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April 8, 2001      General Session–Grand I & J

7:30–8:00 AM Coffee and Pastries—Grand Assembly

Cases of the Day
Moderator: Melissa L. Rosado de Christenson, MD

7:30–7:45 AM Case of the Day
Kyung Soo Lee, MD

7:45–8:00 AM Case of the Day
Jane P. Ko, MD

8:00–11:00 AM Workshops

Track 1—Grand C
Moderator: Melissa L. Rosado de Christenson, MD

8:00–8:30 AM Mesothelioma (MPM): Update in Staging and Imaging
Jeremy J. Erasmus, MD

8:30–9:00 AM Peripheral Lung Disease: Living on the Edge
Jannette Collins, MD, MEd

9:00–9:30 AM The Radiologic and Pathologic Spectrum of Bronchopulmonary
Carcinoids

Kay H. Vydareny, MD

9:30–10:00 AM Thoracic Cavitary Disease in the New Millennium
Humberto O. Martinez, MD

10:00–10:30 AM Neonatal Intensive Care Chest Radiology
George W. Gross, MD

10:30–11:00 AM Multichannel CT Pulmonary Angiography: Current and Future
Directions

James F. Gruden, MD

11:00–11:30 AM Interventional Chest Radiology
Cristopher A. Meyer, MD

Track 2—Grand D
Moderator: Gerald F. Abbott, MD

8:00–8:30 AM Tricks of the Trade: Reading CXRs and CTs on a Workstation
David K. Shelton, Jr, MD

8:30–9:00 AM Congenital Pulmonary Vascular Anomalies: The Ins and Outs
Laura E. Heyneman, MD

9:00–9:30 AM Lobar Atelectasis: Radiographic CT Correlation
Kyung Soo Lee, MD

9:30–10:00 AM Recognition and Evaluation of Abnormal Cardiac Findings on
Chest CT

Curtis E. Green, MD

10:00–10:30 AM Anterior Mediastinal Masses
Pierre D. Maldjian, MD

10:30–11:00 AM Pulmonary Aspergillosis: An Interconnected Spectrum
Irwin M. Freundlich, MD
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Introduction
Mesothelioma is an uncommon malignancy that

arises from mesothelial cells of the pleura, pericar-
dium and omentum. It is the most common primary
neoplasm of the pleura with 7-13 new cases per mil-
lion persons in the USA annually. The etiology is
associated with asbestos inhalation and occupational
exposure can be documented in 40-80% of patients.
The tumor typically exhibits a propensity for local
invasion and as a result patients often present with
chest pain. Although the radiologic manifestations
are variable, MPM characteristically manifests as an
extra-parenchymal mass that is typically accompa-
nied by a pleural effusion. Treatment depends on the
extent of disease: most patients have extensive non-
resectable tumor at presentation and are treated with
chemotherapy and/or radiotherapy; pleurectomy or
extrapleural pneumonetomy is performed in some
patients when the tumor is confined to the pleural
space. Prognosis is poor and demise of most pa-
tients usually occurs within one year of presenta-
tion.

This workshop will review the diagnosis, radio-
logic manifestations and staging of MPM.

Radiologic Evaluation
The most common radiographic manifestation of

MPM, occurring in 30-80% of patients, is a unilat-
eral pleural effusion that is small to large in size. Bi-
lateral pleural effusions occur in 10% of patients.
Mediastinal shift to the contralateral side is uncom-
mon with large effusions because the diffuse extent
of the tumor typically results in fixation of the me-
diastinum. More commonly, signs of volume loss of
the ipsilateral hemithorax are present. The effusion
often obscures the underlying pleura mass; the mass
is usually smooth or lobular and typically encases
the hemithorax. Discrete pleural masses occur occa-
sionally and are typically multiple, rather that soli-
tary. Lung and nodal metastases are late findings
and are rarely detected radiographically.

CT manifestations of MPM include pleural effu-
sion and pleural thickening which typically has a
lower zone predominance and is more commonly
nodular than smooth. CT findings that can be useful
in distinguishing malignant from benign disease in-
clude circumferential pleural thickening and pleural
thickening greater than 1 cm. CT can be useful in

Mesothelioma (MPM): Update in
Staging and Imaging
Jeremy J. Erasmus, MD

detecting chest wall (16-18%) and mediastinal inva-
sion (13%). CT manifestations of chest wall inva-
sion include obscuration of fat planes, invasion of
intercostal muscles, separation of ribs by tumor and
bone destruction. Irregularity of the interface be-
tween the chest wall and the tumor is not, however,
a reliable indicator of local invasion. CT assessment
of invasion of the diaphragm and transdiaphragmatic
extension of tumor is limited by the constraints of
axial scanning. The most reliable CT sign for ab-
sence of local invasion is a clear fat plane between
the inferior diaphragmatic surface and the adjacent
abdominal organs and a smooth diaphragmatic con-
tour. Conversely, a soft tissue mass encasing the
hemidiaphragm is consistent with nonresectable
disease. Invasion of vital structures such as great
vessels, esophagus, heart and trachea, can manifest
as obliteration of fat planes, direct invasion of medi-
astinal structures or the presence of tumor surround-
ing more than 50% of the circumference of the
structure.

Although distant metastases are uncommon, in-
trathoracic metastases are common. Metastases are
frequently present in peribronchial lymphatic ves-
sels and peribronchial and mediastinal lymph nodes.
CT has been reported to detect these metastases in
34-50% of patients. CT may underestimate nodal
metastases as the nodes are often inseparable from
adjacent mediastinal pleural thickening. Lung me-
tastases typically manifest as nodules, masses or
thickening of interlobular septa.

MR imaging can be useful in determining the
presence and extent of disease. The sensitivity and
specificity of MR imaging in predicting the malig-
nant nature of diffuse pleural disease is 100% and
87% respectively. Because MPM typically has the
same or slightly increased signal intensity to that of
the adjacent chest wall muscle on T1-weighted im-
ages and moderately increased signal intensity on
T2-weighted images, the use of gadolinium contrast
enhancement can be useful in detecting disease.
Furthermore, because MR imaging has the ability to
image MPM in the coronal and sagittal planes, some
studies have reported better delineation of diaphrag-
matic and apical chest wall regions than CT. MR
imaging and CT were recently compared in a study
of 65 patients with MPM and were found to be of
nearly equivalent diagnostic accuracy in staging.
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Evaluation of local invasion of adjacent structures
had an accuracy of 50-65% for both CT and MR im-
aging. Accuracy in evaluation of N1 and N2 disease
by both modalities was approximately 50%. Signifi-
cant differences between CT and MR imaging were
seen in only two categories: invasion of the dia-
phragm (CT accuracy 55%, MR 82%) and invasion
of endothoracic fascia or a single chest wall focus of
involvement (CT accuracy 46%, MR 69%). Conse-
quently, imaging evaluation of patients with MPM
is usually performed using CT. In those patients
considered as surgical candidates, MR imaging is
occasionally performed to evaluate pleural thicken-
ing involving the diaphragmatic surfaces. The addi-
tional information obtained may limit surgical ex-
ploration in patients with unresectable tumors, or
guide the surgeon to investigate questionable areas
of invasion before extrapleural pneumonectomy is
undertaken.

Experience with radionuclide imaging using
positron emision tomography and 18F fluoro-
deoxyglucose (FDG-PET) in the evaluation of MPM
is limited. Recently a small prospective study com-
paring FDG-PET imaging to CT was performed in
patients suspected of having MPM. FDG uptake
was significantly higher in MPM when compared to
benign pleural disease (sensitivity 91%, specificity
100%) and showed improved detection of mediasti-
nal nodal metastases. It is, however, doubtful
whether FDG-PET imaging will replace morpho-
logical imaging in the assessment of MPM.

Invasive Procedures Utilized in
Diagnosis

Pleural effusion analysis has limited utility in the
diagnosis of MPM. Transthoracic needle biopsy of
the pleura is also not optimal in establishing the di-
agnosis because of the difficulty in differentiating
MPM from pleural sarcoma or metastatic adenocar-
cinoma. Obtaining larger tissue samples with imag-
ing-guided biopsy improves the accuracy of diagno-
sis (accuracy 77-83%). Video-assisted thoracoscopic
surgery (VATS) has become the preferred method
for obtaining diagnostic specimens and in determin-
ing resectability. Although VATS has a diagnostic
rate of 98%, the procedure has two disadvantage:
(1) it requires that the visceral and parietal pleural
not be adherent and; (2) chest wall seeding with tu-
mor occurs in up to half of the patients (compared
to only up to 22% by imaging guided biopsy).

Staging of Malignant Pleural
Mesothelioma (MPM)

Previously proposed staging systems of MPM
have tended to emphasis the importance of exten-

sive disease. Because of the increasing use of surgi-
cal resection to treat limited disease and the impor-
tance of nodal metastases in determining prognosis,
the New International TNM Staging System for
MPM has recently been proposed (Table 1, 2). This
new staging system places greater emphasis on the
importance of detecting early disease and by stan-
dardizing the description of the anatomic extent of
disease, provides a framework for analyzing the re-
sults of prospective clinical trials. The New Interna-
tional TNM Staging System for MPM attempts to:
(1) preoperatively identify patients with early dis-
ease (T1a, T1b) and a better prognosis and; (2) dis-
tinguish patients who may potentially benefit from
surgery but not necessarily be cured (T2, T3), from
those patients with in whom surgery may not be
beneficial because of extensive disease (local tumor
spread - T4, locoregional disease -T4N3 or distant
metastases - M1).

The new TNM staging system has limitations in
achieving accurate evaluation of local and regional
spread of MPM. CT or MR imaging cannot reliably
determine many staging categories such as T1a, T1b
and T2. Although MR imaging can occasionally im-
prove staging evaluation of solitary foci of chest
wall invasion, endothoracic fascia involvement and
in revealing diaphragmatic muscle invasion, in most
cases this does not alter surgical resection. Another
limitation is that nodal status is usually unknown
prior to surgery because: (1) CT and MR imaging
have relatively low accuracy in detecting nodal me-
tastases and (2) routine preoperative mediastinos-
copy is not performed.

Postoperative Imaging
Fluid accumulation in the ipsilateral hemithorax

following an extrapleural pneumonectomy is rapid
with total opacification of the hemithorax typically
occurring over several days. When fluid accumu-
lates more rapidly than air can be reabsorbed, the
mediastinum may shift to the contralateral side forc-
ing air through the thoracotomy incision and simu-
lating a bronchial stump leak/fistula. CT evaluation
can be useful in differentiating recurrent disease
from a surgical complication such as rupture of the
reconstructed hemidiapragm. Reconstruction of the
resected diaphragm is often performed with a vari-
ety of materials such as Gore-Tex or latissumus
dorsi muscle. In the early post-operative period the
Gore-Tex prosthetic diaphragm appears as a radiolu-
cent, crescent-shaped band and can be confused with
a pneumoperitoneum. The prosthesis subsequently
gradually becomes increasingly radio-opaque.
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Conclusion
The accurate assessment of the extent of malig-

nant pleural mesothelioma is important in patient
management. The New International TNM Staging
System for MPM is being used to provide the
framework for analyzing the results of prospective
clinical trials. CT and MR imaging, despite limita-
tions in accuracy, have an important role in this new
staging system. CT is the standard imaging modality
used to diagnosis and stage MPM, with MR imaging
occasionally used to evaluate invasion of the
hemidiaphragm, chest wall and mediastinum.
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Table 2:

Stage Description

Ia T1aN0M0

Ib T1bN0M0
II T2N0M0

III Any T3M0

Any N1M0

Any N2M0

IV Any T4

    Any N3
Any M1
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Learning Objective
Recognize a pattern of peripheral lung disease on

radiography or CT scanning of the chest and give an
appropriate differential diagnosis, including a single
most likely diagnosis when supported by associated
radiologic findings or clinical information.

The diseases discussed in this presentation are not
ordinarily grouped together. Alveolar sarcoidosis, id-
iopathic pulmonary fibrosis, pulmonary contusion,
eosinophilic pneumonia, bronchiolitis obliterans or-
ganizing pneumonia (BOOP), and pulmonary infarct
are discussed together because of their propensity for
producing a predominantly peripheral distribution of
disease on radiography and CT scanning of the chest.
This distribution of disease can help in narrowing the
differential diagnosis. A simple mnemonic of
“AEIOU” can be used to remember disorders having
a peripheral distribution of disease (Table). It needs
to be said, however, that these disorders frequently
do not manifest as peripheral opacities on chest radi-
ography or CT scanning, and the lack of peripheral
opacities will not exclude these disorders.

Table.  Disorders manifesting as peripheral
opacities on radiography or CT scanning of the chest

“AEIOU”
Alveolar sarcoidosis

Eosinophilic pneumonia

Infarcts

           BOOP

              UIP

      ContUsion

Alveolar Sarcoidosis
Sarcoidosis is a systemic disease of unknown eti-

ology, characterized by widespread development of
noncaseating granulomas. The typical radiologic ap-
pearance of pulmonary sarcoidosis is reticulonodular
opacities in a lymphatic distribution, with or without
hilar or mediastinal lymphadenopathy. This presenta-
tion will be limited to a discussion of those patients
with sarcoidosis who have “alveolar” opacities on ra-
diography or CT scanning of the chest.

Peripheral Lung Disease: Living on the
Edge
Jannette Collins, MD, MEd

Although the term “alveolar” sarcoidosis is used,
the process is interstitial with compression and oblit-
eration of alveoli, creating the appearance of alveolar
filling on radiologic imaging. Histologically, these le-
sions are seen to represent confluent interstitial gran-
ulomas. Airspace (alveolar) opacities develop in 10%
to 20% of patients with sarcoidosis. The typical ra-
diologic appearance is that of bilateral, multifocal,
poorly defined opacities, ranging in size from 1 to 10
cm, with a predilection for the peripheral mid lung
zones, sparing the costophrenic angles [1]. The pe-
ripheral distribution is better seen, and on occasion
only appreciated on CT scanning. Air bronchograms
are common. Most patients with alveolar sarcoidosis
have accompanying lymphadenopathy [2]. When
only peripheral opacities are seen, the appearance can
be indistinguishable from BOOP or eosinophilic
pneumonia. Although all three disorders can present
with blood eosinophilia, the degree of eosinophilia is
most pronounced with eosinophilic pneumonia. The
peripheral opacities of alveolar sarcoidosis can clear
rapidly with or without steroid treatment [1].

