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Introduction

Noninfectious granulomatous lung diseases represent a group
of disorders characterized by pulmonary opacities with asso-
ciated granulomatous inflammation, a relatively nonspecific
finding encountered by the pathologists. Most of the lung
diseases have an overlapping clinical picture and present a
diagnostic challenge because of nonspecific imaging findings.

Patients with noninfectious granulomatous lung disease
may initially be identified based on pulmonary symptoms or
chest radiographic abnormalities. A variety of noninfectious
pulmonary disorders may be associated with occasional
granulomatous lesions: (1) inflammatory: sarcoidosis and
necrotizing sarcoid granulomatosis (NSG); (2) pulmonary
lymphoid lesions: lymphomatoid granulomatosis (LYG) and
granulomatous-lymphocytic interstitial lung disease
(GLILD); (3) aspiration/exposure: aspiration pneumonia,
talcosis, berylliosis, and hypersensitivity pneumonitis
(HP); (4) vasculitis: granulomatosis with polyangiitis (GPA)
(formerly Wegener’s granulomatosis) and eosinophilic GPA
(EGPA) (formerly called as Churg-Strauss syndrome); and (5)
collagen vascular disorders: rheumatoid lung nodules.1–3

Herein, we describe, illustrate, and discuss the imaging
features of common and uncommon noninfectious granulo-
matous lung diseases to suggest a specific diagnosis or to
substantially narrow down the differential diagnosis using
the imaging appearance and anatomic location of the lesion.

We the radiologists have a role in identifying these granu-
lomatous disease processes that can be diagnosed confidently
on thebasis of imaging and the clinical context,whichobviates
the need for biopsy. The approach to the patient must rely on
correlating imaging, clinical, laboratory, and pathologic find-
ings in a multidisciplinary fashion (►Table 1).

The checklist for noninfectious granulomatous lung dis-
ease must include distribution, additional findings of nod-
ules, consolidation, cavitation, airway involvement, vessel
wall involvement, pleural effusion, and lymphadenopathy.

Sarcoidosis

Sarcoidosis is a disease of unknown etiology and can affect
any system in our body. It can affect patients of anyage or sex,
it usually affects adults less than 40 years, and the incidence
is high in the third decade of life. Involvement of the lung and
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mediastinal lymph nodes is the most common presentation
and is responsible for majority of morbidity and mortality
associated with the disease. Demonstration of noncaseating
granulomas onpathology alongwith clinical and radiological
findings is used for diagnosing the disease. The clinical
symptoms include weight loss, general malaise, fatigue,
and less frequently, fever. The clinical course varies. A
restrictive ventilatory defect with decreased volumes and
decreased carbon monoxide diffusing capacity is seen with
pulmonary function tests. Around two-thirds of patients
usually remain stable or experience a remission within a
decade of diagnosis, with few or no consequences thereafter.
However, around 20% of patients go onto develop chronic
disease leading to fibrosis. Recurrence after a remission
lasting 1 year or more is usually uncommon (< 5% of
patients), but recurrent disease can develop at any age.
Less than 5% of the patients die of sarcoidosis; death from
sarcoidosis is most commonly the result of extensive, irre-
versible lung fibrosis with respiratory failure or cardiac or
neurologic involvement.5–7

Noncaseous granulomas composed of a central core of
histiocytes, multinucleated giant cells, and epithelioid cells,
surrounded by plasma cells, lymphocytes, and varying num-
ber of fibroblasts and collagen in the periphery is the one of
the histologic hallmarks of sarcoidosis. The giant cells fre-
quently have cytoplasmic inclusions like asteroid bodies and
Schaumann bodies. The central portion of a granuloma
consists mainly of lymphocytes that express CD4 protein,
whereas lymphocytes that express CD8 are found in the
peripheral zone of the granuloma. Dense bands of mast cells,
fibroblasts, proteoglycans, and collagen can encase the gran-
uloma and lead to fibrosis, end-organ damage with irrevers-
ible disruption of organ function. Fibrotic changes usually

begin at the periphery of a granuloma and then extend to the
center of granuloma, leading to complete hyalinization,
fibrosis, or both. Granulomas sometimes can exhibit focal
coagulative necrosis, and it has been suggested that NSG can
be a variant of sarcoidosis.8–10

Imaging plays a pivotal role in the diagnosis and follow-
up. Although chest radiography is the initial imaging modal-
ity utilized, it has several limitations that include limited
resolution for the detection of parenchymal abnormalities
and mediastinal lymphadenopathy.

The disease was staged with the Siltzbach classification
into the following five stages11:

Stage 0: normal chest radiography;
Stage 1: mediastinal lymphadenopathy;
Stage 2: lymphadenopathywith parenchymal lung disease;
Stage 3: parenchymal lesions only; and
Stage 4: with end-stage fibrosis.

Radiographic Features
One of themost salient features is bilateral hilar lymphadenopa-
thy (BHL), which is generally symmetrical and noncompressive.

Different patterns of lymphadenopathy include12,13:

• Garland triad or 1–2-3 sign—pattern of lymph node enlarge-
ment which include right paratracheal and bilateral hilar
lymph nodes. Aortopulmonary and left paratracheal nodes
can also be frequently enlarged, but harder to identify.

• Nodes can be large, but generally do not abut the cardiac
silhouette, as in lymphoma, in which nodes can be con-
tinuous with the pericardial outline.

Inpatientswith thoracic lymphadenopathy, BHL is themost
commonand is seen in over 95% of cases, often associatedwith
enlargedrightparatracheal andaortopulmonary lymphnodes.
Anterior mediastinal, subcarinal, and posterior mediastinal
lymphnodal involvement is less common.The lonepresenceof
paratracheal, subcarinal, or mediastinal lymph nodes without
evidence of BHL is exceptional, and should raise the possibility
of an alternative diagnosis (i.e., infection, lymphoma, broncho-
genic, or extrathoracic malignancy). The lymph node size can
vary from minimal to massive and tends to be largest at the
time of presentation, with gradual diminution over a period of
time, in a majority of cases, to complete regression within
2 years. When initially unilateral, sarcoidosis lymph nodes
tendtobecomebilateralwithinaperiodofaround3months. In
long-standingcasesof sarcoidosis, calcification isseenonchest
radiography in more than 20% of cases after 10 years of the
disease, occurring inmost instances during the secondor third
decade after onset.

