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Collagen vascular diseases that demonstrate features of interstitial lung
disease include systemic lupus erythematosus, rheumatoid arthritis,
progressive systemic sclerosis, dermatomyositis and polymyositis, an-
kylosing spondylitis, Sjögren syndrome, and mixed connective tissue
disease. At histopathologic analysis, interstitial lung diseases associated
with collagen vascular diseases are diverse and include nonspecific in-
terstitial pneumonia, usual interstitial pneumonia, bronchiolitis obliter-
ans organizing pneumonia (BOOP), apical fibrosis, diffuse alveolar
damage, and lymphocytic interstitial pneumonia. Although propor-
tions of interstitial pneumonias vary, nonspecific interstitial pneumonia
accounts for a large proportion, especially in progressive systemic scle-
rosis, dermatomyositis and polymyositis, and mixed connective tissue
disease. The more favorable prognosis in interstitial pneumonia associ-
ated with collagen vascular diseases than in idiopathic interstitial pneu-
monias may be explained by the larger proportion of nonspecific inter-
stitial pneumonia than of usual interstitial pneumonia. High-resolution
computed tomography seems to help characterize and determine the
extent of interstitial lung disease in collagen vascular diseases.
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Introduction
The collagen vascular diseases constitute a group
of autoimmune disorders whose common de-
nominator is damage to components of connec-
tive tissue at a variety of sites in the body. Colla-
gen vascular diseases that show features of inter-
stitial lung disease include systemic lupus erythe-
matosus, rheumatoid arthritis, progressive sys-
temic sclerosis, polymyositis and dermatomyosi-
tis, Sjögren syndrome, mixed connective tissue
disease, and ankylosing spondylitis. At his-
topathologic examination, interstitial lung dis-
eases associated with collagen vascular disease are
diverse and include usual interstitial pneumonia,
nonspecific interstitial pneumonia, bronchiolitis
obliterans organizing pneumonia (BOOP, also
called cryptogenic organizing pneumonia), diffuse
alveolar damage, lymphocytic interstitial pneu-
monia, and apical fibrosis (1–14) (Table 1). The
histopathologic and radiologic findings of intersti-
tial lung diseases associated with collagen vascu-
lar diseases (15) are identical to those of their id-
iopathic counterparts (16) (Table 2). However,
some histopathologic findings, although not spe-

cific, are suggestive of interstitial pneumonia in
association with collagen vascular disease. These
findings are lymphoid hyperplasia (follicular hy-
perplasia) and prominent plasma cell infiltration
in interstitial inflammation (16).

High-resolution computed tomography (CT)
has proved to be more sensitive than chest radiog-
raphy and conventional CT in the detection and
characterization of various histopathologically
confirmed interstitial lung diseases in patients
with collagen vascular diseases (17). There is evi-
dence that the pattern of abnormality at high-
resolution CT reflects the relative proportions of
fibrosis and inflammation. A reticular pattern
with traction bronchiectasis at CT is associated
with a predominantly fibrotic process, whereas
ground-glass attenuation without a reticular pat-
tern or traction bronchiectasis is associated with
an inflammatory process (18). In this article, we
show imaging findings of various interstitial lung
diseases in association with diverse collagen vas-
cular diseases and correlate these findings with
histopathologic results.

Systemic Lupus Erythematosus
Systemic lupus erythematosus is characterized
immunologically by the presence of autoantibod-
ies against various nuclear antigens. It is most

Table 1
Frequency of Pulmonary Disease Involvement in Various Collagen Vascular Diseases

Pulmonary Disease

Systemic
Lupus

Erythematosus
Rheumatoid

Arthritis

Progressive
Systemic
Sclerosis

Polymyositis or
Dermatomyositis

Sjögren
Syndrome

Mixed
Connective

Tissue Disease

Usual interstitial pneu-
monia � �� �� �� � ��

Nonspecific interstitial
pneumonia � � ���� ���� � ���

Diffuse alveolar damage �� � � � . . . . . .
BOOP � . . . � �� � . . .
Lymphocytic interstitial

pneumonia . . . . . . . . . . . . ��� �
Hemorrhage ��� . . . . . . . . . . . . . . .
Airway disease . . . �� . . . . . . �� . . .

