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Eosinophilic lung diseases are a diverse group of pulmonary disorders
associated with peripheral or tissue eosinophilia. They are classified as
eosinophilic lung diseases of unknown cause (simple pulmonary eosino-
philia [SPE], acute eosinophilic pneumonia [AEP], chronic eosinophilic
pneumonia [CEP], idiopathic hypereosinophilic syndrome [IHS]), eosin-
ophilic lung diseases of known cause (allergic bronchopulmonary aspergil-
losis [ABPA], bronchocentric granulomatosis [BG], parasitic infections,
drug reactions), and eosinophilic vasculitis (allergic angiitis, granulo-
matosis [Churg-Strauss syndrome]). The percentages of eosinophils in
peripheral blood and bronchoalveolar lavage fluid are essential parts of the
evaluation. Chest computed tomography (CT) demonstrates a more char-
acteristic pattern and distribution of parenchymal opacities than does con-
ventional chest radiography. At CT, SPE and IHS are characterized by
single or multiple nodules with a surrounding ground-glass-opacity halo,
AEP mimics radiologically hydrostatic pulmonary edema, and CEP is
characterized by nonsegmental airspace consolidations with peripheral
predominance. ABPA manifests with bilateral central bronchiectasis with
or without mucoid impaction. The CT manifestations of BG are nonspe-
cific and consist of a focal mass or lobar consolidation with atelectasis.
The most common CT findings in Churg-Strauss syndrome include sub-
pleural consolidation with lobular distribution, centrilobular nodules,
bronchial wall thickening, and interlobular septal thickening. The integra-
tion of clinical, radiologic, and pathologic findings facilitates the initial and
differential diagnoses of various eosinophilic lung diseases.
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Abbreviations: ABPA = allergic bronchopulmonary aspergillosis, AEP = acute eosinophilic pneumonia, BAL = bronchoalveolar lavage, BG =
bronchocentric granulomatosis, CEP = chronic eosinophilic pneumonia, DRESS = drug rash with eosinophilia and systemic symptoms, FDG =
2-[fluorine-18]fluoro-2-deoxy-p-glucose, H-E = hematoxylin-eosin, IHS = idiopathic hypereosinophilic syndrome, PP = pleuropulmonary paragon-
imiasis, SPE = simple pulmonary eosinophilia

RadioGraphics 2007; 27:617—639 » Published online 10.1148/rg.273065051 * Content Codes:

1From the Departments of Diagnostic Radiology (Y.J.J., K.-I.LK., L].S.) and Pathology (C.H.L.), Pusan National University Hospital, Pusan National
University School of Medicine and Medical Research Institute, 1-10, Ami-Dong, Seo-gu, Pusan 602-739, Korea; the Department of Radiology, Dong
A University Hospital, Pusan, Korea (K.N.L., K.N.K.); the Department of Radiology, Dongguk University International Hospital, Gyeonggi-do, Ko-
rea (J.S.K.); and the Department of Radiology, Ulsan University Hospital, Ulsan, Korea (W.]J.K.). Recipient of a Certificate of Merit award for an
education exhibit at the 2005 RSNA Annual Meeting. Received April 3, 2006; revision requested May 3; final revision received August 21; accepted
August 22. All authors have no financial relationships to disclose. Address correspondence to Y.]J.J. (e-mail: lunar9052@hanmail. ner).

See the commentary by Frankel et al following this article.

“RSNA, 2007




RadioGraphics

Teaching
Point

618 May-June 2007

Table 1
Classification of Eosinophilic Lung Diseases

Eosinophilic lung diseases of unknown cause
SPE
AEP
CEP
IHS
Eosinophilic lung diseases of known cause
ABPA
BG
Parasitic infections
Drug reactions
Eosinophilic vasculitis
Allergic angiitis
Granulomatosis (Churg-Strauss syndrome)

Introduction
Eosinophilic lung diseases are a diverse group of
disorders characterized by pulmonary opacities
associated with tissue or peripheral eosinophilia.
The diagnosis of eosinophilic lung disease can be
made if any of the following findings is present:
(a) pulmonary opacities with peripheral eosino-
philia, (b) tissue eosinophilia confirmed at either
open or transbronchial lung biopsy, or (¢) in-
creased eosinophils in bronchoalveolar lavage
(BAL) fluid (1). A large variety of pulmonary dis-
eases may be associated with occasional blood
eosinophilia of a minor degree. These diseases
include asthma; various pulmonary infections
such as coccidioidomycosis, Preumocystis jiroveci
infection, and mycobacteria; some types of tumor
(eg, non—small cell lung carcinoma, lymphoma,
lymphocytic leukemia); collagen vascular disor-
ders such as rheumatoid disease and Wegener
granulomatosis; idiopathic pulmonary fibrosis;
and Langerhans cell histiocytosis (2—6). How-
ever, these conditions are not usually considered
to be eosinophilic lung diseases, in which a tissue
eosinophilia is by definition pathogenically signifi-
cant.

The eosinophil is a polymorphonuclear leuko-
cyte containing several eosinophil-specific pro-
teins in cytoplasmic granules (Fig 1). An eosino-
phil can serve as an end-stage effector cell but can
also have specialized roles in the host defense
mechanism. However, the eosinophil sometimes
harms the host by releasing specific proteins that
are potentially cytotoxic to tissues, resulting in
pathologic processes (7). One of these proteins is
the protein that forms Charcot-Leyden crystals,
the bipyramidal crystals whose presence in spu-
tum and tissues is a hallmark of eosinophil-related
disease.
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Figure 1.

High-power photomicrograph (original
magnification, X 1000; hematoxylin-eosin [H-E] stain)
shows numerous eosinophils (arrows), each of which
has a lobulated nucleus and cytoplasm that includes
specific granules.

