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OBJECTIVE. We studied high-resolution CT of asbestosis and idiopathic pulmonary fi-
brosis to determine whether differences—other than the frequency of associated pleura
changes—could be discerned between the two diseases.

MATERIALS AND METHODS. High-resolution CT scans of 80 patients with asbesto-
sis and 80 patients with idiopathic pulmonary fibrosis were retrospectively reviewed. Two
chest radiol ogists assessed the type and distribution of parenchymal and pleural abnormalities
on high-resolution CT.

RESULTS. Subpleural dotlike or branching opacities (65/80), subpleural curvilinear lines
(55/80), mosaic perfusion (39/80), and parenchymal bands (38/80) were more common in pa-
tients with asbestosis (p < 0.0001). Visible intralobular bronchioles (62/80), bronchiolectasis
within fibrotic consolidations (47/80), and honeycombing (61/80) were more common in pa
tients with idiopathic pulmonary fibrosis (p < 0.0001). The frequencies of interlobular septal
thickening, ground-glass opacities, fibrotic consolidation, and emphysema were similar in
both groups. Parenchymal bands and fibrotic consolidation were more commonly seen (p < 0. 05)
in patients with asbestosis associated with pleural disease (n = 66) than in patients with asbestosis
without pleural disease (n = 14). Also, statistically significant differences were noted between
high-resolution CT findings of patients with asbestosis without pleural disease and those of pa-
tients with idiopathic pulmonary fibrosis, except for parenchymal bands.

CONCLUSION. Specific combinations of high-resolution CT findings strongly suggest ei-
ther ashestosis or idiopathic pulmonary fibrosis. We found that CT findings that might have rep-
resented bronchiolar obstruction in the subpleura region were more prominent in patients with
ashestosis than in those with idiopathic pulmonary fibrosis, whereas bronchiolar dilatation was

more prominent in patients with idiopathic pulmonary fibrosis than in those with asbestosis.

shestoss (i.e, ashestos-induced

pulmonary fibrosis) and idiopathic

pulmonary fibrosis (i.e,, usua in-
terstitiad pneumonia) have similar histopatho-
logic appearances and similar radiographic
manifestations [1]. Differentiating idiopathic
pulmonary fibrosis from asbestosis is impor-
tant because of legal and compensatory is-
sues. However, differentiating one from the
other is often difficult, particularly in patients
in whom the extent of occupational asbestos
exposure is not clear [2]. In addition, asbes-
tos-exposed persons potentially are subject to
the same spectrum of lung diseases as the
general population [3].

The identification of these diseases is im-
portant because treatments and prognoses for
such conditions may differ from those of as-
bestosis. The onset of ashestoss is gradual,

and progression is ether very dow or absent.
In idiopathic pulmonary fibrosis, however,
speed of onset and rate of progression are
more variable and can be rapid [4]. In idio-
pathic pulmonary fibrosis, most patients are
treated with steroids, and there is some evi-
dence of additional benefit from cyclophos-
phamide or azathioprine. A committee of the
American Thoracic Society and the Euro-
pean Respiratory Society [5] recommends a
combined therapy of corticosteroid and ei-
ther azathioprine or cyclophosphamide.
Novel strategies using antifibrotic agents—
such as colchicine, interferon-y, pirfenidone,
and the like—have been advocated, and they
are expected to be valuable additions to the
array of available trestments [5]. In the case of
ashestos's, acure is rarely possible, leaving the
physician with limited means for helping the
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patient. For asbestos workers with more than
minimal disease, complete remova from expo-
sure remains mandatory.

High-resolution CT has an increasingly im-
portant role in the clinical diagnosis of idio-
pathic pulmonary fibrosis. Mathieson et al. [6]
found that CT changes seen in patients with
ashestosis resembled those seen in patients
with idiopathic pulmonary fibrosis, athough
patients with asbestosis also had bilateral pleu-
ral thickening. Al-Jarad et . [7] compared the
high-resolution CT findings in patients with
idiopathic pulmonary fibross and ashestosis
and showed that there were differences other
than the frequency of the associated pleurd
changesin patients with each of these diseases.
They reported that, in addition to showing
pleural disesse, high-resolution CT showed
that ground-glass opacities were common in
idiopathic pulmonary fibrosis and rare in as-
bestosis, whereas thick, bandlike opacities
were common in asbestosis and rare in idio-
pathic pulmonary fibrosis. However, paren-
chymd bands are usually associated with
extensive pleural disease [8] and, as such, may
not be a discriminating factor in patients in
whom pleural diseases are not present.

