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Sarcoidosis

Sarcoidosis is a systemic disease characterized by the presence
of noncaseating granulomas, which accumulate in affected or-
gans. The incidence, organ involvement, and disease severity de-
pend on environmental exposures and host factors. The cause of
sarcoidosis remains unknown. Any organ can be affected; how-
ever, involvement of the lung, heart, and nervous system con-
tributes most to morbidity and mortality.

epidemiology

The incidence of sarcoidosis varies worldwide. In the United
States, the incidence in blacks is 35.5 per 100,000 population,
which is about threefold higher than that in whites (10.9 per
100,000 population).1 Patients younger than 40 years are most of-
ten affected; however, in Japan and Scandinavia, a bimodal dis-
tribution has been reported in which patients younger than 40
years and women older than 50 years are most commonly affect-
ed.2 Women are affected slightly more frequently than men  (i.e.,
1 to 1.5 times more frequently).3 In the United States, the lifetime
risk of sarcoidosis in black women is 2.7%, as compared with
2.1% in black men, 1% in white women, and 0.7% in white men.   

The clinical presentation differs according to ethnicity and
gender. Blacks have more severe disease and greater extrapul-
monary involvement than whites.1 Blacks also more commonly
have lupus pernio, cystic bone lesions, and chronic sarcoidosis,2

whereas whites more often have hypercalcemia. Gender differ-
ences include a greater occurrence of erythema nodosum and
ocular and neurologic involvement in women and a greater oc-
currence of hypercalcemia in men.2

etiology

Several potential causes of sarcoidosis have been proposed.
Exposure to mold and mildew, use of residential central air con-
ditioning, and occupational exposure to insecticides must have
been associated with sarcoidosis; these associations suggest the
causative antigen is present in bioaerosols.3 Several bacterial spe-
cies (e.g., mycobacteria and proprionibacteria) or their protein
products have been uncovered in sarcoidal tissue. In the United
States, occupational clustering of sarcoidosis has been reported
in ship workers, fire fighters, and rescue workers who respond-
ed to the attacks on the World Trade Center.    

genetics  

The risk of developing sarcoidosis is greater if a first- or sec-
ond-degree family member is affected. Siblings have a 2.2-fold
relative risk of developing sarcoidosis, as compared with the
general population.4 About 1% of first-degree relatives of pa-
tients with sarcoidosis also have sarcoidosis. Many candidate
genes have been studied, with the human leukocyte antigen
(HLA) genes being the most commonly evaluated. HLA-DRB1
is most frequently associated with sarcoidosis; HLA-DRB1*0301

and HLA-DQB1*0201 are both associated with L’öfgren syn-
drome and a good prognosis. Family studies in German and
African-American populations have identified linkage to chro-
mosomes 6 and 5, respectively.5,6 Studies to identify susceptibili-
ty genes in these linked regions are ongoing.

pathogenesis

A specific sequence of events leads to granuloma formation in
sarcoidosis. The initial stage in pathogenesis occurs when
macrophages encounter T cells and present to them an un-
known antigen [see Figure 1]. Activated macrophages produce
interleukin-12 (IL-12), which instigates a CD4+ Th1–dominant
cascade. T cells are induced to produce interferon-γ (IFN-γ) and
IL-2, which further activate and recruit macrophages and T cells.
Activated macrophages release additional cytokines (i.e., IL-1,
IL-6, and TNF-α) that continue the granulomatous inflamma-
tion. Fibrosis develops when activated macrophages and T cells
secrete fibroblast growth factors. It is unclear how the shift from
inflammation to fibrosis occurs; however, a shift in the inflam-
matory cascade from a predominance of Th1-type cells to Th2-
type cells likely contributes to the process.7 Activated T cells re-
cruit monocytes from peripheral blood into the lung by releasing
monocyte chemotactic factor and colony-stimulating factors and
thereby participates in the formation of granulomas. The mono-
cytes become tissue macrophages and, ultimately, the epithe-
lioid cells and multinucleated giant cells that form the core of the
granuloma. Monocyte- and macrophage-derived fibroblast
growth factors may, in some patients, lead to the development of
fibrosis. Another effect of the expanded and activated helper T
cell population at sites of disease activity is local stimulation of B
cells to produce immunoglobulin, which accounts for the hyper-
gammaglobulinemia that is often seen in this disorder.

diagnosis

Clinical Manifestations 

Constitutional symptoms of fever, fatigue, malaise, and
weight loss occur in one third of the patients who have sarcoido-
sis.7 The most common sites affected by sarcoidosis are the tho-
rax (over 90% of patients have thoracic involvement), followed
by skin, eyes, liver, spleen, peripheral lymph nodes, central ner-
vous system, and heart.

Thoracic Thoracic involvement includes enlarged mediasti-
nal and hilar lymph nodes and infiltrated parenchyma and air-
ways. In patients with severe fibrosis, pulmonary arterial hyper-
tension can occur.8 Pleural involvement occurs in only 2% to 4%
of patients; it can present as pleural effusions, pleural thickening,
pneumothorax, and chylothorax.9 Common presenting symp-
toms include dyspnea, dry cough, and chest pain.  

Cutaneous Cutaneous involvement usually presents con-
currently with systemic disease, although skin may precede oth-
er organ involvement.2,10 Skin lesions in sarcoidosis are varied
(e.g., macules, papules, nodules, acneiform, psoriatic); they typi-
cally occur on the face, neck, back, and upper and lower extrem-
ities, either as isolated lesions or as crops of lesions.  
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Erythema nodosum is a nonspecific hypersensitivity reaction
that can be seen in many disorders, including infections (e.g., tu-
berculosis, histoplasmosis, streptococcal), drug reactions, and in-
flammatory bowel disease. The frequency of erythema nodosum
in patients with sarcoidosis varies with gender and ethnicity; it is
more common in women and in persons from Europe, Puerto
Rico, and Mexico and is less common in African Americans and
Japanese.2 Erythema nodosum presents as firm, hot, shiny,
painful, subcutaneous nodules; it usually occurs on the anterior
shins, but it is also found on the arms and buttocks. Erythema
nodosum accompanied by bilateral hilar lymphadenopathy,
fever, and polyarthralgias constitutes Löfgren syndrome, an
acute form of sarcoidosis that is usually self-limited and por-
tends a good prognosis.11 Biopsy of these lesions is unnecessary
and does not yield granulomas typical of sarcoidosis.  

Lupus pernio presents as brownish-purple plaques involving
the nose, lips, cheeks, and ears; it can ulcerate and cause disfig-
urement, with devastating emotional consequences. Lupus
pernio is more common in blacks and is associated with chronic
fibrotic pulmonary disease.12

Ocular Ocular involvement occurs in at least 25% of pa-
tients with sarcoidosis; any part of the eye can be affected.13 Black
patients and women younger than 40 years are more likely to
have ocular involvement. The most common form of ocular in-
volvement is uveitis. Symptoms of anterior uveitis (i.e., iritis, ir-
diocyclitis) include pain, photophobia, blurry vision, and red
eyes. Chronic anterior uveitis, an insidious disorder, is more
common than acute anterior uveitis. Without treatment, chronic

uveitis can silently lead to glaucoma, cataracts, and blindness.
Posterior uveitis (chorioretinitis) occurs in 30% of patients with
ocular sarcoidosis; it can lead to proliferative retinopathy and ac-
companying loss of vision. It is associated with CNS disease.14

Conjunctival involvement is usually asymptomatic; however, it
can present as dry or red eyes. Enlargement of the lacrimal gland
is generally asymptomatic. 

For the diagnosis of extrapulmonary sarcoidosis, biopsy of the
conjunctiva and lacrimal glands is associated with high diagnos-
tic yield.15

Cardiac Cardiac sarcoidosis is more common in Japan than
in Europe or the United States. In Japan, cardiac sarcoidosis ac-
counts for 85% of sarcoidosis-related deaths.16 In the United
States, myocardial involvement is clinically apparent in only 5%
of patients, but it is detected at autopsy in at least 25% of sar-
coidosis patients.17 Fluorine-18 flurodeoxyglucose-labeled
positron emission tomography (FDG-PET) scanning and mag-
netic resonance imaging with gadolinium enhancement demon-
strate that cardiac sarcoidosis is more common than previously
recognized. Commonly involved sites, in decreasing order of
frequency, include the left ventricular free wall, the basal aspect
of the ventricular septum, the right ventricular free walls, and
the atrial walls.18 Involvement of the cardiac conduction system
results in arrhythmias, the worst complication of which is sud-
den death; sudden death accounts for 67% of the cardiac-related
deaths in sarcoidosis. Most frequently, sudden death is caused
by ventricular tachycardias. Supraventricular arrhythmias are
less common than ventricular arrhythmias; they can occur as a
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Figure 1 A current theory of the pathogenesis of
sarcoidosis holds that the disease is caused by a lack of
modulation of the immune response after antigen
recognition occurs [for description, see Sarcoidosis,
Pathogenesis, in text]. (IFN-γ—interferon gamma; IGF-1—
insulinlike growth factor-1; IL—interleukin; PDGF—
platelet-derived growth factor; TGF-β—transforming
growth factor–β; TNF-α—tumor necrosis factor–α)



result of atrial dilatation or inflammatory atrial foci.19 Congestive
heart failure is the second most common cardiac-related cause of
death in patients with sarcoidosis (i.e., accounting for 25% of sar-
coidosis-related deaths).18

Other cardiac manifestations include systolic or diastolic dys-
function (as a result of myocardial granulomatous inflamma-
tion), mitral regurgitation (as a result of papillary muscle in-
volvement), pericardial disease (e.g., pericardial effusions, peri-
carditis), and ventricular aneurysms.19

Neurologic CNS complications from sarcoidosis occur in
approximately 5% to 26% of patients.20-22 Palsy of the seventh cra-
nial nerve (also referred to as Bell’s palsy) is the most common
neurologic manifestation in patients with sarcoidosis. Patients
can present with unilateral or bilateral facial palsy. The optic
nerve is the next most frequent cranial nerve to be involved.
Rapid loss of vision in one eye can occur; such optic nerve in-
volvement must be differentiated from multiple sclerosis.23 Optic
neuritis requires urgent systemic therapy. Leptomeningeal dis-
ease can present as aseptic or chronic meningitis. Other manifes-
tations include pituitary and hypothalamic involvement, both of
which can result in endocrinopathies (e.g., thyroid dysfunction
and diabetes insipidus) and massive lesions.22 Granulomatous
cerebral infiltration can result in seizures, encephalopathy, or
even cognitive deficits and psychosis. Spinal cord involvement
can produce myelopathies and radiculopathies22; most frequent-
ly, spinal cord involvement affects the cervical cord and extends
over several cervical levels. Peripheral neuropathy, when ob-
served, usually occurs later in the course of chronic disease.

Hepatic Histologic evidence of hepatic granulomas is found
in 50% to 80% of liver biopsy specimens from patients with sar-
coidosis. Most patients are asymptomatic24,25; however, sympto-
matic disease occurs in 5% to 15% of patients with hepatic sar-
coidosis. In a minority of patients, hepatic sarcoidosis can
progress to severe cholestatic jaundice, portal hypertension,
Budd-Chiari syndrome, and cirrhosis.24,26,27 Fever, night sweats,
nausea, vomiting, weight loss, and right upper quadrant pain
may occur. Sarcoidal hepatitis is at least two times more com-
mon in blacks than in whites.28

Musculoskeletal Musculoskeletal manifestations of sar-
coidosis occur in 4% to 38% of patients.29 Arthritis, which is typi-

cally polyarticular, involves the ankles, knees, wrist, and elbow;
it is self-limited and lasts several weeks. Chronic arthritis typical-
ly remits and relapses; it can be destructive and is associated
with chronic sarcoidosis.

Metabolic The incidence of hypercalcemia in patients with
sarcoidosis ranges from 10% to 13%; hypercalciuria is three
times more common.30 Dysregulation of calcium metabolism re-
sults from an increase in 1α-hydroxylase activity in sarcoidal
granulomas; because of the increased 1α-hydroxylase activity,
more 25-hydroxyvitamin D is converted to the highly active
form, 1,25-dihydroxyvitamin D (i.e., calcitriol). The resulting hy-
percalcemia and hypercalciuria can cause nephrocalcinosis, re-
nal stones, and renal failure. 

Upper respiratory Sarcoidosis can affect the nose, sinuses,
larynx, tonsils, and tongue.28 Symptoms include epistaxis, nasal
discharge, postnasal drip, nasal obstruction, and recurrent si-
nusitis.31 Aggressive disease can lead to septal perforation and
saddle-nose deformities. Laryngeal involvement can manifest as
hoarseness, cough, dysphonia, or stridor.31 Supraglottic stenosis
can be severe and may require tracheotomy to establish airway
patency.31 Sarcoidosis of the upper respiratory tract is often asso-
ciated with chronic disease.