Eosinophilic lung diseases are generally classi-
fied as those of unknown cause (simple pulmo-
nary eosinophilia [SPE], acute eosinophilic pneu-
monia [AEP], chronic eosinophilic pneumonia
[CEP], idiopathic hypereosinophilic syndrome
[THS]) and those of known cause (allergic bron-
chopulmonary aspergillosis [ABPA], bronchocen-
tric granulomatosis [BG], parasitic infection,
drug reaction), as well as eosinophilic vasculitis
(allergic angiitis, granulomatosis) (Table 1).
Some eosinophilic lung diseases are predomi-
nantly airway based, whereas others are parenchy-
mal or a mixture of both. A new disease entity
known as eosinophilic bronchiolitis, which is
characterized by pathologic and radiologic find-
ings that suggest eosinophilic bronchiolar involve-
ment, has been reported (8).

In this article, we discuss and illustrate the gen-
eral diagnostic approach to and the characteristic
clinical, histologic, and radiologic findings in the
various eosinophilic lung diseases.

Diagnostic Methods

The most valuable clinical information is derived
from the patient’s history and from physical ex-
amination. The duration and severity of symp-
toms are also of critical importance. A history of
asthma may raise suspicion for Churg-Strauss
syndrome, ABPA, or BG. Travel history may sug-
gest parasitic infection. A careful history of the
use of prescription and illicit drugs should be ob-
tained.

A white blood cell differential count is an es-
sential part of the evaluation of eosinophilic lung
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The diagnosis of eosinophilic lung disease can be made if any of the following findings is present: (a) pulmonary opacities with peripheral eosinophilia, (b) tissue eosinophilia confirmed at either open or transbronchial lung biopsy, or (c) increased eosinophils in bronchoalveolar lavage (BAL) fluid (1).
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Eosinophilic lung diseases are generally classified as those of unknown cause (simple pulmonary eosinophilia [SPE], acute eosinophilic pneumonia [AEP], chronic eosinophilic pneumonia [CEP], idiopathic hypereosinophilic syndrome [IHS]) and those of known cause (allergic bronchopulmonary aspergillosis [ABPA], bronchocentric granulomatosis [BG], parasitic infection, drug reaction), as well as eosinophilic vasculitis (allergic angiitis, granulomatosis) (Table 1).
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(2) SPE in a 25-year-old man with 13.5% peripheral eosinophilia. Transverse thin-section (1-mm

collimation) CT scan (lung windowing) shows consolidation and ground-glass opacity involving mainly the periph-
eral regions of both lower lobes. At follow-up radiography performed 10 days later, the parenchymal opacities had
cleared spontaneously. (3) SPE in a 46-year-old woman with 30.1% peripheral eosinophilia. Transverse thin-section
(1-mm collimation) CT scan (lung windowing) shows an airspace nodule with surrounding ground-glass opacity in
the right lower lobe (arrow). At follow-up chest radiography, the nodule had disappeared.

disease. Although several different normal values
have been reported, normal blood generally con-
tains 50-250 eosinophils per microliter (1). Most
eosinophilic lung diseases manifest with periph-
eral eosinophilia, although AEP may not. Stool
examination and serologic testing are helpful in
evaluating patients with specific conditions such
as parasitic infection and ABPA.

Pulmonary function tests can occasionally be
useful in the evaluation of patients with unex-
plained pulmonary eosinophilia. Some eosino-
philic lung diseases (AEP, CEP, tropical pulmo-
nary eosinophilia) are typically accompanied by
mainly restrictive ventilatory defects, whereas
others (ABPA, Churg-Strauss syndrome) typi-
cally cause mainly obstructive ventilatory defects.

BAL can also be very useful in the evaluation
of patients with eosinophilic lung disease. Normal
BAL fluid consists of less than 1% eosinophils.
Because some disorders are not accompanied by
peripheral eosinophilia, BAL may provide the first
(and, perhaps, the only) indication of an eosino-
philic lung disease.

Patients with eosinophilic lung disease may
be identified initially on the basis of pulmonary
symptoms or chest radiographic abnormalities
accompanied by blood or tissue eosinophilia. Di-
verse and nonspecific findings may also be seen at
conventional chest radiography. Chest computed
tomography (CT) demonstrates a more charac-
teristic pattern and distribution of parenchymal
opacities than does chest radiography. Although
the characteristic CT findings are often helpful,
there is still a considerable overlap of CT findings
among the various eosinophilic lung diseases (9).

Open lung biopsy may be necessary to confirm
diseases such as Churg-Strauss syndrome and
BG. Biopsy is generally not required for the diag-
nosis of ABPA, THS, drug reactions, or parasitic
infections.

Eosinophilic Lung
Diseases of Unknown Cause

Simple Pulmonary Eosinophilia

SPE, or Loeffler syndrome, was originally re-
ported as a benign AEP of unknown cause char-
acterized by migrating pulmonary opacities, in-
creased peripheral blood eosinophils, minimal or
no pulmonary symptoms, and spontaneous reso-
lution within 1 month. In some patients, these
clinical characteristics may prove to be secondary
to the presence of parasites, ABPA, or drugs
(10,11). Pathologic specimens show edema and
accumulation of eosinophils in the alveolar septa
and interstitium (1).

The radiographic manifestations of SPE con-
sist of transient and migratory areas of consolida-
tion that typically clear spontaneously within 1
month (12). These consolidations are nonseg-
mental, may be single or multiple, usually have
ill-defined margins, and often have a predomi-
nantly peripheral distribution (1,12). High-reso-
lution CT findings consist of ground-glass opacity
or airspace consolidation involving mainly the
peripheral regions of the middle and upper lung
zones (Fig 2) (9), as well as single or multiple air-
space nodules with surrounding ground-glass
opacity (Fig 3) (9,13). The differential diagnosis
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Figures 4, 5. (4) AEP in a 29-year-old man with 26% BAL fluid eosinophilia. (a) Chest radiograph obtained 7
days after the onset of dyspnea reveals reticular densities with patchy consolidation and ground-glass opacities in both
lungs. (b) Thin-section (1-mm collimation) CT scan (lung windowing) shows multifocal patchy areas of ground-
glass opacity and consolidation with smooth interlobular septal thickening (arrows) in both lower lobes. Bilateral
pleural effusions are also seen. (¢) High-power photomicrograph (original magnification, X400; H-E stain) of a
transbronchial lung biopsy specimen obtained from the left lower lobe 5 days after a shows the infiltration of eosino-
phils (arrows) and lymphocytes into the alveolar spaces and alveolar walls. Note the absence of interstitial fibrosis.