Although these studies described some dif-
ferences between high-resolution CT findings
of ashestosis and idiopathic pulmonary fibro-
ds, we do not believe that a systematic review
of alarge number of CT signs in each condi-
tion has been previoudy performed. In our
study, we assessed whether one or more of
these CT signs can help in differentiating as-
bestosis from idiopathic pulmonary fibross.

Materials and Methods

We studied 80 patients with asbestosis and 80
patients with idiopathic pulmonary fibrosis. In-
formed consent was obtained from al 160 pa-
tients, and the study was approved by our internal
review board.

The ashestos's group consisted of 50 men and 30
women who were 41-83 yearsold (mean + SD, 61 +
9 years). Twenty-four of the patients had never
smoked, and 56 patients had a history of smoking.
The idiopathic pulmonary fibrosis group consisted of
56 men and 24 women who were 41-82 years old
(63 £ 9 years). Eighteen of the patients had never
smoked, and 62 patients had ahistory of smoking.

The diagnosis of asbestosis was based on the fol-
lowing criteria: ahigtory of substantia exposureto as-
bestos, atime interval between exposure and diseese
detection that was congstent with asbestos's; radio-
graphic evidence of bilaterd diffuseirregular opacities
(perfusion category = 1/0, according to the Interna:
tiona Labour Organization internationa classification
[9]); absence of cardiopulmonary disesse that could
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cause these abnormalities; and the presence of middle
to late inspiratory crackles. The 80 patients with as-
bestosis met dl these criteria.

The subjects were derived from alarge cohort of
textile workers from the Sennan industria area of
Osaka, Japan. Asbestosis has arelatively close asso-
ciation with both the magnitude and duration of ex-
posure to inhaled ashestos. The latency period
between the exposure and the discovery of manifes-
tations of the diseaseislikely to beaminimum of 15
years. In our 80 patients with abestos's, the mean ex-
posure to ashestos dust was 23.2 years (range, 15-35
years), and the mean interval since the first exposure
was 29.3 years (range, 2045 years).

According to the International Labour Organiza-
tion classification of the radiographic appearances of
the pneumoconioses [9], 32 of 80 patients with as-
bestosis had a pneumoconiosis perfusion category of
1, 35 had a perfusion category of 2, and 13 had a
perfusion category of 3. Transbronchid biopsy spec-
imens in 12 patients and autopsy specimens in 14
patients gave evidence of diffuse interdtitia fibrosis
with ashestos fiber bodies. In another 15 patientsin
whom bronchoaveolar lavage was performed, as-
bestos fiber bodies were detected in bronchoal veolar
lavage fluid.

The diagnosis of idiopathic pulmonary fibrosis
was established by open or video-assisted thoraco-
scopic lung biopsy in 32 patients and by autopsy in
18 patients. The histologic hallmark and chief diag-
nostic criterion of idiopathic pulmonary fibrosis is
a heterogeneous appearance of the specimen at low
magnification, with alternating areas of normal
lung, intergtitial infiltration, fibrosis, and honey-
comb change. Intergtitial inflammation is usually
mild to moderate, patchy, and composed of an al-
veolar septal infiltrate of lymphocytes, plasma
cells, and histiocytes associated with hyperplasia of
type Il pneumocytes. The fibrotic zones show tem-
pora heterogeneity with dense acellular collagen
and scattered fibroblastic foci. Areas of honeycomb
change are composed of cystic fibrotic air spaces
that frequently are lined with bronchiolar epithe-
lium and filled with mucin. Smooth muscle hyper-
plasia is commonly seen in areas of fibrosis and
honeycomb change [5].

In the 30 patients with no histologic confirmation
of the disease, the diagnosis was based on the clini-
cd criteria described by Turner-Warwick et a. [10]
and modified by Xaubet et a. [11]. In these 30 pa-
tients, transbronchia biopsy showed morphologic
changes suggestive of idiopathic pulmonary fibrosis
and no evidence of asbestos fiber bodies; any granu-
lomatous process was ruled out. Histopathologic ex-
aminations found no evidence of pneumoconiosis.