Physical Examination

The diversity of cutaneous lesions that may occur mandates a
thorough skin examination. Lymphadenopathy may be present
but diffuse. Because of the potential for blindness, a complete
ophthalmologic examination, including fundoscopic and slit
lamp examination, is warranted in all patients suspected of hav-
ing sarcoidosis. Lacrimal and parotid glands can be enlarged and
palpable. The pulmonary examination is often normal; some-
times crackles and wheezing can be heard. Hepatosplenomegaly
is present in 10% to 15% of patients. Clubbing of digits is rarely
seen. A routine neurologic examination must be carried out.

Laboratory Tests 

Blood tests Initial laboratory testing includes a complete
blood count (CBC), a basic metabolic panel, measurement of
serum and urinary calcium levels, determination of baseline liv-
er function, and determination of the angiotensin-converting en-
zyme (ACE) level [see Table 1]. The CBC can reveal the presence
of anemia, leukopenia, or thrombocytopenia (either from direct
bone marrow involvement or splenic sequestration). A 24-hour
urine calcium measurement should be performed at baseline,
even if the serum calcium level is normal. About 20% to 40% of
patients with sarcoidosis have elevated levels of alkaline phos-
phatase and γ-glutamyl transferase,25 which can be five to ten
times the upper limit of normal.24 Transaminase levels can be el-
evated, but to a lesser degree than the levels of alkaline phos-
phatase and γ-glutamyl transferase.15 An elevation in the level of
ACE, although common, is not specific to sarcoidosis.

Bronchoalveolar lavage In patients with sarcoidosis, results
of bronchoalveolar lavage (BAL) typically indicate a cell popula-
tion that is predominantly lymphocytic and an increase in the ra-
tio of CD4+ to CD8+ cells.

Electrocardiogram 

Taking an electrocardiogram is a routine step in the initial as-
sessment of a patient suspected of having sarcoidosis. Any con-
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Table 1 Initial Evaluation of Patients with 
Suspected Sarcoidosis2

1. History and physical examination
2. Posteroanterior chest radiograph
3. Pulmonary function test: spirometry, lung volumes, DLCO
4. Blood work: complete blood count with differential, basic

metabolic panel, serum calcium assay, baseline liver function
tests, 24-hour urine calcium assay, angiotensin converting en-
zyme (ACE) level assay

5. Electrocardiogram
6. Routine ophthalmologic examination with slit-lamp test.
7. Tuberculin skin test
8. Confirmation of disease by biopsy (includes Kveim-Siltzbach

test, where available)

DLco—carbon monoxide diffusing capacity



duction disturbances or extrasystoles, no matter how minor,
should be further evaluated. Follow-up studies may include
functional assessment using echocardiography, assessment for
infiltrates using MRI with gadolinium enhancement, and testing
for inducible arrhythmias using FDG-PET and electrophysiolog-
ic studies. 

Imaging Studies  

A variety of imaging modalities exists to detect either thoracic
or extrathoracic disease. Classic radiographic features of sar-
coidosis include bilateral hilar lymphadenopathy and infiltrates.
There are five radiographic stages of sarcoidosis (stages 0 to IV)
[see Figure 2].  

High-resolution computed tomography (HRCT) of the chest is
seldom required. Indications for HRCT include an atypical chest
radiograph or atypical clinical findings, a normal chest radi-

ograph with clinical suspicion for disease, or detection of compli-
cations of pulmonary disease (e.g., mycetomas, bronchiectasis).
Classic findings on HRCT include nodular opacities, ground-
glass opacities, septal thickening, and—with advanced disease—
scarring and fibrosis.32 Other imaging modalities are useful in
specific organ involvement [see Table 2]. Extrathoracic involve-
ment may require additional imaging studies. For example, in
the case of neurosarcoidosis, contrast-enhanced MRI may be re-
quired to identify a granulomatous mass as the cause of cogni-
tive symptoms [see Figure 3]. 

Physiologic Testing   

Pulmonary function testing typically shows a restrictive ven-
tilatory defect; results of the carbon monoxide diffusing capacity
(DLCO) test indicate reduced capacity. Airflow obstruction can
occur in as many as 50% of patients, and an increase in airway
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Figure 2 Radiographic stages of sarcoidosis. (a) Stage I consists of bilateral hilar lymphadenopathy. (b) In stage II,
bilateral hilar lymphadenopathy is accompanied by increased interstitial markings. (c) In stage III, lymphadenopathy is
absent and parenchymal abnormalities are evident. (d) In stage IV, the hila is retracted and fibrotic changes are evident.
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reactivity, as measured by the response to methacholine, has
been reported in nearly 60% of patients.33

Biopsy  

The diagnosis of sarcoidosis requires a compatible clinical pic-
ture, involvement of at least two organs, and histologic demon-
stration of noncaseating granulomas for which other causes of
granulomas (e.g., infection and malignancy) have been exclud-
ed. Histologic confirmation of sarcoidosis is not required for pa-
tients who present with Löfgren syndrome (i.e., patients who
have erythema nodosum, bilateral hilar lymphadenopathy,
fever, and arthralgias).

Histologic confirmation can be obtained by several means.
One approach is the noninvasive Kveim-Siltzbach test, which is
an intradermal injection of a suspension made from the spleen or
lymph node of a patient with sarcoidosis. A positive test is char-
acterized by the formation of a papule at the site of injection
within 4 weeks. The Kveim-Siltzbach test has 50% sensitivity
and a 98% specificity34; however, it is unavailable in most institu-
tions, and it requires 4 weeks to demonstrate a positive result for
sarcoidosis.  

The diagnosis of sarcoidosis can be supported by biopsy of
clinically involved extrathoracic sites, including skin lesions,
conjunctiva, lacrimal glands, superficial lymph nodes, and liver.
The sensitivity of fiberoptic bronchoscopy with transbronchial
biopsy ranges from 60% to 90%; the yield with this modality in-

creases as radiographic staging increases. Endoscopic ultra-
sound-guided fine-needle aspiration detects noncaseating gran-
ulomas in 82% of patients who have sarcoidosis of stage I or II.35

However, a negative sample drawn by fine-needle aspiration
must be interpreted cautiously because the amount of culture
material provided by fine-needle aspiration is small; an exami-
nation of lymph node architecture is required to rule out other
diseases. In cases in which the results of fiberoptic bronchoscopy
are inconclusive, a surgical procedure—either mediastinoscopy
or lung biopsy by video-assisted thoracoscopic surgery—may be
required to establish the diagnosis. 

The histopathologic hallmark of sarcoidosis is the noncaseat-
ing epithelioid cell granuloma [see Figure 4]. The granulomas are
usually well-formed, uniform in appearance, and may have in-
clusions such as Schaumann and asteroid bodies. The granulo-
mas may disappear spontaneously or undergo fibrosis, which
leads to the disruption of tissue architecture.

differential diagnosis

The differential diagnosis of sarcoidosis includes other granu-
lomatous diseases [see Table 3]. For this reason, patients should
undergo a tuberculin skin test, and biopsy material should be
submitted for special stains and culture. Patients who have lym-
phoma usually have peripheral lymphadenopathy, spleno-
megaly, and constitutional symptoms (e.g., fever, weight loss,
sweats), but these symptoms can also be seen in sarcoidosis.
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Initial Diagnostic Studies

Physical examination, skin biopsy

Ophthalmologic examination

ECG
Electrophysiologic testing to induce arrhythmia
ECG, cardiac PET scan, cardiac MRI

Neurological examination
MRI of the brain

Liver ultrasound
Abdominal CT, liver MRI

Clinical examination
Radiographs; synovial biopsy

Serum calcium < 11mg/dl

Extrapulmonary Manifestations

Cutaneous
Lupus pernio

Ocular
Anterior uveitis
Posterior uveitis
Optic neuritis

Cardiac
Complete heart block
Ventricular arrhythmia
Decreased systolic function

CNS
Cranial nerve palsies
Meningitis, seizures, masses

Hepatic
Chronic cholestatic syndrome
Cirrhosis, portal hypertension

Musculoskeletal
Acute arthritis
Chronic arthritis

Endocrine
Mild hypercalcemia

Table 2 Extrapulmonary Manifestations, Imaging, and Initial Treatment in Sarcoidosis

AICD—automatic implantable cardiac defibrillator ECG—electrocardiogram PET—positron emission tomography

Treatment

Limited disease: hydrocortisone 
Extensive disease: prednisone 30–40 mg/day 
Refractory disease:hydroxychloroquine 400 mg q.d.; thalido-

mide 100–150 mg/day; methotrexate 10–15 mg/wk

Topical corticosteroid drops
Prednisone 40 mg/day
Prednisone 40 mg/day

Pacemaker
AICD
Prednisone 40 mg/day; if ejection fraction < 35%, AICD im-

plantation; heart transplantation

Observation
Prednisone 40 mg/day; methotrexate 10–15 mg/wk; azathio-

prine 150 mg/day; antiseizure medication

Prednisone 30–40mg/day
Ursodeoxycholic acid 10 mg/kg/day; methotrexate 10–15

mg/wk; liver transplantation

NSAIDs
Intra-articular corticosteroid injections; prednisone 30–40

mg/day

Increased fluid intake and restriction of dietary calcium and
vitamin D (avoid sunlight)



Asymmetrical hilar lymphadenopathy and, in particular, medi-
astinal lymphadenopathy without hilar adenopathy more
strongly suggest lymphoma rather than sarcoidosis. 

management

The decision to initiate treatment in patients with sarcoidosis
requires consideration of the severity of disease (as determined
by objective and subjective findings), the likelihood of resolution
without treatment, and the risks of treatment [see Table 2]. The
first-line therapy in sarcoidosis is treatment with corticosteroids.
The dose and duration of corticosteroid therapy has yet to be de-
fined in randomized controlled studies. In active pulmonary dis-
ease, an initial dose of 30 to 40 mg/day of prednisone is indicat-
ed for patients with respiratory symptoms or those who have
objective evidence of reduced pulmonary function. Response to
corticosteroids usually occurs within 1 to 2 months; however,
treatment using tapered doses should continue for 6 to 9
months. Failure to improve may be the result of nonadherence,
inappropriate dosing, inadequate duration of treatment, signifi-
cant fibrotic changes, and, much less commonly, corticosteroid
resistance. Higher doses of corticosteroids (i.e., 40 to 80 mg/day)
may be required for treatment of refractory optic neuritis or CNS
involvement.  

In patients who require long-term treatment, corticosteroid-
sparing agents such as methotrexate, azathioprine, myopheno-
late mofetil, hydroxychloroquine, cyclophosphamide, or cy-
closporine should be considered. In cases of severe cardiac, liver,
or lung involvement, referral for organ transplantation may be
necessary. The outcome for transplantation in patients with sar-
coidosis is about the same as for transplantation for other indica-
tions. Patients who undergo spontaneous resolution may need
follow-up for no more than 2 or 3 years after diagnosis.   

complications

Adverse effects from treatment with corticosteroids and other
immunosuppressants may complicate the disease course. Com-
mon unwanted effects of corticosteroids include mood changes,
osteoporosis, diabetes mellitus, cataracts, glaucoma, and in-
creased risk of infection. Sarcoid pulmonary complications in-
clude pulmonary hypertension, bronchiectasis, cavitary disease
with mycetomas leading to hemoptysis, and respiratory failure. 
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Figure 3 Contrast-enhanced magnetic resonance imaging of a patient with neurosarcoidosis in (a) coronal T1-weighted and (b) axial
planes demonstrating a large, homogeneously enhanced mass in the left frontal lobe. There is significant edema surrounding the mass,
which causes midline shift and effacement of adjacent cortical sulci. There is also an enhancing, nodular thickening of the dura and
meninges overlying the convexity of the left front lobe (short arrows) and encircling the left temporal pole (long arrows). 

a b

Figure 4 Noncaseating granuloma from a tissue biopsy of a patient
with sarcoidosis. Note the large multinucleated giant cell in the center.



prognosis

There is no biomarker that predicts outcome in sarcoidosis.
The prognosis of sarcoidosis is dependent on ethnic, geographic,
genetic, and clinical features (most notably, the type and extent
of organ involvement) of the patient. Blacks tend to have a worse
prognosis than whites, which is evident in an increased inci-
dence of chronic progressive disease, extra-pulmonary involve-
ment, and relapse.36 Löfgren syndrome is associated with a high
rate of spontaneous resolution, but it occurs only in a minority of
blacks. Besides race, other adverse prognostic signs include lu-
pus pernio, chronic uveitis, age of onset after 40 years of age, hy-
percalcemia, extrathoracic disease, cystic bone lesions, upper res-
piratory tract involvement, progressive lung function decline de-
spite treatment, neurosarcoidosis, and myocardial sarcoidosis.2

The mortality in sarcoidosis in the United States is 1% to 5% of
patients, most commonly from respiratory insufficiency, CNS
disease, and myocardial involvement.   

