 95%, which is equal to the response with larger tho-
racostomy tubes [48, 56, 77]. In 20-40% of patients, a
pneumothorax ‘ex vacuo’ will appear due to a stiff and
non-compliant lung after chronic compression. In 50% of
those patients, the lung will re-expand within the next
few days, but in the other 50% air will persist until fluid
has re-accumulated. Nevertheless, even in the latter situ-
ation, dyspnea can be dramatically improved.

Posttraumatic Hemothorax

Massive hemothorax should be drained to reduce com-
pression of the underlying lung parenchyma and prevent
encapsulation and adherences. Large-bore catheters are
mandatory and pleural lavage can be useful. In selected
cases, careful angiographic workup is indicated, includ-
ing catheterization of all potentially involved intercostal,
internal mammary, and inferior phrenic arteries. Active
arterial bleeding is treated by hemostatic embolization
with gelfoam, polyvinyl alcohol particles, or coils.
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Gaseous Collection

Post-biopsy or spontaneous pneumothorax can be drained
percutaneously with small-caliber catheters [30-32]. The
pneumothorax is evacuated for patient comfort and safe-
ty or to continue PTNB if accurate localization of the le-
sion becomes difficult. Most pneumothoraces can be
connected to a Heimlich valve and, when recurrent,
chemically pleurodesed. Percutaneous drainage of pul-
monary pneumatocele has also been described [78].

Pulmonary Abscess

Pyogenic pulmonary abscesses occur rarely today, due to
progress in antibiotic treatment and more efficient eradi-
cation of the cause. They are mainly seen in adults whose
general condition is debilitated by cancer, alcoholism,
malnutrition, diabetes and immune deficiency. Pulmonary
abscess results from hematogenous spread, infection of a
preexisting pulmonary cavity (emphysematous bulla,
posttraumatic pneumatocele or pseudocyst, tuberculosis,
fungus), pulmonary infarction, or tumor. A pulmonary ab-
scess can complicate pneumonia with or without
bronchial obstruction. If the abscess resists medical treat-
ment, percutaneous drainage in addition to postural and
bronchoscopic drainage is required.

A percutaneous diagnostic aspiration with an l8-gauge
needle can precede catheter insertion in doubtful cases.
Bullae may frequently contain an air-fluid level, but are
not necessarily infected. An abscess with a diameter of 1-
3 cm is adequately treated by a single percutaneous aspi-
ration and antibiotics. Endoscopic transbronchial place-
ment of a catheter inside a lung abscess can be planned
with CT and monitored with fluoroscopy control.
Transbronchial drainage is less comfortable for the pa-
tient than a percutaneous approach. Contamination of the
opposite lung is also a risk with the transbronchial tech-
nique. Mechanical ventilation is not a contraindication
for percutaneous abscess drainage [79]. Pyogenic lung
abscesses are often located in the periphery of the lung
and usually they do not break through the lobar fissure.
Pleural symphyses are rapidly established. The broad
pleural contact allows planning of a percutaneous access
such that the normal lung parenchyma is not crossed by
the drainage catheter. Pleural empyema by direct conta-
mination is unlikely to occur when the trocar technique is
used in practice, there is no difference whether an empye-
ma or a large lung abscess is drained. The trocar tech-
nique is the preferred drainage modality. Generally, 7-l4F
catheters are adequate. The drainage catheter is connect-
ed to a negative water-seal aspiration. Pulmonary ab-
scesses have a relatively thick wall and do not collapse
rapidly after aspiration. The duration of drainage varies,
and the cavity may close only after 4 or 5 weeks.
Decompression should be done slowly in order to avoid
rupture of a vessel or a so-called Rasmussen pseudoa-
neurysm that is incorporated or located close to the ab-
scess wall. Lavage of a pulmonary abscess is dangerous
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due to the risk of bronchogenic spread of pus. Injection
of contrast medium through the drainage catheter does
not add significant information, but patency of the
catheter should be maintained by daily injection of a min-
imal amount of saline. Daily chest radiographs are im-
perative for monitoring regression of the abscess cavity
and for the early detection of complications.

Cure of the abscess is obtained in 73-100% of patients
but overall mortality is high, due to poor general condi-
tion or the presence of underlying disease [53, 57, 58, 60,
79-84]. Surgery is indicated when extensive necrosis of
the lung parenchyma or life-threatening hemorrhage oc-
curs. Temporizing percutaneous drainage cures the ab-
scess, but surgery may be required to remove necrotized
tissue or for pleural decortication.

Mediastinal Collection

Mediastinal abscesses result from circumscribed medi-
astinitis. They are among the most challenging infections
to treat, as the prognosis of diffuse mediastinitis is poor.
CT distinguishes diffuse infiltration of mediastinal
planes from circumscribed abscess, but separation be-
tween acute mediastinitis and post-surgical changes can
remain problematic in the early phase. Most purulent
mediastinal collections result from trauma, either pene-
trating transthoracic injury or perforation of the esopha-
gus. Thoracic and mediastinal surgery can be followed
by mediastinal abscess formation, and other intra- or ex-
trathoracic infections can also spread to the medi-
astinum. CT is the most useful modality for the diagno-
sis and planning of percutaneous drainage of mediastinal
collections. Abscesses in the anterior mediastinum are
drained by a parasternal approach, avoiding the internal
mammary vessels. Abscesses that are located in the mid-
dle and posterior mediastinal compartment are treated by
paravertebral and extrapleural approaches. In selected
cases, a percutaneous cervical descending approach fol-
lowing the pathway of the infection can be used [2].
Multiple catheters are often necessary and are placed ei-
ther at both sides of the thoracic spine, or the sternum,
or in the upper and lower parts of the mediastinum.
Esophageal perforation is usually treated conservatively
[85]. An endo-esophageal catheter can be inserted
through the esophageal tear or in combination with a
percutaneous drainage catheter placed at the site of leak-
age. When a fistulous tract is present between the medi-
astinal abscess and an empyema or a subphrenic abscess,
percutaneous drainage of these collections may resolve
the mediastinal abscess [86]. Only a limited number of
patients with percutaneous drainage have been described
in the literature [57, 85-87]. Cure is obtained in 83-100%
of patients, according to the radiological literature,
which does not consider the 30-day mortality rate. Other
mediastinal fluid collections, such as pancreatic pseudo-
cysts, pleuropericardial or bronchogenic cysts, infected
tumor, lymphocele, or hematoma, can be aspirated or
drained percutaneously.
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Pericardial Fluid Collection

Diagnosis of this condition is confirmed with transtho-
racic or transesophageal US [88]. Causes of pericardial
effusion include cardiac insufficiency, malignant tumors,
postoperative effusion, pericarditis, hypothyroidism, con-
nective tissue disease, and trauma. Percutaneous aspira-
tion of pericardial fluid is indicated for diagnosis percu-
taneous drainage prevents cardiac tamponade. Clinical
signs of tamponade include dyspnea, tachycardia, com-
promised venous return, and paradoxical pulse. Large
amounts of pericardial fluid can be drained under CT
control, sometimes with an atypical left anterolateral
puncture. However, most effusions are evacuated with US
guidance by a subcostal or a subxiphoid approach. The
angiographic catheter exchange technique is mainly used,
with the initial puncture being done with an 18-gauge or
a 5F Teflon-sheathed needle. A 5-7F pig-tail catheter is
placed in the pericardial space [89]. Technical success of
the procedure and decompression of the heart are
achieved in almost all patients when the effusion is of
sufficient amount. The duration of drainage is several
days only. Chylopericardium can be difficult to drain and
may require thoracic duct ligation or pericardectomy.

Percutaneous Drainage of Tension Pneumomediastinum

Tension pneumomediastinum results from barotrauma in
patients with increased pulmonary resistance who are
mechanically ventilated, with an elevated PAP and PEEP.
Alveolar rupture results in interstitial emphysema that
migrates to the mediastinum along the bronchovascular
sheaths. When the mediastinal air fails to escape, due to
adhesions or scarring, tension pneumomediastinum de-
velops. CT shows unequivocally the air collection in the
mediastinum. It mainly dissects the anterior mediastinal
fat planes, compressing the mediastinal vessels and the
heart. Compromised venous return, cardiac and respira-
tory insufficiency, and anuria strongly indicate rapid de-
compression. A left-sided pneumothorax is usually asso-
ciated with this condition.

Usual treatment of tension pneumomediastinum is me-
diastinostomy. Percutaneous catheter drainage is an alter-
native emergency treatment. A soft 12F or 14F drainage
tube can be inserted into the mediastinum behind the ster-
num with CT guidance by a left anterolateral percuta-
neous approach. Multiple side holes are necessary to
avoid catheter occlusion during negative water-seal aspi-
ration. When a left pneumothorax is also present, the me-
diastinal catheter should be inserted before exsufflation
of the pleural air collection [90].

Complications of Percutaneous Catheter Drainage

Complications occur in approximately 5% of patients and
are mainly due to an inadequate catheter-insertion tech-
nique [43, 46, 51, 80, 81, 87]. Injury to an intercostal
artery can produce a hemothorax or a hematoma of the
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thoracic wall. Life-threatening hemorrhage is rare but can
be observed following rupture of the wall of a pulmonary
abscess, erosion of a branch of the pulmonary artery, or
transfixation of an internal mammary or mediastinal ves-
sel by the catheter. Patients undergoing pericardial
drainage are prone to most of the clinically significant
complications, such as hemopericardium with tamponade,
dysrhythmia, pneumopericardium, or superinfection. The
thoracic catheter can be introduced erroneously in the sub-
diaphragmatic space, liver, or spleen when cross-sectional
imaging is not used properly. When the catheter creates a
communication between a pulmonary abscess and the
pleural space, a secondary empyema or a bronchopleural
fistula may be established. When normal lung is crossed
with a large-bore catheter, as may occur when the trocar
technique is used, pulmonary infarction can result. A
pleural sinus tract through the chest wall can persist if the
patient has undergone previous irradiation, but chest-wall
gangrene is rare. Transient bacteremia and hemoptysis can
occur during catheter insertion. Pneumothorax is a poten-
tially frequent complication, but can be avoided by proper
cross-sectional imaging. Complications are best avoided
by the proper planning of a percutaneous approach with
CT control. When fluoroscopy is used predominantly as a
guidance modality for thoracic drainage procedures, the
overall complication rate is as high as 20%, most being mi-
nor events. Other side-effects include subcutaneous em-
physema, local skin infection at the entry point of the
catheter, discomfort during breathing, rib erosion, and
catheter leakage, bending, breakage, or obstruction

Endoluminal Tracheobronchial Stenting

Indications

Tracheobronchial airway obstruction is a relatively com-
mon condition. Various therapeutic options are available
and depend on the cause (benign vs. malignant), location
(central vs. peripheral), and origin (intrinsic vs. extrinsic)
of the stenosis. The patient’s condition and the prognosis of
disease must also be considered. Whenever possible, in pa-
tients with malignant obstruction or benign stenosis,
surgery is the treatment of choice [91]. With progress in
technique, local treatment by bronchoscopy (laser,
cryotherapy, electrocautery, photodynamic therapy,
brachytherapy) has been used with increasing frequency
[91-96]. Balloon dilatation leads to a rapid improvement of
the respiratory function after treatment of malignant and
benign bronchial stenosis, but relief of symptoms is often
short-lasting [97, 98]. Therefore, indications for the place-
ment of a stent in the tracheo-bronchial tree have increased
in frequency. The procedure can be done under radiologi-
cal and/or bronchoscopic control [98, 99]. Compared to
surgery, stent insertion is a simple palliative method, re-
sulting in immediate improvement in acute respiratory dis-
tress from airway obstruction [98]. In non-surgical patients
with malignant disease, indications of tracheobronchial
stenting are: extrinsic compression or submucosal disease,
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tracheo-esophageal fistula, and obstructive endobronchial
tumor unresponsive to endobronchial treatment by debulk-
ing or resection [98-107]. In benign stenosis, surgery may
not be indicated in patients with a short life expectancy or
with extensive airway stenoses. Stent insertion for benign
stenosis has been reported in the following conditions: ia-
trogenic (post-intubation or post-anastomotic stricture),
tracheo-bronchial malacia in children, extrinsic compres-
sion from vascular structures or fibrosing mediastinitis,
tracheobronchial infection (tuberculosis), and systemic
disease (Wegener’s granulomatosis, relapsing polychondri-
tis and amyloidosis) [98, 99, 101, 107-113].

Technique

Precise measurements of the diameter of the tracheal and
bronchial lumen and location of the stenosis compared to
anatomical landmarks are obtained with spiral CT before
the procedure. Stents are inserted under sedation or anes-
thesia, following previous dilatation or laser ablation of
the stenosis under fluoroscopic and endoscopic control.
Two types of endobronchial stents are currently available
in the tracheo-bronchial tree: silicone stents (Dumon,
Dynamic, Reynders, and others) [98-100, 103, 105, 107]
and metallic stents, the latter including either balloon-ex-
pandable stents (Palmaz and Strecker) or self-expanding
stents (Gianturco, Wallstent, Ultraflex) [98, 99, 104, 107,
109, 110, 114, 115]. Most metallic stents are available in
covered and non-covered versions. None of these stents
are ideal thus, the type of stent to be used is a matter of
debate and is often dictated by availability and individual
preference. Most metallic stents can be inserted on an
outpatient basis.

Results

The placement of a stent leads to an immediate and sig-
nificant decrease of symptoms as well as improvement in
respiratory function in 80-95% of the patients. Most of
the patients with severe respiratory impairment are able
to be discharged following treatment. As results depend
on optimal positioning of the prosthesis and some of the
stents show a poor visualization under fluoroscopy, new
advances in CT fluoroscopy are promising guiding tech-
niques that allow precise and real-time control of stent in-
sertion in selected cases.

Complications

Complications are related to the type of stent and include
early or late stent migration (1-19%), infection (3-22%),
deformation or breakage (1-36%) and stent obstruction
by secretions, granulation formation, or tumor over-
growth (6-21%). Other complications, such as major he-
morrhage and tracheobronchial fistula, are rare. New de-
velopments in stent configuration and composition seem
to be associated with easier introduction and a lower rate
of complications.
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Percutaneous Ablation of Thoracic Malignancies

Indications

Only 15-30% of the patients presenting with pulmonary
malignancies are surgical candidates [116, 117].
However, these patients frequently present with poor gen-
eral condition or comorbid cardiopulmonary disease and
consequently are at high surgical risk or exhibit insuffi-
cient reserve to tolerate lobectomy. In these circum-
stances, external-beam radiation therapy with or without
chemotherapy are alternative treatment options, resulting
in a modest improvement in survival but often at the ex-
pense of substantial toxicity for the patient [117]. In the
continuing search for better therapeutic regimens, mini-
mally invasive percutaneous ablation of focal malignant
disease has emerged. Preliminary studies on the percuta-
neous electrochemical polarization of cancer [118] have
resulted in the development of new modalities, including
percutaneous brachytherapy [119] and radiofrequency tu-
mor ablation. Focal malignant disease located in the liv-
er, kidney, breast, thyroid, head and neck, bone, and re-
cently in the thorax has been treated by radiofrequency
energy as an adjuvant or a substitute to other therapeutic
modalities [116, 120-122]. Various energy sources have
been investigated, including radiofrequency (RF) [116,
117, 120, 123], microwaves [124], cryotherapy, and laser
therapy [125]. RF ablation, which is the most frequently
used technique, works by delivering energy into the le-
sion through an inserted probe [120, 126]. Lesions locat-
ed in the lung, mediastinum, pleura, or chest wall have
been safely treated under CT guidance, mainly using RF
energy. Lung tumors seem well-suited for RF ablation,
due to the isolation effect of air in normal lung tissue sur-
rounding the lesion, which may concentrate the RF ener-
gy inside the target [127]. Normal lung tissue rapidly
heals from thermal injury, and damage to the surround-
ing unaffected lung remains minimal. Due to differences
in resistance to electric flow between air-containing and
condensed lung parenchyma, it is safer to wait for reso-
lution of inflammatory consolidation in contact with the
lesion before performing RF ablation [117]. The condi-
tion of hypoxia and limited blood flow found in the cen-
ter of a necrotic tumor, which typically renders cells more
resistant to radiation therapy and chemotherapy, makes
them more sensitive to RF ablation, as heat dissipation is
decreased [126]. Synergistic effects of associated RF ab-
lation and brachytherapy in the same session have been
reported in patients unlikely to tolerate external radiation
therapy [126, 128, 129]. RF ablation alone or in con-
junction with radiation therapy and/or chemotherapy may
be considered for T1-T3, N0, M0 tumors in non-surgical
candidates or in patients who refuse surgery [120, 126,
128, 130, 131]. Lesions located in the chest wall, tumor
recurrence in the radiation field, and intractable symp-
toms, such as cough, hemoptysis, or pain, are particular-
ly well-suited indications for RF ablation. Patients with
extra-thoracic malignancies may present with multi-focal
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thoracic disease refractory to aggressive chemotherapy
and not amenable to surgical metastatectomy or radiation
therapy [116,130-133]. When applicable, surgical resec-
tion of metastasis has been shown to be safe and to pro-
vide extended survival [133]. RF ablation can be applied
in patients with a small number of pulmonary lesions or
in those with larger symptomatic lesions [126, 133].