Eosinophilic Pneumonia
The term “pulmonary eosinophilia”, synonymous

with “pulmonary infiltration with eosinophilia”
(PIE), describes a group of diseases in which blood
and/or tissue eosinophilia affects major airways and
lung parenchyma. Blood eosinophilia, however, is
not necessary to make a diagnosis of eosinophilic
lung disease. The number of diseases included under
the umbrella term “pulmonary eosinophilia” are nu-
merous. This presentation will focus on idiopathic
pulmonary eosinophilia.

Cryptogenic (idiopathic) eosinophilic pneumonia
(EP) can be acute or chronic, depending on whether
the condition lasts more or less than one month.
However, the 1-month criterion is arbitrary, and the
distinction between acute and chronic EP is not al-
ways clear.

Acute EP, also referred to as Löffler’s syndrome,
is characterized by blood eosinophilia, absence of or
mild symptoms and signs (cough, fever, dyspnea),
one or more nonsegmental mixed interstitial and al-
veolar pulmonary opacities that are transitory or mi-
gratory, and spontaneous clearing of opacities (within
1 month). The pulmonary opacities have a tendency
to be predominantly peripheral in distribution. One
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way of remembering this peripheral distribution is to
think of “EP” (eosinophilic pneumonia) as being the
opposite of “PE” (pulmonary edema). The classic dis-
tribution of pulmonary edema is a central “batwing”
or “butterfly” pattern of alveolar lung disease, just
the opposite of the peripheral alveolar opacities seen
with eosinophilic pneumonia. Pleural effusions and
lymphadenopathy are not features of acute EP.

Chronic EP is most prevalent in the third to sev-
enth decades of life, with women outnumbering men
2 to 1 [3]. Symptoms of dyspnea, cough, wheeze,
malaise, weight loss, fever, and night sweats can be
mild or severe. Blood eosinophilia occurs in the ma-
jority of patients. Serum IgE is normal or only mildly
elevated, which is helpful in distinguishing the condi-
tion from allergic bronchopulmonary aspergillosis
and tropical and parasitic pulmonary eosinophilias, in
which serum IgE levels are markedly elevated. The
classic radiographic and chest CT scan finding is pe-
ripheral, nonsegmental, homogeneous alveolar opaci-
ties, often with air bronchograms [4]. In a minority of
patients, the opacities will be central in distribution,
or be both central and peripheral. Chronic EP is sen-
sitive to steroid therapy, and rapid clearing of radio-
logic abnormalities is usually seen within a few days,
with complete clearing by 1 month. Relapse is com-
mon, and the majority of patients need long-term
low-dose steroids, distinguishing this disease from
acute EP.

Pulmonary Infarction and
Thromboembolism

Radiographic changes detected in a patient with
pulmonary embolism are usually related to pulmo-
nary infarction. Only15% or less of thromboemboli
cause pulmonary infarction [5]. It is unknown why
some emboli cause infarction and others do not, but it
is likely due to compromise of both the pulmonary
and bronchial arterial circulation, which is most
likely to occur with peripheral emboli and in patients
with heart failure or circulatory shock. It is known
that bronchial circulation alone can sustain the lung
parenchyma without infarction occurring.

No chest radiographic sign is specific for pulmo-
nary embolism or infarction and the sensitivity of
chest radiography for these conditions is poor. Even
with large pulmonary artery clot burden, the chest ra-
diograph can be normal. The main role of the chest
radiograph, therefore, is to exclude other diagnoses
that might mimic pulmonary embolism clinically,
such as pneumonia or pneumothorax.

Pulmonary infarction results in airspace opacities
that are usually multifocal and predominantly in the
lower lung zones. They usually appear within 12 to
24 hours after the embolic event. The opacities are

classically peripheral, have a triangular or rounded
shape (thus the term “Hampton’s hump”), and are al-
ways in contact with the pleural surfaces [6]. The
apex of the opacity is directed towards the lung hi-
lum. Occasionally, lobar consolidation resembling
pneumonia can occur. Air bronchograms are rarely
present. It is important to note that the opacities can
be a result of pulmonary hemorrhage without infarc-
tion, in which case clearing occurs within a week. In-
farction takes several months to resolve, often with
residual scarring. As infarcts resolve, they “melt
away like an ice cube” (giving rise to the “melting ice
cube sign”). The opacity clears from the periphery
first, whereas in pneumonia, the opacity clears homo-
geneously, both centrally and peripherally at the
same time. Cavitation can occur within infarcts, but
is rare without co-existing infection, either secondary
infection of an infarct or a result of septic emboli.
Pleural effusions related to pulmonary embolism are
usually small, unilateral, and associated with pulmo-
nary infarction.

CT findings of acute pulmonary embolism include
non-enhancing thrombus, manifested as a filling de-
fect within an often-enlarged pulmonary artery, and
peripheral pulmonary opacities consistent with pul-
monary infarct in the subtending lung. Clot that is ec-
centric, along the wall of the pulmonary artery, indi-
cates chronic thromboembolic disease from clot that
been re-canalized. Additional CT findings include: 1)
clot within the cardiac chambers or inferior vena
cava, 2) right heart enlargement in cases of massive
acute thromboemboli and acute right heart failure, 3)
enlarged pulmonary arteries from chronic emboli and
pulmonary artery hypertension, and 4) a mosaic pat-
tern of lung attenuation on high-resolution CT indi-
cating diminished perfusion in areas of lung supplied
by pulmonary arteries involved with chronic throm-
boembolic disease.

Bronchiolitis Obliterans
Organizing Pneumonia

Bronchiolitis obliterans organizing pneumonia
(BOOP), also referred to as cryptogenic organizing
pneumonia (COP), is a clinicopathologic entity of
unknown cause characterized by clinical symptoms
of cough and dyspnea, and chest radiographic find-
ings of patchy, peripheral airspace opacities. Al-
though often idiopathic in etiology, several precipitat-
ing conditions have been identified, including infec-
tions, connective tissue disorders, drug toxicity,
inhalation of noxious fumes, and lung and bone
marrow transplantation. Patients with idiopathic
BOOP are generally 55 to 60 years of age, and half
of patients have a history of an influenza-like pro-
drome followed by a short illness of about 3 months
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characterized by cough, exertional dyspnea, malaise,
fever, and weight loss [7].

Radiographs and CT scans of the chest show bilat-
eral, patchy, nonsegmental, airspace opacities with a
peripheral and basilar predominance [8]. The opaci-
ties may contain air bronchograms. On occasion, the
opacities are not peripheral in distribution, but are
central, and centered along bronchovascular bundles.
Areas of ground glass attenuation are common, and
can be the only finding on CT scanning.

Idiopathic Pulmonary Fibrosis
In 1965, Liebow classified the chronic interstitial

pneumonias, including usual interstitial pneumonia
(UIP) and desquamative interstitial pneumonia (DIP).
Idiopathic pulmonary fibrosis (IPF, cryptogenic
fibrosing alveolitis) occurs most commonly in pa-
tients between 40 and 60 years of age with progres-
sive shortness of breath and dry cough. Pathologi-
cally, the majority of patients with IPF show typical
histologic findings of usual interstitial pneumonia: a
patchy distribution of active inflammation or alveoli-
tis (or normal lung) and end-stage fibrosis. DIP is as-
sociated with a large number of macrophages in the
alveolar spaces, and is more homogeneous than UIP
in distribution on histologic specimens. DIP was
termed “desquamative interstitial pneumonitis” be-
cause it was originally thought that the intra-alveolar
cells were desquamated type II pneumocytes.

The chest radiographic findings are similar for
both UIP and DIP [9], although the abnormalities are
generally less severe with DIP. DIP has a better prog-
nosis, and more patients with DIP respond to treat-
ment with steroids than do patients with UIP [9].

With both UIP and DIP, the radiograph may be
normal or show ground glass opacities or reticular in-
terstitial opacities, primarily at the lung bases and
subpleural areas. Both can progress to end-stage pul-
monary fibrosis with honeycombing and traction
bronchiectasis. The HRCT findings in IPF include ir-
regular interlobular septal thickening, intralobular in-
terstitial thickening, irregular interfaces, visible in-
tralobular bronchioles, honeycombing, traction bron-
chiectasis, and ground glass opacities with a peripheral
and subpleural predominant distribution. The pre-
dominant HRCT finding in DIP is ground glass opac-
ification in a lower lung zone distribution.

Pulmonary Contusion
Abnormal lung opacification in patients sustaining

trauma to the chest can result from atelectasis, aspira-
tion, edema, pneumonia, and lung injury (contusion
and laceration), and is commonly multifactorial in
etiology. Pulmonary contusion (“lung bruise”) results
in leakage of blood and edema fluid into the intersti-
tial and alveolar spaces. CT is more sensitive than ra-
diography in demonstrating pulmonary contusion
[10]. On both chest radiography and CT, pulmonary
contusions present as areas of consolidation, ground
glass opacification, or both, that tend to be periph-
eral, nonsegmental, and geographic in distribution.
Contusions are evident at presentation or within six
hours, and resolve, usually without permanent se-
quelae, within days to weeks.
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Objectives
Following this workshop, the audience will:
1. Be able to describe the radiologic appearance

of bronchopulmonary carcinoids.
2. Know the histologic differences between typi-

cal and atypical pulmonary carcinoids.
3. Know the prognostic difference between typi-

cal and atypical carcinoids.

Bronchopulmonary carcinoids are uncommon pul-
monary malignancies representing 1-2% of all lung
tumors. They are neuro-endocrine tumors, felt to
arise from a pleuripotential stem cell. Although they
present with a common clinical and radiologic pat-
tern, they have a spectrum of pathologic patterns
which show varying degrees of malignancy ranging
from the low grade typical carcinoid, to the interme-
diate grade atypical carcinoid, to the higher grade large
cell neuroendocrine tumor and small cell carcinoma.

Clinical Presentation
Bronchopulmonary carcinoids present in a wide

age range, predominantly in the third to seventh de-
cades. The average age at presentation is 45.5 years,
younger than the usual age for bronchogenic carci-
noma. Patients with atypical carcinoids tend to present
at an older age than do those with typical carcinoids.
The male:female ratio is nearly 1:1. Whites are af-
fected more than blacks and there is no known asso-
ciation with cigarette smoking.

Up to 50% of the patients, typically those with pe-
ripheral tumors, are asymptomatic. The others, espe-
cially those with central tumors, present with a vari-
ety of symptoms typically caused by endobronchial
obstruction. Thus, recurrent pneumonia or atelectasis
and wheezing in one lung are common. Although the
tumors usually have an intact overlying mucosa, they
are very vascular and hemoptysis is common. Spu-
tum cytology is rarely useful in the diagnosis.

Paraneoplastic syndromes are uncommon. The
carcinoid syndrome, which includes flushing, diar-
rhea, abdominal cramping, wheezing and cardiac dis-
ease, almost always occurs in patients with liver me-
tastasis and is uncommon with thoracic carcinoids.
When it does occur, it is more frequent in patients
with typical carcinoids. Up to 2% of patients can

The Radiologic and Pathologic
Spectrum of Bronchopulmonary
Carcinoids
Kay H. Vydareny, MD

present with Cushing’s syndrome due to production
of ectopic ACTH or ACTH releasing hormone by the
tumor. Indeed, bronchial carcinoids are the most
common source of ectopic ACTH production.

Radiologic Presentation
There is no difference in the radiologic presentation

of typical and atypical carcinoid tumors. Carcinoids
occur both centrally (85% of tumors arise in the main
or, most commonly, the lobar bronchi) and in the pe-
riphery of the lung. Most carcinoids are central and
present as a hilar or perihilar mass. On chest x-ray,
the mass is smooth or lobulated and may have a
notched contour. A spiculated mass, typical of bron-
chogenic carcinoma, is rarely seen. Because of the
endobronchial component of the mass, there is often
associated atelectasis, post-obstructive consolidation,
or mucoid impaction. Peripheral tumors are also
sharply demarcated, usually ovoid nodules sur-
rounded by aerated lung.

On CT, calcification or ossification can be seen in
nearly 40% of the central lesions. Peripheral tumors,
which are more likely to represent atypical carcinoid,
are less likely to be calcified. Most tumors are round.
When they are ovoid, they tend to be oriented with
their long axis parallel to the nearest bronchus or pul-
monary artery. Because of their vascularity, carcinoids
usually show marked enhancement following injection
of contrast material. Many carcinoids are both endo-
bronchial and extrabronchial; in fact, the endobron-
chial component may be very small relative to the
extrabronchial component. CT allows visualization of
the entire lesion and of its effects (e.g. mucus plug-
ging, atelectasis or post-obstructive consolidation).

Carcinoids typically have a large number of soma-
tostatin binding sites. 111Indium octreotide, a soma-
tostatin analog, can be used for scintigraphic localiza-
tion both of the primary tumor and lymph node me-
tastases, and can be useful in detecting functionally
active small tumors not visible on CT.

Metastatic disease occurs more frequently in
atypical carcinoids than in typical carcinoids (46.4%
vs. 23.1%) (4). The most frequent sites of metastases
are to lymph nodes and liver. Metastases may also in-
volve bone, lung and adrenals.
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Pathology
Typical carcinoids are composed of uniform cells

in a rich fibrovascular stoma. There are fewer than
two mitoses per 10 high power fields and there may
be dystrophic calcification or ossification. They are
highly vascular. Electron microscopy reveals neuro-
secretory granules which are more common and
larger than in atypical tumors.

Atypical carcinoids comprise approximately 10%
of all carcinoids and demonstrate more active mitoses
(2-19 per 10 high power fields). There may be archi-
tectural distortion and tumor necrosis. Although both
typical and atypical carcinoids metastasize to regional
lymph nodes and may invade blood or lymph ves-
sels, atypical tumors do so more frequently and
more aggressively.

Typical and atypical carcinoids cannot be distin-
guished by their gross anatomical appearance.

Treatment and Prognosis
The treatment for the patient with any type of car-

cinoid is surgical excision. The prognosis of patients

with typical carcinoid is excellent with studies show-
ing 84-95% ten-year survival for typical carcinoids
and 44-60% ten-year survival for atypical tumors.
Tumor size larger than 3 cm. and nodal metastases
adversely affect survival.
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 The AIDS epidemic has already introduced us to
opportunistic infectious organisms, such as Pneumo-
cystis carinni, which has become a prevalent cause
for pulmonary cavities. In the new millennium, as
immunocompromised patients live longer with new
treatment protocols, we will be challenged with the
diagnoses of new causes of cavitary thoracic disease.
Tuberculosis is once again one of the most common
cavitary infections in the normal immune host.
Therefore, it is not only important to be familiar with
the differential diagnoses of thoracic lucent defects,
but also the role of plain film imaging of the chest
and cross-sectional imaging particularly as it pertains
to the distinction of parenchymal lesions from those
caused by pleural or extra-pleural disease.