Collagen Vascular Diseases

The collagen vascular diseases (CVDs) are a heterogeneous
group of multisystemic diseases, including systemic lupus ery-
thematosus (SLE), rheumatoid arthritis (RA), Sjögren syndrome
(SS), polymyositis and dermatomyositis, and mixed connective
tissue disease (MCTM). These diseases commonly involve the
lung, either directly (from the ongoing immunologic process) or
indirectly (from chemotherapeutic drug toxicity, infection, or
other complications). Pulmonary manifestations vary in CVD,
depending on whether the parenchyma, airways, or vasculature
is primarily involved.

systemic lupus erythematosus

Epidemiology

SLE is one of the most prevalent collagen vascular diseases; it
occurs in 52 per 100,000 population. Women are 10 times more
often affected than men, and there is an increased prevalence
among blacks, regardless of their country of origin. Pleuropul-
monary involvement occurs in 38% to 89% of SLE patients.37

Diagnosis

Clinical manifestations SLE can involve any structure in
the chest; this discussion focuses on pleural and parenchymal in-

volvement of SLE.  Pleural involvement includes pleuritis, uni-
lateral or bilateral pleural effusions, pleural thickening, and fi-
brothorax. Patients often have chest pain, dyspnea, cough, and
fever. Lung auscultation may reveal decreased breath sounds or
a pleural rub. 

Acute lupus pneumonitis has been reported in 1% to 4% of
SLE patients.38 Clinical features include cough, hemoptysis, dys-
pnea, and fever; the disease course can progress to hypoxemic
respiratory failure. Physical examination may reveal inspiratory
crackles. 

Diffuse alveolar hemorrhage (DAH) can be a severe, life-
threatening manifestation [see Diffuse Alveolar Hemorrhage, be-
low]. Though rare in SLE, it carries a high mortality, ranging from
50% to 90%. The presenting symptoms are similar to those of
acute lupus pneumonitis; they include cough, hemoptysis, dif-
fuse alveolar infiltrates, dyspnea, and hypoxia. DAH is often seen
in patients with lupus in which there is active and severe multior-
gan involvement, particularly kidney and CNS involvement. 

Chronic interstitial pneumonitis (CIP) can affect 3% to 13% of
lupus patients, the majority of whom are asymptomatic. In
symptomatic patients, chronic nonproductive cough, dyspnea,
exercise limitation, and chest pain may occur. CIP that progress-
es to pulmonary fibrosis suggests the presence of an overlap syn-
drome the symptoms of which are characteristic of another CVD. 

Diaphragmatic weakness—the so-called shrinking lung syn-
drome—is a rare pulmonary manifestation.39 Patients present
with dyspnea and episodes of pleuritic chest pain. 

Laboratory tests In SLE, pleural effusions are typically ex-
udative; they can be serous or serosanguineous. Pleural fluid
analysis usually demonstrates a normal white blood cell count,
which can be predominantly lymphocytic or neutrophilic. Glu-
cose levels tend to be higher than those found in rheumatoid
arthritis; antinuclear antibodies (ANA), anti-double-stranded
DNA (anti-dsDNA) antibodies, and lupus erythematosus cells
can sometimes be found in the pleural fluid. Infection, pul-
monary embolism, and congestive heart failure must be exclud-
ed in SLE patients with pleural effusions.

The presence of ANA, in varying titers, is found in virtually
all patients with SLE; although a nonspecific finding, ANA has a
negative predictive value for SLE of 0.14%. More specific anti-
bodies for SLE are anti-dsDNA antibody and anti-smith (anti-
sm) antibody; as markers for SLE, these antibodies have sensitiv-
ities of 75% and 25%, respectively. Anti-SS-A (Ro) antibodies are
associated with CIP and diaphragmatic weakness. DAH is ac-
companied by high titers of autoantibodies; a decreased hemat-
ocrit also supports the diagnosis.40

BAL helps differentiate between infection, acute pneumonitis,
and diffuse alveolar hemorrhage. In DAH, the presence of pro-
gressively bloody lavage fluid and hemosiderin-laden macro-
phages on cytologic examination suggests the diagnosis. 

Imaging studies Chest radiograph findings vary and in-
clude simple pleural effusions, bilateral patchy infiltrates in
acute lupus pneumonitis or DAH, and bilateral atelectasis with
elevated hemidiaphragms in shrinking lung syndrome. In pa-
tients with acute lupus pneumonitis, chest imaging characteristi-
cally shows unilateral or bilateral infiltrates that are predomi-
nant in the lower lobes. In patients with diaphragmatic weak-
ness, elevated hemidiaphragms are evident on chest radiography.

Use of HRCT is indicated when radiographic findings are in-
conclusive. In patients with diffuse alveolar hemorrhage, HRCT
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Fungi (histoplasmosis, coccidioidomycosis)
Bacteria (brucellosis, chlamydia, tularemia)
Spirochetes (syphilis)
Parasites (toxoplasmosis, leishmaniasis)
Mycobacteria (tuberculosis, Mycobacterium 

avium complex)

Hypersensitivity pneumonitis (bacteria, fungi,
animal proteins)

Chronic beryllium disease
Other metals (titanium, aluminum, zirconium)
Talc

Wegener granulomatosis
Primary biliary cirrhosis
Crohn disease

Lymphoma
Tumor-related granuloma

Infection

Occupational and 
environmental 
exposure

Autoimmune 
disorders

Neoplasia

Table 3 Causes of Granulomatous Diseases



may show ground-glass opacities, which are suggestive of alve-
olitis, or honeycombing, which indicates fibrosis; in patients
with diaphragmatic weakness, HRCT of the chest can exclude
the presence of underlying parenchymal disease.

Physiologic testing In patients with suspected CIP, pul-
monary function tests may show a restrictive ventilatory defect
and a decreased DLCO; by contrast, an elevated DLCO supports
the diagnosis of diffuse alveolar hemorrhage. In patients with di-
aphragmatic weakness, pulmonary function testing shows evi-
dence of reduced lung volumes.

Biopsy Histologic features in both acute pneumonitis and
alveolar hemorrhage are similar, showing evidence of diffuse
alveolar damage, hyaline membranes, inflammatory cell infiltra-
tion, and microvascular thrombi. The histopathology of CIP
demonstrates nonspecific interstitial pneumonia (NSIP) with fi-
brotic features.

Management

Most pleural manifestations of SLE respond to moderate dos-
es of corticosteroids (i.e., 20 mg to 40 mg). Higher doses may be
necessary for acute or chronic pneumonitis. Immunosuppres-
sive agents are added in those patients with steroid-refractory
disease. DAH, which carries a high mortality, is treated with a
combination of high-dose corticosteroids (i.e., 40 to 60 mg) and
cyclophosphamide; treatment with plasmapheresis may be re-
quired. Use of noninvasive ventilation may benefit patients with
respiratory muscle weakness. Anecdotal reports support the use
of corticosteroids, beta-adrenergic agonists, and theophylline in
patients with diaphragmatic weakness.41

rheumatoid arthritis lung disease

Epidemiology

The incidence of RA in North America is 20 to 50 cases per
100,000 population.42 Women are more commonly affected. The
prevalence of rheumatoid lung disease is unknown. After infec-
tion, pulmonary involvement in RA is the second most common
cause of death in RA patients.43

Diagnosis

Clinical manifestations Lung involvement can occur at any
time in the course of RA, and it may precede arthritis. Common
pulmonary manifestations include interstitial lung disease (ILD),
bronchiolitis, pleural disease, and rheumatoid nodules. Less
common manifestations include bronchiectasis, organizing
pneumonia, bronchiolitis obliterans, and vascular disease. A
substantial portion of lung disease is directly related to medica-
tion toxicity.

RA–associated ILD (RA-ILD) has a reported prevalence of 1%
to 5% on the basis of chest radiographs but a prevalence as high
as 67% on the basis of HRCT.44,45 RA-ILD occurs more often in
men, in smokers, and in patients with high rheumatoid factor
titers and severe arthritis. Patients with RA-ILD present with ex-
ertional dyspnea, nonproductive cough, and pleuritic chest
pain.

Rheumatoid pleural effusions are common in patients with
RA. Typically, pleural effusions are asymptomatic; however,
symptomatic pleural effusions occur in about 3% to 5% of pa-
tients with RA.46 Rheumatoid pleural effusions are usually uni-
lateral and usually occur in patients with established arthritis.

Patients with pleural effusions present with pleuritic chest pain,
dyspnea, and fever; they may also be experiencing an exacerba-
tion of arthritis. Rheumatoid pleural effusions can be self-limited
or relapsing.

The incidence of rheumatoid (necrobiotic) nodules is un-
known; in one study of 40 patients with RA, 13 patients (32%)
had nodules on open-lung biopsy.43 In patients who have
rheumatoid nodules, histopathology reveals a central zone of
necrosis surrounded by palisading epitheloid cells and giant
cells. Rheumatoid nodules often remain asymptomatic; they are
usually subpleural but may be endobronchial. In patients who
are smokers or who have other cancer-associated risk factors, the
clinician must often distinguish these nodules from cancer.

Drug-related toxicity, which is described in detail [see Drug-
induced Infiltrative Lung Disease, below], is particularly impor-
tant in RA because of the frequent use of disease-modifying an-
tirheumatic drugs, including methotrexate, D-penicillamine, and
gold; these and other agents can cause drug-related toxicity. Of-
ten it is difficult to differentiate between RA-ILD and drug-in-
duced ILD. 

Physical examination In patients with RA-ILD, lung aus-
cultation can reveal inspiratory crackles or diminished breath
sounds that are accompanied by a dullness in percussion at the
site of pleural effusion. Digital clubbing can be present, but it is
much less frequently found in RA-ILD patients than in patients
with idiopathic pulmonary fibrosis (IPF) [see 14:8 Interstitial and
Fibrotic Lung Diseases].

Laboratory tests Several autoantibodies can help establish
the diagnosis of RA. Rheumatoid factor has a sensitivity and
specificity of 60% and 79%, respectively, in patients with RA.47

Assays for anticyclic citrullinated peptide (anti-CCP) have
shown promise in establishing a diagnosis of RA; the autoanti-
body has a sensitivity of 68% and a specificity of 95% .47 No serol-
ogy findings indicate the prognosis of lung disease.

Pleural effusions in patients with RA are exudative; they can
be serous, milky, or green in color. Certain features are similar to
infection, including low glucose levels. Pleural fluid glucose is
typically less than 60 mg/dl and can fall as low as 10 mg/dl in
long-standing effusions. The lactate dehydrogenase (LDH) level
is usually high (greater than 1,000 U/ml) with a concomitantly
low pH (i.e., below 7.3). Pleural fluid levels of rheumatoid factor
can be elevated and exceed serum rheumatoid levels. In patients
who have a low glucose level, a low pH, and an exudative effu-
sion, infection must be excluded by fluid culture and Gram stain.
In patients who have RA-ILD, the total WBC count is less than
5,000/mm3; in patients who have infection, the WBC count is
usually much higher.  

Bronchoalveolar lavage BAL is not diagnostic of RA-ILD,
but it may help in excluding the presence of infection.

Imaging studies Chest radiographs often show bilateral,
lower lobe infiltrates that are predominantly reticulonodular.
The most common findings on HRCT are reticulonodular pat-
terns of infiltrates, honeycombing, ground-glass opacities, and
bronchiectasis.44

Physiologic tests Pulmonary function testing in RA typical-
ly shows a restrictive ventilatory pattern and a reduced DLCO;
airway obstruction can be seen even in patients who are non-
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smokers. A DLCO of less than 54% normal capacity has been
shown to be a predictor of RA-ILD progression.48

Biopsy Histopathology by surgical lung biopsy may be re-
quired to establish the diagnosis in patients with RA-ILD. The
most common patterns seen on biopsy are usual interstitial
pneumonia (UIP), NSIP, and cryptogenic organizing pneumoni-
tis (also known as bronchiolitis obliterans organizing pneumo-
nia [BOOP]).44 On biopsy, a finding of constrictive or follicular
bronchiolitis indicates airway involvement.

Management

Patients with RA-ILD are treated with corticosteroids and im-
munosuppressants such as azathioprine, cyclophosphamide,
and methotrexate. The use of methotrexate is controversial be-
cause of its potential pulmonary toxicity.