Pulmonary infiltrates are noted in nearly 25 to 50% of
sarcoidosis patients. Bilateral and symmetrical distribution
with a frank predilection for mid/upper lung zones is seen.
The pattern is usually micronodular or reticulo-micronodu-
lar. When present, fibrotic changes are variably marked on
chest radiography with evidence of volume loss with hilar
upward retraction, architectural distortion, masses, coarse
linear bands, and bullae in advanced disease.11

One of the characteristic features of sarcoidosis includes the
presence of small nodules and nodular thickening along the

Table 1 Categorization of the noninfectious granulomatous
lung diseases

Noninfectious lung diseases

Inflammatory Sarcoidosis

Necrotizing sarcoid granulomatosis

Bronchocentric granulomatosis

Exposure/Toxins Hypersensitivity pneumonitis

Drugs

Talc

Metals

Vasculitis Granulomatosis polyangiitis

Eosinophilic granulomatosis with
polyangiitis

Autoimmune Rheumatoid arthritis

Malignancy Lymphomatoid granulomatosis

Others Pulmonary Langerhans cell
histiocytosis (LCH)

Granulocyte lymphocytic
interstitial lung disease

Note: European Respiratory Review.4
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lymphatics in the bronchovascular sheath. Most of the sarcoid
granulomas can resolve spontaneously; however, they can also
progress to severe fibrosis. Although they are microscopic in
size, the lesions often coalesce to macroscopic nodules. As seen
on high-resolution computed tomography (HRCT), the nodules
can be as small as a few millimeters and tend to be sharply
defined despite the small size. Due to its perilymphatic distri-
bution, HRCT images usually demonstrate the presence of
multiple small nodules that predominate in the peribroncho-
vascular interstitium, interlobar fissures, and interlobular sep-
tae. The nodules may be distributed throughout bilateral lung
parenchyma, a predominance for the upper lobe.14–16 Sarcoid-
osis can present with perilymphatic micronodules, random
micronodules, larger nodules, ormasses surroundedby satellite
nodules (“galaxy” sign). Air trapping can sometimes be seen
with sarcoidosis and should not be confused with HP.17

Airspace or alveolar opacification can be seen in few of the
patients with sarcoidosis. It is generally bilaterally symmetric
predominantly involving theperibronchovascular regionsof the
upper andmiddle zones. These central regions of consolidation
may contain air bronchograms and commonly have ill-defined
margins. Airspace consolidation in sarcoidosis represents the
confluence of micronodules (acinar and interstitial) that com-
press the surrounding alveoli or encroach onto the alveolar
spaces. Thesecoalescentnodules typicallyappearonradiograph
as multiple radiographic opacities often larger than 5mm, a
pattern referred to as the alveolar or acinar form of sarcoidosis,
which can mimic pneumonia, tuberculosis, or bronchiolitis
obliterans organizing pneumonia18,19 (►Figs. 1–4).

Necrotizing Sarcoid Granulomatosis

Liebow et al made reference to a sarcoid-like granulomatosis
with features of vasculitis and necrosis and coined this term,
NSG.20 Most believe that this is a variant of sarcoidosis;
however, its classification remains in doubt given its over-
lapping features with HP, GPA, and EGPA.

Extrapulmonary manifestations are common. Lack of
renal and upper airway involvement helps to differentiate
necrotizing sarcoid from GPA. Antineutrophil cytoplasmic
antibody (ANCA) levels generally are normal, allowing dif-
ferentiation from vasculitis.

Pulmonary necrotizing granuloma covers a group of enti-
ties that can result in granuloma formation associated with
necrosis. On pathologic examination necrotizing granuloma
consists of aggregates of macrophages transformed into
epithelium like cells surrounded by mononuclear leukocytes
with surrounding area of necrosis.

CT studies show mediastinal and hilar lymphadenopathy.
As seen with sarcoidosis, it tends to manifest as nodules or
mass-like areas of consolidation. Cavitation sometimes can
help in differentiating NSG from sarcoidosis. Pleural effu-
sions can also be seen in some patients.21,22

Hypersensitivity Pneumonitis

HP is an inflammatory response due to an inhaled antigen or
chemical that is characterized in part (at pathologic exami-

nation) by noncaseating granulomas. Some of the common
subtypes of HP include hot tub lung, farmer’s lung, and bird
fancier’s lung. Diagnosis is usually challenging, because the
offending antigen is found in less than 50% of the cases.
Acute, subacute, and chronic subtypes of HP have been
described in the literature. The definition varies according
to different authors. The lack of a clinical consensus for
separating these forms of HP resulted in some authors
suggesting the use of alternative classification based on
the imaging into two types that include23–25:

• Nonfibrotic HP.
• Fibrotic HP.

Previously, HP was classified into26:

• acute,
• subacute, and
• chronic.

Inhalation of the etiologic agent can occur at home, work,
or at places of recreation. In general, among those exposed to
an allergen, only 5 to 15% go onto develop HP. However,
frequency of the disease can be much higher. In the original
report of maple bark disease, for example, 30% of the people
working directly with the material were seen to be affected.
Heredity can be important; with some families having a
greater predisposition than others. Also, significant is tobac-
co use: Most of the patients with HP are nonsmokers, a
substantially higher proportion than that seen in unaffected
populations with similar antigen contact. However, in smok-
ers, the disease is associated with a higher mortality.27–29

The onset of symptoms can be acute (weeks to months)
and insidious (month-to-years of gradual worsening symp-
toms). Common symptoms include cough with dyspnea and
with less common symptoms being malaise, weight loss,
fever, chest tightness, and wheezing. Clinical examination
may demonstrate mid-inspiratory squeaks with clubbing of
the fingers. Pulmonary function tests show a restriction
pattern with decreased diffusing capacity.24,30

hehistopathologichallmark includes chronic inflammation
of the bronchi and peribronchiolar tissue, often with poorly
defined giant cells and granulomas in the alveoli or intersti-
tium. Fibrosis and emphysema can develop in the later stages.

Most of the cases, whether acute or insidious, have the
following four histologic features in variable combinations24:

• Cellular bronchiolitis.
• Diffuse chronic interstitial inflammatory infiltrates:

mainly consist of plasma cells and lymphocytes but can
include eosinophils, mast cells, and neutrophils.

• Interstitial nonnecrotizing (noncaseating) granulomas
that are poorly circumscribed: consisting of plasma cells,
lymphocytes, and epithelioid histiocytes, with or without
giant cells.

• Individual giant cells in the interstitium or alveoli.

Smoking is protective against HP, presumably because of the
inhibitory action of nicotine on lymphocyte proliferation and
function andmacrophage activation. However,when the smok-
ersdevelopHP, ithasworseprognosiswithafibrosingdisease.29
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Imaging: Abnormal chest radiographic findings can
include24:

• Numerous poorly defined small (< 5mm) opacities scat-
tered throughout bilateral lung parenchyma, sometimes
with sparing of the apices and bases.