(5) AEP in an 18-year-old woman with acute onset of fever and dyspnea. The patient had 27% BAL fluid eosino-
philia. Thin-section (1-mm collimation) CT scan (lung windowing) shows areas of ground-glass opacity and inter-
lobular septal thickening in both lungs. Bilateral pleural effusions are also seen.

for migratory pulmonary opacities includes pul-
monary hemorrhage, pulmonary vasculitis, cryp-
togenic organizing pneumonia, and recurrent as-
piration. In patients with airspace nodules with a
ground-glass-opacity halo, the differential diagno
sis includes both infectious diseases (invasive pul-
monary aspergillosis, mucormycosis, candidiasis)
and noninfectious diseases (Wegener granuloma-
tosis, primary and metastatic hemorrhagic tumors,
bronchioloalveolar carcinoma, pulmonary lym-
phoma) (14).

Acute Eosinophilic Pneumonia

AEP represents a clinical entity that is distinct
from other idiopathic eosinophilic lung diseases.
Diagnostic criteria include acute febrile illness of
less than 5 days’ duration; hypoxemia; diffuse
alveolar or mixed alveolar-interstitial opacities on
chest radiographs; BAL fluid consisting of more
than 25% eosinophils; absence of parasitic, fun-
gal, or other infection; prompt and complete re-
sponse to corticosteroids; and no relapse after
discontinuation of corticosteroids. Peripheral
blood eosinophil percentages are usually normal,
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Figure 6.
fluid eosinophilia. (a) Thin-section (1-mm collimation) CT scan (lung windowing) shows ground-glass opacities
with intralobular interstitial thickening in both lower lobes. (b) High-power photomicrograph (original magnifica-
tion, X400; H-E stain) of a transbronchial lung biopsy specimen shows infiltration of eosinophils and polymorphous
inflammatory cells into the alveolar lumen and interstitium and a varying degree of interstitial fibrosis (arrows).

although they become elevated during the subse-
quent clinical course (1). Unlike with blood eo-
sinophils, a very high percentage of BAL eosino-
phils is characteristic of AEP (15). Pulmonary
function testing in the acute phase shows a re-
strictive pattern (16). Patients respond rapidly

to high doses of corticosteroids, usually within
24—48 hours. Unlike patients with CEP, patients
with AEP do not experience relapse after discon-
tinuation of corticosteroids (16,17).

The cause of AEP remains unknown; however,
AEP-like signs and symptoms have been reported
after cigarette smoking (18,19) or exposure to
dust (20) or smoke from fireworks (21).

The principal histologic finding in AEP is dif-
fuse alveolar damage associated with interstitial
and alveolar eosinophilia (Fig 4) (22).

The predominant radiographic findings in
AEP are bilateral reticular densities (with or with-
out areas of patchy consolidation) and pleural
effusion (Fig 4) (23,24). The predominant pat-
terns of parenchymal abnormality seen at CT are
bilateral patchy areas of ground-glass opacity,
frequently accompanied by interlobular septal
thickening and sometimes by consolidation or
poorly defined nodules (Figs 4, 5) (23,24).

The radiologic differential diagnosis for AEP
includes hydrostatic pulmonary edema, adult re-
spiratory distress syndrome or acute interstitial
pneumonia, and atypical bacterial or viral pneu-
monia (23). Because initial peripheral blood eo-
sinophil counts are usually normal, however, de-
veloping a clinicoradiologic differential diagnosis
for AEP is often difficult.
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CEP in a 59-year-old man with a 3-week history of severe cough and fever. The patient had 25% BAL

Chronic Eosinophilic Pneumonia

CEP is an idiopathic condition characterized by
chronic and progressive clinical features and spe-
cific pathologic findings (25). The clinical mani-
festation is usually insidious, and the patient ex-
periences symptoms for an average of 7.7 months
before the diagnosis is made (26). Most patients
are middle aged, and approximately 50% have
asthma (27). Women are more frequently af-
fected than men (25). Pulmonary function tests
can be normal in mild cases but usually show re-
strictive defects (26).

Peripheral blood eosinophilia is usually mild
or moderate but occasionally is severe (26). In-
creased serum IgE levels are seen in two-thirds of
patients (28). The erythrocyte sedimentation rate
is usually elevated (26), and peripheral blood
thrombocytosis has also been reported (29). The
percentage of eosinophils in the BAL fluid is very
high (30).

Histologic examination typically shows accu-
mulation of eosinophils and lymphocytes in the
alveoli and interstitium, with interstitial fibrosis
(Fig 6) (25,26,31). An organizing pneumonia
pattern or an eosinophilic abscess may also be
seen (31). The essential histologic differences be-
tween AEP and CEP are related to (@) the sever-
ity of damage to the basal lamina, and (b) the
amount of subsequent intraluminal fibrosis (31).

The typical chest radiographic finding in CEP
is nonsegmental peripheral airspace consolidation
(“photographic negative shadow of pulmonary
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CEP in a 29-year-old man with 27.5% peripheral and 30% BAL fluid eosinophilia. (a) Chest radiograph

shows airspace consolidation confined mainly to the peripheral lung (photographic negative shadow of pulmonary
edema). (b) Transverse thin-section (1-mm collimation) CT scan (lung windowing) also shows airspace consolida-
tion primarily involving the peripheral lung.

edema”) involving mainly the upper lobes (Fig 7)
(25,32-34). However, this finding may be seen in
less than 50% of cases (26). CT demonstrates
typical nonsegmental areas of airspace consolida-
tion with peripheral predominance (Fig 7) (33,
35). Less common findings include ground-glass
opacities, nodules, and reticulation (Fig 6). These
less common findings predominate in the later
stages of CEP (33). CT performed more than 2
months after the onset of symptoms shows linear
bandlike opacities parallel to the pleural surface
(33). Pleural effusion is observed in less than 10%
of cases (25,26,36).