Note.—Plus signs (�) indicate relative frequency of pulmonary disease involvement (� � lowest frequency,
���� � highest frequency). Empty cells (. . .) indicate no pulmonary disease involvement.
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common in young women. Pleuropulmonary in-
volvement occurs in approximately 50%–60% of
patients. Most such involvement consists of pleu-
ral disease (19). In one prospective study that in-
cluded 1,000 patients, lung involvement was
identified in only 3% at the onset of the disease;
it developed in an additional 7% over the period
of observation (20).

Pulmonary manifestations of systemic lupus
erythematosus comprise both acute and chronic
lesions. Acute disease includes pulmonary hemor-
rhage, acute lupus pneumonitis, and pulmonary
edema. Chronic disease, such as interstitial pneu-
monitis and fibrosis, is less common than in other
connective tissue disorders (17).

Histopathologic Characteristics
Acute lupus pneumonitis occurs in 1%–4% of
patients (1,19). Histopathologic findings include
alveolar wall damage and necrosis that lead to
inflammatory cell infiltration, hemorrhage, ede-
ma, and hyaline membrane formation (Fig 1).
Large vessel vasculitis has rarely been detected.
Thrombi in small vessels, associated with an in-
terstitial pneumonitis, have been well docu-
mented, although this finding is an unusual
feature of acute lupus pneumonitis. The patho-
genesis of these histologic changes remains con-
troversial (17).

Table 2
Most Common Histopathologic and Radiologic Findings in Idiopathic Interstitial Pneumonias

Histologic
Pattern Histopathologic Findings

Radiologic Findings

Common
Radiographic

Findings
Distribution

at CT Usual CT Findings

Usual inter-
stitial
pneumo-
nia

Architectural destruction, fibrosis
with honeycombing, fibroblas-
tic foci; alternating areas of
normal lung tissue, inflamma-
tion, fibrosis, and honeycomb-
ing (temporally heterogeneous)

Reticular abnor-
mality with vol-
ume loss, basal

Peripheral,
subpleu-
ral, basal

Irregular linear hyperattenuat-
ing areas, honeycombing,
traction bronchiectasis or
bronchiolectasis, architec-
tural distortion, focal
ground-glass attenuation

Nonspecific
interstitial
pneumo-
nia

Varying proportion of interstitial
inflammation and fibrosis, di-
vided into cellular (inflamma-
tion) and fibrosing (fibrosis)
patterns; patchy with interven-
ing normal lung tissue; tempo-
rally uniform

Ground-glass and
reticular opac-
ity, basal

Peripheral,
subpleu-
ral, basal,
symmet-
ric

Ground-glass attenuation,
irregular linear hyperattenu-
ating areas, consolidation

BOOP Intraluminal organizing fibrosis
in distal airspaces, patchy,
preservation of lung architec-
ture, temporally uniform, mild
chronic interstitial inflamma-
tion

Patchy bilateral
consolidation

Subpleural,
peribron-
chovascu-
lar

Patchy consolidation or nod-
ules

Diffuse al-
veolar
damage

Alveolar edema, hyaline mem-
brane, fibroblastic proliferation
with little mature collagen; dif-
fuse; temporally uniform

Progressive diffuse
ground-glass
appearance or
consolidation

Diffuse Consolidation, ground-glass
attenuation, often with
lobular sparing; traction
bronchiectasis in later
stages

Lymphocytic
interstitial
pneumo-
nia

Infiltration of T lymphocytes,
plasma cells, and macrophages;
lymphoid hyperplasia; diffuse;
predominantly septal

Reticular areas of
increased opac-
ity, nodules

Diffuse Centrilobular nodules,
ground-glass attenuation,
septal and bronchovascular
thickening, thin-walled
cysts
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Diffuse interstitial pneumonitis and fibrosis are
uncommon; in one series of 120 patients, only
five (4%) had findings of interstitial lung disease
(1). Histopathologic findings in such cases are
those of usual interstitial pneumonia or nonspe-
cific interstitial pneumonia (Fig 2) (2). A few
cases of BOOP have been reported.

