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 Background: This multiple-center retrospective study aimed to investigate computed tomography (CT) imaging findings in 
72 patients with airway-invasive pulmonary aspergillosis.

 Material/Methods: Seventy-two patients with airway-invasive pulmonary aspergillosis confirmed by pathology results were divid-
ed into 3 types according to image characteristics. Type I involved the trachea or the main bronchus. Type II 
involved the lobular and segmental bronchi, which manifested early as bronchial wall thickening, and later de-
velopment was divided into types IIa and IIb. Type IIa manifested as bronchiectasis, and type IIb manifested as 
consolidation around the bronchus. Type III involved the bronchioles and pulmonary parenchyma, with tree-in-
bud sign and acinar nodules around. CT signs of the various types and their differentiation were investigated.

 Results: The main clinical manifestations of the 72 patients with airway-invasive pulmonary aspergillosis were short-
ness of breath (55/72, 76.4%), cough (40/72, 55.6%), expectoration (35/72, 48.6%), dyspnea (8/72, 11.1%), 
weight loss (2/72, 2.8%), and fever (30/72, 41.7%). CT typing identified 3 types: 2 patients (2.8%) had type I, 
presenting as thickening of trachea or main bronchial walls; 3 patients (4.2%) had early type II, manifesting 
as thickening of lobular or segmental bronchial walls; 27 patients (37.5%) developed type IIa, manifesting as 
bronchiectasis; 22 patients (30.6%) had type IIb, manifesting as consolidation around the bronchus; and 18 
patients (25.0%) had type III, presenting as nodules and patchy shadows with small cavities in the periphery 
of the lung.

 Conclusions: Airway pulmonary aspergillosis has characteristic imaging findings, which can help early clinical diagnosis 
through classification according to CT imaging characteristics.
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Background

Aspergillus fungi, which commonly include Aspergillus fumiga-
tus, Aspergillus flavus, and Aspergillus terrestris, are ubiquitous 
in soil, decaying vegetation, and dust [1]. A. fumigatus is the 
most common type, accounting for about 50% to 60% of cases. 
Aspergillus spores exist in the air and are small enough to be 
inhaled through the respiratory tract [2,3]. Inhaled Aspergillus 
conidia do not pose a risk to the healthy immunocompetent 
host because the refined machinery of the immune defenses im-
pede development of the fungus [4]. The form that Aspergillus-
related lung disease, aspergillosis, takes is heavily dependent 
on the immune response of the patient [5]. Aspergillus can 
enter the human body through the respiratory tract, causing 
respiratory infection, but it can also cause systemic infection 
when the whole body’s immunity is low.

There are 4 types of aspergillosis: (1) simple aspergilloma; (2) 
chronic pulmonary aspergillosis, including chronic cavitary pul-
monary aspergillosis, chronic necrotizing pulmonary aspergil-
losis, and chronic fibrotic aspergillosis; (3) allergic bronchial 
pulmonary aspergillosis (ABPA); and (4) invasive pulmonary 
aspergillosis (IPA), which includes angio-invasive aspergillo-
sis and airway-invasive aspergillosis [6].

Invasive pulmonary aspergillosis is a severe disease general-
ly observed in immunocompromised patients, such as those 
with hematological malignancies and neutropenia, bone-mar-
row transplantation, and solid-organ transplantation, or those 
undergoing immune suppressive therapy, such as corticoste-
roid therapy [7]. Airway IPA is a subtype of IPA, and reports on 
it are limited. Airway-invasive aspergillosis, like the angio-in-
vasive form, occurs in immunocompromised patients [8], but 
the types have different risk factors. In recent years, with the 
increase of bronchoscopy, the disease has been gradually rec-
ognized and is receiving more clinical attention. In addition to 
the aging of the population, an increasing number of people 
have senile diseases, such as diabetes and chronic obstruc-
tive pulmonary disease (COPD), which damage the host im-
mune system, and the decline of immune function increases 
infections with pulmonary aspergillosis, especially airway-in-
vasive aspergillosis [3]. Although airway-invasive aspergillosis 
is well recognized in the pathologic and clinical literature, it 
has received little attention in the radiologic literature. There 
are few articles on the typing of imaging findings of airway-
invasive aspergillosis alone. The current medical environment 
urgently needs a new and more detailed imaging typing sys-
tem of airway-invasive aspergillosis to guide clinicians and im-
prove the early diagnosis and survival rate.

