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Learning objectives
To describe the different forms of pulmonary aspergillosis and its
radiologic findings at chest radiography, conventional computed
tomography (CT) and high-resolution CT (HRCT).
Background
Aspergillosis is a mycotic disease caused by Aspergillus organisms
and is frequently seen in immunocompromised patients. Aspergillus
fumigatus is by far the most common pathogen in humans.
There is a wide spectrum of pulmonary aspergillosis, ranging from
simple colonization to life-threatening invasive form, depending on
the immunologic status of the host, individual susceptibility, or
preexisting lung disease.
Pulmonary aspergillosis is traditionally subdivided into three
categories: mycetoma, invasive aspergillosis, and allergic
bronchopulmonary aspergillosis (ABPA). However, we should
know that these entities may overlap in an individual patient.
Findings and procedure details
ASPERGILLOMA or MYCETOMA:
The aspergilloma, mycetoma, or fungus ball is a conglomeration of
fungal hyphae of Aspergillus that typically colonize preexisting
chronic cavities in the lung which are often due to sarcoidosis or
previous tuberculosis Fig. 1. However, cavities from other causes,
including bronchiectasis, pulmonary neoplasms, emphysema Fig. 2

or cystic congenital lesions, may also be colonized.
Patients may remain asymptomatic, but hemoptysis is the most
common clinical manifestation.
Mycetomas are seen as a rounded mass of soft-tissue density within
a lung cavity, found most often in the upper lobes Fig. 1 Fig. 2 or in
the superior segments of the lower lobes.
CT usually shows a characteristic spongelike appearance (a mass
with irregular airspaces) Fig. 2.
The air meniscus sign or the air crescent sign is present when
the mass fills only a portion of the cavity and the air seen between
the fungus ball and the wall takes the shape of a meniscus Fig. 1
(not specific, also seen in invasive aspergillosis).
Aspergillomas are often associated with thickening of the cavity wall
and adjacent pleura Fig. 2.
INVASIVE ASPERGILLOSIS:
Invasive aspergillosis is an aggressive disease which occurs most
often in immunocompromised patients, particularly those with
lymphoma or leukemia. It is divided into angioinvasive aspergillosis
and airway invasive aspergillosis, but they may coexist.
Angioinvasive aspergillosis is a hemorrhagic bronchopneumonia
(consequence of hyphal invasion of blood vessels), with resulting
infarction and necrosis. Florid disease is seen almost exclusively in
severely immunocompromised patients with neutropenia.
Radiological findings include nodular infiltrates (single Fig. 3 or
multiple Fig. 4), consolidation (segmental or subsegmental), groundglass pattern (which may progress to consolidation) and nodular
cavitation (air crescent sign Fig. 5).
HRCT may reveal areas of ground-glass attenuation surrounding the
nodules (the halo sign Fig. 3 Fig. 4, which represents hemorrhage
around a nodule, not specific of aspergillosis), and areas of
consolidation with or without a halo.
Cavitation is usually seen in the recovery phase of larger areas of
consolidation or nodules, because of infarcted lung which leads to a

crescent of air surrounding the sequestrum (air crescent sign Fig.
5).
Airway invasive aspergillosis is characterized by the presence of
Aspergillus organisms deep to the basement membrane of the
bronchial tree, and may be acute or chronic.




The acute form causes a spectrum of disease, including acute
tracheobronchitis,
exudative
bronchiolitis
and
bronchopneumonia. The HRCT findings are peribronchiolar
consolidation, centrilobular nodules (less than 5 mm), tree-inbud pattern (fairly sharply circumscribed small centrilobular
nodules or branching tubular structures within secondary
pulmonary lobules Fig. 6, nonspecific), ground-glass opacities,
and lobar consolidation.
The chronic, necrotizing or semi-invasive form is characterized
by an indolent granulomatous cavitatory Aspergillus infection
(may mimic reactivation tuberculosis) which usually starts as a
focus of consolidation in the upper lobes. The process
progresses slowly over several months. The most frequent
findings are consolidation, cavitation (sometimes with
subsequent aspergilloma), and adjacent pleural thickening Fig.
7.