 A true cavity is a gas filled space resulting from
necrosis of lung parenchyma within a zone of con-
solidation, a nodule, or a mass, with liquefaction and
evacuation of contents via the tracheo-bronchial tree.
A true cavity can be differentiated from a pulmonary
air cyst in that the later usually presents with well de-
fined walls no greater than 2 mm thick and larger
than 1 cm in diameter.1 Radiographically, pulmonary
cavities can present as single or multiple lesions
varying in size and wall thickness and may or may
not be associated with surrounding parenchymal in-
filtration. The most useful criterion in differentiating
neoplastic from non-neoplastic cavitary lung disease
is cavity wall thickness (measured at the thickest
point). Other criteria useful in narrowing the differen-
tial diagnosis of cavitary lung disease include the
presence of single or multiple lesions, as well as the
presence of a surrounding infiltrate.

Many entities can give rise to cavitary lesions in
the lung. These may be solitary or multiple and in-
clude infectious, inflammatory, and neoplastic etiolo-
gies. Often the most important question the Radiolo-
gist can answer is whether the lesion is neoplastic or
non-neoplastic. Several studies have previously re-
ported radiographic criteria to help differentiate be-
nign from malignant lesions. Cavities with wall
thickness greater than 15 mm were malignant in 95%
of the cases, whereas those 4 mm. or less were be-
nign in greater than 92% of the cases. All cavities
with wall thickness of 1 mm. or less were benign.
Those having wall thickness between 5 to 15 mm.
had a 50% chance of being benign or malignant. 2

Thoracic Cavitary Disease in the New
Millennium
Humberto O. Martinez, MD

Other entities can present as lucent defects in the
thorax which mimic cavitary lung disease. Etiologies
include pleural disease such as empyema and locu-
lated pneumothorax. Post surgical entities such as
post-pneumonectomy space, plombage thoracoplasty,
gastric pull-up, post traumatic causes such as trau-
matic rupture of diaphragm with herniating bowel in
to the chest; and congenital causes such as diaphrag-
matic hernias.

The other radiographic criteria useful in narrowing
the differential diagnosis of cavitary lung disease
analyze the presence of single or multiple cavitary le-
sions. The presence of a single thick wall cavitary
mass usually implies malignancy, whereas the pres-
ence of multiple thin wall cavities usually implies be-
nign disease such as an inflammatory or infectious
process.

The following table lists several causes of  lu-
cent defects in the thorax:

Congenital and Neonatal Diseases
Bronchopulmonary dysplasia
Wilson-Mikity syndrome
Cystic adenomatoid malformation
Pulmonary sequestration

Airways Diseases
Bullous emphysema
Cystic bronchiectasis

Infectious Diseases
Tuberculosis and atypical mycobacterial infec-
tions
Fungal infections: coccidioidomycosis,
cryptococcosis, aspergillosis, blastomycosis,
Staphylococcal pneumonia causing
pneumatoceles
Gram-negative pneumonias causing
pneumatoceles
Parasitic diseases: echinococcosis
Opportunistic Infections: Pneumocystis carinii
Others: nocardiosis

Embolic Diseases
Pulmonary thromboembolism
Septic embolism

Neoplastic Diseases
Hematogenous metastases
Pulmonary spread of laryngeal papillomatosis
Hodgkin’s disease and non-Hodgkin’s
lymphoma
Primary lung tumor (especially squamous cell)
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Autoimmune Diseases
Rheumatoid necrobiotic nodules
Wegener’s granulomatosis
Polyarteritis nodosa (very rare)

Diseases of unknown origin
Sarcoidosis
Histiocytosis X

Trauma
Hydrocarbon ingestion with pneumatocele for-
mation
Traumatic lung cysts (pulmonary laceration)

Conditions Mimicking Cavities
Herniation of bowel into the thorax
Air-containing empyema
Lucite plombage

REFERENCES
1. Armstrong Pt Wilson AG, Dee P. Infections of the

lungs and pleura. In: Imaging of diseases of the chest.
Chicago, Year Book Medical Publishers, Inc.,1991;
172.

2. Boiselle PM,Crans CA,Kaplan MA. The changing face
of Pneumocystis carinii peumonia in AIDS patients.
AJR 1999: 1301-1309

3. Fraser RGI Pare JAP, Pare PD, Fraser RS, Genereux
GP. Diagnosis of diseases of the chest. 3rd ed., Phila-
delphia, Saunders Co, 1991(4).

3. Freundlich lM. Abscesses, pulmonary masses, cysts &
cavities: a radiologic approach. Chicago, Year Book
Medical Publishers, Inc.,1981; 72

4. Freundlich IM, Bragg DG. An approach to the diagno-
sis of thoracic abnormalities: cysts and cavities of the
lung. In: A radiological approach to diseases of the
chest. Baltimore, Williams & Wilkins, 1992; 96.

5. Godwin DJ, Webb RW, Savoca CJ, Gamsu G,
Goodman PC. Review: Multiple, thin walled cystic le-
sions of the lung. AJR 1980; 135:593-604.

6. Greene R. Opportunistic pneumonosis. Semin
Roentgenol 1980; 15(1).

7. Jules-Glysee KMI Stuver DE, Muhammad ZB,etal.
Aerosolized pentamidine: effect on diagnosis and pre-
sentation of pneumocystis carinii pneumonia. Ann In-
tern Med 1990; 112:750-757.

8. Saldana MJ, Mones JM. Cavitation and other atypical
manifestations of pneumocystis carinii pneumonia.
Semin Diagn Pathol 1989; 6(3):273-286.

9. Wolinsky E. Nontuberculous mycobacteria and associ-
ated diseases. Am Rev Respir Dis 1979; 119:107.

10. Woodring JH, Fried AM, Chuang VP. Solitary cavities
of the lung: diagnostic implications of cavity wall thick-
ness. AJR 1980; 135:1269-1271.



235

S
u

n
d

a
y

This workshop will include discussion of the fol-
lowing topics with examples of the more common
and/or important problems and issues:

1. Technical aspects of neonatal chest imaging,
including equipment and projections

2. Radiation exposure and protection
3. Catheters, tubes, and monitors employed in the

NICU
4. Normal appearances and normal variants
5. The most common and/or important “medical”

and “surgical” pulmonary disorders in new-
borns

6. Findings suggestive of congenital cardiac dis-
ease

7. Newer support techniques used in the NICU
8. Use of ultrasonography of the thorax in the

NICU

Workshop: Neonatal Intensive Care
Chest Radiology
George W. Gross, MD
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Objectives
1. To understand the fundamental differences and

similarities between single and four channel he-
lical CT angiography and the advantages each
has over conventional angiography and scintig-
raphy and to know the scientific basis for these
advantages.

2. To identify current areas of research in image
display and processing of large volumetric data
sets that may enhance our ability to diagnose
thromboembolic disease.

Background
During the period 1984-1991, an average of 50,000

cases of pulmonary embolism were diagnosed each
year in the hospitalized Medicare population alone
with a mortality rate of at least 10%.1 Definitive diag-
nosis is of paramount importance because of both the
seriousness of the condition itself and because com-
plications of anticoagulant therapy are frequent and
can be severe.

Definitive diagnosis or exclusion of PE remains
problematic, and there are few areas of medicine with
such a significant level of uncertaintly and confusion
with regard to accurate diagnosis and therapy. One
autopsy study found that only 10% of patients 70
years of age and older with PE had a correct diagno-
sis before death. 2 Missed diagnosis is not the only
problem; of all patients with an ICD-9 discharge di-
agnosis of PE in one series, 28% had no objective
evidence of either PE or deep venous thrombosis
(DVT).3

These diagnostic inaccuracies exist for two major
reasons. First, the clinical signs and symptoms asso-

Multi-channel CT Pulmonary
Angiography: Current and Future
Directions
James F. Gruden, MD
Associate Professor of Radiology and Internal Medicine
Emory University School of Medicine
Adjunct Professor, Biomedical Engineering
Georgia Institute of Technology
Division Director, Cardiothoracic Imaging and Diagnosis
Emory University Hospital and Clinic, Grady Memorial Hospital
404-712-7964
jgruden@emory.edu

ciated with PE are nonspecific, as are laboratory in-
vestigations, electrocardiograms, and chest radio-
graphs. Clinical studies show a high prevalence of
symptoms in patients with PE because diagnostic
testing is initiated by the clinical scenario; however,
26-38% of patients with high-probability ventila-
tion-perfusion (VQ) scans in the setting of known
DVT are asymptomatic.4,5 Clinical estimates of the
probability of PE are clearly not sufficient for indi-
vidual patient management decisions.

The second reason for imprecision is that the
widely used tests and algorithms for suspected ve-
nous thromboembolism (which includes both DVT
and PE) are limited in accuracy and inconsistently
applied. The ideal diagnostic test should be accurate,
direct (objective), rapid, safe, readily available, and
of reasonable cost. Only approximately 30% of pa-
tients (probably much less in the current medicole-
gal climate) with clinically suspected PE have the
disease.6 Therefore, a test able to provide information
regarding the presence and significance of other chest
disease would also be desirable. None of the common
tests in use (other than CT) meet all or even most of
these criteria.

The use of CT in the assessment of patients with
possible thromboembolic disease has coincided with
the development of rapid helical (spiral) scanners,
which enable angiogram-like images of the pulmo-
nary circuation in a single breath-hold. This tech-
nique has revolutionized the approach to the patient
with possible PE and offers significant and important
improvements over the traditional diagnostic ap-
proach (chest radiograph and VQ scan) in the initial
assessment of these patients. New scanners acquire
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four channels of data simultaneously (hence the name
“quad scanner”) and faster (8 and possibly 16 chan-
nels) scanners are in development. These multi-chan-
nel scanners have significant advantages over single
channel helical CT; these will be outlined and illus-
trated after a brief review of pertinent issues in pul-
monary CT angiography. There is no question that
multi-channel CT (MCCT) is the new gold standard
in the diagnosis of PE and it is unethical to perform
randomized trials that exclude some patients from
MCCT.

Single Channel Helical CT
Angiography

All published literature in CT pulmonary angiog-
raphy refers to studies obtained with single channel
helical CT, and a basic understanding of this informa-
tion is essential to an understanding of the significant
impact of multi-channel scanning in this setting. All
helical data sets are volumetric and permit image re-
constructions at overlapping intervals, improving
density discrimination between small adjacent struc-
tures of different attenuation (such as thrombi within
enhancing arteries). The central thorax can also be
scanned in a single breath hold (no respiratory mo-
tion) on these scanners; these features in concert en-
able high quality multiplanar reconstructions. Helical
pulmonary CT angiography has become the method
of choice in the assessment of patients with suspected
venous thromboembolism even prior to the develop-
ment of multi-channel technology.

With single channel scanners, we use a collima-
tion of 3 mm and a reconstruction interval of 2 mm
after acquiring data from the top of the aortic arch to
the level of the inferior pulmonary veins (or lower
depending on the breath hold) during a single 20-25
second breath-hold. If necessary, scans can be per-
formed during either quiet respiration or two distinct
breath-holds separated by a short (5-10 seconds) in-
terval although this introduces motion and limits as-
sessment of smaller, peripheral vessels. Few patients
have difficulty tolerating the examination. We use
100-150 cc of low osmolar, nonionic contrast (30-
48% iodine) injected at a rate of 2.5-3 cc/sec. Opti-
mal opacification of the pulmonary vasculature is
achieved through the use of a “timing run” or by us-
ing the Smart Prep (General Electric Medical Sys-
tems, Milwaukee) program. This “timing run” facili-
tates optimal pulmonary arterial opacification and
also serves as a check on the quality of the study to
follow; scanning technique may require alteration if
the preliminary images show poor vascular opacifica-
tion. Occasionally, central thrombi can be identified
even on the “timing run.”

The thinly-collimated overlapping images permit
detailed assessment of the central airways, hilar and
mediastinal lymph nodes, and of the lungs and pleu-
ral surfaces. This ancillary information is not pro-
vided by any other diagnostic test commonly used in
the assessment of patients with suspected venous
thromboembolism and is of importance in the symp-
tomatic patient with an unknown diagnosis.

CT, like pulmonary angiography, directly depicts
thrombi within the opacified arterial lumen as intra-
vascular filling defects surrounded by a rim of con-
trast material or as meniscus-like filling defects with
contrast extending around the edges of the clot. A
nonopacified artery is nondiagnostic unless the di-
ameter of the vessel is clearly expanded. Lack of fill-
ing of small arteries is nondiagnostic at angiography
as well; the ability of CT to depict and assess vascu-
lar diameter is an advantage of CT over angiography.
Arteries peripheral to a central thrombus may or may
not opacify; central clot does not necessarily com-
pletely obstruct the distal flow of contrast. Although
nonocclusive clot is depicted by CT, false negative
scintigraphy in this setting is well-known. The CT
findings diagnostic of chronic PE are also modified
from angiographic criteria and include mural throm-
bus (adherent to the arterial wall), webs, stenoses, or
strictures of the arteries, and a central “dot” of con-
trast surrounded by circumferential thrombus indica-
tive of recanalization. CT, like angiography, usually
enables distinction between acute and chronic PE;
this is not possible with scintigraphy.

Technical pitfalls in CT interpretation relate to the
physical properties of contrast material, mechanics of
contrast injection, image reconstruction algorithm,
and miscellaneous factors such as respiratory motion.
These are readily recognized by the experienced ob-
server. However, even with a high quality examina-
tion, several common errors must be avoided. Pulmo-
nary arterial vasoconstriction, which often occurs in
areas of pleural or parenchymal disease, can result in
vascular nonopacification due to slow blood flow in
the area of abnormality. Pulmonary veins may also
fail to opacify because scanning is performed during
the arterial enhancement phase. Veins and arteries
can be readily differentiated by experienced observ-
ers, but nonopacified vessels without caliber expan-
sion should never be considered diagnostic of PE re-
gardless of their nature. Periarterial abnormalities,
such as lymph node enlargement or infiltration of the
axial interstitium by edema fluid, inflammation, or
neoplasm, can mimic eccentric or mural thrombus.
Multiplanar reconstructions, easily performed in 10-
15 minutes on standard workstations, are of particu-
lar diagnostic value in problematic cases. However,
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reformations cannot produce results better than the
initial axial images from which they are generated;
again, meticulous CT technique is essential.

