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Abstract

Introduction: Tracheobronchial tumours usually cause an airway obstruction and secondary
pulmonary infections. Although rare, they are animportant differential diagnosis as they may mimic
other conditions and diseases. This paper aims to analyse clinical, radiological and histological
characteristics of the patients with tracheobronchial tumours diagnosed for a period of 7 years.
Materials and Methods: In this retrospective, observational study, we carefully reviewed 65
patients who were diagnosed with tracheal and endobronchial tumours, and performed statistical
analysis on the results. Results: Among these 65 patients (36 men and 29 women) with a mean
age of 48.8 years (range, 15 to 75), 50 had malignant tumours while 15 had benign ones. The
most common symptoms were cough, chest pain and haemoptysis. Cough was a more frequent
symptom in patients with benign tumours (P <0.0014). Only 2 patients were asymptomatic.
Tumours were predominantly localised in the large airways (46 in large bronchi and 2 in trachea).
The most common radiological manifestation of malignant tumours was tumour mass (46%)
followed by atelectasis. One third benign tumour caused atelectasis, while tumour mass and
consolidation were found in 3 patients each. Computerised tomography revealed endoluminal
tumour mass in 29.2% of the cases, which was more frequently found in benign than malignant
tumours (47% vs 24%, respectively). On bronchoscopy, tumours were visible in 73% and 70%
benign and malignant cases respectively. Conclusion: Tracheobronchial tumours should be
ruled as a possible diagnosis in patients with cough, haemoptysis, dyspnoea and chest pain. The
imaging techniques and histological examination of the tissue would subsequently lead to correct

diagnosis and proper treatment can be administered.
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Introduction

Tracheobronchial tumours can occur in the form of
a variety of benign or low- and high-grade malignant
tumours. The symptoms of an endobronchial tumour
depend on mechanical factors rather than its pathological
characteristics. Clinically, these tumours usually cause an
airway obstruction and secondary pulmonary infections,
though the characteristics are non-specific. The patient
usually seeks treatment because of cough and haemoptysis,
chest pain, dyspnoea on exertion, localised wheezing,
recurrent pneumonia or atelectasis due to the obstruction
of airway. If there is no obstruction, the patient may
be asymptomatic."? Delays in diagnosis of tracheal or

endobronchial tumours commonly occur due to negative
chest x-ray findings and non-specific symptoms.

Intheearlystages, bothbenignandmalignantendobronchial
tumours have similar signs and symptoms. The radiological
findings may include a normal chest radiograph, a solitary
pulmonary nodule, or bronchial obstruction with distal
atelectasis or consolidation.!* Computerised tomography
(CT) provides precise information about the extent of a
tumour, which is important for planning a surgical resection.
More importantly, CT findings can exclude contiguous
mediastinal and parenchymal lung involvement. Accurate
diagnosis of benign endobronchial tumours is important
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because bronchoscopic tumour removal may be sufficient as
radical treatment.”* We retrospectively reviewed 65 cases of
primary tracheobronchial tumours that have been diagnosed
at our institution. Clinical characteristics, radiological and
histological features of these rare tumours are described.

Materials and Methods

From 1 January 2002 to 31 December 2008, 10,995
patients with primary pulmonary tumours were diagnosed
andtreated atthe Institute of Lung Diseases and Tuberculosis
of the Clinical Centre of Serbia in Belgrade, Serbia. The
series included 65 patients with tracheobronchial tumours
(2 tracheal and 63 endobronchial) whom we have carefully
reviewed for clinical, radiological and histological features.

The chest radiographs were obtained by using a standard
posteroanterior and lateral projection. The majority of CT
scans were obtained by Somatom 4 Plus scanner (Siemens
Medical Systems, Erlangen, Germany). The helical
technique (5 to 10 mm collimation) was used and covered
the area from the lung apices to the middle portion of both
kidneys. Additional thin-section (1.0 mm collimation) scans
were obtained when the lesion was a solitary nodule.