None of the patients with idiopathic pulmonary
fibrosis had been exposed to asbestos or showed
any symptoms or signs suggestive of connective
tissue disease or malignancy. None had positive
test resultsfor avian precipitins or had received any
drug known to induce lung fibrosis.

In the 80 patients with idiopathic pulmonary fi-
brosis, duration of symptoms before they had un-
dergone CT ranged from 3 to 33 months (mean, 17

months), and the result of their pulmonary function
tests was the predicted percentage of forced vital
capacity, 77.8% * 14.7%.

High-resolution CT was performed with a Quan-
tex Plus CT scanner (General Electric-Yokogawa
Medica Systems, Milwaukee, WI). All CT scans
with 1.5-mm collimation a 20-mm intervals were
obtained with the patient supine a maximal inspira-
tion. Prone repositioning was used in patients in
whom the posterior lungs were partially obscured by
gravity-dependent attenuation, which included 38 of
the 80 patients with asbestosis and 27 of the 80 pa-
tients with idiopathic pulmonary fibrosis. Scanning
extended from the lung apices to below the costo-
phrenic angles. Images were reconstructed with a
high-spatia-frequency agorithm. The window set-
tings used were gppropriate for lung parenchyma
(window width, 1500 H; level, =700 H). None of the
patients received an |V administration of contrast
medium. No expiratory scans were obtained.

The CT scans were reviewed independently by
two chest radiologists who were unaware of the clin-
ical and pathologic data, and the fina decisions on
CT findings were reached by consensus. The lungs
were divided into three equdl thirds that were mea-
sured from the gpex to the base. The reviewers eval-
uated the scans for the presence of a ground-glass
opacity, consolidation, honeycombing, interlobular
septal thickening, intralobular interstitia thickening,
a centrilobular opacity, a subpleura dotlike or
branching opacity, a subpleurd line, a parenchymal
band, trection bronchiectesis, visible intralobular
bronchioles, mosaic perfusion, and emphysema.

Areas of ground-glass attenuation were defined
as areas of hazy, increased attenuation that did not
obscure the underlying vascular markings. Fibrotic
consolidation was defined as consolidation with loss
of volume. Consolidation was considered present if
the opacities obscured the underlying vessels. If con-
solidation was present, the presence or absence of
bronchiolectasis (an air bronchiologram) within the
consolidation was recorded. Honeycombing was de-
fined as an accumulation of cystic spaces with thick-
ened walls. Coarse honeycombing was defined as
honeycombing in which the diameter of the honey-
comb spaces was grester than 5 mm. Interlobular sep-
tal thickening was defined as short lines contacting
the pleura surface perpendicularly or as a patern of
multiple polygond lines, representing thickened inter-
lobular septa. Intraobular interdtitial thickening was
defined as thickenings of the intralobular interstitium
resulting in afine weblike or netlike appearance to the
lobular parenchyma[12).

Digtribution of parenchymal opacities was re-
corded as centrilobular if opacities were identified
around periphera pulmonary arterid branches or 3—
5 mm away from the pleura, interlobular septa, or
pulmonary veins [13]. Subpleural dotlike or branch-
ing opacities were defined as those that arose afew
millimeters from the pleura but seldom touched it,
appearing as fine branching structures sometimes
connected to the most peripheral pulmonary arterial
branches [14, 15]. These opacities represent centri-
lobular opacitiesin the subpleural zones. Subpleural
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lines were defined as linear areas of increased atten-
uation seen within 1 cm of the pleuraand paralld to
the inner chest wall [16]. Parenchymal bands were
defined as linear, nontapering densities that are 2-5
cm long and extend through the lung to contact the
pleural surface [15]. Traction bronchiectasis was de-
fined as bronchia dilatation within areas of a paren-
chymal abnormdity. Bronchia dilatation was
considered present if theinternal diameter of abron-
chuswas greater than that of the adjacent pulmonary
artery. Visible intralobular bronchioles were consid-
ered present if an airway was visudized within 1 cm
of the cogtal pleura. Mosaic perfusion was defined as
aress of decreased attenuation with alobular or mul-
tilobular distribution, adjacent to areas of high atten-
uation [17]. Emphysema was characterized by areas
of decreased attenuation, disruption of the vascular
pattern, and absence of awell-defined wall.

