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The value of the air bronchogram sign on CT
image in the identification of different solitary
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Abstract
The aim of the present study is to investigate the value of air bronchogram sign on computed tomography (CT) image in the differential
diagnosis of solitary pulmonary consolidation lesions (SPLs).
A total of 105 patients (including 39 cases of lung cancer, 43 cases of tuberculosis, and 23 cases of pneumonia) with SPLs were

evaluated for the CT features of air bronchogram sign in this retrospective study. The shape and lumen of the bronchi with air
bronchogram sign, the length of the involved bronchus with air bronchogram sign, the length of lesion on the same plane and
direction, and the ratio between the length of the involved bronchus and that of the lesion were evaluated.
In total, there were 172 segmental and subsegmental bronchi involved. There were 62 segmental and subsegmental bronchi

involved among 39 lung cancer cases, 77 segmental and subsegmental bronchi involved among 43 tuberculosis cases, and 33
segmental and subsegmental bronchi involved among 23 pneumonia cases. The shape of the bronchi with air bronchogram sign
was significantly different among lung cancer, tuberculosis, and pneumonia (P< .05). The lumen of the bronchi with air bronchogram
sign was also significantly different among the 3 SPLs (P< .05). The length of the involved bronchus with air bronchogram sign and
the ratio between the length of the involved bronchus and that of the lesion were significantly different between lung cancer and
tuberculosis (P< .05), or between lung cancer and pneumonia (P< .05), but not between tuberculosis and pneumonia (P> .05). No
significant difference was found in the length of lesion among the 3 SPLs (P> .05).
The shape and lumen of the bronchi with air bronchogram sign can be used to distinguish lung cancer, tuberculosis, and

pneumonia. The length of the involved bronchus with air bronchogram sign and the ratio between the length of the involved bronchus
and that of the lesion can be used to distinguish lung cancer from tuberculosis and pneumonia.

Abbreviations: CT = computed tomography, SPLs = solitary pulmonary consolidation lesions.
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1. Introduction

With the development of helical computed tomography (CT),
solitary pulmonary consolidation lesions (SPLs) have been
increasingly detected in clinical practice.[1] The most common
SPLs include lung cancer, tuberculosis, and pneumonia.[2,3]

Differentiation of these 3 diseases using noninvasive methods
(such as CT scan) is important to avoid the unnecessary treatment
for noncancerous lesions.
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Some signs on CT can be used to distinguish lung cancer,
tuberculosis, and pneumonia when they manifest as SPLs.[3,4] For
example, some CT studies focused on morphological changes of
the lesion edges, internal characteristics, and the relationship of
the lesion to adjacent pulmonary vessels or bronchi.[5] The SPL
on CT showed radiolucent bronchi within lesions, manifesting as
air bronchogram sign. The air bronchogram sign was first
described by Fleischner[6] and named by Felson,[7] to distinguish
pulmonary parenchymal lesions from extrapulmonary processes
such as pleural effusion. Fleischner[6] demonstrated that airless
lung tissue surrounding normal open airways would result in the
radiographic effect. The expansion failure of airways and the
consolidation processes can induce the air bronchogram sign.[8]

Traditionally, the air bronchogram sign is used for diagnosis of
alveolar disease with rare exceptions.[3] In our study, the air
bronchogram sign was defined as an air-containing bronchus or
bronchioles within the SPL in lung cancer, bronchiectasis, and
pneumonia. To our knowledge, the length of air bronchogram
sign, the length of the lesion, and the ratio of between the length
of the involved bronchus and that of the lesion have not been
reported.
This study aims to analyze the CT features of the air

bronchogram sign and to investigate its role in the differentiation
of lung cancer, tuberculosis, and pneumonia. The shape and
lumen of the bronchi with air bronchogram sign, the length of the
involved bronchus with air bronchogram sign, the length of
lesion on the same plane and direction, and the ratio between the
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Table 1

Shapes of bronchi in different subgroups.

Shapes
∗

Disease type Normal Stiff Tortuous

Lung cancer (n=39) 10 (25.64%) 25 (64.10%) 4 (10.26%)
Tuberculosis (n=43) 14 (32.56%) 18 (41.86%) 11 (25.58%)
Pneumonia (n=23) 14 (60.87%) 9 (39.13%) 0 (0%)
∗
Chi-squared test was used. There were significant differences in bronchi shapes among the 3

subgroups.
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length of the involved bronchus and that of the lesion were
evaluated.

