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Asbestos: When the
Dust Settles—An Imag-
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Asbestos-related neoplastic and nonneoplastic diseases of the lungs
and pleura range from pleural effusion and pleural plaques to lung can-
cer and malignant mesothelioma. Pleural effusions are typically hemor-
rhagic exudates of mixed cellularity but do not typically contain asbes-
tos bodies. The classic distribution of pleural plaques seen on chest
radiographs is the posterolateral chest wall between the seventh and
tenth ribs, lateral chest wall between the sixth and ninth ribs, the dome
of the diaphragm, and the mediastinal pleura. Computed tomographic
(CT) findings support this distribution but also show anterior and
paravertebral plaques not well shown at chest radiography. Imaging
features of diffuse pleural thickening include a continuous sheet, often
involving the costophrenic angles and apices, that rarely calcifies. The
typical CT features of round atelectasis are of a round or oval mass that
abuts the pleura, a “comet tail” of bronchovascular structures going
into the mass, and thickening of the adjacent pleura. Features of asbes-
tosis on chest radiographs include ground-glass opacification, small
nodular opacities, “shaggy” cardiac silhouette, and ill-defined dia-
phragmatic contours. CT, however, is more sensitive in their detection.
Chest radiography in patients with malignant mesothelioma may show
an effusion, pleural thickening, and as the tumor progresses, a more
lobulated outline. CT can help identify the disease in its early stages.
Asbestos-related cancers can occur anywhere in the lungs. Recognition
of the clinical, radiologic, and pathologic features of these diseases will
be important for some years to come.
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Introduction
The commonly encountered asbestos-induced
diseases mainly relate to the thorax. The main
asbestos-related conditions and diseases include
pleural effusion, pleural plaques, diffuse pleural
thickening, asbestosis, malignant mesothelioma,
and bronchogenic carcinoma. In this article, we
discuss asbestos and asbestos exposure, briefly
describe the International Labour Organization
(ILO) Classification of radiographs of pneumoco-
nioses, and review the typical imaging characteris-
tics of asbestos-related diseases, with emphasis on
histopathologic correlation.

Asbestos and Asbestos Exposure
Asbestos is the name given to a group of naturally
occurring silicate minerals whose fire-resistant
properties have been known for thousands of
years. Asbestos deposits are widely distributed
throughout the world, with most being found in
mountain-forming regions. Techniques for spin-
ning and weaving the fibers were developed in the
19th century and led to a rapid increase in their
use.

Asbestos is not combustible, has great tensile
strength, and has good frictional properties. It is a
good thermal and electrical insulator, and is du-
rable, strong, and flexible. These properties have
led to its use in many commercial and domestic
settings, including insulation materials, brake
pads and linings, household products, floor tiles,
electric wiring, paints, and cements.

The fibers of asbestos can be broadly classified
into two main groups, namely serpentine fibers,
which are curly and flexible, and amphibole fi-
bers, which are stiff and straight. Chrysotile
(white asbestos) is the most important serpentine
fiber. Crocidolite (blue asbestos) and amosite
(brown asbestos) are the most notable amphibole
fibers. The other commercially used asbestos
types are anthophyllite (a common contaminant
of industrial talc), tremolite (a common contami-
nant of chrysotile), and actinolite.

Chrysotile is essentially the only type of asbes-
tos significantly used today. The current products
are mainly cements, with friction materials and
plastics making up the rest. Most of the major
natural asbestos deposits are chrysotile, with cro-
cidolite and amosite deposits being found in parts
of southern Africa. This distribution of fiber types
may have relevance regarding the geographic dis-
tribution and prevalence of asbestos-related dis-
eases.

The biohazard of asbestos arises from inhala-
tion of the fibers. Physical properties, such as
length, diameter, length-to-width (aspect) ratio,
and texture, and chemical properties are believed
to be determinants of fiber distribution and dis-
ease severity. The amphiboles (eg, amosite and
crocidolite) are widely accepted as being more
hazardous than chrysotile. They are dusty and
biopersistent owing to their structure and
straight, needlelike fibers. Chrysotile has a softer
texture and curly fibers, giving it a relatively
broad cross-sectional area. Fewer fibers are there-
fore inhaled, and the body eliminates them more
easily via the mucociliary elevator or lymphatic
vessels. Chrysotile also fragments and is more
soluble (1).

Of those fibers that remain in the lung, some
(mainly amphiboles) become coated with ferritin
to form asbestos (or ferruginous) bodies.

