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Background: Tracheobronchopathia osteochondroplastica (TPO) is characterized by the presence of
diffuse cartilaginous or bony submucosal nodules that lead to airway lumen narrowing. So far, there was
no study in South Korea analysing a large number of TPO patients. We aimed to elucidate its treatment
strategy and clinical course by analysing the characteristics of TPO patients.

Methods: In this retrospective study, we reviewed the clinical data of 40 patients diagnosed with TPO by
bronchoscopy between October 1997 and April 2019 at a single referral hospital.

Results: Of the 40 patients, 26 (65.0%) were male and the median age was 63.0 years. The most common
symptom was cough (n=12, 30%). Pulmonary function test (PFT) revealed an obstructive pattern in 10
(25.7%) patients. Chest computed tomography (CT) scan showed 23 (62.6%) patients with diffuse narrowing
and calcified nodules. In bronchoscopy, the entire trachea was found to be involved in 30 (75.0%) patients
and airway narrowing was identified in 6 (15.0%) patients. Endobronchial biopsies were obtained from 15
patients and the most common findings included typical cartilaginous and bony tissues (n=14, 93.3%). Since
most patients were asymptomatic or had mild symptoms, they did not undergo any specific treatment. Of the
19 symptomatic patients, 2 (5.0%) patients received laser therapy for treating tracheal stenosis.
Conclusions: TPO is a slowly progressing disease and is well managed with conservative therapies.
Although TPO shows a distinctive pattern by bronchoscopy, it follows a benign clinical course.
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observed TPO in autopsy specimens, which was diagnosed
as tuberculosis in the 19th century (4).
TPO was mostly found incidentally at autopsy due to

Introduction

Tracheobronchopathia osteochondroplastica (TPO) is an

idiopathic benign disease characterized by the presence
of diffuse cartilaginous or bony submucosal nodules
protruding into the tracheobronchial lumen. The posterior
membranous wall is distinctively spared because the nodules
mainly originate in airway cartilages (1). TPO is rarely
identified by bronchoscopy or chest computed tomography
(CT) with a reported incidence of approximately 0.3%
(371,000 autopsies) (2,3). The English physician, Wilks, first
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its benign and asymptomatic nature. However, it could
be associated with specific symptoms, such as recurrent
pneumonia, foreign-body sensation, and pleuritic chest pain (5).
Since a better description of the disease and various
diagnostic techniques are currently available, TPO is being
more widely recognized (1).

Most large studies were conducted by Western countries,
China, and Japan, leading to a better understanding of
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the clinical characteristics of TPO (5-7). Since most TPO
patients were studied as case reports in South Korea, there
was no data on large patient groups. Therefore, we aimed
to analyse the clinical manifestation of TPO in 40 patients
to identify its treatment strategy and clinical course.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-1898).

Methods
Study population

In this retrospective study, we reviewed the clinical
data of 40 patients who were diagnosed with TPO by
bronchoscopy with or without histopathologic findings
between October 1997 and April 2019 at a single referral
hospital (Samsung Medical Center, Seoul, Republic of
Korea). The inclusion criteria were the presence of typical
endoscopic findings of TPO (6). The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The institutional review board of the Samsung
Medical Center approved this study IRB No. 2020-03-035-
001). Patient consents were not needed because the study
was retrospective in nature.

Definition and data collection

TPO is defined by the presence of white or yellow
coloured multiple cartilaginous or bony nodules on the
wall of the tracheobronchial lumen excluding membranous
parts measuring 1 to 6 mm in diameter by bronchoscopy
with or without histopathologic results (1,8,9). We
divided TPO into the following three stages according
to the bronchoscopic visualization characteristics and
histopathologic results: Stage I (early stage, mild grade),
Stage II (middle stage, moderate grade), and Stage III (late
stage, severe grade) (7). Histopathologic results of TPO
showed the presence of either cartilage or bone in the
submucosa of biopsy specimens (10-12).