There are many differences between airway-invasive asper-
gillosis and angio-invasive aspergillosis, including risk factors, 
clinical symptoms, and diagnostic methods or imaging [9]. 

Therefore, it is necessary to discuss them separately. In the 
past, there were few reports on airway-invasive aspergillo-
sis, which can cause misdiagnosis of the disease. Airway pul-
monary aspergillosis is commonly misdiagnosed clinically as 
a common bacterial infection or tuberculosis, which leads to 
delays in treatment. In this article, we are the first to propose 
the classification of airway IPA through imaging. We discuss 
the imaging manifestations of airway-invasive aspergillosis 
by subtypes, which can help increase the early diagnosis rate 
and reduce the misdiagnosis rate. At the same time, the reex-
amination of CT scans helps us to evaluate the effect of treat-
ment and guide treatment.

Material	and	Methods

The current study was approved by the Research Ethics 
Committee of the Nanjing Medical University. We selected 
200 patients with pathologically and clinically confirmed pul-
monary aspergillosis from 10 hospitals, including the 4 types 
of aspergilloses: (1) simple aspergilloma; (2) chronic pulmo-
nary aspergillosis; (3) ABPA; and (4) IPA: angio-invasive asper-
gillosis and airway-invasive aspergillosis. First, we excluded a 
patient with neutropenia (<500×109/L) that was due to radio-
therapy and lung transplantation, which presented as angio-
invasive aspergillosis. Second, we excluded cases of chronic 
pulmonary aspergillosis with a chronic disease course and that 
conformed to the clinical and imaging of chronic aspergillosis, 
according to the criteria of the European Cancer/Mycological 
Research Group [10]. Finally, we further excluded ABPA accord-
ing to patients’ relevant medical history of asthma, serum IGE 
examination, imaging findings, blood eosinophil levels, and 
other factors, which met the consensus [11].

After making the above exclusions, 72 patients with airway-in-
vasive aspergillosis were included in the study. A retrospective 
analysis was performed on the 72 patients who came from 10 
different hospitals from January 2011 to January 2019. The di-
agnosis of airway-invasive aspergillosis was mainly based on 
clinical and pathological confirmation after other types of asper-
gilloses were excluded. Clinical manifestations included cough, 
expectoration, shortness of breath, dyspnea, weight loss, and 
fever. Pathological specimens were obtained by bronchosco-
py or percutaneous puncture. Aspergillus organisms are char-
acterized by hyphae that have parallel walls, regularly spaced 
septations, and dichotomously branching hyphae that branch 
at narrow angles (45°) [12]. When the pathological manifesta-
tion met the above criteria, airway-invasive aspergillosis could 
be diagnosed by combining clinical and imaging data.

The CT equipment used by each of the 10 hospitals was slight-
ly different, resulting in a slight difference in scanning pa-
rameters. Although different hospitals had different scanning 
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conditions, each used spiral and thin-layer (thickness of 1 mm) 
CT scans with more than 64 rows. The images were transmit-
ted and processed by DICOM and analyzed by 3 thoracic radi-
ologists. One of the doctors was an attending doctor who had 
been engaged in lung imaging research for 8 years, and the 
other 2 were chief doctors who had worked for more than 10 
years. When there was a disagreement, a consultation meet-
ing was held to reach a consensus.

All cases of airway-invasive aspergillosis were divided into 3 
types, according to imaging characteristics (Figure 1). Type I 
referred to disease involving the trachea or the left/right main 
bronchus, presenting as thickening of the trachea or left/right 
main bronchial walls. Type II involved the lobular and segmen-
tal bronchi manifested as bronchial wall thickening of lobular 
or segmental bronchial walls. With progression of the disease, 
type II could develop into type IIa or IIb. Type IIa was charac-
terized by the manifestation of bronchiectasis, while type IIb 
was characterized by the thickening of the bronchial wall with 
peripheral consolidation. Type III involved the bronchioles and 
pulmonary parenchyma with tree-in-bud sign and acinar nod-
ules around, presenting as nodules and patchy shadows with 
small cavities in the periphery of the lung. Several classifications 
were not contradictory, as sometimes the types overlapped. In 
these cases, we chose the type based on the predominant type.

Statistical analysis

Clinical concomitant diseases, risk factors, and clinical symp-
toms were calculated as percentages. The imaging features 
were analyzed using percentage statistics.