Prognosis 

RA-ILD can progress slowly, or it may have a more accelerat-
ed course. It has been suggested that patients with CVD-associ-
ated ILD (CVD-ILD) have a better prognosis than those with id-
iopathic ILD49; contributing factors include a predominance of
NSIP histopathology, the younger age of CVD-ILD patients, and
the presence of fewer fibrotic foci. Recent evidence, however, has
demonstrated that an NSIP-predominant histology may not im-
prove prognosis.50 The most important prognostic factor in pa-
tients with RA-ILD appears to be the degree of fibrosis.51

systemic sclerosis

Systemic sclerosis (SSc) (also known as scleroderma) is a rare
rheumatic disorder characterized by the deposition of fibrous
connective tissue in skin and other organs; microvascular le-
sions, especially in the skin, lungs, and kidneys; and autoimmu-
nity and inflammation. There are two clinical phenotypes, de-
fined by the extent of skin involvement:  limited cutaneous sys-
temic sclerosis and diffuse cutaneous systemic sclerosis. In the
limited cutaneous phenotype, skin thickening is limited to areas
distal to the elbows and may or may not affect the face; in the dif-
fuse cutaneous phenotype, the presence of skin thickening is
proximal and distal to the elbows and knees and may or may not
involve the face and trunk.  

Epidemiology  

In the United States, the incidence of scleroderma in adults is
about 20 per million annually, and the prevalence is about 240
per million population.52 The female-to-male ratio varies accord-
ing to age; in women of childbearing years, the female to male
ratio is 3.8:1, whereas in older women, the ratio decreases to
2.4:1.52 In blacks, the overall incidence is higher, as is the inci-
dence of the diffuse cutaneous form of the disease. Familial ag-
gregation has been observed.

Pathogenesis

The pathogenesis of scleroderma consists of the following: (1)
excessive collagen production and deposition, (2) vascular dam-
age, and (3) inflammation with autoimmune antibodies.  Several
cytokines are involved, but transforming growth factor–β (TGF-
β) and endothelin-1 are the principal profibrotic culprits.53

Diagnosis

Clinical manifestations The most common lung manifesta-
tions are ILD and pulmonary hypertension. Other less common

findings include pleural disease, aspiration pneumonia, pneu-
mothorax, and bronchiectasis. Patients with SSc-associated ILD
(SSc-ILD) present with dyspnea on exertion, nonproductive
cough, and chest pain. ILD can occur in both the limited and dif-
fuse phenotypes; it is the most common cause of scleroderma-re-
lated death.54 The risk of lung cancer is increased in patients with
SSc-ILD.

Physical examination  The most common abnormality found
on lung auscultation is the presence of bibasilar so-called Velcro
crackles. Cardiac auscultation may reveal a pronounced P2
when pulmonary hypertension is present.

Laboratory tests Patients with SSc usually test positive for
ANA. Two autoantibodies classically associated with SSc are an-
ticentromere antibodies (ACA) and anti–topomerase I antibod-
ies (anti-Scl-70). ACA is more commonly associated with limited
disease and pulmonary hypertension, whereas Anti-Scl-70 is as-
sociated with diffuse disease and ILD. In one recent study, ACA
was found to be a protective factor for restrictive lung disease
and pulmonary fibrosis.55

BAL is useful in excluding infection, especially in immuno-
compromised patients; however, its role in defining prognosis is
unclear.

Imaging studies HRCT is the preferred imaging study, be-
cause it provides more information than radiography about the
extent of disease. HRCT findings include bibasilar, peripheral
ground-glass opacities or basilar reticulonodular changes with
honeycombing, indicating fibrosis. 

Physiologic tests Pulmonary function testing reveals a re-
strictive ventilatory pattern and a decreased DLCO.

Biopsy NSIP and UIP are found on lung biopsy. The need
for histologic confirmation, however, is questionable, because
biopsy usually provides little more prognostic information than
HRCT. In one large series, the 5-year mortality of patients with
NSIP and those with UIP differed little.56 The extent of disease
can be assessed by HRCT; lung biopsy should be reserved for
the exclusion of infection or malignancy.

Management

The treatment of SSc-ILD includes cyclophosphamide and
low-dose corticosteroids, but recent studies have investigated
the advantages of specific dosing and routes of administration.
Two randomized, placebo-controlled trials evaluated the treat-
ment of pulmonary fibrosis in patients with scleroderma. One
study compared a regimen consisting of intravenous cy-
clophosphamide followed by azathioprine to placebo; the re-
sults showed a trend toward improved forced vital capacity
(FVC) in the treatment group. The other randomized trial com-
pared oral cyclophosphamide to placebo; this study showed
significant improvement in FVC.57,58 Neither study showed im-
provement in DLCO. At present, low-dose corticosteroids plus
either oral or intravenous cyclophosphamide (administered
monthly) is recommended for the treatment of SSc-ILD. The
optimal treatment duration of corticosteroids remains unde-
fined.53 For advanced fibrotic lung disease, referral for lung
transplantation should be considered. Unfortunately, systemic
disease, particularly esophageal involvement, may not allow
transplantation. 
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Prognosis

An increased mortality results from scleroderma-related com-
plications (i.e., renal and pulmonary disease) and from the in-
creased risk of cancer (most commonly, lung cancer).59

sjögren syndrome

SS, one of the most common autoimmune diseases, predomi-
nantly affects women of middle age; in the United States, it has
an annual incidence of 0.005% and prevalence of 0.09%.60 SS is
characterized by the infiltration of CD4+ cells into glandular and
nonglandular organs. Characteristic findings are dry mouth (i.e.,
xerostomia), dry eyes (keratoconjunctivitis), and arthritis. The
primary form of the disorder occurs in the absence of other
CVDs; the secondary form occurs in association with other
CVDs, particularly RA.  

Diagnosis

Clinical manifestations Pulmonary involvement in SS in-
cludes ILD, specifically lymphocytic interstitial pneumonia
(LIP), follicular bronchiolitis, pleural disease, and bronchiecta-
sis.61 Patients with SS have an increased risk of developing other
lymphoproliferative diseases; pulmonary lymphoma affects 1%
to 2% of all patients with SS.61

Patients with SS-associated ILD (SS-ILD) often present with
nonproductive cough, dyspnea on exertion, and nonspecific chest
pain. Patients with upper airway involvement complain of dry-
ness, nasal crusting, recurrent infections, and otitis media; those
with lower airway problems have a dry, hacking cough and re-
current bronchitis.61 Wheezing may be heard on auscultation.

Laboratory tests Most patients with SS test positive for
ANA. In addition, patients with SS-ILD often test positive for
anti-SS A(Ro) and anti-SS-B(La) antibodies.62 Lavage fluid re-
veals a lymphocytic alveolitis.

Imaging studies HRCT of the chest is the most sensitive di-
agnostic modality for the detection of ILD. Ground-glass opaci-
ties, reticular opacities, air-space consolidation, and basal honey-
combing occur in SS-ILD.62 When LIP occurs, HRCT reveals
patchy areas of consolidations and nodules.62

Physiologic tests Pulmonary function testing in patients
with SS-ILD often shows a restrictive pattern and a reduced
DLCO. Airway obstruction may also be present. Bronchial hyper-
responsiveness has been described in as many as 40% to 60% of
SS-ILD patients.61

Biopsy A spectrum of histopathology findings is associated
with SS-ILD; however, the most common finding is NSIP, which
usually is found to have a fibrosing pattern. LIP, when seen, is
characterized by interstitial infiltration involving lymphocytes,
plasmacytoid lymphocytes, plasma cells, and histiocytes.

Prognosis

In patients with SS, increased mortality is present only in
those patients who have lymphoproliferative malignancy.63

Management  

Treatment options for patients with SS-ILD depend on the un-
derlying pathology and severity of symptoms. Corticosteroids
are the cornerstone of treatment of ILD, along with additional
immunosuppressive medications, when warranted.

polymyositis and dermatomyositis

Epidemiology

Polymyositis and dermatomyositis are idiopathic inflamma-
tory myopathies characterized by muscle weakness; extramus-
cular manifestations of these disorders involve the skin, esopha-
gus, heart, and lungs. The estimated prevalence rates for both
polymyositis and dermatomyositis is 0.6 to 1.0 per 100,000 popu-
lation64; females are affected twice as often as males.65 Dermato-
myositis can be seen in both pediatric and adult populations,
whereas polymyositis is rare in children. The peak incidence of
disease in adults occurs at 40 to 50 years of age.  

Pathogenesis

The initial step in pathogenesis occurs when antibodies are di-
rected against endothelial cells of the endomysial capillaries. The
complement pathway is activated and complement is deposited
on the endomysial capillaries, which  eventually leads to capil-
lary necrosis, perivascular inflammation, ischemia, and destruc-
tion of the muscle. B cells and CD4+ cells infiltrate the muscle,64

generally collecting around blood vessels and at the periphery of
muscle bundles; increased numbers of cytotoxic CD8+ cells, rec-
ognizing an unknown antigen, invade muscle fibers that overex-
press major histocompatibility complex (MHC) class I antigens,
causing muscle necrosis. 

Diagnosis

Clinical manifestations Polymyositis and dermatomyositis
are characterized by muscular weakness, usually of insidious
onset and affecting symmetrical, proximal muscles. In dermato-
myositis, cutaneous signs (e.g., facial heliotropic rash or Gottron
papules on the hands) are common; cutaneous signs can precede
muscular manifestations. Raynaud phenomenon occurs in 35%
of patients, and it is frequently present when either of these dis-
eases is accompanied by another CVD.65

Pulmonary involvement in polymyositis and dermatomyosi-
tis can present as respiratory muscle weakness, ILD, aspiration
pneumonia secondary to pharyngolaryngeal muscle involve-
ment, or as a complication of immunosuppression (infection or
drug toxicity).  

ILD in myositis can either be acute and rapidly progressive or
indolent and chronic. Some patients may be asymptomatic yet
show evidence of pulmonary changes on HRCT; lung findings
may precede or follow symptoms of myositis. Patients typically
complain of dry cough and dyspnea on exertion and present
with a constellation of symptoms that include myositis, inflam-
matory polyarthritis, and Raynaud phenomenon (also known as
the antisynthetase syndrome). 

Physical examination The most frequently reported find-
ings on auscultation are bibasilar crackles; the physical examina-
tion typically reveals characteristic skin and muscle findings [see
Clinical Features, above].

Laboratory tests Antisynthetase antibodies are detected in
40% to 80% of patients with myositis-associated ILD (myositis-
ILD).61 The most common antibody in myositis-ILD is anti-Jo1,
which is found in 20% of patients with myositis. In addition,
markers of muscle inflammation (i.e., creatine kinase, aldolase,
LDH, aspartate, and alanine aminotransferase) may be elevated. 

BAL may be helpful in excluding infection. In addition, a cell
differential in BAL fluid that shows a preponderance of neu-
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trophils and eosinophils has been reported in patients with more
progressive forms of ILD, as compared with patients whose
myositis follows an indolent course.66

Imaging studies The predominant findings on HRCT are
ground-glass opacities, reticular lines, air-space consolidation,
and honeycombing.67

Physiologic tests Pulmonary function testing typically demon-
strates a restrictive ventilatory pattern and a reduced DLCO.

Biopsy Lung biopsies are less frequently performed in pa-
tients with myositis-ILD because of the accuracy of HRCT in
predicting histologic appearance. In one series of 22 patients
with polymyositis or dermatomyositis who underwent lung
biopsy, the most common finding was NSIP (82%); other find-
ings were UIP, diffuse alveolar damage, and BOOP. 

Management

Monotherapy using corticosteroids may be inadequate to
treat myositis-ILD; the addition of cyclophosphamide and aza-
thioprine may be required. Methotrexate may be used as a
steroid-sparing agent. Tacrolimus has been reported to be a suc-
cessful treatment in Japanese patients who have myositis-ILD.68

Lung transplantation should be considered in patients who have
severe lung disease. 

Prognosis

Pulmonary disease can lead to significant morbidity, not only
from ILD but also from infection secondary to immunosuppres-
sive therapy or from aspiration.  

mixed connective tissue disease

MCTD, an overlap syndrome that combines features of SLE,
scleroderma, and polymyositis, is characterized by the presence
of high anti-U1 ribonucleoprotein (RNP) antibody titers. MCTD
has a prevalence estimated at 10 per 100,000 population, with a
female to male ratio of 9:1.69

Diagnosis

Clinical manifestations Common clinical manifestations of
MCTD include skin involvement (e.g., sclerodactyly, calcinosis,
malar rash), Raynaud phenomenon, arthritis, cardiac involve-
ment, pleuropulmonary involvement, and myositis.69

Pulmonary involvement in MCTD occurs in 25% to 85% of
patients.70 The two most common manifestations are pulmonary
arterial hypertension and ILD. Although ILD is the more com-
mon manifestation, pulmonary arterial hypertension carries a
high morbidity and mortality. Patients with ILD may present
with dry cough and dyspnea on exertion. Lung auscultation can
reveal bibasilar crackles.  