A number of other conditions may mimic CEP
at radiology, including bronchiolitis obliterans
organizing pneumonia, Churg-Strauss syndrome,
and Loeffler syndrome (35,37). Differentiation of
Churg-Strauss syndrome from CEP is necessary
in patients with peripheral eosinophilia and pul-
monary abnormalities. At CT, CEP is character-
ized by the presence of homogeneous peripheral
airspace consolidation, whereas in Churg-Strauss
syndrome, peripheral consolidation has a ten-
dency toward lobular distribution and, fre-
quently, associated centrilobular nodules within
the ground-glass opacity (37). The distribution of
opacities is identical to that in Loeffler syndrome,
although in the latter, the pulmonary opacities are
transient and shift over days, whereas untreated
CEP has a more protracted course (35).

Idiopathic Hyper-

eosinophilic Syndrome

THS is a rare disorder characterized by marked,
prolonged idiopathic eosinophilia and by variable
organ dysfunction related either to infiltration by
eosinophils or secondarily to eosinophil-associ-
ated tissue damage (38). Diagnostic criteria in-
clude persistent eosinophilia of 1500 cells per cu-
bic millimeter for more than 6 months or death
within 6 months; the absence of parasitic, allergic,
or other known causes of eosinophilia; and evi-
dence of organ involvement and multiorgan sys-
tem dysfunction (38,39). Onset usually occurs in
the third or fourth decade of life, with a male-
female ratio of 7:1 (40). The heart and central
nervous system in particular are involved. Cardiac
involvement, including endocardial fibrosis, re-
strictive cardiomyopathy, valvular damage, and
mural thrombus formation, is the most significant
complication of IHS (41). Pulmonary involve-
ment occurs in up to 40% of patients. Most pul-
monary involvement is related to cardiac failure
leading to pulmonary edema. Thromboembolic
disease; peripheral neuropathy; and involvement
of the gastrointestinal tract, kidneys, joints, and
skin have also been reported (40,42,43). The
BAL fluid eosinophilia can be as high as 73%
(38,44). Histopathologic analysis of IHS demon-
strates striking eosinophilic infiltration of involved
organs, including the lung, with associated dis-
ruption of the architecture and areas of necrosis
(Fig 8) (39).


Teaching Point
At CT, CEP is characterized by the presence of homogeneous peripheral airspace consolidation, whereas in Churg-Strauss syndrome, peripheral consolidation has a tendency toward lobular distribution and, frequently, associated centrilobular nodules within the ground-glass opacity (37). The distribution of opacities is identical to that in Loeffler syndrome, although in the latter, the pulmonary opacities are transient and shift over days, whereas untreated CEP has a more protracted course (35).
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Figure 8. IHS in a 3-month-old boy with erythematous rash over his entire body. The patient had persistent eosin-
ophilia of 1600 cells per cubic millimeter for 12 months. (a) Initial chest radiograph shows bilateral diffuse ground-
glass opacities. (b) High-resolution CT scan obtained the same day shows diffuse ground-glass opacities in both
lungs. (c¢) High-power photomicrograph (original magnification, X400; H-E stain) of an open biopsy specimen ob-
tained from the right lower lobe 1 month after b reveals infiltration of eosinophils into the alveoli and interstitium.
Note the formation of indistinct granuloma (arrow). (d) High-power photomicrograph (original magnification,
X400; H-E stain) of a percutaneous liver biopsy specimen obtained 1 month after b reveals eosinophil infiltration
into the sinusoids. Bone marrow biopsy revealed normocellular marrow consisting of 18% eosinophils and no blast cells.
(e, f) CT scans (5-mm collimation, lung windowing) obtained 5 months after b show multiple nodules in the left
upper lobe (arrows).
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THS in a 45-year-old man with persistent eosinophilia of 1800-3200 cells per cubic

millimeter for more than 6 months. The patient had 52% BAL fluid eosinophilia. Transverse thin-
section (1-mm collimation) CT scans (lung windowing) obtained at two levels reveal large nodules
with surrounding ground-glass opacity in the left lung (arrow).

Radiographic findings in IHS are often non-
specific and consist of focal or diffuse, interstitial
or alveolar nonlobar opacities (38,39,44,45), with
most pulmonary opacities being related to severe
cardiac failure. Pleural effusion is seen in 50% of
cases (38,39,44). CT shows nodules with or with-
out surrounding ground-glass opacity and focal or
diffuse areas of ground-glass opacity (Figs 8, 9)
(13,46). The radiologic differential diagnosis for
THS is the same as that for Loeffler syndrome.

Eosinophilic Lung
Diseases of Known Cause

Allergic Bronchopulmonary Aspergillosis
ABPA is a hypersensitivity reaction to Aspergillus
antigens and is usually caused by Aspergillus fu-
migarus. ABPA is typically seen in patients with
long-standing asthma or cystic fibrosis. It is be-
lieved that the Aspergillus-specific IgE-mediated
type I hypersensitivity reaction and the specific
IgG-mediated type III hypersensitivity reactions
play an important role in the pathogenesis of
ABPA (47).

ABPA is usually suspected on clinical grounds,
and the diagnosis is confirmed at radiology and
serologic testing (48). Diagnostic criteria include
the presence of asthma, peripheral blood eosino-
philia, an immediate positive skin test for Aspergil-

) ©.
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lus antigens, increased serum IgE levels, and pul-
monary opacity on chest radiographs. The IgE
level is probably the most useful laboratory test
for ABPA, since it correlates well with disease
activity (49).

Because the diagnosis of ABPA is usually made
on clinical grounds, lung biopsies are rarely per-
formed for the diagnosis. In a study of 18 patho-
logic specimens obtained in patients with ABPA,
the most significant findings involved the bronchi
and bronchioles, with bronchocentric granulomas
seen in 15 specimens and mucoid impaction in 11
(50). Other findings included granulomatous in-
flammation with histiocytes and lymphocytes,
increased numbers of eosinophils, and exudative
bronchiolitis (Fig 10). Fungal hyphae were com-
monly seen without evidence of tissue invasion
(Fig 10) (50).