The observers aso noted the extent of the abnor-
mal opacities present in the lungs. The extent of in-
volvement of parenchyma abnormalities was
assessed independently for each of the three zones
of each lung. The upper, middle, and lower lung
zones were scored by visually estimating the extent
of disease in each zone. The score was based on the
percentage of lung parenchyma that showed evi-
dence of abnormdlity and was estimated to the near-
est 10% of parenchymal involvement. The overal
percentage of involvement was calculated by aver-
aging the scores from each of the six lung zones.
Zonal predominance was assessed as being upper,
middle, lower, or random. The left—right symmetry
was also assessed as being predominantly right- or
left-sided or equa.

The interpreters separately recorded the presence
or absence of pleura plagues and diffuse pleura
thickening, using scans obtained at mediastina win-
dow settings (level, 0 H; width, 300 H). Diffuse
pleura thickening was defined as a contiguous sheet
of pleurd thickening that was wider than 5 cm,
longer than 8 cm in the craniocaudal plane, and
more than 3 mm thick [18].

Statigtical analyses were performed with a statisti-
cd software package (Statigtical Package for the So-
cia Sciences [SPSS-PC 7.5, version 4.0.5J, SPSS,
Chicago, IL). We compared the frequencies of disease
and the type of abnormalities seen in the two condi-
tions using ether Fisher's exact test or the chi-square
test, as appropriate. Results were considered signifi-
cant when p wasless than 0.05.

Results

No sgnificant differences were found be-
tween the patients with ashestosis and the pa-
tients with idiopathic pulmonary fibrosis in
age, sex, or smoking history. Differences be-
tween the groups for extent of disease as seen
on CT were dso not significant. The extent of
parenchymal abnormdities revedled on CT
scans ranged from 3% to 64% (18% + 11%) of
the lung parenchyma in patients with ashesto-
sis and from 4% to 75% (22% + 10%) in pa-
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tients with idiopathic pulmonary fibrosis. All
patients with asbestosisand all those with idio-
pathic pulmonary fibrosis had bilateral paren-
chyma abnormdlities. In the group with
ashestosis, verticd digtribution of the paren-
chyma abnormalities led to observation of
predominant involvement of the lower lung
Zones in 78 patients and predominant involve-
ment of the upper lung zones in two patients.
In the group with idiopathic pulmonary fibro-
Ss, the vertica distribution led to an assess-
ment of predominant involvement of the lower
zone of thelung in 77 patients. No patient was
found to have predominant involvement of the
upper zone of the lung. In three patients, the
upper, middle, and lower lung zones were
judged to be equally involved.

The frequencies of parenchymal abnormali-
ties seen in patients with asbestoss and idio-
pathic pulmonary fibrosis are shown in Table
1. Subpleurd dotlike or branching opacities
were present in 65 (81%) of the 80 patients
with asbestosis and 20 (25%) of the 80 patients
with idiopathic pulmonary fibrosis (p <
0.0001) (Fig. 1). Subpleura curvilinear lines
and parenchymal bandswere more common in
patients with ashestosis: 55 (69%) of the 80
patients with ashestosis and 22 (28%) of the 80
patients with idiopathic pulmonary fibrosis
had subpleura lines (Fig. 2), and 38 (48%) of
the 80 patients with asbestosis and three (4%)
of the 80 patients with idiopathic pulmonary
fibrosis had parenchyma bands (p < 0.0001).

Vigble intraobular bronchioles were more
common in patients with idiopathic pulmonary
fibrosis (Fig. 3). Mosaic perfusion was present
in 39 (49%) of the 80 patients with asbestosis
(Fig. 4) but in only nine (11%) of the 80 pa
tients with idiopathic pulmonary fibrosis (p <
0.0001). In patients with asbestosis, the size of
the pulmonary vesselsin the lobular areaswith
low attenuation decreased. Fibrotic consolida-
tion was seen in 35 patients with ashestosis
and in 47 patients with idiopathic pulmonary
fibrogis. Bronchiolectasis was seen within the
consolidation in all 47 patients with idiopathic
pulmonary fibrosis (Fig. 5) but was often not
seen within the consolidation in patients with
ashestosis (p < 0.0001) (Fig. 6).