Radiologic Manifestations
Ground-glass attenuation and consolidation at
high-resolution CT may reflect the presence of
interstitial pneumonitis and fibrosis, acute lu-
pus pneumonitis, hemorrhage, or, occasionally,
BOOP (Figs 1–4). Radiographic evidence of in-
terstitial fibrosis, consisting of a reticular pattern
that involves mainly the lower lung zones, is seen
in only about 3% of patients who have systemic

lupus erythematosus. By contrast, interstitial ab-
normalities are seen in approximately 30% of pa-
tients at high-resolution CT (21,22). They in-
clude interlobular septal thickening (33%), ir-
regular linear hyperattenuating areas (33%), and
architectural distortion (22%) (Figs 2, 4). Such
abnormalities are usually mild and focal; diffuse
disease occurs in only 4% of patients (1). Honey-
combing is uncommon.

Rheumatoid Arthritis
Rheumatoid arthritis is characterized by the pres-
ence of symmetric arthritis, morning stiffness,
and rheumatoid factor in the blood. Pleuropul-
monary complications are common and include
interstitial pneumonitis and fibrosis, rheumatoid
(necrobiotic) nodules, BOOP, bronchiectasis,

Figure 1. Systemic lupus erythematosus and
acute lupus pneumonitis in a 45-year-old man.
(a, b) CT scans (3-mm collimation) obtained
with lung windowing at the levels of the aortic
arch (a) and lingular segmental bronchus
(b) show airspace consolidation in the right up-
per lobe and ground-glass attenuation in the left
upper lobe. Bronchial dilatation is seen in the
consolidation in the right upper lobe (arrows in
a). (c) Photomicrograph (original magnification,
�40; hematoxylin-eosin [H-E] stain) shows
prominent interstitial fibroblastic proliferation
and alveolar type 2 pneumocyte hyperplasia
(large arrows) that cause alveolar collapse. There
is also intraalveolar macrophage collection (small
arrows). These findings are compatible with the
organizing stage of diffuse alveolar damage.
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Figure 2. Systemic lupus erythematosus and nonspecific interstitial pneumonia (fibrosing pattern) in a 67-year-old
woman. (a) Thin-section (1-mm collimation) CT scan obtained at the level of the inferior pulmonary vein shows
ground-glass attenuation and irregular linear hyperattenuating areas in the subpleural areas of both lower lung zones,
as well as traction bronchiectasis (arrows). (b) Photomicrograph (original magnification, �12; H-E stain) shows uni-
form interstitial fibrous thickening with infiltration of a few mononuclear cells.

Figure 3. Systemic lupus erythematosus
and BOOP in a 23-year-old woman. Thin-
section (1-mm collimation) CT scan ob-
tained at the level of the liver dome shows
subpleural consolidation and ground-glass
attenuation in the basal areas of both
lungs.

Figure 4. Systemic lupus erythematosus
and usual interstitial pneumonia in a 51-
year-old woman. Thin-section (1-mm col-
limation) CT scan obtained at the level of
the liver dome shows subpleural honey-
combing, irregular linear hyperattenuating
areas, and ground-glass attenuation in the
basal areas of both lungs.

RG f Volume 22 ● Special Issue Kim et al S155

R
a
d
io

G
ra

p
h
ic

s



obliterative bronchiolitis, follicular bronchiolitis,
and pleural effusion or thickening (23,24).

Interstitial pneumonitis and fibrosis are the
most common pulmonary manifestations of rheu-
matoid arthritis (23). In fact, pulmonary function
abnormalities consistent with interstitial fibrosis
have been reported in as many as 40% of patients
who have rheumatoid arthritis (24); in more than
one-half of these patients, however, findings at
chest radiography are normal. Evidence of inter-
stitial fibrosis is seen at chest radiography in ap-
proximately 5% of patients with rheumatoid ar-
thritis (23,25) and at high-resolution CT in 30%–
40% (24,26). The complication is seen most
frequently in men between 50 and 60 years of
age (27).