Patterson et al (51) divided ABPA into five
stages to help guide the management of the dis-
ease: acute, remission, exacerbation, corticoste-
roid dependent, and fibrotic. Although radio-
graphic findings may be normal, findings in
early-stage disease typically include transient
pulmonary opacities or homogeneous, tubular,
gloved-finger areas of increased opacity in a bron-
chial distribution, usually either predominantly or
exclusively involving the upper and central lungs
(Fig 10a) (52-55). These opacities are related to
the plugging of airways by hyphal masses with
distal mucoid impaction. Occasionally, isolated
lobar or segmental atelectasis may occur (56). In
later stages, central bronchiectasis and pulmonary
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Figure 10. ABPA in a 31-year-old asthmatic man with 15% peripheral eosinophilia. (a) Chest radiograph shows
tubular and cystic lesions in the central portions of both lungs. Note also the mucus plugging with a gloved-finger
appearance (arrows). (b) Thin-section (1-mm collimation) CT scan (lung windowing) demonstrates central bronchi-
ectasis with mucus plugging (arrows), centrilobular nodules, and bronchial wall thickening involving predominantly
the segmental and subsegmental bronchi of the upper lobes. (¢) Photomicrograph (original magnification, X 100;
H-E stain) of the impacted mucoid material from a bronchoscopic biopsy specimen reveals parallel rows of necrotic
eosinophils and cellular debris within a mucinous background. (d) High-power photomicrograph (original magnifi-
cation, X400; Gomori methenamine silver stain) shows branching fungal hyphae within impacted mucus, a finding

RadioGraphics

that is suggestive of Aspergillus species.

fibrosis develop. CT findings in ABPA consist
primarily of mucoid impaction and bronchiectasis
involving predominantly the segmental and sub-
segmental bronchi of the upper lobes, along with
centrilobular nodules or branching linear struc-
tures (Fig 10b) (54). In approximately 30% of
patients, the impacted mucus is highly opaque or
demonstrates frank calcification at CT (56). The
differential diagnosis includes other causes of mu-
coid impaction such as endobronchial lesions,
bronchial atresia, bronchiectasis, and bronchial
asthma. Mild central bronchiectasis can be seen
in asthma subsequent to chronic inflammation
and does not necessarily indicate the presence of

d.

ABPA (54,57). However, in an asthmatic patient,
ABPA is strongly suggested by the presence of
randomly distributed, central, moderate to severe
bronchiectasis predominantly involving the upper
lungs; bronchial wall thickening; and centrilobu-
lar nodules (58).
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Figure 11. BG in a 25-year-old asthmatic man with 13% peripheral eosinophilia. (a) Chest radiograph shows con-
solidation and nodular opacities in the left upper lobe. (b) Transverse thin-section (2.5-mm collimation) CT scan
(mediastinal windowing) obtained at the level of the left atrium shows a lobulated soft-tissue mass (arrow) with ob-
struction of the lingular segmental bronchus. (¢) High-power photomicrograph (original magnification, X400; H-E
stain) of a bronchoscopic biopsy specimen shows eosinophilic cellular debris and Charcot-Leyden crystals (arrow-
head). (d) Photomicrograph (original magnification, X40; H-E stain) of the surgical specimen reveals bronchocentric

granuloma formation (arrows) with focal necrosis.

Bronchocentric Granulomatosis

BG is a rare disorder characterized by a necrotiz-
ing granulomatous inflammation of bronchial and
bronchiolar epithelium with chronic inflamma-
tory changes in the surrounding lung parenchyma
(Fig 11) (59,60). Approximately one-third of af-
fected patients have tissue eosinophilia and tend
to have asthma, peripheral eosinophilia, fungal
hyphae at biopsy, and positive sputum cultures
for Aspergillus organisms (60,61). These patients
may have a histologic component of ABPA. The

remaining two-thirds of affected patients have
neutrophils rather than eosinophils in the lung
lesions (60,61) and do not have asthma. In non-
asthmatic patients, the underlying cause of BG is
often unclear.

The radiographic manifestations of BG are
also nonspecific. However, there are two domi-
nant patterns: nodular or masslike lesions (60%
of cases) and pneumonic consolidations (27%)
(61). Radiographic findings are usually unilateral
(73% of cases) and seen in the upper lung zones
(60%). The CT manifestations of BG consist of a
focal mass or lobar consolidation with atelectasis
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Figure 13. C sinensis infestation in a 25-year-old
man. A skin test for C sinensis was strongly positive, and
Clonorchis-specific IgG antibody by enzyme-linked im-
munosorbent assay was 0.27 (normal range, 0—0.25).
Transverse thin-section (1-mm collimation) CT scan
(lung windowing) shows multiple airspace nodules with
surrounding ground-glass opacity in both lungs (arrows).

(Fig 11b) (62). However, the imaging features are
nonspecific, and histologic confirmation is re-
quired.

Parasitic Infections
Many parasites can cause pulmonary opacities
with blood or tissue eosinophilia. Because the

<
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Wuchereria & Brugia

Figure 12. Maps illustrate the
geographic distributions of common
parasites. Strongyloides and Wuchere-
ria infections are found in tropical
and subtropical areas. The main en-
demic areas of paragonimiasis are
East Asia, Southeast Asia, Latin
; America, and Africa. Clonorchiasis

‘ is endemic to Asia, including Korea,
China, Taiwan, and Vietnam. Ancy-
lostoma and Schistosoma infections
are frequently seen in Africa, South
America, and Asia. Dirofilariasis has
been reported predominantly in the
temperate climate of the East Coast
and South in the United States. En-
tamoeba and Toxocara infections are
distributed worldwide.

prevalence of individual parasitic infections varies
from one geographic region to another, familiarity
with the common parasites in one’s geographic
area of practice is critical to arriving at a correct
diagnosis (Fig 12).