Exposure to asbestos arises from mining and
processing of asbestos and manufacture of asbes-
tos products. The dangers of asbestos inhalation
have been known since the early 20th century.
Beginning in the 1970s, countries gradually pro-
hibited the use of amphiboles and sprayed-on fri-
able insulation materials (routinely used in Eu-
rope and the United States after World War II)
in favor of the chrysotile products used today.
Prevalence of asbestos-related diseases is still in-
creasing, however, owing to the long latency be-
tween exposure and onset of disease. Even after
the change in asbestos policy in the 1970s, it is
forecast that the prevalence of asbestos-related
diseases such as malignant mesothelioma will not
decrease for another 10–20 years in the United
Kingdom (2). This decline may occur even later
in parts of Eastern Europe and Asia, where con-
trols have been less stringent (3).

The sufferers of asbestos-related diseases and
their dependents can be eligible for financial com-
pensation. In the United Kingdom, sufferers of
asbestosis; diffuse mesothelioma of pleura, peri-
cardium, or peritoneum; diffuse pleural thicken-
ing; or carcinoma of the lung, accompanied by
asbestosis or diffuse pleural thickening, con-
tracted through work-related exposure are en-
titled to compensation and disablement benefit.
When liable employers have ceased trading or
there is little chance of obtaining compensation
from them (eg, if there has been no demonstrable
negligence or breach of procedure), acts of Parlia-
ment allow state-funded benefit and compensa-
tion payments.

There are defined plain radiographic criteria
for the diagnosis of diffuse pleural thickening with
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regard to eligibility for compensation (4). Com-
puted tomographic (CT) evidence is not included
at present in the United Kingdom. There are no
corresponding officially defined radiologic criteria
for the diagnosis of asbestosis, with assessment
based on a combination of clinical and plain ra-
diographic information.

The severity of disability and corresponding
level of compensation for asbestos-related disease
in the United Kingdom are decided by means of
clinical judgment of the assessing panel rather
than any strictly defined parameters. A patient
can sue her or his employer or former employer
for any asbestos-related disease irrespective of
whether the criteria for state-funded compensa-
tion are met.

ILO Classification
The 1980 ILO Classification of radiographs of
the pneumoconioses was designed to aid the sys-
tematic recording of radiographic changes caused
by dust inhalation (5). It is intended to facilitate
international epidemiologic comparisons through
the coding of radiographic abnormalities in a
simple reproducible manner by means of com-
parison with a standard set of radiographs. It de-
scribes the classification of findings on a pos-
teroanterior chest radiograph but does not define
pathologic entities. Neither does it consider occu-
pation nor define a level of abnormality that
would be considered worthy of compensation (6).

The classification includes written text and a
set of notes, but comparison with the standard
radiographs is important. These standard images

are designed to reduce interobserver variability
(5,6).

As stated earlier, the system describes changes
on a posteroanterior chest radiograph. If addi-
tional views (eg, oblique, lateral) are available,
their contribution can be recorded as comments,
but they cannot form part of the quantitative part
of the grading. The technical quality of the radio-
graph is also graded.

The reporting system covers parenchymal and
pleural abnormalities. The presence of small pa-
renchymal abnormalities is defined according to
shape, size, and profusion with the use of a letter
and number system in reference to the standard
radiographs. Large opacities are those greater
than 1 cm in diameter. Their presence is re-
corded, and their size classified. Pleural thicken-
ing is classified according to its site (eg, chest
wall, diaphragm, mediastinum), width, extent,
and calcification. Pleural changes are recorded
separately for the right and left lungs.

A series of symbols is also available to address
other relevant features that might be present (eg,
honeycombing, coalescence of opacities, and sus-
picion of malignancy).

Although high-resolution CT is more sensitive
than plain radiography in the detection of early
asbestos-related pleural and parenchymal changes
(7) and the correlation between high-resolution
CT and pathologic findings has been established
(7), we are not aware of an internationally ac-
cepted and widely used CT classification equiva-
lent to the ILO Classification for plain radio-
graphs. However, some have been proposed
(7,8). One of the problems is that the findings at
CT are nonspecific and separation of subnormal
and occupationally induced changes may be diffi-
cult. At present, chest radiography is the main
screening tool, with CT reserved for problem
solving (eg, clarifying pleural thickening, staging
mesothelioma, looking for lung cancer, and plan-
ning biopsy) (9).

Benign Pleural Disease
Pleural disease is the most commonly encoun-
tered manifestation of asbestos-related disease.
The pleurae are thought to be more sensitive to
asbestos than the lung parenchyma (1). Pleural
disease can occur as pleural effusion, plaques, or
thickening, as well as atelectasis.