Histopathologic Characteristics
The majority of patients who have interstitial fi-
brosis associated with rheumatoid arthritis have
usual interstitial pneumonia; a small percentage
have histologic findings of nonspecific interstitial
pneumonia (3). Nodular aggregates of lympho-
cytes may be prominent in both the parenchymal
interstitium and in the interstitial tissue in bron-
chiolar walls and interlobular septa (follicular
bronchiolitis) (5).

In one report, a variety of histopathologic fea-
tures were seen in specimens obtained at open
lung biopsy in patients with rheumatoid lung dis-
ease (5). Five different groups were identified on
the basis of histologic patterns: pulmonary rheu-
matoid nodules, usual interstitial pneumonia,
BOOP (Fig 5), lymphoid hyperplasia, and cellu-
lar interstitial infiltrates (nonspecific interstitial
pneumonia). Few cases of diffuse alveolar dam-
age have been reported (Fig 6) (28).

Radiologic Manifestations
In the early stage, the radiographic appearance
consists of irregular linear hyperattenuating areas
in a fine reticular pattern. The abnormality usu-
ally involves mainly the lower lung zones. With
the progression of disease, the reticular pattern
becomes more coarse and diffuse, and honey-
combing may be seen (29).

Similar to the findings at radiography, the pre-
dominant abnormality at high-resolution CT con-
sists of irregular linear hyperattenuating areas
caused by a combination of intralobular lines and
irregular thickening of interlobular septa (24).
Honeycombing is seen, most markedly near the
diaphragm. In a study by Akira et al (30), three
predominant CT patterns were identified in 29
patients: reticulation with or without honeycomb-

ing (n � 19), centrilobular branching linear struc-
tures with or without bronchial dilatation (n � 5),
and consolidation (n � 5). Reticulation and cen-
trilobular branching linear structures corre-
sponded to the histopathologic findings of usual
interstitial pneumonia and BOOP, respectively.
Consolidation corresponded to BOOP with or
without findings of coexistent chronic eosino-
philic pneumonia (Fig 5). Reticulation deterio-
rates rapidly, especially when it is associated with
the new appearance of multifocal areas of ground-
glass attenuation. Centrilobular branching linear
structures show a tendency to progress to bron-
chiectasis. Consolidation shows a tendency to
improve in one-half of patients and to evolve into
honeycombing in the remaining patients at serial
CT.

Interstitial lung changes are frequent and inde-
pendent of disease duration. Interstitial changes
are more frequent and severe in rheumatoid fac-
tor–positive patients and in patients with more
severe joint involvement (31).

Progressive Systemic Sclerosis
Progressive systemic sclerosis (scleroderma), an
uncommon disease with an estimated incidence
of approximately 10 cases per million per year, is
a disorder of connective tissue characterized by
deposition of excessive extracellular matrix and
vascular obliteration (32). It has an approximately
3:1 female predilection. Diffuse and limited forms
of systemic sclerosis refer to the extent of cutane-
ous involvement, with a different clinical course
and prognosis for each. Both types are more com-
mon in women, although the diffuse form tends
to involve older women.

Pulmonary involvement is more common and
more severe in systemic sclerosis than in other
types of collagen vascular disease. The most com-
mon pulmonary manifestation is interstitial fibro-
sis, which occurs in approximately 80% of pa-
tients (32). Pulmonary fibrosis is equally likely in
the limited and diffuse forms of the disease but is
less severe in the limited form.

Histopathologic Characteristics
At autopsy, some degree of parenchymal intersti-
tial fibrosis is frequently seen. The histologic fea-
tures are those of nonspecific (Fig 7) or usual
(Fig 8) interstitial pneumonia, the former being
more common. Follicular bronchiolitis is seen
occasionally. Although BOOP may be associated
with scleroderma, obliterative bronchiolitis is only
rarely seen with the disease (6). Diffuse alveolar
damage has rarely been recognized in association
with scleroderma (7).
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Figure 5. Rheumatoid arthritis and BOOP in a 68-year-old man. (a) Thin-section (1-mm collimation) CT scan
obtained at the level of the inferior pulmonary vein shows patchy areas of ground-glass attenuation and consolidation
with a subpleural or peribronchovascular distribution in both lungs. (b) Photomicrograph (original magnification,
�40; H-E stain) shows intraalveolar fibroblastic plugging (arrows) in alveolar spaces and alveolar ducts.