Strongyloides stercoralis infection can be accom-
panied by peripheral blood eosinophilia, rash, and
transient pulmonary opacities (1). In patients
with defects of cell-mediated immunity, Strongy-
loides hyperinfection syndrome can develop and
is associated with diffuse pulmonary opacities,
gram-negative sepsis, respiratory failure, and a
high mortality rate (63).

In many developing countries, Ascaris lumbri-
coides 1s the most common cause of peripheral
blood eosinophilia with pulmonary opacities. A
lumbricoides was responsible for the pulmonary
opacities in most of Loeffler’s patients (1). Two
mechanisms of pulmonary eosinophilic infiltra-
tion in parasitic infestations have been postulated:
direct invasion (eg, Ascaris, Schistosoma, and Fi-
laria species; Paragonimus westermani; Ancylostoma
duodenale) and allergic reaction (Entamoeba histo-
lytica, Toxocara canis, Clonorchis sinensis). In cases
of Clonorchis infestation, immunologic stimulation
from the life cycle of C sinensis in humans may cause
the pulmonary opacities manifesting as single or
multiple migrating nodules (Fig 13) (64).
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Figure 14. PP in a 47-year-old man. (a) Chest radiograph shows several linear densities in both lungs as well as
right-sided pleural effusion. (b) Transverse thin-section (1-mm collimation) CT scan (lung windowing) demon-
strates subpleural linear opacities and tubular structures (arrows), both of which findings suggest worm migration

tracts.

Tropical pulmonary eosinophilia is caused by
the filarial worms Wuchereria bancrofti and Brugia
malayi. Serum and BAL fluid contain high levels
of IgE and IgG, which correlate with the disease
activity (1). Peripheral blood eosinophil counts
generally exceed 3000 cells per microliter, with an
average BAL fluid eosinophilia of 50%. The earli-
est histologic finding in tropical pulmonary eosin-
ophilia is an influx of histiocytes into the alveolar
spaces. Large numbers of eosinophils subse-
quently invade the alveolar and interstitial spaces,
frequently forming areas of eosinophilic ab-
scesses. In long-standing disease, pulmonary fi-
brosis develops (65). Chest radiography shows
fine, diffuse reticulonodular opacities in the lower
lung zones (66).

Schistosomiasis is a helminthic infection that is
endemic to tropical and subtropical regions. This
infection can be divided into three categories: al-
lergic dermatitis, acute schistosomiasis, and
chronic schistosomiasis. Chronic and recurrent
infection develops in persons living or traveling in
endemic areas. In the lungs, granuloma formation
and fibrosis around the Schistosoma eggs retained
in the pulmonary vasculature may result in oblit-
erative arteriolitis and pulmonary hypertension
(67). Acute schistosomiasis is associated with pri-
mary exposure and is commonly seen in nonim-
mune travelers. The common CT findings in
acute pulmonary schistosomiasis are small pul-
monary nodules ranging from 2 to 15 mm and
larger nodules with a ground-glass-opacity halo
(68,69).

Pleuropulmonary paragonimiasis (PP) is a
parasitic disease caused by P westermani. It is con-
tracted through the ingestion of raw or partially
cooked freshwater crabs or crayfish infected with

Figure 15.
ripheral eosinophilia. A skin test for P westermani was
positive. Transverse thin-section (1-mm collimation)
CT scan (lung windowing) shows multiple nodules and
thin-walled cysts (arrows) in the right middle and lower
lobes. Note the linear opacity in the left lower lobe (ar-
rowhead).

PP in a 42-year-old woman with 70% pe-

the metacercaria. Diagnosis is confirmed by the
presence of parasitic eggs in the sputum, pleura,
or BAL fluid. Intradermal and serologic tests are
also available to help diagnose PP. The radiologic
findings correlate well with the stage of the dis-
ease (70). Early findings are caused by the migra-
tion of juvenile worms and include pneumothorax
or hydropneumothorax, focal airspace consolida-
tion, and linear opacities (Fig 14). Later findings
resulting from worm cysts include thin-walled
cysts, masslike consolidation, nodules, and bron-
chiectasis (Fig 15). Typical CT findings in PP are
a poorly marginated subpleural or subfissural

Teaching
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The radiologic findings correlate well with the stage of the disease (70). Early findings are caused by the migration of juvenile worms and include pneumothorax or hydropneumothorax, focal airspace consolidation, and linear opacities (Fig 14). Later findings resulting from worm cysts include thin-walled cysts, masslike consolidation, nodules, and bronchiectasis (Fig 15).
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Figure 16. PP in a 46-year-old man with blood-tinged sputum and a history of ingestion of raw freshwater
fish. (a—c) Chest CT scans (lung windowing in a, mediastinal windowing in b and ¢) show a low-opacity mass
with a spiculated margin in the peripheral portion of the right upper lobe. Focal pleural thickening is also noted
(arrow in b and c). (d) Photomicrograph (original magnification, X200; H-E stain) of lung tissue obtained at
open biopsy of the right upper lobe reveals eggs of P westermani (arrows) with associated necrotizing granulo-

matous inflammation and eosinophilic infiltrates.

nodule that frequently contains a low-opacity ne-
crotic area, focal pleural thickening, and subpleu-
ral linear opacities leading to a necrotic peripheral
pulmonary nodule (Fig 16) (71,72). In a study of
the correlation between CT and histopathologic
findings in PP, the subpleural nodule was a ne-
crotic granuloma containing multiple eggs and

organizing pneumonia with granulation tissue
(Fig 16) (71). Adjacent pleural thickening was
composed of fibrotic thickening with some areas
of lymphocytic infiltration. Other common CT
findings include adjacent bronchiectasis, areas of
ground-glass opacity, and pleural effusion or
pneumothorax. PP can mimic lung cancer by
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Figure 17. PP in a 44-year-old man. FDG PET scan
demonstrates high glucose uptake (standardized uptake
value = 5.6), a finding that suggests malignancy. Per-
cutaneous aspiration biopsy revealed eosinophilic
organizing pneumonia containing multiple eggs of

P westermani.

showing high radiotracer uptake at 2-[fluorine-
18]fluoro-2-deoxy-D-glucose (FDG) positron
emission tomography (PET) (Fig 17) (71,73).
Pleural and pericardial paragonimiasis without
parenchymal lesions has also been reported (Fig
18) (74). The radiologic differential diagnosis
includes bacterial infections with abscess forma-
tion, vasculitis, pulmonary tuberculosis, and cryp-
tococcosis. However, a combination of typical
CT findings and a history of eating freshwater
crabs or wild boar meat in endemic areas may
suggest the diagnosis of PP.