Data were collected according to the demographic
characteristics, pulmonary function tests (PFTs), radiologic
findings, bronchoscopic findings, histopathologic results,
treatment details, and clinical course by reviewing the
medical records. Blood samples were drawn from patients
for measuring calcium and phosphate levels when diagnostic
bronchoscopy was performed. PE'Ts were performed before
and after bronchoscopy and were classified as follows:
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obstructive pattern when the forced expiratory volume
in 1 second/forced vital capacity (FEV,/FVC) was 70%;
restrictive pattern when FVC was <80% with FEV /FVC
>70%; combined pattern when FVC was <80% with FEV/
FVC <70%; or normal when FEV,/FVC >70% with
FVC 280% (13,14). Chest X-ray data were analysed for
tracheobronchial stenosis and calcification. Chest CT scans
were evaluated for tracheal narrowing and the presence of
submucosal nodules and calcification.

Statistical analysis

Continuous variables were expressed as medians with
interquartile ranges (IQRs) and categorical data were
presented as frequency (n) and percentages (%). All data
were analysed using the SPSS version 25.0 (IBM Corp.,
Armonk, NY, USA) software.

Results
Baseline characteristics

Baseline characteristics are represented in 7able 1. Our
study group included 26 men (65.0%) and 14 women
(35.0%) with a median age of 63.0 (IQR: 55.3-70.8) years.
Seventeen patients were active or former smokers (42.5%).
The most common symptom was cough (n=12, 30.0%).
Other clinical manifestations included dyspnoea on exertion
(n=6, 15.0%), increased sputum production (n=5, 12.5%),
and haemoptysis (n=4, 10.0%). However, more than half of
the patients were asymptomatic (n=21, 52.5%). Lung cancer
was found in some patients (n=15, 37.5%) and 7 (17.5%)
patients had a past history of pulmonary tuberculosis. More
than half of the patients (n=23, 57.5%) visited the hospital
to evaluate lung nodules or masses suspicious for lung
cancer and 14 (35.0%) patients were referred to the hospital
because of abnormal chest CT findings such as tracheal
nodules or narrowing.

PFT and laboratory data

Main results of the PFT and laboratory data are
summarized in Table 2. PFTs were performed in 39 (97.5%)
patients. The median FVC was 3.62 (IQR: 2.76-4.06) L
and the FEV| was 2.35 (IQR: 1.89-2.84) L. Among them,
10 (25.7%) patients had obstructive ventilatory defects
and 2 patients had restrictive ventilatory defects. Normal
spirometry was observed in 25 (64.1%) patients. The
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Table 1 Baseline characteristics of the 40 patients

No. (%) or median (IQR)

Variables

Sex (males) 26 (65.0)

Age (years) 63.0 (55.3-70.8)

Smoking
Never 23 (57.5)
Former 14 (35.0)
Current 3(7.5)
Symptom
Cough 12 (30.0)
Dyspnoea 6 (15.0)
Sputum 5(12.5)
Haemoptysis 4 (10.0)
No symptoms 21 (52.5)
Associated lung disease
Lung cancer 15 (37.5)
Previous history of pulmonary 7(17.5)
tuberculosis
Reason for bronchoscopy
Suspicious for lung nodules or 23 (57.5)
mass
Chest CT abnormality
Calcified nodules 8 (20.0)
Endobronchial lesions 6 (15.0)
Empyema 1(2.5)
Chronic cough 2 (5.0)

IQR, interquartile range; CT, computed tomography.

median serum calcium and phosphate levels were 0.51 (IQR:
0.49-0.53) mmol/L and 0.20 (IQR: 0.16-0.22) mmol/L,
respectively. The results of all patients were within the
normal range.

Thoracic imaging

Findings from thoracic imaging are represented in Tuble 2.
In TPO patients, chest X-ray data showed irregularity,
scalloping, narrowing or calcification of the trachea and
main bronchi (15). Chest X-ray was performed in all
patients, of which 39 patients showed normal findings. Only
1 (2.5%) patient showed narrowing of the mid to distal
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trachea and both main bronchi. The characteristics of chest
CT scans showed tracheal narrowing and multiple 1-3 mm
diameter submucosal nodules with or without calcification
in the trachea and main bronchi (3). Chest CT scans were
performed in 37 patients, of which 12 (32.4%) patients
showed normal findings. Except for the negative CT scans,
most of the chest CT findings showed diffuse narrowing
and calcified nodules (n=23, 62.2%).