Technique

The procedure is usually performed with the patient un-
der conscious sedation on an outpatient basis or followed
by an overnight hospital stay [116, 117, 120, 122, 126,
128, 129, 131-133]. Other advantages over surgical re-
section include repeatability as well as reduced morbidi-
ty, mortality, and cost [126-133]. The technical ease of
needle placement is similar to percutaneous biopsy [116].
Accurate probe deployment is greatly facilitated by the
use of CT fluoroscopy [133]. RF energy is delivered at a
high frequency of 400-500 kHz through a needle elec-
trode positioned into the targeted tissue. The ionic agita-
tion resulting from the alternating current around the
probe results in frictional or resistive heating of the tis-
sue, coagulation necrosis, and cell death. The degree and
extent of ablation are dependent upon the energy applied,
inherent tissue impedance, the rate of tissue cooling, and
tissue vaporization. Various probe designs include single
or clustered tips, or umbrella-like deployment of the tip,
allowing for maximal distribution of energy and an in-
crease in the size of the thermal lesion created [121].
Devices or algorithms that allow the creation of larger
thermal lesions are being developed, such as probes with
internal cooling or pulsed administration of RF energy
[121]. An intratumoral temperature greater than 90°C
must be achieved to ensure adequate thermocoagulation.
The amount of RF energy cannot be standardized, as the
heat capacity of tumors varies, depending on tumor size,
local blood flow, histological composition, and previous
treatment. Simultaneous multiple probes, probe reposi-
tioning, and sequential applications are frequently re-
quired for large lesions until all treatment areas encom-
pass the volume of the tumor mass. A linear relationship
between the diameter of the lesion and the ablation time
has been demonstrated [117]. The localized edema or he-
morrhage that occurs around ablated nodules is frequent-
ly used as the treatment endpoint [116, 117].

Follow-up

The type of follow-up appropriate to determining the re-
sults of ablation remains challenging [116, 130]. Lesion
size alone is not believed to be a reliable measurement of
successful ablation during the first 6-12 months [116, 122,
134]. The time interval to demonstrate shrinkage in size
as a result of scar formation has yet to be established [116,
117]. Early peripheral rim enhancement consistent with
inflammatory granulation tissue must be differentiated
from the persistence of tumor tissue [122]. CT densitom-
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etry or positron emission tomography (PET) can help as
an indicator of success of treatment [116, 133, 134]. MRI
has also been used in an experimental model to monitor
the ablation procedure and to evaluate therapeutic effica-
cy [123]. Cavitation, which is most often transient, may be
seen due to development of a fistula with adjacent bronchi
[126, 133]. Pre-ablation tumor size <3-5 cm is associated
with a higher rate of complete tumor necrosis or longer
survival [117, 130, 134]. Repeated procedures may be
necessary in patients showing persistent viable tumor tis-
sue [117, 133, 134]. The procedure is well-tolerated, al-
though the patient may experience mild to moderate pain
or cough during the RF application [117, 133].

Complications

Complications are generally minor [116]. Pneumothorax
is the most frequent (10-50%), and the rate of chest tube
is similar or slightly higher to that reported after TNB
(10-30%) [116, 117, 120, 122, 126, 128, 130-134]. Small
pleural effusion, usually self-limited, may occur with pe-
ripheral lesions [116, 122, 126, 130, 131, 133]. Pain [132,
133], fever [117, 120, 133], pneumonia [117, 120, 130],
ARDS [117], lung abscess [134], and massive bleeding
[130, 135] have been reported. No neurological impair-
ment from cerebral embolization of gas bubbles, result-
ing from tissue heating and charring, has been observed
so far [136]. In a large international survey, two deaths
were reported in 493 patients (0.4%) [131]. Both patients
presented with tumor close to the hilum, which should
thus be considered with caution for RF treatment. The use
of anticoagulant or antiplatelet drugs must be discontin-
ued before the ablation procedure. The presence of a
pacemaker is an absolute contraindication, while other
metallic implants are relative contraindications, depend-
ing on their proximity to the procedure site [135]. Large
studies are needed to determine long-term ablation effec-
tiveness and to further refine indications and assess the
effect on quality of life and survival. The technical as-
pects of percutaneous ablation for lung lesions, such as
the development of smaller probes adapted to small le-
sions, await improvement [116].

Vascular Interventions

This section focuses on the treatment of hemoptysis, pul-
monary arteriovenous malformation and pseudoa-
neurysm, superior vena cava (SVC) obstruction, and per-
cutaneous retrieval of vascular foreign bodies.

Bronchial Artery Embolization

Indications

Hemoptysis can be classified as massive (>300 ml in 24-
48 h), moderate (3 or more episodes of >100 ml within a
week), or chronic (quantitatively small episodes of he-
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moptysis repeated over the course of weeks or months).
Massive hemoptysis carries a high mortality rate in pa-
tients treated conservatively, and many patients are unfit
for lung resection. When surgery is performed in an acute
situation, morbidity is high and a mortality rate of 35% has
been reported [137-140]. The most frequent causes of
bleeding include tuberculosis, chronic infection,
bronchiectasis, aspergilloma, pneumoconiosis, bron-
chogenic carcinoma, pulmonary metastasis, and pul-
monary infarction [139-143]. Chest radiography and bron-
choscopy should be obtained immediately to localize the
site of bleeding. CT may be considered in non-critical pa-
tients to search for the underlying cause or to determine the
exact bleeding site whenever chest radiographs are incon-
clusive. In patients with massive hemoptysis requiring ur-
gent embolization, angiography is recommended as the ini-
tial intervention. Following embolization, surgery can be
carried out in a second intent for localized disease [140].
In moderate or chronic hemoptysis, bronchial emboliza-
tion is the only treatment when the condition is unrespon-
sive to medical treatment in the following situations: re-
current hemoptysis following surgery, post-radiation lung,
unresectable carcinoma, bilateral pulmonary disease, inad-
equate lung function to tolerate resection, failure to local-
ize a bleeding source roentgenographically and/or bron-
choscopically, and large transpleural connections between
the bronchial and non-bronchial systemic arterial supply.

Technique

A thoracic aortogram is always obtained to map all
bronchial arteries and systemic non-bronchial feeders of
the bleeding site. All bronchial arteries are then selec-
tively opacified, beginning with the vessels directed to
the suspected bleeding area. Arteries with an increased
caliber as well as those with a tortuous course and
parenchymal hypervascularity can thus be found.
Contrast extravasation in the lung parenchyma or in the
bronchial lumen is not required to decide on emboliza-
tion. Vaso-occlusion is best done through a microcatheter
inserted coaxially through a diagnostic catheter, the tip of
which is placed in the proximal portion of the vessel or
at its ostium. Microcatheters, which can be placed selec-
tively distal to the origin of a spinal artery, are not occlu-
sive. In addition, they allow for optimal catheter stability
and safety during embolization while avoiding reflux of
embolization material [143-145]. Polyvinyl alcohol parti-
cles, gelfoam, and dextran microspheres are among the
agents that are in frequent clinical use. Additional
bronchial and non-bronchial collaterals (internal and ex-
ternal thoracic arteries, periscapular arteries, cervical ar-
teries, intercostal arteries, and inferior phrenic artery) are
catheterized and may be treated when their contribution
to the hypervascular area is shown on angiography [139,
146, 147]. Non-bronchial systemic collaterals may re-
sume the distal bronchial circulation after a previous
bronchial embolization and may thus be responsible for
bleeding recurrence [148, 149].

168_183_Donderlinger_Ghaye  2-03-2007  11:04  Pagina 176



Results

In a review of the recent literature, bleeding (predomi-
nantly massive) was controlled in an acute setting in 75-
90% of the patients [150]. Bleeding recurrence rate was
16-48%. In one study in which long-term outcome was
assessed, the Kaplan-Meier curves showed a recurrence
rate of 18% within 7 days, 24% within 1 month, 33%
within 6 months, and 38% within 1 year. No further re-
currences occurred between 1 and 2 years after em-
bolization [150]. Recurrence can be caused by incom-
plete bronchial embolization, recanalization of an em-
bolized artery, development of extrapulmonary systemic
collaterals (short-term recurrence), or progression of the
underlying disease (long-term recurrence) [143, 151].
Usually, recurrent hemoptysis responds to a second em-
bolization procedure. Bleeding from a pulmonary artery
should be suspected if the bronchial arteries are angio-
graphically normal or if embolization of the bronchial
and non-bronchial arteries fails to stop the bleeding.

Complications

Complications are encountered in 1% of patients. A post-
embolization syndrome (pleuritic pain, fever, dysphagia,
leukocytosis) lasting for 5-7 days but responsive to symp-
tomatic treatment may ensue [150]. Bronchial-wall or
esophageal-wall necrosis, inadvertent facial or abdominal
visceral embolization, myocardial infarction, and spinal
cord infarction are rare complications that can be avoid-
ed by proper technique.

Pulmonary Artery Embolization

Arteriovenous malformation

Indications

Pulmonary arteriovenous malformations (PAVMs) are ar-
teriovenous shunts that represent a potential source of
paradoxical emboli through a right to left shunt, without
altering pulmonary artery pressure or cardiac output.
Other potential complications include systemic oxygen
desaturation resulting in polycythemia, and hemoptysis or
hemothorax caused by rupture of the aneurysmal sac.
Most PAVMs are congenital and multiple, being part of
the hereditary hemorrhagic telangiectasia (Rendu-Weber-
Osler) syndrome, while a minority are acquired, mainly
secondary to vascular damage [143, 152-154]. PAVMs
can be classified as simple (one segmental feeding artery
and one draining vein) or complex (several segmental
feeding arteries and one or several draining veins) [154-
156]. Before 1980, surgical lobectomy or pulmonary
wedge resection was the only valid therapy. Selective em-
bolization is at present considered the treatment of choice
for PAVMs that show a feeding artery >3 mm in diameter.
In fact, large shunts are associated with an increased inci-
dence of paradoxical emboli, which potentially cause se-
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vere neurological complications [153-160]. Multiple mi-
croscopic shunts are usually present in addition to the vis-
ible fistulae, and small AVMs may increase in size during
the patient’s lifetime. Endoluminal embolization offers the
advantage of maximal preservation of normal lung
parenchyma around the malformation, particularly in pa-
tients with multiple and bilateral PAVMs.

Technique

Pre-embolization thin-section helical CT with 3D recon-
struction of the PAVM is an important step in identifying
all small feeding arteries, which may be responsible,
when not recognized, for persistent shunting following
embolization of the main feeder only [156]. Selective
transcatheter embolization of all feeding arteries is done
using steel coils with attached cotton strands. All catheter
and guidewire exchanges as well as coil introduction in-
to the catheter are carried out ‘under water’ to avoid air
embolism to the brain. Compact placement of endolumi-
nal coils and the choice of large ‘tornado-’ or ‘nest-’
shaped coils, or the use of a controlled coil detachment
technique, are important points for successful treatment
to avoid transfistulous coil migration. The site of groin
access should be alternated in multiple interventions to
avoid femoral vein thrombosis.

Results

The closure rate of PAVMs is 98% and results in pallia-
tion of the right to left shunt as well as probable preven-
tion of the hemorrhagic and thromboembolic complica-
tions caused by major PAVMs [143]. There is no evi-
dence-based benefit on patient survival. Multiple treat-
ment sessions are needed in 20-40% of cases.
Embolization can fail in patients with an unrecognized
persistent feeding artery recruitment of feeders, including
bronchial arteries in 4% of the cases recanalization of oc-
cluded feeders or growth of other PAVMs.

Complications

Potential complications are encountered in <10% of the
patients and include pulmonary infarction distal to the
occlusion, pleurisy, sepsis, and retrograde pulmonary em-
bolism in patients with polycythemia.

Pseudoaneurysm

Destructive processes of any origin, including trauma
(particularly iatrogenic, i.e., Swan-Ganz catheterization),
infection, tumor, and inflammatory disease, can erode the
wall of a pulmonary or bronchial vessel, and lead to the
formation of a pseudoaneurysm [161, 162]. Prompt ther-
apy is required, as false aneurysms are at risk of enlarge-
ment and rupture, which causes lethal hemoptysis in
>50% of patients [163]. Multiple therapeutic procedures
have been used to control pulmonary artery bleeding.
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Palliative measures include Swan-Ganz balloon tampon-
ade of the affected vessel and endobronchial tube place-
ment with PEEP. Surgical management generally com-
prises resection of the involved lobe or, in selected cases,
aneurysmectomy [163]. Endoluminal catheter emboliza-
tion of the parent artery with steel coils has emerged as
an alternative non-invasive technique, particularly in
emergency cases [164]. Intrasaccular embolization with
steel coils has the advantage of preserving the distal pul-
monary artery and sparing pulmonary function distal to
the pseudoaneurysm.

Percutaneous Recanalization and Stenting of the Superior
Vena Cava and Innominate Veins

Rationale

The potential of the venous system to collateralize and
the usually non-acutely lethal nature of SVC obstruction
are the main reasons why medical management and ra-
diotherapy are preferred to other invasive therapeutic pro-
cedures for correction. Percutaneous transluminal angio-
plasty (PTA) is rarely successful in large vein obstruc-
tion, due to elastic recoil of the venous wall and/or per-
sistent perivascular compression. The rationale for using
expandable metal stents in benign and malignant SVC
obstruction is the immediate and permanent achievement
of venous patency.

Indications

Potential indications for percutaneous stenting of the SVC
and innominate veins are mainly primary or secondary
malignant tumors with mediastinal location, such as bron-
chogenic carcinoma, lymphoma, or metastatic adenopa-
thy, and benign stenoses related to central venous lines,
hemodialysis shunts, and, rarely, postoperative anastomot-
ic stenoses, or fibrosing mediastinitis [165-169]. The ad-
vantage of endoluminal disobstruction over radiation ther-
apy or chemotherapy is the immediate correction of dis-
abling symptoms and the still possible application in pa-
tients who have already received maximum radiation
dose. Patients with imminent SVC obstruction should be
treated before they become fully symptomatic, e.g., when
encasement of the innominate vein-SVC bifurcation is
suspected, as a Y-shaped stricture is technically more dif-
ficult to treat than a straight vein segment. Multiple and
bilateral stents may be required to treat the bifurcation and
regional thrombolysis might be necessary to clear the lu-
men from thrombosis before stenting. Patients receiving
nephrotoxic chemotherapy or other nephrotoxic drugs and
those in whom extensive tumor lysis with hyperuricemia,
hypercalcemia, and emesis-related dehydration are ex-
pected may also benefit from SVC disobstruction to in-
crease tolerance of high-volume hydration, even if clinical
symptoms of venous stasis are not prominent.

Relative contraindications include preterminal patients
with malignant disease, extensive chronic venous throm-
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bosis, endoluminal tumor growth, and upper limb paraly-
sis. Occlusion of the ostium of the azygos vein is not a con-
traindication. Mechanical thrombectomy using rotational
catheters or other devices should not be used in the SVC
system, because of the risk of pulmonary embolism by a
jugular vein thrombosis that may become mobilized after
successful clearance of the downstream veins. Patients
with simultaneous tracheobronchial and mediastinal vein
obstruction should undergo stenting of the airways first.

Technique

Although SVC stenting is a straightforward procedure in
simple cases, it can become extremely complex in pa-
tients with extensive obstruction. Phlebographic demon-
stration by a bilateral arm injection of contrast medium is
mandatory before treatment, to locate the obstruction as
well as to appreciate its hemodynamic significance, ex-
tent of collateral venous drainage, and any congenital
variants and allow planning of the stenting procedure. In
patients with severe edema of the upper limbs, puncture
of the axillary vein may be targeted by a peripheral in-
jection of a hand vein with carbon dioxide. In case of
acute or subacute venous thrombosis, local catheter-di-
rected thrombolysis with an infusion of 70,000-100,000
IU of urokinase per hour or of another plasminogen acti-
vator, may be indicated. Chronic occlusion is recanalized
with catheter-guidewire techniques by a unilateral or bi-
lateral axillary vein or a femoral vein approach, or a com-
bination of both. Self-expandable and flexible metal
stents are placed, when necessary, multiply and bilateral-
ly and in an overlapping position. Stent placement in the
subclavian vein is prohibited because of the risk of sub-
clavian vein thrombosis or stent fragmentation by exter-
nal clavicular compression. Stents in large veins should
be oversized by 25-50% compared to the diameter of a
fully dilated normal vein. PTA is not indicated prior to
stenting in malignant disease, but should be performed
after stenting to establish optimal venous return immedi-
ately. In stenosis of benign origin, PTA is indicated prior
to stenting to probe the degree of stenosis and for precise
localization of the maximum of resistance within the
stenosed venous segment. Peri-procedure heparinization
is advised in all cases [170, 171].

Results

Following successful restoration of flow in the SVC and
innominate veins, complete or significant relief from
symptoms is obtained in 68-100% of patients with ma-
lignant disease [165-171]. Delayed reintervention is only
rarely required for a follow-up of 16 months. The type of
bare metal stent is irrelevant to clinical results. Covered
stents are generally not indicated, as endoluminal tumor
extent is an exceptional observation. The most prominent
clinical symptoms are corrected within a few hours face
and neck edema resolves in 1-2 days, and upper limb ede-
ma in 2-4 days. Benign SVC obstruction has been ob-
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served with increasing frequency in recent years.
Generally, patients with a benign stenosis present at the
moment of treatment with extensive thrombosis due to
delayed patient referral. Overall, similar results may be
obtained in stenosis of malignant and benign origin, al-
though a longer observation time in the benign group al-
lows for more delayed complications to occur.
Hemodialysis-related central venous stenoses are partic-
ularly prone to the formation of exuberant intimal hyper-
plasia within the stent or the formation of stenosis in the
adjacent venous segment. Repeated PTA or placement of
an additional stent may be required during the first years
of follow-up. Stents should not be placed in arm veins, as
secondary obstruction is the rule [170, 173-176].