Drug Reactions

A wide variety of drugs and toxic substances are
important causes of pulmonary eosinophilic infil-
trates. Patients with drug-induced eosinophilic
lung disease can present with a variety of patho-
logic conditions ranging from a mild, SPE-like
syndrome to a fulminant, AEP-like syndrome.
There have been two significant outbreaks of
drug-induced eosinophilic lung disease. The first
outbreak was the toxic-oil syndrome associated
with the oral ingestion of food-grade rapeseed oil

RG H Volume 27 « Number 3

Figure 18. DPleural and pericardial paragonimiasis in
a 31-year-old man with 20% peripheral eosinophilia.
Contrast material-enhanced chest CT scan (medias-
tinal windowing) demonstrates pericardial and left
pleural effusion with homogeneous thickening and
enhancement of the pericardium and pleura. Eggs of

P westermani were found in the pleural fluid.

contaminated with aniline derivatives (75). The
second was the eosinophilia-myalgia syndrome
associated with the ingestion of L-tryptophan
(76). Cutaneous adverse drug reactions such as
toxic epidermal necrolysis and DRESS (drug rash
with eosinophilia and systemic symptoms) syn-
drome can be life threatening. Pulmonary in-
volvement by cutaneous adverse drug reactions is
rare (Fig 19) and is considered to be a severity
factor (77). Many patients with drug-induced
eosinophilic lung disease will improve by simply
discontinuing the medication; in severe or persis-
tent cases, however, short courses of corticoste-
roids appear to hasten recovery. The diagnosis is
usually made on the basis of clinical history and
blood eosinophilia rather than imaging findings.

At histologic analysis, drug-induced eosino-
philic pneumonia is characterized by the accumu-
lation of eosinophils and macrophages in the al-
veolar spaces (78). There is also usually an ac-
companying infiltrate composed of eosinophils,
lymphocytes, and plasma cells within the alveolar
septa and adjacent interstitium.
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Figure 19.

DRESS syndrome caused by the antituberculous medication rifampin in a 30-year-old woman.

The patient had 20% BAL fluid eosinophilia. (a) Transverse thin-section CT scan (lung windowing) shows
consolidation with volume loss in the left lower lobe. (b) High-power photomicrograph (original magnification,
X 400; H-E stain) of a muscle biopsy specimen reveals infiltrates composed of eosinophils, lymphocytes, and
plasma cells within the muscle fiber. Similar findings were seen in the periportal area, alveolar septa and adja-
cent interstitium, and dermis at microscopic analysis of biopsy specimens obtained from the liver, lung, and

skin, respectively.

Figure 20. Ampicillin-induced pneumonia in a 69-
year-old man with 24.1% peripheral eosinophilia.
Transverse thin-section (1-mm collimation) CT scan
(lung windowing) demonstrates multifocal patchy areas
of ground-glass opacity with thickening of the inter-
lobular and intralobular interstitium.

Chest radiography demonstrates variable and
nonspecific findings that include consolidation,
hilar adenopathy, pleural effusion, and reticu-
lonodular densities. CT more clearly reveals the

pattern and extent of the variable findings, in-
cluding areas of ground-glass opacity, consolida-
tion, nodules, and irregular lines (Fig 20) (13). In
one series, airspace consolidation and ground-
glass opacity in a predominantly peripheral distri-
bution were the most common high-resolution
CT findings (79).

Eosinophilic Vasculitis
Churg-Strauss syndrome was first described in
1951 by Churg and Strauss on the basis of the
histologic criteria of tissue infiltration by eosino-
phils, necrotizing vasculitis, and extravascular
granulomas (80). The diagnosis of Churg-Strauss
syndrome can be made if four or more of the fol-
lowing six findings are present: asthma, eosino-
philia greater than 10% of the white blood cell
differential count, neuropathy, migratory or tran-
sient pulmonary opacities, paranasal sinus abnor-
malities, and extravascular eosinophils revealed
at biopsy (81). The etiology of Churg-Strauss
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Table 2

Thoracic and Extrathoracic Manifestations of Churg-Strauss Syndrome

Anatomic Location

Manifestations

Lung

Heart
Gastrointestinal tract
Skin

Kidney
Muscles and joints

Central nervous system

Pulmonary vasculitis, pleural effusion, hilar
lymphadenopathy

Acute pericarditis, constrictive pericarditis, car-
diac failure, myocardial infarction

Mononeuritis complex

Eosinophilic gastroenteritis, polyarteritis nodosa

Purpura, macular or papular erythematous rash,
urticaria, subcutaneous nodules

Focal segmental glomerulonephritis

Myalgia, joint pain

syndrome is still unknown, but an allergic or im-
mune pathogenesis for the disease has been sug-
gested by the presence of asthma, eosinophilia,
and elevated serum IgE levels in some cases (82).
Several recent reports have suggested an associa-
tion between the use of leukotriene receptor an-
tagonists for treating asthma and Churg-Strauss
syndrome (83—85). Asthma is the central feature
of Churg-Strauss syndrome. The relatively late
patient age at onset distinguishes the asthma in
patients with Churg-Strauss syndrome from that
in the general population. Whereas asthma is of-
ten accompanied by eosinophilia that seldom ex-
ceeds 0.8 X 109 cells per liter, the eosinophilia in
Churg-Strauss syndrome is generally of a much
higher order (37).

The lung is the most commonly involved or-
gan, followed by the skin. However, any organ
can be involved, including the central nervous
system, heart, and gastrointestinal tract (Table 2).
CEP is commonly associated with asthma and
tissue eosinophilia but does not manifest with
granulomatous arteritis and is not associated with
extrapulmonary lesions.