Results

Among the 72 patients with airway IPA, there were 51 men 
and 21 women, aged from 22 to 88 years, with an average 
age of 57.97±13.73. COPD was found in 24 patients (33.3%), 
diabetes in 16 patients (22.2%), previous influenza infection 
in 6 patients (8.3%), “other” in 8 patients (including hemato-
logical diseases without chemotherapy, occupational disease 
history, connective tissue disease with use of hormone thera-
py, renal insufficiency treated by hemodialysis, HIV infection, 
and bronchial dysplasia), COPD complicated by diabetes in 3 
patients (4.2%), COPD complicated by connective tissue dis-
ease in 1 patient (1.4%), and unknown causes in 14 patients 
(19.4%). Table 1 shows the history of each type of airway-in-
vasive aspergillosis. The main clinical manifestations of the pa-
tients were shortness of breath (55/72, 76.4%), cough (40/72, 
55.6%), expectoration (35/72, 48.6%), dyspnea (8/72, 11.1%), 
weight loss (2/72, 2.8%), and fever (30/72, 41.7%). Shortness 
of breath was the most typical symptom.

The images were typed into 3 types according to the differ-
ent manifestations of airway-invasive aspergillosis identified 
on the CT scans (Figure 1).

Type I (2 patients, 2.8%) (Figure 2) presented as thickening of 
the trachea or left/right main bronchial walls. The accompa-
nying signs included mediastinum involvement, such as medi-
astinal emphysema, obstructive atelectasis, tree-in-bud sign, 
and mucus plug in the bronchi.

Type II involved the lobular and segmental bronchi, which 
manifested as bronchial wall thickening in the early stage (3 

A B C

Figure 1.  Schematic diagram of different types of airway-invasive pulmonary aspergillosis. (A) Type I: mainly invading the trachea and 
the main bronchus and the wall of the trachea, and the main bronchus is thickening. (B) Type II mainly involves the lobular 
and segmental bronchi. In the early stages of type II, only the bronchial wall is thickened. In the late stage of follow-up, 
type IIa or type IIb can be found. Type IIa is associated with obvious bronchiectasis, and type IIb mainly infiltrates along the 
periphery of the bronchus without obvious bronchiectasis. (C) Type III involves the bronchioles and pulmonary parenchyma, 
manifested as peripheral bronchioles and acinar nodules. As the course of the disease progresses, the nodules fuse to form 
patches of consolidation, with small cavities often appearing inside.
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patients, 4.2%). The patients’ CT images showed diffuse thick-
ening of the lobular and segmental bronchus accompanied by 
peribronchial ground-glass opacities or tree-in-bud signs and 
acinar nodules at the distal end of the bronchus. If not detect-
ed and treated in the early stage, the lesions continued to in-
filtrate around the bronchus, manifesting as types IIa or IIb. 
Bronchiectasis was the most typical manifestation of type IIa 
(27 patients, 37.5%) (Figures 3, 4). The wall of the bronchus 
was thickened, but peripheral consolidation was not obvious. 
After treatment, the dilated bronchus gradually recovered and 

partly returned to normal. Type IIb in 22 patients (30.6%) man-
ifested as thickening of the bronchial wall with surrounding 
tissue consolidation (Figure 5). The peribronchial consolida-
tion was predominant in the development, but bronchiectasis 
was not obvious. The accompanying signs included tree-in-bud 
sign, acinar nodules, ground-glass opacity, and reversed halo 
sign, a special sign showing as a central ground-glass opacity 
surrounded by a more or less complete ring of consolidation 
on CT. The reversed halo sign might be found in this type, and 
in the late stage, it would develop to encompass the cavity.

 
Type I

(2 patients)

Type II (52 patients)
Type III

(18 patients)
Total

(72 patients)Early II
(3 patients)

IIa
(27 patients)

IIb
(22 patients)

COPD  1 (33.3%)  5 (18.5%)  8 (36.4%)  10 (55.6%)  24 (33.3%)

Diabetes  1 (50%)  6 (22.2%)  8 (36.4%)  1 (5.6%)  16 (22.2%)

Post-influenza  3 (11.1%)  2 (9.1%)  1 (5.6%)  6 (8.3%)

Other  1 (50%)  3 (11.1%)  3 (13.6%)  1 (5.6%)  8 (11.1%)

COPD with diabetes  1 (3.7%)  2 (11.1%)  3 (4.2%)

COPD with CTD  1 (33.3%)  1 (1.4%)

Unknown reason  1 (33.3%)  9 (33.3%)  1 (4.5%)  3 (16.7%)  14 (19.4%)

Table 1. History of various types of airway-invasive aspergillosis.