• Airspace disease: usually seen as ground-glass opacities
which can be patchy or diffuse resembling pulmonary
edema or, rarely, as an area of consolidation.

• A pattern of fine reticulation can also occur.
• Zonal distribution is variable from individual to individual

andmayshowtemporalvariationwithin thesame individual.

Radiographic features in the later stages when fibrosis
develops:

• Reticular pattern and honeycombing, more severe in the
upper lobes than in the lower ones.

• Volume loss.
• Cardiomegaly.

In patients, in whom the disease has not progressed to
fibrosis, centrilobular ground-glass nodules/opacities and/or
lobular air trapping are the predominant features; the latter
is best seen on expiratory examination. The combination of
ground-glass opacities and areas of air trapping interspersed

Fig. 1 (A and B) Axial plain and postcontrast images show heterogeneously enhancing bilateral hilar lymphadenopathy. (C and D) Axial high-
resolution computed tomography (HRCT) images show mild bronchial prominence with surrounding varying sized nodules.

Fig. 2 (A) Axial images show enlarged right hilar lymph node with foci of calcification within. (B and C) High-resolution computed tomography
(HRCT) axial and coronal images reveal multiple tiny peribronchovascular, perifissural, and subpleural nodules in bilateral lung parenchyma with
peribronchial cuffing of the bronchi and bronchioles.
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with normal lung on CT has been described as the “head
cheese” sign.

Bronchiolar wall thickening also can occur. Lung cysts if
found occasionally are due to partial obstruction of bron-
chioles. Occasionally with an insidious onset of disease, focal
consolidation can be seen, representing organizing pneumo-
nia or a superimposed unrelated process like aspiration or
infectious pneumonia. Mediastinal lymphadenopathy can be
seen, but less common. Pulmonary arteries are occasionally
enlarged, reflecting pulmonary arterial hypertension. In
some patients, particularly the ones with farmer’s lung or
bird fancier’s disease, widespread centrilobular emphysema
develops, even in those who are lifelong nonsmokers.31–33

When the disease progresses to fibrosis, the imaging
pattern can be extremely variable, and can mimic general
features of both usual interstitial pneumonia (UIP) and
nonspecific interstitial pneumonia (NSIP). Changes of archi-
tectural distortion, honeycombing, and traction bronchiec-
tasis can be seen. Fibrotic changes in unusual, particularly
upper lobe should raise the suspicion for chronic HP. Air
trapping involving three or more lobes is also suggestive of
HP23 (►Figs. 5–8).

Talcosis

The intravenous abuse of oral medication can cause pulmo-
nary talcosis.34 In oral medications, talc acts as a filler and

lubricant. When the drug is crushed, melted, dissolved in
water, and then intravenously injected, tiny particles of talc
get lodged in the pulmonary vasculature. These particles

Fig. 3 (A) Noncontrast computed tomography (NCCT) axial image showing bilateral symmetrical hilar lymphadenopathy. (B) High-resolution
computed tomography (HRCT) axial image showing micronodules with a perilymphatic distribution including spreading along the fissures.

Fig. 4 (A) The “sarcoid galaxy” sign (irregular nodule resulting of the confluence of numerous micronodules). (B) The “sarcoid cluster” sign
(clusters of micronodules without confluence). (C) The “reversed halo” sign (ring of micronodules surrounding central ground-glass opacity,
which is a very rare finding in sarcoidosis).

Fig. 5 Frontal radiograph of the chest shows: Multiple tiny nodular
radioopacities involving bilateral lung zones.
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thanmigrate to the interstitium, where they induce a foreign
body granulomatous reaction. This anatomic deposition
manifests as the typical centrilobular pattern. Pulmonary
hypertension may also develop with the talc particles
obstructing the pulmonary capillary bed. The foreign body
reaction can be confirmed by identifying these birefringent
talc crystals in the granulomas under polarized light.

Intravenous drug abusers who develop talcosis present
with progressive dyspnea and symptoms of chronic obstruc-
tive pulmonary disease.35,36

Chest radiography is usually insensitive but can show a
diffuse micronodular pattern. In talcosis due to injected
material, CT shows innumerable submillimeter micronod-
ules showing a centrilobular pattern. Occasionally, the nod-
ules show high attenuation. Conglomerate masses are

uncommon and are related to inhalation of the talc particles.
In inhalational exposure, the involved areas contain foci of
high attenuation resembling calcium.37–39

Granulomatous Polyangiitis

Granulomatous polyangiitis also known as Wegener’s gran-
ulomatosis is characterized by a chronic granulomatous
necrotizing vasculitis predominantly involving the small
and medium-sized vessels and is named after a German
pathologist, Dr. Friedrich Wegener.40

It is usually seen in whites and can affect both the sexes
equally. It can develop at any age; however, the mean age at
diagnosis is around 40 years. The upper respiratory tract is
seen to be affected in almost all the cases and the lungs and

Fig. 6 (A–C) High-resolution computed tomography (HRCT) axial and coronal images showing multiple tiny ground-glass density nodules with
areas of air trapping: arrows—representing nonfibrotic type of hypersensitivity pneumonitis.

Fig. 7 (A–C) High-resolution computed tomography (HRCT) axial and coronal images show extensive reticular pattern, traction bronchiectasis,
and honeycombing, representing fibrotic type of hypersensitivity pneumonitis.

Fig. 8 (A–C) Head cheese pattern—Three density pattern showing areas of ground-glass opacity (GGO) and mosaic attenuation with
interspersed normal lung parenchyma.
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kidneys are seen involved in 90 and 80% of patients, respec-
tively.41 Other organs that are less commonly affected in-
clude the central and peripheral nervous system, spleen, and
large joints.

Patients present with cough, hemoptysis, or dyspnea.
Elevation of serum c-antineutrophil antibodies against pro-
tease 3 in cytoplasmic granules titers is frequently seen and
is used to assess disease activity.3 For diagnosis, the reference
standard is biopsy. Nonspecific glomerulonephritis can be
seen on renal biopsy. Lung biopsy can show granulomatous
necrotizing small vessel vasculitis.42

The 1990, the American College of Rheumatology (ACR)
criteria requires at least two of the four (specificity 92% and
sensitivity 88.2%)43:

• Positive biopsy for granulomatous vasculitis.
• Urinary sediment with red blood cells.
• Oral or nasal inflammation.
• Abnormal chest radiograph.