Bronchoscopic and histopathologic results

The main bronchoscopic and histopathologic results are
summarized in Table 2. Bronchoscopy was performed in
all patients. The entire trachea was involved in 30 (75.0%)
patients. In 2 patients, the involvement extended to the
right main bronchus and 1 patient showed involvement of
both main bronchi. Seven patients showed involvement
only in a part of the trachea: upper trachea in 2 patients,
mid trachea in 2 patients, and lower trachea in 3 patients.
Segmental bronchi were less involved (left lower bronchi in
1 patient, right middle bronchi in 1 patient, and right lower
bronchi in 1 patient). Six patients (15.0%) showed tracheal
narrowing. According to the Zhu et 4l. classification system,
our study showed that Stage II (n=35, 87.5%) was the most
common group, followed by Stage III (n=5, 12.5%) (7).
Histopathologic results were obtained from 14 patients.
Most findings included typical cartilaginous and bony
tissues (n=13, 92.9%). Only one patient showed squamous
metaplasia of the tracheal epithelium.

Treatment and clinical course

The treatment and clinical course are summarized in Table 3.
Since most patients were either asymptomatic or showed
mild symptoms, they had no specific treatment. Antibiotics
were prescribed for 5 (12.5%) patients and symptomatic
treatments (antitussives, expectorants) were performed in
3 (7.5%) patients. Among the 19 symptomatic patients, 2
(5.0%) patients received laser therapy for the improvement
of tracheal stenosis. One of them visited the hospital for
dyspnoea and haemoptysis, for which thoracic imaging and
bronchoscopy were performed. After diagnosis of typical
bronchoscopy findings and pathologically proven TPO,
laser therapy was performed for treatment (Figure I).
After laser treatment, the patient had no worsening of
dyspnoea and achieved symptomatic control with increased
sputum during follow-up. The median follow-up duration
of all TPO patients was 13.5 (IQR: 5.5-56.1) months

7 Thorac Dis 2020;12(10):5571-5579 | http://dx.doi.org/10.21037/jtd-20-1898



5574

Table 2 Laboratory findings, pulmonary function, radiologic, and

histopathologic tests

Variables

No. (%) or median (IQR)

Laboratory tests (n=38)
Calcium levels (mmol/L)
Phosphate levels (mmol/L)
PFTs (n=39)
FVC (L)
FEV, (L)
FEV,/FVC (%)
Obstructive pattern
Restrictive pattern
Mixed pattern
Normal
Chest X-ray (n=40)
Both main bronchi narrowing
Normal
Chest CT (n=37)
Diffuse narrowing and calcified nodules
Tracheal papillomatosis
Normal
Involved sites on bronchoscopy (n=40)
Entire trachea
Extending to right main bronchus
Extending to both main bronchi
Partially involved only on the trachea
Upper trachea
Mid trachea
Lower trachea
Partially involved only on the bronchus
Left lower bronchi
Right middle bronchi
Right lower bronchi
Bronchoscopic stage’
Stage |
Stage Il
Stage |lI

0.51 (0.49-0.53)
0.20 (0.16-0.22)

3.62 (2.76-4.06)
2.35 (1.89-2.84)
73 [69-78]
10 (25.7)
2(5.1)

2 (5.1)

25 (64.1)

1(2.5)
39 (97.5)

23 (62.2)
2 (5.4)
12 (32.4)

30 (75.0)
2 (5.0)
1(2.5)

7
2 (5.0)
2 (5.0)
3(7.5)
3
1 (2.5)
1 (2.5)
1 (2.5)

35 (87.5)
5 (12.5)
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Table 2 (continued)

Variables

No. (%) or median (IQR)

Histopathologic findings (n=14)
Cartilaginous and bony tissues

Squamous metaplasia

13 (92.9)
1(7.1)

T, TPO was divided into three stages according to the
characteristics of bronchoscopic visualization and histopathologic
results. IQR, interquartile range; PFT, pulmonary function test;
FVC, forced vital capacity; FEV1, forced expiratory volume in 1
second; CT, computed tomography; TPO, tracheobronchopathia

osteochondroplastica.

Table 3 Treatment details and clinical course

Variables 0. (%) or median (IQR)
Treatment
Antitussives, expectorants, antibiotics 5(12.5)
Antitussives, expectorants only 3(7.5)
Haemostatics 1(2.5)
Laser 2 (5.0

Follow-up period for all patients (months)

Aggravation of symptoms

13.5 (5.5-56.1)

Sputum 2 (5.0)
Dyspnoea 1(2.5)
Chest discomfort 1(2.5)
Follow-up for more than 36 months 15 (37.5)
Sputum 2 (5.0)
Chest discomfort 1(2.5)
Mortality
Unknown 7(17.5)
Brain metastasis 1(2.5)
Pneumothorax 1(2.5)

IQR, interquartile range.