Complications

Complications of venous disobstruction are few. Local
thrombolysis may lead to hemorrhagic complications.
Stent-related complications include misplacement or mi-
gration, incomplete stent opening, formation of de novo
thrombosis, and pulmonary embolism. Vein perforation,
significant infection, and phrenic nerve deficit by stent
compression or at the puncture site are rare complications.

Percutaneous Vascular Foreign-Body Retrieval

Indications

Since its introduction, percutaneous catheter-mediated vas-
cular foreign-body retrieval has emerged as the treatment
of choice, as it allows thoracotomy and open-heart surgery
to be avoided. The growing clinical application of in-
travascular devices in interventional radiological practice
has increased the patient’s risk of central venous em-
bolization of many types of foreign materials besides the
classical lost central venous lines. These include Swan-
Ganz catheters, ventriculo-atrial shunts, port-a-caths, car-
diac stimulator lines, and pacemaker electrodes. All in-
travascular embolized foreign bodies should be retrieved,
as they are potentially associated with serious complica-
tions according to their type and location. A 21-71% long-
term serious morbidity and a 25% death rate were report-
ed [177-181]. Expected complications from a foreign body
that is partially or entirely blocked in the right heart are
ventricular arrhythmia, myocardial infarction, myocarditis,
recurrent pericardial effusion, tamponade, and sepsis.
Foreign bodies blocked in the pulmonary circulation may
be responsible for thromboembolism and sepsis. Relative
contraindications of catheter retrieval are free-floating
thrombus attached to the foreign body and chronic incor-
poration of the foreign body in a thrombus or vessel wall.

Technique

Vascular foreign bodies are located with fluoroscopy and,
when necessary, phlebographic demonstration. Extraction
devices are relatively inexpensive and based on the loop-
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snare technique, helical basket entrapment, the grasping
forceps technique, or a combination of the above and oth-
er catheter-guidewire dislodgment techniques. The proce-
dure is carried out under fluoroscopic control and with lo-
cal anesthesia. Large and uncompressible foreign bodies
may require a femoral venotomy for extraction. Large
stents retrieved from a pulmonary artery or from the heart
may become abandoned in an iliac vein.

Results

The literature reports a success rate of over 90% follow-
ing closed percutaneous retrieval [181]. The procedure
may fail when no free ends of an endovascular line are
available for snaring, when small catheter fragments are
lodged too far in a small pulmonary artery branch, or
when small objects are incorporated in the wall of cardiac
chambers, lodged in a thrombosed vein, or have perforat-
ed outside the venous wall. Failure of percutaneous ex-
traction is obviated by early treatment, without waiting
for clinical symptoms to occur. Complications from per-
cutaneous retrieval are rare but include transient arrhyth-
mia, further distal pulmonary embolization of a friable
foreign body, and thrombosis at the puncture site.
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Introduction

Interventional radiology in the thorax is widespread.
Although most people associate the practice with nonvas-
cular interventions, such as lung biopsy, in fact, a huge va-
riety of different nonvascular and vascular interventions
are performed within thoracic structures (Tables 1, 2), and
more, such as radiofrequency ablation of lung tumors, will
probably come into the field. In the following, some of the
most essential interventions are discussed.

Nonvascular Interventions

In the nonvascular field, CT-guided lung biopsies are the
best-known and most frequently performed interventions in
this part of the body. Fine-needle aspiration for cytology

and miniaturized cutting needles for histology not exceed-
ing 18-20 G are used for this purpose. Automated biopsy
guns have several advantages, offering excellent sampling
quality and the possibility to perform repeated biopsies
with a single access. Fine-needle aspiration is preferred if
an object for biopsy is located close to central and vascular
structures, in order to avoid major bleeding complications.

Laurent et al. [1] compared the accuracy and compli-
cation rate of fine-needle aspiration vs. an automated
biopsy device. The studied consisted of two consecutive
series of 125 (group A) and 98 (group B) biopsies carried
out using 20-22 G coaxial fine-needle aspiration (group
A) and an automated 19.5 gauge coaxial biopsy device
(group B). Groups A and B comprised, respectively, 100
(80%) and 77 (79%) malignant lesions and 25 (20%) and
18 (21%) benign lesions. No significant difference was
found between the two series concerning patients, le-
sions, and procedural variables. For a diagnosis of malig-
nancy, a statistically significant difference in sensitivity
was found between the results obtained with the auto-
mated biopsy device and those with fine-needle aspira-
tion (82.7% vs. 97.4%, respectively). For a diagnosis of
malignancy, the false-negative rate of the biopsy result
was significantly higher (p<0.005) in group A (17%) than
in group B (2.6%). For a specific diagnosis of benignity,
no statistically significant difference was found between
the two groups (44% vs. 26%), but the automated biopsy
device yielded fewer indeterminate cases. There was no
difference between the two groups concerning the inci-
dence of pneumothorax, which was 20% in group A and
15% in group B, or that of hemoptysis, which was 2.4%
in group A and 4% in group B. The authors concluded
that, for the diagnosis of malignancy, automated biopsy
devices have a lower rate of false-negative results and a
complication rate similar to that of fine-needle aspiration.

Richardson et al. [2] surveyed 5,444 lung biopsies in
the UK. Complications included pneumothorax (20.5%
of biopsies), pneumothorax requiring chest drain (3.1%),
hemoptysis (5.3%), and death (0.15%). The timing of
post-procedure chest radiography was variable. In centers
that predominantly performed cutting-needle biopsies,
the pneumothorax rates were similar to those of centers
performing mainly fine-needle biopsies (18.9% vs.
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Table 1. Nonvascular interventions

– Pulmonary, pleural, and mediastinal biopsy

– Marker placement prior to surgical removal

– Abscess drainage from pleural, pulmonary and mediastinal origin

– Breast biopsy

– Radiofrequency ablation of lung tumors and metastases

Table 2. Vascular interventions

Arterial interventions Balloon angioplasty of supra-
aortic vessels

Endoluminal stent placement in-
to the thoracic aorta

Transarterial embolization of
bronchial arteries 

Venous interventions Stents for the treatment of supe-
rior vena cava syndrome

Percutaneous venous catheter
placement

Catheter maintenance
Foreign-body removal

Pulmonary artery interventions Embolization of peritoneove-
nous shunts

Mechanical thrombectomy of
pulmonary emboli
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18.3%). There is great variation in practice throughout
the UK. Most procedures are carried out on a day-case
basis. Small pneumothoraces are common but infre-
quently require treatment.

Post-biopsy pneumothorax as a rather frequent com-
plication can be treated relatively simply in most cases.
In asymptomatic patients we recommend not evacuating
the pneumothorax earlier than 4 h after biopsy in order to
achieve a durable success. In symptomatic patients or
those with drainage failures following a single-needle ap-
proach, percutaneously introduced Heimlich valves are
recommended.

Minimally invasive thoracoscopic procedures have be-
come increasingly popular and offer a valid alternative if
the patient has only a single pulmonary nodule that can
be removed for diagnostic as well as therapeutic purpos-
es. In such cases, interventional radiology can be of prac-
tical benefit in the procedure by CT-guided hook mark-
ing of the nodule, which allows it to be easily identified
during thoracoscopy and thus facilitates its removal.

Poretti et al. [3] described their experience with percu-
taneous CT-guided placement of hook-wires to localize
such nodules before video-assisted thoracoscopy (VATS).
In their study, 19 patients with newly diagnosed intrapul-
monary nodules underwent CT-guided hook-wire (X-
Reidy set) localization. Subsequently, the patients under-
went VATS resection of their lesions, which required a
mean time of 30 min (range 10-48 min). In all patients,
resection of the nodules was successful. Eight patients
developed an asymptomatic pneumothorax. In four pa-
tients, in whom the tumor was hit directly by the needle,
local bleeding occurred. One patient experienced hemop-
tysis. However, dislocation of the hook-wire system did
not occur in any of the patients.

Other nonvascular interventions include abscess
drainage from the lung, the pleura, and the mediastinum
(Fig. 1).

Breast Biopsy

Breast biopsy is of increasing importance in daily practice,
as in European countries more and more lesions detected
during screening programs are either indicative of malig-
nancy or at least suspicious and not clearly classifiable. A
growing number of patients also request a definitive diag-
nosis even for an otherwise benign-appearing lesion.

Breast biopsy may be performed by ultrasound or MR
guidance, or under stereotactic mammographic guidance.
For lesions that are detectable by ultrasound, ultrasound
guidance is a quick and relatively easy approach that al-
lows online monitoring of the biopsy procedure.
Microcalcifications are best detected and biopsied under
mammographic guidance. In addition to core biopsy using
14 G needles, vacuum aspiration biopsy using a 10 G nee-
dle is recommendable, as it allows removal of larger por-
tions of tissue which makes the procedure safer and the ob-
tained sample more representative. Soft-tissue structures
that are detectable by mammography but have no clear cor-
relation in ultrasound should be examined by mammo-
graphic core biopsy. MR-positive lesions that have no clear
correlations in other modalities should be evaluated by
MR-guided core biopsy or placement of a marker under
MR guidance followed by surgical resection.

Vascular Interventions

Vascular interventions can be divided between arterial
and venous interventions (Table 2).

In the former, balloon angioplasty of supra-aortic ar-
teries such as the subclavian artery, implantation of tho-
racic endografts, and embolization of bronchial arteries
should be mentioned. Relatively rarely performed are
transarterial techniques for tumor treatment, such as
chemoperfusion of the lateral thoracic, mammary, and
bronchial arteries in order to treat bronchial or breast
cancer.

Vascular interventions involving the pulmonary artery
include occlusion of arteriopulmonary fistulas, particu-
larly in patients with Rendu-Osler-Weber syndrome.
Local thrombolysis or thrombodestruction of pulmonary
emboli is an intervention used relatively rarely but it of-
fers a promising alternative in emergency cases involving
pulmonary embolism.

In the venous area, central venous stents are used to
treat malignancies and, in dialysis patients, to recanalize
central venous stenoses in order to allow successful
drainage. In addition, stents are employed in the place-
ment and maintenance of central venous catheters, fibrin-
sheath stripping, and the removal of foreign bodies.

Not all these interventions can be discussed here in
depth, but embolization of the bronchial arteries and
treatment of malignant venous stenoses should be em-
phasized, since neither is well-known but either one could
be helpful in treating patients with acute symptoms.

Fig. 1. Planning
CT for drainage
of a mediastinal
abscess. Patient
is in a supine po-
sition; the access
tract is planned
through the para-
vertebral space
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Bronchial Artery Embolization

This procedure is not a simple intervention for many rea-
sons. Firstly, the anatomy of the bronchial artery varies
and the size of the artery is frequently very small, mak-
ing cannulation difficult. Feeders to bronchial artery
bleeding sources – which are mainly arteriopulmonary
fistulae due to tumoral or inflammatory changes – can
originate not only from the bronchial but also from many
other arteries in the thorax such as the subclavian artery,
the thyreocervical trunk or the mammary or costal arter-
ies. Moreover, there is a variation in collaterals in the re-
gion that does include the spinal arteries.

As embolization material, particles, glue, and coils can
be used, but a golden rule is to seal the artery as close as
possible to the bleeding source; otherwise, recurrence via
collateral feeders may ensue.

Benign sources of bronchial bleeding include:
bronchiectasis, chronic bronchitis, aspergillosis, tubercu-
losis, pneumonia, and abscesses. Malignant sources are
predominantly bronchial cancers. 

The results of percutaneous intervention are satisfacto-
ry. Kato et al. [4] treated 101 patients and reported 100%
technical success, a 1-year success of 77.7% and a 5-year
success of 2.5%. They described a better outcome in pa-
tients with tuberculosis and bronchitis than in those with
pneumonia and abscesses. 

Lee et al. [5] described their experience with bronchial
artery embolization (BAE) in patients with massive, life-
threatening hemoptysis. In a 5-year period, 54 patients
were treated for massive hemoptysis. The underlying
pathology included bronchiectasis (n=31), active tuber-
culosis (n=9), pneumoconiosis (n=3), lung cancer (n=2),
and pulmonary angiodysplasia (n=1). Surgery was con-
sidered if the patient had acceptable pulmonary reserve
and a bleeding source was clearly identified. If the patient
was not considered fit for surgery, BAE was attempted.
Hemoptysis ceased with conservative management in
seven patients (13%) only. Of the 27 (50%) patients who
underwent surgical resection the procedures included
lobectomy (n=21), bilobectomy (n=4), and pneumonecto-
my (n=2). The in-hospital mortality after surgery was
15%. Postoperative morbidity occurred in eight patients,
including the need for prolonged ventilatory support,
bronchopleural fistulae, empyema, and myocardial in-
farction.

Twenty-one patients who could not be treated surgi-
cally underwent BAE, which was successful in 17 pa-
tients without any complications.

In the treatment of bleeding from bronchial carcino-
ma, Witt et al. [6] performed BAE using platinum coils
with Dacron fibers in 30 consecutive patients. The aim
was to compare immediate results of bleeding cessation,
recurrence, and survival rates in patients treated with
BAE vs. those managed conservatively. Active bleeding
stopped immediately in all patients. In the two groups,
the cessation of first-time hemoptysis (BAE 100% vs.
non-BAE 93%) and the rates of bleeding recurrence
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(BAE 50% vs. non-BAE 47%) were similar. Regarding
recurrent bleeding, repeated BAE led to a definite ces-
sation of pulmonary hemorrhage in every case. In con-
trast, all patients with recurrent hemoptysis without a re-
peated BAE (8 patients, 27%) and all patients with
bleeding recurrence in the non-BAE group died from
pulmonary hemorrhage (8 patients, 53%). The mean sur-
vival time of the BAE group was significantly longer
than that of the non-BAE group. The authors therefore
concluded that consistent BAE proved beneficial in tu-
morous pulmonary bleeding.

Malignant Venous Obstruction (SVC Syndrome): Implantation

Another percutaneous procedure that has gained in pop-
ularity is the placement of metallic stents to treat superi-
or vena cava syndrome (Fig. 2). Unlike emergency radi-
ation, stenting offers rapid relief of symptoms within a
few hours or even immediately. The technique is relative-
ly simple and can be achieved from either a brachial or a
transfemoral approach. If the obstruction is associated
with thrombus, some clinicians prefer to combine stent-
ing with thrombolysis.

Lanciego et al. [7] used stent placement as the treat-
ment of choice for the relief of symptoms. Wall-stent
prostheses (n=73) were inserted in 52 cancer patients
whose were diagnosed with superior vena cava syn-
drome, as confirmed by cavography or phlebography. A
single stent was sufficient in 37 patients, two stents were

Fig. 2a, b. Malignant obstruction causing a superior vena cava syn-
drome (SVCS). a Subtotal stenosis of the vena cava due to tumor
and partial thrombosis. b After placement of a 16-mm-wide self-ex-
panding stent and subsequent balloon dilatation, patency is restored

a b
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required in 11, three stents in two, and four stents in an-
other two patients. Contraindications for the procedure
were severe cardiopathy or coagulopathy. Resolution of
symptoms was achieved in all patients within 72 h. At
follow-up, six obstructions, one partial migration to the
right atrium, two incorrect placements, and four stent
‘shortenings’ were noted. All were successfully resolved
by repeated stenting. Symptom-free survival ranged from
2 days to 17 months (mean: 6.4 months). The authors
concluded that the wall-stent vascular endoprosthesis is
effective in the initial treatment of superior vena cava
syndrome of neoplastic origin.

Conclusions

Of the numerous vascular and nonvascular procedures in
the thorax, some are only rarely performed while the use
of others is confined to a few centers. However, at least a
general knowledge of all of them and of the benefits they
have to offer is essential for optimal patient management.
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Introduction

The gold standard among breast imaging techniques is
mammography, which is a plain-film X-ray examination.
The routine use of mammographic screening for clinical-
ly occult breast cancer is widespread, primarily due to fa-
vorable results from multiple randomized controlled tri-
als and the development of improved methods of preop-
erative needle biopsy and localization. A large percentage
of radiologists interpret mammograms, and daily case-
loads in many practices involve 50 or more such exami-
nations per day. Screening examinations comprise more
than 75% of all mammography performed in most devel-
oped countries. As a result, the majority of detected le-
sions, both benign and malignant, are small and nonpal-
pable. In most general radiology practices, mammogra-
phy accounts for at least 10% (sometimes as much as
20%) of all examinations performed.

In many countries, the widespread use of mammo-
graphic screening among asymptomatic women, coupled
with a high level of general awareness of breast cancer as
a public health problem, has prompted a series of gov-
ernmental regulations affecting mammography. These
regulations, although costly, also have resulted in an over-
all improvement in the quality of mammographic images
and, due to the imposition of initial education, continuing
education, and continuing experience requirements for
radiologists, probably an improvement in the quality of
mammographic interpretation as well.