According to Chapel Hill Consensus Conference on No-
menclature of Systemic Vasculitis (1992), establishing the
diagnosis requires documentation of granulomatous inflam-
mation involving the respiratory tract and vasculitis of small
to medium-sized vessels.44

If diagnosis does not fulfill the criteria of the ACR, then
Watts and Robson45 have proposed an alternative. Diagnosis
can be made if:

A. histologic results are compatible with the guidelines of
the Chapel Hill Consensus Conference for granulomatous
polyangiitis;
B. histologic results are compatible with microscopic
polyangiitis, and patient has surrogate markers of granu-
lomatous polyangiitis;
or
C. there are no histologic results, but there are positive
surrogate markers and serologic results for myeloperox-
idase, antiprotease 3 and ANCAs.

CT is the mainstay in evaluating patients with GPA who
have suspected thoracic involvement.46 The classic triad of
organ involvement consists of:

• lungs,
• upper respiratory tract or sinuses, and
• kidneys.

Treatment includes immunosuppressant therapy. Remis-
sion rates are as high as approximately 90%, but relapses can
occur. Resolution of imaging findings may lag behind im-
provement of clinical manifestations.3

Thoracic manifestations on imaging: The most common
radiologic features of Wegener granulomatosis include pul-
monary nodules and masses and are seen in up to 70% of the
patients either at presentation or during the disease course.
Waxing and waning pulmonary nodules and masses are a
characteristic feature of the disease. Lesions can be single or
multiple (usually less than 10 lesions) and can vary in size
from few millimeters to as large as over 10 cm. When

multiple, the nodules have a random distribution. However,
subpleural, peribronchovascular, angiocentric, and less com-
monly centrilobular distributions have been seen.47 A cen-
trilobular distribution can mimic infection like tuberculosis,
HP, or acute bronchiolitis.48 Central cavitation occurs inmost
of the cases and is more commonwith larger nodules (larger
than 2 cm). Thewalls of the cavity may be irregular and thick
or smooth and thin.

There can be a surrounding ground-glass halo (“CT halo”
sign) or reverse halo (“atoll” sign), with radiating linear
scarring, and pleural tags being some of the other ancillary
findings that, if present, may help distinguish Wegener
granulomatosis from other conditions. The halo sign is the
result of surrounding parenchymal hemorrhage.49 The atoll
sign, can also be seen in Wegener granulomatosis,50 and
usually reflects an organizing pneumonia reaction in the
periphery of focal hemorrhage.48 Spiculations, radiating
linear scarring, and tags to the adjacent pleural surfaces
are prominent features of nodules and masses secondary to
Wegener granulomatosis. These features are not usually seen
in other causes of peripheral masses such as septic emboli,
acute pulmonary infarcts, or hematogenous metastases.51

Diffuse ground-glass opacity and consolidation occur in
up to 50% of patients and can result from pulmonary hemor-
rhage or infection. When they occur in isolation, infection is
the most common initial diagnosis, and Wegener granulo-
matosis is considered only after failure of antibiotic
therapy.52

Although consolidation and ground-glass opacity may be
quite variable, bilateral perihilar, and peribronchovascular
distributions are the most common. Like the pulmonary
nodules and masses, ground-glass opacities and consolida-
tions may also wax and wane over the period of time
regardless of therapy. Consolidations are generally dense
and may contain air bronchogram.53,54

Ground-glass opacity can result either from alveolar
hemorrhage or intra-alveolar debris. Ground-glass opacity
in association with a mosaic pattern can result from arterio-
lar involvement. Fewer than 10% patients have extensive
ground-glass opacity with subpleural sparing, findings that
are suggestive of diffuse alveolar hemorrhage. Areas of
diffuse hemorrhage can coalesce to form denser areas of
hemorrhagic consolidation. Alveolar hemorrhage is general-
ly acute and can be fatal if untreated. However, treatment can
cause complete resolution, and in some cases, resolution
may occur spontaneously.48,55

Airway involvement occurs as a late complication.
Patients present with progressive stridor and respiratory
difficulty. The distribution can be focal or diffuse; with the
subglottic trachea being most commonly involved. Concen-
tric wall thickening can cause airway stenosis. Mucosal
ulceration can result in hemoptysis. Virtual bronchoscopy
is useful to further characterize bronchial stenoses. Airway
involvement can mimic tracheobronchial tumors such as
adenoid cystic carcinoma as well as tracheal amyloidosis
and stenosis from prolonged intubation or infection like
tuberculosis56–60 (►Figs. 9–11).
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Fig. 10 A 32 years old female proteinase 3 (PR-3) antibodies positive. (A and B) Axial lung window settings reveal multiple ill-defined nodules of
ground-glass attenuation in right lower lobe.

Fig. 11 A 38-year-old female patient with history of fever and breathlessness since 2 weeks. Perinuclear antineutrophil cytoplasmic
antibody (p-ANCA) positive. (A–C) High-resolution computed tomography (HRCT) axial, coronal, and sagittal images reveal multiple varying
sized nodules randomly distributed throughout the lungs in peribronchovascular and subpleural location, with few of them showing
surrounding ground-glass opacities (GGOs).

Fig. 9 (A and B) Axial high-resolution computed tomography (HRCT) images reveal, multiple peribronchovascular irregular nodules with few of
them coalescing to form consolidations.
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Eosinophilic Granulomatosis with
Polyangiitis

Churg-Strauss syndrome, also knownas EGPA, is a rare small-
vessel vasculitis associated with ANCAs and hypereosino-
philic syndromes, characterized by peripheral eosinophilia,
tissue eosinophilia, disseminated necrotizing vasculitis, ex-
travascular granulomas, and asthma.

The 1990 ACR criteria requires a positive biopsy and at
least four of the six criteria given below43:

• Asthma: seen in almost all the patients.
• Blood eosinophilia (> 10% of the total white blood cell

count): seen in almost all the patients.
• Transient pulmonary infiltrates.
• Paranasal sinus abnormalities: plain or radiographic

abnormality.
• Mononeuropathy or polyneuropathy.
• Presence of extravascular eosinophils on a biopsy

specimen.

Chest radiography findings are nonspecific in EGPA. Bilat-
eral, nonsegmental, multifocal, and typically peripheral
consolidation is the most common radiographic abnormali-
ty.61 Pleural effusion can be seen in up to 50% of cases and is
usually secondary to eosinophilic cardiomyopathy or pleur-
itis.62 CT is better for characterization of the parenchymal
findings of EGPA. In one of the retrospective studies,61 CT
showed pulmonary parenchymal abnormalities with a bron-
chiolocentric pattern in around 76% of the patients and with
an airspace pattern in approximately 40% of patients.