Laboratory tests A majority of patients with MCTD-associ-
ated ILD (MCTD-ILD) have high titers of anti-RNP antibodies
and ANA.  

Imaging studies HRCT reveals ground glass opacities and
increased septal thickening. 

Physiologic tests Pulmonary function tests demonstrate a
restrictive ventilatory pattern and a reduced DLCO; a reduced
DLCO can also be indicative of pulmonary hypertension.

Biopsy The histology of MCTD-ILD is similar to that seen in
SLE and primary SS; common findings are alveolar septal in-
vasion by lymphocytes, plasma cells, and deposition of type II 
collagen.70

Management 

Corticosteroids, either as monotherapy or in combination
with immunosuppressants, may improve or halt the progression
of MCTD-ILD.

Prognosis

Patients with MCTD have less renal and cerebral involvement
than patients with SLE; however, MCTD carries significant risk
of mortality from pulmonary artery hypertension and associated
cardiac complications.

Diffuse Alveolar Hemorrhage

DAH, a condition with high morbidity and mortality, is char-
acterized by injury to the pulmonary microcirculation (i.e., the
alveolar capillaries, arterioles, and venules) causing extravasa-
tion of blood into the alveoli and interstitium. There are many
causes of DAH, including infection, toxins and drugs, coagu-
lopathies, autoimmune diseases, and vasculitis [see Table 4]. 

diagnosis

A high index of suspicion is needed to make the diagnosis of
DAH.

Clinical Manifestations

Patients typically present with the acute onset of dyspnea,
cough, and fever. Hemoptysis is present in only one third of cas-
es. Patients can have symptoms that may point to an underlying
cause (e.g., nasal or sinus disease in Wegener granulomatosis). In
patients with suspected DAH, a thorough history that includes
usage of medications and illicit drugs; occupational exposures,
and comorbid conditions, particularly coagulation disorders, is
essential to the diagnosis of the underlying cause.

Physical Examination

The physical findings in patients with DAH are nonspecific.
Cutaneous or joint involvement may be seen in DAH associated
with CVD or vasculitides. 

Laboratory Tests  

Blood tests A decreased hematocrit and elevated leukocyte
count may support the diagnosis of DAH. An elevated creatinine
level and an abnormal urinalysis (e.g., red blood cells, protein-
uria, red cell casts) may indicate concomitant glomerulonephritis.
Serum levels of ANA, serum antineutrophil cytoplasmic antibod-
ies (ANCAs), anti–glomerular basement membrane antibodies,
and other autoimmune markers may be present. The erythrocyte
sedimentation rate (ESR) is often elevated in patients with DAH.

Bronchoalveolar lavage BAL results can be diagnostic, if se-
quential lavage demonstrates a progressively hemorrhagic re-
turn. On cytologic examination, the presence of more than 20%
hemosiderin-laden macrophages is consistent with a diagnosis
of DAH.  

Imaging studies The chest radiograph of patients with DAH
is nonspecific and typically shows bilateral alveolar infiltrates.
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Physiologic tests On pulmonary function testing, an elevat-
ed DLCO supports the diagnosis of DAH.

Biopsy Bronchoscopy should be performed  to exclude in-
fectious causes. Surgical biopsy may be indicated. If a pul-
monary-renal syndrome or glomerulonephritis is suspected, re-
nal biopsy with immunofluorescence and electron microscopy
should be considered. 

There are three histopathologic findings in DAH: (1) capillari-
tis, (2) bland alveolar hemorrhage, (3) diffuse alveolar damage.71

Capillaritis is characterized by alveolar interstitial aggrega-
tion of neutrophils and fibrinoid necrosis of capillary walls, the
latter of which leads to leakage of blood. Capillaritis is the typi-
cal histopathology seen in DAH associated with autoimmune
diseases and vasculitis (e.g., Wegener granulomatosis and SLE)
and medication-induced DAH (e.g., from use of chemothera-
pautic agents, retinoic acid, and propylthiouracil). Bland alveo-
lar hemorrhage consists of bleeding into the alveoli without any
evidence of inflammation or obliteration of the lung architec-
ture. Bland hemorrhage is seen in DAH secondary to coagula-
tion disorders, toxin inhalation, mitral stenosis, and pulmonary
hemosiderosis; however, bland hemorrhage is also seen in
SLE.71 Diffuse alveolar damage, which is also found in acute
respiratory distress syndrome (ARDS), is seen in DAH sec-
ondary to SLE, bone marrow transplantation, and inhalation of
toxins.71

differential diagnosis

If hemoptysis is a presenting symptom, other causes of he-
moptysis (e.g., infection, bronchiectasis, malignancy, cardiogenic
pulmonary edema) must be excluded.

management  

Regardless of etiology, all patients with DAH are treated with
high-dose pulse methylprednisolone (1 g every 24 hours for 3 to
5 days). Immunosuppressive therapy may be used particularly
in cases in which DAH is associated with CVD and vasculitis.72

prognosis

The mortality from DAH varies with the underlying disease.
In patients with SLE, Wegener granulomatosis, and microscopic
polyangiitis, early mortality from DAH ranges from 25% to
50%.71 DAH can be recurrent, and it can lead to irreversible in-
terstitial fibrosis.

Hypersensitivity Pneumonitis

Hypersensitivity pneumonitis (HP), or extrinsic allergic alve-
olitis, results from inhalation of a variety of organic antigens. In a
sensitized person, repeated inhalational injury can lead to a dif-
fuse immunologic reaction that may result in fibrotic lung dis-
ease. The spectrum of clinical disease in HP ranges from acute
and subacute to chronic.

epidemiology

The prevalence and incidence of HP have been difficult to es-
tablish; they vary, depending on inciting antigen, geographic re-
gion, and risk factors for exposure. The diagnosis of HP is easily
missed. Cigarette smoking is associated with a decreased risk of
HP.73,74

etiology and genetics

The causative antigens for HP vary with occupation, avoca-
tion, and environment [see Table 5]. These antigens can be chemi-
cal compounds of low molecular weight; fungi; bacteria; or pro-
teins derived from animals. The respirable particles (i.e., be-
tween 0.5 and 5 microns) resist degradation, allowing for
sensitization. Occupational exposures include farming, animal
handling, plastic manufacturing, and electronics. Sources of wa-
ter, such as heated water tanks, humidifiers, cool mist vaporiz-
ers, and hot tubs, serve as reservoirs for microorganisms that can
become aerosolized and subsequently inhaled.  

Not everyone exposed to target antigens will develop pul-
monary disease; therefore, host genetics plays an important role
in HP susceptibility. Genes that are upregulated in HP include
those involved with T cell activation, inflammation, and im-
mune responses.75 Among these are certain genes encoding
MHC class I and II molecules, chemokines, and cytokines.75 Fur-
ther study of host genetics is needed to better distinguish suscep-
tibility factors. 

pathogenesis

The pathogenesis of HP involves both type III and delayed
type IV hypersensitivity reactions. Initially, the inhaled antigen
sensitizes the host, causing the formation of antibodies. Repeat
exposure to the antigen results in an acute reaction in which anti-
gen and serum-derived IgG immune complexes are deposited in
both the interstitium and the alveolar spaces. Immune complex
deposition activates the complement system, resulting in the re-
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Inhalational toxins
Mitral stenosis
Coagulopathy (iatrogenic, renal failure, throm-

bocytopenia)
Infections
Neoplasms
Lymphangioleiomyomatosis
Tuberous sclerosis complex
Systemic lupus erythematosus
Idiopathic pulmonary hemosiderosis
Medications
Goodpasture syndrome

ANCA-associated vasculitis
Wegener granulomatosis
Microscopic polyangiitis
Churg-Strauss syndrome

Behçet disease
Cryoglobulinemia
Henoch-Schonlein purpura
Isolated pauci-immune pulmonary capillaritis
Collagen vascular diseases

Systemic lupus erythematosus
Rheumatoid arthritis
Mixed connective tissue disorder
Polymyositis and dermatomyositis

Antiphospholipid syndrome
Drug-induced vasculitis

Propylthioruracil
Allopurinol
D-Penicillamine
Minocycline
All-trans-retinoic acid (ATRA)

Diffuse alveolar 
hemorrhage 
without capillaritis

Diffuse alveolar 
hemorrhage with
capillaritis

Table 4 Causes of Diffuse Alveolar 
Hemorrhage11,72

ANCA—antineutrophil cytoplasmic autoantibodies



lease of cytokines and chemokines and the subsequent develop-
ment of a neutrophilic alveolitis.73 A cell-mediated type IV re-
sponse leads to the development of a lymphocytic and mononu-
clear interstitial infiltrate, the formation of granulomas, and,
eventually, fibrosis.73

diagnosis

Clinical Manifestations

The clinical presentation varies depending on whether the pa-
tient has acute, subacute, or chronic HP. Acute HP typically oc-
curs 4 to 8 hours after antigen exposure. Systemic features in-
clude fever, chills, flulike symptoms with myalgias, fatigue, and
loss of appetite. Patients complain of dyspnea, chest pain, dry or
mildly productive cough, and wheezing. Symptoms regress
within days as long as there is no further exposure.  

Subacute HP arises when recurrent exposure occurs. Symp-
toms are similar to those in acute HP but are less severe. Promi-
nent features include fever, dyspnea, cough, and fatigue.

Patients with chronic HP present with insidious onset of dys-
pnea on exertion, cough, anorexia, weight loss, and malaise.  

Physical Examination

On lung auscultation, findings in patients with acute and sub-
acute HP include crackles, wheezing, and rhonchi. In patients
with chronic HP, the predominant findings on lung auscultation
are bibasilar inspiratory crackles. On physical examination, digi-
tal clubbing may be present; it portends a poor prognosis.

Laboratory Tests

Blood tests In patients with acute and subacute HP, inflam-
matory markers such as C-reactive protein and the ESR may be
elevated. Serum-precipitating IgG antibodies against the offend-
ing antigens are helpful in the diagnosis of certain types of HP,
such as farmer’s lung or bird fancier’s disease. Precipitating anti-
bodies can be positive in patients who have been exposed to a
causative agent of HP but who are free of disease. The absence of
precipitating antibodies does not exclude HP. 

Bronchoalveolar lavage BAL is helpful in supporting the
diagnosis of HP; typical findings are lymphocytosis (i.e., lym-
phocytes accounting for more than 50% of the total cell popula-
tion) and a decreased ratio of CD4+ to CD8+ cells . A high CD8+

cell count may signify a lower chance that HP will progress to fi-
brosis.76 In acute HP, BAL may show a neutrophil-predominant
fluid comprising eosinophils and mast cells.74

Imaging studies In acute HP, HRCT can show ground-glass
opacities, most likely in the middle or lower lobes. In  subacute
HP, HRCT may show centrilobular nodules, patchy ground-
glass opacities, and trapped air characterized by a mosaic pattern
(i.e., a patchwork of regions of differing attenuation suggesting
small airway disease). In chronic HP, HRCT reveals a reticular
pattern; the occasional presence of honeycombing suggests fibro-
sis. Emphysematous changes may be seen in chronic HP.77

Physiologic tests Acute HP results in a restrictive ventilato-
ry defect and a reduced DLCO. In patients with small airway in-
volvement, a mixed restrictive and obstructive ventilatory pat-
tern can be present. In patients with severe disease, the alveolar-
arterial difference in oxygen (A-aDO2) may be increased, and
oxygen saturation after exercise may be decreased.