Breast ultrasonography (US) also is widely used to aid
in the diagnosis and management of either mammo-
graphically detected or palpable breast lesions. US reli-
ably characterizes simple cysts, if rigorous interpretive
criteria are used, thereby averting tissue diagnosis for
these common, invariably benign lesions (Fig. 1). In ad-
dition, several sonographic features are sufficiently sug-
gestive of malignancy to prompt biopsy (often resulting
in a diagnosis of cancer), even in the absence of suspi-
cious findings at mammography or clinical breast exam-
ination (Fig. 2). These are major reasons why US has be-
come an integral part of modern breast imaging practice,
although it has not yet been proved to be effective for
screening asymptomatic women.
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Fig. 1a, b. Simple cysts (benign, BI-RADS category 2 at US) in two
different patients. Breast US reliably characterizes simple cysts.
Criteria for this diagnosis include circumscribed margins, oval (or
round) shape with parallel (wider-than-tall) orientation, anechoic
center, and posterior enhancement, as well as thin echogenic cap-
sule and thin edge shadows. Note that reverberation echoes pro-
jecting within the cyst lumen (arrows, b) may create an appearance
of complexity. Sonographic scanning from different angles and op-
timizing the focal zone may eliminate much of the artifact

a

b
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Fig. 2a, b. Multifocal carcinoma of the left breast (highly suggestive of malignancy, BI-RADS category 5 at US). Breast US demonstrates
an irregularly shaped, hypoechoic mass with indistinct margins and some posterior shadowing, as well as focal hyperechoic spots proba-
bly representing calcifications. The normal tissue architecture is disrupted. A second smaller lesion (arrows) is seen lateral (a) and supe-
rior (b) to the larger mass

a b

Fig. 3a-d. A 40-year-old patient with multifocal invasive ductal carcinoma of the right breast, pT2N2M0) a Mammography, mediolateral
oblique views; b mammography, craniocaudal views; c US of the right breast; d US of the right axilla. Assessment: highly suggestive of
malignancy (BI-RADS category 5). A large, partially circumscribed and partially irregular/indistinct mass is seen in the right breast at the
6 o’clock position (c, d). On craniocaudal view, a second lesion is seen in the central aspect of the breast close to the chest wall (arrow).
In addition, three smaller circumscribed lesions are present in the axilla, two of which represent enlarged lymph nodes. US confirmed the
presence of a partially circumscribed and partially irregular/indistinct hypoechoic mass, as well as axillary lesions that were subsequently
found to represent metastatic lymph nodes

a

c

b

d
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Imaging-guided breast interventional procedures
permit accurate and less invasive approaches to tissue
diagnosis than conventional surgical biopsy. Needle
placement during preoperative mammographic local-
ization is performed rapidly and with great precision
using specially designed fenestrated breast compres-
sion paddles. In addition, a variety of hooked wires
have been developed that anchor in breast tissue after
deployment through the localizing needle. Highly ac-
curate procedures for performing percutaneous tissue
diagnosis also are in widespread use, based on either
sonographic or stereotactic mammographic guidance.
Coupled with either f ine-needle aspiration or core
biopsy, these approaches allow reliable diagnosis of
most benign lesions without the need for surgical re-
section, thereby reducing morbidity and cost. Further-
more, the percutaneous diagnosis of malignancy prior
to open surgery often permits the delivery of definitive
surgical treatment in a streamlined and also less costly
manner.

Circumscribed Noncalcified Mass

The major differential diagnostic possibilities for a cir-
cumscribed noncalcified mass seen at mammography
are cyst, fibroadenoma, and circumscribed carcinoma
(Fig. 3). Most circumscribed noncalcified masses identi-
fied at screening, are nonpalpable and <1 cm. These
types of masses are initially evaluated with US, which
can reliably diagnose a simple cyst, thereby eliminating
the need for any further work-up. However, if the mass
is solid but displays no sonographic features of malig-
nancy, and if it continues to appear circumscribed at
fine-detail mammography (using spot-compression with
or without magnification), then it usually is assessed as
being probably benign and managed with periodic mam-
mographic surveillance. Tissue diagnosis is performed
only for (1) those masses with suspicious imaging fea-
tures at US or fine-detail mammography, (2) masses
with suspicious features at palpation, and (3) masses that
are seen to have enlarged since a prior examination.
Thus, the few circumscribed masses that prove to be ma-
lignant are diagnosed readily but the great majority of
benign masses are managed simply with mammography
and US. A relatively small percentage of such masses are
now evaluated by percutaneous biopsy, and only very
few benign lesions are actually excised.

Grouped Microcalcifications

Most cases of grouped microcalcifications are detected
at mammographic screening, and most screening-de-
tected cancers are treated with breast preservation
surgery. When grouped microcalcifications are detected
(or even suspected) at screening, additional fine-detail
imaging is usually obtained, using spot-compression
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magnification mammography, to portray with greater
clarity the shapes and extent of the calcifications (Figs.
4, 5). This permits classification of some otherwise
‘suspicious’ cases into more benign categories, such
that truly benign lesions are managed by mammograph-
ic surveillance rather than by tissue diagnosis, thereby
reducing morbidity and cost. This approach also pro-
vides additional information about the extent of disease
prior to an appropriately indicated interventional proce-
dure, which is very useful in planning exactly what type
of intervention(s) to perform, especially if carcinoma is
later found at biopsy.

Architectural Distortion

The mammographic feature of architectural distortion
most often involves thin radiopaque lines (spiculation) ra-
diating from a central point, with no definite mass visi-
ble at the center of the lesion. Another, less common
manifestation of architectural distortion is focal retrac-
tion or distortion of the edge of the parenchyma at one of
its interfaces with either the subcutaneous fat or retro-
mammary fat/fascia. In the absence of an appropriate his-
tory of trauma or surgery, architectural distortion is sus-

Fig. 4. Spot-compression magnification mammogram of the right
breast. A group of microcalcifications is seen within dense breast
tissue. Additional scattered calcifications were distributed through-
out much of the right breast parenchyma. The calcifications are
round and punctate, some larger and some smaller than 0.5 mm.
Assessment: probably benign, BI-RADS category 3. The patient
declined periodic mammographic surveillance; instead, stereotac-
tic core biopsy was performed. Histology confirmed the suspected
diagnosis of sclerosing adenosis
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picious for malignancy or radial scar, and biopsy is ap-
propriate (Fig. 6). In a retrospective study of 300 consec-
utive nonpalpable breast cancers, 9% were identified as
architectural distortion. The likelihood of malignancy
among findings characterized as architectural distortion
is estimated to range from 10 to 35%, depending on case
selection, patient age, and other factors.

Asymmetry

There are four types of asymmetry, all of which represent
areas of fibroglandular-density tissue that is more exten-
sive in one breast than the other. Asymmetry is usually
distinguished from mass in that it demonstrates concave-
outward rather than the convex-outward contours typical
of a mass, and it is interspersed with fat rather than ap-

pearing denser in the center than at the periphery (typical
of a mass). Summation artifact is caused by superimpo-
sition of normal fibroglandular breast structures on a giv-
en mammographic projection. As such, this finding will
be visible on only one of the two standard views and will
not be seen on additional views taken in different projec-
tions. The clinician must distinguish summation artifact
from the other types of asymmetry described below, be-
cause it never represents breast cancer and should not be
subjected to biopsy. A one-view-only mammographic
finding is called an asymmetry prior to diagnostic imag-
ing evaluation. Most (>75%) asymmetries represent sum-
mation artifacts; the rest are other types of asymmetry or
masses. Global asymmetry (formerly called asymmetric
breast tissue) represents a greater volume of fibroglandu-
lar tissue in one breast than in the corresponding location
in the opposite breast, without an associated mass, mi-

Fig. 5a-d. First-screening mammography study in a 52-year-old asymptomatic woman. a Spot-compression magnification view of the right
breast. Note the grouped, fine-linear and branching (casting) microcalcifications, highly suggestive of malignancy (BI-RADS category 5).
b Preoperatively, mammographically guided hook-wire localization was performed. c Complete excision of the lesion was confirmed by a
specimen radiograph. d Histology showed ductal carcinoma in situ (DCIS)
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crocalcifications, or architectural distortion. It is found in
approximately 3% of screening mammography examina-
tions. It almost always represents a normal variant, but
occasionally it may indicate the presence of an underly-
ing breast cancer if it corresponds to a palpable abnor-
mality. In this latter clinical setting, the radiologist usual-
ly will recall the patient for additional imaging evalua-
tion. Focal asymmetry (formerly called focal asymmetric
density) is an asymmetry of fibroglandular-tissue density
seen on two different mammographic projections but
lacking the convex-outward contours and conspicuity of
a mass. It usually represents an island of normal dense
breast tissue, but its lack of specific benign characteris-
tics may warrant further evaluation, especially if it is not
interspersed with fat. In a retrospective study of 300 con-
secutive nonpalpable breast cancers, 3% were identified
as focal asymmetries. The likelihood of malignancy
among findings characterized as focal asymmetry (with-
out associated mass, calcifications, architectural distor-
tion, sonographic abnormality, or palpable correlate) is
<1%. Developing asymmetry (formerly called developing

density or neodensity) is a focal asymmetry that is new,
larger, or denser on current examination than on a previ-
ous one. To identify such a lesion, prior mammograms
must be available for comparison. In a retrospective study
of 300 consecutive nonpalpable breast cancers, 6% were
identified as developing asymmetries. The likelihood of
malignancy among findings characterized as developing
asymmetry is estimated to be 10-15%.

Typical Breast Cancer

Mass

The great majority of cancers presenting as masses are
nonpalpable and detected at mammographic screening,
often smaller than 1 cm in greatest dimension and only
rarely with signs of locally advanced disease. At the
University of California – San Francisco (UCSF), 85% of
the invasive cancers detected at screening have negative
axillary lymph nodes, and 71% of invasive cancers are

Fig. 6a-c. A 65-year-old asymptomatic
women referred for screening mammogra-
phy. a Mammography, mediolateral oblique
views; b mammography, craniocaudal views;
c US of the left breast. Mammography
shows a focal asymmetry as well as archi-
tectural distortion in the upper outer quad-
rant of the left breast (alternatively, the le-
sion could be described as a spiculated mass
because it appears to be dense in its center).
Note the cluster of microcalcifications su-
perolateral and deep to the lesion. An irreg-
ular/indistinct hypoechoic lesion, non-paral-
lel (taller-than-wide) in orientation, was
confirmed at US (highly suggestive of ma-
lignancy, BI-RADS category 5). Histology
showed invasive ductal carcinoma, pT2N0
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stage 1 lesions. Most malignant masses found at screen-
ing have indistinct rather than spiculated margins.
Presumably this is due to earlier detection, before suffi-
cient desmoplastic reaction has formed to be visible as
spiculation on standard screening images.

Calcifications

Due to the fairly widespread use of mammographic
screening, a substantial percentage of cancers present
with calcifications alone. These lesions generally are
nonpalpable, many are ≤1 cm, and the great majority are
stage 0 lesions (ductal carcinoma in situ, DCIS). At the
UCSF, during each year over the past 15 years, DCIS
has accounted for between 25 and 30% of all cancers
detected at mammographic screening. These highly cur-
able malignancies are now treated with breast preserva-
tion therapy, so long as they do not occupy a large vol-
ume of the breast in relation to overall breast size, to the
extent that complete tumor excision would compromise
cosmesis.

Breast Implants

Implant imaging with film-screen mammography does
not include in the image field the most posterior por-
tions of a breast implant, but the development of im-
plant-displaced views has greatly improved visualiza-
tion of native breast tissues anterior to the implant. This
occasionally permits detection of a nonpalpable breast
cancer that otherwise would not have been visible.
Breast MRI also adds to the capabilities of modern
mammography, by readily demonstrating extracapsular
posterior-surface rupture and intracapsular rupture of a
silicone-filled implant.

Reporting Breast Imaging Findings

Effective reporting of breast imaging findings requires
the use of a logical structure, consistent terminology,

straightforward assessment and associated management
recommendations, all packaged in a clear and concise
document. The American College of Radiology devel-
oped the Breast Imaging Reporting and Data System
(BI-RADS) in the early 1990s in order to achieve these
goals. BI-RADS is now widely used throughout North
and South America, and is being used more extensively
in other countries as well. A major advantage of BI-
RADS is that it employs standardized terminology for
imaging features, associated with specific evidence-
based clinical assessment categories and management
recommendations (Table 1). The most recent update of
BI-RADS (4th edition, 2003) includes not only mam-
mography but also breast US and MRI findings. When a
patient has more than one breast examination on the
same day, a single report should be produced, describing
the imaging findings of the component examinations and
including an integrated assessment that takes into ac-
count all findings and makes a single set of management
recommendations.
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CT Severity Index Points Modified CT Severity Index Points
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Negative 1 No findings described in report Routine mammographic screening

Benign 2 Specific benign finding(s) described in report Routine mammographic screening

Probably benign 3 Likelihood of malignancy <2% Short-interval follow-up (usually 6 months)

Suspicious 4 Likelihood of malignancy 2-<95% Tissue diagnosis (usually percutaneous biopsy)

Highly suggestive 5 Likelihood of malignancy ≥95% Appropriate action (usually biopsy)
of malignancy

Known biopsy- 6 Already biopsied cancer, prior to surgical excision Appropriate action (usually surgical excision)
proven cancer
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Magnetic Resonance Mammography

Magnetic resonance mammography (MRM) is one of the
most important additional methods for the diagnosis of
breast cancer. The technique is well-described and stan-
dardized, with reported sensitivities of about 90% and
specificities of about 80%, depending on the indication
for which MRM is used.

The MRM-based diagnosis of breast cancer is made ac-
cording to certain criteria. The first is the signal intensity
on T2-weighted images. Breast cancers have mostly a dark
signal intensity, whereas some benign tumors, including
cysts and hypercellular fibroadenomas, have a bright sig-
nal intensity. The second is the morphologic appearance.
Breast cancers have mostly irregular and spiculated mar-
gins whereas benign tumors are usually well-shaped and
round. Finally, and perhaps most importantly, the pattern of
dynamic contrast enhancement must be well-noted. Breast
cancers show an early contrast enhancement with a maxi-
mum of more than 100% in the first 3 min, followed by a
plateau phenomenon, and a wash-out in the late sequences.

As is the case for screening mammography, the use of
a Breast Imaging Reporting and Data System (BIRADS)
classification for MRM is recommended (Table 1).

Some authors advocate the use of a point system to
evaluate MRM results (Table 2). A visible lesion is as-
sessed according to the following criteria, and points are
given consistent with the following scheme:

After addition of the points, evaluation is done ac-
cording to the scheme shown in Table 3:

The many indications for MRM are summarized be-
low. In general, it can be stated that all are well-founded
and make use of the high sensitivity of this technique.

Good indications for preoperative MRM in patients
with known breast cancers are the detection of multifocal
lesions, especially in lobular cancers; detection of con-
tralateral carcinoma; monitoring during neoadjuvant
chemotherapy; and evaluation of chest-wall invasion.

Good indications for postoperative MRM in breast-can-
cer patients are: in the diagnosis of recurrence; postopera-
tive tissue reconstruction, e.g., transverse rectus abdomin-
is musculocutaneous (TRAM) flap, latissimus dorsi flap;
following silicone augmentation; and after lumpectomy, in
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Table 1. The Breast Imaging Reporting and Data System (BIRADS)
classification system for magnetic resonance mammography

BIRADS level Indication

1 Negative, routine follow-up

2 Benign, routine follow-up

3 Probably benign, short-interval follow-up 
(6 months)

4 Suspicious, biopsy recommended

5 Highly suggestive of malignancy, biopsy 
recommended

0 Additional diagnostic methods recommended

Table 2. Point system for evaluating magnetic resonance mammo-
graphy results

0 points 1 point 2 points

Shape Round, oval Spiculated, –
irregular

Margins Circumscribed Ill-defined –

Contrast Homogeneous Heterogeneous Rim
enhancement

Initial contrast <50% 50-100% >100%
enhancement

Post-initial contrast Continuous Plateau Wash-out
enhancement

Table 3. BIRADS classification according to points

BIRADS level Points Comments

1 0 Negative

2 1-2 Benign

3 3 Probably benign, short-interval 
follow-up (6 months)

4 4-5 Suspicious, biopsy recommended

5 6-8 Highly suggestive of malignancy,
biopsy recommended
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the evaluation of patients with close or positive margins for
residual disease.

Beside these indications, MRM can be recommended
in the following cases:
– Axillary lymph-node metastases in unknown primary
– Patients with familial disposition for breast cancer
– Asymmetric opacity in mammography
– Suspicious retraction of the nipple without pathologic

findings on mammography and sonography
– Abnormal ductal lavage cytology with negative physi-

cal examination, mammography, and ultrasound.
Nevertheless, the specificity of MRM is limited, which

often precludes the reliable differentiation between be-
nign and malignant lesions. In these cases, core needle
biopsy or follow-up after 6 months are the methods of
choice. MRM is usually not recommended in the differ-
ential diagnosis of fibroadenoma/carcinoma or inflam-
matory carcinoma/mastitis. In both of these cases, biop-
sy is the diagnostic method of choice. MRM is also not
used in the diagnosis of non-invasive breast cancer, as
here again biopsy is preferred. Biopsy or follow-up is
recommended in the differential diagnosis of liponecro-
sis/recurrence in flaps. Mastopathic lesions that mimic
carcinoma should be carefully followed. Surgery is re-
commended for those patients in whom tumor size fol-
lowing chemotherapy cannot be reliably determined. In
the evaluation of scarring at <6 months, further evalua-
tion or biopsy should be considered. The success of ra-
diotherapy at a follow-up of 6 months should either be
determined by biopsy or the waiting time should be ex-
tended before the patient’s status is assessed.