COPD – chronic obstructive pulmonary disease; CTD – connective tissue disease.
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Figure 2.  Case 1. A 48-year-old woman had cough and shortness of breath for 1 month, with a past history of diabetes mellitus. 
(A, B) The coronal view of the mediastinum, indicating major thickening along the left main bronchus, partial stenosis of the 
lumen, and inflammation of the distal lung tissue, which is similar to the schematic diagram. (C, D) Thickening at the walls 
of the trachea and left main bronchus in the lung window. (E) Pathological Aspergillus hyphae and small round spores (HE 
×400). (F) The trachea and left main bronchus were covered by pus-like exudates via bronchoscopy. (G, H) Thickening of the 
wall of the bronchus, the soft tissue shadow in the mediastinum (inflammatory infiltration or lymph node enlargement) and 
extraluminal air, indicating the formation of mediastinitis and bronchial fistula.
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Figure 3.  Case 2. A 43-year-old man had cough and shortness of breath for 10 days. (A, B) Schematic diagrams of type II airway-
invasive pulmonary aspergillosis, which showed the early stage of type II to type IIa. (C, G) Computed tomography (CT) scan 
images taken at admission. As shown in the images, there was thickening of the lobar and segmental bronchus, diffuse tree-
in-bud sign at the distal end, which was consistent with type II airway-invasion Aspergillus. Images (D) and (H) are CT scan 
images on the same slice with (C) and (G) after 7 days, showing bronchiectasis, which was consistent with type IIa airway-
invasive aspergillosis. Image (E) shows pathological Aspergillus hyphae and small round spores, the hyphae were branched 
and segmented (HE ×200); (F) (HE ×400).
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Figure 4.  Case 3. A 46-year-old man was hospitalized with fever and shortness of breath for 1 week without a previous significant 
medical history. (A, B) Schematic diagrams of type II airway-invasive pulmonary aspergillosis, which show early stage of type 
II to type IIa. (C) Computed tomography (CT) scan image taken at admission, showing only diffuse thickening of the bronchial 
wall and tree-in-bud signs and acinar nodules at the distal end of the bronchus. (D, G) CT scan images from reexamination 
after 10 days of antibacterial treatment, which show obvious bronchiectasis. Image (H) was taken on the same slice 5 days 
later, which showed further bronchiectasis, with internal separation. (E) Shows pathological Aspergillus hyphae and small 
round spores (HE ×400). Image (F) shows sputum specimens, conidia of Aspergillus fumigatus; Lactophenol cotton blue 
dyeing, ×1000.
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Figure 5.  Case 4. A 45-year-old man had cough, sputum, and fever for 2 weeks, accompanied by shortness of breath, and he had 
been previously in good health. (A) Schematic diagram of type IIb airway-invasive pulmonary aspergillosis. (B, C) Computed 
tomography (CT) scan images taken at admission, showing both lungs with diffuse lesions distributed along the long 
axis of the bronchial alignment, with consolidation opacity and stenosis of the bronchus. (B) Arrow shows the location 
of the pathology. (D) The bronchial wall in the segmental bronchus was covered by pus-like exudates via bronchoscopy. 
(E) Mediastinal window shows the lesion distributed along the bronchus, and the edge was straight, consistent with the 
inflammatory changes. (F, G) CT scan images of the lung window on the same slice after 5 days of anti-infective treatment, 
showing no obvious improvement, diffuse lesions that are distributed along the periphery of the bronchus, and no 
bronchiectasis. (H) pathological Aspergillus hyphae and small round spores (HE ×400).
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Figure 6.  Case 5. An 83-year-old man had chronic obstructive pulmonary disease for more than 20 years had been aggravated 
for 10 days, with fever of 38°C and shortness of breath. (A, B) Schematic diagram of type III airway-invasive pulmonary 
aspergillosis, which showed early stage of type III and its progress. (C, D) Computed tomography (CT) scan images on the 
second day of admission, showing diffuse acinar nodules with punctate cavities in peripheral lungs, with internal separation. 
(E, H) CT scan images taken on day 5 after admission and reexamination after anti-infective treatment, showing the lung 
window of the same slice, specifically the lesion and the cavity were further enlarged with compartmentalized changes in the 
cavity. (I, J) CT scan images taken on the day 8 after admission showing the lung window on the same slice; the lesion was 
further enlarged, with fusion of small lesions, and the cavity was enlarged and increased, with obvious internal separation. 
(F, G) Sputum specimens, conidia of Aspergillus flavus; Lactophenol cotton blue dyeing, ×1000.
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Type III involved the bronchioles and pulmonary parenchyma 
(18 patients, 25.0%) (Figure 6). The bronchial wall was slight-
ly thickened, and there were tree-in-bud signs and acinar nod-
ules in the periphery. With the development of the disease, 
consolidation and ground-glass opacities formed by the fusion 
of multiple nodules, which were mainly distributed subpleu-
rally, with tree-in-bud signs and acinar nodules. Also, multiple 
punctate necrosis and small cavities could be seen in the con-
solidation. Table 2 shows the imaging features of airway IPA. 
Although Figures 4 and 6 seem to be similar on the surface, 
with both showing low-density shadows, they are complete-
ly different. Figure 4 shows bronchiectasis, which belongs to 
type IIA, while Figure 6 demonstrates lesions within the cavity. 
It is not difficult to distinguish between these 2 types through 
continuous layer observation or multi-planar reconstruction.