In 2 patients, multi-detector CT with 1.2 mm images of
the thorax was made for 3-dimensional (3D) reconstruction
and virtual bronchoscopy (VB). We used bolus injections
of intravenous contrast medium as indicated to clarify hilar
vascular anatomy. The chest radiographs and CT scans
were analysed simultaneously. The analysis of the chest
radiographs included location of the main tumour and
examination for the presence of post-obstructive pneumonia
or atelectasis. When there was no evidence of associated
post obstructive pneumonia or atelectasis, the lesion was
regarded as a solitary nodule (less than 3 cm in diameter)
or as a mass (3 cm or more in diameter). The CT analysis
included determination of the airway location, shape, and
size and determination of the attenuation coefficient of the
tumour. By their location, tumours were subcategorised to
tracheal and bronchial, and the latter one to main, lobar,
segmental, or subsegmental tumour. All tumours were
histologically diagnosed on tissue samples obtained by
bronchoscopy, transthoracic biopsy or surgery.

Histological diagnosis was made routinely on
haematoxylin-eosin paraffin block sections. When
necessary, imunohistochemistry was performed to define the
histological type of the tumour, which has been determined
according to the World Health Organization classification
of the lung tumours 2004.°

Statistical Package for the Social Sciences (SPSS) for
Windows version 16.0 was used to perform statistical
analysis. The mean values were compared by variance
analysis. We evaluated qualitative features by contingency
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table analysis and the non-parametric x> test. A P value
of less than or equal to 0.05 was considered to indicate a
statistically significant difference. Odds ratios, estimated
with univariate logistic regression, were used to summarise
the association of patients’ symptoms and radiological
manifestation of endobronchial tumours and whether the
probability of some radiological findings is the same in
benign and malignant tumours.

Results

During the observed 7-year period, a total of 10,955
patients were diagnosed with primary pulmonary tumours
and in 65 cases (0.6%) they were primary tracheobronchial
tumours. The latter have been an interest for analysis.
Patients’ characteristics and clinical profiles of the study
group with slight female predominance (55.4%) are showed
in the Table 1.

Clinical Characteristics

The patients’ mean age was 48.8 years (range, 15 to 75
years). We reviewed 50 patients with malignant tumours
and 15 with benign tumours accounting for 0.45% and
0.13%, respectively of all lung tumours diagnosed over the
same period. Pathological analysis revealed 10 different
histological types (Table 2). Carcinoid tumour was the
most common type of malignant tumours (Fig.1). Seven
out of 15 benign tumours were lipoma. Tracheobronhial

Table 1. Patients’ Characteristics and Clinical Presentation of Malignant
and Benign Tracheobronchial Tumours

Type of Tumour
Characteristic P value
Malignant Benign
Age in years 46 (15 to 75) 58 (46 to 70) P <0.004
(range)
Sex N (%) N (%)
Male 22 (44) 7 (46.7)
Female 28 (56) 8(53.2)
Patients with 50 (98) 14 (93.3)
Ssymptoms
Patients without 1 (2.0) 1(6.6)
symptoms
Symptoms
Cough 25 (50) 13 (86.7) P <0.014
Haemoptysis 14 (28) 5(33.3)
Pain 21(42) 9 (60)
Dyspnoea 13 (26) 4(26.7)
Fever 14 (28) 4(26.7)
Wheezing 7 (14) 3(20)
Symptoms’
13.71 £ 15.42 19.28 £25.1
duration in 2 t0 60 1 to 84 P >0.05
months (210 60) (1t084)
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Table 2. Tracheobronchial Tumours by Histological Type

Type of Tumuor Number %
Malignant 50 76.9
Carcinoid 42 64.7
Squamous cell carcinoma 2 3.1
Adenocarcinoma 1 1.5
Small cell carcinoma 1 1.5
Mucoepidermoid carcinoma 2 3
Adenoid cystic carcinoma of trachea 2 3
Benign 15 23
Lipoma 7 10.8
Hamartoma 4 6.2
Papilloma 1 1.5
Mucous gland adenoma 1 1.5
Leiomyoma 1 L5 Fig. 3. Atelectasis ofthe left lung in patient with carcinoid tumour. Contrast-
Myofibroblastic tumour 1 1.5 enhanced CT scan shows endobronchial mass (arrowhead) obstructing
Total 65 100 left upper lobe bronchus.
)
Fig. 1. Microphotograph of carcinoid tumour covered by respiratory Fig. 4A. Chest CT in a patient with lipoma shows round tumour in
epithelium, Staining H&E, magnification x20. Morphology of carcinoid: bronchus intermedius and signs of inflammation.

organoid and trabecular, rarely acinar pattern of uniform, cuboidal cells
without nuclear polimorfism and promininet nucleoli. Fibrovascular septa
are present between groups of carcinoid tumour cells. There is no necrosis.