Asymmetric parenchymal abnormalities
were found in 20 patients with asbestos's and
in 17 patients with idiopathic pulmonary fibro-
sis. Left-sided predominance was seen in 19 of
these 20 patients with asbestosis, and right-
sided predominance was seen in one patient
with asbestos's. Among the patients with idio-
pathic pulmonary fibrosis, 10 patients had |eft-
sded predominance, and seven peatients had
right-sided predominance.

The frequency of high-resolution CT find-
ings for mild parenchyma abnormalities
(disease extent visble on CT < 10%) and
more extensive abnormalities (disease extent
visible on CT = 10%) was examined. Sixteen
patients with asbestosis and 10 patients with
idiopathic pulmonary fibrosis had mild pa

Cpmparison qf Parenchymal A_bnorr_nalitie_s Seen on CT Scans 'of Patients
with Asbestosis and Patients with Idiopathic Pulmonary Fibrosis
Patients with Patients with Idiopathic
CT Finding Asbestosis (n =80) | Pulmonary Fibrosis (n = 80) p
No. % No. %
Irregular interlobular septal thickening 70 88 69 86 NS
Intralobular interstitial thickening 55 69 78 98 <0.0001
Subpleural dotlike or branching opacity 65 81 20 25 <0.0001
Centrilobular opacity 11 14 2 3 <0.02
Ground-glass opacity 76 95 79 99 NS
Honeycombing 27 34 61 76 <0.0001
Coarse honeycombing (> 5-mm diameter) 7 9 28 35 <0.0001
Traction bronchiectasis 55 69 76 95 <0.0001
Fibrotic consolidation 35 44 47 59 NS
Bronchiolectasis within consolidation 11 14 47 59 <0.0001
Visible intralobular bronchioles 16 20 62 78 <0.0001
Subpleural line 55 69 22 28 <0.0001
Parenchymal band 38 48 3 4 <0.0001
Mosaic perfusion 39 49 9 11 <0.0001
Emphysema 8 10 15 19 NS
Note.—NS = not significant.
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renchymal abnormalities. No significant dif-
ference between ashestosis patients with mild
parenchymal abnormalities and asbestosis
patients with more extensive abnormalities
was found except for intralobular interstitial
thickening and mosaic perfusion. In idio-
pathic pulmonary fibrosis, no significant dif-
ference was evident between patients with
mild parenchymal abnormalities and patients
with more extensive parenchymal abnormali-
ties except for interlobular and intralobular
intergtitial  thickening, honeycombing, and
traction bronchiectasis. Patients with exten-
sive ashestosis were significantly more likely
than patients with milder cases of the disease
to have intralobular interstitial thickening
(49/64 vs 6/16) and mosaic perfusion (36/64
vs 3/16). Patients with extensive idiopathic
pulmonary fibrosis were more likely than pa-
tients with milder cases of the disease to have
honeycombing (58/70 vs 3/10), traction bron-
chiectasis (70/70 vs 6/10), and interlobular
(63/70 vs 6/10) and intraobular (70/70 vs 8/
10) interdtitial thickening.

The combinations of frequent findings seen
on high-resolution CT scans were sdected for
each patient. A combination of subpleura dots
and subpleurd lines was found in 49 (61%) of
the 80 patients with asbestosisand in 10 (13%)
of the 80 patients with idiopathic pulmonary
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Fig. 1.—65-year-old man with asbesto-
sis. High-resolution CT scan shows
subpleural dotlike or branching opaci-
ties (arrows) located a few millimeters
away from pleura. Note paraseptal em-
physema (arrowheads).