Parenchymal opacities show a mixture of necrotizing
granulomas, eosinophilic pneumonia, and granulomatous
vasculitis. Small nodules is usually due to eosinophilic
bronchiolitis and peribronchiolar vasculitis, while bronchial
wall thickening is related to airway wall lymphocytic and
eosinophilic infiltration.63 Mediastinal lymphadenopathy is

uncommon.64 Patients are more prone to thromboembolic
phenomena especially pulmonary embolism because of the
eosinophilia.65 Cavitary lesions are uncommon in EGPA, as
opposed to in GPA, where they are common.66 Cavitation is
rare and if present possibility of other coexisting pathology
should be considered (►Fig. 12).

Necrobiotic Nodules

Rheumatoid pulmonary nodules are well-described extra-
articular manifestation of rheumatoid disease, occurring
most commonly in cigarette smokers with clinical and
radiographic evidence of rheumatoid arthritis (RA).67 Lung
involvement is seen in approximately 30 to 40% of cases.68

Necrobiotic nodules histologically consist of a core of
fibrinoid necrosis and an aggregate of numerous epithelioid
histiocytes arranged in indistinct nodules with an infiltrate
of plasma cells, lymphocytes, and multinucleated giant cells.
Features are that of a granuloma.43 Methotrexate is impli-
cated in increased incidence of necrobiotic nodules due to
activation of adenosine A1 receptors with consequent cellu-
lar fusion into multinucleated giant cells.

Necrobiotic nodules commonly are seen in the upper and
middle zones; can be either single or multiple. Usually, they
are multiple and pleural based, and can vary in size from few
millimeters to as large as 7 cm. They can resolve spontane-
ously, wax and wane in concert with the disease activity, or
may antedate arthritis.69 Nodules are usually asymptomatic
and require no treatment unless they become/attain a large
size or become infected or cavitated. Most of the rheumatoid
pulmonary nodules will cavitate and can be associated with
pneumothorax, pleural effusion, or pyopneumothorax.70 The
majority of spontaneous pneumothoraces are associated
with subpleural necrobiotic pulmonary nodules.71

The major patterns of ILD that are associated with RA are
UIP, , organizing pneumonia, and diffuse alveolar damage.72

Fig. 12 (A and B) Axial and sagittal high-resolution computed tomography (HRCT) images reveal consolidation with surrounding ground-glass
opacities and areas of interlobular septal thickening.
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While NSIP radiographic and histological pattern is the most
common in the connective tissue disease as a whole, in RA
UIP is the most common pattern seen.

In Caplan syndrome, multiple necrobiotic nodules devel-
op in patientswith coalworker pneumoconiosis. Tree-in-bud
opacities or large cavitating masses should raise the concern
for an atypical infection (►Fig. 13).

Lymphomatoid Granulomatosis

LYG is a very rare B cell extranodal lymphoproliferative
disorder. It is associatedwith angiocentric and angiodestruc-
tive accumulation of atypical B cell lymphocytes infected by
Epstein-Barr virus and reactive T cell lymphocytes. Lym-
phoid cells accumulate in the affected tissues in the form of
infiltrative nodular lesions.73,74 LYG is related to immune
system of the host. Although most of them do not have a
preexisting immunodeficiency, evidence of immune dysre-
gulation can be seen in most of the patients. Patients can
have a history of autoimmune illnesses, recurrent infections,
and lymphoproliferative disorders or can be on immunosup-
pressive treatment.73 It is generally seen in males between
the third and fifth decades of life, although patients of any
age group can be affected.74 Constitutional symptoms such
as malaise, weight loss, and fever can be present in most
patients.

Lungs are almost always involved, usually in the form of
multiple bilateral pulmonary nodules of varying in a bron-
chovascular distribution, mainly in middle and lower lung
fields. Cavitation caused by necrosis can be seen in some
cases. Unilateral or bilateral multiple lung nodules with a
basal predominance is the most common radiologic feature.
The lesions tend to progress rapidly, coalesce, and cavitate.
Nodules can disappear or migrate spontaneously, and a
“revers halo sign” is frequently seen.75 Pleural effusion can
be present.

Marked accumulations of fluorodeoxyglucose are seen.
There is no hilar lymphadenopathy since LYG is an extranodal
lymphoproliferative disorder.73,74Occasionally, involvement
of the pulmonary artery wall can be seen and manifest as
wall thickening or an intraluminal filling defect in the
pulmonary artery. Vascular findings are almost always
seen in combination with parenchymal involvement.

Pulmonary Langerhans Cell Histiocytosis

Langerhans cell histiocytosis (LCH) is an abnormal nonma-
lignant proliferation of monoclonal Langerhans cells in one
or multiple organ systems. Although the etiology of LCH is
unclear, some of the theories include viral infection, antigen
exposure, and somatic mutation.76

Pulmonary LCH refers to PLCH that is isolated to the
respiratory system. It is found almost exclusively in cigarette
smokers, which supports the theory of antigen exposure,
since cigarette smoke contains thousands of known antigens.
PLCH is seen in third to fourth decade. Gender predominance
has been debated in past articles.77,78

Patients often present with dyspnea, cough, and fatigue,
although they may present with chest pain due to a pneu-
mothorax. Respiratory examination is usually normal or
nonspecific. Wheezing, rales, or decreased breath sounds
can be, however, present. Obstructive, restrictive, or mixed
pattern can be seen in pulmonary function tests. A decrease
in carbon monoxide diffusing capacity is present in most of
the patients.76

PLCH is suspected on the basis of history and chest
radiograph and is confirmed by imaging and bronchoscopy
with biopsy and bronchoalveolar lavage. Pulmonary function
test findings are normal, restrictive, obstructive, or mixed
depending on when the test is done during the course of the
disease. Most commonly, the diffusing capacity for carbon
monoxide is reduced and exercise is impaired.

When imaging and pulmonary function tests are incon-
clusive, bronchoscopy and biopsy are indicated. Finding>5%
of CD1a cells in bronchoalveolar lavage fluid is suggestive of
the disease. Proliferation of Langerhans cells with occasional
clustering of eosinophils in the midst of cellular and fibrotic
nodules that may take on a stellate configuration can be seen
on biopsy. Immunohistochemical staining is positive for S-
100 protein, CD1a, and human leukocyte antigen-DR
antigens.