Fig. 2. Chest computed tomography (CT) in lung window setting shows -
oval, slightly lobulated mass close to the posterior segmental bronchus of Fig. 4B. Image of the same patient in soft tissue setting shows endobronchial
the right upper lobe. mass of fat density (circle).
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Table 3. Chest X-ray Findings of Tracheobronchial Tumours by Type

Tumour type

Findings

Malignant Benign
Normal 2 (4%) 1 (6.7%)
Atelectasis 9 (18%) 5(33.3%)
Mass 23 (46%) 3(20.0%)
Nodule 7 (14%) 2(13.3%)
Consolidation 5 (10%) 3 (20.0%)
Pleural effusion 3 (6%) 0
Hyperlucency 1 (2%) 1 (6.7%)
Total 50 (100%) 15 (100%)

tumours were localised in large airways predominantly on
theleftside (41/63). The location was as follows: right main
bronchus 1, right upper lobe 4, right middle bronchus 7,
right lower lobe 10, left main bronchus 8, left lower lobe
bronchus 22, left upper lobe bronchus 11, trachea 2.

Symptoms were present in all the patients but 1 with
malignant tumour and 1 with benign tumour (Table 1). For
these 2 patients, the tumours were revealed incidentally
through abnormal chest x-ray finding. Cough, chest pain
and haemoptysis were the most common symptoms in both
groups. Cough was more frequent in patients with benign
tumours (P <0.014) especially in those with atelectasis.
The presence of atelectasis in patients with cough was 1.6
times more suggestive of benign tumour than malignant
one (OR: 1.603).
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Radiological Characteristics

Mostcommonly, malignant tumours have been presented
as tumour mass on chest x-ray and thoracic CT in 46%
(Fig. 2), followed by atelectasis in 18% (Fig. 3). One third
of the benign tumours have been presented as atelectasis
followed by tumour mass and consolidation (3 each)
(Figs. 4A and 4B, Table 3). The presence of tumour mass
increased the likelihood of its malignancy by about 3.5
times (OR: 3.45) (Table 4). Computerised tomography
revealed endoluminal tumour mass in 7 (46.7%) patients
with benign tumours, and 12 (24%) patients with malignant
tumours. Endoluminal tumour was revealed in 9 patients
with atelectasis, in 3 patients with normal chest x-ray and in
patients with consolidation and hyperinflation (2 each). In 3
of 26 patients with radiographically detected tumour mass,
CTalsorevealed endoluminal tumour. Virtual bronchoscopy
was performed in only 2 of our patients (Figs. 5A and 5B).

Bronchoscopic Findings

On bronchoscopy, tumours were visible in 11 (73%)
benign cases and 35 (70%) malignant cases. Signs
of inflammation were detected in 3 malignant cases.
Extraluminal compression was observed in 1 patient with
benign tumour. Fifty-eight patients underwent surgery
(44 lobectomies, 5 bronchotomies, 6 tumour extirpations,
2 tracheal resections) and in 4 cases, the tumours were
removed bronchoscopically. In 3 patients, the tumour
were unresectable. Diagnosis was made on tissue samples
obtained through bronchoscopy in 50 patients, through
surgically resected material in 12, through thoracoscopy
in 2, and through percutaneous transthoracic biopsy in 1.

