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ABSTRACT
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This review summarizes the radiological manifestations of the vasculitides of
proven or presumed immunologic origin in which the inflammatory reaction is directed
primarily against the vessel wall. These include Wegener’s granulomatosis, Churg-Strauss
syndrome, Takayasu’s arteritis, Behçet’s syndrome, Goodpasture’s syndrome, and microscopic polyangiitis. Chest radiography is used routinely in the initial evaluation and followup of these patients. The radiographic findings however are nonspecific and need to be
interpreted together with the clinical findings. Computed tomography (CT) plays an
increasingly important role in the assessment of patients with vasculitis and, in the proper
clinical context, allows a confident diagnosis of some of these entities. Magnetic resonance
imaging and positron emission tomography play a limited role. The characteristic imaging
manifestations of the various vasculitides are reviewed and illustrated.
KEYWORDS: Lung diseases, vasculitis, lung radiography, lung CT

Objectives: Upon completion of this article, the reader will understand: (1) the main radiographic manifestations of pulmonary vasculitis;
(2) the computed tomographic findings of pulmonary vasculitis; and (3) the limitations and indications of imaging in the assessment of
patients with suspected or proven pulmonary vasculitis.
Accreditation: The University of Michigan is accredited by the Accreditation Council for Continuing Medical Education to sponsor
continuing medical education for physicians.
Credits: The University of Michigan designates this educational activity for a maximum of 1 category 1 credit toward the AMA
Physician’s Recognition Award.

T

he pulmonary vasculitides encompass a heterogeneous group of diseases that can affect the pulmonary
arteries, veins, and capillaries. They include idiopathic
vasculitides, diffuse hemorrhage syndromes, secondary
forms of vasculitis, and miscellaneous systemic disorders.1
Chest radiography and computed tomography
(CT) play an important role in the initial evaluation
and follow-up of patients with clinically suspected pulmonary vasculitis. This article reviews the radiological
manifestations of the vasculitides of proven or presumed
immunologic origin in which the inflammatory reaction

is directed primarily against the vessel wall. These
include Wegener’s granulomatosis, Churg-Strauss syndrome, Takayasu’s arteritis, Behçet’s syndrome, Goodpasture’s syndrome, and microscopic polyangiitis.
Idiopathic vasculitis syndromes that rarely affect the
lung, such as polyarteritis nodosa; cryoglobulinemic
vasculitis and hypocomplementemic vasculitis; pulmonary vasculitis associated with connective tissue disease,
such as lupus erythematosus; and vasculitis secondary to
infection, drugs, or irradiation are beyond the scope of
this review.
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Figure 1 Wegener’s granulomatosis. (A) Computed tomographic (CT) scan at the level of the upper lobes shows bilateral noncavitating
nodules (arrows) in the apical regions of both lungs and a cavitating nodule in the left apex. (B) CT scan at the level of main stem bronchi
shows multiple cavitating and noncavitating nodules mainly in the subpleural and peribronchovascular regions. The patient was a
50-year-old man.

WEGENER’S GRANULOMATOSIS
Wegener’s Granulomatosis (WG) is a systemic granulomatous inflammatory process with variable clinical
expression. It classically involves the upper and lower
respiratory tracts and kidneys. In some patients it can be
manifested primarily or exclusively in the respiratory
tract, a form known as limited (nonrenal) WG. The
characteristic pathological findings of WG include necrotizing granulomata of the respiratory tract, necrotizing
vasculitis affecting medium to small pulmonary arteries
and veins, and a focal glomerulonephritis.1
The most common radiological manifestation of
pulmonary WG consists of multiple nodules.2–4 The
nodules range from 0.3 to 10 cm in diameter and are
usually bilateral.5 The nodules may be smooth or spiculated;  50% eventually demonstrate cavitation.6 The
cavities typically have thick walls and shaggy, irregular
inner borders7 (Fig. 1). As the disease progresses, the
nodules tend to increase in size and number.8 CT is
superior to chest radiographs in demonstrating the
presence and number of nodules and presence of cavitation.6 Cavitation usually occurs in nodules > 2 cm in
diameter.6 In one review of the CT findings in 30
patients, 27 (90%) had nodules or masses; cavitation of
one or more of the nodules was present in 13 (48%) of
these 27 patients.4 The nodules ranged from 1 to 32 in
number (mean 8) and had a predominantly subpleural or
peribronchial distribution.4
Another common radiological finding is the presence of areas of air space consolidation or ground-glass
opacities7 (Fig. 2). These are seen in  50% of patients.7
Several patterns of distribution of the areas of consolidation and ground-glass opacification have been described,
including diffuse, wedge-shaped pleural based, peribronchial, and patchy7,9 (Fig. 3). Diffuse consolidation or
ground-glass attenuation is seen in  8% of patients and
usually reflects the presence of diffuse pulmonary
hemorrhage.5 The areas of consolidation may be seen