Pleural Effusion
Benign pleural effusions are thought to be the
earliest pleural-based phenomenon (1) (Fig 1).
They were first described in relation to asbestos

Figure 1. Posteroanterior radiograph of an asbestos-
exposed patient shows a right-sided pleural effusion
(arrows).
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exposure in the 1960s (1,10). Their exact preva-
lence is unknown, as many are subclinical (1,
10,11). They usually occur within 10 years of ex-
posure (12), but they can also develop much
later. They are typically hemorrhagic exudates of
mixed cellularity and usually do not contain as-
bestos bodies (11). The effusions usually resolve
over a few months but can persist or recur (1).
Diffuse pleural thickening is commonly seen after
resolution. The development of effusions is
thought to be exposure-dependent (11), but they
can occur even after minimal exposure (13) and

can be dependent on occupation (11). Pleural
effusions are a common entity, and their diagno-
sis is reliant largely on the exclusion of other
causes of effusions in an asbestos-exposed pa-
tient. The differential diagnosis for an exudative
effusion includes consideration of parapneumonic
effusion, tuberculosis, malignancy, pulmonary
embolus, pancreatitis, connective tissue disease,
trauma, azotemia, and drugs.

Pleural Plaques
The most common manifestation of asbestos ex-
posure is pleural plaques, which are discrete areas
of fibrosis that usually arise from the parietal
pleura but may arise from visceral pleura. They

Figures 2, 3. (2) Posteroanterior radiograph shows extensive calcified pleural plaques (arrows) that
affect the chest wall, diaphragm, and pericardium. The costophrenic angles and apices are spared.
(3a) Posteroanterior radiograph of an obese patient shows only a small amount of pericardial calcifica-
tion (arrows). (3b, 3c) Axial CT scans obtained with soft-tissue window settings show calcified anterior
and paravertebral plaques (arrows) not seen on the radiograph.
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tend to occur 20–30 years after exposure (1). The
classic distribution of plaques seen on chest radio-
graphs is the posterolateral chest wall between the
seventh and tenth ribs, lateral chest wall between
the sixth and ninth ribs, the dome of the dia-
phragm (virtually pathognomonic), and the medi-
astinal pleura (1,14) (Fig 2). The apices and
costophrenic angles are typically spared. CT find-
ings support this distribution but also show ante-
rior and paravertebral plaques that are not well

demonstrated at chest radiography (Fig 3). Some
authors report a left-sided predominance (15),
whereas others have found none (16).

The size and number of plaques are variable.
Calcification is reported in 10%–15% of cases (1)
(Fig 4). At histologic examination, the plaques
are relatively acellular, with a “basket-weave” ap-
pearance of collagen bundles (Fig 5). Asbestos
fibers (usually chrysotile) are often seen, but as-
bestos bodies are usually absent (1). The patho-
genesis of plaques is uncertain, but it is thought
that fibers reach the pleura via lymphatic channels
and cause an inflammatory reaction. Other
mechanisms could be hematogenous carriage or
direct migration (1,17,18).

Although the ILO uses posteroanterior chest
radiography to assess pleural disease, conven-
tional and high-resolution CT are more sensitive
(1). One study reports that conventional CT re-
vealed plaques in 95% of the study population
compared with 59% at chest radiography (19),
whereas another claims high-resolution CT de-
picts 100% of plaques versus 93% with conven-
tional CT (20). Friedman et al (21) showed that
high-resolution CT had a 97% sensitivity and
100% specificity in the detection of pleural dis-
ease as a whole; they recommended it particularly
for distinguishing pleural disease from extrapleu-
ral fat.

Figure 4. Axial high-resolution CT scan ob-
tained with lung windows shows uncalcified ante-
rior pleural plaque (arrows).

Figure 5. (a) Photograph (original magnification, approximately �0.5) shows multiple raised
pearly plaques that arise from the parietal pleura. (b) Photomicrograph (original magnification,
approximately �250; hematoxylin-eosin stain) shows paucicellular hyalinized pleural plaque with
a basket-weave pattern and focal lymphocytic aggregate (arrow).
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Visceral pleural plaques are associated with
abnormality in the adjacent lung parenchyma,
including short interstitial lines that radiate from
the plaque (so-called hairy plaques) or more ex-
tensive parenchymal opacities (Fig 6). The differ-
ential diagnosis for pleural plaques should include
adipose tissue, rib fracture, companion shadows
for ribs, and other pleural masses such as metas-
tases.