Table 4. Probability of Some Radiological Findings in Benign and Malignant Tumours

2

Chest X-ray Malienant Benien X Odds Ratio (CI +95%)
findings & & P value Malignant vs Benign
OR: 0.596 (95% CI, 0.05 to 7.07)
Normal 2 (4.09 1(6.79 P =0.681
orma (4.0%) (6.7%) RR: 95% CI: 0.0596 < RR<6.2913
. OR: 0.450 (95% CI, 0.12 to 1.64)
Atelect 9. (18.4 5(33.3° P=0219
clectasts (18.4%) (33.3%) RR: 95% CI: 0.2179 < RR<1.3934
OR: 3.450 (95% CI, 0.73 to 16.35)
0, 0, =
Tumour Mass 23 (46%) 3 (20.0%) P =0.063 RR: 9591 C1: 0,817 < RR 62408
OR: 1.083 (95% CI, 0.19 to 5.87)
Nodul 7(14.3° 2 (13.3% P =0.926
odule (14.3%) (13.3%) RR: 95% CI: 0.2485 < RR < 4.619
oy OR: 0.454 (95% CI, 0.08 to 1.95)
Consolidat 5(9.39 3 (20.0° P=0315
onsohidation ©-3%) (20.0%) RR: 95% CI: 0.1378 < RR < 1.8896
Pleural eftusion 3 (6%) 0 no testing no testing
OR: 0.292 (95% CI, 0.02 to 4.96
Hyperlucency 12%) 1(6.7%) P =0.367 (95% C1, 0.021t0 4.96)

RR: 95% CI: 0.0204 < RR < 4.6047

McNemar’s Test = 44.3077, df = 1, P <0.0001
Odds ratio: 3.4500 (95% CI, 0.7280 to 16.3500)
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Fig. 5A. Chest CT in patient with carcinoid tumour. CT scan shows tumour
mass in left main bronchus (arrows).

Fig. 5B. Virtual bronchoscopy of the same patient shows a tan spherical,
smooth-surfaced tumour in left main bronchus (arrows).

Discussion

We presented a series of 65 primary tracheobronchial
tumours, which are rare neoplasms found in the trachea,
carinal and endobronchial regions. It was possible to obtain
such a series owing to a large number of patients referred to
our teaching hospital. Although tracheobronchial tumours
represented only 0.6% of all the pulmonary tumours, they
are clinically very important. They often mimic asthma,
chronic obstructive pulmonary disease or other malignant
neoplasms, and could potentially lead to complete bronchus
destruction and/or parenchymal damage due to post-
obstructive pneumonia.*®

Most tumours of the tracheobronchial tree are malignant?
and our study confirmed this. Our results showed that the
patients with malignant tumours were significantly younger
than those with benign ones (P <0.004). However, due
to the small number of benign cases, the result needs to
be further examined with a larger sample size. Among
malignant tumours in our series, tumours with low-grade
malignancy were dominant (92%) with carcinoid tumour
being the most common.

We found 30 central and 12 peripheral carcinoids. Central
bronchial carcinoids most frequently manifested as a hilar
or perihilar mass. The mass is usually a well-defined, round
orovoidlesion and may be slightly lobulated atradiography
and CT. Because of the central location of carcinoids, initial
radiographs may demonstrate findings related to bronchial
obstruction while the other radiographical findings are less
common and non-specific. Bronchoscopy enables location
like this, as in the majority of these tumours, reachable.
They have a characteristic bronchoscopic appearance.”s

Peripheral carcinoids manifested mostly as nodules (6 of
our cases) followed by non-segmental infiltrates and pleural
effusion (3 each). These findings are concordant to those
previously reported.””!* Other malignant endobronchial
tumours with low-grade malignancy were less frequent and
included mucoepidermoid carcinoma and tracheal adenoid
cystic carcinoma. Patients with mucoepidermoid carcinoma
had non-specific symptoms and radiological features.!*!
Patients with tracheal tumours experienced wheezing and
dyspnoea. Though the chest x-ray appears normal, CT
however, revealed the presence of endotracheal tumour.
Tracheal tumours are rare. Reported frequencies ranged
from 0.075% in autopsy series to 0.19% of all the patients
with malignancy of the respiratory tract.!¢!8

Adenoid cystic carcinoma is the second most common
primary tracheal tumour next to squamous cell carcinoma. It
should be considered as differential diagnosis, particularly in
younger adults.'”?! High-grade endobronchial tumours were
diagnosed in only 8% of our patients and corresponded to
primary lung carcinoma. Their clinical and radiographical
features were indistinguishable from other endobronchial
malignant tumours. Secondary malignant tumours occuras a
result of either haematogenous metastasis or direct invasion
by amalignancy from an adjacent structure. Haematogenous
metastases usually originate from renal cell carcinoma,
breast cancer, colon cancer, hepatocellular carcinoma, or
melanoma. Their CT manifestations are similar to those of
primary malignant tumours.?