Figure 6. Rheumatoid arthritis and dif-
fuse alveolar damage (organizing phase) in
a 68-year-old man. (a, b) Thin-section
(1-mm collimation) CT scans obtained at
the levels of the aortic arch (a) and the
right upper lobar bronchus (b) show
patchy ground-glass attenuation and con-
solidation bilaterally in the upper and
middle lung zones. A small amount of bi-
lateral pleural effusion is also apparent.
(c) Photomicrograph (original magnifica-
tion, �12; H-E stain) of a biopsy speci-
men obtained from the right upper lobe
shows diffuse interstitial thickening with
fibroblastic proliferation and mononuclear
cell infiltration.
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Radiologic Manifestations
Evidence of interstitial fibrosis has been reported
at chest radiography in 20%–65% of patients
(32). Serial radiographs obtained over several
years may show progressive loss of lung volume in
addition to a worsening of the interstitial disease.

High-resolution CT frequently shows evidence
of interstitial pneumonitis and fibrosis in patients
who have normal or questionable radiographic
findings (Figs 7–10) (33,34). The abnormalities
involve mainly the lower lobes and have a pre-
dominantly peripheral and posterior distribution
(35). In a recent study by Kim et al (36), findings
at serial high-resolution CT were correlated with

Figure 8. Progressive systemic sclerosis and usual interstitial pneumonia in a 41-year-old woman. (a) Thin-section
(1-mm collimation) CT scan obtained at the level of the liver dome shows honeycombing, irregular linear hyperat-
tenuating areas, and ground-glass attenuation in the basal areas of both lungs. (b) Photomicrograph (original magni-
fication, �12; H-E stain) shows irregular interstitial fibrosis (solid arrow) with mononuclear cell infiltration and foci
of fibroblastic proliferation (arrowheads). Intervening normal lung tissue is also seen (open arrows).

Figure 7. Progressive systemic sclerosis and nonspecific interstitial pneumonia (group 3) in a 50-year-old woman.
(a) Thin-section (1-mm collimation) CT scan obtained at the level of the liver dome shows patchy areas of ground-
glass attenuation, irregular linear hyperattenuating areas, and traction bronchiectasis. (b) Photomicrograph (original
magnification, �40; H-E stain) shows diffuse uniform interstitial fibrous thickening, intraalveolar mucin, and inflam-
matory cell infiltration.
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Figure 9. Progression of disease extent in a 51-year-old woman with progressive systemic sclerosis and nonspecific
interstitial pneumonia. (a) Thin-section (1-mm collimation) CT scan obtained at the level of the basal segmental
bronchi shows patchy distribution of irregular linear hyperattenuating areas and ground-glass attenuation with trac-
tion bronchiectasis (arrows) in both lungs. (b) Follow-up CT scan obtained at a similar level 54 months later shows
increased extent of disease in both lungs. Traction bronchiectasis has progressed (arrows).

Figure 10. Dermatomyositis and usual
interstitial pneumonia in a 64-year-old
woman. (a, b) Initial thin-section (1-mm
collimation) CT scans obtained at the lev-
els of the bronchus intermedius (a) and
liver dome (b) show patchy areas of
ground-glass attenuation and irregular lin-
ear hyperattenuating areas with random
distribution in both lungs. (c) Photomicro-
graph (original magnification, �12.5; H-E
stain) shows irregular interstitial fibrosis
(arrows) and mononuclear cell infiltration
with subpleural predominance. Germinal
center formation is also seen (arrowheads).
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the results of pulmonary function tests in 40 pa-
tients with progressive systemic sclerosis and in-
terstitial pneumonia. The overall extent of disease
and the degrees of honeycombing and ground-
glass attenuation increased significantly at fol-
low-up CT (Fig 9). Both forced vital capacity and
forced expiratory volume in 1 second decreased
significantly at follow-up. The increase in the ex-
tent of honeycombing at CT correlated signifi-
cantly with the decrease in diffusing capacity for
carbon monoxide. The average rate of progres-
sion of honeycombing in patients with idiopathic
usual interstitial pneumonia is 0.4% of lung vol-
ume per month (37). According to study by Kim
et al (36), the progression rate of honeycombing
in patients with progressive systemic sclerosis is
0.07% of lung volume per month.