At radiography, Churg-Strauss syndrome usu-
ally appears as bilateral nonsegmental consolida-
tion or reticulonodular opacities (37). The most

common thin-section CT findings include sub-
pleural ground-glass opacity or consolidation with
a lobular distribution, centrilobular nodules,
bronchial wall thickening, and interlobular septal
thickening (Figs 21, 22). Less common findings
include hyperinflation, mediastinal or hilar
lymphadenopathy, and pleural or pericardial effu-
sion (37,86). The radiologic differential diagnosis
includes CEP and other types of pulmonary angi-
itis and granulomatosis (37). At CT, CEP is char-
acterized by the presence of homogeneous periph-
eral airspace consolidation, whereas in Churg-
Strauss syndrome, peripheral consolidation has a
tendency toward lobular distribution and the fre-
quent presence of centrilobular nodules within
the ground-glass opacity. Solitary or multiple
nodules with frequent cavitation are the most
common finding in Wegener granulomatosis,
lymphomatoid granulomatosis, and necrotizing
sarcoid granulomatosis; in Churg-Strauss syn-
drome, on the other hand, the most common
finding is peripheral consolidation, with multiple
nodules occurring rather infrequently (37).

Conclusions
Patients may first be recognized as having an eo-
sinophilic lung disease on the basis of pulmonary
symptoms or chest radiographic abnormalities
accompanied by an increased number of blood,
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The radiologic differential diagnosis includes CEP and other types of pulmonary angiitis and granulomatosis (37). At CT, CEP is characterized by the presence of homogeneous peripheral airspace consolidation, whereas in Churg-Strauss syndrome, peripheral consolidation has a tendency toward lobular distribution and the frequent presence of centrilobular nodules within the ground-glass opacity. Solitary or multiple nodules with frequent cavitation are the most common finding in Wegener granulomatosis, lymphomatoid granulomatosis, and necrotizing sarcoid granulomatosis; in Churg-Strauss syndrome, on the other hand, the most common finding is peripheral consolidation, with multiple nodules occurring rather infrequently (37).
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22a. 22b.

Figures 21, 22. (21) Churg-Strauss syndrome in a 30-year-old asthmatic man who presented with chronic cough,
dyspnea, and skin rash. The patient had 17% peripheral and 32% BAL fluid eosinophilia. (a) Thin-section (1-mm
collimation) CT scan (lung windowing) demonstrates multiple small centrilobular nodules, bronchial wall thicken-
ing, and ground-glass opacity in both lung bases. (b) Photomicrograph (original magnification, X200; H-E stain) of
an open biopsy specimen obtained from the right lower lobe 3 months after a shows eosinophilic organizing pneumo-
nia. (22) Churg-Strauss syndrome in a 49-year-old asthmatic woman with quadriparesis and skin rash. The patient
had a leukocyte count of 15,640 leukocytes per microliter and 49% peripheral eosinophilia. (a) Thin-section CT
scan (lung windowing) shows subpleural ground-glass opacity, focal lobular consolidation, centrilobular nodules, and
bronchial wall thickening in both lung bases. (b) High-power photomicrograph (original magnification, X400; H-E
stain) of a biopsy specimen obtained from the skin of the leg reveals necrotizing vasculitis (arrows) involving small
dermal vessels. Peripheral nerve biopsy revealed eosinophilic vasculitis.

BAL fluid, or tissue eosinophils. Although several and the results of careful clinical evaluation may
radiologic findings can help identify idiopathic be helpful in developing a differential diagnosis
eosinophilic lung disease, there is considerable for eosinophilic lung disease, although there are
overlap of these findings in the various entities, diagnostic pitfalls in the form of some overlapping
which precludes a confident diagnosis in the ma- features (Table 3).

jority of cases. Correlation between CT findings
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The diagnosis of eosinophilic lung disease can be made if any of the following findings is present: (a)
pulmonary opacities with peripheral eosinophilia, (b) tissue eosinophilia confirmed at either open or
transbronchial lung biopsy, or (¢) increased eosinophils in bronchoalveolar lavage (BAL) fluid (1).
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Eosinophilic lung diseases are generally classified as those of unknown cause (simple pulmonary
eosinophilia [SPE], acute eosinophilic pneumonia [AEP], chronic eosinophilic pneumonia [CEP],
idiopathic hypereosinophilic syndrome [IHS]) and those of known cause (allergic bronchopulmonary
aspergillosis [ABPA], bronchocentric granulomatosis [BG], parasitic infection, drug reaction), as well
as eosinophilic vasculitis (allergic angiitis, granulomatosis) (Table 1).
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At CT, CEP is characterized by the presence of homogeneous peripheral airspace consolidation,
whereas in Churg-Strauss syndrome, peripheral consolidation has a tendency toward lobular
distribution and, frequently, associated centrilobular nodules within the ground-glass opacity (37).
The distribution of opacities is identical to that in Loeffler syndrome, although in the latter, the
pulmonary opacities are transient and shift over days, whereas untreated CEP has a more protracted
course (35).
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The radiologic findings correlate well with the stage of the disease (70). Early findings are caused by
the migration of juvenile worms and include pneumothorax or hydropneumothorax, focal airspace
consolidation, and linear opacities (Fig 14). Later findings resulting from worm cysts include thin-
walled cysts, masslike consolidation, nodules, and bronchiectasis (Fig 15).
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The radiologic differential diagnosis includes CEP and other types of pulmonary angiitis and
granulomatosis (37). At CT, CEP is characterized by the presence of homogeneous peripheral
airspace consolidation, whereas in Churg-Strauss syndrome, peripheral consolidation has a tendency
toward lobular distribution and the frequent presence of centrilobular nodules within the ground-glass
opacity. Solitary or multiple nodules with frequent cavitation are the most common finding in
Wegener granulomatosis, lymphomatoid granulomatosis, and necrotizing sarcoid granulomatosis; in
Churg-Strauss syndrome, on the other hand, the most common finding is peripheral consolidation,
with multiple nodules occurring rather infrequently (37).
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