Benign tracheobronchial tumours in our study are even
more rare compared to malignant ones, accounting for just
0.13%(15/10,995) of all the primary pulmonary tumours in
our series—similar frequency as reported in the literature.?
These tumours are quite different and not concentrated in
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several groups as the malignant ones. Unlike malignant
tumours, many benign neoplasms are slow growing and
present with symptoms of bronchial obstruction. !4

Most commonly, our patients sought treatment because of
cough, chest pain and haemoptysis.?® The duration of their
symptoms were very similar to those reported in literature.*
The clinical and radiographical features of these tumours
may resemble malignant tumours. The radiographical
findings are usually non-specific and may include atelectasis,
pneumonia, bronchiectasis, and mediastinal shifts.!**

In our study, 10 patients with benign tumours have had
recurrent pneumonia in the same lung lobe before definitive
diagnosis and 2 were misdiagnosed as having asthma.
Possible presence of tracheobronchial tumour should be
keptin mind when ‘asthmatic’ patient experienced repeated
pulmonary infection at the same location with or without
atelectasis. Early recognition and diagnosis of benign
endobronchial lesions may allow conservative treatment
and favourable disease outcome.!*?’ Therefore, a cross-
sectional CT imaging is an important and complementary
tool with bronchoscopy although it underestimates the
extent of submucosal invasion.

In 7 benign and 12 malignant cases, CT showed
endoluminal mass that explained the cause of radiological
findings. CT features are helpful in definitive diagnosis
of fatty tumour within the bronchial lumen because CT
is highly specific and sensitive in fat detection.?”*! Four
of our patients had benign endoluminal tumour of fatty
density. Virtual bronchoscopy (VB) performed in only 2 of
our patients, is a 3-dimensional reconstruction that shows a
real-like anatomical view of the tracheobronchial tree. This
imaging method is accurate, non-invasive for evaluating
obstructions, endoluminal masses and poststenotic areas
within the airway. VB has some disadvantages: it lacks the
detail of real bronchoscopy and does not show mucosal or
submucosal extensions.

However, this imaging modality provides information
regarding bronchial and peribronchial anatomy that
may be beneficial in the management of patients with
tracheobronchial tumours.*** Because of the predominant
location of these tumours in the large bronchus,
bronchoscopic examination and biopsy were necessary in
the confirmation of diagnosis.*** In 76.9% of our patients,
diagnosis was made on tissue samples obtained through
bronchoscopy. Various histological types of primary lung
tumours with endoluminal growth pattern were diagnosed.
Benign and malignant lung tumours of both epithelial and
mesenchymal origin were histologically diagnosed. A
fluorine 18 fluorodeoxyglucose (FDG) positron emission
tomography (PET) is increasingly used in the diagnostic
work-up of various tumours that are suspected of being
malignant. At FDG PET, most squamous cell carcinomas
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show high uptake, whereas adenoid cystic carcinoma
and mucoepidermoid carcinoma show variable uptake
depending on the grade of differentiation. Carcinoid tumours
usually have a lower uptake at FDG PET than what would
be expected of a malignant tumour.*

We hope that our paper increases clinicians’ awareness
on tracheobronchial tumours which can mimic bronchial
asthma or recurrent pulmonary infections. Careful
clinical evaluation and imaging together with endoscopic
examination are necessary for the confirmation of
endoluminal tracheobronchial lesions. Knowledge of the
CT characteristics and PET manifestations of tumours
in the tracheobronchial tree can aid in the diagnosis and
differentiation of malignant tumours from benign ones.
Henceforth, proper treatment can be administered.

Acknowledgements

This work was supported by the Ministry of Science and Technological
Development of Serbia, contracts No. 175046, and 175095, 2011 to 2014.