Polymyositis
and Dermatomyositis

Polymyositis is an autoimmune inflammatory my-
opathy characterized by symmetric weakness of
the limb girdle and anterior neck muscles (8).
Dermatomyositis is similar to polymyositis except
for the presence of a characteristic skin rash. Poly-

myositis and dermatomyositis have an incidence
of approximately 5–10 cases per million per year
(8) and occur twice as often in women as in men.

The thorax is commonly affected, generally in
one or more of three forms: (a) hypoventilation
and respiratory failure as a result of involvement
of the respiratory muscles; (b) interstitial pneu-
monitis, usually with a histologic pattern of usual
interstitial pneumonia (Fig 10) or nonspecific
interstitial pneumonia; and (c) aspiration pneu-
monia secondary to pharyngeal muscle weakness
(probably the most common pulmonary compli-
cation) (8,38).

Histopathologic Characteristics
Interstitial lung disease associated with polymyo-
sitis or dermatomyositis has a wide spectrum of
histopathologic features (8,38). Three major
groups can be identified on the basis of histologic
patterns: BOOP, usual or nonspecific interstitial
pneumonia (Figs 10, 11), and diffuse alveolar
damage. Histologic appearance is useful for deter-
mining the prognosis (38). Patients with diffuse
alveolar damage or usual interstitial pneumonia
have a poor prognosis, with only a 33% survival
rate at 5 years (39); however, patients with BOOP
have an excellent prognosis. Patients with non-
specific interstitial pneumonia have a good prog-
nosis.

Figure 11. Dermatomyositis and nonspecific interstitial pneumonia in a 51-year-old man. (a) Thin-section (2.5-
mm collimation) CT scan obtained at the level of the liver dome shows subpleural patchy areas of ground-glass at-
tenuation and irregular linear areas of hyperattenuation. Traction bronchiectasis is also visible (arrows). (b) Coronal
reformatted image (2-mm collimation of original axial helical CT data obtained with 2.5-mm collimation, 120 kVp,
and 100 mA) of the posterior portion of the lung shows subpleural ground-glass attenuation and irregular linear hy-
perattenuating areas, predominantly in the lower lung zones. Traction bronchiectasis is also visible (arrows).
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Radiologic Manifestations
The frequency of radiographic parenchymal ab-
normalities is low (about 5%). The most common
is a symmetric, predominantly basal reticular pat-
tern (Figs 10, 11) that may become diffuse over
time and progress to honeycombing (8). Bilateral
areas of consolidation develop in some patients
over a 2- to 3-week period. This abnormality usu-
ally corresponds histologically to diffuse alveolar
damage or BOOP (38).

Initial high-resolution CT findings of pulmo-
nary involvement in patients with polymyositis
or dermatomyositis are prominent interlobular
septa, ground-glass attenuation, patchy consoli-
dation, parenchymal bands, irregular peribron-
chovascular thickening, and subpleural lines
(Figs 10, 11). Honeycombing may be seen in up
to 16% of patients who have abnormal chest ra-
diographic findings or pulmonary function (40).
Areas of consolidation with or without ground-
glass attenuation correspond histopathologically
to BOOP or organizing diffuse alveolar damage.
Patchy consolidation, parenchymal bands, and
irregular peribronchovascular thickening are seen
to improve at sequential CT, becoming pleural
irregularities, prominent interlobular septa,

ground-glass attenuation, and subpleural lines on
follow-up CT scans (9,41). Therefore, consolida-
tion with patchy and subpleural distribution, pa-
renchymal bands, and irregular peribronchovas-
cular thickening are reversible. On occasion, areas
of ground-glass attenuation with parenchymal
bands or subpleural lines that represent a patho-
logic area of usual interstitial pneumonia may
progress to honeycombing (9).