Discussion

Of the 72 patients included in this study, 33.3% of patients 
had COPD, 22.2% had diabetes, and 8.3% had previous influ-
enza infection. Our results were consistent with other studies 
reporting that COPD, diabetes, and previous influenza infection 
were most common risk factors in patients [13,14], but they 
were inconsistent with other reports [15-18] in which most of 

the risk factors summarized in the reports were neutrophil de-
ficiency, blood disease, AIDS, chemotherapy, and organ trans-
plantation; however, the reports did not distinguish between 
angio-invasive and airway-invasive aspergillosis. In addition, 
most of our patient cases were provided by the respiratory 
departments of the hospitals, which excluded angio-IPA in pa-
tients with particle deficiency; therefore, most patient risk fac-
tors in our research were COPD, diabetes, and previous influ-
enza infection. In recent years, many reports have identified 
COPD as an underlying disease related to IPA [19]. The suscep-
tibility of patients with COPD to invasive fungal infections can 
be due to ciliated dysfunction of airway epithelial cells. The 
long-term use of corticosteroids inhibits the function of alve-
olar macrophages and neutrophils, the use of broad-spectrum 
antibiotics exposes the body to certain fungal pathogens, and 
lung disease leads to changes in lung structure and malnutri-
tion [20]. In addition, in some patients with COPD, abnormal-
ities or defects in surfactant proteins, alveolar macrophages, 
and Toll-like receptors play an important role [21]. Huang et al 
reported that patients with COPD had a sufficient number of 
neutrophils compared with patients with neutrophil deficien-
cy, and that their lung damage was mainly due to host over-
reaction rather than direct invasion by fungi [22]. Previously, 
diabetes was rarely associated with IPA, and only a few pa-
tients were reported [23,24]. These patients have more serious 

Type I
(2 patients)

Type II (52 patients)
Type III

(18 patients)Early II
(3 patients)

IIa
(27 patients)

IIb
(22 patients)

Bronchial wall thickening  2 (100.0%)  3 (100.0%)  26 (96.3%)  22 (100.0%)  18 (100.0%)

Tree-in-bud sign  2 (66.7%)  25 (92.6%)  21 (95.5%)  18 (100.0%)

Bronchiectasis  27 (100.0%)  1 (4.5%)

Lung consolidation  2 (100.0%)  27 (100.0%)  22 (100.0%)  18 (100.0%)

Ground-glass opacity  27 (100.0%)  22 (100.0%)  18 (100.0%)

Acinar Nodules  21 (77.8%)  21 (95.5%)  18 (100.0%)

Punctiform voids  13 (48.1%)  17 (77.3%)  14 (77.8%)

Big hole  5 (22.7%)  4 (22.2%)

Liquid level  3 (11.1%)  2 (9.1%)

Reverse halo sign  5 (22.7%)

Lymph nodes  1 (50.0%)  7 (31.8%)

Pleural effusion  2 (9.1%)

Bronchial mucus plug  1 (50.0%)

Mediastinum  2 (100.0%)

Fistula  1 (50.0%)