Diffuse Pleural Thickening
Diffuse pleural thickening is less specific for as-
bestos exposure because other causes of exudative
effusions can lead to it. It results from thickening
and fibrosis of the visceral pleura, which leads to
fusion with the parietal pleura (Fig 7), and is pre-
ceded by benign pleural effusion (1) (Fig 8). His-
tologically, there is similarity between pleural
thickening and plaques, except that fusion of the
pleural layers is suggestive of more intense inflam-
mation (22). The underlying process is thought to
be inflammation and fibrosis of lymphatic vessels
and may be a direct extension of lung fibrosis
(23).

Imaging features include a continuous sheet,
often involving the costophrenic angles and api-
ces, that rarely calcifies (Fig 9).

There have been different definitions of dif-
fuse pleural thickening derived from chest radio-
graphic and CT criteria. With regard to state
compensation or disability benefit in the United
Kingdom, the plain radiographic criteria used for
diffuse pleural thickening are the following: it may
be unilateral or bilateral; it must cover at least
25% of the total chest wall on a chest radiograph
(50% if unilateral); and it must extend to a thick-
ness of at least 5 mm in at least one site on the
chest radiograph (4). McLoud et al (24) defined
diffuse pleural thickening on chest radiographs as
a smooth uninterrupted pleural opacity that ex-
tends over at least one-quarter of the chest wall
with or without obliteration of the costophrenic
angle (1,24). Lynch et al (25) use CT criteria of a
continuous sheet of pleural thickening more than
5 cm wide, more than 8 cm in craniocaudal ex-
tent, and more than 3 mm thick.

Figure 6. Axial high-resolution CT scan shows
an anterior pleural plaque with associated linear
opacities that project into the underlying lung.

Figure 7. Photograph (original magnification, ap-
proximately �0.5) of a whole lung section shows cir-
cumferential diffuse pleural thickening (arrows). The
lung parenchyma shows honeycombing that indicates
asbestosis (arrowheads).
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Differentiation of pleural thickening from
plaques can be difficult. Apart from the appear-
ances mentioned above, diffuse pleural thickening
has ill-defined, irregular margins from all angles,
whereas plaques are well defined and do not tend
to extend for more than four interspaces unless

they are confluent. Diffuse pleural thickening in-
volves the interlobar fissures (visceral pleura),
whereas plaques normally do not (14,24,25). The
differential diagnosis for diffuse pleural thicken-
ing includes organizing effusion, chronic infection

Figure 8. (a) Axial CT scan of an asbestos-exposed person shows a left-sided pleural effusion (arrow). (b) Axial
CT scan obtained 2 years later shows circumferential pleural thickening that extends into the major fissure (straight
arrow) and contains flecks of calcification (curved arrow).

Figure 9. (a) Posteroanterior radiograph shows pleural thickening with obliteration of the left costo-
phrenic angle (arrows). There are also some associated linear parenchymal opacities (arrowheads).
(b) Axial CT scan of the same patient shows circumferential pleural thickening (arrows).

RG f Volume 22 ● Special Issue Roach et al S173

R
a
d
io

G
ra

p
h
ic

s



(eg, tuberculosis), connective tissue diseases, tal-
cosis, pleural metastases, and mesothelioma.

CT is more sensitive and specific than chest
radiography in the detection of diffuse pleural
thickening. Al Jarad et al (19) found that CT de-
picted diffuse pleural thickening in all of the pa-
tients in their series, whereas chest radiography
showed only 70%. The advantage of high-resolu-
tion CT over conventional CT is not clear-cut.
Aberle et al (20) found that high-resolution CT
could miss pleural thickening depicted with con-
ventional CT owing to the gaps between sections.
Friedman et al (21) quoted 97% sensitivity and
100% specificity for pleural disease as a whole,
but Aberle et al (26) showed that in their series
only three of seven patients with pleural thicken-
ing were detected with high-resolution CT com-
pared with all seven with conventional CT.

Some authors have found reasonable correla-
tion between CT appearances of diffuse pleural
thickening and respiratory impairment (27), a
finding that contrasts with plaques, which are
usually asymptomatic.

Round Atelectasis
The pathogenesis of round atelectasis is not cer-
tain, but it is thought to be due to an inflamma-
tory reaction and fibrosis in the superficial layer of
the pleura. As the fibrous tissue matures, it con-
tracts, causing pleura to fold into the lung, which
in turn causes atelectasis (28). Asbestos-related

round atelectasis is also known as asbestos pseu-
dotumor or Blesovsky syndrome.

The typical chest radiographic appearance is of
a rounded peripheral “mass” with or without lung
distortion (Fig 10a). Pleural thickening is usually
seen. The CT features are of a round or oval mass
that abuts the pleura, a “comet tail” of broncho-
vascular structures going into the mass, and thick-
ening of the adjacent pleura (1,29) (Figs 10b,
11). Volume loss is often, but not invariably, ap-
parent (30). The features can be confused with
those of malignancy, with lung cancer being the
main differential diagnosis.