2. Materials and methods

2.1. Patient selection

This is a retrospective study. Patients with SPLs from April 2016
to December 2016 were enrolled in this study. They all
underwent CT scan. All patients were diagnosed by a review
of pathologic reports and clinical records, surgery, bronchoscopy
brushings, biopsy, pleural effusion test, and sputum culture.
Inclusion criteria: patients with pathologically or cytologically
confirmed lung cancer, tuberculosis, or pneumonia patients;
patients with a single solid lesion on CT. Exclusion criteria:
patients with multiple solid lesions on CT. Informed consent was
obtained from every patient and the study was approved by the
ethics review board of Shandong Provincial Chest Hospital.

2.2. CT protocols

All studies were performed using a 64-rowmulti-slice CT scanner
system (Ingenuity Core 128; FHILIPS Medical Systems, Bothell,
WA). All images were stored in digital formats. CT parameters
were as follow: tube voltage of 120 kV, tube current of 224mA,
matrix of 512�512mm, rotation time of 0.42 seconds, layer
thickness of 5mm, reconstruction thickness of 1mm, and
reconstruction interval of 1mm.

2.3. Imaging analysis

CT imagineswere assessed by 2 radiologists (HQand JY) blinded to
the study design using appropriate window setting to better display
the morphology of the air bronchogram sign and the maximum
length of the bronchus in the lesion. The evaluated air bronchogram
sign included the shape and lumen of the bronchi with air
bronchogram sign, the length of the involved bronchus with air
bronchogram sign, the length of lesion on the same plane and
direction, and the ratio between the length of the involved bronchus
and that of the lesion. The shape of bronchi was evaluated by
comparing to thatof thenormalbronchus in thecontralateral lungat
the same level. The ones with similar shape were defined as normal,
those with straight and stiff shape were defined as stiff, and those
with twisted shapewere definedas tortuous. The patterns of normal,
stiff, and tortuouswere scored consecutively (normal: 0point, stiff: 1
point, and tortuous 2 points). The diameter of the bronchus lumen
was compared to that of the normal bronchus in the contralateral
lung at the same level. The ones with similar lumen diameter were
defined as normal, those with expanded lumen diameter were
defined as expansion, those with narrowed lumen diameter were
defined as stenosis, and those with both narrowed and expanded
lumen diameter were defined as stenosis and expansion coexistence.
The lumen patterns were scored as follows: normal (0 point),
stenosis (1 point), expansion (2 points), and stenosis and expansion
coexistence (3 points). At the reconstructed plane,which showed the
longest diameter of the affected bronchus, the linear distance
between the proximal end of the bronchus and the end point of the
bronchus wasmeasured as the length of the involved bronchuswith
air bronchogram sign. The length of lesionwas alsomeasuredon the
same plane and direction.

2.4. Statistical analysis

SPSS (version 17, IBM Corp, Chicago, IL) software was used for
statistical analysis. Chi-squared test was used to analyze the
2

differences in unordered categorical variables. Analysis of
variance was performed to analyze differences in continuous
categorical variables of different groups. LSD was used for
comparison between 2 groups when there was significant
difference among 3 groups. P value< .05 was considered
statistically significant.
3. Results

3.1. Patients’ characteristics

In total, 105 patients with SPLs were included in this study. There
were 39 cases of lung cancer, 43 cases of tuberculosis, and 23
cases of pneumonia. The average age of patients with lung cancer,
tuberculosis, and pneumonia was 61.23±7.96 years (range: 42–
73 years), 29.02±14.44 years (range: 6–76 years), and 37.13±
16.31 years (range: 13–67 years), respectively. There were
significant differences in age among patients with different types
of diseases (P< .05). The male to female ratio in patients with
lung cancer, tuberculosis, and pneumonia was 26/13, 25/18, and
with 16/7. Statistically, there were no significant differences in
gender among patients with different types of diseases.
3.2. Imaging features of the air bronchogram sign