Biopsy Subacute or chronic HP is characterized by the triad
of non-necrotizing granulomas, NSIP, and bronchiolitis obliter-
ans [see Figure 5]. The histopathology of interstitial pneumonitis
is mostly composed of lymphocytes and macrophages; the gran-
ulomas of HP are less organized than those associated with sar-
coidosis. In some cases of progressive HP, the histopathology re-
sembles that of UIP. Biopsy may not be necessary if sufficient
clinical, radiographic, and physiologic findings support the 
diagnosis.

differential diagnosis

The differential diagnosis of acute HP includes silo-filler’s dis-
ease (resulting from exposure to NO2), organic dust toxic syn-
drome, humidifier fever, metal fume fever (resulting from expo-
sure to ZnO2), and ornithosis. These nonimmunologic diseases
require no prior sensitization. Subacute and chronic HP can be
confused with any ILD. Infectious granulomatous diseases (e.g.,
mycobacterial, histoplasmosis) and noninfectious granulomatous
diseases (e.g., sarcoidosis) must be excluded when making the di-
agnosis of HP. Chronic HP with fibrotic lung disease can imitate
any of the idiopathic pneumonias, including NSIP and UIP.

management

Management of HP has generally been derived from experi-
ence with farmer’s lung and bird fancier’s (or pigeon breeder’s
lung) disease. A general principle of treatment is to reduce the
patient’s exposure to the offending antigen by eliminating activ-
ities that lend themselves to high exposure and by adapting
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Antigen

Thermophilic actinomycetes
Saccharopolyspora rectivirgula
Thermoactinomyces vulgaris
Thermoactinomyces sacchari
Penicillium casei
Mycobacterium avium intracellulare
Thermoactinomyces vulgaris
Thermoactinomyces sacchari
Thermoactinomyces candidus
Aspergillus fumigatus
Aspergillus clavus
Cryptostroma corticale
Thermoactinomyces sacchari
Penicillium frequentans
Aspergillus fumigatus
Trichosporon cutaneum

Avian droppings, feathers, serum

Urine, serum, pelt proteins

Sodium diazobenzene sulfate
(laboratory reagent)

Isocyanites (paints, plastics); an-
hydrides (plastics)

Disease

Fungi and bacteria
Farmer’s lung

Bagassosis
Cheese washer’s lung
Hot-tub lung
Humidifier lung/ventilation

pneumonitis

Malt worker’s lung

Maple-bark stripper’s lung
Mushroom-worker’s lung
Suberosis

Summer-type pneumonitis

Animal proteins
Bird fancier’s disease (parakeets,

budgerigars, pigeons, chick-
ens, turkeys)

Animal handler’s lung (laborato-
ry animals including rats and 
gerbils)

Chemicals
Pauli reagent alveolitis

Chemical worker’s lung

Table 5 Common Causes of Hypersensitivity 
Pneumonitis74



practices that protect against the antigen. For example, patients
with HP who farm should use respiratory masks.  

Patients who have any symptomatic form of HP or who expe-
rience a progressive decline in lung function warrant a trial of
corticosteroids. Randomized, controlled studies have only been
performed in acute cases of farmer’s lung disease; these studies
show that corticosteroids hasten recovery but offer no long-term
benefit.74 Initial dosing of 40 to 60 mg/day for 1 to 2 weeks fol-
lowed by a tapered dosing over several weeks dramatically im-
proves symptoms. However, for corticosteroids to be beneficial,
the patient must not come in contact with the inciting antigen.

prognosis

For most patients, symptoms and lung function abnormalities
resolve. Patients with pulmonary fibrosis and chronic bird fanci-
er’s disease have a worse prognosis than those with acute and
subacute types of HP.78 In patients with farmer’s lung, there is an
increased incidence of emphysema.79

Lymphangioleiomyomatosis 

Lymphangioleiomyomatosis (LAM) is a rare disorder of the
lungs and lymphatics that predominantly affects women of
childbearing age. LAM can be sporadic, or it can be associated
with tuberous sclerosis complex (TSC). It is characterized by cys-
tic lung disease; complications of LAM include pneumothorax,
chylous pleural effusions, and respiratory failure. 

epidemiology

The prevalence of LAM is estimated to be 1 per million popu-
lation. LAM occurs in about one third of women with TSC.80 In
one large registry of 243 patients with LAM, the average age of
onset of symptoms was 39 years; the average age of the patient
at diagnosis was 41 years.81 LAM primarily affects pre-
menopausal women; its occurrence has been associated with set-
tings involving high estrogen levels, including pregnancy and
estrogen supplementation. 

etiology and genetics

Defining the genetic factors associated with TSC has elucidat-

ed the pathophysiology of LAM. TSC is an autosomal dominant
disease caused by a germline mutation in one of two genes,
TSC1 and TSC2. In sporadic LAM, somatic mutations in TSC2
and, to a less extent, TSC1 have been identified.82

pathogenesis

In LAM, abnormal smooth muscle cells proliferate along pul-
monary airways, lymphatics, and vasculture; this proliferation
results in the destruction of lung architecture and the formation
of pulmonary cysts. The cysts are formed as a result of matrix
metalloproteinases produced by the LAM cells. The cellular pro-
liferation may extend to extrathoracic sites, including the tho-
racic duct and axial lymphatics of the abdomen and pelvis; an-
giomyolipomas composed of these irregular cells may form in
the kidneys and abdomen.

diagnosis

Clinical Manifestations 

Patients with LAM can present with either dyspnea or pneu-
mothorax. In one large retrospective cohort of LAM patients,
two thirds of the patients had pneumothorax during the course
of their disease.83 Chylothorax is a less common finding than
pneumothorax, occurring in 20% to 30% of LAM patients. Other
clinical findings include cough and hemoptysis. Extrapul-
monary manifestations of LAM include lymphadenopathy, lym-
phangioleiomyomas (i.e., large, fluid-filled cystic masses com-
monly found in the retroperitoneum or pelvis), abdominal chy-
lous ascites, and angiomyolipomas (i.e., benign neoplasms
consisting of smooth muscle, blood vessels, and fat). Angiomy-
olipomas are the most common abdominal finding in LAM, af-
fecting more than 50% of patients; a majority of angiomyolipo-
mas are innocuous, but some become enlarged and produce uri-
nary symptoms, such as hematuria and flank pain.  

Physical Examination

The physical examination may be normal, or it may reveal the
presence of a pneumothorax (as indicated by an absence of
breath sounds) or a chylous effusion (as indicated by decreased
breath sounds and a dull response on percussion). Often, the ex-
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Figure 5 Open lung biopsy specimen from a patient with hypersensitivity pneumonitis (farmer’s lung disease) shows characteristic
features of (a) scattered granulomas and (b) bronchiolitis obliterans.
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trathoracic manifestations are difficult to identify by examina-
tion alone, but they are more easily detected by imaging (see be-
low). All patients with LAM should have a thorough skin exam-
ination to identify lesions consistent with TSC (i.e., periungual fi-
bromas, facial angiofibromas, hypomelanotic macules).

Imaging Studies  

The plain chest x-ray can be normal; however, it often shows
evidence of reticulonodular infiltrates, cystic changes, and hy-
perinflation.84 HRCT can be an important diagnostic tool in
LAM, and its use often obviates the need for biopsy. Typical
HRCT findings are diffuse, homogeneous, thin-walled cysts
ranging in size from millimeters to centimeters. The cysts in
LAM, which are usually interspersed with preserved lung tis-
sue, may coalesce, resulting in an appearance similar to that of
emphysema. As the disease progresses, the number of cysts in-
creases. Other radiologic manifestations include pleural effu-
sions, pneumothorax, and mediastinal lymphadenopathy. Ab-
dominal and pelvis CT imaging should be performed in patients
with suspected LAM; abdominal imaging that reveals character-
istic LAM findings of angiomyolipomas, which are usually renal
in origin, and lymphangioleiomyomas in a patient with typical
thoracic findings can establish the diagnosis.

Physiologic Tests  

A mixed obstructive-restrictive ventilatory defect can be seen
on pulmonary function testing in patients with LAM. The DLCO
is often reduced out of proportion to the spirometry findings,
which reflects the loss of alveolar-capillary interface.  

Biopsy  

Tissue biopsy of lung or other involved tissue may not be nec-
essary in patients who have a classic presentation and typical CT
findings; however, when results of these tests are inclusive, biop-
sy can confirm the diagnosis. Biopsy reveals a proliferation of ab-
normal smooth muscle cells, LAM cells, as well as lymphatic,
vascular, and bronchial structures. The LAM cells differ from
normal smooth muscle cells in that they contain electron-dense
granules consisting of glycoprotein 100, which stains positive in
response to HMB-45, a monoclonal antibody. LAM cells contain
estrogen and progesterone receptors.

differential diagnosis

The differential diagnosis of LAM includes other cystic ILDs
that are characterized by preserved lung volume—namely, sar-
coidosis, emphysema, eosinophilic granuloma, and TSC. 

management

LAM worsens in patients who have high levels of estrogen;
settings associated with high levels of estrogen include menses,
pregnancy, and infertility treatment. No randomized controlled
trials exist regarding treatment of LAM, though case studies re-
port benefits from progesterone therapy and oopherectomy.
One large retrospective trial found no improvement in forced ex-
piratory volume in 1 second (FEV1) or DLCO after treatment.85 Ra-
pamycin (sirolimus), a potent immunosuppressant medication,
has been shown to inhibit DNA synthesis in LAM; an ongoing
multicenter trial is currently assessing the efficacy of rapamycin
in LAM patients.86 In patients with severe pulmonary disease
(i.e., FEV1 < 30%), single-lung transplantation has been per-
formed with success.

complications

Complications associated with LAM include recurrent pneu-
mothoraces and chylous effusions. Management of pneumotho-
races may require surgical treatment; chylous effusions often re-
quire pleurodesis and, in some instances, thoracic duct ligation.
Patients with LAM should be advised that pregnancy can be
complicated by pneumothorax and chylous effusions.

prognosis

The clinical course of LAM is variable; the 10-year survival
ranges from 55% to 90%. A better prognosis is associated with
patients who present with pneumothorax and who have nor-
mal pulmonary function test results; in these patients, the 10-
year survival is 89%. More than half of patients who have LAM 
suffer from dyspnea, and 10% experience severe exercise 
limitation.87

Idiopathic Eosinophilic Pneumonias

Idiopathic eosinophilic pneumonias are among a group of
eosinophilic pulmonary syndromes characterized by infiltration
of lung parenchyma with or without peripheral eosinophilia.
Eosinophilic pulmonary syndromes include idiopathic eosino-
philic pneumonias; (2) hypereosinophilic syndrome; (3) allergic
bronchopulmonary aspergillosis; (4) tropical eosinophilia; and
(5) pulmonary vasculitis (Churg-Strauss syndrome).

The idiopathic eosinophilic pneumonias are comprised of
simple eosinophilic pneumonia (Löffler syndrome), acute
eosinophilic pneumonia (AEP), and chronic eosinophilic pneu-
monia (CEP).

epidemiology

The incidence of AEP is estimated to be 9.1 per 100,000 per-
son-years.88 The average age of a patient at onset of AEP is 29
years. In patients with CEP, the average age at onset is 45 years;
CEP affects women more often than men, with a ratio of 2:1.  

etiology

Löffler syndrome is often idiopathic; it may also be induced
by parasitic infection (e.g., Ascaris or Strongyloides) or drugs (e.g.,
nitrofuantoin, penicillin). Syndromes similar to AEP have been
reported in conjunction with medications, as well as environ-
mental exposures.89

About 40% of patients with AEP have a history of smoking,
particularly of recent use.88,90 In contrast to AEP, cigarette smok-
ing occurs in fewer than 10% of patients with CEP; however,
50% of CEP patients have a history of atopy and asthma. The
presentation of asthma can precede CEP, or it may be present at
the time of diagnosis. In many patients, the severity of asthma
worsens with CEP.91

pathogenesis

All of the eosinophilic pneumonias are characterized by
eosinophilic infiltration of the lungs. Although the eosinophils
are part of the host defense system against certain infectious or-
ganisms, their recruitment by the Th2 cell pathway can result in
the release of potent substances that cause lung injury. The
pathogenesis of AEP and CEP likely begins with an antigen that
triggers a Th2 cell response in the lungs; activated Th2 cells pro-
duce cytokines, including IL-5, which is the most pivotal cy-
tokine for the maturation, recruitment, and survival of
eosinophils.92 The eosinophils accumulate within the lungs and
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release proinflammatory cytokines, enzymes, and reactive oxy-
gen species, which results in lung damage.

diagnosis

Clinical Manifestations

Patients with Löffler syndrome may be asymptomatic or have
malaise, cough, fever, and dyspnea. AEP is marked by the acute
onset (i.e., developing over 5 to 7 days) of a febrile illness that is
accompanied by hypoxemic respiratory failure. Patients present
with fever, dyspnea, cough, pleuritic chest pain, myalgias, and,
occasionally, abdominal pain.93 Symptoms can progress quickly
to respiratory compromise that requires mechanical ventilation. 

Patients with CEP have nonspecific symptoms, such as dysp-
nea and cough; in contrast to AEP, patients with this disorder
rarely develop respiratory failure. CEP can be associated with
systemic signs of weight loss, night sweats, and fevers, as well as
extrathoracic manifestations such as pericarditis, arthralgias, he-
patitis, and purpura.94

Physical Examination 

The physical examination of patients with Löffler syndrome is
usually normal. In AEP, crackles and wheezing may be present.
CEP can feature inspiratory crackles along with expiratory
wheezing.