Figure 10. (a) Posteroanterior radiograph shows an opacity in the right middle zone (arrows).
(b) Axial CT scan of the same patient shows a peripheral mass that abuts thickened pleura, with
comet tail distortion of the vascular structures (arrows).

Figure 11. Axial CT scan shows an ovoid
mass, pleural thickening, and linear comet tail of
rounded atelectasis.
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Round atelectasis does show enhancement at
contrast-enhanced CT (31), and it has been sug-
gested that a uniform pattern of enhancement
favors round atelectasis. However, contrast en-
hancement is not thought to be a reliable charac-
teristic for differentiating benign asbestos-related
disease from malignancy (1,32). Stability or
shrinkage of the mass with the passage of time
strongly suggests benignancy (32), but biopsy
may be required.

Magnetic resonance (MR) imaging has been
reported to show round atelectasis as a mass with
T1 signal intensity characteristics similar to those
of liver tissue and to show the vascular structures.
MR imaging shows curved low-signal-intensity
lines caused by thickened indentations of visceral
pleura (33).

According to some authors, ultrasonography
(US) may sometimes be helpful (34). The US
features described are of a pleurally based mass
with thickening of the adjacent pleura and ex-
trapleural fat. An echogenic line that extends into
the mass from the pleura was seen in 86% of the
patients studied, a finding thought to represent
the scarred invaginated visceral pleura.

Asbestosis
Asbestosis is the term given to lung fibrosis caused
by asbestos dusts, which may or may not be asso-
ciated with pleural fibrosis (35). There is a dose-
response relationship between exposure and se-

verity of fibrosis (12,36). The lag between expo-
sure and onset of symptoms is usually 20 years or
longer (36) (sometimes more than 40 years) but
can be as little as 3 years in cases with constant
heavy exposure (36).

The pathogenesis of asbestosis, as with so
much of asbestos-related disease, is incompletely
understood. Tissue damage is caused by che-
motactic factors and fibrogenic mediators re-
leased from alveolar neutrophils or macrophages
after they attempt to ingest and clear the fibers.
Chronic fiber deposition stimulates persistent
mediator release and leads to fibrosis that spreads
centrifugally from the respiratory bronchioles and
alveolar ducts (36–38). Asbestos bodies are often
seen within and adjacent to areas of fibrosis (Fig
12). Uncoated fibers (mainly chrysotile) may also
be seen.

The changes of asbestosis are more pro-
nounced in the lower lobes and subpleurally but
often extend to involve the middle lobe and lin-
gula. Upper lobes can be involved in advanced
cases. Honeycombing, as in other fibrotic lung
diseases, can occur in advanced disease (Fig 13)
but is not, however, present in the majority:
Aberle et al (20,26) reported its presence in 7%–
17% of their cases.

Figures 12, 13. (12) Photomicrograph (original magnification, �400; hematoxylin-eosin stain) of a bronchoalveo-
lar lavage specimen shows a classic asbestos body with a segmental dumbbell-shaped configuration (arrow). (13) Pho-
tograph shows macroscopic appearance of “honeycomb” lung with subpleural accentuation typical of asbestosis (ar-
rows). No pleural thickening is present on this section.
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Features on chest radiographs include ground-
glass opacification, small nodular opacities (36),
“shaggy” cardiac silhouette, and ill-defined dia-
phragmatic contours (Fig 14). Honeycombing
and volume loss are seen in more advanced dis-
ease. Honeycombing is not included in the quan-
titative part of the ILO Classification, but its pres-
ence can be recorded with the use of the addi-
tional symbols included with the classification.
Pleural changes are often present in cases of as-
bestosis (Fig 15). It has been reported that 80%
of patients with asbestosis have coexistent pleural
disease at chest radiography (36), and the per-
centage rises to 100% with the use of high-resolu-
tion CT (20). Fibrous bands are sometimes seen
to radiate inward from the pleura (36) (Fig 16).
Pleural abnormalities, emphysema, or other pa-
renchymal abnormalities can compromise the
radiographic diagnosis of asbestosis (32). The
sensitivity, specificity, and negative predictive
value are improved by expert reading (21).