“Accuracy” of Single Channel
Helical CT Angiography

Studies of accuracy usually compare CT to pulmo-
nary angiography, the favored “gold standard” in PE
diagnosis. CT and angiography are both direct tests for
PE which depict actual endovascular thrombi. The ac-
curacy of CT, like that of angiography, depends on
many variables, including the technical adequacy of
the examination, the number and location of thrombi
(extent of disease), prevalence of PE in the popula-
tion, reader experience, and the criteria used for a
positive or negative test result. CT accuracy also de-
pends upon the actual accuracy of the “gold stan-
dard” and can therefore not exceed 100%. This is in-
tuitive; however, clear CT diagnoses of PE can occur
in the setting of normal or nondiagnostic angiograms.7

A simple quotation of the published sensitivity and
specificity of CT is simplistic yet is routinely incor-
porated into lectures on this topic. The accuracy of
even single channel CT for PE is actually well over
100%!

More relevant is the fact that properly performed
CT and angiography depict identical information, but
in different ways. Remy-Jardin and colleagues showed
that the number of arteries depicted with properly
performed CT through the segmental level is equiva-
lent to that of angiography and that perfect anatomic
correlation between the two modalities was present in
188 central emboli in 39 patients.7 Given the superior
contrast reolution of CT and the elimination of over-
lapping structures due to the nature of cross sectional
imaging, it is not surprising that single channel CT
angiography is a least as good as and should be bet-
ter than cut-film-based pulmonary angiography in
most respects. Both studies are limited in the display
of subsegmental arteries due to their small size. Con-
ventional angiographic dual observer agreement is
only slightly better than random guessing at the
subsegemental level (66%) and falls to 13% with
three readers.6,8 This is of controversial significance,
however, for in patients without concomitant car-
diopulmonary disease, no difference in the incidence
of recurrent PE between treated and untreated pa-
tients has been noted.9 However, in patients with lim-
ited cardiopulmonary reserve, such small emboli may
be fatal. The residual DVT burden is of major impor-
tance in this setting, as this determines the risk of
continued or recurrent thromboembolism. Assess-
ment of the deep venous system can be performed at
the same sitting as the single channel chest CT.

Scintigraphy: An Indirect Test (or
Educated Guess)

The VQ scan depicts neither thrombus nor the ac-
tual pulmonary circulation; it is an indirect test, and
the presence or absence of PE is based on inference.
In a study of 185 perfusion defects in 68 patients,
only 16% corresponded to visible angiographic ab-
normalities; only 10 of 35 segmental or larger scinti-
graphic mismatches corresponded to angiographically
proven emboli, while 43 segmental thrombi identi-
fied at angiography had no evident ventilation-perfu-
sion mismatches.10

Patients with proven PE in the setting of low-
probability scans do not necessarily have subseg-
mental or a few small emboli; central thrombus in-
volving main or lobar arteries is more frequent than
isolated subsegmental thrombi (31% to 17%) in these
patients.11 False positive scintigraphy (high probabil-
ity scans in the absence of PE) also occur; 12% of
such patients may have normal angiograms.6 Clearly,
low- or indeterminate probability scans do not consti-
tute sufficient evidence upon which to base treatment
decisions, particularly in patients with other cardio-
pulmonary disease.

The problems with false negative, false positive,
and indeterminate examinations exist even if the
scintigraphic study is of highest quality because it is
an indirect test. Due to its inferential nature, scintig-
raphy is also unable to depict other potentially impor-
tant pathology in the chest. Recent studies have di-
rectly compared single channel CT to scintigraphy in
the setting of possible PE. Cross and colleagues
found that CT enabled confident diagnosis (positive,
negative, or alternative) in 90% of patients compared
to 54% for scintigraphy.12 CT also detected thrombi
missed or considered indeterminate at scintigraphy,
although the opposite did not occur. A unique study
conducted by van Rossum and colleagues evaluated
123 patients who underwent both VQ and CT within
a 48 hour period; each patient was assessed twice by
a radiologist and a pulmonologist with associated
clinical information, chest radiographs, and either the
VQ scan or the CT.13 There was a significant differ-
ence in the number of inconclusive evaluations with
scintigraphy (28%) in comparison to CT (8%). CT
also had a higher sensitivity (75% to 49%) and speci-
ficity (90% to 74%) for PE than did scintigraphy, and
enabled twice the number of alternative diagnoses
(93% to 51%). Of note, these alternative diagnoses
excluded conditions evident on the chest radiograph,
but included entities such as aortic dissection, medi-
astinitis, and malignancy. In the 35 indeterminate
scintigrams, CT correctly identified the final diagnosis
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in 29 (13 PE, 11 alternative, 5 normal). These authors
suggested that CT replace the VQ scan.

Routine scintigraphy should be discontinued, par-
ticularly in patients with either abnormal chest radio-
graphs or concomitant cardiopulmonary disease; such
patients have a rate of indeterminate scintigraphy that
is unacceptably high and also often benefit from the
pleuroparenchymal assessment possible even with
single channel CT. Imaging of the venous system is
an important part of the diagnostic assessment of
these patients and should follow the chest CT.

Multi-channel CT: The Definitive
Test

The advantage of multi-channel CT is speed. The
GE LiteSpeed scanner, for example, is 8-times faster
than a single channel scanner in identiacl volume
coverage. Thus, much larger volumes can be covered
with the same collimation as a single slice scanner;
alternatively, a similar volume can be covered with
much thinner collimation. In practice, we use 1.25mm
collimation, single breath hold, HS mode (pitch=6),
and cover the entire chest in one breath hold. There-
fore, we get both thinner sections (better resolution)
and a larger coverage area than with single channel
scanning. This facilitates depiction of smaller periph-
eral vessels, increases the resolution and quality of
multiplanar reformations, and leads to potential ap-
plications of dynamic repeated acquisitions through
questionable areas if necessary. We assess the pelvic
and upper leg veins routinely with 10mm and 5mm
collimation, respectively, 2-3 minutes after the start
of the contrast injection. Tube cooling, often prob-
lematic in single channel scanning, does not limit
multi-channel acquisitions.

Image processing is an area of active research.
Cardiac gating software is now available for multi-
channel scanners that facilitates data acquistion only
during quiescent phases of the cardiac cycle as well.
Huge data sets, gated, with 1.25mm overlapping re-
constructions can be sent to powerful computers;
software engineers (including the Emory-Georgia
Tech Division of Biomedical Engineering) in concert
with radiologists are only beginning to develop new
means of processing this information to extract perti-
nent diagnostic value with the click of a mouse. Axial
images will probably be only a small part of CT dis-
play in the not-so-distant future.

In sum, single channel CT is (was) the test of
choice for patients with suspected PE. Multi-channel
CT, however, represents a major advance in our abil-
ity to scan large volumes rapidly with collimation
sufficiently small to resolve small vessels. Image
processing represents the future- invest in medical
software research now!
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There are numerous excellent reviews of transtho-
racic needle aspiration biopsy (1,2,3). This workshop
will discuss the mechanics of this procedure, some
problem solving techniques for difficult biopsies, the
common procedural complications and management
of these complications.

Preoperative Evaluation
Common indications for TTNA biopsies include:

solitary pulmonary nodules, focal opacities that do
not clear with antibiotics, proof of first metastases in
a patient with a known primary malignancy and focal
abnormalities in immunosuppressed patients (4,5).
The only absolute contraindication to biopsy is the
inability to cooperate with instructions, particularly
to suspend respirations, unless the mass is large.
Relative contraindications include bleeding diatheses
(INR> 1.3), platelets less than 100,000/ml, severe
pulmonary hypertension, prior pneumonectomy or
FEV1 less than 1 liter. Hemorrhagic complications
are more common in patients on aspirin or in renal
failure as platelet function is the primary determinant
of bleeding complications. Patients should suspend
aspirin 1 week prior to the procedure. In the case of
chronic renal failure, desmopressin (DDAVP) 0.3 ug/
kg may be administered intravenously 30 to 60 min-
utes prior to the procedure (6).

The patient should be informed of all common
complications. This should include a pneumothorax
rate of 20-30% (in patients with severe emphysema
this may be as high as 50%). Approximately 10-15%
of patients may require chest tubes and we obtain
consent for chest tube placement prior to the proce-
dure to avoid any issues related to conscious seda-
tion. Bleeding occurs in up to 5% of patients and the
possibility of hemoptysis should be specifically dis-
cussed with patients as they find this the most dis-
tressing of all the complications. No case of infection
from TTNA biopsy has been reported. Death occurs
in 1 in 10,000 biopsy procedures due to air embolism
or hemorrhage. Other topics you may choose to re-
view in the consent procedure include a nondiagnostic
sample, malignant seeding of the needle track, and
drug allergies to conscious sedation.

Technique
Many modalities are currently available to the ra-

diologist for TTNA biopsy including: fluoroscopy,
ultrasound, CT, or CT fluoroscopy (7,8,9). Fluoros-
copy is generally reserved for larger lesions that are
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readily visible while ultrasound is useful for periph-
eral lesions that abut the pleura. Both have the advan-
tage of real time needle placement as does CT fluo-
roscopy. Choice of modality is most often based on
local equipment availability and operator preference.

We perform the majority of our biopsies using CT
fluoroscopy in the interrupted real time mode. Incre-
mental needle advancement is performed followed by
a series of quick “looks” to determine adequacy of
the trajectory. While this does not take advantage of
the real time capabilities of the unit, it allows a more
controlled environment for instructing residents and
results in lower fluoroscopy times and thus, radiation
dose. Real time needle placement can be performed if
the target to be sampled is adjacent to vital structures.

Patients receive local anesthesia 1% Xylocaine
buffered with 8.4% Sodium bicarbonate solution (9:1
ratio). In addition, liberal use of conscious sedation is
recommended particularlay in anxious patients (10).
We titrate doses of Midazolam (0.5-1 mg increments)
and Fentanyl (50 ucg increments) to achieve a patient
who is relaxed and cooperative. Midazolam also has
amnestic properties. All patients receiving conscious
sedation should be monitored by a nurse or trained
personnel and vital signs (pulse, blood pressure and
peripheral oxygen saturation) recorded.

Choice of biopsy needles is generally based on
personal preference (11). There is no difference in
pneumothorax rates in needle gauges ranging from
18-25g. Multiple systems currently exist for fine
needle aspiration biopsy. In general, one should
choose a system that does not limit your options if
you decide to switch to a larger gauge needle or to
perform core biopsies. The system we use currently
has a 19g diamond point thin walled trocar/introducer
needle. This will accommodate a 22g or 20g Chiba
needle, a 20g Franseen needle or a 20g spring loaded
core biopsy needle, all calibrated to have a 17mm
throw beyond the end of the introducer needle.

The biopsy proceeds as follows: 1. Find the best
transthoracic approach to the nodule. The importance
of this step should not be underestimated. The goal
will be the shortest approach with the least angula-
tion, crossing the minimum number of pleural sur-
faces with the patient in the most comfortable posi-
tion to minimize movement. In general, supine or
prone positioning is preferable to either decubitus po-
sition. Arms down at the side is generally better toler-
ated by older patients than arms extended over the
head. If there are multiple lesions, smaller lesions in
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the apices may be preferable to larger lesions at the
lung bases as they will move less with respiration. 2.
The entry site is confirmed using a quick localizing
image of a metallic marker. Don’t hesitate to move
your marker if you are not completely satisfied with
its position. It is much easier to start with the correct
entry site than to try to adjust for a poor choice. 3.
The skin is sterilely prepped and draped. Buffered
lidocaine is infused in the subcutaneous tissues for
local anesthesia. 4. A second image is obtained with
the anesthesia needle in place to confirm an accurate
approach to the target. 5. The 19g trocar needle re-
places the anesthesia needle in the track to a position
just outside the pleura. Another image is obtained to
confirm that this needle is on target. Additional local
anesthesia is administered just outside the pleura. 6.
The needle is advanced into the lesion. All imaging
and needle placements should be performed with the
patient in the same phase of suspended respiration.

The sensitivity of TTNA biopsy for nodules ex-
ceeding 1 cm should be approximately 95% for ma-
lignancy while benign diagnoses are more problem-
atic with accuracies ranging from 16 to 91%. Core
needle biopsies have resulted in improved yields for
benign disease (12). On-site cytopathology support is
essential in improving diagnostic yield (13).

In accessing difficult lesions it is useful to be
aware of several additional maneuvers (14). It may
be preferable to approach a lesion at an angle other
than perpendicular to the “Z” axis. The CT gantries
can be angled 15-20 degrees in a cranial or caudal di-
mension. By angling the gantry, the path of the
needle can be visualized without the need to mentally
extrapolate over multiple axial sections (15). With
real time CT fluoroscopy, small lesions may be posi-
tioned under the needle tip while the needle is
extrapleural. Under fluoroscopic observation, the pa-
tient is instructed to suspend respiration when the
nodule moves into position under the needle. Access-
ing masses without traversing the pleura eliminates
the possibility of a pneumothorax. Creative ap-
proaches to central masses via extrapleural paths in-
clude the use of a preexisting pleural fluid collec-
tions, extrapleural paraspinal pathways (16),
extrapleural saline window (17,18) or transosseous
needle placement (19,20).

Following the procedure we obtain an immediate
PA chest radiograph and observe the patient in a re-
covery area for 1 hour. A second radiograph is ob-
tained at the end of the first hour. If both radiographs
are stable and the patient is asymptomatic, they
change into street clothes and are allowed to ambu-
late for 2 or 3 more hours and return for a final chest
radiograph 4 hours post procedure prior to discharge.

Complications
There are several well recognized complications

associated with TTNA biopsy (21). Pneumothorax is
the most common complication of transthoracic
needle aspiration biopsy and occurs in 20-30% of
cases. Autologous blood patch and post procedure bi-
opsy site dependent positioning may reduce the inci-
dence of pneumothoraces (22). While most pneu-
mothoraces are small and asymptomatic, enlarging or
symptomatic ones require small bore pleural catheter
management (23,24). We currently admit all our pa-
tients for a 23 hour “short stay” observation while
managing the chest tube. Other authors have sug-
gested a more aggressive approach to catheter man-
agement to include outpatient catheter management
(25,26,27). This should be based on local access to
healthcare facilities.

Hemoptysis is an alarming although almost al-
ways self-limited complication of needle biopsy that
occurs in 5% of patients. While fatalities are rare,
bleeding is the most commonly reported cause of
death from lung biopsies (1). In our experience,
bleeding is more common with the Franseen needle
than the Chiba needle, although the tissue samples
are generally better. The initial treatment for massive
hemoptysis is placing the biopsy site down to avoid
contaminating the contralateral lung. If severe bleed-
ing continues, bronchial embolization, balloon occlu-
sion of a segmental bronchus or surgical resection are
the remaining treatment options.