REFERENCES

1. XuLT,SunZF, LiZJ, WuLH, Zhang ZY, Yu XQ. Clinical and pathologic
characteristics in patients with tracheobronchial tumor: Report of 50
patients. Ann Thorac Surg 1987;43:276-8.

2. Ko JM, Jung JI, Park SH, Lee KY, Chung MH, Ahn MI, et al. Benign
tumors of the tracheobronchial tree: CT-pathologic correlation. Am J
Roentgenol 2006;186:1304-13.

3. XuLT, SunZF, Li ZJ. Tracheobronchial tumors: An eighteen-year series
from Capital Hospital, Peking, China. Ann Thorac Surg 1983;35:590-6.

4. Takeda S, Hashimoto T, Kusu T, Kawamura T, Nojiri T, Funakoshi Y,
et al. Management and surgical resection for tracheobronchial tumors
— institutional experience with 12 patients. Interact Cardiovasc Thorac
Surg 2007;6:484-9.

5. Travis WD, Brambilla E, Muller-Hermelink HK, Harris CC. World
Health Organization Classification of Tumours. Pathology and genetics
of tumours of the lung, pleura, thymus and heart. Lyon: IARC Press,
2004.

6. Milenkovic B, Stojsic J, Mandaric D, Stevic R. Mucous gland adenoma
simulating bronchial asthma: case report and literature review. J Asthma
2007;44:789-93.

7. Hage R, de la Riviére AB, Seldenrijk CA, van den Bosch JM. Update
in pulmonary carcinoid tumors: a review article. Ann Surg Oncol
2003;10:697-704.

8. Luckraz H, Amer K, Thomas L, Gibbs A, Butchart EG. Long-term
outcome of bronchoscopically resected endobronchial typical carcinoid
tumors. J Thorac Cardiovasc Surg 2006;132:113-5.

9. Fink G, Krelbaum T, Yellin A, Bendayan D, Saute M, Glazer M, et al.
Pulmonary carcinoid presentation, diagnosis, and outcome in 142 cases in
Israel and review of 640 cases from the literature. Chest 2001;119:1647-
S1.

10. KaramBM, Zahirifard S, Tahbaz MO, Kaynama K, Tolou F, Jabari Darjani
H. Bronchial carcinoid tumors: clinical and radiological findings in 21
patients. Iran J Radiol 2005;2:111-6.



211

20.

21.

22.

23.

24.

25.

26.

Tracheobronchial Tumours—Ruza Stevic et al

. Jeung MY, Gasser B, Gangi A, Charneau D, Ducroq X, Kessler R, et al.

Bronchial carcinoid tumors of the thorax: spectrum of radiologic findings.
Radiographics 2002;22:351-65.

. Cardillo G, Sera F, Di Martino M, Graziano P, Giunti R, Carbone L, et

al. Bronchial carcinoid tumors: nodal status and long-term survival after
resection. Ann Thorac Surg 2004;77:1781-5.

. Choplin RH, Kawamoto EH, Dyer RB, Geisinger KR, Mills SE, Pope TL.

Atypical carcinoid of the lung: radiographic features. Am J Roentgenol
1986;146:665-8.

. Yang CS, Kuo KT, Chou TY, Lin CM, Hsu WH, Huang MH, et al.

Mucoepidermoid tumors of the lung: analysis of 11 cases. J Chin Med
Assoc 2004;67:565-70.

. Kim TS, Lee KS, Han J, Im JG, Seo JB, Kim JS, et al. Mucoepidermoid

carcinoma of the tracheobronchial tree: radiographic and CT findings in
12 patients. Radiology 1999;212:643-8.

. Compeau CG, Keshavjee S. Management of tracheal neoplasms.

Oncologist 1996;1:347-53.

. LichtPB, Friis S, Pettersson G. Tracheal cancer in Denmark: a nationwide

study. Eur J Cardiothorac Surg 2001;19:339-45.

. Li W, Ellerbroek NA, Libshitz HI. Primary malignant tumors of the

trachea: a radiologic and clinical study. Cancer 1990;66:894-9.

. Kwak SH, Lee KS, Chung MJ, Jeong YJ, Kim GJ, Kwon OJ. Adenoid

cystic carcinomaoftheairways: helical CT and histopathologic correlation.
Am J Roentgenol 2004;183:277-81.