Sjögren Syndrome
Sjögren syndrome is characterized by a clinical
triad of dry eyes (keratoconjunctivitis sicca), dry
mouth (xerostomia), and arthritis. It is relatively
common, affecting 0.1% of the general popula-
tion and 3% of older adults (42). It may be pri-
mary, without features of other collagen vascular
disease, or secondary in association with other
collagen vascular disease, most often rheumatoid
arthritis.

The most common thoracic complication,
lymphocytic interstitial pneumonia (Fig 12), is
followed in frequency by airway abnormalities
such as follicular bronchitis, bronchiectasis, and
bronchiolitis. Less common complications in-
clude interstitial pneumonitis and fibrosis, BOOP,
lymphoma, pulmonary hypertension, and pleural
effusion or fibrosis (42).

Figure 12. Sjögren syndrome and lymphocytic interstitial pneumonia in a 32-year-old woman.
(a) Thin-section (1-mm collimation) CT scan obtained at the level of the carina shows centrilobular
nodules and branching linear structures (straight arrow) in the right lung. Many thin-walled cysts
(curved arrows) were seen in both lungs. (b) Photomicrograph (original magnification, �20; H-E stain)
shows diffuse lymphocyte infiltration in the peribronchovascular interstitium and surrounding alveolar
septa (arrows).
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Histopathologic Characteristics
Sjögren syndrome appears with a wide spectrum
of interstitial lung disease, from follicular bron-
chiolitis to lymphocytic interstitial pneumonia
and, finally, fibrosis with honeycombing (10). At
histopathologic examination, lymphocytic inter-
stitial pneumonia is characterized by a diffuse,
usually bilateral, interstitial infiltration of lym-
phoplasma cells (2,10). It is usually most promi-
nent in relation to bronchioles and their accom-
panying vessels but can be seen in the alveolar
interstitium (Fig 12). Fibrosis is usually mild
(10).

Radiologic Manifestations
Parenchymal abnormalities are evident at chest
radiography in 10%–30% of patients (43). The
most common finding, a reticulonodular pattern
that involves mainly the lower lung zones, may
reflect the presence of lymphocytic interstitial
pneumonia or interstitial fibrosis. Franquet et al
(44) made a prospective study of high-resolution
CT findings in the lungs of 50 consecutive pa-
tients in whom the onset of disease occurred an
average of 12 years prior to CT (range, 2–37
years). Moreover, 37 of 50 patients (74%) had no
respiratory symptoms at the time of CT. The au-
thors detected abnormalities in 17 patients (34%)
at CT and in only seven patients (14%) at chest
radiography. The most common findings con-
sisted of bronchiolectasis and poorly defined cen-
trilobular nodular or branching linear hyperat-
tenuating areas (seen in 11 patients) (Fig 12),

areas of ground-glass attenuation (seven patients),
and honeycombing (four patients) (Fig 13). Hon-
eycombing alone or both honeycombing and
ground-glass attenuation suggestive of pulmonary
fibrosis were bilateral, asymmetric, and present
almost exclusively in the periphery of the lower
lobes.

A characteristic pattern of extensive areas of
ground-glass attenuation with scattered thin-
walled cysts is seen in approximately 50% of pa-
tients with lymphocytic interstitial pneumonia
(Fig 12) (11,45,46). Similar findings have been
described in patients with this pneumonia but
without Sjögren syndrome (11,12). Interstitial
peribronchiolar lymphoplasmacytic infiltrates as-
sociated with overinflation of the secondary pul-
monary lobule (12) in histopathologic specimens
suggest that at least some of the cysts may be re-
lated to air trapping secondary to bronchiolar ste-
nosis. Poorly defined centrilobular nodules and
thickening of the bronchovascular bundles, also
seen in lymphocytic interstitial pneumonia, repre-
sent expansion of the interstitial tissue by lym-
phoplasma cell infiltration (Fig 12) (11).

Mixed Connec-
tive Tissue Disease

The term mixed connective tissue disease refers to a
condition in which patients have mixed features
of systemic lupus erythematosus, progressive sys-
temic sclerosis, and polymyositis. Respiratory in-
volvement has been described in 20%–80% of
patients. Common pulmonary abnormalities in-
clude interstitial pneumonitis and fibrosis, pul-
monary hypertension, and pleural effusion (47).