Air embolism is fortunately a rare complication of
TTNA procedures. The mechanism is air entry into a
pulmonary vein via the needle or a bronchoalveolo-
venous fistula. Treatment includes left lateral decu-
bitus positioning, supplemental oxygen and hyper-
baric therapy. Air embolism is often a fatal compli-
cation of TTNA and occurs in approximately 1 in
10,000 procedures.

Needle tract malignant contamination has been re-
ported experimentally in up to 60% of cases (28,29).
It is unclear whether cellular contamination will
eventually result in mature tumor masses. Currently
the long term survival for lung cancer is poor and
thus the impact of needle tract contamination is less
relevant. As more Stage I lesions are diagnosed and
biopsied, this issue will require further investigation.
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Objectives
 To discuss arterial and venous pulmonary vas-

cular anomalies, with particular attention to their
radiologic appearance and clinical significance.
Due to time limitations, topics will include some
but not all of the following entities.

Arterial Anomalies
Absence of the main pulmonary artery: Two

anatomic patterns predominate. In one type, there is
an atretic main pulmonary artery, but the right and
left pulmonary arteries persist; the pulmonary arter-
ies receive blood flow via a patent ductus arteriosus
(PDA). This pattern tends to present after birth, when
the patent ductus arteriosus closes, leaving the bron-
chial arteries as the sole pulmonary blood supply. As
the bronchial arteries are small and not functioning
well as collaterals at birth, closure of the PDA leads
to severe hypoxemia. The second type of absence of
the main pulmonary artery is a truncus arteriosus, in
which there is no anatomic remnant of the main pul-
monary artery. Pulmonary blood flow is derived
from a single great vessel that gives rise to both the
aorta and pulmonary artery. Aortic arch anomalies
are common, with a right arch present in approxi-
mately 40% of cases of truncus, and an interrupted
arch in 20%. VSD’s are frequent associations, and
are invariably present in cases of truncus arteriosus.
The chest radiograph demonstrates increased pulmo-
nary vascularity (shunt vascularity) and enlargement
of the cardiopericardial silhouette, with biventricular
enlargement. MRI may provide a helpful adjunct to
angiography and echocardiography. Features that
are important to ascertain include the presence of
associated VSDs and pulmonary arterial stenoses,
the presence of aortic interruption, the anatomy of
the coronary circulation (particularly in truncus ar-
teriosus, where a single coronary artery is present in
approximately 15% of cases), and the relationship
of the truncal valve to the mitral and tricuspid
valves.

Proximal interruption of the pulmonary ar-
tery: The hilar pulmonary artery is atretic, but the
vessels in the lung are patent. Blood supply to the
vasculature distal to the stenosis is supplied by
bronchial collaterals or a PDA. Interruption of the
right pulmonary artery is much more common than
interruption of the left. Proximal interruption of the
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right pulmonary artery is associated with pulmonary
arterial hypertension, and proximal interruption of the
left pulmonary artery is associated with congenital
heart disease, particularly tetrology of Fallot. Patients
with proximal interruption of the right pulmonary ar-
tery may be asymptomatic and present incidentally,
or may develop pulmonary arterial hypertension ei-
ther as children or adults. Patients with proximal in-
terruption of the left pulmonary artery usually present
in infancy due to the associated congenital heart dis-
ease. Patients may also present with hemoptysis due
to the massive bronchial collaterals. Radiographs re-
veal a small affected lung and hilum, and the lung
may be hyperlucent. The contralateral hilum is en-
larged. There may be rib notching and pleural thick-
ening from intercostal and transpleural collaterals.
Contrast-enhanced CT reveals an absent proximal ar-
tery and patent small intrapulmonary arteries. The
bronchial tree is normal. No air trapping is present
with expiration, a finding that helps distinguish this
entity from Swyer-James syndrome, with which it
may be confused.

Pulmonary sling: In this entity, the left pulmo-
nary artery arises anomalously off the right pulmo-
nary artery. The aberrant left pulmonary artery passes
to the right of the trachea and right mainstem bron-
chus, and then takes an abrupt left turn to pass be-
tween the trachea and the esophagus on its way to the
left lung. The apposition of the aberrant left pulmo-
nary artery and the right mainstem bronchus and tra-
chea are responsible for the airway obstruction for
which most patients present as infants. Lateral chest
radiographs reveal anterior deviation of the distal tra-
chea or mainstem bronchi, as well as absence of the
posterior wall of the bronchus intermedius. Barium
esophagrams demonstrate a mass impressing on the
anterior wall of the esophagus. Both CT and MRI are
diagnostic, and demonstrate the aberrant left pulmo-
nary artery coursing through the mediastinum to-
wards the left lung. There is a strong association with
tracheobronchial anomalies, including incomplete
septations of tracheal cartilage that result in a tracheal
stenosis (the so-called ring/sling complex). The tracheal
stenosis may cause significant respiratory distress that
is completely separate from the vascular sling.

Pulmonary arterial stenosis: Stenoses may affect
any portion of the pulmonary artery, from the level of
the pulmonic valve to the distal, peripheral branches.
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In patients with pulmonic valvular stenosis, the jet of
blood which flows through the stenotic valve is di-
rected through the main pulmonary artery into the left
pulmonary artery. The result is post-stenotic dilatation
of the main and left pulmonary arteries, with the right
pulmonary artery being of normal size. Peripheral pul-
monary arterial stenoses may be multiple and bilateral.
The chest radiograph most often demonstrates small
nodular opacities within the lungs which correspond to
foci of post-stenotic dilatation. Other radiographic find-
ings include enlargement of the right heart and central
pulmonary arteries secondary to cor pulmonale or re-
gional hyperlucency from oligemia. Associations with
peripheral pulmonary arterial stenoses include congeni-
tal rubella infection, Williams syndrome (hypercalce-
mia, mental retardation, elfin facies, supravalvular and
peripheral pulmonic arterial stenoses as well as steno-
ses of other vessels), congenital heart disease (particu-
larly tetrology of Fallot) and Ehlers-Danlos syndrome.

Venous Anomalies
Unilateral pulmonary venous atresia: Congeni-

tal unilateral pulmonary venous atresia is a rare con-
dition which usually presents in infancy due to asso-
ciated congenital heart disease, or may present in child-
hood or early adulthood with hemoptysis or recurrent
infections. The atresia is usually limited to the veno-
atrial junction. Chest radiographs reveal a small ipsi-
lateral hemithorax and hilum, as well as reticular
opacities and Kerley B lines within the lungs. We have
recently described the CT findings in 3 adults with
unilateral venous atresia (in press). The left atrial wall
is smooth in the expected location of the pulmonary
veins. Extensive pulmonic-to-systemic venous collat-
erals may result in increased mediastinal soft tissue
which may simulate an infiltrative process such as
fibrosing mediastinitis. The diagnosis is suggested on
MRI or angiography by the presence of retrograde
flow within the ipsilateral pulmonary artery due to
systemic-to-pulmonic collaterals. Definitive diagno-
sis is dependent on the angiographic demonstration
of absent pulmonary veins on levophase imaging or
nonopacification of the veins on capillary wedge
angiography.

Anomalous pulmonary venous return: Anoma-
lous pulmonary venous return refers to a form of a
left-to-right shunt, in which blood from the lungs en-
ters into the right heart or systemic veins rather than
the left atrium. Anomalous pulmonary venous return
may be total or partial. Total anomalous pulmonary
venous return usually presents in infancy either due
to cyanosis from necessary admixture through an
atrial septal defect or due to venous obstruction,
whereas partial anomalous pulmonary venous return
may be diagnosed incidentally or due to symptoms

from other associated cardiovascular anomalies (par-
ticularly a sinus venosus atrial septal defect, which is
present in approximately 85% ). Total anomalous pul-
monary venous return occurs in four forms: 1.) a
supracardiac form, in which the anomalous vessel con-
nects to a vena cava; 2.) a cardiac form, in which the a-
nomalous vessel connects directly to the right atrium or
the coronary sinus; 3.) an infracardiac/infradiaphragmatic
form, in which the anomalous vessel courses through
the esophageal hiatus and connects to a systemic vein,
usually the portal vein; 4.) a mixed form (the least com-
mon of the four). The infradiaphragmatic form is al-
ways associated with venous obstruction, partially as a
result of intrinsic stenosis of the anomalous vessel and
partially due to the fact that the entire pulmonary blood
flow has to course through the hepatic sinusoids. Partial
anomalous pulmonary venous return is more common
than the total form, and occurs 2 to 10 times more com-
monly on the right than the left. In partial anomalous
pulmonary venous return, the anomalous vein usually
connects to the nearest adjacent systemic vein or to the
right atrium. For example, the right upper lobe pulmo-
nary vein most often connects directly to the superior
vena cava. The chest radiograph in partial anomalous
pulmonary venous return is normal when the pulmo-
nary-to-systemic flow ratio is less than 2:1. The anoma-
lous vessel may also be radiographically apparent, par-
ticularly in the lower lobes. Hypogenetic lung syndrome
(scimitar syndrome) is a form of partial anomalous pul-
monary venous return which is discussed separately
(see below).

Venous varix: Varicosities of the pulmonary veins
are often acquired lesions, associated with mitral valvu-
lar disease. However, congenital pulmonary varicosi-
ties do exist. The lesions consist of abnormally dilated
and tortuous pulmonary veins, usually just before their
attachment to the left atrium. On the right, the inferior
pulmonary vein near the medial basilar segment is usu-
ally affected, whereas the lingular vein is most often in-
volved on the left. They are usually discovered inciden-
tally as round or oval homogeneous opacities in the
medial third of the lungs. The diagnosis is easily made
on contrast-enhanced CT or MRI.

Anomalies Affecting Both Arteries
and Veins

Hypogenetic lung syndrome (scimitar syn-
drome): Hypogenetic lung syndrome is characterized
by a constellation of findings that include: partial a-
nomalous pulmonary venous return from the right
lung, a hypoplastic right lung and right pulmonary ar-
tery, and systemic arterial supply to the right lung
(usually the right lower lobe). The term scimitar syn-
drome refers to the shape of the anomalous pulmonary
vein; the vein is gently curved as it courses inferiorly
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within the right lung, and thus resembles the shape of a
Turkish sword, or scimitar. The vein usually drains into
the inferior vena cava below the right hemidiaphragm.
Other abnormalities associated with the syndrome in-
clude bronchiectasis, mirror image bronchial anatomy
(usually bilateral bilobed lungs), duplicated diaphragm,
and cardiovascular anomalies. Of note, whereas there is
a very strong association between other forms of partial
anomalous pulmonary venous return and sinus venosus
atrial septal defects, only approximately 15% of pa-
tients with scimitar syndrome have a sinus venosus
ASD.

Pulmonary arteriovenous malformations (AVM):
A pulmonary arteriovenous malformation is an abnor-
mal communication between one or more pulmonary
arteries and pulmonary veins. The lesions usually pres-
ent in the third decade of life with hemoptysis, para-
doxical emboli, cyanosis, or orthodeoxia. There is a
strong association with Osler-Weber-Rendu; 60-90% of
patients with pulmonary AVMs have the disease, and
15% of patients with Osler-Weber-Rendu have pulmo-
nary AVMs. AVMs most commonly appear as a lobu-
lated parenchymal mass with a large feeding artery and
draining vein. They are more common in the lower
lobes than the upper lobes, and are multiple in one-
third of cases. Diagnosis may be made on CT, which
delineates the feeding artery and draining vein commu-
nicating with a well circumscribed homogeneous nod-
ule. Volumetric spiral CT is helpful in depicting the le-
sions via multiplanar reformations as well as maximum
intensity projection (MIP) reconstructions. However,
most patients undergo pulmonary angiography to con-
firm the diagnosis and to treat larger lesions with coil
embolization.

Systemic Supply to the Lungs
Bronchopulmonary sequestration: A bronchopul-

monary sequestration is a congenital abnormality in
which a portion of the lung parenchyma is separated
from the tracheobronchial tree and is supplied by a sys-
temic artery. There are two forms: 1.) an intralobar va-
riety, which accounts for 75% of sequestrations, and
which is contained by the same visceral pleura as the
remainder of the lung 2.) an extralobar variety which is
contained by its own visceral pleural envelope. Both
types of sequestration are more common within the
lower lobes, left greater than right. Intralobar sequestra-
tions usually present with recurrent infections, whereas
extralobar sequestrations themselves are usually asymp-
tomatic, but are discovered incidentally during the
work-up of one of the other congenital anomalies with
which they are associated (such as diaphragmatic her-
nias and congenital heart disease). Radiographic find-
ings include a persistent opacity, either homogeneous
or heterogeneous, within a posteromedial lower lobe.

Occasionally, a tubular opacity representing a focus of
mucoid impaction or the aberrant systemic artery will
be radiographically evident. On CT, the parenchyma
within the sequestration is abnormal, and may demon-
strate consolidation, cysts, regions of air trapping, or all
of the above. Contrast-enhanced CT may be required to
delineate the aberrant systemic vessel. Some investiga-
tors have suggested that intralobar sequestrations may
be acquired rather than congenital abnormalities; they
believe that the inciting event is an acquired focal bron-
chial obstruction, with subsequent parasitization and re-
cruitment of adjacent systemic arteries to supply the ab-
normal lung. However, cases of intralobar sequestration
have been reported in utero and at birth, and it is likely
that at least some of the intralobar sequestrations are in-
deed congenital.

Systemic arterial supply to normal lung: This is a
rare entity in which a systemic artery supplies other-
wise normal lung; unlike in the case of bronchopulmo-
nary sequestration, in this situation the parenchyma
supplied by the systemic artery is normal and commu-
nicates normally with the tracheobronchial tree. The
systemic artery usually replaces the normal pulmonary
artery to the region supplied. The parenchyma is then
drained by normal pulmonary veins. The left lower
lobe is most often affected. Patients may present with
hemoptysis or congestive heart failure due to the high
pressure blood flow to a region of very low vascular re-
sistance. Radiographs may depict the large systemic
vessel as a tubular or oval opacity. The diagnosis may
be made on CT when absence of the left lower lobe
pulmonary artery is seen in conjunction with normal
bronchial anatomy and a large systemic artery arising
off the descending aorta.
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Objective
 The purpose of this workshop is to illustrate the

spectrum of radiographic findings of lobar atelectasis
and to correlate the radiographic findings with the CT
findings.

Take-Home Points: The characteristic radiographic
and CT findings of lobar atelectasis are well known.
However, lobar atelectasis is a dynamic process, and
atypical presentations may occur due to a number of
different causes. After this workshop, the audience
shall be familiar with radiographic and CT findings of

Lobar Atelectasis: Radiographic-CT
Correlation
Kyung Soo Lee, MD
Department of Radiology, Samsung Medical Center,
Sungkyunkwan University School of Medicine, Seoul, Korea

typical and atypical form of lobar atelectasis.