Positron Emission Tomography

Positron emission tomography (PET) is a very promising
method in oncology patients. Nevertheless, its use is limi-
ted in breast-cancer patients, and currently there are no rou-
tine indications in these patients. The main reason is the
limited sensitivity (78.9%) of PET in the diagnosis of breast
cancer. However, there are other reasons that justify the limi-
ted use of PET. For example, in the detection of multifocal
lesions in breast cancer, MRM has a higher sensitivity than
PET. In the diagnosis of axillary lymph-node metastases,
sentinel node scintigraphy is superior to PET. As with
MRM, false-negative results are reported in patients with a
good response to chemotherapy. The reliable differentiation
between mastitis and chemotherapy is not possible.

In summary, many further studies are still necessary
before the use of PET in breast-cancer patients can be
recommended with confidence.

Minimally Invasive Procedures

In most unclear cases, especially if the lesion is more or
less suspicious, biopsy is necessary to obtain a definitive
reliable diagnosis. Several biopsy methods are available:

196

– Fine-needle aspiration cytology (FNAC; 18-25 G needle)
– Core needle biopsy (CNB; 14-16 G needle)
– Vacuum-assisted biopsy (extirpation of lesions ≤1 cm

in diameter; 11-14 G needle
– ‘Advanced Breast Biopsy Instrumentation’ (ABBI):

extirpation of lesions 5-20 mm in diameter.
The results of FNAC are limited. Instead, CNB or oth-

er techniques involving the use of thicker needles are re-
commended. A comparison of FNAC and CNB is shown
in Table 4.

The results of vacuum-assisted biopsy are superior to
these of CNB, which accounts for its increasing use.
ABBI has also shown promising results, but the compli-
cation rate is high, making the use of this method prob-
lematic. Thicker needles allow histological evaluation to
be made with greater diagnostic accuracy, nevertheless,
tumors may still be histologically underestimated: In
CNB (14-G needle) this occurs in about 20.4% of cases
and in vacuum-assisted biopsy (11-G needle) in about
11.2% of cases, depending on the number of biopsies
performed. For ten biopsies underestimation was 17.5%,
while for more than ten biopsies the rate was 11.5%.

Currently, several considerations must be made re-
garding the use of percutaneous stereotactic vacuum-as-
sisted biopsy. First, it is a diagnostic method, not a form
of therapy. Thus, in histologically proven cancers the tu-
mor must be surgically resected. BIRADS 1 and 2 are not
indications for the use of this biopsy technique, while in
BIRADS 3 it should be undertaken only after extensive
discussion with the patient. For BIRADS 4, biopsy is
obligatory but the most appropriate method should be
chosen by the treating physician. For BIRADS 5, CNB is
sufficient for confirmation of breast cancer and planning
of surgical therapy. Vacuum-assisted biopsy is, however,
recommended for clip-placement in patients receiving
neoadjuvant chemotherapy and following complete extir-
pation of the lesion, in most cases.

About 40 min are required to perform a vacuum-
assisted biopsy. Complete extirpation following assisted
biopsy was reported in 32.5-61% of patients.
Representative probes were obtained in 39-77.5% of the
biopsies and no scars were visible by mammography in
96% of the patients.

Conclusions

The high sensitivity of MRM recommends its use for the
detection of multifocal lesions or contralateral carcinoma

A. Rieber-Brambs, M. Müller-Schimpfle

Table 4. Comparison of fine-needle aspiration cytology (FNAC) and
core needle biopsy (CNB)

FNAC CNB

Sensitivity (%) 85-88 91-98

Specificity (%) 55.6-90.5 73-100

Accuracy (%) 53.8-67.3 79-97
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in known breast cancer or for the exclusion or detection
of recurrent disease. PET is a promising method, but, at
least for now, its use is restricted to clinical studies.

In the evaluation of most unclear or suspicious lesions,
biopsy is recommended because the differentiation be-
tween benign and malignant lesions is limited with all
imaging modalities. Vacuum-assisted biopsy seems to be
superior to all other techniques, including FNAC, CNB,
or ABBI. Nevertheless, to confirm a diagnosis of breast
cancer or in the planning of surgical therapy CNB is usu-
ally sufficient.
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Introduction

Obstetrical ultrasound has induced a marked increase
in the perinatal diagnosis of broncho-pulmonary and
mediastinal malformations. The spectrum of malforma-
tions amenable to antenatal diagnosis is wide (Table 1).
The numerous classif ications and terminologies at-
tempt to incorporate a common origin and association
of many lesions, including variable foregut airway,
lung, and vascular components. Aside from the classi-
cal anomalies, such as congenital cystic adenomatoid
malformations (CCAM), and sequestration, other, less
common ones can also be considered as part of the
spectrum (pulmonary hypoplasia, pulmonary aplasia,
tracheal bronchus, etc.).

Some authors have suggested that many of the bron-
chopulmonary malformations (BPMs) represent an ob-
structive malformation sequence with secondary pul-
monary dysplastic changes. Differences in the level, tim-
ing, and degree of obstruction are responsible for the
spectrum of anomalies. The vascular origin of the anom-
alies has also been emphasized. Pulmonary hyperplasia
as encountered in CCAM (type III) or in laryngeal atre-
sia is one type of dysplastic change. Microcystic
parenchymal dysplasia as seen in bronchial atresia, se-
questration, or congenital lobar emphysema (CLE) is the
other type that is encountered.

There have been several reports on the natural histo-
ry of such anomalies. Furthermore, nowadays, neonatal
management is widely influenced by the prenatal find-
ings.

The aim of the present work is to define criteria for the
postnatal work-up of patients with antenatally suspected
BPM and to concisely detail the findings on imaging

techniques (mainly chest X-ray and CT scan) that, even
in asymptomatic newborns, point to the presence of this
group of malformations [1-3].

Bronchopulmonary Malformations

In Utero

Bronchopulmonary malformations are most often de-
tected during the second trimester. Sonographically,
the most common presentation at that stage is a hyper-
echoic space-occupying lesion that is either homoge-
nous or contains small or large cysts. The mass causes
a contralateral shift of the mediastinum. Since the
spectrum of malformations is wide, a specific diagno-
sis cannot be made in utero unless a systemic vessel is
demonstrated that vascularizes the lesion, suggesting
the presence of a sequestration. However, at that stage,
an exact differential diagnosis is not necessary, since
many lesions are hybrid and include several different
dysplastic tissues. Instead, the search for bilateral le-
sions and for other systemic malformations (e.g.,
skeletal, cardiovascular) is more important, as these
will influence the in utero and postnatal prognoses. For
instance, fetal hydrops and effusion may indicate a
poor prognosis.

An important differential diagnosis to consider is di-
aphragmatic hernia. Its sonographic presentation may
be confusing but the demonstration of small bowel
loops, colon, and/or stomach in the thorax suggest the
diagnosis.

The natural history of many BPMs consists of a rel-
ative (or absolute) decrease in volume such that the
anomaly becomes increasingly difficult to recognize.
This is especially the case when the mediastinum re-
turns to the midline or the hyperechogenicity of the
mass diminishes. Nonetheless, in either case it should
not be assumed that the mass has completely disap-
peared [1, 2, 4-7].

A BPM should also be included in the differential diag-
nosis of a mediastinal mass (Table 2). Cystic lesions could
correspond to a vascular malformation; therefore, the use of

Postnatal Imaging of Bronchopulmonary and Mediastinal Malformations
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Table 1. Spectrum of bronchopulmonary malformations

Congenital cystic adenomatoid malformation
Sequestration
Congenital lobar hyperplasia
Bronchial atresia
Pulmonary cysts
(Laryngeal atresia)
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color Doppler is mandatory. Solid or mixed type lesions are
more difficult to demonstrate and should suggest a medi-
astinal sequestration or a mediastinal teratoma [1, 2, 8, 9].

The Neonatal Period

In the neonatal period, the newborn affected by a BPM can
be completely asymptomatic or present with respiratory
distress due to airway compression. Noteworthy is the fact
that the fluid within cystic malformations may rapidly be
replaced by air and, due to air trapping, the cysts may sub-
sequently enlarge. In such cases, asymptomatic newborns
may acutely become symptomatic. For this reason and as
a rule, all newborns with a prenatal diagnosis of BPM
should undergo a neonatal work-up in order to determine
the best treatment and follow-up. It should also be under-
lined that not all BPMs are detected prenatally; rather they
can be an ‘incidental’ finding in a neonate [2-4].

Imaging Techniques and Findings

Chest X-ray

Chest X-ray is the basis of the neonatal work-up. Supine,
frontal, and lateral views should be obtained during in-
spiration, while X-rays taken during expiration may be of
interest in order to demonstrate air trapping. The poten-
tial findings on chest X-ray are listed in Table 3.
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Several of the findings may be associated. Also,
when successive X-rays are obtained within the first few
days of life, an evolution from one pattern to another
can be observed. This evolution is usually a clue to the
diagnosis and corresponds to resorption of the fluid
contained in a lesion (i.e., pulmonary cyst, CLE,
CCAM). Associated vertebral anomalies should also be
searched for.

It should be noted that a normal-appearing chest X-ray
does not mean complete resolution of the malformation
or the absence of anomaly. Therefore, complementary CT
or MR imaging should be done as well [1, 10].

Chest CT

Helical chest CT is the method of choice for imaging a
BPM and is particularly accurate in determining areas of
abnormal aeration, air fluid level, bilateral lesions, and
abnormal vascularization. Pre- and post-contrast en-
hancement scans are mandatory as they demonstrate ab-
normal systemic arterial vascularization in case of se-
questration as well as peripheral dysplastic venous
drainage. 3D volume rendering also allows better map-
ping of the anomaly. CT provides essential information
regarding bronchial atresia, bronchomalacia, and tracheal
bronchus. Finally, CT reveals cystic lesions in any loca-
tion (parenchymal vs. mediastinal) and allows densities
within the lesions to be measured [1, 10-12].

Chest Magnetic Resonance Imaging

This technique provides information similar to that ob-
tained with CT, especially concerning vascularization of
the malformation. T1, T2, and echo-gradient sequences
should be obtained in order to optimally assess the anom-
aly. MR imaging of the chest does not allow parenchymal
assessment but it may demonstrate any extension of these
lesion towards the spine and spinal canal [9, 11].

Ultrasound

Ultrasound may be helpful in demonstrating lesions close
to the diaphragm and in the mediastinum. It is also able
to demonstrate systemic vessels emerging from the aorta
towards a sequestration as well as the anatomical rela-
tionship between a cystic lesion and other structures of
the mediastinum [10, 13].

Upper GI Tract Opacification

Since BPM, especially sequestration, may involve the
esophagus or stomach, in selected cases (e.g., persisting
opacity in a lower lobe) an upper GI series may be use-
ful [1, 2].

Angiogram

Angiograms are no longer performed unless emboliza-
tion of a sequestration is being considered as a thera-

F.E. Avni, M. Cassart, A. Massez

Table 3. Findings on chest X-rays in newborns with bronchopul-
monary malformations

Abnormal aeration
Hyperaeration of an entire lung Æ asymmetric aeration
Hyperaeration of a lobe or segment
Consolidation
Partially aerated consolidation

Round nodular lesion
Partially aerated round lesion
Fluid air level
Completely aerated cyst (bleb)

Increased vascular markings

‘Silhouette’ sign at the level of the diaphragm

Enlarged mediastinum X-ray

Table 2. The differential diagnosis of a mediastinal mass in utero

Cystic lesions
Bronchogenic cyst
Duplication cyst
Neurenteric cyst
Vascular malformation
Cystic lymphangioma
Cystic teratoma

Solid/mixed type lesions
Mediastinal sequestration
Mediastinal teratoma
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peutic option. They are also periodically used to evalu-
ate patients with complex cardiovascular malforma-
tions [1, 2].

Conclusions

The antenatal diagnosis of BPM has modified our post-
natal approach and management of the newborns affected.

A systematic work-up should be proposed even in
asymptomatic patients.

Chest X-ray and helical Ct should be performed in or-
der to determine the best treatment.
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Introduction

During infant respiration, not only the diameter but also
the shape of the trachea may change dramatically. On ex-
piration, the trachea often assumes a buckled configura-
tion that deviates in an angular manner away from the
side of the aortic arch at the level of the thoracic inlet. In
addition, angular buckling associated with a widening of
the pre-vertebral, retropharyngeal, and retrolaryngeal soft
tissues may occur posteriorly and inferiorly at the tho-
racic inlet [1]. In fact, the width of the prevertebral soft
tissues may increase to at least twice the AP width of the
cervical vertebral bodies on expiration. This soft-tissue
fullness may also be noted with flexion of the neck. As
the infant matures, the amount of soft tissue decreases. 

Besides the various developmental factors that influ-
ence airway maturity, certain diseases and congenital de-
fects may also cause structural abnormalities. For exam-
ple, when there is incomplete development of the elastic
and connective tracheal tissue (tracheomalacia), only a
portion of the intrathoracic trachea will collapse with ex-
piration; while the remainder of airway maintains normal
caliber during inspiration and expiration. In diagnosing
tracheomalacia in infants and children, conventional flu-
oroscopy-guided airway studies are typically recom-
mended. Computed tomography (CT) has proven more
effective, however, in depicting the location, extent, and
degree of tracheomalacia when it is used with a dynam-
ic airway protocol that images the central airway at the
end of inspiration and expiration. Furthermore, multi-de-
tector CT (MDCT) with 3D central-airway reconstruc-
tion produces exquisitely detailed images of the entire
central airway [3]. The size of the cervical trachea is af-
fected by the pressure within its lumen. An excellent il-
lustration of this is when the extrathoracic airway is ob-
structed or partially obstructed (as in croup). Under
these circumstances, the entire cervical trachea may col-
lapse with vigorous inspiration. Moreover, the cervical
trachea can become significantly enlarged as the vocal
cords close and there is a corresponding increase in pos-
itive pressure within the chest [4]. 

Disease processes such as prevertebral abscess,
adenopathy, or tumor can also impact airway configura-

tion. These pathologies are frequently characterized by
prominent soft tissues but without the angled configura-
tion that takes place during expiration. Rhabdosarcoma,
lymphoma, primitive neuroectodermal tumors (PNET),
and mesenchymal cell sarcomas (including germ cell and
yolk sac tumors) most commonly develop in this loca-
tion. These lesions generally obscure the normal prever-
tebral soft-tissue plains. Moreover, if the retropharyngeal
soft-tissue fullness is more pronounced superiorly than
inferiorly, it likely reflects pathology.

Laryngeal and Subglottic Airway

The junction of the underside of the true vocal cords and
infraglottic larynx is less acute in infants and small chil-
dren than it is in older children and adults; this results in
a less prominent normal subglottic ‘shoulder’ effect.
However, subglottic narrowing can and should be distin-
guished from normal sloping of the infraglottic larynx.
In addition, during active breathing, the vocal cords are
abducted producing a normal loss of the infraglottic
‘shoulders’ that can be recognized by the lack of vocal-
cord apposition.

Inflammation of the epiglottis (epiglottitis) is classi-
cally associated with infection by hemophilus influenza
type B (HIB) infection. Fortunately, relatively few cases
of this disease are now reported since HIB vaccinations
are widely available and strongly encouraged. Infections
by non-type-B hemophilus influenza, however, occasion-
ally occur. Other types of bacteria may also give rise to
epiglottitis. The edema that is caused by the ingestion of
hot foods or liquids may also resemble epiglottitis.
Edema that results from hypersensitivity (e.g., an allergic
reaction) may also appear anatomically similar to infec-
tion. Epiglottitis generally occurs in winter months and
primarily affects children ages 3-6 years. The most clini-
cally apparent symptom is epiglottic swelling; although
the aryepiglottic folds and subglottic larynx may show
evidence of inflammation as well. 

Plain-film or fluoroscopy imaging may be used to de-
finitively diagnose a suspected case of epiglottitis, but
extreme caution must be exercised because the child’s air-
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way may become completely obstructed during imaging.
If the head and neck are moved or straightened, the air-
way may become completely occluded. At times, the
aryepiglottic folds or subglottic airway are involved, fur-
ther complicating an imaging study. In certain cases, the
epiglottis may be spared, but the aryepiglottic folds
and/or subglottic airway are affected.

The edema that causes subglottic narrowing, associat-
ed with ‘croup,’ is characterized by labored breathing and
a hoarse, brassy cough. While ‘croup’ is usually associat-
ed with infection by a parainfluenza virus, the term is al-
so used to refer to the expanded complex of laryngotra-
cheobronchitis. This disease primarily affects children 6
months to 3 years of age during the winter months.
Whereas epiglottitis presents with a high probability of
life-threatening airway obstruction, croup is generally
more benign. In severe circumstances, intubation may be
necessary. In the most severe cases, intrathoracic pressure
may exceed oncotic pressure on inspiration resulting in
pulmonary edema.

Staphylococcal organisms can give rise to tracheal
bacterial infections known as bacterial croup or
pseudomembranous tracheitis. This process may present
with pseudomembrane formation and croup-like symp-
toms.

In infants and children, focal masses may appear in the
subglottic airway. Focal granulation tissue may develop
secondary to previous intubation or tracheotomy. Lesions
may also be secondary to a subglottic hemangioma,
which often arise concomitantly with cutaneous heman-
giomata often of the head or neck. Subglottic heman-
giomas are most often located posterolaterally, usually
within 1-1.5 cm below the vocal cords, and frequently in-
volute spontaneously by age 5 or 6 years. Although their
detection can be accomplished by plain radiographs or
conventional fluoroscopy-guided airway study, CT, and
especially MDCT with its multiplanar and 3D imaging
capabilities, can be helpful. Virtual tracheobronchoscopy
is particularly useful for evaluating the degree of airway
obstruction, which has been proven to correlate well with
the findings of conventional tracheobronchoscopy. In pa-
tients above the age of 5 years, an isolated subglottic
mass is more likely to be a papilloma than a heman-
gioma. Papillomata are caused by inoculation with the
human papilloma virus, acquired during vaginal delivery.
In up to 20% of patients, the viral infection may propa-
gate down the airway and into the lung parenchyma, pro-
ducing nodular, cavitary lung lesions [5]. Other tumors of
the subglottic airway and trachea are seen only rarely in
children [6].