The radiologic findings of pulmonary depend on the stage
of the disease at diagnosis. Bilateral and mostly symmetric
upper lobe-predominant disease with sparing of the costo-
phrenic angles is seen on chest radiography. In early stages
diffuse ill-defined bilateral nodules will be seen. Because the
disease has an inhalational component, the middle and

Fig. 13 (A) Frontal radiograph of the chest shows multiple sub-cm sized well-defined radioopacities involving bilateral lung zones, more in lower
lung zones. (B and C) Axial and coronal high-resolution computed tomography (HRCT) images show multiple well-defined randomly distributed
cavitating nodules involving bilateral lung parenchyma—necrobiotic nodules.
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upper lung zones are involved than the lung bases. These
nodules undergo cystic degeneration as the disease pro-
gresses, and so a reticular pattern begins to appear on chest
radiographs.75 Fibrotic changes appear over a period of time
with changes of honeycombing.76 Coexistent emphysema
can also be seen. The diagnosis can be easily made with by
showing both ill-defined nodules and cysts in a patient who
is heavy smoker. However, the diagnostic accuracy falls short
when only nodules or cysts alone are present. Most of these
cases are confirmed with lung biopsy.75

The differential diagnosis of primarily cystic lung disease
includes predominantly cystic PLCH, emphysema, lymphan-
giomyomatosis, and bronchiectasis. The cysts in LCH are
often variable in size and wall thickness (bizzare pattern).
The early involvement of distal bronchioles often leads to an
obstructive pattern of lung disease on chest radiographs, a
finding that translates into normal or increased lung vol-
umes despite the fibrosing nature of the disease. The cysts of
lymphangiomyomatosis occur diffusely throughout the
lungs and affect women almost exclusively. The cystic cavi-
ties of emphysema are foci of destroyed parenchyma and do
not have definable walls. The cyst-like bronchial dilatation
seen in bronchiectasis can be distinguished by the commu-
nicating branching pattern.76

Patients with PLCH have uncertain clinical courses. Up to
one-half will show clinical and radiographic stability, while

up to 25% will show spontaneous regression. The remaining
have a continued cystic replacement of parenchyma that
may progress to end-stage lung disease. Adults have an
overall long-term survival compared with those without
the disease.76 Mortality is most likely due to respiratory
failure or pulmonary hypertension. Although there exists a
strong associationwith cigarette smoking, there is no known
link between relapse of disease and continuation of smoking
or between regression of disease and cessation of smoking78

(►Fig. 14).

Granulomatous and Lymphocytic Interstitial
Lung Disease

GLILD is a recently described granulomatous lung disease
which is almost always associated with common variable
immunodeficiency (CVID). CVID represents a group of het-
erogeneous primary immunodeficiencies which is charac-
terized by a dysregulated impaired immune response. It is
also associated with noninfectious autoimmune and lym-
phoproliferative complications in addition to an increased
susceptibility to infection. Pulmonary involvement is com-
mon, and patients can develop an ILD called GLILD.

Radiologically, patients with CVID present with recurrent
infections which on imaging are seen as consolidation, bron-
chiectasis, atelectasis, or air trapping. On the other hand, GLILD

Fig. 14 (A–D) Numerous varying sized cysts in bilateral upper lobes with sparing of costophrenic (CP) angle–pulmonary Langerhans cell
histiocytosis (PLCH).
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has different distinct imaging features and present with thor-
acoabdominal lymphadenopathy and soft tissue density and
ground-glassmicronodules.Mid and lower zone predominance
of the nodules is seen which is a helpful feature to distinguish
this entity from sarcoid. Patients with GLILD generally have
splenomegaly. Bronchiectasis is less common in GLILD than in
CVID. Itcanbedifferentiated fromlymphomaonthebasisof low
or absent immunoglobulins.79,80

Conclusion

Granulomatous lung disease, includes infectious and nonin-
fectious diseases, former being more common and in our
country that being tuberculosis. It is important to understand
that not all granulomatous lung diseases are infective. There-
fore, a knowledge of noninfectious granulomatous lung dis-
ease is important and diagnosing the same will help in
initiating serological tests, treatment options, and aid in
deciding themode and target for biopsy if needed. Amultidis-
ciplinaryapproachalwayshelps tonarrowdownthediagnosis.

Conflict of Interest
None declared.

Acknowledgment
Dr. Sachin Hosamani, MD for formulating and typing the
above article.

References
1 SergewA, Fernández Pérez ER. Current approach to diagnosis and

management of pulmonary eosinophilic syndromes: eosinophilic
pneumonias, eosinophilic granulomatosis with polyangiitis, and
hypereosinophilic syndrome. Semin Respir Crit Care Med 2016;
37(03):441–456

2 Low SE, Nicol A. Talc induced pulmonary granulomatosis. J Clin
Pathol 2006;59(02):223

3 Lohrmann C, Uhl M, Kotter E, Burger D, Ghanem N, Langer M.
Pulmonary manifestations of Wegener granulomatosis: CT find-
ings in 57 patients and a review of the literature. Eur J Radiol
2005;53(03):471–477

4 Shinichiro Ohshimo, Josune Guzman, Ulrich Costabel, Francesco
Bonella European Respiratory Review 2017 26: 170012; DOI:
10.1183/16000617.0012-2017

5 Neville E, Walker AN, James DG. Prognostic factors predicting the
outcome of sarcoidosis: an analysis of 818 patients. Q JMed 1983;
52(208):525–533

6 Brauner MW, Lenoir S, Grenier P, Cluzel P, Battesti JP, Valeyre D.
Pulmonary sarcoidosis: CT assessment of lesion reversibility.
Radiology 1992;182(02):349–354

7 Baughman RP, Winget DB, Bowen EH, Lower EE. Predicting
respiratory failure in sarcoidosis patients. Sarcoidosis Vasc Dif-
fuse Lung Dis 1997;14(02):154–158

8 Newman LS, Rose CS, Maier LA. Sarcoidosis. N Engl J Med 1997;
336(17):1224–1234

9 Rosen Y. Sarcoidosis. In: Dail DH, Hammer SP, eds. Pulmonary
Pathology. New York, NY: Springer-Verlag; 1994:13–645

10 Churg A, Carrington CB, Gupta R. Necrotizing sarcoid granuloma-
tosis. Chest 1979;76(04):406–413

11 Criado E, Sánchez M, Ramírez J, et al. Pulmonary sarcoidosis:
typical and atypical manifestations at high resolution computed
tomography with pathologic correlation. Radiographics 2010;30
(06):1567–1586

12 Müller NL, Kullnig P, Miller RR. The CT findings of pulmonary
sarcoidosis: analysis of 25 patients. AJR Am J Roentgenol 1989;
152(06):1179–1182

13 Koyama T, Ueda H, Togashi K, Umeoka S, Kataoka M, Nagai S.
Radiologic manifestations of sarcoidosis in various organs. Radio-
graphics 2004;24(01):87–104

14 HamperUM, Fishman EK, Khouri NF, Johns CJ,WangKP, Siegelman
SS. Typical and atypical CT manifestations of pulmonary sarcoid-
osis. J Comput Assist Tomogr 1986;10(06):928–936