Right Upper Lobar Atelectasis
Right upper lobe (RUL) atelectasis results in

overinflation of the right middle lobe and shift of the
minor fissure superiorly and medially. It also results
in compensatory overinflation of the right lower lobe
(RLL) with shift of the major fissure anteriorly, supe-
riorly and medially. The Golden’s S sign denotes a cen-
trally located mass with associated lobar atelectasis. The
mass should be large enough to be borderforming with
the adjacent hyperexpanded lung. With complete at-
electasis, the RUL is either pancaked medially, simu-
lating mediastinal widening or a mediastinal mass, or
superiorly simulating an apical pleural cap.

On the lateral chest radiograph, an ill-defined opac-
ity anterior to the trachea and obliteration of the ante-
rior margin of the ascending aorta may sometimes be
the only findings [1-3] (Fig. 1).

The minor fissure changes its position more dra-
matically than does the major fissure. With elevation
of the minor fissure, the middle lobe shifts up later-
ally alongside the atelectatic upper lobe. On CT, the
middle and upper lobes can be seen side-by-side an-
terior to the major fissure with the superior segment
of the lower lobe posterior to the fissure. The major
fissure maintains its previous contour, whether straight,
concave, or convex [4-7].

Left Upper Lobar Atelectasis
With LUL atelectasis, the direction of movement

is anterosuperior rather than directly superior as in

Fig.1. RUL atelectasis in progress

A B

Table 1. Ancillary Radiographic Findings of Atelectasis of Right Upper Lobe

Fissural
   Reorientation

Elevated right minor fissure on PA radiograph, minor and major fissure marginate
atelectatic lobe on lateral view

Hilum Elevated to or above left hilum

Mediastinum Tracheal deviation to ipsilateral side, mediastinal shift is less prominent than with lower
lobe atelectasis

Diaphragm Elevated, diaphragmatic tenting

Bronchus Lateral position of bronchus intermedius on PA radiograph, larger lumen of RUL
bronchus due to horizontal reorientation on lateral view
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RUL atelectasis. The left pulmonary artery, which
courses over the left main bronchus, restrains the
bronchus and limits the superior migration of the
atelectatic lobe [8]. For this reason, the superior seg-
ment of the LLL expands upward toward the apex of
the left hemithorax. Therefore atelectasis of the left
upper lobe is associated with increased opacity in the
suprahilar region on the PA radiograph. As atelectasis
progresses, it leads to increased opacity with poorly
defined margins in the perihilar region.

On the lateral radiograph, the lateral portion of the
major fissure is displaced forward and is placed tan-
gentially resulting in a sharp interface (Fig. 2).

On CT scans, the atelectatic LUL forms a homo-
geneous opacity based on the anterior chest wall and
the mediastinum. The posterior margin has a V-shaped
contour from the lung apex to the hilum, where the
apex of the V merges with the hilar vessels and bron-
chi. It is these hilar structures, which are relatively
fixed in position, that tether the major fissure into the
V-shape. The superior segment of the LLL is pulled
forward along both the medial and lateral limbs of
the V. The part of the superior segment that follows
the medial limb forms a tongue of lung between the
mediastinum and the atelectatic LUL. This tongue is
visible on PA radiographs and has been called the
Luftsichel (air-crescent) or periaortic lucency [7]. Less
commonly, the major fissure may have a straight bor-
der rather than a V-shaped contour.

Occasionally the atelectatic lobe may have sharp
margins on the PA radiograph simulating a hilar mass.
With marked LUL atelectasis, the contour of the major
fissure interface may appear continuous with that of
the normal epipericardial fat on the lateral radiograph.

Right Middle Lobar Atelectasis
As the RML loses volume, the minor and major

fissures move toward each other in an inferomedial
and superomedial direction, respectively. The RML
thus assumes an oblique orientation and on the PA

radiograph results in a poorly defined increased opac-
ity that obscures the right heart border. In general, the
greater the atelectasis and the greater the reorientation
of the RML, the more difficult it is to recognize the at-
electasis on PA radiograph. On the lateral view, RML
atelectasis is seen as a triangular opacity marginated
superiorly by the minor fissure and inferiorly by the
major fissure. The apex of the triangle is in the hilar
area, and the base is located peripherally (Fig. 3).

Fig.2. LUL atelectasis in progress

A B

Fig.3. RML atelectasis in progress

A B

Table 2. Ancillary Radiographic Findings of Atelectasis of Left Upper Lobe

Fissural
   Reorientation

Anterior displacement of major fissure on lateral radiograph

Hilum Elevation of left hilum both on PA and lateral radiograph

Mediastinum Anterior right lung herniation, producing prominent anterior margin of ascending aorta
on lateral view

Diaphragm Elevation with peak-like contour

Bronchus Transverse orientation of left main bronchus resulting in enlarged orifice of LUL
bronchus on lateral radiograph
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On CT scans, the RML is triangular or trapezoidal.
Its posterior border, demarcated by the major fissure,
is usually well defined because the major fissure crosses
the scan plane almost perpendicularly. On the other
hand, the interface between RML and RUL is often
less distinct because of the dome-shaped contour of
the minor fissure.

Lower Lobar Atelectasis
As the lower lobes become atelectatic, the lateral

portion of the major fissure moves posteriorly toward
the costophrenic angle and may be well delineated on
the lateral radiograph. The medial portion of the ma-

jor fissure relates to the mediastinal wedge of pulmo-
nary attachment. The wedge is frequently difficult to
detect on the lateral radiograph except for a slight
area of increased opacity extending from the poste-
rior costophrenic angle toward the hilum. On PA ra-
diographs, the lateral margin of the lobe may be ill-
or well-defined, depending on whether or not the ad-
jacent hyperexpanded lung has placed the fissural
edge of the lower lobe tangential to the x-ray beam.

 If marked atelectasis of the RLL has occurred,
the triangular-shaped opacity may be difficult to de-
tect through the mediastinum because of its small
size. In LLL atelectasis, the involved lobe may ap-
pear as a left paraspinal mass instead of the more
characteristic triangular shape with the apex at the
hilum and the base at the left hemidiaphragm. The
appearance of lower lobar atelectasis as a paraspinal
mass is believed to result from incomplete attach-
ment of the inferior pulmonary ligament to the
hemidiaphragm [9] (Figs. 4 and 5) (Table 4).

 On CT scans, the lower lobes lose volume in a
posteromedial direction, pulling down the major fis-
sure. The lateral portion of this fissure demonstrates
a greater degree of mobility, because the medial por-
tion is fixed to the mediastinum by the hilar struc-
tures and the inferior pulmonary ligament.

Fig.4. RLL atelectasis in progress

A B

Table 3. Ancillary Radiographic Findings of Atelectasis of Right Middle Lobe

Fissural
   Reorientation

Inferomedial and superomedial displacement of minor and major fissures, respectively

Hilum No change in size and position

Mediastinum Lack of major mediastinal shift

Diaphragm Elevated anteriorly

Bronchus Air bronchogram of RML bronchi on PA and lateral views

Table 4. Ancillary Radiographic Findings of Lower Lobe Atelectasis

Fissural
   Reorientation

Inferoposterior displacement of both major and minor fissures

Hilum Downward displacement, small size

Mediastinum Obliteration of IVC and descending aorta shadow with RLL and LLL atelectasis,
respectively

Diaphragm Portions of each hemidiaphragm that abuts atelectatic lower lobe may be obscured

Bronchus Vertical orientation of lower lobar bronchus in PA radiograph; posterior and downward
displacement of ipsilateral upper lobar bronchus on lateral radiograph
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Combined Lobar Atelectasis

Combined Atelectasis of the Right Middle and
Lower Lobes

Because the bronchus intermedius is the common
pathway to the right middle and lower lobes, a single
localized lesion involving the bronchus intermedius
gives rise to combined atelectasis of these lobes. The
bronchus can be obstructed with a tumor, a foreign
body, a mucous plug, or an inflammatory stricture [10].

On the PA radiograph, the atelectatic RLL ob-
scures the right hemidiaphragm, whereas the atelec-
tatic right middle lobe obscures the right cardiac bor-
der. Depression of both the major and minor fissures
is present, the depression being most marked later-
ally. The fissures cross over each other; the major fis-
sure assumes more vertical orientation than the minor
fissure. However, both the right minor and major fis-
sures are usually obscured within mediastinal
shadow. Therefore, visualization of the right minor
fissure should suggest the diagnosis of isolated atel-
ectasis of the right lower lobe. Occasionally, the fis-
sures may be seen as crossing double interface in
close approximation on PA radiograph. On the lateral
view, increased opacity is present throughout the
lower part of the chest (Fig. 6) (Table 5).

On CT scans, the atelectatic RML and RLL oc-
cupy the lower hemithorax and abut the right cardiac
border medially and the right hemidiaphragm inferi-
orly. The right major and minor fissures border the
posterior and anterior margins of the atelectatic lobes,
respectively. Complete combined RML and RLL at-
electasis can be difficult to detect on PA and lateral
radiographs. The diagnosis should be suspected in
patients with a small right hilum and an apparently
oligemic right lung which represents the hyperex-
panded RUL.

Combined Atelectasis of the Right Upper and
Middle Lobes

For combined atelectasis of the RUL and RML to
occur, the bronchi of both lobes must be narrowed or

occluded by a single or two separate lesions while the
bronchus intermedius remains patent, thus allowing
the RLL to remain expanded. Combined atelectasis
of the RUL and RML occurs most frequently in pa-
tients with bronchogenic carcinoma, in which the pri-
mary tumor can obstruct one bronchus and cause the
other bronchus to be obstructed by direct extension
through the lung parenchyma or peribronchial sheath
or by lymphadenopathy [10].

On the PA radiograph, the atelectatic RUL and
RML form an opacity that obscures the outline of the
mediastinum and fades laterally. Combined atelecta-
sis of the RUL and RML can lead to cephalad and
lateral displacement and rotation of the hilar vessels.

Fig.5. LLL atelectasis in progress

A B

Fig.6. Combined RML and RLL atelectasis in progress

A B

Table 5. Ancillary Radiographic Findings of Combined Right Middle and Lower Lobe Atelectasis

Fissural
   Reorientation

Depression of both major and minor fissures, most marked laterally; right minor
fissure is usually obscured within mediastinal shadow

Hilum Small and depressed right hilum; decreased vascularity of hyperexpanded RUL
compared with normal left lung

Mediastinum Increased density in retrocardiac right lower lung zone due to atelectatic lobes

Diaphragm Obliterated right hemidiaphragm due to atelectatic lobes, especially in lateral view

Bronchus Medial displacement of bronchus intermedius
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The silhouettes of the ascending aorta and the right
atrium are usually obscured. On the lateral view, the
major fissure can be seen displaced anteriorly. The
relative proximity of the major fissure to the anterior
chest wall is dependent on the degree of atelectasis of
the RUL and RML. The radiographic findings of
combined atelectasis of the RUL and RML are simi-
lar to those of LUL atelectasis [10] (Fig. 7) (Table 6).

On CT scan, the atelectatic RUL and RML cause a
wedge-shaped area of soft-tissue attenuation abutting
the chest wall anteriorly and the ascending aorta and
right cardiac border medially. This wedge-shaped
opacification extends inferiorly to the level of the
right atrium. The major fissure is displaced anteriorly,
and the hyperexpanded lower lobe fills most of the
right hemithorax.

Combined Atelectasis of the Right Upper and
Lower Lobes

Combined atelectasis of the RUL and RLL is rare.
It may be due to mucous plugs occurring simulta-
neously in the bronchi of the RUL and RLL. The ra-
diographic findings of combined atelectasis of RUL
and RLL are similar to those of isolated atelectasis of
either lobe. Upper lobe atelectasis leads to elevation
of the minor fissure, whereas lower lobe atelectasis
leads to downward and medial shift of the major fis-

sure. On CT scans, the minor fissure is higher than
normal because of the atelectasis of the RUL and
more posterior than normal because of the atelectasis
of the RLL. The middle lobe is overinflated [10].

Peripheral Lobar Atelectasis
Franken and Klatte [11] described the radiographic

findings of what they called “atypical (peripheral)
right upper lobe atelectasis”, mimicking apical pleu-
ral effusion. In this type of atelectasis of the RUL, the
atelectatic lobe continues to lie adjacent to the lateral
chest wall. The dense portion of the atelectatic lobe is
sharply marginated medially. On CT in this form of
atelectasis, the RML expands upward in front of the
atelectatic RUL with the minor fissure adopting an al-
most coronal orientation. The superior segment of the
RLL herniates upward posterior and medial to the
atelectatic RUL with the major fissure being reposi-
tioned to a more parasagittal orientation superiorly,
presenting itself as a radiographic interface on the PA
projection [11-13]. The herniated superior segment of
RLL forms the so-called Luftsichel (air crescent) me-
dial to the atelectatic lobe. Recently two cases of pe-
ripheral atelectasis of left upper lobe, caused by bron-
chogenic carcinoma, have also been reported [13].

Migrating Lobar Atelectasis
A very heavy lobe, filled with fluid, chronic pneu-

monia, or a tumor, may migrate in the hemithorax
with change in body position adopting a dependent
position. Heavy lobes and pedunculated benign fi-
brous tumors of the pleura are the two likely causes
of a large migrating chest density [10, 14]. Migrating
atelectasis usually involves a single lobe (usually
RUL), however it has also been described with com-
bined RUL and RML atelectasis [15]. Migratory lo-
bar atelectasis should be distinguished from lung tor-
sion. Lobar migration is mainly a shifting process
within the hemithorax, while lobar torsion is a rota-
tory or twisting process around its pedicle (broncho-
vascular bundle). Lobar migration has been regarded

Fig.7. Combined RUL and RML atelectasis in progress

A B

Table 6. Ancillary Radiographic Findings of Combined Right Upper and Middle Lobe Atelectasis

Fissural
   Reorientation

Major fissure is be displaced anteriorly

Hilum Cephalad and lateral displacement and rotation of hilar vessels

Mediastinum Obscured outline medially and fades laterally

Diaphragm Elevated with tenting

Bronchus Obliterated bronchus intermedius due to tumor or mucus
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to indicate a lobar torsion [16]. Some degree of tor-
sion may be associated with lobar migration. How-
ever, on CT, twisted or obliterated bronchovascular
bundles due to torsion are not usually seen in patients
with lobar migration. Patients with lobar migration
usually have no symptoms as in those with spontane-
ous lobar torsion, but differently from those with
postoperative or posttraumatic torsion [15].

