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Abstract 
Pulmonary aspergillosis (PA) is a clinical spectrum of rapidly progressive potentially fatal opportunistic mycosis usually 
caused by Aspergillus organisms. In the recent years, the number of patients with invasive pulmonary aspergillosis (IPA) 
has increased and it remains a major cause of morbidity and mortality in immunocompromised patients. Chest CT plays an 
important role in the early diagnosis of IPA and should be included in the investigative protocol. Typical imaging findings 
of IPA include nodule, consolidation, the halo sign, the hypodense sign and the air crescent sign. CT Angiography (CTA) 
has a higher sensitivity for detecting angioinvasive aspergillosis. However, the diagnosis of pulmonary aspergillosis 
remains challenging radiologically in immunocompetent chronic obstructive pulmonary disease (COPD) and critically ill 
patients in intensive care unit (ICU) because of the non-specific CT findings and further studies are needed to establish the 
confirm diagnosis. 
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1 Introduction 
Pulmonary aspergillosis is a clinical spectrum of lung disease caused by opportunistic fungi of Aspergillus species (usually 
Aspergillus fumigatus, an environmentally ubiquitous filamentous fungus acquired by inhaling its spores). When 
host immunity is intact, Aspergillus usually does not cause pulmonary pathology, however altered immunity predi- 
sposes to lung disease. Pulmonary aspergillosis is classified into aspergilloma (saprophytic aspergillosis), allergic 
bronchopulmonary aspergillosis (ABPA), semi-invasive or chronic necrotizing pulmonary aspergillosis (CNPA), and 
invasive pulmonary aspergillosis (IPA). In the recent years, the number of patients with IPA has increased and it remains a 
major cause of morbidity and mortality in immunocompromised patients. Though chest CT plays an important role in the 
early diagnosis of IPA, the diagnosis of pulmonary aspergillosis remains challenging radiologically in immunocompetent 
chronic obstructive pulmonary disease (COPD) and critically ill patients in intensive care unit (ICU) because of the 
non-specific CT findings and further studies are needed to establish the confirm diagnosis. 

In this review, we analyzed the clinical characteristics and imaging findings of the four forms of pulmonary aspergillosis, 
including the more recently reported aspergillosis associated with COPD and critically ill patients in ICU. 
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The risk factors of IPA include prolonged neutropenia or immunosuppression, Haematopoietic stem-cell transplantation 
(HSCT), solid-organ transplantation (SOT), prolonged high-dose corticosteroid therapy, haematological malignancy, 
cytotoxic therapy, advanced Acquired immunodeficiency syndrome (AIDS), and children with primary immunodefic- 
iency syndromes [21]. Two at-risk groups stand out: patients with severe COPD and critically ill patients. Neutropenia with 
a granulocyte count of < 500 cells/µl and a prolonged neutropenic period constitute major risk factors for invasive 
aspergillosis. Patients with IPA have a poor prognosis with mortality rate of 50%-90% [31]. Early diagnosis of the disease is 
a key consideration for early institution of treatment to achieve a favorable prognosis. 

Clinical manifestations are non-specific, however typically manifests as fever unresponsive to antibiotics, cough, 
sputum production, dyspnea with hypoxia, pleuritic chest pain and hemoptysis. Aspergillus infection may disseminate 
haematogenously to brain resulting in seizures, meningitis, epidural abscesses, ring-enhancing lesions, cerebral infarctions, 
and intracranial haemorrhage [25]. Involvement of other organs such as pleura, skin, oesophagus, liver, heart and kidneys 
are also reported [32]. 

Invasive pulmonary aspergillosis is classified into angioinvasive and airway invasive patterns on the basis of 
radiological manifestations. Angioinvasive aspergillosis is an aggressive and fatal condition that occurs in profoundly 
immunocompromised patients with severe neutropenia [33]. Histopathologically, it is characterized by fungal invasion in 
pulmonary vessels substantially causing tissue necrosis and systemic dissemination to central nervous system (CNS), 
gastrointestinal tract (GIT), and kidneys [34]. The clinical diagnosis of angioinvasive aspergillosis is challenging and leads 
to high mortality rate.  

Airway invasive aspergillosis is an uncommon invasive disease mostly affecting the airways of the respiratory tract by 
Aspergillus organisms. It is frequently seen in immunocompromised and AIDS patients [35]. The airway invasive pattern 
is more common in SOT recipients (65%) than in neutropenic patients (7%) with IPA [36]. Histopathologically, it is 
characterized by fungal invasion deep into the airway basement membrane. Clinically, it includes acute tracheobronchitis, 
bronchiolitis, and bronchopneumonia. Bronchoscopic examination with microscopic sampling and culture of the biopsy 
specimens appears to have a high diagnostic yield for Aspergillus tracheobronchitis in immunocompromised patients [37]. 
Histopathologic demonstration of Aspergillus-like hyphae invading bronchial mucosa gives a definite diagnosis. 
Endobronchial ultrasound-guided transbronchial needle aspiration may be useful to achieve diagnosis in thrombocy- 
topenic patients with the lowest risk of bleeding. 