CT, especially high-resolution CT, is more
sensitive than plain radiography in depicting as-

bestosis. Aberle et al (26) showed that besides
aiding in the confirmation of abnormal findings at
chest radiography, high-resolution CT depicted
changes in 80% of patients with clinical but not
chest radiographic evidence of asbestosis and
showed changes of asbestosis in one-third of pa-
tients with neither clinical nor chest radiographic
evidence of asbestosis. Staples et al (39) showed
that 57 of 169 patients with normal chest radio-
graphic findings had high-resolution CT findings
suggestive of a high probability of asbestosis.
However, high-resolution CT is not infallible.
Gamsu et al (40) employed a semiquantitative

Figure 14. (a) Posteroanterior radiograph of a pa-
tient with asbestosis shows “shaggy” mediastinal and
diaphragmatic contours. (b) Localized view of the lung
bases of the same patient further illustrates the diffuse
interstitial opacification.

Figure 15. Posteroanterior radiograph shows diffuse
fine nodular and reticular opacification with irregularity
of mediastinal and diaphragmatic contours. The costo-
phrenic angles are blunted because of pleural thicken-
ing.

Figure 16. Posteroanterior radiograph of an asbes-
tos-exposed person shows parenchymal bands radiating
in from the pleura in both mid zones (arrows). Diffuse
pleural thickening is predominantly left-sided.
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grading system in which findings of high-resolu-
tion CT were strongly positive in 64% of patients
with histopathologically proved asbestosis. They
also employed a cumulative method, comparing
the presence or absence of five high-resolution
CT features of asbestosis with the histopathologic
findings. This comparison showed that any one
type of abnormality was present in 88% of pa-
tients with asbestosis, two types in 78%, and
three types in 56%. However, three or more ab-
normalities had to be present to be specific for
asbestosis. Chest radiographic findings were sug-
gestive of asbestosis in only 11 of 21 histopatho-
logically proved cases, and 10 of 14 patients with

normal or near normal chest radiographic find-
ings had histopathologic evidence of asbestosis.

An early feature is a subpleural curvilinear
opacity (Figs 17, 18). This finding represents
peribronchiolar fibrosis (36,41,42). Parenchymal
band-shaped opacities project in from the pleura
and represent fibrosis along bronchovascular
sheaths or interlobular septa (36,41,42) (Fig 19).
Other features that have been reported include
ground-glass opacification (due to mild alveolar
wall fibrosis beyond the resolving power of CT)
(Fig 20), subpleural nodular or dotlike opacities

Figures 17, 18. (17) Axial high-resolution CT scan shows a subpleural curvilinear opacity (arrows) thought to rep-
resent peribronchiolar fibrosis. (18) High-resolution CT scan obtained with the patient in a prone position shows
early subpleural curvilinear opacity (arrows). Prone as well as supine views have been recommended (20,26) to elimi-
nate dependent opacities.

Figures 19, 20. (19) High-resolution CT scan shows bilateral parenchymal bands (arrows). (20) High-resolution
CT scan shows subpleural areas of ground-glass attenuation (arrows).
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(40,41), thickening of interlobular septa, and
honeycombing (36) (Figs 21–24). Gamsu et al
(40) found that interstitial lines (thickened inter-
lobular septa and centrilobular core structures)
were the most commonly found abnormality
(84% of cases), followed by parenchymal bands

(76%) and distortion of secondary pulmonary
lobules (56%). Subpleural lines and honeycomb-
ing were less frequent.

Scoring methods for disease severity have been
devised with the use of high-resolution CT crite-
ria (7,8). High-resolution CT is sometimes help-
ful in distinguishing asbestosis from other causes
of lung fibrosis when a history of asbestos expo-
sure is in doubt, but differentiation can be diffi-

Figures 21–24. (21) Prone high-resolution CT scan shows subpleural nodular and dotlike opacities (solid wide
arrows) that coalesce to form subpleural curvilinear lines (open arrows). There are also interlobular (solid thin ar-
rows) and intralobular (arrowheads) interstitial lines. (22) High-resolution CT scan shows interlobular septal thick-
ening (arrowheads). (23) High-resolution CT scan depicts subpleural honeycombing (open arrows), interlobular sep-
tal thickening (solid arrows), and subpleural nodular opacities (arrowheads). (24) High-resolution CT scan shows
subpleural honeycombing.
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cult, as many of the above findings are not spe-
cific to asbestosis. The main differential diagnosis
both radiologically and histopathologically is
usual interstitial pneumonitis or idiopathic pul-
monary fibrosis (32).