Rounded Atelectasis
Rounded atelectasis is a form of peripheral pulmo-

nary volume loss. Rounded atelectasis is hypoth-
esized to be due to contraction of a focus of visceral
pleural fibrosis that results in buckling of the pleura
and atelectasis of underlying lung parenchyma [17].
It usually results in volume loss of part of a lobe un-
related to the segmental anatomy. Rounded atelecta-
sis usually presents as a mass that may simulate a
pulmonary neoplasm on chest radiograph. The CT
criteria for the diagnosis of rounded atelectasis in-
clude (1) a rounded or oval mass abutting a pleural
surface, (2) vessels and bronchi curving into the
mass, and (3) associated pleural thickening with or
without calcification [18]. Although rounded atelec-
tasis is usually confined to a small portion of lung,
occasionally it may involve the entire lobe and simu-
late a large mass.
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Objectives
 To describe and demonstrate the CT appearance

of common cardiac abnormalities; the various pulmo-
nary vascular patterns; complications of cardiac sur-
gery; and primary and metastatic tumor to the heart.

Introduction
In the everyday practice of chest CT, one com-

monly encounters various cardiac findings that may
not be recognized or fully understood. These may
have been intentionally sought after or completely
unsuspected. It is not the purpose of this lecture to try
to describe the specialized techniques used to image
the heart by CT, but rather to address those entities
which one may encounter during the performance of
routine chest CT.

Cardiac Calcification
Calcium may be seen in a number of locations in the

heart. Most common of all is coronary calcium, which
as has been extensively discussed, is indicative of ath-
erosclerosis. Because CT is so sensitive to its presence,
the specificity for significant obstruction is diminished
compared to less sensitive techniques such as fluoros-
copy unless one quantitates the amount of calcium.

Calcium in the mitral anulus is a common finding
in elderly individuals and is generally of no clinical
significance although it is occasionally associated
with floppy mitral valve and mitral regurgitation.
There are also a few case reports of massive mitral
anular calcium interfering with mitral valve opening
resulting in mitral stenosis. Mitral anular calcium is
usually very dense and forms an incomplete ring
around the mitral valve since there is no anulus
where the mitral and aortic valves meet.

Calcium in the aortic valve should raise the suspi-
cion of aortic valve stenosis. As with coronary cal-
cium, the increased sensitivity of CT for calcium
makes its presence less specific for aortic stenosis
than when seen on chest radiographs. Unlike with the
mitral valve, there is no true aortic valve anulus, so
anular calcium is not a consideration. Thin, curvilin-
ear calcium in the sinuses does not necessarily indi-

Recognition and Evaluation of
Abnormal Cardiac Findings on
Chest CT
Curtis E. Green, MD
Medical Center Hospital of Vermont
University of Vermont College of Medicine

cate aortic stenosis, especially in elderly individuals.
Calcium in the left ventricular wall results from

previous myocardial infarction and does not neces-
sarily indicate either ventricular aneurysm or throm-
bus, although either could be present. The main dif-
ferential diagnosis is pericardial calcium. If the cal-
cium extends onto the right ventricle or left atrium, it
is pericardial in location. Focal pericardial calcium
over the left ventricle may be difficult to distinguish
from myocardial calcium, but identification of the
pericardium as a separate structure usually allows the
distinction to be made. Ventricular calcium is usually
curvilinear, but is occasionally amorphous.

Chamber Analysis
There are, unfortunately, no hard and fast guide-

lines for determining whether or not a specific car-
diac chamber is normal in size or thickness. Part of
the problem lies in the inherent limitations of CT, pri-
marily that the transverse imaging plane does not
usually correspond to the long or short axis of the
heart and that the relatively long exposure times aver-
age cardiac motion. The result of the latter is that one
can never be sure which phase of the cardiac cycle
has been imaged on a given slice. Since both cham-
ber size and ventricular wall thickness vary signifi-
cantly during the cardiac cycle this poses a real prob-
lem. So, even if one assumes that the normal
echocardiographic dimensions can be translated to
CT studies, one cannot be certain that the measure-
ments from the CT scan correlate with what one
would find on a cardiac echo. At echo, normal short
axis end diastolic LV diameter is 5.6 cm and normal
anteroposterior LA diameter is 4.5 cm. One can say
that a given chamber will likely be no smaller than
measured, but it is difficult to be certain that the
chamber is not in fact larger than apparent. Global
cardiac size and CT ratio can certainly be evaluated
more accurately with CT than with chest radiographs,
but are subject to many of the same limitations. Both
are affected by skeletal anomalies such as narrow AP
thoracic diameter and pectus excavatum deformity,
and by inspiratory effort. At least one should not be
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confused by prominent pericardial fat imitating cardi-
omegaly as it frequently does on chest radiographs.
Unfortunately the bottom line is that one mostly has
to fall back on experience with what are normal
chamber sizes and whether the venae cavae and azy-
gous vein are distended.

All of these limitations should not keep one, how-
ever, from carefully looking for morphologic abnor-
malities since even routine CT may pick up ventricu-
lar aneurysms and thrombus as well as atrial clots
and tumors. Ventricular aneurysms will usually be
readily apparent when located anteriorly or laterally,
but may be very difficult to recognize when inferior.
Remember that anterior ventricular aneurysms are al-
ways true aneurysms, but inferior and posterior aneu-
rysms may be either true aneurysms or pseudo-
aneurysms. Clots are more common in the LV than
RV and usually “line” the cavity wall although they
may protrude into the lumen. The latter have a higher
likelihood of embolizing. Clots in the RV usually
arise from the peripheral veins or are tumor thrombi.
Intracavitary atrial tumor and clot may be difficult to
distinguish. In general one will not see left atrial
thrombus in the absence of obvious atrial enlarge-
ment. Right atrial thrombus may be continuous with
clot from the inferior vena cava.

Tumor involvement of the heart can be either pri-
mary or secondary (metastatic), the latter being much
more common. The most common primary benign
tumors of the heart are the myxoma (intracavitary)
and the rhabdomyoma (myocardial). Myxomas are
most frequently found in the left atrium followed by
the right atrium and right ventricle. They may be
multiple. Most are relatively smooth and attached to
the atrial septum. The frequently calcify, especially
those in the right atrium. Rhabdomyomas cause ei-
ther focal or diffuse left ventricular wall thickening.
These are usually discovered in childhood and have
an increased incidence in patients with tuberous scle-
rosis. Rhabdomyosarcoma is the most common pri-
mary cardiac malignancy.

Most cardiac tumor involvement is metastatic.
Lung and breast are the most commonly encountered
tumors owing to their high prevalence. Melanoma
and lymphoma have the highest incidence of cardiac
metastases, however. Most metastases involve the
epicardium (parietal pericardium) and cause pericar-
dial effusion as their primary finding. Deep myocar-
dial invasion is occasionally seen, although much
easier to recognize on MR scans than on CT scans.
Mediastinal tumor involvement, especially from lung
carcinoma, may compress the left atrium and pulmo-
nary veins causing pulmonary edema. Lung carci-
noma may also directly invade the pulmonary veins,

even extending into the left atrium. Lung and medias-
tinal tumors occasionally directly invade the heart.

Pulmonary Vascular Patterns
This discussion will be limited to the three most

common pulmonary vascular patterns and not address
decreased pulmonary blood flow or systemic to pul-
monary collateral flow.

Pulmonary venous hypertension (PVH) is usually
caused by elevation of left atrial pressure and is char-
acterized hemodynamically by an elevated pulmonary
capillary wedge pressure. On chest radiographs this is
manifest initially as redistribution of pulmonary blood
flow to the non-dependent lung zones (apices in the
upright patient) followed by interstitial and then alveo-
lar edema. On CT one sees similar findings although
CT is considerably more sensitive than plain films. Be-
cause the patient is usually supine for chest CT, “redis-
tribution” will result in prominence of the anterior
(non-dependent) pulmonary vessels. As the patient de-
velops interstitial edema one begins to see subpleural
edema and ground glass opacity, the former appearing
as smooth thickening of the fissures, peribroncho-
vascular bundles and interlobular septa. Pleural effu-
sions may also develop. Alveolar edema results in air-
space consolidation. One usually sees a combination
of findings with the worst involvement in dependent
lung zones unless there is extensive underlying pulmo-
nary disease, especially emphysema.

Pulmonary overcirculation (colloquially referred to
as “shunt” vascularity) most frequently results from
left-to-right cardiac shunts or chronic systemic volume
overload states such as severe anemia. The most com-
mon shunt by far in the adult is the atrial septal defect
(ASD). Partial anomalous pulmonary venous return
(PAPVR), with or without associated ASD, is next
most common. Patent ductus arteriosus, partial persis-
tent atrioventricular canal and ventricular septal defect
are rare in adults. With the exception of PAPVR, one is
unlikely to make a specific diagnosis, but the CT find-
ings often allow one to suggest the underlying physiol-
ogy and recommend echocardiography for further
evaluation. The key finding is that all of the pulmo-
nary vessels are too big. This is easiest to recognize
centrally, but analysis of the peripheral vessels is criti-
cal in distinguishing overcirculation from pulmonary
arterial (precapillary) hypertension.

Pulmonary arterial hypertension (PAH) can result
from backup of pressure from PVH (post capillary) or
increased resistance in the pulmonary arterioles (pre-
capillary). In the former case one will see the typical
findings of PVH, and if the central vessels are enlarged
the diagnosis should be mitral stenosis since most
other causes of PVH do not result in chronic enough



254

S
u

n
d

a
y

elevation of pulmonary artery pressure to result in en-
largement of the pulmonary trunk. In the case of pre-
capillary pulmonary arterial hypertension, the key CT
findings are enlargement of the pulmonary trunk and
right and left main pulmonary arteries. This has been
looked at in some detail and as it turns out one can di-
agnose PAH at CT with good specificity and moderate
sensitivity. A recent study by Ng and colleagues1

looked at the ratio of the diameter of the ascending
aorta to that of the main pulmonary artery (pulmonary
trunk) and main pulmonary artery diameter. They
found that in patients under 50 years of age an Ao/PA
ratio > 1 was the better predictor of PAH with a sensi-
tivity of 70% and specificity of 92% for predicting a
mean pulmonary artery pressure of >20 mm Hg. The
positive and negative predictive values were 96% and
52% respectively. This was independent of body sur-
face area. In older patients absolute PA diameter corre-
lated better with PA pressure but was dependent on
body surface area to some extent. Although other stud-
ies have found less solid correlation, it has been a con-
sistent finding that there was some correlation between
the size of the main PA and pulmonary arterial pres-
sure. Because of the low sensitivity, however, one can
never use a normal Ao/PA ratio or main PA diameter to
exclude PAH.

Coronary Artery Abnormalities
In addition to identifying coronary calcium as a

marker of coronary atherosclerosis, CT is occasionally
useful for the identification of other coronary artery
abnormalities. These include congenital anomalies of
origin, native coronary aneurysms and coronary by-
pass graft aneurysms.

The most important congenital coronary anomaly is
aberrant origin of either the left main coronary artery
or the left anterior descending coronary artery from the
right coronary artery. Thin sections through the aortic
root on contrast enhanced scans will frequently dem-
onstrate the left main or anterior descending arising
from the right sinus of Valsalva and coursing to the an-
terior interventricular groove. Passage of the artery an-
terior to the pulmonary trunk is benign. Passage be-
tween the aorta and main PA, however, is associated
with angina and sudden death. The most common cor-
onary anomaly, aberrant origin of the left circumflex
coronary from the right coronary, is almost always be-
nign.

Aneurysms of the coronary arteries may be recog-
nizable when either large and proximal, or calcified.
These may be either atherosclerotic in origin or associ-
ated with Kawasaki’s disease. Aneurysms may also
form in saphenous vein coronary grafts. These may be
saccular or fusiform and frequently calcify and fill

with thrombus. Knowledge of the normal course of
vein grafts helps in recognition and allows one to sug-
gest which graft is involved. Anterior descending
grafts usually come off the front of the ascending aorta
several centimeters above the aortic valve. Right coro-
nary grafts typically arise from the right side of the
aorta fairly near the sinus of Valsalva. Grafts to the left
circumflex branches are usually above and slightly pos-
terior to the right coronary grafts and course posteriorly.

Tetralogy of Fallot
The success of surgical repair of tetralogy of Fallot

has resulted in a fairly large number of adults with a
reasonably normal life span. Most of these will not
have any remarkable CT findings although aneurysmal
dilatation of the right ventricular outflow tract may de-
velop, mostly in patients with pulmonary artery branch
stenosis. Those patients with the severest form of te-
tralogy, pulmonary atresia with ventricular septal de-
fect, are prone to a number of long-term complications
and may come to CT for a number of reasons. The
complete repair consists of closure of the VSD and re-
construction of the pulmonary outflow tract and main
pulmonary artery with either a composite graft or aor-
tic homograft in the pulmonary position. The compos-
ite grafts consist of a dacron tube with a prosthetic
valve in its mid-portion. The valve will be consider-
ably higher than the native pulmonary valve would be.
The graft may calcify or be narrowed by clot. Stenoses
may occur in the proximal portions of the right and left
main pulmonary arteries. Aortic homografts have a
tendency to early calcification, especially in children.
Patients with this type of repair may develop right
heart failure and tricuspid regurgitation resulting in en-
largement of the right atrium, right ventricle and infe-
rior vena cava. A universal finding is enlargement of
the ascending aorta, but is expected and not abnormal
unless a frank aneurysm develops. One may also see
calcium in the ventricular septal patch. Preoperatively,
systemic-to-pulmonary artery collaterals supplied the
lungs. These are usually occluded surgically or by
coils, but some may remain patent after successful op-
erative repair. They can arise from the descending
aorta or great vessels.

Conclusion
Although cardiac diseases seem to remain a mys-

tery to the average radiologist, there are many com-
mon abnormalities that can be readily recognized on
routine CT scans and require no great feats of mental
gymnastics to understand. The first step, however, is
to regard the heart as more than a spacer between the
lungs.
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Objectives
The objectives of this presentation are to:
1. Review a radiological scheme for the bound-

aries of the anterior mediastinum.
2. Discuss the differential diagnosis for masses of

the anterior mediastinum.
3. Review the clinical and imaging features of

various anterior mediastinal lesions.

Introduction
Benjamin Felson devised a practical scheme for

division of the mediastinal compartments based on
the lateral chest radiograph. One draws a vertical line
along the anterior border of the trachea and posterior
border of the heart to the diaphragm and a second
vertical line 1 cm posterior to the anterior border of
the vertebral bodies. A mass is considered to be within
the anterior mediastinum if its center is anterior to the
first line, within the middle mediastinum if it lies be-
tween the two lines and within the posterior mediasti-
num if the center is located posterior to the second
line. Notice that in this conception masses overlying
the heart shadow are considered to be within the ante-
rior mediastinum unlike that of Fraser and Pare.