Trachea and Mainstem Bronchi

The most commonly found intraluminal airway abnor-
malities in children are aspirated foreign bodies. Among
very young children, single aspirated foreign bodies are
distributed nearly equally between the two lungs. By age
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15, the bronchial angles subtended from the trachea ac-
quire a more adult configuration; at this stage, twice as
many foreign bodies occur in the right lung [7]. However,
even when a foreign body is suspected, an initial inspira-
tory chest film may not show this conclusively. In cases
in which the diagnosis is uncertain, different imaging
strategies can be adopted. For example, an obstructed
lung or segment of lung is usually clearly depicted with
fluoroscopy. When the lung is obstructed, the abnormal
side or lobe does not respond to respiration. In other
words, a lung that is filled with trapped air will remain
filled. Likewise, a partially collapsed lung will remain
similarly collapsed throughout respiration. The failure of
the lung, or a segment of it, to exhibit a change in vol-
ume through the respiratory cycle is the critical observa-
tion. Under these circumstances, diaphragmatic excur-
sion is unequal. On inspiration, when air is trapped in the
obstructed lung, the mediastinum moves toward the ab-
normal side; on expiration, away from the side of ob-
struction. An alternative is to use bilateral decubitus chest
images, but this approach often provides less convincing
information since the decubitus images are often inad-
vertently obtained in an oblique position, which compro-
mises the ability to accurately assess comparative lung
volumes. When viewing right-lateral or left-lateral decu-
bitus films, the normal dependent lung should appear de-
flated compared to the normal non-dependent lung. In
older, more cooperative children, these altered dynamics
are clearly demonstrated with comparative inspiration
and expiration X-rays.

Relatively radiolucent foreign bodies within the air-
way are sometimes visible in only one projection.
Esophageal foreign bodies lodged for extended periods
may result in significant edema and inflammation, cre-
ating, at times, obstruction of the adjacent airway [8].
Extrinsic compression of the airway may result from me-
diastinal masses, such as bronchopulmonary foregut
malformations (i.e., bronchogenic cysts, GI duplications,
neurenteric cysts) as well as abnormal mediastinal ves-
sels (i.e., double aortic arch, aberrant subclavian artery,
pulmonary sling, anomalous innominate artery) [9].
Central-airway compression resulting from the abnormal
mediastinal vessels can be identified based on plain ra-
diographs; cross-sectional imaging by CT and MRI con-
firms this finding and provides useful preoperative data.
The advantage of MRI is its ability to depict lung struc-
ture and function without exposing the patient to ioniz-
ing radiation. CT offers precise details of the central air-
way and lung parenchyma. With the introduction of MD-
CT and its multiplanar and 3D imaging capabilities, di-
agnosis and preoperative assessment of mediastinal vas-
cular anomalies that result in central-airway compres-
sion have been significantly enhanced [3]. Mediastinal
vascular anomalies, central-airway compression, and
lung parenchyma can be separately evaluated with the
same CT data by applying different CT reconstruction
algorithms. The efficient use of imaging data thus mini-
mizes exposure of the patient to the potentially harmful
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effects of radiation, which is of particular concern in
evaluating children. When extrinsic compression of the
airway occurs in utero, airway cartilage development is
impaired, which, in turn, may cause bronchomalacic or
tracheomalacic segments to develop. With esophageal
atresia, the dilated upper pouch compresses the trachea,
compromising tracheal cartilage development in the seg-
ment adjacent to the dilated upper esophageal pouch.
This structural aberration often produces significant tra-
cheal narrowing and tracheomalacia. The narrowed,
malacic segment of the trachea may persist even after the
esophageal atresia is surgically corrected. Less com-
monly, the entire esophagus may be distended by ob-
struction at the esophagogastric junction. This may be
related to chalasia, ectopic tracheal cartilages, or
Chaga’s disease. Significant tracheal narrowing is less
common with these lesions than with esophageal atresia.
Congenital tracheal or bronchial stenosis caused by a
complete ring or ‘o’-shaped configuration of the carti-
lages is often associated with pulmonary sling, which
passes between the esophagus and trachea.

Peribronchial adenopathy that causes obstruction or
endobronchial extension leading to obstruction is often
associated with inflammatory processes, particularly tu-
berculosis. CT is especially useful in evaluating the loca-
tion, extent, and associated airway compression or ob-
struction that arises from tuberculosis. It is also important
to evaluate airways that are distal to the obstruction. CT
has an advantage over conventional tracheobronchoscopy
for evaluation of high-grade airway obstruction resulting
from the peribronchial or mediastinal adenopathy.
Although the airway distal to the obstruction can be eval-
uated with CT, conventional tracheobronchoscopy cannot
be used if the obstruction is of high grade and the bron-
choscope cannot be passed beyond the obstruction.
Lymphoma, primary mediastinal tumors, or metastatic
disease occurring in the mediastinum may cause similar
extrinsic obstructions.

Several congenital variations are viewed as failures of
tracheoesophageal differentiation from the primitive
foregut. These include H-type tracheoesophageal fistula,
laryngeal clefts, laryngeotracheal clefts extending from
the larynx to the carina (sometimes referred to as a com-
mon tracheoesophagus), and absence of the trachea
where the mainstem bronchi arise directly from the dis-
tal esophagus. Duplication of the trachea occurs rarely
[10]. Bronchial hypoplasia (or atresia), typically associ-
ated with pulmonary artery hypoplasia/atresia and con-
genitally hypoplastic/absent lung, are occasionally seen
(predominantly on the right). In addition, ‘scimitar syn-
drome,’ a rare congenital disorder (1-3 in 100,000 live
births), may also give rise to hypoplasia. This condition
presents with an anomalous draining, usually involving
the right, upper lobe pulmonary vein emptying into the
inferior vena cava. Although the crescent-shaped ‘scim-
itar’ vein may be isolated and asymptomatic (scimitar
sign), it may be associated with ipsilateral pulmonary,
bronchial, and pulmonary artery hypoplasia (scimitar
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syndrome). There may also be associated congenital
heart disease, especially atrial septal defect (ASD), and,
less commonly, ventricular septal defect (VSD) [11].
Scimitar syndrome is also associated with pulmonary se-
questration [12].

Yet another unusual condition, known as ‘pig
bronchus,’ occurs when the right upper lobe bronchus,
multiple bronchi, or a bronchial segment arises directly
from the trachea. Although this configuration is normal
in pigs, it can be problematic for human beings. While
adults with this defect are generally asymptomatic, it may
be the source of recurrent right upper lobe atelectasis or
pneumonia in children. This anatomic variant should be
particularly suspected if a child is noted to develop right
upper lobe atelectasis associated with placement of an ET
tube deep within the trachea but not with less-advanced
ET tubes.

Peripheral Bronchi

Among the most common acute inflammatory processes
that occur in infants and very young children is bronchi-
olitis, which is characterized by coughing, wheezing,
and fever [2]. It is typically viral (most often respiratory
syncytial virus), and primarily affects the peripheral
bronchi. From a radiographic standpoint, bronchiolitis is
depicted by ‘air trapping,’ often with little or no other ra-
diographic abnormalities. Diffuse bronchial-wall thick-
ening (peribronchial thickening), however, is frequently
apparent. Atelectasis appears less often; on sequential
imaging it typically shows a shift in its distribution.
Unfortunately, the radiographic course of bronchiolitis
can create some confusion. Although hyperinflation is
the most prevalent initial finding, as the process resolves
the lungs generally show less air trapping but more at-
electasis. Paradoxically, this apparent deterioration of
multifocal lung disease is a sign that the inflammation is
improving.

Bronchiolitis is the most common cause of acute
bronchial-wall thickening. Chronic bronchial-wall thick-
ening is most commonly seen in children with reactive
airways disease or asthma. Radiographs of children with
asthma or reactive airway disease generally show diffuse
air trapping when patients are acutely symptomatic; how-
ever, diffuse bronchial-wall thickening is present even in
asymptomatic patients. The recognition of bronchial-wall
thickening is complicated since the prominence of the
bronchial walls increases with age. As a guide, infants
have only a minimal number of visible bronchial walls in
the lung periphery, but many may be detected in the per-
ihilar regions. With pathologic bronchial-wall thickening,
more evidence of the process can be detected in the lung
periphery, seen as ‘o rings’ and ‘tram tracking.’ Since the
process affects the bronchi, which converge on the hilar
regions, it may be most noticeably abnormal centrally and
may be recognized by the presence of large, poorly mar-
ginated hilae, especially on the lateral image.
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Diffuse bronchial-wall thickening is also the most
common initial radiographic indicator of cystic fibrosis
in infants and young children. In older children and
adults, this often progresses to coarse bronchiectatic
changes that are frequently perceived as nodules when
fluid-filled or as cysts when air-filled. Less commonly,
chronic recurrent pneumonia may result in bronchial-
wall thickening. This is most often a consequence of
one of two processes: (1) secondary to recurrent aspi-
ration associated with a swallowing abnormality or a
tracheoesophageal fistula, or (2) related to an immune
deficiency. In these instances, the disease process may
be uneven in distribution, as apposed to even distribu-
tion seen with early CF and asthma/reactive airway dis-
ease.

In congenital lobar emphysema (CLE), an estimated
50% of patients show some evidence of focal bronchial
obstruction that manifests itself as an over-inflated, hy-
perlucent lobe. However, in the first few days of life,
this may present with preferential trapping of fetal-
lung liquid in the abnormal lobe. This, in turn, pro-
duces an over-inflated, opaque lobe in which the fluid
slowly drains over the ensuing days, so that the affect-
ed lobe subsequently becomes hyperlucent. The distri-
bution of CLE is roughly 43% in the left upper lobe,
32% in the right middle lobe, 20% in the right upper
lobe, and 5% in two lobes [13]. With an over-inflated
hyperlucent lobe and associated mediastinal shift to
the contralateral side, congenital lobar emphysema is
sometimes mistaken as tension pneumothorax. When
this occurs, CT is useful in visualizing the underlying,
over-inflated, and hyperlucent lung parenchyma.
Further complicating a definitive diagnosis is a condi-
tion known as ‘polyalveolar lobe,’ which is clinically
and radiographically indistinguishable from CLE.
Although the distribution and demographics of
polyalveolar lobe are similar to those of CLE, the for-
mer is characterized by a normal tracheobronchial tree
but a greater number of alveoli [13]. It has been sug-
gested that cases of suspected CLE in which there is
preferential retention of fetal lung liquid are actually
polyalveolar lobe [13].

Chronic lung disease of prematurity (bronchopul-
monary dysplasia) develops over a period of several days
as supplemental oxygen is delivered to the neonatal pa-
tient via an ET tube. It typically presents in premature
infants with hyaline membrane disease, in which ciliat-
ed epithelial cells of the trachea and bronchi are de-
stroyed and replaced with non-ciliated cells. The re-
placement of ciliated cells with non-ciliated ones leads
to recurrent atelectasis and infections. There are also
multifocal areas of atelectasis and fibrosis alternating
with areas of focal over-expansion [14]. In premature in-
fants with bronchopulmonary dysplasia who survive for
several months or years, the radiographic and clinical de-
pictions of the disease may closely resemble that of chil-
dren with acute bronchiolitis or asthma. In addition, old-
er children diagnosed at birth with pulmonary disorders,
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including hyaline membrane disease, meconium aspira-
tion, neonatal pneumonia, and diaphragmatic hernia, fre-
quently develop reactive airway disease that is clinically
recognizable or can be confirmed by pulmonary function
studies [14].

Bronchiolitis obliterans (Swyer-James syndrome or
Macleod syndrome) generally develops secondary to vi-
ral infection, although it can also arise from a bacterial
or parasitic infection (i.e., mycoplasma). In adults,
bronchiolitis obliterans is characterized by a hyperlu-
cent small-volume lung; whereas in children the lung is
over-expanded and hyperlucent, a discrepancy ex-
plained by diminished lung growth following onset of
the disease. While air trapping is initially evident on
imaging, proportionately less growth results in reduced
lung volume compared to the normal lung. In addition,
it has been established that many cases of bronchiolitis
obliterans feature diffuse and irregularly affected lungs.
Specifically, on CT both lungs may show abnormalities,
including bronchiectasis [15], but one lung typically
dominates.

Other inflammatory diseases may add to the diagnos-
tic confusion. The early stages of follicular bronchitis
[16] can radiographically and clinically resemble bron-
chiolitis. The disease, which some suspect is the same as
that known as ‘neuroendocrine cell hyperplasia,’ usually
presents within the first 6-8 weeks of life. However, con-
trary to the typically short-lived clinical course of bron-
chiolitis, the tachypnea and wheezing characteristic of
follicular bronchitis persist for 2-3 years with increasing-
ly worse symptoms. Radiographic findings initially sug-
gest bronchiolitis because of air trapping, bronchial-wall
thickening, and occasional instances of atelectasis.
Recent work has identified a specific CT configuration
for this disease [17]. By approximately 5 or 6 months of
age, a diffuse, essentially interstitial process has evolved;
by 8 years of age, symptoms and radiographic indicators
have generally reverted to normal.
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Introduction

Radiation dose is a contentious issue in pediatrics, as it is
well-established that the lifetime cancer mortality risks at-
tributable to CT examinations are considerably higher
than for adults. As proposed by the ALARA principle ‘as
low as reasonably achievable’, the selection of appropriate
scanning parameters focuses on the optimization of image
quality whilst delivering the lowest possible radiation dose
and shifting the risk-benefit balance towards benefit.

The technical parameters that need to be selected for
any scan include collimation thickness and tube current
(milliamperage, and kilovoltage). The collimation thick-
ness is the minimum section thickness that can be ac-
quired once the scan is finished, and in a 16-row MDCT
scanner is usually 1.5 mm. Thinner collimation (0.75
mm) increases the radiation dose by approximately 30%

with our in-house reduced protocol and is applied only in
selected cases of vascular abnormalities, visualization of
small structures, in cardiac CTs, and when high-resolu-
tion thin-slice parenchymal lung imaging is required for
detailed assessment of the lung parenchyma (Tables 1-3).

Acute Chest Infections in Children

C. Owens
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Table 1. Volumetric CT chest scanning parameters (16 slice Somaton Scanner) according to child’s weight when a routine (1.5-mm colli-
mation) or ‘Combiscan’ (0.75-mm) protocol is used

<15 kg 15-24 kg 25-34 kg 35-44 kg 45-55 kg

Volume Combi Volume Combi Volume Combi Volume Combi Volume Combi

kVp 100 100 100 100 100 100 100 100 100 100
eff. mAs 20 20 25 25 35 35 55 55 75 75
Collimation (mm) 1.5 0.75 1.5 0.75 1.5 0.75 1.5 0.75 1.5 0.75
Scan slice width (mm) 5 5 5 5 5 5 5 5 8 8
Table-feed (mm) 24 12 24 12 24 12 24 12 24 12
Scan time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
CTDI (mGy) 0.9 1.0 1.13 1.31 1.58 1.75 2.48 2.75 3.38 3.75
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Table 2. High-resolution CT chest scanning parameters according to
child’s weight

<15 kg <30 kg >30 kg

kVp 100 100 100
eff. mAs 20 30 55
Collimation (mm) 1 1 1
Scan slice width (mm) 1 1 1
Table-feed (mm) 10 10 10
Scan time (s) 0.36 0.75 0.75
CTDI (mGy) 0.21 0.32 0.59

Table 3. Dose comparison for different scanning protocols in a phantom study in our institution

Effective dose (mSv)

Volume (1.5-mm) Combi (0.75-mm) HRCT CTA CXR

M F M F M F M F AP LAT

<15kg 0.77 0.90 0.9 1.05 0.36 0.42 1.30 1.51 0.00487 0.00799
15–24 kg 0.93 1.09 1.13 1.31 0.36 0.42 1.62 1.89 0.00874 0.01086
25–34 kg 1.34 1.56 1.58 1.84 0.54 0.63 2.24 2.62 0.01163 0.00968
35–44 kg 2.11 2.46 2.48 2.89 1.00 1.17 2.57 3.0 0.01769 0.01452

HRCT, High-resolution computed tomography; CTA, CT angiography; CXR, chest X-ray
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Methods adopted to minimize the radiation dose dur-
ing MDCT include:
1. Applying a dose modulation function in which the sys-

tem samples the patient thickness and adjusts (e.g., re-
duces) the exposure accordingly when the tube is in
the AP/PA position, as patients are narrower in AP than
in the side-to-side orientation.

2. Reduction of the kilovoltage to 100 kVp when imag-
ing the thorax. Further reduction to 80 kVp is possible
for CT angiography (CTA), but as resolution of the
parenchyma is not ideal this is applied only if lung
pathology is unlikely.

3. If possible, selecting a tube collimation of 1.5 mm.
Although 0.7-5mm collimation improves spatial reso-
lution, it increases the radiation dose and is therefore
reserved for CTA or in those cases in which thin slice
reconstruction is indicated.