To differentiate between lung cancer, tuberculosis, and pneumo-
nia, the bronchial signs in single solid lesion of lung were
measured. Statistical analysis showed that the shape of the
bronchi in the lesion was different among patients with lung
cancer, tuberculosis, and pneumonia (P< .05) (Table 1). There
were 25 cases (64.10%) of lung cancers with the air bronchogram
sign presenting as stiff (Fig. 1), 14 cases (32.56%) of tuberculosis
with the air bronchogram sign presenting normal, 18 cases
(41.86%) of tuberculosis with the air Bronchogram sign
presenting stiff, and 14 cases (60.87%) of pneumonia with the
air Bronchogram sign presenting normal (Table 1).
Statistical analysis showed that the lumen of the bronchi in the

lesion was significantly different among patients with lung
cancer, tuberculosis, and pneumonia (P< .05) (Table 2). There
were 32 cases (82.05%) of lung cancers with the air bronchogram
sign presenting stenosis in lumen, 19 cases (44.19%) of
tuberculosis with the air bronchogram sign presenting expansion
in lumen (Fig. 2), and 14 cases (60.87%) of pneumonia with the
air bronchogram sign presenting normal in lumen (Fig. 3;
Table 2).
LSD analysis showed that the length of the involved bronchus

with air bronchogram sign was significantly different from
tuberculosis and pneumonia (P< .05) (Table 3). The length of the
involved bronchus with air bronchogram sign in pneumonia was
largest when compared with tuberculosis and lung cancer,
showing no statistically significance (P> .05). There was no
significant difference in the length of lesion between the 3



Figure 1. MPR shows the bronchus presenting stiff and stenosis in a lung cancer patient. In this image, the length of the involved bronchus with air bronchogram
sign was 19.8mm. The length of lesion on the same plane and direction was 42.4mm. MPR=multi-planner reformation.

Table 2

The lumen of bronchi in different subgroups.

Lumen
∗

Disease Normal Stenosis Expansion Stenosis and expansion coexist

Lung cancer (n=39) 3 (7.69%) 32 (82.05%) 3 (7.69%) 1 (2.56%)
Tuberculosis (n=43) 11 (25.58%) 9 (20.93%) 19 (44.19%) 4 (9.30%)
Pneumonia (n=23) 14 (60.87%) 5 (21.74%) 3 (13.04%) 1 (4.35%)
∗
Chi-squared test was used. There were significant differences in bronchi shapes among the 3 subgroups.
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subgroups (P> .05) (data not shown). The ratio between the
length of the involved bronchus and that of the lesion in lung
cancer was significantly different from that in tuberculosis and
pneumonia (P< .05) (Table 4), but the difference between
tuberculosis and pneumonia was not statistically significant.
4. Discussion

The SPL is defined as a single round or ovoid lesion within the
lung parenchyma in the absence of adenopathy, atelectasis, or
pneumonia.[9] The sharp or blurry borders are located completely
in pulmonary tissue. CT image shows thoracic abnormal
presentations in SPL lesions.
Themorphology of pulmonary lesions has been analyzed in the

past decade.[3,10] In particular, in many studies, radiographic
lesion density, lesion diameter, lesion margin characteristics,
relations between lesions and surrounding structures, and
enhancement have been investigated.[2,4] The 3D CT image of
lesions and anatomical structures are used to assess the
applicability of CT to the diagnosis of SPLs.[11] Although the
CT examination is indispensable for the detection or exclusion of
intrapulmonary lesions, as well as the location, size and extension
of SPLs, SPLs can seldom be diagnosed by CT image alone.[12]
3

Unless fairly conclusive evidence is obtained from medical
history, physical examination, laboratory studies, endoscopy,
fluoroscopy, and/or angiocardiography, exploratory thoracoto-
my is necessary for diagnosis except unusual conditions.[12]

CT can detect air bronchogram sign both in SPLs and
pulmonary nodules.[13,14] Gaeta et al[13] reported that the
frequency of the air bronchogram sign in SPL on thin section
CT was 66.7%. Kuriyama et al[15] reported that in a group of
SPLs presenting as 40 nodules on CT with 1.5 to 2.0mm of
diameter, 14 had air bronchogram (35.0%). Kui et al[16] showed
that of 132 cases of SPLs, 34 had air bronchogram sign (27.5%).
The above studies show that more than 25% of SPLs may have
air bronchogram sign on conventional or thin section CT, and
that various sized nodules and masses may also have air
bronchogram sign. The morphology of the air bronchogram
within an SPL may provide information on the pathogenicity of
the lesion. Previous authors have noted the morphology of
aerated bronchi in the air bronchogram sign.[17,18] Gaete et al[17]