Fig. 2—b54-year-old man with ashes-
tosis. High-resolution CT scan ob-
tained with patient prone shows
subpleural lines (arrows) parallel to
inner chest wall. Note subpleural dot-
like opacities (arrowheads).

fibross. A combination of subpleura dots,
subpleura lines, and parenchymal bands was
found in 28 (35%) of the 80 patients with as-
bestosis; however, this combination was found
in only one (1%) of the 80 patients with idio-
pathic pulmonary fibrosis. A combination of
subpleura dots, subpleurd lines, parenchymal
bands, and mosaic perfusion was found in 17
(21%) of the 80 patients with asbestosisand in
none of the 80 patients with idiopathic pulmo-
nary fibrosis. A combination of visible bron-
chioles and honeycombing was found in 50
(63%) of the 80 patients with idiopathic pul-
monary fibrosis, and in nine (11%) of the 80
patients with ashestosis. A combination of vis-
ible bronchioles, bronchiolectasis within con-
solidation, and honeycombing was found in 28
(35%) of the 80 patients with idiopathic pul-
monary fibrosisand in only two (3%) of the 80
patients with asbestosis.

Pleural disease was found in 66 (83%) of 80
patients with asbestosis. Forty-six patients with
ashestosis had pleurd plagues, and 43 patients
with asbestosis had diffuse pleurd thickening.
Twenty-three patients with asbestosis had both
pleural plagues and pleurd thickening. There
was no sgnificant difference between the pa
tients with asbestosis but no pleurd disease and
patients with ashestosiswith pleural disease, ex-
cept for parenchymd band and fibrotic consoli-

dation. Parenchymal bands were found in three
(21%) of 14 patients with asbestosis without
pleura disease and 35 (53%) of 66 patientswith
ashestosis with pleurd disease. Parenchymal
bands were found in 33 (77%) of 43 patients
with diffuse pleura thickening. Fibrotic consol-
idation was found in 26 (60%) of 43 patients
with diffuse pleura thickening. Parenchymal
bands and fibrotic consolidetion were signifi-
cantly more common in patients with diffuse
pleurd thickening.

In patients with asbestosis without pleural
disease, subpleural dots, subpleura lines, and
mosaic perfuson were more common and
bronchiolectasis within consolidation, visible
intralobular bronchioles, and honeycombing
wereless common. A combination of subpleu-
ral dots and subpleurd lineswasfound in eight
(57%) of 14 patients with asbestosis without
pleurd disease. A combination of subpleura
dots and mosaic perfusion was found in eight
(57%) of the 14 patients with asbestosis with-
out pleural disease. A combination of subpleu-
ral dots, subpleural lines, and mosaic perfusion
was found in five (36%0) of 14 patients with as-
bestosis without pleural disease. A combina-
tion of visible bronchioles and honeycombing
was found in two (14%) of the 14 patientswith
ashestosis without pleural disease, and a com-
bination of visible bronchioles and bronchi-
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Fig. 3.—58-year-old man with idio-
pathic pulmonary fibrosis. High-res-
olution CT scan shows intralobular
bronchiole. Note dilated bronchiole
(arrow) in subpleural region.

Fig. 4—High-resolution CT scan ob-
tained in 81-year-old man with as-
bestosis shows mosaic perfusion.

olectasiswithin consolidation was not found in
any of the 14 patients.

Pleural disease was found in three (4%) of
the 80 patients with idiopathic pulmonary fi-
brosis. These three patients had diffuse pleural
thickening and no pleural plagues. In these
three patients, parenchymal bands were found.

Discussion

Physicians must frequently diagnose pul-
monary ashestosis in the absence of a histo-
pathologic assessment of lung tissue. High-
resolution CT can assist in the assessment of
patients with equivocal findings and is gaining
favor asascreening tool. Similarly, in diagnos-
ing idiopathic pulmonary fibrods, the trend is
toward avoiding invasive diagnostic biopsy
proceduresin patients with aclinical presenta-
tion and CT findings typical of idiopathic pul-
monary fibrosis [19]. High-resolution CT has
an increasingly important role in the clinical
diagnosis of ashestosis and idiopathic pulmo-
nary fibrosis.

The presence of pleurd disease in asbestosis
has been used asthe prime differentiating radio-
graphic finding. In astudy of chest radiographic
findings, 25% of South African miners with
pulmonary fibrosis had no associated pleura
plaques on chest radiographs. Approximately
20% of the patients with parenchymal fibrosis
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had no accompanying pleurd thickening [20].
However, pleurd plagues are not aways present
in asbestos's, and in their absence, ashestosis
and pulmonary fibrosis may be indigtinguish-
able on chest radiography [7].