Figure 13. Sjögren syndrome and usual
interstitial pneumonia in a 30-year-old
woman. Thin-section (1-mm collimation)
CT scan obtained at the level of the lower
lobar bronchus shows subpleural ground-
glass attenuation, irregular linear hyperat-
tenuating areas, and honeycombing. Trac-
tion bronchiectasis is also visible (arrows).
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Histopathologic Characteristics
Histopathologic findings of pulmonary involve-
ment in mixed connective tissue disease are
classified into interstitial fibrosis and vascular
changes. Interstitial fibrosis has the appearance of
usual or nonspecific interstitial pneumonia. Typi-
cal vascular changes consist of bland intimal pro-
liferation of the lung arterioles, plexogenic angi-
opathy, and chronic pulmonary emboli (47).

Radiologic Manifestations
The frequency of pulmonary abnormalities varies
considerably in different series. For example, in a
retrospective study of 81 patients at the Mayo
Clinic (48), an interstitial pattern was seen at
chest radiography in 19%; on the other hand,
careful prospective study of 34 patients in another
investigation (49) showed interstitial abnormali-
ties in 85%. The abnormalities consist of irregular
linear hyperattenuating areas with a reticular pat-
tern and involving mainly the lung bases. With
the progression of disease, the fibrosis gradually
extends superiorly; in the late stage, honeycomb-
ing may be identified. High-resolution CT shows
a predominant subpleural distribution of fibrosis
(Fig 14). Other radiologic abnormalities include
areas of parenchymal consolidation that may be
related to BOOP (13).

Ankylosing Spondylitis
Ankylosing spondylitis, a chronic inflammatory
disease that affects mainly the joints of the axial
skeleton (sacroiliac, costovertebral and apophy-
seal joints), affects mainly men (male predilec-
tion, 10:1). In approximately 1%–2% of patients,
pleuropulmonary complications develop (14).

Histopathologic Characteristics
Histopathologic findings of interstitial lung dis-
ease in patients with ankylosing spondylitis in-
clude prominent interstitial fibrosis with hyaline
and elastic degeneration of collagen, especially in
the apices of the lungs. Chronic inflammatory cell
infiltrations have also been reported (50).

Radiologic Manifestations
The most common pulmonary manifestation is
upper lobe fibrobullous disease. At radiography,
the process begins as apical pleural involvement,
which is followed by apical areas of increased
opacity that may progress to cavity and bulla for-
mation. Generally, the disease begins unilaterally
and later becomes bilateral.

A variety of abnormalities can be seen at high-
resolution CT and include evidence of apical fi-
brosis, paraseptal emphysema, bronchiectasis,
interstitial fibrosis, mediastinal lymph node en-
largement, and tracheal dilatation (51).

Conclusions
Interstitial lung diseases are frequently seen in
patients with collagen vascular disease. At his-
topathologic examination, these lung diseases are
diverse and identical to their idiopathic counter-
parts. The findings include nonspecific interstitial
pneumonia, usual interstitial pneumonia, BOOP,
apical fibrosis, diffuse alveolar damage, and lym-
phocytic interstitial pneumonia. Although the
proportions of interstitial pneumonias vary, the
nonspecific variety accounts for a large propor-
tion, especially in patients with progressive

Figure 14. Mixed connective tissue dis-
ease and usual interstitial pneumonia in a
54-year-old woman. Thin-section (1-mm
collimation) CT scan obtained at the level
of the liver dome shows subpleural areas of
ground-glass attenuation, irregular linear
hyperattenuating areas, and traction bron-
chiectasis and bronchiolectasis (arrows).
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systemic sclerosis, dermatomyositis, polymyositis,
or mixed connective tissue disease. The more fa-
vorable prognoses in patients with interstitial
pneumonia associated with collagen vascular dis-
eases than in those with idiopathic interstitial
pneumonias may be explained by the larger pro-
portion of nonspecific than of usual interstitial
pneumonia. High-resolution CT appears to help
characterize and determine the extent of intersti-
tial lung disease associated with collagen vascular
diseases.
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