In this presentation we will discuss the clinical and
imaging features of anterior mediastinal masses.
Much of the time the differential diagnosis for a tu-
mor at a particular location can be deduced by simply
asking the question “What lives there?” This is espe-
cially true of the anterior mediastinum. Therefore, we
will discuss masses originating from the thyroid
gland, thymus, lymphatic tissue and germ cell rests.

Thyroid Masses
Thyroid masses are located at the thoracic inlet

and a typical characteristic is lateral or posterior de-
viation of the trachea. Thyroid goiters that extend
downward into the mediastinum usually extend to the
anterior mediastinum but can extend into the middle
mediastinum and even posterior to the trachea. On
CT a mass can be assumed to be of thyroid origin if it
is connected to the cervical thyroid. With benign goi-
ter portions of the mass will also be of high attenua-
tion (due to the iodine content) and there is marked
and prolonged enhancement as in the normal thyroid
gland. Thyroid goiters may also appear inhomoge-
neous with cystic regions and contain punctate or
curvilinear calcifications. Thyroid cancer can be in-
distinguishable from goiter but CT signs that suggest

Anterior Mediastinal Masses
Pierre D. Maldjian, MD

malignancy include: marked irregularity of the gland
contour, loss of mediastinal fascial planes, encasement
of vessels and cervical or mediastinal adenopathy.

Thymic Lesions
Thymomas arise from thymic epithelial cells. Pa-

tients are usually greater than 40 years of age. Fifty
percent of patients have a paraneoplastic syndrome
most commonly myasthenia gravis. It is the presence
of spread of the tumor beyond the thymic capsule
rather than the histologic appearance that determines
malignancy. Therefore, on CT we attempt to classify
these tumors as invasive or noninvasive. On CT a
thymoma presents as a focal mass in the region of the
thymus and calcification is not uncommon. CT find-
ings suggestive of invasion are: irregular tumor mar-
gins or invasion of mediastinal fat, invasion or en-
casement of vessels, irregular interfaces with lung tis-
sue, extension of the mass across the midline and
drop metastases to the pleura or pericardium. Thymo-
mas rarely metastasize outside of the thorax.

There are two forms of thymic hyperplasia. True
thymic hyperplasia is hyperplasia of the cortex and
medulla and can be associated with Grave’s disease,
thyrotoxicosis, acromegaly and thymic rebound hy-
perplasia. On CT there is diffuse enlargement of the
thymus but the overall shape is preserved. Thymic
lymphoid hyperplasia occurs from proliferation of
the medullary B-cell lymphoid follicles. This type of
hyperplasia is strongly associated with myasthenia
gravis and is the most common thymic abnormality
associated with this disease. On CT the thymus may
appear normal or diffusely enlarged.

Thymic cysts may be congenital or acquired. Ac-
quired thymic cysts can result from inflammation of
the thymus, cystic degeneration of the thymus or neo-
plastic involvement of the thymus. A thymic cystic
mass can result from treatment of Hodgkin’s lym-
phoma or represent a cystic component of a neo-
plasm. A nonneoplastic thymic cyst usually has the
following features on CT: thin wall, homogeneous in-
ternal contents that measure fluid density, no associ-
ated mass and no enhancement.

Thymolipomas are slow growing hamartomatous
lesions of the thymus that contain fat. These are usu-
ally incidental in young adult males. These masses
are usually large but soft and pliable. They may drape
around the heart and other mediastinal structures. On
CXR a thymolipoma may appear as a large anterior
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mediastinal mass that changes shape with position
due to its pliable nature. The presence of regions of
fatty attenuation on CT is characteristic.

Thymic carcinoid is a rare tumor that arises from
cells of neuroendocrine origin. Fifty percent are func-
tionally active most commonly producing ACTH re-
sulting in Cushing’s syndrome. This tumor is also as-
sociated with MEN syndromes I and II. These are ag-
gressive tumors and 20% of patients have metastases
at presentation. On CT this lesion may appear as a
large anterior mediastinal mass that may be localized
or invasive.

Thymic carcinoma is a rare neoplasm that arises
from thymic epithelial cells. These lesions are more
aggressive and more likely to metastasize than inva-
sive thymomas. On CT this may appear as a large an-
terior mediastinal mass with poorly defined margins.
Gross invasion of adjacent structures and mediastinal
adenopathy is common.

Tumors of Lymphatic Origin
Eighty-five percent of patients with Hodgkin’s

lymphoma present with mediastinal adenopathy most
commonly involving the prevascular and paratracheal
nodes. The adenopathy is commonly bulky and mas-
sive on CT. The nodes are usually homogeneous but
can be cystic and necrotic especially after treatment.
Intrathoracic involvement is less common with non-
Hodgkin’s lymphoma but if there is intrathoracic dis-
ease the prevascular and paratracheal nodes are most
commonly involved. Primary mediastinal large B-cell
lymphoma is a subtype of NHL that may arise from
thymic medullary B cells. This presents as a large
lobulated anterior mass. Low attenuation regions
from necrosis is common on CT.

A lymphangioma is a congenital malformation of
the lymphatic system composed of lymph channels or
cystic lymph spaces. Lymphangiomas most com-
monly occur in the neck and can extend to the medi-
astinum. These usually present in infancy. Lymphan-
giomas confined to the mediastinum are rare and usu-
ally present in older children and adults. On CT this
is seen as a unilocular or multilocular mass of fluid
attenuation that may mold to or envelop adjacent me-
diastinal structures. Septations may also be present.

Mediastinal Germ Cell Tumors
The anterior mediastinum is the most common

extragonadal site for germ cell tumors. These arise
from germ cell rests in the mediastinum. With benign
germ cell tumors the incidence in males and females
is about equal but malignant tumors occur almost ex-
clusively in males. These lesions can be classified as
teratomas, seminomas or nonseminomatous malignant
germ cell tumors.

Mediastinal teratoma is the most common mediasti-
nal germ cell tumor. Most cases represent benign ma-
ture teratomas. The production of digestive enzymes
from pancreatic tissue or intestinal mucosa within the
tumor can cause rupture into the lung, airways, peri-
cardium or pleura. Trichoptysis (coughing up hair) is a
rare but characteristic symptom of ruptured mediasti-
nal teratoma. On CT, this lesion commonly appears as
a multilocular cystic mass that may contain fluid, soft
tissue, calcium and fat. A fat-fluid level is a specific
finding but is only seen in 11% of cases.

Mediastinal seminoma is a tumor of young adult
males (average age = 29). On CT this tumor usually
appears as a large homogeneous soft tissue mass. The
margins are usually well defined but there can be in-
vasion of adjacent structures. Cystic elements may be
present. Nonseminomatous malignant germ cell tumor
of the mediastinum is also a tumor of young males. On
CT this may appear as a large heterogeneous mass due
to necrosis and hemorrhage. There is often infiltra-
tion of surrounding tissue with obliteration of tissue
planes and invasion of adjacent structures. Twenty
percent of these patients have Klinefelter’s syndrome
(47, XXY).

Ectopic Parathyroid Adenoma
In patients with primary hyperparathyroidism sur-

gical neck exploration with resection of parathyroid
tissue is curative in 90-95%. Persistence of hyperpar-
athyroidism after surgery suggests ectopic parathy-
roid tissue. Fifty percent of these patients will have a
mediastinal ectopic parathyroid gland. In 2/3 of cases
the ectopic mediastinal parathyroid gland is located
in the superior mediastinum near the tracheoesoph-
ageal groove but in 1/3 it is found in the anterior me-
diastinum within the thymus. On CT an ectopic ante-
rior mediastinal parathyroid adenoma appears as a
small homogeneous enhancing mass. On MRI this le-
sion is characteristically markedly hyperintense on
T2 weighted images.

Conclusion
We have discussed some of the characteristic

clinical and imaging features of various anterior me-
diastinal masses. However, in our approach to medi-
astinal lesions we must remember to consider com-
mon pathological entities. The possibilities of a vas-
cular lesion such as an aneurysm or lung cancer
invading the mediastinum should always be enter-
tained especially when a mediastinal mass is first en-
countered on a chest radiograph before any cross sec-
tional imaging has been performed. After cross sec-
tional imaging has been done, in addition to the
appearance of the lesion, clinical information is also
vital for formulating a pertinent differential diagnosis.
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Aspergillus is a ubiquitous fungus, which attacks
the immunocompetent, hypersensitive individual, the
chronically ill as well as the immunosuppressed pa-
tient. Although the same fungus is responsible, the
manifestations of disease are quite disparate. The im-
mune system of the host plays the critical role. We
are indebted to Warren Gefter, Wallace Miller and
others of the University of Pennsylvania group for
shedding much light on this subject (ref.1).

Pulmonary aspergillosis afflicts three very differ-
ent groups of patients; those with (1) allergic bron-
chopulmonary aspergillosis (ABPA), (2) a mycetoma
or (3) invasive aspergillus infection. However, there
is an overlap or interconnection between ABPA and
the mycetoma in that a dilated bronchus found in the
former may act as the preexisting space in which a
mycetoma develops. This occurs in about 7% of
ABPA patients (ref.2). Semi-invasive aspergillosis
occurs in chronically ill or debilitated patients who
have a mycetoma and whose immune systems are not
entirely normal. These patients are much less ill but
are in some respects similar to immunosuppressed
patients with invasive aspergillosis.

Allergic Bronchopulmonary
Aspergillosis

ABPA occurs in 1 to 2% of asthmatic patients and
96% of ABPA patients have asthmatic symptoms. It
is uncertain but possible that in those patients the
fungus itself is the initiating cause of the asthma. Al-
though Aspergillus fumigatus is most common, other
species of Aspergillus and rarely other fungi may be
responsible (ref.2). Laboratory data necessary for the
diagnosis of ABPA from reference 2 are as follows:

Pulmonary Aspergillosis: An
Interconnected Spectrum
Irwin M. Freundlich, MD

A. Primary
1. Immediate skin test positive*
2. Precipitating antibodies pos. for A.
fumigatus
3. Elevated IgE and serum spec. IgE and IgG
4. Eosinophilia of less than 40%

B. Secondary
1. Aspergillus found in sputum
2. Expectoration of plugs
3. Delayed skin test pos. (Arthus)

*critical for diagnosis
The pathology consists of a unique and specific

dilatation of middle order bronchi and bronchocentric
granulomatosis. The mycelia of Aspergillus should be
seen immediately following bronchoscopy because
the fungus often appears as a contaminent in labora-
tory cultures.

ABPA is often manifested by an acute flu-like ill-
ness with fever and headache. In later chronic stages
dyspnea and cyanosis may be seen. Five stages have
been described (ref.2).

1. Acute illness
2. Radiographic clearing, IgE declines
3. Acute illness reappears
4. Steroid dependency
5. Irreversible lung damage
Early in the acute phase the radiographic appear-

ance of a transitory pneumonitis is nonspecific but
later the radiographs are often typical and diagnostic.

Radiographic Criteria
1. Transient pneumonitis
2. DILATATION OF MIDDLE ORDER BRONCHI

a. empty air filled
b. containing mucus plugs

3. Thick bronchial walls
4. A mycetoma in a dilated bronchus
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Mycetoma
A mycetoma consists of a ball of mucus contain-

ing a fungus, in this case the mycelia of Aspergillus.
The aspergilloma is the most common fungus ball
and the species fumigatus is much more frequently
found in this country than any other. A mycetoma
may be found in ANY abnormal pulmonary space.
Except for those found in the dilated bronchi of
ABPA, the space is the result of a previous or pre-ex-
isting pulmonary disease. Mycetomata have been
found in cavities secondary to healed abscesses or tu-
berculosis, in the cystic spaces of stage 3b sarcoido-
sis, in pneumatoceles from a gunshot wound, in pri-
mary and secondary neoplastic cavities, as well as
emphysematous bullae.

Hemoptysis is common and the most life threaten-
ing complication of a mycetoma. In one series 70%
of 26 patients experienced hemoptysis and two ex-
sanguinated (ref.3). Surgical resection is recom-
mended for those who can tolerate the procedure;
otherwise aggressive medical management is neces-
sary.

Although the mycetoma may be seen on routine
radiographs, any patient with chronic cystic disease
and hemoptysis should have a CT examination not
only for confirmation but, particularly prior to sur-
gery, to be sure only one mycetoma is present. Those
with a solitary cavity may not need CT if the myce-
toma can be seen in the cavity or if surgery is
planned anyway. (Whether the fungus ball moves
within a cavity on decubitus radiographs has no im-
portance).

Semi-invasive Aspergillosis
This unusual group of patients falls between those

with a quiescent mycetoma and the invasive infection
seen in immunocompromised patients (ref.1). A
chronic debilitating disease such as diabetes, alcohol-
ism, COPD, neoplasm, etc. lowers the immune re-
sponse. A mycetoma may be present but in these
cases the wall of the cavity and surrounding lung are
slowly invaded by the organism. A local area of con-
solidation results adjacent to the cavity. A recent re-
port of nine COPD patients with semi-invasive as-
pergillosis found consolidation in six but multiple
nodules in an additional three (ref.4).

Invasive Aspergillosis
Invasive aspergillosis is a life threatening disease

in immunocompromised patients. Leukemics are the
most susceptible but any patient with bone marrow

supression is at risk. The following data were derived
from 61 patients at the M.D. Anderson Center:

Locally necrotic invasive aspergillosis presents the
most recognizable radiographic images. Usually this
phase of the disease is seen after partial bone marrow
recovery. About three thousand white cells are needed
to successfully wall-off the infection. The following
radiographic findings may be seen:

1. Air and/or fluid filled cavity(s)
2. A ball of debris may be seen in the cavity (not a

mycetoma)*
3. Ulceration of the bronchial mucosa
*although mycelia may be found in the ball of ne-

crotic pulmonary tissue within the cavity, the term
mycetoma has been assigned to a different kind of
patient with a much more manageable and less life
threatening disease.

Diffuse invasive aspergillosis is seen in those
immunocompromised patients who are unable to
mount a sufficient defense and the prognosis is poor.
The radiographic picture is usually not as recogniz-
able. Multiple nodules or patches of non-descript in-
fection lead to diffuse air-space filling. The radio-
graphs or scans may present a picture indistinguish-
able from other infections.

Either locally invasive or diffuse aspergillosis may
invade the pericardium resulting in pericarditis and
either may induce significant hemorrhage that may
make emergency surgery necessary.
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