Laboratory Tests  

Blood tests Peripheral blood eosinophilia occurs in both Löf-
fler syndrome and CEP in levels that exceed 1,000/mm3. The C-
reactive protein level and the ESR are often elevated in patients
with CEP. Total IgE levels are elevated in over half of the pa-
tients with CEP, but the levels are usually less than 2,000 kU/L.95

In AEP, the peripheral eosinophil count is usually normal at the
onset of the disorder; however, the number of eosinophils can
become elevated during the clinical course of the disorder.93 As
in CEP, IgE levels can be elevated in patients with AEP. AEP pa-
tients also have marked hypoxemia, as detected on arterial blood
gas analysis; many patients meet the criteria for acute lung injury
(i.e., ratio of arterial oxygen tension to fraction of inspired oxy-
gen [PaO2/FIO2] < 300) or ARDS (PaO2/FIO2 < 200).

Bronchoalveolar lavage On BAL, eosinophilia is present in
all idiopathic eosinophilic pneumonias. In patients with CEP,
BAL results show a high percentage of eosinophils (mean per-
centage, 58%)95; diagnostic criteria for CEP includes a BAL
eosinophilic cell count of greater than 40%. In patients with AEP,
the elevation in the eosinophil count usually exceeds 20% but
has been reported to be as high as 54%93; however, unlike in CEP,
the levels of lymphocytes and neutrophils may also be elevated
in AEP.91

Imaging Studies 

In Löffler syndrome, chest imaging reveals patchy, migratory
infiltrates. In AEP, chest imaging early in the course of the dis-
ease reveals an increase in reticular marking and the presence of
pleural effusions; as the disease progresses, imaging studies
show dense alveolar infiltrates.91 Chest imaging in CEP typically
reveals unilateral or bilateral peripheral alveolar infiltrates that
favor the upper lobes. The most characteristic chest radiograph
is known as the photographic negative of acute pulmonary ede-
ma.94 On CT, these infiltrates can appear as ground-glass opaci-
ties or more dense consolidations accompanied by air-filled

bronchi (the so-called air bronchogram). Lymphadenopathy and
pleural effusions are not characteristic of CEP.

Physiologic Tests

Pulmonary function tests are not usually performed for pa-
tients with Löffler syndrome and AEP. One third of patients
with CEP have an obstructive ventilatory defect, one third have
a restrictive defect, and one third have normal pulmonary func-
tion. Diffusion capacity can be reduced in CEP.  

Biopsy 

All idiopathic eosinophilic pneumonias have similar
histopathology; they are characterized by the infiltration of lung
interstitium and alveoli by eosinophils and other inflammatory
cells, including lymphocytes, plasma cells, and neutrophils. The
alveolar spaces can also be filled with a fibrinous exudate. In
AEP, histologic findings of diffuse alveolar damage can be seen.
In addition, eosinophilic microabscesses and infiltration of vas-
culature are common, but there is no evidence in these diseases
of necrotizing vasculitis, as seen in Churg-Strauss.

differential diagnosis

The differential diagnosis includes other eosinophilic lung
diseases with known causes (e.g., drug-induced, parasitic, infec-
tious) and BOOP, which may have a presentation similar to that
of CEP (i.e., migratory alveolar infiltrates and subacute symp-
toms). Unlike CEP, BOOP is not associated with peripheral
eosinophilia. 

management

Löffler syndrome is self-limited and seldom requires treat-
ment; resolution of the pneumonia can be expected after 2 to 4
weeks. 

AEP, once recognized, is highly responsive to corticosteroids;
methylprednisolone can be administered in doses of 60 to 125 mg
every 6 hours until respiratory failure improves. The duration of
corticosteroid therapy required to resolve the pneumonia varies
from several weeks to several months. Relapse does not occur in
AEP, and most patients have no residual pulmonary deficits. 

CEP may also be treated with corticosteroids; dramatic re-
sponse to treatment is usually seen within days; however, unlike
AEP, the disease tends to recur once corticosteroid therapy is ta-
pered. There are no prospective trials regarding the treatment of
CEP. An initial dose of 0.5 to 1 mg/kg/day of prednisone fol-
lowed by a slow tapering of medication over several months is
recommended. Inhaled corticosteroids may be of benefit for
asthmatic patients with CEP.

prognosis

Relapses of CEP are observed in half of patients, but these dis-
ease recurrences are generally responsive to corticosteroid thera-
py. In 30% of patients, asthma is either diagnosed concurrently
with the diagnosis of CEP or sometime later; asthma in these pa-
tients is often more severe than in patients who do not have
CEP.90 Death from respiratory failure can occur in patients with
AEP when there is a delay in treatment. Overall, the prognosis of
patients with idiopathic eosinophilic pneumonias is good.

Langerhans Cell Histiocytosis 

Langerhans cell histiocytosis (LCH) is a rare cause of smok-
ing-related ILD in adults. The lungs may be the sole organ in-
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volved, or LCH may be a systemic disease marked by uncon-
trolled proliferation and infiltration of multiple organs by
Langerhans cells. The various organs affected include skin,
bone, pituitary gland, lymph nodes, lungs, and liver. LCH is
more common in the pediatric population than in adults; how-
ever, pulmonary involvement more often affects adults.  

epidemiology

The incidence of LCH is unknown. In one large Italian reg-
istry of ILD patients, LCH accounted for 6.6% of cases.96 The av-
erage age at onset is between 20 and 40 years; the disease affects
whites more often than blacks.

etiology and genetics

More than 90% of patients are cigarette smokers, which un-
derscores the role cigarette smoking plays as a precipitating fac-
tor in pulmonary disease.97 In addition, there are reports of fa-
milial LCH, suggesting that genetic factors may contribute to the
development of the disease.98

pathogenesis

Langerhans cells are of dendritic cell origin. In pulmonary
LCH (PLCH), cigarette smoke activates macrophages, inducing
them to produce cytokines such as tumor necrosis factor–α
(TNF-α) and granulocyte-macrophage colony-stimulating factor
(GM-CSF).97 These cytokines recruit Langerhan cells and stimu-
late them to proliferate; Langerhan cells, in turn, stimulate in-
flammatory cells to aggregate, which results in the characteristic
nodules of LCH. The CD4+ T cells are also activated and may
further stimulate B cells to produce antibodies, further perpetu-
ating the immune process. In multisystem LCH, some investiga-
tors suggest that Langerhans cells clone themselves; however,
there is no evidence of clonality in PLCH. PLCH is thought to be
a reactive rather than neoplastic process.

diagnosis

Clinical Manifestations 

The most common presenting symptoms in PLCH are cough
and dyspnea on exertion, but 25% of patients are asymptomatic
at presentation. The constitutional symptoms associated with
PLCH are malaise, fever, weight loss, and night sweats. Up to
15% of patients present with spontaneous pneumothorax. Ex-
trathoracic involvement can manifest as bone lesions (most com-
monly of the skull, ribs, or pelvis), pituitary involvement with
diabetes insipidus, and cutaneous lesions.   

Physical Examination  

Pulmonary auscultation may reveal evidence of obstruction
accompanied by wheezing, but the examination often is normal.

Laboratory Tests

Bronchoalveolar lavage BAL may be helpful in supporting
the diagnosis of PLCH. An increase in Langerhan cells (as de-
tected by staining BAL fluid with antibodies against CD1a) of
more than 5% is specific for PLCH.99 However, in most cases of
PLCH, Langerhan cells comprise 2% to 5% of the cell count; of
interest, this finding is also seen in patients who are active smok-
ers and who do not have the disease.

Imaging studies A chest radiograph often shows a reticu-
lonodular pattern with a predominantly bilateral involvement 

of the upper and middle zones of the lungs; this pattern of in-
volvement usually spares the costophrenic angles. Cystic chang-
es can be present, and lung volumes are normally preserved or
hyperinflated.  

HRCT can demonstrate nodules (ranging in size from 1 to 10
mm) and cysts that can coalesce, giving the appearance of em-
physema. Unlike LAM, PLCH has an upper lobe distribution;
the lower lobes are relatively spared [see Figure 6]. The nodules
in PLCH can cavitate. Pleural effusions are not a feature of
PLCH, but mediastinal lymphadenopathy can be seen in one
third of cases.97

Physiologic tests A reduced DLCO is the most common pul-
monary function test abnormality. An obstructive, restrictive, or
obstructive-restrictive ventilatory defect can be seen.  

Biopsy Bronchoscopy with transbronchial lung biopsy has
a low diagnostic yield (i.e., 10% to 40%), but this modality may
be useful in combination with BAL. Microscopy reveals loosely
organized granulomas formed by Langerhans cells, lympho-
cytes, plasma cells, macrophages, and eosinophils. These granu-
lomas, which are located along the distal bronchioles, invade
and cause destruction of the airway. The nodules are initially
cellular but can become fibrotic, frequently assuming a stellate-
like appearance. The adjacent alveoli can contain pigmented
macrophages, which can cause desquamative interstitial pneu-
monia; such pneumonia is commonly seen in smokers. On elec-
tron microscopy, the Langerhans cell can be definitively identi-
fied by characteristic intracytoplasmic organelles, known as Bir-
beck granules. Langerhans cells can also be identified by a
positive result in response to S-100 protein and CD1a antigen
staining. 

differential diagnosis

The differential diagnosis of PLCH includes sarcoidosis, sili-
cosis, hypersensitivity pneumonitis, LIP, and LAM.  
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Figure 6 High-resolution computed tomography (HRCT) of a patient
with pulmonary Langerhans cell histiocytosis. Note the cystic air space
disease affecting the upper lobes. 



management

The first treatment intervention in PLCH is smoking cessa-
tion. Smoking cessation alone can prevent progression of dis-
ease, and evidence of improvement may be seen on imaging and
in pulmonary function test results.97 Corticosteroid therapy is
recommended for patients who are symptomatic and who have
reduced pulmonary function. All patients should be followed on
a regular basis through the use of pulmonary function testing
and chest radiographs to evaluate for disease progression. Those
patients with severe dyspnea and reduced DLCO should be given
a screening echocardiogram to evaluate for pulmonary hyper-
tension. Patients with progressive PLCH should be referred for
lung transplantation when appropriate. Lung transplantation
has been successfully performed in patients with PLCH; howev-
er, disease recurs in patients who resume smoking.100

complications

Pneumothorax occurs as a complication in 10% to 20% of cas-
es of PLCH; recurrence of pneumothorax is seen in as many as
58% of patients who are managed without pleuordesis.101 Pul-
monary hypertension and cor pulmonale can develop in pa-
tients with progressive lung disease.

prognosis

The median survival of adults with PLCH is 12.5 years.102

Factors associated with worse prognosis include severe ob-
struction, air trapping, and reduced DLCO on pulmonary func-
tion testing.102

Pulmonary Alveolar Proteinosis

Pulmonary alveolar proteinosis (PAP) is a rare disease charac-
terized by the accumulation of lipoproteinaceous material in
alveoli with no inflammation or fibrosis.    Three forms of the dis-
ease occur: (1) congenital, (2) secondary, and (3) acquired. Con-
genital PAP accounts for 2% of cases; it results from genetic mu-
tations in the surfactant protein (SP)-B gene or the Bc molecule of
the GM-CSF receptor. Secondary PAP accounts for 5% to 10% of
PAP cases; it occurs after certain exposures (e.g., acute silicosis,
titanium dust, aluminum dust, volcanic ash), use of certain
drugs (e.g., chlorambucil, busulfan), and in association with in-
fectious diseases (e.g., Pneumocystis jiroveci pneumonia [PCP],
Mycobacterium avium intracellulare, Nocardia) and hematologic
malignancies (e.g., myeloid leukemia and myelodysplastic syn-
drome), and after bone marrow transplantation. Acquired PAP
accounts for the majority of cases (i.e., > 90%) and occurs in pre-
viously healthy individuals.  

epidemiology

The estimated annual incidence of PAP is 0.36 cases per mil-
lion population, and the prevalence is 3.7 per million popula-
tion.103 The median age of patients at diagnosis is 39 years. PAP is
associated with active cigarette smoking, and 72% of patients
who present with the disease are active smokers.104 The male-to-
female ratio is 2:1.104

etiology and genetics

GM-CSF stimulates differentiation of alveolar macrophages,
which are responsible for surfactant clearance. In the congenital
form of PAP, mutations in the (SP)-B gene or the Bc molecule of
the GM-CSF receptor cause a downregulation of GM-CSF pro-
duction. In acquired PAP, an autoimmune response to GM-CSF

inhibits GM-CSF signaling of alveolar macrophages, which im-
pairs the clearance of surfactant-rich material by alveolar
macrophages and weakens their host defense capabilities.105 In
addition, because GM-CSF also plays a role in neutrophilic re-
sponse, the susceptibility to infection is further increased.106

diagnosis

Clinical Manifestations 

The most common symptoms in PAP are dyspnea on exertion
and productive cough. Patients may have fever, weight loss, or
chest pain. Some patients may present with an opportunistic in-
fection (e.g., PCP, Nocardia infection).