4. Selection of an appropriate mAs, dependent on the pa-
tient’s weight or cross-sectional diameter.
Unlike the single-slice scanner, an increase or de-

crease in table-feed time for MDCT scanners only af-
fects the overall scanning time. An increase in table
speed results in a concomitant increase in mA, which
has no effect on the dose delivered. The tube current is
automatically compensated to ensure that the preset ef-
fective and total mAs are delivered, i.e., a fast table
movement results in an automatic increase in the mA
while keeping the mAs constant.

The Immunocompetent Child

The roles played by imaging in the evaluation of com-
munity acquired pneumonias are multiple: confirma-
tion or exclusion of pneumonia, characterization and
attempts to predict the infectious agent, exclusion of
other causes of symptoms, evaluation when resolution
is slow or incomplete, and evaluation of related com-
plications, such as suspected lung abscess (or cavitato-
ry necrosis). The latter is more common and more be-
nign in children than was previously believed, with on-
ly 41% of CT-proven cases visible on chest X-ray
(CXR). Moreover the prognosis with conservative man-
agement is much better than in adults and there is rel-
atively little lung scarring. CT is also valuable in de-
tecting the presence of superinfected bronchopul-
monary foregut malformations or underlying/ensuing
bronchiectasis.

Mycobacterium tuberculosis

In children, pulmonary TB usually occurs as a result of
primary infection acquired from an infected adult.
Disseminated or extrapulmonary tuberculosis is rela-
tively rare in children, raises the possibility of underly-
ing immunodeficiency, and is classified as an AIDS in-
dicator.
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The radiological features of pulmonary TB are usually
similar to those in immunocompetent individuals and in-
clude lobar consolidation, segmental or lobar atelectasis,
pleural effusions, and lymphadenopathy. Pulmonary cav-
itation is uncommon. Large-volume lymphadenopathy is
a frequent finding, the paratracheal and hilar regions be-
ing the most common sites. Occasionally, the chest radi-
ograph appears normal. Miliary disease is uncommon, al-
though when it occurs it may be indistinguishable from
lymphocytic interstitial pneumonia.

Contrast-enhanced CT (CECT) and high-resolution
CT (HRCT) are of particular value in the confirmation
of mediastinal and miliary disease. Mediastinal lym-
phadenopathy is often large in volume; it typically
demonstrates prominent peripheral enhancement fol-
lowing intravenous contrast. The classical HRCT fea-
ture of miliary tuberculosis is a reticulonodular infil-
trate. In adults, the nodules are typically uniform in
size, measuring 1-3 mm. However, in children, nodules
are more varied in size and definition than described by
the classic Fleischner criteria, which are based on the
adult form of the disease.

The Immunocompromised Child

Immunodeficiency states in children may be sub-divid-
ed into two major groups; congenital (primary) and ac-
quired (secondary). The spectrum of illness and imag-
ing appearances are similar regardless of the underly-
ing cause of immunodeficiency. All immunodeficiency
states are associated with an increased susceptibility to
infection and neoplasia, with lymphoproliferative dis-
orders being the most frequent. However, the type of
infection encountered and the risk of neoplasia are in-
fluenced by the underlying defect (whether predomi-
nantly humoral or cell-mediated), the use of immuno-
suppressive drugs or radiotherapy and the length of im-
munosuppression. A working knowledge of the under-
lying likely defect is therefore important when inter-
preting imaging functions in children with immunode-
ficiency states.

Primary, or congenital, immunodeficiency disorders
are an inherited group of diseases resulting from innate
defects of the immune system. Secondary or acquired
immunodeficiency disorders occur as a consequence of
infection with the human immunodeficiency virus
(HIV), or secondary to immunosuppressive drug thera-
py or chemoradiotherapy (for hematological/solid-organ
malignancies or as preparation for bone-marrow trans-
plantation). Both primary and secondary immunodefi-
ciency states result in an increased susceptibility to in-
fection, with the respiratory tract being the most com-
mon disease site. Certain complications, however, par-
ticularly infectious ones, are common to all immunode-
ficiency states and extensive overlap in imaging find-
ings is observed.

C. Owens
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Primary Immunodeficiency Disorders

Background

Primary (congenital) immunodeficiency disorders (PID)
represent a rare heterogeneous group of genetically de-
termined disorders characterized by defects of cell-medi-
ated immunity, antibody production, and/or the comple-
ment and phagocyte systems (Table 4).

Clinical manifestations vary according to the subtype
of PID and include recurrent infections, infection with
unusual or opportunistic organisms, failure to thrive, skin
rashes, recurrent skin sepsis, and unusual wound healing.
A family history of recurrent infections or premature
death among siblings may also be revealed. Perhaps the
most important, and frequent, clinical manifestation of
PIDs is recurrent sinopulmonary infections which, if not
adequately treated, may result in the development of ob-
structive lung disease, chronic respiratory failure, and ul-
timately premature death.

After infection, malignancy is the second leading cause
of death. The lymphoproliferative disorders (LPDs) ac-
count for the majority of tumors, with Epstein-Barr virus
being associated in approximately 30-60% of cases. The
risk of developing a malignancy ranges from 1 to 25%. The
children at greatest risk are those with Wiscott-Aldrich
syndrome and combined variable immunodeficiency.

Pulmonary Complications

Diffuse Lung Disease

Common to all the primary immunodeficiency disorders
is an inability to mount a normal or adequate antibody re-

sponse to antigenic stimulation, resulting in susceptibili-
ty to bacterial infections, particularly of the respiratory
tract. Bronchiectasis is a common complication, occur-
ring in 20-40% of patients.

Typical radiographic features include hyperinflation
and bronchial-wall thickening, with or without dilation.
The chest radiograph is, nevertheless, insensitive and
commonly appears normal or shows only subtle change.
HRCT detects abnormalities not visible on the plain, thus
improving diagnostic accuracy compared to the CXR.
Moreover, it allows for an earlier diagnosis.

Pneumocystis carinii Pneumonia

Pneumonia caused by Pneumocystis carinii usually oc-
curs in children whose primary immunodeficiency is
undiagnosed and, indeed, is frequently the first indica-
tor of an underlying immunodeficiency state. Classical
radiographic appearances include hyperinflation with
diffuse bilateral interstitial or nodular infiltrates that
may be subtle initially but rapidly progress to wide-
spread alveolar shadowing.

Angio-invasive Aspergillosis

The typical manifestation of angio-invasive pulmonary
aspergillosis (IPA) consists of multi-focal areas of
parenchymal inflammation caused by hematogenous dis-
semination of the organisms. IPA is associated with in-
farction and necrosis secondary to vascular obstruction.

Classical radiographic features include either solitary
or multiple nodules or masses, with or without cavitation.
In some cases, however, the chest radiograph appears
normal or may demonstrate a focal infiltrate indistin-
guishable from a pyogenic pneumonia. Specific HRCT
features have been described, probably the most charac-
teristic being a ‘halo’ of ground-glass attenuation repre-
senting peri-lesional necrosis and hemorrhage, surround-
ing a central focal fungal nodule or infarct. A second
commonly described feature of IPA is lesional cavitation
with the formation of an air crescent. Occasionally, IPA
manifests as a necrotizing pneumonia, with infiltration of
local structures or organs. Although these classical fea-
tures have been described, in many cases the imaging ap-
pearances are non-specific.

Secondary (Acquired) Immunodeficiencies

Immunodeficiency Secondary to Immunosuppressive 
or Myeloablative Chemoradiotherapy

Respiratory complications may be sub-divided into two
broad categories: infectious and noninfectious. The fre-
quency, range, and severity of pulmonary complications
are influenced by the intensity and length of immuno-
suppression and are also dependent on whether the treat-
ment goal is immunosuppression or myeloablation.
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Table 4. Immunodeficiency disorders

Disorder Inheritance

Combined immunodeficiencies
Severe combined immunodeficiency X, AR
Purine nucleosidase phosphorylase AR
Common variable immunodeficiency

Predominantly antibody deficiencies
Selective Ig A deficiency AR, AD, S
Selective Ig G subclass deficiency AR, S
Hyper Ig M X, AR
X-linked agammaglobulinemia X

Well-defined immunodeficiencies
Wiscott-Aldrich syndrome X
Ataxia telangectasia AR
DiGeorge syndrome AD, S

Other immunodeficiencies
X-linked lymphoproliferative disease X
Hyper IgE syndrome S

Phagocytic defects
Chediak-Higashi syndrome AR

AR, Autosomal recessive; AD, autosomal dominant; S, sporadic; 
X, X-linked
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Stem-Cell Transplantation

Stem-cell transplantation (SCT) is followed by a temporal
and predictable sequence of events. Initially, there is a
marked transient neutropenia with neutrophil numbers re-
turning to normal within 2-4 weeks. By contrast, lympho-
cyte recovery is more prolonged, with absolute numbers
taking approximately 3 months to return to normal. Despite
the recovery of lymphocyte numbers, cellular (B and T cell)
and humoral (particularly anti0body production) immunity
usually remains impaired for a further 6-12 months, and an-
tibody production can take up to a year to return to normal.

The development of graft-versus-host disease (GVHD)
and the resultant requirement for increased immunosup-
pression also delays immunological recovery and is asso-
ciated with an increased risk of infectious pulmonary
complications.

Pulmonary complications occur in 40-60% of patients
following SCT and are responsible for 10-40% of trans-
plant-related deaths. The type of pulmonary complication
will be influenced by the type of underlying immune de-
fect and may be subdivided into early (up to 100 days)
and late (after 100 days) complications.

Early Pulmonary Complications

Infectious Complications

Within the early post-transplant period, the most fre-
quently infecting organisms are bacteria and fungi, espe-
cially gram-negative organisms and Aspergillus sp.
Children are also at risk for certain viral infections, the
most important being respiratory syncytial virus (RSV)
and herpes simplex virus (HSV).

Bacterial pneumonias occur in approximately 10% of pa-
tients during the pre-engraftment period and are associat-
ed with a high mortality.

Viral pneumonias, due, for example, to RSV, HSV, aden-
ovirus, and varicella-zoster virus (VZV), typically occur
within the early post-transplant period. RSV infection
commonly leads to a devastating viral pneumonia, with a
mortality rate approaching 50%.

Fungal pneumonia, (IPA) is reported to occur in approxi-
mately 4% of children undergoing SCT. Children are at
particular risk during episodes of prolonged neutropenia,
as are children receiving high-dose corticosteroids for the
treatment of GVHD. The most common infecting organ-
isms are Aspergillus fumigatus and Aspergillus flavus.
Previously, the prognosis was dismal but the introduction
of expensive albeit efficacious triple antifungal therapy has
altered mortality rates in children. As a consequence of a
profound neutropenia, the radiographic appearances of IPA
may be atypical and, as a result, diagnosis is often delayed.
A definitive diagnosis can be established only with cer-
tainty after histological confirmation of hyphae within
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lung tissue. Using EORTC criteria, the probability rates
can be high and empirical therapy should be initiated in the
presence of CT findings of multifocal nodules, perifissur-
al consolidation, halo sign, and cavitation (which is prob-
ably less often observed in children than adults).

Acute Noninfectious Pulmonary Complications

Those occurring within the early post-transplant period
include idiopathic pneumonia syndrome, pulmonary ede-
ma, pulmonary hemorrhage, pulmonary veno-occlusive
disease, and relapse of the underlying malignancy.

Diffuse alveolar hemorrhage occurs in approximately 10%
of patients undergoing allogeneic bone-marrow transplan-
tation, usually at the time of engraftment. It is frequently
associated with other pulmonary complications, particular-
ly infection, and has a high mortality. The classical radi-
ographic features are those of air space shadowing, which
may be patchy, and multi-focal or more confluent consoli-
dation with air bronchograms. Cessation of bleeding typi-
cally results in rapid clearing over a few days.

Idiopathic pneumonia syndrome is defined as diffuse
lung injury for which no cause has been identified.
GVHD and pre-transplant total body irradiation are con-
tributing factors. It usually occurs 6-8 weeks following
bone-marrow transplantation. Radiographic features are
nonspecific and variable; they include diffuse air-space
shadowing and/or interstitial infiltrates, often with a
nodular component. They may be indistinguishable from
adult respiratory distress syndrome (ARDS).

Late Pulmonary Complications

Infectious Pulmonary Complications

Patients continue to be at risk from bacterial infections even
after engraftment, due to continuing defective humoral im-
munity. The most common infecting organisms are encap-
sulated bacteria such as Streptococcus pneumoniae and
Haemophilus influenzae. Others include Pneumocystis
carinii (particularly in those where antibiotic compliance is
poor), cytomegalovirus and adenovirus.

Non-infectious Pulmonary Complications

These include obliterative bronchiolitis, diffuse alveolar
damage, lymphocytic interstitial pneumonia, and relapse
of the underlying disease.

Obliterative (constrictive) bronchiolitis (OB) is otherwise
known as constrictive bronchiolitis and occurs secondar-
ily to chronic pulmonary GVHD. OB is characterized by
airflow limitation subsequent to submucosal and peri-
bronchiolar inflammation, fibrosis and vascular sclerosis.
It predominantly affects the medium-sized airways (res-
piratory bronchioles). Radiological features include hy-
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perinflation, bronchial-wall thickening and/or dilation. In
the majority, however, the chest radiograph appears nor-
mal or shows only subtle changes. HRCT improves diag-
nostic accuracy compared to the chest radiograph.
Classical HRCT findings are patchy areas of lung hypo-
attenuation associated with a reduction in the number and
caliber of vessels, with or without associated bronchiec-
tasis or bronchial-wall thickening.

Solid-Organ Transplantation

As a consequence of long-term immunosuppressive ther-
apy, recipients of solid-organ transplants are at risk of re-
current infections as well as an increased incidence of
neoplasia, lymphoproliferative disorders being the most
frequent. The type of organ transplantation in addition to
the type and intensity of immunosuppression regimen
used will influence the pulmonary complications en-
countered.

Post-transplant Lymphoproliferative Disorders

These represent a spectrum of disease ranging from
polyclonal lymphoid hyperplasia to monoclonal malig-
nant lymphoma. The majority of post-transplant LPDs
are of B-cell origin and are almost invariably associated
with Epstein-Barr virus (EBV) infection. The incidence
varies from 1% in renal transplant recipients to 10% in
heart and heart/lung transplant recipients. The time be-
tween transplant and onset varies from 1 month to sev-
eral years.

The radiographic appearances of intrathoracic LPD are
variable and range from discrete parenchymal nodules,
which may be solitary or multiple, to diffuse or focal
reticulonodular infiltrates or consolidation. These find-
ings may or may not be associated with mediastinal lym-
phadenopathy. Since imaging appearances may mimic
pyogenic or fungal infection, biopsy is usually required.

HIV-Associated Acquired Immunodefiency Syndrome

The human immunodeficiency virus (HIV) produces its
dominant effects on T cells, with CD4 cells being the
main site of viral replication. The virus also infects CD4-
negative cells (B and T cells), resulting in defects in both
cell-mediated and humoral immunity. Since the epidem-
ic began, in the late 1980s over 3.8 million children have
died of AIDS.

Pulmonary Complications

Pulmonary disease is the most common initial manifes-
tation of HIV in children and is the primary cause of
death in 50% of children with AIDS. The most common
respiratory manifestations of HIV are bacterial pneumo-
nias, Pneumocystis carinii pneumonia, and lymphocytic
interstitial pneumonia.

Pneumocystis carinii pneumonia is frequently the initial
manifestation of HIV, often presenting in early infancy. It
is the most common opportunistic pulmonary infection in
children with AIDS, occurring in up to 50%, and is the
leading pulmonary cause of death. Radiographic appear-
ances are variable and include hyperinflation with diffuse
bilateral interstitial of nodular infiltrates and widespread
alveolar shadowing. Asymmetric, focal, or patchy infil-
trates are also frequent. In contrast to the disease in chil-
dren with primary immunodeficiency disorders, cavitary
nodules and cysts are common and occur in up to one-
third of patients. Lymphadenopathy and pleural effusions
are uncommon and, if present, an alternative diagnosis,
such as lymphocytic interstitial pneumonia or TB, should
be considered. Pneumothoraces and/or pneumomedi-
astinum are a frequent complication. HRCT findings in-
clude patchy or diffuse ground-glass opacity, consolida-
tion, cysts or cavities, centrilobular opacities, nodules,
and interlobular septal thickening.

Lymphocytic interstitial pneumonitis occurs in approxi-
mately one-third of infected children. It makes up part of
the diffuse infiltrate lymphocytosis syndrome and is
thought to represent a direct ‘hyperimmune’ lung re-
sponse to the presence of either HIV or Epstein-Barr
virus. The disease appears to be restricted to those chil-
dren expressing HLA DR 5 alleles and is associated with
a slower rate of AIDS progression. Radiographic appear-
ances include interstitial reticulonodular infiltrates that
may progress to patchy air-space consolidation. In con-
trast to Pneumocystis carinii pneumonia, lymphadenopa-
thy is common and often becomes more prominent dur-
ing episodes of super-added infection.

Viral infections may occur as a result of a primary infec-
tion or due to reactivation of latent virus. The infecting
viruses include RSV, influenza and parainfluenza viruses,
CMV, and occasionally measles. Children infected with
VZV often present with a more protracted illness than
seen in immunocompetent children, and approximately
50% suffer from chronic or recurrent VZV infection. The
risk of complications increases with increasing immuno-
logical impairment. The mortality rate in children with
AIDS is 15%. The chest radiograph in VZV pneumonia
patients typically shows evidence of bilateral diffuse
reticulonodular infiltrates. The nodules are range in size
from 3 to 10 mm; they often coalesce, resulting in focal
areas of consolidation. Superimposed bacterial infection
is common.