Chest radiographic features are non-specific. Typical CT findings of early angioinvasive aspergillosis is solitary or 
multiple nodules and/or peripheral wedge-shaped consolidations with a surrounding halo of haemorrhage seen as an area 
of ground-glass attenuation (halo sign). With the progression of disease the nodules may cavitate and the central necrotic 
tissue detaches from the adjacent lung parenchyma resulting in the air crescent sign [38]. Nodule is defined as an ovoid 
soft-tissue opacity measuring < 3 cm in diameter. An opaciated area obscuring the underlying vessels is referred to as 
consolidation. For the diagnosis of angioinvasive aspergillosis in neutropenic patients, the overall sensitivity of the 
multislice CT-angiography (CTA) sign (vessel occlusion) was 86.4% and the specificity 92.0%. Whereas, the classical 
halo sign had a sensitivity of only 36.4% and a specificity of 84.0% indicating that the CTA sign has a higher sensitivity 
than the classical CT-signs to detect angioinvasive aspergillosis [39]. Airway invasive aspergillosis are non-specific, 
however typically presented as tracheal or bronchial wall thickening in obstructive tracheobronchitis due to aspergillosis, 
centrilobular nodules and areas of “tree-in-bud” appearance (an opacified segment of small branching bronchioles) in 
Aspergillus bronchiolitis, and patchy peribronchial consolidation in Aspergillus bronchopneumonia [12]. 

The chest CT “halo sign” is referred to a circular area of ground-glass attenuation surrounding a pulmonary nodule or mass 
with central soft-tissue attenuation (see Figure 4). The pathophysiologic mechanism of the halo sign corresponds to a 
central area of infarction and coagulative necrosis surrounded by alveolar hemorrhage. The halo sign is a useful finding for 
early diagnosis of IPA. The halo sign is more common in patients with IPA affecting haematological patients (48%-76%) 
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Milito et al. [47] observed that the most frequent CT findings of IPA in patients with hematologic malignancies are 

peripheral nodular lesions, regardless of the mechanism of immunosuppression. CT findings of IPA in non-hematological 

patients frequently manifested as acute bronchopneumonia, and the common findings include ground-glass opacities and 

air-space consolidations. Consolidation or mass is the most common CT finding of IPA in solid organ transplantation 

(SOT) recipients and presence of small cavities may be associated with favorable prognosis [48]. Zaspel et al. [49] identified 

characteristic radiological appearance of IPA in HIV patients as nodules (92%), cavitations (75%), air crescent sign (33%) 

or subpleural infarctions (17%). Thick-walled cavitary lesions were demonstrated as a late finding in late-stage AIDS with 

a CD4 cell count of < 5/mm3 [50]. Radiologic manifestations of invasive aspergillosis in case of children include segmental 

and multilobar consolidation, perihilar infiltrates, multiple small nodules, peripheral nodular masses and pleural 

effusions [51]. 

In the recent years, the number of studies has been reported that the incidence of IPA is gradually increasing in 

nonneutropenic immunocompetent COPD and critically ill patients in ICU [52, 53]. In COPD patients ciliary activity 

impairment, immunosuppression due to alveolar macrophage and neutrophil inhibition in those treated with steroids and 

also receiving broad-spectrum antibiotics, play an important role in the development of IPA [54]. The most common 

invasive aspergillosis-associated underlying disease in ICUs is COPD, followed by SOT [53]. The most frequent chest 

X-ray and CT finding in IPA patients with COPD was infiltration [55]. Diagnosis of IPA in the ICU is not straightforward 

and may be delayed by several days due to the lack of clinical suspicion. IPA in ICU patients is associated with high 

mortality and hospital costs. Imaging is usually non-specific, showing consolidation, patchy infiltrates, cavitation or 

nodules, and may be complicated by coexisting findings like atelectasis, pleural effusions or adult respiratory distress 

syndrome.  

Obstructive bronchopulmonary aspergillosis (OBPA) is a rare non-invasive aspergillosis usually caused by intraluminal 

overgrowth of A. fumigatus, in AIDS patients [56]. Clinical manifestations are non-specific, however may present as fever, 

cough, dyspnea with hypoxia. CT findings in OBPA include bilateral bronchial and bronchiolar dilatation, mucoid 

impaction in lower lobes and diffuse lower lobe consolidation caused by postobstructive atelectasis [56].  

In a recently published case report of invasive aspergillosis in patient with acute myeloid leukemia, Dynamic 

contrast-enhanced magnetic resonance imaging (DCE-MRI) revealed multiple cavitary lesions of various sizes in both 

lungs. The lesions were isointense to hypointense on T1-weighted images (T1WI) compared with muscle tissue; on 

T2-weighted images (T2WI), the center of the lesions was hyperintense, the walls were thick and showed isointensity to 

hypointensity. In diffusion-weighted images (DWI), lesion walls showed restricted diffusion. In postcontrast phase 

dynamic contrast images, lesion walls showed enhanced contrast (wash in 80%-90%), and there was no washout in 

late-phase images [57].  