Malignant Mesothelioma
Malignant mesothelioma occurs mainly in the
pleura and peritoneum but can arise in the peri-
cardium or tunica vaginalis testis. Malignant me-
sothelioma is the most common primary neo-
plasm of the pleura (43). It has a strong associa-
tion with asbestos exposure, particularly crocidolite.
It has been suggested that chrysotile, unless con-
taminated with amphibole material, is not associ-
ated with malignant mesothelioma, but this find-
ing is controversial (44,45). Risk ratios of the or-
der of 1:100:500 for chrysotile, amosite, and
crocidolite, respectively, have been postulated
(46). Malignant mesothelioma has a latency of
35–40 years (43,47). It has a poor prognosis, with
most patients dying within 1 year of diagnosis
(2,48). Malignant mesothelioma can develop in
patients with transient or indirect exposure to
asbestos (38). Although the necessary degree of
exposure is considerably less than that required

to cause asbestosis and lung cancer (4), a dose-
dependent relationship has been recognized
(49,50).

The tumor can arise from either pleural layer.
It is often associated with an effusion. As it en-
larges, it causes pleural thickening and eventual
encasement of the lung with retraction of the
chest wall. Direct spread into the pericardium,
contralateral pleura, and peritoneum occurs.
Lymph node spread occurs, as do blood-borne
metastases to the lungs, liver, kidneys, and adre-
nal glands. The main histologic subtypes are epi-
thelial (Fig 25a), sarcomatous (Fig 25b), and
mixed. Osteosarcomatous degeneration within
malignant mesothelioma has been reported (51).

Chest radiography usually shows an effusion.
Pleural thickening may also be seen, and as the
tumor progresses, a more lobulated outline is
seen (Fig 26). The affected hemithorax becomes
contracted. Tumor tissue extends into interlobar
fissures (Fig 27), and chest wall involvement may
be apparent. Less often, lymph node metastases,
lung metastases, contralateral pleural metastases,
and calcified liver metastases may be seen (48).

Figure 25. (a) Photomicrograph (original magnification, �250; hematoxylin-eosin stain) of a malignant mesothe-
lioma of the epithelioid subtype shows its tubulopapillary structure and numerous scattered psammomatous bodies
(arrows). (b) Photomicrograph (original magnification, �400; hematoxylin-eosin stain) shows a malignant mesothe-
lioma of the sarcomatoid subtype: a cellular spindle cell tumor with a haphazard array of fascicles. There is marked
cytonuclear pleomorphism and mitotic activity (arrows).
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At CT, pleural thickening is the most common
finding. This thickening can be lobular or smooth,
and CT can help identify the disease in its early
stages (52). Pleural effusions are also commonly
seen. Other benign features such as pleural
plaques or calcification can be seen in conjunc-

tion (Fig 28), but mesothelioma is not known to
arise from plaques. CT shows contraction of the
hemithorax with or without mediastinal shift; ex-
tension along fissures; invasion of the chest wall;
invasion of mediastinal structures, including peri-
cardium, great vessels, trachea, esophagus, and
nodes (48); diaphragmatic invasion; and meta-
static spread to nodes, the contralateral lung, or
the liver (Figs 29–34).

Figures 26, 27. (26) Posteroanterior radiograph shows left-sided lobulated thickening (ar-
rowheads) and pleural effusion (arrow), findings characteristic of malignant mesothelioma.
(27) Photograph (original magnification, approximately �0.5) of a whole lung section from
a patient with malignant mesothelioma shows diffuse encasement of lung tissue by firm pale
tumor tissue, with extension along the fissure.

Figures 28, 29. (28) Axial CT scan of a patient with a right-sided mesothelioma shows a benign pleural plaque (ar-
row) engulfed by tumor tissue. (29) Axial CT scan shows a right-sided mesothelioma with extension along the major
fissure (arrow) and chest wall invasion (arrowhead).

S180 October 2002 RG f Volume 22 ● Special Issue

R
a
d
io

G
ra

p
h
ic

s



Figures 32–34. (32) Axial CT scan of the upper ab-
domen shows transdiaphragmatic extension and hepatic
invasion by a malignant pleural mesothelioma. (33) Ax-
ial CT scan shows a left-sided mesothelioma with medi-
astinal encasement and lymphadenopathy (arrow-
heads). (34) Axial CT scan of a patient with a right-
sided mesothelioma shows a nodule in the left lung
(arrow) thought to represent a metastasis. The patient
did not have this finding confirmed surgically, however,
owing to comorbid disease.