Maziak DE, Todd TR, Keshavjee SH, Winton TL, Van Nostrand P, Pearson
FG. Adenoid cystic carcinoma of the airway: thirty-two-year experience.
J Thorac Cardiovasc Surg 1996;112:1522-32.

Albers E, Lawrie T, Harrell JH, Yi ES. Tracheobronchial adenoid cystic
carcinoma: a clinicopathologic study of 14 cases. Chest2004;125:1160-5.
Litzky L. Epithelial and soft tissue tumors of the tracheobronchial tree.
Chest Surg Clin N Am 2003;13:1-40.

White SH, Ibrahim NB, Forrester-Wood CP, Jeyasingham K. Leiomyomas
of the lower respiratory tract. Thorax 1985;40:306-11.

AhnJM, ImJG, SeoJW,Han HS, Yoon HK, Kim WS, etal. Endobronchial
hamartoma: CT findings in three patients. Am J Roentgenol 1994;163:49-
50.

Cosio BG, Villena V, Echave-Sustaeta J, de Miguel E, Alfaro J, Hernandez
L, et al. Endobronchial hamartoma. Chest 2002;122:202-5.

Gaissert HA, Mark EJ. Tracheobronchial gland tumors. Cancer Control.
2006;13:286-94.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Muraoka M, Oka T, Akamine S, Nagayasu T, Iseki M, Suyama N, et al.
Endobronchial lipoma: a review of 64 cases reported in Japan. Chest
2003;123:293-6.

Naidich DP, Lee JJ, Garay SM, McCauley DI, Aranda CP, Boyd AD.
Comparison of CT and fiberoptic bronchoscopy in the evaluation of
bronchial diseases. Am J Roentgenol 1987;148:1-7.

Mayr B, Ingrisch H, Haussinger K, Huber RM, Sunder-Plassmann
L. Tumors of the bronchi: role of evaluation with CT. Radiology
1989;172:647-52.

Kim YK, Kim H, Lee KS, Han J, Yi CA, Kim J, et al. Airway leiomyoma:
Imaging findings and histopathologic comparisons in 13 patients. Am J
Roentgenol 2007;189:393-9.

Matal, CaceresJ, FerrerJ, GomezE, Castaner F, Velayos A. Endobronchial
lipoma: CT diagnosis. J] Comput Assist Tomogr 1991;15:750-1.

Ferretti GR, Thony F, Bosson JL, Pison C, Arbib F, Coulomb M. Benign
abnormalities and carcinoid tumors of the central airways. Diagnostic
impact of CT bronchography. Am J Roentgenol 2000;174:1307-13.

Finkelstein SE, Schrump DS, Nguyen DM, Hewitt SM, Kunst TF, Summers
RM. Comparative evaluation of super high-resolution CT scan and virtual
bronchoscopy for the detection of tracheobronchial malignancies. Chest
2003;124:1834-40.

Chen Q, Goo JM, Seo JB, Chung MJ, Lee YJ, Im JG. Evaluation of
tracheobronchial diseases: comparison of different imaging techniques.
Korean J Radiol 2000;1:135-41.

Boiselle PM, Ernst A. Recent advances in central airway imaging. Chest
2002;121:1651-60.

Shah H, Garbe L, Nussbaum E, Dumon JF, Chiodera PL, Cavaliere S.
Benign tumors of the tracheo-bronchial tree: endoscopic characteristics
and role of laser resection. Chest 1995;107:1744-51.

Caglayan B, Akturk UA, Fidan A, Salepci B, Ozdogan S, Sarac G, et
al. Transbronchial needle aspiration in the diagnosis of endobronchial
malignant lesions: a 3-year experience. Chest 2005;128:704-8.
DasguptaA, Jain P, Minai OA, Sandur S, Meli Y, Arroliga AC, etal. Utility
of transbronchial needle aspiration in the diagnosis of endobronchial
lesions. Chest 1999;115:1237-41.

Park CM, Goo JM, Lee HJ, Kim MA , Lee CH , Kang MJ. Tumors in
the tracheobronchial tree: CT and FDG PET features. Radiographics
2009;29:55-71.

Annals Academy of Medicine