15 Collins J, Stern EJ. Chest Radiology, the Essentials. Lippincott
Williams & Wilkins; 2007

16 Naidich DP, Srichai MB, Krinsky GA. Computed Tomography and
Magnetic Resonance of the Thorax. Lippincott Williams & Wil-
kins; 2007

17 Ganeshan D, Menias CO, Lubner MG, Pickhardt PJ, Sandrasegaran
K, Bhalla S. Sarcoidosis from head to toe: what the radiologist
needs to know. Radiographics 2018;38(04):1180–1200

18 Conant EF, Glickstein MF, Mahar P, MillerWT. Pulmonary sarcoid-
osis in the older patient: conventional radiographic features.
Radiology 1988;169(02):315–319

19 Freundlich IM, Libshitz HI, Glassman LM, Israel HL. Sarcoidosis.
Typical and atypical thoracic manifestations and complications.
Clin Radiol 1970;21(04):376–383

20 Liebow AA. The J. Burns Amberson Lecture Pulmonary Angiitis
and Granulomatosis. Am Rev Respir Dis 1973;108:1–18

21 Quaden C, Tillie-Leblond I, Delobbe A, et al. Necrotising sarcoid
granulomatosis: clinical, functional, endoscopical and radio-
graphical evaluations. Eur Respir J 2005;26(05):778–785

22 Chittock DR, Joseph MG, Paterson NA, McFadden RG. Necrotizing
sarcoid granulomatosis with pleural involvement. Clinical and
radiographic features. Chest 1994;106(03):672–676

23 Komiya K, Ishii H, Umeki K, et al. Computed tomography findings
of aspirationpneumonia in 53 patients. Geriatr Gerontol Int 2013;
13(03):580–585

24 Hirschmann JV, Pipavath SNJ, Godwin JD. Hypersensitivity pneu-
monitis: a historical, clinical, and radiologic review. Radio-
graphics 2009;29(07):1921–1938

25 Miller R, Allen TC, Barrios RJ, et al. Hypersensitivity pneumonitis:
a perspective frommembers of the Pulmonary Pathology Society.
Arch Pathol Lab Med 2018;142(01):120–126

26 Matar LD, McAdams HP, Sporn TA. Hypersensitivity pneumonitis.
AJR Am J Roentgenol 2000;174(04):1061–1066

27 Yi ES. Hypersensitivity pneumonitis. Crit Rev Clin Lab Sci 2002;39
(06):581–629

28 Allen DH, Basten A, Williams GV, Woolcock AJ. Familial hyper-
sensitivity pneumonitis. Am J Med 1975;59(04):505–514

29 Ohtsuka Y, Munakata M, Tanimura K, et al. Smoking promotes
insidious and chronic farmer’s lung disease, and deteriorates the
clinical outcome. Intern Med 1995;34(10):966–971

30 Raghu G, Remy-Jardin M, Ryerson CJ, et al. Diagnosis of hypersensi-
tivity pneumonitis in adults. An Official ATS/JRS/ALAT Clinical Prac-
tice Guideline. Am J Respir Crit Care Med 2020;202(03):e36–e69

31 Remy-Jardin M, Remy J, Wallaert B, Müller NL. Subacute and
chronic bird breeder hypersensitivity pneumonitis: sequential
evaluation with CT and correlation with lung function tests and
bronchoalveolar lavage. Radiology 1993;189(01):111–118

32 Cormier Y, Brown M, Worthy S, Racine G, Müller NL. High-
resolution computed tomographic characteristics in acute farm-
er’s lung and in its follow-up. Eur Respir J 2000;16(01):56–60

33 Franquet T, Hansell DM, Senbanjo T, Remy-Jardin M, Müller NL.
Lung cysts in subacute hypersensitivity pneumonitis. J Comput
Assist Tomogr 2003;27(04):475–478

34 Feigin DS. Talc: understanding its manifestations in the chest. AJR
Am J Roentgenol 1986;146(02):295–301

35 Paré JP, Cote G, Fraser RS. Long-term follow-up of drug abusers
with intravenous talcosis. Am Rev Respir Dis 1989;139(01):
233–241

Indographics Vol. 1 No. 1/2022 © 2022. Indographics. All rights reserved.

CT of Chest in Non-Infectious Granulomatous Lung Diseases Joshi AR 89



36 Stern EJ, Frank MS, Schmutz JF, Glenny RW, Schmidt RA, Godwin
JD. Panlobular pulmonary emphysema caused by i.v. injection of
methylphenidate (Ritalin): findings on chest radiographs and CT
scans. AJR Am J Roentgenol 1994;162(03):555–560

37 Ward S, Heyneman LE, Reittner P, Kazerooni EA, Godwin JD,
Müller NL. Talcosis associated with IV abuse of oral medications:
CT findings. AJR Am J Roentgenol 2000;174(03):789–793

38 Akira M, Kozuka T, Yamamoto S, Sakatani M, Morinaga K. Inhala-
tional talc pneumoconiosis: radiographic and CT findings in 14
patients. AJR Am J Roentgenol 2007;188(02):326–333

39 Marchiori E, Souza Júnior AS, Müller NL. Inhalational pulmonary
talcosis: high-resolution CT findings in 3 patients. J Thorac
Imaging 2004;19(01):41–44

40 Woywodt A,Matteson EL.Wegener’s granulomatosis–probing the
untold past of the man behind the eponym. Rheumatology
(Oxford) 2006;45(10):1303–1306

41 Allen SD, Harvey CJ. Imaging of Wegener’s granulomatosis. Br J
Radiol 2007;80(957):757–765

42 Pretorius ES, Stone JH, Hellman DB, Fishman EK. Wegener’s
granulomatosis: CT evolution of pulmonary parenchymal find-
ings in treated disease. Crit Rev Computed Tomogr 2004;45(01):
67–85

43 Naeem M, Ballard DH, Jawad H, Raptis C, Bhalla S. Noninfectious
granulomatous diseases of the chest. Radiographics 2020;40(04):
1003–1019

44 Savage CO, Harper L, Cockwell P, Adu D, Howie AJ. ABC of arterial
and vascular disease: vasculitis. BMJ 2000;320(7245):1325–1328

45 Watts RA, Robson J. Introduction, epidemiology and classification
of vasculitis. Best Pract Res Clin Rheumatol 2018;32(01):3–20

46 Li J, Li C, Li J. Thoracicmanifestation ofWegener’s granulomatosis:
computed tomography findings and analysis of misdiagnosis. Exp
Ther Med 2018;16(01):413–419

47 Maskell GF, Lockwood CM, Flower CD. Computed tomography of
the lung in Wegener’s granulomatosis. Clin Radiol 1993;48(06):
377–380