Physical Examination  

Findings on physical examination are inspiratory crackles (oc-
curring in 50% of cases), cyanosis (occurring in 25% of cases),
and, less commonly, digital clubbing. 

Laboratory Tests

Blood tests LDH levels may be elevated in the serum and
may be helpful in monitoring disease activity. In patients with
severe disease, an increase in the alveolar-arterial oxygen gradi-
ent occurs. A latex agglutination assay has been developed to de-
tect antibodies to GM-CSF; the assay has a sensitivity of 100%
and a specificity of 98%, but BAL fluid or tissue biopsy is still re-
quired for diagnosis.107

Bronchoalveolar lavage Characteristic findings on BAL can
make the diagnosis of PAP. BAL fluid in PAP is often opaque or
milky and has a granular appearance. Cytologic examination re-
veals eosinophilic proteinaceous material and foamy
macrophages engorged with periodic-acid-Schiff (PAS)–positive
inclusions [see Figure 7]. 

Imaging studies The chest radiograph and HRCT show bi-
lateral alveolar consolidation. On HRCT, these patchy areas of
ground-glass opacities and superimposed interlobular septal
thickening can give the appearance of so-called crazy paving [see
Figure 8].
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Figure 7 Bronchoalveolar lavage effluent reveals distinctive periodic
acid-Schiff-positive material that is diagnostic for alveolar proteinosis.



Physiologic tests Pulmonary function testing shows a re-
strictive ventilatory pattern and a reduction in DLCO.

Biopsy A definitive diagnosis of PAP still requires either
typical BAL findings or characteristic histologic findings from ei-
ther transbronchial lung biopsy or open lung biopsy. Histo-
pathology reveals alveoli filled with PAS–positive acellular ma-
terial. Electron microscopy of the intra-alveolar material reveals
numerous concentrically laminated structures, known as lamel-
lar bodies. The architecture of the lung remains intact, and there
is little evidence of inflammation.

differential diagnosis

PAP must be differentiated from infectious disease, ARDS,
alveolar sarcoidosis, BOOP, drug-induced pneumonitis, hyper-
sensitivity pneumonitis, and pulmonary hemorrhage.

management

In patients who are asymptomatic, no treatment is required.
For symptomatic patients, first-line treatment is whole-lung
lavage with sterile saline. This procedure requires general anes-
thesia and intubation with a double lumen endotracheal tube.
Large volumes of warm saline are used to lavage each lung to
clear the proteinaceous material. Patients often feel dramatically
better after lavage; some may require repeated lavages at 6-
month intervals. Whole-lung lavage has shown to improve oxy-
genation, pulmonary function, and survival.104

Newer, less invasive treatment involves GM-CSF therapy. In
the largest study to date, subcutaneous GM-CSF replacement in
patients with acquired PAP resulted in improvements in oxy-
genation, symptoms of dyspnea, and general quality of life.108

complications

Infections can complicate PAP and cause morbidity and mor-
tality. Leading infections in PAP include Nocardia, Mycobacterium
tuberculosis, Cryptococcus, and Aspergillus infections. Of note, in-
fectious complications of PAP frequently exhibit extrathoracic
dissemination, including CNS involvement.

prognosis

Death from PAP is mostly caused by respiratory failure (72%

of cases) or uncontrolled infection (20% of cases).104 Spontaneous
resolution of disease occurs in 8% of cases.104

Drug-induced Infiltrative Lung Disease

Drug-induced ILD accounts for up to 3% of ILD.109 Many
drugs can cause ILD, including chemotherapeutic, immunosup-
pressive, and antibiotic drugs; herbal remedies; and illicit drugs.
The diagnosis is often presumptive, because there are no specific
clinical, radiologic, or histopathologic findings.

epidemiology

The prevalence of drug-induced ILD varies according to the
medication used: in patients who use nitrofurantoin, ILD occurs
at a rate of 1 per 100,000 treatments; of those who use amio-
darone, ILD occurs in approximately 5% of patients; of those
who use all-trans-retinoic acid (ATRA), it occurs in 25% of pa-
tients; and in those who use the nitrosourea-based chemothera-
peutic agent BCNU (1,3-bis(2-chloroethyl)-1-nitrosourea), ILD
occurs in 30% to 50% of patients. Patient risk factors have been
identified to predict susceptibility to drug-induced lung disease
for a few drugs, but often this disease is unpredictable and idio-
syncratic in nature.

etiology 

Numerous drugs may induce ILD. Implicated drugs are tabu-
lated under their most common pulmonary manifestation [see
Table 6]. A comprehensive resource for clinicians on drug-in-
duced lung disease can be found at www.pneumotox.com.

diagnosis

Clinical Manifestations 

Clinical syndromes that are caused by cytotoxic and
noncytotoxic drugs include the following: (1) chronic
pneumonitis and fibrosis, (2) eosinophilic lung disease, (3)
BOOP, and (4) acute noncardiogenic pulmonary edema.  

Chronic pneumonitis and fibrosis Patients with drug-in-
duced chronic pneumonitis or fibrosis present with dry cough
and dyspnea on exertion; they may experience weight loss.
Fever is common, particularly in ILD caused by cytotoxic drugs.
Onset of symptoms can be acute or insidious. Drug classes that
can induce eosinophilic lung disease include antibiotics, antide-
pressants, ACE inhibitors, and nonsteroidal anti-inflammatory
drugs (NSAIDs). 

Eosinophilic lung disease In drug-induced eosinophilic
lung disease, the onset of disease can  be acute (as with Löffler
syndrome and AEP) or subacute (as with chronic eosinophilic
pneumonia [see Eosinophilic Pneumonia, above]). Symptoms of
acute eosinophilic lung disease include fever, myalgias, pleuritic
chest pain, dyspnea, and severe hypoxemia, which sometimes
requires mechanical ventilation. Patients with CEP can present
with cough, dyspnea, rash, and fever. The acute and chronic pre-
sentations differ from their respective idiopathic versions; in
drug-induced acute eosinophilic pneumonia, the peripheral
eosinophil count is elevated, and the disease can recur with the
reintroduction of medication. In drug-induced chronic eosino-
philic pneumonia, patients present with rash and fever; unlike
the idiopathic type, the prolonged use of corticosteroids is rarely
required.  
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Figure 8 HRCT of a patient with pulmonary alveolar proteinosis
(PAP). Note the so-called crazy-paving pattern of interlobular septal
thickening and interspersed ground-glass opacities.



BOOP Drug-induced BOOP can occur with the use of a va-
riety of medications, including amiodarone, bleomycin, and ni-
trofurantoin. Patients typically present with cough, dyspnea,
fevers, and pleuritic chest pain; patchy alveolar infiltrates are
seen on x-ray.  

Acute noncardiogenic pulmonary edema Acute noncar-
diogenic pulmonary edema can be caused by cytotoxic drugs
(e.g, mitomycin C, cytosine arabinoside, and gemcitabine) and
noncytotoxic drugs (e.g., amiodarone, IL-2, and heroin). Drug-

induced acute noncardiogenic pulmonary edema may occur
with diffuse alveolar damage similar to that seen in ARDS.

Laboratory Tests 

Blood tests There are no specific diagnostic blood tests for
any of the drug-induced pulmonary diseases. Often, an eleva-
tion in ESR and peripheral eosinophilia can be seen.

Bronchoalveolar lavage BAL is often performed for pa-
tients with drug-induced pulmonary disease to exclude the
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Clinical Manifestations

ATRA syndrome: ARDS-like syndrome with
acute pleural or pericardial effusions, dif-
fuse infiltrates, dyspnea, fever, hypoxia

CIP/fibrosis, hypersensitivity-type reaction,
BOOP

Interstitial pulmonary fibrosis, granuloma-
tous inflammation

CIP/fibrosis, PAP

CIP/fibrosis

CIP/fibrosis, hypersensitivity-type reaction

CIP/fibrosis, HUS, bronchospasm

Noncardiogenic pulmonary edema

Bronchospasm with infiltrates, noncardio-
genic pulmonary edema

Non-necrotizing granulomatous reaction

Noncardiogenic pulmonary edema; massive
fluid retention

CIP/fibrosis, ARDS, BOOP, eosinophilic
pneumonia, DAH, and pleural effusions

Drug-induced SLE; pleural effusion, pul-
monary infiltrates

Lupuslike syndrome

Drugs

ATRA

Bleomycin

BCNU or carmustine

Busulfan

Cyclophosphamide

Fludarabine

Mitomycin C

Cytosine arabinoside
(Ara-C)

Gemcitabine

Interferons

Interleukin-2

Amiodarone

Procainamide

Hydralazine

Table 6 Drug-Induced Lung Disease112-114

Notes

Incidence, 25%* 
Prophylactic treatment with prednisone (75 mg/day) can reduce inci-

dence to 8% 

Severity is dose dependent
Risk factors: total dose (500 mg/m2), O2 supplementation, radiothera-

py, other cytotoxic agents, age > 70 yr, elevated creatinine level
Therapy: withdrawal of drug, course of corticosteroids

Associated with high mortality (90%)
Risk factors: total dose > 1,500 mg/m2, other cytotoxic agents, radio-

therapy, preexisting lung disease
Therapy: corticosteroids have little impact

Incidence, 5%*
Unlike PAP, alveolar proteinosis with busulfan less responsive to total

lung lavage 

Incidence, < 1%*
Risk factors: other cytotoxic agents and radiotherapy

Incidence, 9%*
Therapy: often responsive to corticosteroids

HUS-like reaction can occur 6–12 mo after initiation of  treatment; can
result in microangiopathic hemolytic anemia, renal failure, and non-
cardiogenic pulmonary edema

Bronchospasm can be associated with diffuse infiltrates

Incidence, 13% to 28%* 
Therapy: supportive

Therapy: discontinue medication; treat severe cases with 
corticosteroids

Therapy: discontinue medication; consider treating with 
corticosteroids

Incidence: >50% develop a pulmonary complication

Etiology: Iodine-containing phospholipase inhibitor causes lipid 
accumulation in lungs, skin, and liver

Incidence: 5% to 7%*
Risk factors: dose > 400 mg/day for > 12 mo, angiography (ALI), and

cardiothoracic surgery (ARDS)
Diagnosis: BAL, foamy macrophages with lamellar inclusions on EM;

HRCT, high attenuation of infiltrates due to iodine
Therapy: drug withdrawal and corticosteroids, if symptomatic

Incidence: 33% develop lupuslike syndrome after 1 yr of treatment
Slow acetylators develop disease sooner, at lower doses
Positive antihistone antibodies and normal complement levels distin-

guish drug-induced SLE from idiopathic form of SLE

Incidence: same as procainamide, except 13% of patients using hy-
dralazine can have renal involvement

(continued)
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presence of underlying infection and malignancy. BAL find-
ings that suggest drug-related disease include cytologic atyp-
ia with hyperchromatic cells, hemosiderin-laden macro-
phages, or a lymphocytic alveolitis.110 Foamy alveolar macro-
phages can indicate either gold or amiodarone pulmonary
toxicity.110

Imaging studies Chest radiographs and HRCT can help
narrow a differential diagnosis and suggest findings associated
with drug toxicity.

Physiologic tests Pulmonary function often reveals restric-
tion with reduced DLCO. These findings are not reliable because,
often, patients who require medications with pulmonary toxicity
may have an underlying disease that involves the lungs (e.g.,
RA, malignancy, congestive heart failure).  

Biopsy Transbronchial lung biopsy or surgical lung biopsy
can aid in excluding other diseases such as infection and malig-
nancy, but these modalities are of limited value in making a di-
agnosis of drug-induced disease. Characteristic of cytotoxic
drug-induced pulmonary disease is an increase in type II pneu-
mocytes, which have an atypical bizarre appearance. Histologic
findings include diffuse alveolar damage, interstitial pneumo-
nias (i.e., UIP, NSIP, and LIP), organizing pneumonia, alveolar
hemorrhage, and even alveolar proteinosis (associated with
busulfan). 

differential diagnosis

The diagnosis of drug-induced ILD is one of exclusion. Infec-
tion, malignancy, underlying autoimmune related disease, and
congestive heart failure have similar clinical features 

management

The initial management in drug-induced ILD is withdrawal
of the offending agent. If lung disease progresses despite with-
drawal of the offending drug, corticosteroid therapy may be 
required.

prognosis

The prognosis of drug-induced ILD varies with the degree
and type of toxicity. Once the offending drug is withdrawn, the
outcome is often favorable, though fibrotic lung disease and fa-
talities have been reported.

The authors have no commercial relationships with manufacturers of products or
providers of services discussed in this chapter.
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