ALLERGIC BRONCHOPULMONARY ASPERGILLOSIS (ABPA):
ABPA is common in patients with atopy and longstanding asthma,
with a slight female preponderance and also in patients with cystic
fibrosis.
The disease is typically characterized by asthma, radiographic
pulmonary opacities, blood eosinophilia, and evidence of allergy to
Aspergillus antigen. Recurrent acute episodes cause progressive
bronchial damage (but it can be controlled by steroid administration).
There is a great variety of imaging changes, sometimes related to
the phase of the disease:


Acute or transient findings have a tendency to recur in the
same area, and they include: consolidation Fig. 8 (that may
leaves residual bronchiectasis when it clears), mucoid
impaction or bronchocele (an airway becomes obstructed
and distended by retained secretions, characterized by a
sharply demarcated bandlike opacity pointing to the hilum,

usually about 2-3 cm long and 0’5-1 cm wide Fig. 9,
sometimes
hyperattenuating),
and
atelectasis
(from
subsegmental Fig. 8 to the whole lung).


Chronic or permanent findings indicate irreversible lung
damage (and they may be the only clue that an asthmatic
patient has ABPA). They include: central or proximal
bronchiectasis (affecting segmental and subsegmental
bronchi, typically varicose or cystic, frequently associated to
mucoid impaction and centrilobular nodularity Fig. 10
sometimes with tree-in-bud pattern) and parenchymal
scarring (linear abnormality and lobar shrinkage, with upper
zone predilection; there may also be overinflation).

Other radiographic findings may be small nodules, airway wall and
pleural thickening, and mycetomas (in the bronchiectatic cavities).
Conclusion
The radiologist plays a major role in the diagnosis of pulmonary
aspergillosis. Imaging findings may be nonspecific but, in the
appropriate clinical setting, they may suggest the diagnosis.

Fig. 1:
Mycetoma in a patient with hemoptysis. Posteroanterior chest
radiograph (a) and HRCT (b) show a rounded mass of soft-tissue
density within a cavity secondary to old healed pulmonary
tuberculosis, in the left upper lobe. The air crescent sign is present
(arrow).
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Fig. 2:
Mycetoma in bullous emphysema. Posteroanterior chest radiograph
(a) and CT scan (b) reveal the typical folded spongelike appearance
mass (white arrow) within a bulla, in the right upper lobe, and
adjacent pleural thickening (black arrows). There are
emphysematous changes bilaterally.
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Fig. 3:
Aspergillosis in a girl with leukemia. HRCT shows a single nodule in
the middle lobe, with central soft tissue attenuation and a rim of
ground-glass opacity (arrows), the halo sign.
Origin and source of image:
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Fig. 4:
Invasive aspergillosis in a febrile neutropenic patient.
Posteroanterior chest radiograph (a) shows bilateral nodular
opacities. HRCT (b) reveals a ground-glass margin to some of the
nodules (stars) in the right upper lobe.
Origin and source of image:
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Fig. 5:
Invasive aspergillosis in an allogeneic hematopoietic stem cell
transplant recipient. HRCT (a) shows large consolidation and
nodular infiltrates in the middle lobe. Two weeks later (b), HRCT
shows cavitation with the air crescent sign in the lesion (arrow).
Origin and source of image:
© - Salamanca/ES

Fig. 6:
Acute airway invasive aspergillosis, manifested as a
bronchopneumonia. HRCT shows bilateral nodules, peribronchial
thickening and tree-in-bud pattern (arrow).
Origin and source of image:
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Fig. 7:
Semi-invasive aspergillosis in a patient who had undergone bone
marrow transplantation. HRCT shows peribronchial consolidation
and adjacent pleural thickening (big arrow). The patient also
suffered pneumomediastinum (small arrows).
Origin and source of image:
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Fig. 8:
ABPA in an asthmatic patient in acute phase. Frontal chest

radiograph (a) shows bilateral patchy subsegmental opacities,
airway wall thickening and pleural effusion. HRCT (b), one week
later, confirms the findings and shows bilateral bronchiectasis with
peribronchial thickening (white arrow). There is also a subsegmental
atelectasis in lingula (black arrow).
Origin and source of image:
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Fig. 9:
Mucoid impaction in ABPA. HRCT (a) shows a branching opacity,
about 2 cm long, in the anterior right upper lobe (arrow). Two years
later, frontal chest radiograph (b) shows bandlike opacities in upper
lobes representing mucoid impaction (arrows). There is associated
airway wall thickening and bilateral bronchiectasis.
Origin and source of image:
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Fig. 10:
Bronchiectasis in ABPA (the same patient than Fig. 9). HRCT shows
varicose bronchiectasis (arrows) involving segmental and
subsegmental bronchi, airway wall thickening and centrilobular
nodules.
Origin and source of image:
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