in association with pulmonary nodules or as an isolated
finding; in  15% of patients cavitation is evident radiologically within the areas of consolidation.5 Occasionally, foci of calcification may be seen within areas of
consolidation and nodules.7
Tracheobronchial involvement occurs in  30 to
50% of patients with WG.4,5 Rarely, tracheobronchial
abnormalities may be the only site of involvement or be
the presenting abnormality in WG.10,11 The most common manifestations are tracheobronchitis, tracheal or
bronchial stenosis, and subglottic stenosis.5,12 The stenosis tends to be focal and most commonly involves the
main bronchi followed by the trachea, bronchus intermedius, and lower lobar bronchi.5 CT demonstrates
thickening of the airway wall and associated luminal
narrowing.7,13 The severity and extent of airway
narrowing are best evaluated using multiplanar and

Figure 2 Wegener’s granulomatosis. Computed tomographic
scan image at the level of the right main pulmonary artery shows
poorly defined bilateral ground glass opacities and a cavitating
nodule (arrow) in the right middle lobe. The ground-glass opacities were due to diffuse pulmonary hemorrhage. The patient was
a 53-year-old man.
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three-dimensional reconstructions of spiral CT scans
performed using thin sections.7,13 Bronchial narrowing
and obstruction may result in distal atelectasis. Bronchiectasis may occur with or without associated parenchymal manifestations of WG.8 Less common findings
include intra- and extraluminal soft tissue masses and
calcification of the tracheal rings.4,10
Pleural effusions are seen in  12 to 25% of
patients and may be unilateral or bilateral, small or
large.2–5,14 Other pleural abnormalities that can rarely
be seen include unilateral or bilateral pleural thickening,
pneumothorax, hydropneumothorax, or pyopneumothorax.3,7,6 Mediastinal lymph node enlargement is
evident on CT in 20% of patients.4

TAKAYASU’S ARTERITIS
Takayasu’s arteritis is an uncommon arteritis that
affects the aorta and its proximal branches and, less
commonly, the pulmonary arteries. Approximately 90%
of cases occur in women and the majority of cases occur
in Southeast Asia.15,16
The chest radiograph is frequently normal or
shows nonspecific findings, including a scalloped contour of the descending thoracic aorta, ectasia of the arch,
dilatation of the ascending aorta, and aortic calcification
in a young patient.17 CT is usually abnormal and, in the
appropriate clinical setting, often allows confident
diagnosis.
The findings on CT are best evaluated by performing CT before and after intravenous administration
of contrast. CT without intravenous contrast typically
demonstrates thickening and high attenuation of the
involved vessel wall, usually the thoracic aorta or brachiocephalic artery, and, frequently, mural calcification.18 The thickened wall shows enhancement
following intravenous administration of contrast18
(Fig. 4). Enhancement of the vessel wall following

Figure 4 Takayasu’s arteritis. Computed tomographic image
obtained following intravenous administration of contrast demonstrates thickening and enhancement of the wall of the aorta at
the level of the aortic arch (arrows). The patient was a 32-year-old
woman.