Figures 30, 31. (30) Axial CT scan of a patient with a left-sided malignant mesothelioma shows contraction of the
hemithorax and chest wall invasion (arrow). (31) Axial CT scan of a patient with a right-sided mesothelioma shows
invasion and encasement of the pericardium (arrowheads).
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CT does, however, have limitations (43). CT
assessment of nodes is suboptimal, with biopsy
being the most accurate test (48). Assessment of
transdiaphragmatic spread is limited when only
axial imaging planes are used, and such spread is
probably better assessed with nonaxial planes
(43). It has been suggested that MR imaging is
better than CT in this respect, having demon-
strated 82% accuracy versus 55% with CT (48,
53). Chest wall invasion is also possibly more ac-
curately assessed with MR imaging than with CT,
MR imaging having shown 69% accuracy versus
46% for CT (48,53). These figures, however, re-
late to axial CT scans, and the multiplanar capa-
bilities of multi–detector row CT may improve its
accuracy in these areas. CT remains the primary
staging modality, but MR imaging may provide
additional information in some surgical candi-
dates (48).

Fluorine-18 fluorodeoxyglucose positron emis-
sion tomography has been compared with CT,
and uptake of F-18 fluorodeoxyglucose was found
to be significantly greater in malignant mesothe-
lioma than in benign pleural disease (sensitivity,
91%; specificity, 100%) (54). Detection of nodal
disease was also improved. Spatial and anatomic
detail, however, are inferior.

There is a new TNM international staging sys-
tem for diffuse malignant pleural mesothelioma.
This new system emphasizes criteria that help in
determining local tumor extension and regional
lymph node status in an attempt to identify pa-
tients with potentially curable early disease (T1a
and b); those who may benefit from surgery with-
out necessarily being cured (T2 and T3); and pa-
tients with extensive local tumor spread (T4),
extensive regional node involvement, or distant
metastases for whom surgery would provide no
benefit (53). The system therefore stratifies pa-
tients into prognostic groups (48).

Imaging guidance can be used to obtain the
necessary tissue diagnosis, but tumor spread of
malignant mesothelioma along biopsy or drainage
tracts is well recognized. Seeding rates of up to
22% with the use of image-guided biopsy have
been reported (48). Imaging is also used to follow
up patients after treatment.

The differential diagnosis of malignant me-
sothelioma includes benign causes of pleural
thickening (such as after infection or diffuse pleu-
ral thickening) and metastatic adenocarcinoma.
The lobulated outline, pleural effusion, or evi-
dence of more advanced disease may help differ-
entiate mesothelioma from diffuse pleural thick-
ening. Clinical history may also point toward the
diagnosis. Histologic or cytologic diagnosis is al-
ways required (48). The differentiation between

mesothelioma and metastatic adenocarcinoma is
difficult even with tissue biopsy. However, immu-
nohistochemical techniques and electron micros-
copy have aided diagnosis (55).

Single-modality therapies (surgery, chemo-
therapy, or radiation therapy) have failed to sig-
nificantly improve survival. Results with a multi-
modality approach have apparently been more
favorable. Further therapies such as photody-
namic therapy, targeted cytokines, and gene
therapy are also being investigated (55).

Bronchogenic Carcinoma
The link between asbestos exposure and lung
cancer has been suspected since the 1930s but
was proved in the 1950s (56). Smoking has a
more than additive effect. Amphiboles are more
potent than chrysotile in inducing lung cancer
(between 10 and 50 times greater potency has
been quoted [46]). The latent period is variable.
Some cases occur less than 10 years after expo-
sure, but the risk is increased until at least 30
years later (57). One report cited a lag of 50 years
(58).

The exact mechanism of carcinogenesis is un-
clear. Asbestos-related cancers can occur any-
where in the lungs (Figs 35, 36). The evidence
regarding a link between asbestos and a particular
histologic type or lobar distribution of lung cancer
is somewhat contradictory (59).

The investigation and staging of asbestos-re-
lated lung cancers are the same as for non-asbes-

Figure 35. Photograph of a macroscopic sec-
tion of an exophytic pale carcinoma in the lower
lobe bronchus shows distal mucoid impaction.
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tos-related cancers. The prognosis is similar to
that for non-asbestos-related lung cancers, but
the restrictive effect of coexistent asbestosis or
diffuse pleural thickening could compromise pa-
tients’ respiratory function and fitness for at-
tempted resection.

Other Pathologic Conditions
Other tumors to which asbestos has been linked
include peritoneal mesothelioma and carcinoma
of the larynx and kidney. Asbestos has also been
suggested as a contributor to nodular pulmonary
amyloidosis (60).

Conclusion
It is important to be aware of the clinical, radio-
logic, and pathologic characteristics of asbestos-
related diseases, as they will persist for some time,
especially asbestosis and malignant mesothe-
lioma, which appear to have the longest latency.
For these diseases, it is certain that it will be some
time before the dust has settled.
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