Table 2. Statistics of imaging manifestations of various types.
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clinical manifestations and are prone to treatment failure, re-
currence, and even death [25]. Most patients with subacute 
or chronic pulmonary aspergillosis have been thought to have 
potential diabetes; therefore, diabetes was considered to be 
an important risk factor for pulmonary aspergillosis [20,26]. 
Patientswith diabetes often have weight loss and decreased 
albumin levels, leading to malnutrition and decreased immu-
nity and increasing the chance of Aspergillus infection; how-
ever, the relationship between diabetes and IPA remains con-
troversial [27]. The pathogenesis of invasive aspergillosis in 
the context of an influenza infection may be due to the local 
and systemic effects of the virus. The evolution of influenza 
strains can cause severe diffuse damage to the respiratory mu-
cosa, interfering with normal mucociliary clearance, and there-
by providing a pathway for Aspergillus infection and leading to 
fungal invasion [28,29]. The treatment of severe pneumonia 
with steroids can cause immunosuppressive effects, which are 
associated with invasive fungal infections. Influenza can also 
impair the local phagocytic function of alveolar macrophages 
through cytokine imbalance, reducing natural killer cell func-
tion, and other immune responses. In addition, treatment in 
the intensive care unit can increase the susceptibility to sec-
ondary aspergillosis.

In the present study, the main clinical manifestations of the 
patients were shortness of breath, cough, expectoration, dys-
pnea, weight loss, and fever. Shortness of breath was the most 
common symptom (76.4%), which was generally consistent 
with the previous reports [16,18,30,31]. The symptom of short-
ness of breath can be associated with Aspergillus sensitization 
by a mechanism similar to that of ABPA. The pathogenesis in-
volved a Th2-dependent acidophilic response to Aspergillus an-
tigen, which is a complex hypersensitivity reaction, leads to 
sustained antigen supply, eosinophilic infiltration, excessive 
mucus secretion, and abnormal cilium function and finally re-
sults in impaired bronchial walls [30,32].

The clinical classification of aspergillosis includes 4 types: sim-
ple aspergilloma, chronic pulmonary aspergillosis, ABPA, and 
IPA. IPA as the most serious type with high mortality includes 
angio-invasive aspergillosis and airway-invasive aspergillosis. 
The 2 have significant differences in risk factors, clinical man-
ifestations, imaging features, and prognosis. The clinical lit-
erature is increasingly concerned with the airway invasion of 
Aspergillus. However, few imaging studies focused on airway-
invasive aspergillosis. CT examination is of great significance 
for the diagnosis of airway-invasive aspergillosis, but its im-
aging manifestations are complex and various. Therefore, it is 
necessary to type it carefully for the purpose of early diagnosis.

Type I referred to lesions mainly invading the trachea and the 
main bronchus, and might have also involved the distal end, 
showing that the wall of the trachea and the main bronchus 

were thickened. This type was rare, accounting for 2.8% of cas-
es, suggesting that it is mainly related to the clearance func-
tion of atmospheric duct cilia and the defense function of in-
flammatory cells, and fungi do not easily invade there. Due to 
the small number of cases of this type, its image characteris-
tics need to be summarized in further research with a larger 
sample size. Type I sometimes needs to be distinguished from 
ABPA and bronchial tuberculosis. ABPA bronchiectasis is more 
obvious, there are more mucus plugs, the density is higher, and 
the outer wall of the bronchus is clear, and the extramural in-
vasion is milder, but the most important difference is that the 
clinical manifestations are different and that ABPA has spe-
cific diagnostic criteria. The outer wall of the bronchial tuber-
culosis is clear. The adjacent fat space is relatively clear. The 
bronchial wall is irregularly thickened and the inner edge and 
thickness of the lumen are uneven. Other lesions in the lung 
can be accompanied by calcification and tree-in-bud sign, and 
ground-glass opacity is rare. Type I aspergillosis is rare; there-
fore, imaging diagnosis should be prudent, and the most im-
portant examination is bronchoscopy.