reported that thin-section CT was a valuable tool for
demonstrating the type of tumor–bronchi relationship and
predicting the results of transbronchial forceps biopsy and
bronchial brushing in solitary pulmonary nodule associated with
a positive bronchus sign. Lee et al[19] studied tubular constriction

http://www.md-journal.com


Figure 2. MPR shows the bronchus presenting stiff and expansion in a tuberculosis patient.
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of the airways due to bronchial encasement and constriction by
the malignant cells and the author concluded that the air
bronchogram sign may be helpful in the diagnosis of neoplasms.
Kui et al[16] showed that the encased bronchi exhibited 4
morphologic patterns and that when evaluating a solitary
pulmonary nodule with CT, attention should be paid to the
presence of the air bronchogram sign and the morphology of the
bronchi for differential diagnosis.[16]

In our study, we assessed the role of air bronchogram sign in
the diagnosis of the SPL lesions. The bronchus may remain
unchanged in a tubular shape, or may be altered and become stiff
and tortuous.[16,18] The lumen of bronchi may also remain
normal diameter, or may present stenosis, expansion, stenosis,
and co-existing expansion.[16,18] In this study, the stiff and
stenosis types appeared to be associated with lung cancer, while
4

the normal morphology was seen in pneumonia. In addition to
the morphology of the aerated bronchi in the SPL, we also
recorded the length of the bronchi involvement and the length
of lesions at the same level of reconstruction, and then
calculated their ratio. We found that the length of the air
bronchogram sign was shorter in lung cancer than that of
tuberculosis and pneumonia. If the tumor simply surrounds the
bronchi, the bronchial shape may not change.[20] Once the
tumor invades the bronchial wall, especially the cartilaginous
or elastic layer, the bronchi may present not only as cut-off due
to strangulation and obliteration, but also as tortuous and
ecstatic.[20] On the other hand, benign lesions usually have a
capsule or contain structure-less materials like necrosis.[4]

These factors may prevent the benign lesions from integrating
the patent bronchus.[4]



Figure 3. MPR shows the bronchus presenting normal in a pneumonia patient. The bronchus in the lower segment of the left upper lobe was affected.

Table 3

The length of the involved bronchus with air bronchogram sign in different subgroups.

Length, mm Mean±SD Min Max Comparison 95% Confidence intervals P

Lung cancer (n=39) 19.82±13.62 3.1 69.1 Pneumonia–tuberculosis �7.385 7.677 >.05
Tuberculosis (n=43) 29.55±16.92 8.4 77 Pneumonia–lung cancer 2.212 17.540 <.05
Pneumonia (n=23) 29.70±11.60 11.1 55 Tuberculosis–lung cancer 3.284 16.176 <.05

Analysis of variance was used followed by LSD.
LSD= least significant difference, Max=maximum, Min=minimum, SD= standard deviation.
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There are some limitations. First, there were only 3 types of
pulmonary parenchymal diseases involved in our study and
the disease type was relatively small. Second, the pathological
types of lung cancer, the disease course of TB, and different
types of infections in pneumonia were not differentiated.
Third, the sample size was relatively small. Further studies are
warranted.
Table 4

The ratio between the length of the involved bronchus and that of th

Length, mm Mean±SD Min Max

Lung cancer (n=39) 0.57±0.48 0.09 1 Pneu
Tuberculosis (n=43) 0.73±0.27 0.16 1 Pneu
Pneumonia (n=23) 0.81±0.22 0.34 1 Tube

Analysis of variance was used followed by LSD.
Max=maximum, Min=minimum, SD= standard deviation.

5

In conclusion, radiology plays a crucial role in the evaluation of
SPLs. The air bronchogram sign in an SPL is well shown on CT.
This study found that the length of air bronchogram signs, the
length of the lesion, and the length ratios could be used to
differentiate lung cancer, tuberculosis, and pneumonia from each
other. A diagnostic procedure based on the air bronchogram sign
should be developed and standardized in the future.
e lesion length in different subgroups.

Comparison 95% Confidence intervals P

monia–tuberculosis �0.099 0.26 >.05
monia–lung cancer 0.056 0.428 <.05
rculosis–lung cancer 0.003 0.316 <.05
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