intravenous administration of contrast and the presence
of an inner hypoattenuating rim are typically seen in
patients with active disease.18 Patients with longstanding but inactive disease tend to show high attenuation
and calcification of the arterial walls on the precontrast
images and lack of mural enhancement on the postcontrast images.18 Involvement of the arterial wall can result
in focal areas of stenosis or aneurysm formation. The
most frequent site of stenosis is in the descending aorta
whereas aneurysms are more commonly seen in the
ascending aorta.19
The pulmonary arteries are involved in 50 to 86%
of patients and on CT demonstrate increased wall
thickness and mural enhancement.16,18 The vast majority of patients with pulmonary arterial involvement have
concomitant involvement of the aorta or its branches.18
Pulmonary parenchymal abnormalities have been described. In a recent retrospective study, 10 of 20 patients
with Takayasu’s were found to have areas of decreased
pulmonary parenchymal attenuation and vascularity on
HCRT (high resolution computed tomography).20 The
low attenuation areas were consistent with localized
hypoperfusion, presumably secondary to pulmonary
arteritis.
In the majority of patients the diagnosis of
Takayasu’s arteritis is made based on the clinical and
CT findings. Magnetic resonance imaging (MRI) can
also be useful. MRI can demonstrate the presence of wall
thickening of the involved vessels, stenosis, and aneurysm formation.19,21 MRI may be particularly helpful in
demonstrating vascular anatomy in patients being evaluated in centers where spiral CT is not available. One
case has been reported where positron emission tomography (PET) with fluorodeoxyglucose (FDG-PET)
was useful in the early diagnosis of Takayasu’s.22 Increased uptake of FDG in Takayasu’s reflects the presence of marked inflammation of the vessel wall in the
early stages of Takayasu’s arteritis.22
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Figure 3 Wegener’s granulomatosis. Computed tomographic
scan image at the level of the inferior pulmonary veins shows
bilateral areas of consolidation in a peribronchovascular distribution. The patient was a 35-year-old woman.
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CHURG-STRAUSS SYNDROME
Churg-Strauss syndrome is a rare condition seen almost
exclusively in patients with asthma and characterized by
the presence of systemic vasculitis, extravascular granulomatous inflammation, and eosinophilia.23,24
The most common radiological manifestations
consist of transient, patchy, nonsegmental areas of consolidation without predilection for any lung zone.24–26
The areas of consolidation can be symmetric or asymmetric and may have a peripheral distribution similar to
that seen in chronic eosinophilic pneumonia25,26
(Fig. 5). Less common manifestations include small or
large nodules, unilateral or bilateral pleural effusions,
and hilar lymphadenopathy.
High-resolution CT frequently demonstrates bilateral ground-glass opacities with or without associated
areas of consolidation. In one review of the high-resolution CT findings in 17 patients, 11 (60%) had areas of
ground-glass attenuation or consolidation in either a
patchy or a predominantly peripheral distribution.27
Two patients had small centrilobular nodules, two had
multiple nodules measuring 0.5 to 3.5 cm in diameter,
and one had interlobular septal thickening. Similar
findings were reported in a second study of nine patients
with Churg-Strauss syndrome.24
Interlobular septal thickening and small effusions
in patients with Churg-Strauss syndrome may be secondary to cardiac involvement or, occasionally, be seen in
patients with Churg-Strauss Syndrome and normal
cardiac function27 (Fig. 6). A single case has been
reported in which high-resolution CT demonstrated
enlarged peripheral arteries, some of which had an
irregular, stellate configuration and which correlated
with the presence of vasculitis histologically.28 Pleural
effusions are seen on CT in  30% of cases.16 Hilar
and mediastinal lymphadenopathy can occur but are
uncommon.

2004

BEHÇET’S DISEASE
Behçet’s disease is a rare chronic, multisystem disease
characterized by the presence of uveitis and oral and
genital ulcers. It occurs most commonly in the Middle
East and Japan and affects men more commonly than
women.29 Thoracic vascular involvement occurs in 25%
of patients and pulmonary manifestations in  5%.29–31
The most common thoracic manifestations of
Behçet’s disease are narrowing or thrombosis of the
superior vena cava, pulmonary artery aneurysms, pulmonary hemorrhage, and pulmonary infarction.32,33 Thrombosis of the superior vena cava is manifested radiologically
by the presence of widening of the mediastinum.
Pulmonary artery aneurysms are manifested
radiographically by the presence of single or multiple
round perihilar opacities or rapidly progressive unilateral
hilar enlargement.29,32 The aneurysms may be single or
multiple, unilateral or bilateral, and measure 1 to 7 cm in
diameter.32,34,35 Aneurysm formation is more commonly
seen on the right (59%) and in the lobar arteries (54%).35
The right lower lobe artery is the most commonly
affected (35%) followed by the left lower lobe and right
main pulmonary arteries35 (Fig. 7). The presence, size,
and location of pulmonary artery aneurysms can be
assessed with CT and MRI.32,35,36 Conventional angiography is not recommended in the imaging of patients
with Behçet’s disease because catheter insertion may lead
to venous thrombosis or aneurysm formation at the site
of puncture.
Pulmonary artery aneurysms can increase in size
and rupture, leading to pulmonary hemorrhage and
death, or regress spontaneously with treatment.32,33,35
Pulmonary hemorrhage can result in focal, multifocal, or
diffuse airspace consolidation.29,34 Thrombotic occlusion of the aneurysmal pulmonary artery can result in
localized areas of consolidation secondary to pulmonary
infarction, areas of oligemia, and areas of atelectasis.34,37