Type II mainly involved the lobular and segmental bronchi. In 
the early stage of type II, only the lobular and segmental bron-
chial wall was thickened, and it was difficult to consider early 
diagnosis. In the late stage of follow-up, type IIa and type IIb 
were found. Both types mainly involved lobular and segmen-
tal bronchi; type IIa was associated with obvious bronchiecta-
sis, and type IIb infiltrated along the periphery of the bronchus 
without obvious bronchiectasis. These 2 types were most com-
mon, accounting for 37.5% and 30.6% respectively. Identifying 
these 2 types helped us diagnose the disease early. The speci-
ficity of this type of image is high, and the differential diagno-
sis is relatively easy to perform. Organizing pneumonia, lym-
phoma, and bacterial infections, such as Staphylococcus aureus, 
can all develop bronchiectasis; however, aspergillosis can be 
accompanied by a tree-in-bud sign, which means that the le-
sion is the source of the airway, rather than the surrounding 
interstitium [33]. This is different from organizing pneumonia. 
Vasculitis and sarcoidosis bronchi generally do not expand, so 
it is not difficult to differentiate. The pathogenesis of bron-
chiectasis is not fully known yet, and the literature has been 
postulated as follows [32]. The disorder of mucociliary clear-
ance might promote persistent infections of bacteria and fun-
gi, which may increase the risk of viral infection. In suscepti-
ble individuals, Aspergillus proteases in normal (or asthmatic/
COPD) airways can also lead to bronchiectasis by increasing 
mucus secretion and driving the Th2 phenotype.

Type III involved the bronchioles and pulmonary parenchyma, 
pathological changes in the terminal bronchus, image find-
ings of mainly tree-in-bud signs, and image findings of respi-
ratory bronchus as acinar nodules. Along with the surround-
ing lung tissue invasion, type III can include fused pieces of 
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ground-glass opacities and consolidation and easily formed 
cavities because of the necrosis of the lung tissue caused by 
aspergillosis [14]. Type III was also very common, accounting 
for 25.0% of cases. In the early stage of type III airway-inva-
sive aspergillosis, the acinar nodules need to be differentiated 
from those of blood-disseminated S. aureus. The former is rel-
atively small, easy to gather and fuse, and can have small in-
ner cavities with an unsmooth inner wall. The latter is distrib-
uted randomly, different in size, and usually bigger than the 
acinar nodule, having a large cavity with a smooth inner wall 
and possibly having a liquid level. However, with the progres-
sion of the lesion, diffuse consolidation can be found in the 
lung, which is difficult to distinguish on the image.

Thickening of the trachea/main bronchial wall was the most 
important feature of type I, which was different from the oth-
er types. Thickening of lobular/segmental bronchial walls and 
bronchiectasis were the most characteristic imaging findings 
of type II, which could be distinguished from the other types. 
Tree-in-bud sign and acinar nodules were the most character-
istic imaging findings of type III. In summary, the large airways 
have strong defense capabilities, and it is difficult for Aspergillus 
to invade the trachea and main bronchus after being inhaled 
through the airway. Therefore, type I airway-invasive asper-
gillosis was rare. When the trachea/main bronchial wall was 
thickened, we could diagnose type I. The thickening of the 
lobular/segmental bronchial wall, bronchiectasis, and consol-
idation along the peribronchial area were the most important 
characteristics of type II because Aspergillus has inflammatory 
infiltration along the bronchus, and bronchiectasis occurred in 
some cases due to Aspergillus sensitization. When Aspergillus 
mainly invades bronchioles and pulmonary parenchyma, ac-
inar nodules and tree-in-bud signs easily form, which shows 
that Aspergillus has invaded the alveoli, respiratory bronchi-
oles, and terminal bronchi. Small necrotic cavities in the lung 
parenchyma are important characteristics of type III as well. 
Of course, these types were not contradictory or isolated, and 
there were overlaps among the different types. When there 
was overlap, we chose the predominant type.

Imaging manifestations can sometimes explain clinical symp-
toms. For example, imaging manifestations were mainly bron-
chial wall thickening, and the clinical symptoms were mainly 
shortness of breath, rather than sputum expectoration (involv-
ing the lung parenchyma). As the image spread to the lung 
parenchyma and formed consolidation in the lung, the clin-
ical symptoms were aggravated and sputum expectoration 
and even fever could appear. When necrosis and voids formed, 
symptoms of hemoptysis could also appear. At the same time, 
the different types suggested that the method for obtaining 
pathological specimens in the clinic was also different. For 
example, type I and type II lesions were mainly obtained by 
bronchoscopy, while type III lesions were mainly located in the 

periphery of the lung, and pathological specimens were main-
ly obtained by puncture. Therefore, typing is not only helpful 
for early diagnosis of imaging, but also helps to indicate the 
method of obtaining pathological specimens. In addition, air-
way-invasive aspergillosis should be differentiated from an-
gio-invasive aspergillosis, and imaging manifestations have a 
certain value for the identification of both. Angio-invasive as-
pergillosis mainly manifests as subpleural nodules with a clear 
boundary and central cavity. Generally, the trachea and bron-
chi are not invaded, so the walls of the trachea and bronchi 
are not thickened.