In our study, the most important difference
between idiopathic pulmonary fibrosis and as-
bestosis (goart from pleurd disease) wes the
finding of centrilobular opacities in the subpleu-
ral region. The subpleura dotlike or branching
opacities corregpond to centrilobular opacitiesin
the subpleura region. Subpleurd dotlike or
branching opacities were found not only in the
mild cases of asbestosis but dso in the advanced
casss. In the advanced cases of asbestoss, these
opacities were found in the less severdy dis
eased regions of thelung. They wererareinidio-
pathic pulmonary fibross, and instead of datlike
opacities, dilated bronchioles (visble intralobu-
lar bronchioles) were often found in theinvolved
subpleurd centrilobular region in patientsin the
idiopathic pulmonary fibross group (Fig. 7).
These findings could be identified only on high-
resolution CT using thin-section collimation. A
previous study has shown that in patients with
ashestos's, the subpleurd dotlike or branching
opacities correspond histopathologicaly to peri-
bronchiolar nodular fibrosis with subsequent in-
volvement of theadveolar ducts[14].

Moreover, dilated bronchioles (i.e., bronchi-
olectasis) within consolidation were often found

in patients with idiopathic pulmonary fibrosis,
whereasin patientswith asbestos's, fibrotic con-
solidation was often present but usudly unac-
companied by bronchiolectasis. In idiopathic
pulmonary fibross, bronchiolectass within
consolidation has been shown histologicaly to
be caused by 1- to 2-mm-diameter dilated bron-
chioles surrounded by airlessfibrotic lung tissue
[21]. In asbegtosis, fibrotic consolidation was
more common in asbestosis with diffuse pleura
thickening than in asbestosis without pleura
disease. These may represent aress of trapped
lung that can appear to be classic rounded
atelectasis or lenticular opacities.

We found that mosaic perfuson—presum-
ably dueto air trgpping—was more common in
ashestosisthanin idiopathic pulmonary fibrosis.
Mosaic perfusion is seen in patients with exten-
sive bronchiolar obstruction and is caused by
shunting of blood away from poorly ventilated
regions of lung [17, 22]. In our patients, the size
of the pulmonary vessds in the lobular low-at-
tenuation areas decreased. Diffuse ground-glass
attenuation with lobular sparing (reaively low
attenuation) can be differentiated from lobular
low attenuation resulting from air trapping or
vascular lung disease on the badis of the size of
the centrilobular core structures: no differenceis
seen between the size of these structures and
those of the surrounding lung in cases of diffuse
ground-glass atenuaion with lobular sparing,
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whereas the centrilobular core dtructures are
smaler than those of the surrounding lung in
cases of lobular low attenuation resulting from
ar trgpping or vascular lung disease 16, 21]. Air
trapping is best seen on expiratory CT scans,
however, in our study, expiratory CT scanswere
not used. If the expiratory scans were used, de-
tection of air trapping may be enhanced.

Subpleural lines were more frequently
found in patients with asbestosis than in pa-
tients with idiopathic pulmonary fibrosis. Sub-
pleua lines may be caused by different
pathophysiologic mechanisms. In asbestosis,
the subpleural lines have been shown histolog-
icaly to be caused by peribronchiolar fibrotic
thickening combined with the flattening and
collapse of the alvedli due to fibrosis [16]. A
confluence of honeycomb cysts can aso result
in an irregular subpleural line. Kubota et dl.
[23] proved that the subpleurd lines represent
platelike atelectasis in the corticomedullary
junction of the lung.

Fig. 5—64-year-old man with idio-
pathic pulmonary fibrosis. High-resolu-
tion CT scan shows bronchiolectasis
within consolidation. Note fibrotic con-
solidation (arrowheads) in subpleural
region. Also note dilated bronchioles,
indicating bronchiolectasis (arrows)
within consolidation.

Fig. 6.—69-year-old woman with as-
bestosis. High-resolution CT scan of
ashestosis shows fibrotic consoli-
dation (arrowheads) seen in the
subpleural region. Air bronchiogram
and air bronchiologram are not seen
within consolidation.