Although chest CT scan has been advocated as a key consideration in the early diagnosis of IPA, none of the signs is 

sensitive or pathognomic. The most recent advances in the diagnosis of IPA are related to detecting Aspergillus antigens in 

body fluids, mainly galactomannan and serum (1→3)-β-D-glucan (both are polysaccharide components of the fungal cell 

wall). Both galactomannan and serum (1→3)-β-D-glucan assays have received FDA (US Food and Drug Administration) 

approval and are highly sensitive and specific tests for IPA [58, 59]. A recent meta-analysis reports that bronchoalveolar 

lavage (BAL) galactomannan testing with an overall sensitivity and specificity of more than 90% for the diagnosis of 

invasive aspergillosis [59]. In addition, PCR-based methods to diagnose IPA have also been evaluated by detecting 

Aspergillus DNA in BAL fluid and serum [60]. However, PCR is often associated with false-positive results and is 

not considered as a routine clinical test. The gold standard for the diagnosis of IPA remains the histopathological 

demonstration of fungal invasion in lung tissue. 

The imaging findings of different forms of pulmonary aspergillosis are summarized in Table 1. 
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Table 1. Summary of the imaging findings of pulmonary aspergillosis 

Disease Imaging findings 

Aspergilloma 

(Saprophytic 

aspergillosis) 

Chest X-ray & CT:  

A lung cavity containing a solid, round or oval mass which is separated from the wall by a crescent of 

air, resulting in the “air crescent” sign. 

Thickening of the cavity wall and the adjacent pleura. 

This fungus ball may be mobile. 

Allergic 

bronchopulmonary 

aspergillosis (ABPA) 

Chest X-ray: It can be transient (pulmonary infiltrates, consolidation, mucoid impaction) or permanent 

(“tram lines” and “ring sign” indicating bronchiectasis, parenchymal fibrosis). 

CT: Finger-like opacity in a bronchial distribution representing mucus plugging within bronchiectasis 

(“gloved finger sign”), predominantly involving the upper lobes. 

Chronic necrotizing 

pulmonary aspergillosis 

(CNPA) 

Chest X-ray & CT:  

Chronic cavitary consolidation with adjacent pleural thickening in the upper lobes of lung. 

The adjacent pleural thickening may progress to form a bronchopleural fistula which is an early sign of 

a locally invasive process. 

Invasive Pulmonary 

Aspergillosis (IPA) 

Angioinvasive aspergillosis:  

CT: Nodules or consolidations surrounded by a ground-glass halo (“Halo sign”), progressing to 

cavitation or air crescent formation (“Air crescent sign”). 

CTA: Vessel occlusion 

DCE-MRI: Multiple cavitary lesions of various sizes in both lungs. The lesions were isointense to 

hypointense on T1WI compared with muscle tissue; on T2WI, the center of the lesions was 

hyperintense, the walls were thick and showed isointensity to hypointensity. In DWI, lesion walls 

showed restricted diffusion. In postcontrast phase dynamic contrast images, lesion walls showed 

enhanced contrast and there was no washout in late-phase images. 

The most frequent chest X-ray and CT finding in IPA patients with COPD was infiltration. 

Airway invasive aspergillosis:  

CT: Tracheal or bronchial wall thickening in obstructive tracheobronchitis due to aspergillosis, 

centrilobular nodules and areas of “tree-in-bud” appearance in aspergillus bronchiolitis, and patchy 

peribronchial consolidation in aspergillus bronchopneumonia. 

Obstructive 

bronchopulmonary 

aspergillosis (OBPA) 

CT: Bilateral bronchial and bronchiolar dilatation, mucoid impaction in lower lobes and diffuse lower 

lobe consolidation caused by postobstructive atelectasis.  

6 Conclusion 
Pulmonary aspergillosis is a clinical spectrum of rapidly progressive potentially fatal opportunistic mycosis and is 

frequently seen in immunocompromised patients. Chest CT plays a key role in the early diagnosis of PA and should be 

included in the investigative protocol in immunocompromised patients even when plain chest radiographs are normal or 

non-specific in order to improve patient outcomes with early institution of treatment. Multislice CTA is an excellent 

imaging investigation to examine vascular occlusion for the diagnosis of angioinvasive aspergillosis in neutropenic 

patients. However, CT findings are non-specific in immunocompetent COPD and critically ill patients in ICU making the 

diagnosis of PA challenging radiologically and further studies are needed to establish the confirm diagnosis. DCE-MRI 

limits radiation exposure and aids in the characterization and assessment of contrast uptake dynamics of lesions, making it 

a beneficial for evaluating pathologies of the PA. The gold standard in the diagnosis of pulmonary aspergillosis is the 

histopathological demonstration of fungal invasion in lung tissue, yet obtaining a lung biopsy remains challenging in 

immunocompromised patients. 
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