Mycobacterium tuberculosis may occur at any stage of
HIV infection. As noted above, in children, it usually is the
result of primary infection acquired from an infected adult.
Disseminated or extrapulmonary tuberculosis is classified
as an AIDS indicator in children. The radiological features
are usually similar to those in immunocompetent controls
and include lobar consolidation, segmental or lobar atelec-
tasis, pleural effusions, and lymphadenopathy. Pulmonary
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cavitation is uncommon. Large-volume lymphadenopathy
is a frequent finding, the paratracheal and hilar regions be-
ing the most common sites.

Conclusions

Pulmonary complications are common in immunocompe-
tent and immunodeficient children and CXR remains the
first method of examination. Sadly, tuberculosis has re-
turned to challenge us and the radiologist must keep this
in mind when analyzing radiographs that show abundant
lymphadenopathy, or consolidation that does not resolve
with conventional anti-microbial therapy. A respiratory
presentation is the most common initial manifestation of
immunodeficiency states in children, with infectious com-
plications being the most common. There is overlap in the
radiological findings, and correlation with the cause and
severity of the underlying immunodeficiency state is im-
portant when interpreting imaging findings.
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All immunodeficiency states are also associated with
an increased incidence of neoplasia, particularly lympho-
proliferative disorders, the chest being a frequent site of
disease. The radiological manifestations in addition to the
clinical presentations are often atypical and may be mis-
interpreted as infection. It is therefore vital that both clin-
icians and radiologists be aware of the protean manifes-
tations of these potentially treatable conditions.
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Aortic Anomalies

Left Arch with Aberrant Right Subclavian Artery

The left aortic arch with an aberrant right subclavian
artery is the most common congenital abnormality of the
aortic arch vessels and occurs in about 0.5-2% of the pop-
ulation [1, 2] (Fig. 1). The right subclavian artery is the
last of the major arteries to arise from the aortic arch; thus,
the order of branching is right common carotid, left com-
mon carotid, left subclavian, and right subclavian. A di-
verticulum-like outpouching, referred to as a Kommerell
diverticulum, may be seen at the site of origin of the aber-
rant vessel. Patients are usually asymptomatic, since this
lesion does not represent a true vascular-ring anomaly.

Double Aortic Arch

The term ‘vascular ring’ refers to encirclement of the tra-
chea and esophagus by vascular and/or ligamentous

structures. These anomalies of the aorta and its branch
vessels are found in 0.5-3% of the population [1, 2]. The
two common vascular rings are the double aortic arch and
the right arch with an aberrant left subclavian artery.

A double arch occurs in 0.05-3% of the population.
Double aortic arch is characterized by the presence of two
aortic arches arising from a single ascending aorta. Each
arch usually gives rises to a subclavian and carotid artery,
before reuniting to form a single descending aorta, which
is usually left-sided. As a result, the great vessels have a
symmetric appearance in the superior mediastinum. Both
limbs of the aorta are usually patent and functioning, with
the right limb being larger and more cephalad than the left
(Fig. 2). Occasionally, one limb, usually the left, contains
an atretic segment [3]. The descending aorta may be on
the left (more common) or right side. The double arch is
generally an isolated anomaly and associated heart disease
is rare. Patients are symptomatic because the two compo-
nents of the arch encircle the trachea and esophagus.
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Fig. 2. Double aortic arch in a 6-month-old boy. Axial maximal in-
tensity projection demonstrates right (R) and left (L) arches encir-
cling the trachea. The high attenuation structure within the trachea
is an endotracheal tube

Fig. 1. Left aortic arch with aberrant right subclavian artery in an
adolescent male. Axial CT image shows a left aortic arch (A) and
an aberrant right subclavian artery (arrow) coursing posterior to
the trachea and esophagus
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Right Aortic Arch

Right Aortic Arch Anomalies

A right aortic arch occurs in approximately 0.05-0.2% of
the population [1, 2]. There are two main types of right
arch: one with an aberrant left subclavian artery and the
other with mirror-image branching.

Right Aortic Arch with Aberrant Left Subclavian Artery

In this anomaly, the aortic arch is right-sided and the great
arteries arise from the arch in the following order: left
common carotid artery, right common carotid artery, right
subclavian artery, and left subclavian artery. The left sub-
clavian artery courses cephalad from right to left and pass-
es behind the esophagus to reach the left arm (Fig. 3). An
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aortic diverticulum may be present at the point of origin
of the left subclavian artery. The descending aorta is right-
sided. Patients may be symptomatic because the mediasti-
nal vessels encircle the trachea and esophagus. This
anomaly is rarely associated with congenital heart disease.

Right Aortic Arch with Mirror-Image Branching

In this anomaly, the aortic arch passes to the right of the
trachea and esophagus and over the right main-stem
bronchus (Fig. 4). The great arteries originate from the
arch in the following order: left innominate artery, right
carotid artery, and right subclavian artery. Since this is not
a true vascular ring, symptoms of airway or esophageal
compression are absent. A mirror-image right arch is al-
most always associated with congenital heart disease.

Cervical Aortic Arch (High-Riding Aortic Arch)

A cervical aortic arch is characterized by a high-riding
elongated aortic arch, which extends cephalad in the me-
diastinum anterior to the brachiocephalic vein, usually to
the level of the subclavian arteries; it may extend above the
level of the clavicles into the cervical soft tissues (Fig. 5).
Associated anomalies include absence of the innominate
artery, origin of the contralateral subclavian artery from
the descending proximal aorta, and a retro-esophageal
course of the descending aorta with the aorta descending
on the right side contralateral to the arch. A right-sided
cervical arch is more common than a left-sided one [4].
Most patients are asymptomatic and the diagnosis is an in-
cidental finding on imaging examinations. 

Innominate Artery Compression

The innominate artery arises from the left aortic arch
and crosses anterior and to the right of the trachea. As
it crosses the mediastinum, it can compress the trachea

M.J. Siegel

Fig. 3. Right aortic arch with aberrant left subclavian artery in a 10-
year-old girl. Axial CT scan demonstrates a right aortic arch (A)
with the aberrant left subclavian artery (arrow) crossing the medi-
astinum posteriorly

Fig. 4a, b. Right arch, mirror-image branching in a young adult. a, b Axial images show a right aortic arch (A) without a crossing vessel.
The pulmonary artery (PA) is dilated following a patch-graft procedure for repair of pulmonic stenosis associated with tetralogy of Fallot

a b
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anteriorly, resulting in stridor, cough, and dyspnea [5].
At CT, anterior compression of the trachea by the in-
nominate artery is seen at or just below the level of the
thoracic inlet (Fig. 6). Tracheomalacia is an associated
anomaly.

Aortic Coarctation

Two major types of coarctation are recognized: pre-duc-
tal (also known as the infantile form) and post-ductal
(adult form) [6]. In the pre-ductal form of coarctation,
narrowing of the aorta occurs immediately above the lev-
el of the origins of the left subclavian artery and the lig-
amentum arteriosum. This form of coarctation is associ-
ated with long segment narrowing of the aortic arch and
other congenital heart disease. Collateral vessel forma-
tion is usually absent. Affected patients usually present in
the first six months of life with heart failure.

In the post-ductal form, the coarctation is almost always
located at the junction of the distal aortic arch and the de-
scending aorta, immediately below the obliterated ductus
arteriosus. The ascending aorta is usually dilated while the
descending aorta just below the coarctation shows post-
stenotic dilatation (Fig. 7) [7]. Collateral circulation be-
tween the proximal and distal parts of the aorta is estab-
lished via large intercostal and internal thoracic arteries.
Patients are usually asymptomatic and the condition is rec-
ognized during evaluation of hypertension or a coexistent
cardiac anomaly, usually a bicuspid aortic valve.

Pulmonary Arteries

Absence or Proximal Interruption

Proximal interruption or the absence of a main pulmonary
artery is characterized by interruption of the right or left
pulmonary artery, usually within 1 cm of its origin from the
main pulmonary artery [8] (Fig. 8). The peripheral pul-
monary arteries distally are diminutive and supplied by sys-
temic collateral vessels. Collateral pathways include aor-
topulmonary anastomoses from the thoracic aorta, direct
origin of a pulmonary artery from the aorta, and coronary
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Fig. 5a, b. Right cer-
vical arch in a 5-
year-old boy. Axial
(a) and sagittal (b)
multiplanar refor-
matted CT scans
show a right-sided
aortic arch (A) as-
cending to the level
of the thoracic inlet

a

b

Fig. 6. Innominate artery compression in a 5-year-old boy. Tracheal
compression by the right innominate artery (arrow) is seen just be-
low the level of the thoracic inlet

Fig. 7. Aortic coarctation,
post-ductal type, in a 4-
year-old boy. Sagittal
multiplanar reformation
demonstrates high-grade
focal constriction (arrow)
of the aortic lumen just
below the origin of the
left subclavian artery (S).
The posterior intercostal
and internal mammary
arteries are enlarged
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to left pulmonary artery anastomoses. The affected lung is
hypoplastic. Interruption of the left pulmonary artery is
commonly associated with other anomalies, including right
aortic arch, septal defects, patent ductus arteriosus, and
tetralogy of Fallot. Interruption of the right pulmonary
artery is usually an isolated finding. Patients may be asymp-
tomatic and the diagnosis made as an incidental detection
on imaging studies obtained for other clinical indications.

Pulmonary Sling

In pulmonary sling, the left pulmonary artery arises from
the right pulmonary artery, passes above the right main
bronchus, and then crosses between the trachea and
esophagus to reach the left hilum [9] (Fig. 9). In most
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cases, the anomalous artery compresses the right main-
stem bronchus. The pulmonary sling usually comes to
clinical attention in infants because of the compressive
effect of the artery on the airway and/or associated tra-
cheal or bronchial stenosis due to cartilaginous rings [9-
11]. Cartilaginous rings cause long segment tracheal nar-
rowing and a horizontal course of the main bronchi (i.e.,
T-shaped carina). The malformation may be asympto-
matic in older individuals.

Patent Ductus Arteriosus

The ductus arteriosus represents persistence of part of
the sixth aortic arch. Except for neonates, most pa-
tients with patent ductus arteriosus are asymptomatic
and the lesion is usually diagnosed by the discovery of
a murmur. The CT finding is that of a small tubular
structure connecting the descending proximal aorta
with the distal main or proximal left pulmonary artery
(Fig. 10).

Pulmonary Veins

Partial Anomalous Venous Connection

In a partial anomalous venous connection, the pulmonary
veins from one or more lobes have an anomalous con-
nection, producing shunting of oxygenated blood into the
right-heart circulation. The condition can be an isolated
anomaly or associated with other anomalies of the lung
or cardiovascular system [12, 13].

Partial Anomalous Drainage of the Left Upper Lung

The left upper lobe pulmonary vein usually empties into
the left brachiocephalic or innominate vein. CT shows a

M.J. Siegel

Fig. 8. Absent main pulmonary artery. Axial CT image shows the
right (R) and main (M) pulmonary artery crossing over to the left
hemithorax and herniation of the right lung across the midline an-
teriorly. The left lung and left pulmonary artery are absent

Fig. 9. Pulmonary artery sling in a 5-month-old girl. Axial CT
demonstrates the left pulmonary artery (L) arising from the proxi-
mal right pulmonary artery (R), before crossing behind the trachea
to reach the left lung

Fig. 10. Patent ductus arteriosus in an adolescent boy. Axial CT im-
age demonstrates an enhancing tubular structure (arrow) arising
from the descending aorta (A)
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vertical vein coursing lateral to the aortic arch and aor-
topulmonary window. A normal left superior pulmonary
vein is not identified in the left hilum; instead, a small
lingular vein will be seen anterior to the left main
bronchus (Fig. 11). Blood flow is caudocranial. Partial
anomalous venous return needs to be distinguished from
a persistent left superior vena cava [14]. Two vessels will
be seen in the left hilum in the latter anomaly (the left ca-
va and left pulmonary vein), whereas only one will be
found in this location in anomalous venous return. In ad-
dition, the persistent left superior vena cava drains into
the coronary sinus.

Partial Anomalous Drainage of the Right Upper Lobe

The right upper lobe drains into the superior vena cava,
usually near the caval-right-atrial junction. A communi-
cation located posterosuperior to the oval fossa, termed a
sinus venosus defect, is a common associated finding
[15, 16]. Less often, anomalous drainage from the right
lung is into the right atrium or azygos vein or to the azy-
gos arch.

Abnormal Drainage of the Right Lower Lobe

The anomalous pulmonary vein from the right lower lobe
usually drains to the inferior vena cava, although it may
join with the suprahepatic part of the inferior vena cava,
hepatic vein, portal vein, azygos vein, coronary sinus, or
right atrium [17, 18] (Fig. 12). The scimitar or hypoge-
netic lung syndrome is a special form of anomalous pul-
monary venous return from the right lung that is associ-
ated with a hypoplastic right lung and pulmonary artery,
and mediastinal shift. Other associated anomalies include
systemic arterial blood supply from the thoracic or ab-
dominal aorta to the hypogenetic lung and horseshoe
lung. The latter is a rare anomaly in which the poster-
obasal segments of both lungs are fused behind the peri-
cardial sac [19].

Pulmonary Varix

Varicosity of the pulmonary vein can be congenital or the
result of chronic pulmonary hypertension. Patients may
be asymptomatic or present with hemoptysis. On CT, the
varix enhances concurrently with the pulmonary veins,
and there is continuity between the varix and the adjacent
pulmonary veins or the left atrium (Fig. 13).
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Fig. 11a, b. Anomalous left upper lobe pulmonary venous return in
a young adult. a Axial CT image demonstrates an enlarged vein
(arrow) lying lateral to the aortic arch. b Coronal 3D reconstruc-
tion shows the anomalous connection between the left superior pul-
monary lobe vein (arrows) and brachiocephalic vein (V)

a

b

Fig. 12. Anomalous venous return from the right lower lobe.
Coronal maximal intensity projection shows the anomalous pul-
monary veins (arrow) emptying into the inferior vena cava
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Systemic Venous Anomalies

Persistent Left Superior Vena Cava

Left superior vena cava occurs in 1-3% of the general pop-
ulation [20, 21]. The persistent left superior vena cava lies
lateral to the aortic arch and descends along the left side of
the mediastinum, anterior to the left hilum, to enter the coro-
nary sinus (Fig. 14). In most cases, there is an associated
right superior vena cava, which is usually smaller than the
left. The persistent left superior vena cava is usually an iso-
lated finding, but it can be associated with congenital heart
disease, usually atrial septal defects. The superior vena cava
and coronary sinus may enhance intensely if contrast agent
is injected into the left arm. The differential diagnostic con-
siderations of the left superior vena cava include anomalous
pulmonary venous drainage from the left upper lobe and su-
perior intercostal vein, which is a normal finding.

220

Azygos Continuation of the Inferior Vena Cava

In azygos continuation of the inferior vena cava, the in-
frahepatic segment of the inferior vena cava between the
liver and renal veins fails to develop and the hemiazy-
gos or azygos veins act as collateral vessels to return
blood from the renal veins to the heart. The prevalence
of this anomaly is about 0.6% [20, 22]. This anomaly
may be isolated or associated with other anomalies, in-
cluding situs abnormalities and polysplenia. CT find-
ings include dilatation of the azygos arch, the azygos
vein, and the superior vena cava caudal to the azygos
junction, enlargement of the azygos and hemiazygos
veins in the paraspinal and retrocrural areas, and ab-
sence of the suprarenal and intrahepatic portions of the
inferior vena cava (Fig. 15). The hepatic veins drain in-
to the right atrium.

M.J. Siegel

Fig. 14. Left superior vena
cava. Sagittal multiplanar
reformation shows the
longitudinal course of the
left superior vena cava
(arrows), which extends
from the left subclavian
vein to the coronary sinus

Fig. 13. Pulmonary vein varix. Axial CT shows a dilated pulmonary
vein (arrow) entering the left atrium (LA)

Fig. 15a, b. Azygos continuation of the inferior vena cava. a Contrast-
enhanced CT demonstrates a dilated azygos vein arch (arrow) drain-
ing into the superior vena cava (S). b A more caudal scan shows the
dilated azygos vein (arrow) lateral to the descending aorta (A)

a

b
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Congenital Heart Disease with Abnormal Vascular
Connections

Truncus Arteriosus

In this malformation, a single arterial trunk with a single
valve arises from the heart to supply the pulmonary, sys-
temic, and coronary arteries. The pulmonary arteries can
arise as a single short vessel from the posterior aspect of
the truncus (type I, most common form) or they can have
separate origins from the posterior aspect of the truncus
(type II), sides of the truncus (type III), or the descend-
ing aorta (type IV). Truncus arteriosus is one of the few
cyanotic heart diseases in which CT can be used as the
primary imaging study for diagnosis (Fig. 16).

Transposition of the Great Arteries

Dextro-transposition of the great arteries (D-TGA), also
termed complete transposition, is an abnormality of ven-
triculoarterial connection. The ascending aorta lies to the
right and anterior to the pulmonary artery (Fig. 17). Levo-

transposition (L-transposition), also referred to as correct-
ed transposition, is characterized by both ventriculoarter-
ial and atrioventricular connections. The pulmonary artery
arises from the anatomic left ventricle and the aorta from
the anatomic right ventricle. The aorta lies anterior and to
the right of the pulmonary artery (Fig. 18).
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