In summary, various imaging manifestations such as bronchi-
al wall thickening, tree-in-bud signs, and acinar nodules repre-
sent the bronchial invasion after the inhalation of Aspergillus 
by the airway, and then the interstitial invasion in the lung 
and surrounding area, followed by hemorrhagic consolida-
tion, ground-glass opacity, and cavities formed after necro-
sis [32]. In addition, fungi are easy to discharge with sputum 
in the larger trachea and main bronchi; therefore, type I air-
way-invasive aspergillosis findings were rare. The airway inva-
sion in most patients was mainly in the lobar, segmental, and 
subsegmental bronchi and more distal bronchioli, which was 
related to the resistance and virulence of the patients. Type 
II was characterized by location in the lobar, segmental, and 
subsegmental bronchi and mainly manifested by the thicken-
ing of the bronchial wall; type III was located in the bronchio-
li and mainly manifested by tree-in-bud signs and acinar nod-
ules. In addition to the virulence of the fungus itself and the 
body’s inflammatory response, the fungus can also cause an 
allergic reaction, similar to that in ABPA. This type of bronchi-
ectasis is a special manifestation of type IIa, but unlike ABPA, 
this type of bronchiectasis is not only an allergic reaction but 
also an invasion of the bronchial wall and surrounding lung 
tissue. It is presumed that the resistance of type IIa is superi-
or to the virulence of fungi; therefore, allergy is predominant, 
and necrosis is relatively light. In contrast, types IIb and III are 
more likely to have a necrotic cavity and pulmonary infiltra-
tion. Briefly, owing to those differences in the resistance of 
the organism and the resistance of Aspergillus, there are dif-
ferent imaging manifestations.

There are several limitations of this paper. First, only CT find-
ings and types of airway-invasive aspergillosis were analyzed, 
and there was no control group, especially important for angio-
invasive aspergillosis. Second, the sample volume was insuffi-
cient, and because airway aspergillosis is rare, there were few 
patients with type I, which is less common than other types 
of aspergilloses. In a future study, we will collect more cases 
and use the classification method in this paper to compare 
angio-invasive aspergillosis with airway-invasive aspergillosis 
to observe whether the imaging diagnosis is consistent with 
the clinical diagnosis. Finally, certain errors may have occurred 
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because airway-invasive aspergillosis is rare, the data we col-
lected came from different hospitals, and the hospitals used 
different equipment.

In this study, we discussed the imaging manifestations of air-
way-invasive aspergillosis by subtypes. The subtypes were 
mainly divided according to the location of the lesions involv-
ing the bronchus. Type I referred to the lesions mainly invading 
the trachea and main bronchus, which was the least common 
type, with bronchial walls having uniform thickening. Type II 
referred to lesions mainly involving the lobular and segmen-
tal bronchi. In the early stage, the bronchus wall was thick-
ened, and in the later period, it could infiltrate the surround-
ing lung tissue or appear as bronchiectasis. Type III mainly 
involved the bronchioles and pulmonary parenchyma, with 
tree-in-bud signs and acinar nodules in the periphery. With 
the development of the disease, consolidation and ground-
glass opacity, with multiple punctate necrosis and small cav-
ities could be found.

Conclusions

In conclusion, the most important risk factors of airway-inva-
sive aspergillosis are COPD, diabetes, and previous influenza 
infection. These diseases can lead to the decrease of immu-
nity in varying degrees, thus increasing the infection rate and 
incidence of aspergillosis. Although the clinical manifestations 
varied, shortness of breath was most common. The CT appear-
ance of airway-invasive aspergillosis was divided into 3 types 
according to the location of the bronchus involved and the im-
aging findings, including distribution, bronchial wall thicken-
ing, bronchiectasis, consolidation around the bronchus, periph-
eral alveolar nodules, consolidation, and cavities. Combining 
risk factors with clinical symptoms can help increase the ear-
ly diagnosis rate, reduce the misdiagnosis rate, and assess the 
progress of the disease. Also, repeat CT scanning can help to 
evaluate the therapeutic effect and guide treatment.
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