Figure 5 Churg-Strauss Syndrome. (A) Computed tomographic (CT) scan at the level of the inferior pulmonary veins shows patchy
bilateral areas of consolidation involving mainly the peripheral regions of the lower lobes. (B) CT scan at the level of the right
hemidiaphragm shows bronchial wall thickening (arrows) and patchy peripheral areas of consolidation in the lower lobes. The patient
was a 52-year-old man.
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Figure 6 Churg-Strauss Syndrome. (A) Posteroanterior chest radiograph shows small bilateral lower lobe consolidation, linear
opacities, and small pleural effusions. (B) Computed tomographic image at the level of the carina demonstrates smooth thickening
of the interlobular septa (arrows). The patient was a 69-year-old woman with no clinical or echocardiographic evidence of left heart
failure. The septal thickening was due to pulmonary involvement.

Figure 7 Behçet’s disease. Computed tomographic image at
the level of the superior pulmonary veins demonstrates circumferential nonocclusive thrombus within an aneurysm of the right
interlobar artery (arrows). The patient was a 48-year-old man.

GOODPASTURE’S SYNDROME
Goodpasture’s syndrome is a pulmonary-renal syndrome
characterized by the presence of antiglomerular basement membrane antibodies in the circulation.38 It affects
both the kidneys and the lungs in 60 to 80% of cases,
only the kidneys in 20 to 40%, and only the lungs in
< 10% of cases.39 It is seen most commonly in young
adults (mean age 35 years) and is more common in males
than females.
The radiological manifestations reflect the presence of diffuse pulmonary hemorrhage and consist of
patchy or confluent bilateral areas of consolidation.40
The consolidation can be diffuse but tends to involve
mainly the perihilar regions and spare the lung apices
and the costophrenic angles.40,41 Less common findings
include ground-glass opacities and migratory areas of
consolidation41 (Fig. 8). The chest radiograph, however,

Figure 8 Goodpasture’s syndrome. (A) Computed tomographic (CT) image at the level of the aortic arch shows centrilobular groundglass opacities throughout the upper lobes due to diffuse pulmonary hemorrhage. (B) CT image at the level of the right main pulmonary
artery shows ground-glass opacities in the lower lobes. The patient was a 35-year-old woman.
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can be normal in the setting of diffuse pulmonary
hemorrhage.40 In one review of 39 patients, Bowley
et al found the chest radiograph to be normal in 7
(18%) cases.40 The CT manifestations of acute pulmonary hemorrhage consist of bilateral ground-glass opacities or areas of consolidation. These can be patchy or
diffuse but tend to involve predominantly the dependent
lung regions.41,42

MICROSCOPIC POLYANGIITIS
Microscopic polyangiitis is a systemic disease characterized by necrotizing vasculitis with few or no immune
deposits that involves predominantly or exclusively the
arterioles, venules, and capillaries.1 The most common
clinical manifestations are glomerulonephritis, dyspnea,
cough, hemoptysis, fever, myalgia, and arthralgia.43,44
The radiological manifestations consist of patchy
or confluent bilateral areas of consolidation due to
diffuse pulmonary hemorrhage. The airspace consolidation tends to involve mainly the lower lung zones.44

CONCLUSION
Imaging plays an important role in the initial evaluation
and follow-up of patients with vasculitis. The most
commonly utilized imaging modalities utilized in the
evaluation of these patients are chest radiography and
CT. The radiological findings, however, are variable and
relatively nonspecific and need to be interpreted together
with the clinical and laboratory findings.
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