48 Ananthakrishnan L, Sharma N, Kanne JP. Wegener’s granuloma-
tosis in the chest: high-resolution CT findings. AJR Am J Roent-
genol 2009;192(03):676–682

49 Lee KS, Kim TS, Fujimoto K, et al. Thoracic manifestation of
Wegener’s granulomatosis: CT findings in 30 patients. Eur Radiol
2003;13(01):43–51

50 Agarwal R, Aggarwal AN, Gupta D. Another cause of reverse halo
sign: Wegener’s granulomatosis. Br J Radiol 2007;80(958):
849–850

51 Kuhlman JE, Hruban RH, Fishman EK. Wegener granulomatosis:
CT features of parenchymal lung disease. J Comput Assist Tomogr
1991;15(06):948–952

52 Farrelly CA. Wegener’s granulomatosis: a radiological review of
the pulmonary manifestations at initial presentation and during
relapse. Clin Radiol 1982;33(05):545–551

53 Lenclud C, De Vuyst P, Dupont E, Depierreux M, Ketelbant P,
Goldman M. Wegener’s granulomatosis presenting as acute re-
spiratory failure with anti-neutrophil-cytoplasm antibodies.
Chest 1989;96(02):345–347

54 Stokes TC, McCann BG, Rees RT, Sims EH, Harrison BD. Acute
fulminating intrapulmonary haemorrhage in Wegener’s granu-
lomatosis. Thorax 1982;37(04):315–316

55 Franks TJ, Koss MN. Pulmonary capillaritis. Curr Opin Pulm Med
2000;6(05):430–435

56 Polychronopoulos VS, Prakash UB, Golbin JM, Edell ES, Specks U.
Airway involvement in Wegener’s granulomatosis. Rheum Dis
Clin North Am 2007;33(04):755–775, vi vi

57 Langford CA, Sneller MC, Hallahan CW, et al. Clinical features and
therapeutic management of subglottic stenosis in patients with
Wegener’s granulomatosis. Arthritis Rheum 1996;39(10):
1754–1760

58 Prince JS, Duhamel DR, Levin DL, Harrell JH, Friedman PJ. Non-
neoplastic lesions of the tracheobronchial wall: radiologic find-
ingswith bronchoscopic correlation. Radiographics 2002;22(Spec
No):S215–S230

59 McDonald TJ, Neel HB III, DeRemee RA.Wegener’s granulomatosis
of the subglottis and the upper portion of the trachea. Ann Otol
Rhinol Laryngol 1982;91(6 Pt 1):588–592

60 Summers RM, Aggarwal NR, Sneller MC, et al. CT virtual bron-
choscopy of the central airways in patients with Wegener’s
granulomatosis. Chest 2002;121(01):242–250

61 Price M, Gilman MD, Carter BW, Sabloff BS, Truong MT, Wu CC.
Imaging of eosinophilic lung diseases. Radiol Clin North Am 2016;
54(06):1151–1164

62 Chung MP, Yi CA, Lee HY, Han J, Lee KS. Imaging of pulmonary
vasculitis. Radiology 2010;255(02):322–341

63 Kim YK, Lee KS, Chung MP, et al. Pulmonary involvement in
Churg-Strauss syndrome: an analysis of CT, clinical, and patho-
logic findings. Eur Radiol 2007;17(12):3157–3165

64 Masi AT, Hunder GG, Lie JT, et al. The American College of
Rheumatology 1990 criteria for the classification of Churg-
Strauss syndrome (allergic granulomatosis and angiitis). Arthritis
Rheum 1990;33(08):1094–1100

65 Groh M, Pagnoux C, Baldini C, et al. Eosinophilic granulomatosis
with polyangiitis (Churg-Strauss) (EGPA) Consensus Task Force
recommendations for evaluation and management. Eur J Intern
Med 2015;26(07):545–553

66 Jeong YJ, Kim KI, Seo IJ, et al. Eosinophilic lung diseases: a clinical,
radiologic, and pathologic overview. Radiographics 2007;27(03):
617–637, discussion 637–639

67 Jolles H, Moseley PL, Peterson MW. Nodular pulmonary opacities
in patients with rheumatoid arthritis. A diagnostic dilemma.
Chest 1989;96(05):1022–1025

68 Hurd ER. Extraarticular manifestations of rheumatoid arthritis.
Semin Arthritis Rheum 1979;8(03):151–176

69 Brown KK. Rheumatoid lung disease. Proc Am Thorac Soc 2007;4
(05):443–448

70 Franquet T. High-resolution CTof lung disease related to collagen
vascular disease. Radiol Clin North Am 2001;39(06):1171–1187

71 Chaudhry AA, Gul M, Chaudhry AA, Moore W. Case 238: sponta-
neous pneumothorax secondary to intrapulmonary necrobiotic
rheumatoid nodule. Radiology 2017;282(02):602–608

72 Tanoue LT. Pulmonary manifestations of rheumatoid arthritis.
Clin Chest Med 1998;19(04):667–685, viii

73 Roschewski M, Wilson WH. Lymphomatoid granulomatosis. Can-
cer J 2012;18(05):469–474

74 Yamanouchi T, Kawanami S, Kamitani T, et al. Lymphomatoid
granulomatosis: two different phenotypes of computed tomog-
raphy findings. J Thorac Imaging 2016;31(06):W80–W82

75 King TE. Pulmonary lymphomatoid granulomatosis. In: Post TW,
ed. UpToDate. Waltham, MA: UpToDate; 2017

76 Abbott GF, Rosado-de-Christenson ML, Franks TJ, Frazier AA,
Galvin JR Pulmonary Langerhans cell histiocytosis 2004;24(03):
821–841

77 Vassallo R, Ryu JH, Colby TV, Hartman T, Limper AH. Pulmonary
Langerhans’-cell histiocytosis. N Engl J Med 2000;342(26):
1969–1978

78 Sundar KM, Gosselin MV, Chung HL, Cahill BC. Pulmonary Lan-
gerhans cell histiocytosis: emerging concepts in pathobiology,
radiology, and clinical evolution of disease. Chest 2003;123(05):
1673–1683

79 Bierry G, Boileau J, Barnig C, et al. Thoracic manifestations of
primary humoral immunodeficiency: a comprehensive review.
Radiographics 2009;29(07):1909–1920

80 Park JH, Levinson AI. Granulomatous-lymphocytic interstitial
lung disease (GLILD) in common variable immunodeficiency
(CVID). Clin Immunol 2010;134(02):97–103

Indographics Vol. 1 No. 1/2022 © 2022. Indographics. All rights reserved.

CT of Chest in Non-Infectious Granulomatous Lung Diseases Joshi AR90