Parenchyma bands are often accompanied
by diffuse pleural thickening [8, 24]. Gevenois
et a. [8] reported that the presence of paren-
chymal bands and diffuse pleura thickeningin
the same cluster suggests that these bands are
related to viscera pleura fibrosisrather than to
intertitial fibrosis. In our study, parenchymal
bands were more common in patients who had
ashestosis with diffuse pleural thickening. Pa-
renchymal bands are usually associated with
extensive pleural disease and, as such, may not
be a discriminating factor in patients without
pleural disease.

We found satistically significant differ-
ences between findings on high-resolution CT
scans of patients with asbestosis and those on
the scans of patients with idiopathic pulmo-
nary fibrosisinintralobular interstitial thicken-
ing, subpleurd dotlike or branching opecities,
subpleura lines, parenchyma bands, bronchi-
olectasis within consolidation, isolated dilated
bronchioles, traction bronchiectass, mosaic

Idiopathic pulmonary
fibrosis

Asbestosis

\

Fig. 7.—Diagram of high-resolution
CT findings in subpleural secondary
— lobules of lungs in idiopathic pulmo-
nary fibrosis and asbestosis. Shaded
areas represent prominent fibrosis.
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perfusion, and honeycombing. A combination
of subpleurd dots, subpleura lines, and paren-
chyma bands or mosaic perfusion was more
frequent in patients with asbestosis. A combi-
nation of visible bronchioles, bronchiolectasis
within consolidation, and honeycombing was
more frequent in patients with idiopathic pul-
monary fibross. These observations suggest
that asbestosis and idiopathic pulmonary fibro-
sis have different high-resolution CT findings
in the subpleural secondary lobules of the
lungs, especialy in the bronchiolar region.
Bronchiolar obstruction in the subpleura re-
gion is more prominent in ashestosis than in
idiopathic pulmonary fibrosis, whereas bron-
chiolar dilatation is more prominent in idio-
pathic pulmonary fibrosis than in asbestosis. It
has been shown that exposure to ashestos may
cause airway disease, giving rise to the devel-
opment of airflow obstruction [24-26].

Our study has some limitations. Thirty-nine
of the patients in the asbestosis group evi-
dently fit the criteria for clinical diagnosis of
ashestosis. The patientsin the ashestosis group
may have had other diseases, even though clin-
ical examinations were carefully evaluated.
Some of the patients with clinically diagnosed
ashestosis may have actually had idiopathic
pulmonary fibrosis. We obtained clinical and
radiologic follow-up data that had been col-
lected for more than 5 years for all 39 patients
without pathologicaly proven asbestosis. The
clinical progression was dow or had stabilized
over timein all 39 patients, which is compati-
ble with asbestosis. However, some patients
without histologic confirmation of asbestoss
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may have asmall amount of idiopathic pulmo-
nary fibrosis. Not dl patients underwent prone
scanning. Some degree of dependent opacity
in the lungs can mimic or obscure disease,
and it may influence subjective measurement
of the extent of disease by the interpreters.
Scanning was performed with the patient
proneif the posterior lungs were partially ob-
scured by gravity-dependent attenuation.
Gravity-dependent opacity was not seen on
many CT scans obtained at maximal inspira:
tion with the patient supine.

In conclusion, subpleurd dotlike or branch-
ing opacities, curvilinear lines, and bandlike
opacities are significantly more common in
patients with asbestosis, whereas honeycomb-
ing, visible bronchioles, and bronchiolectasis
within consolidation are significantly more
common in patients with idiopathic pulmonary
fibrosis. Ground-glass opacities and interlobu-
lar septal thickening are common in both dis-
eases. Mosaic perfusion resulting from air
trapping is more common in ashestosis than in
idiopathic pulmonary fibross. These differ-
ences aretrue of ashestosiswithout pleural dis-
eae. These CT findings suggest that
bronchiolar obstruction in the subpleura re-
gion was more prominent in asbestosis than in
idiopathic pulmonary fibrosis, whereas bron-
chiolar dilatation was more prominent in idio-
pathic pulmonary fibrosis than in ashbestosis.
These differences may be related to the under-
lying morphology of each process. High-reso-
lution CT may be hdpful in differentiaing
ashestosis from idiopathic pulmonary fibrosis.
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