Table 2 (continued)
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and only 4 patients had aggravation of symptoms, which
included sputum production in 2 patients, dyspnoea in
1 patient, and chest discomfort in 1 patient. Of the 15
(37.5%) patients who followed up for more than 3 years,
only 3 (20%) patients showed a worsening of symptoms.
Using symptomatic agents, all of them achieved remission
of symptoms. After the diagnosis of TPO, 9 patients died,
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Figure 1 Laser therapy for tracheal stenosis due to TPO. The patient was a 52-year-old woman. The main symptoms were dyspnoea

and haemoptysis. Bronchoscopy and biopsy were conducted. The whole trachea was covered by cobblestone-like lesions and the biopsy

specimen was histopathologically diagnosed as TPO. To relieve dyspnoea, Nd-YAG laser therapy was performed. After treatment, the

symptoms improved and there were no complications. (A) Non-contrast axial chest CT scan shows calcified anterolateral nodules; (B)

coronal reconstructed chest CT scan shows diffuse nodular calcification and the extent of involvement of TPO; (C) bronchoscopy reveals

cobblestone-like nodules projecting into the lumen leading to airway narrowing; (D) after Nd-YAG laser therapy, some endobronchial

nodules were cauterized and removed. TPO, tracheobronchopathia osteochondroplastica; Nd-YAG, neodymium-doped yttrium aluminium

garnet; CT, computed tomography.

but the aetiology of death was unknown in 7 patients. The
other 2 patients died of brain metastasis and pneumothorax.

Discussion

In our study, 40 patients with TPO showed typical
bronchoscopic features. TPO patients showed various
symptoms from asymptomatic to bronchial stenosis. The
important point of this study was that it shows a specific
tinding in bronchoscopy, but it follows a benign course.
Since the first case of TPO was described in 1857, more
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than 500 cases of TPO had been reported worldwide by
April 2017 (7,16). The high incidence of TPO can be
attributed to its asymptomatic or non-specific symptomatic
nature. However, it is not well known in South Korea
because no original article has been reported on TPO.
Therefore, we summarized original articles including more
than 10 patients written in English for comparison with
previous reports in Table 4 (6,7,17,18). In our study, the
median age for diagnosis of TPO was 63.0 years, which was
similar to the results from other studies (19,20). According
to a systematic review that analysed a total of 151 patients,
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Table 4 Systematic review of four original articles on TPO

Cho et al. A study on 40 South Korean TPO patients

References Nienhuis et al. [1990] (17)  Leske et al. [2001] (6) Zhu et al. [2014] (7) Luo et al. [2019] (18)

Study population/ 15/America 41/(France, multicentre) 22/China 73/China

country

Age (mean, year)/ 63.5/47 63/46 47.5/50 52.8/59

male (%)

Symptoms Cough (66%), haemoptysis Chronic cough (54%), Chronic cough (64 %), Cough (47%),
(60%), dyspnoea (53%) haemoptysis (20%) haemoptysis (45%) haemoptysis (23%),

expectoration (21%)
PFT Normal (14%), obstructive Normal (43%), obstructive defects N/A N/A

defects (71%)

Chest CT scan Intraluminal calcification

(83%), normal (42%)

Bronchoscopy Both trachea and bronchi  Airway obstruction (34%), whole
(40%) trachea (71%), upper trachea
(76%)
Histology Normal (91%), squamous  Squamous metaplasia (48%),
metaplasia (9%) cartilage (38%), bone (58%)
Treatment Cryotherapy (6.7 %), laser  Inhaled corticosteroids (20%),

therapy (6.7 %)
(2.4%)

Clinical outcome Death (0%)

(2.4%)

Submucosal nodules (74%),
submucosal calcification (61%),
tracheal stenosis (10%)

antibiotics (17%), laser therapy

Asymptomatic (24%), chronic or
recurrent symptoms (76%), death

(39%)), restrictive defects (18%)

Beaded or scalloped Submucosal calcification
(77%), calcification (64%), (87.5%), normal (12.5)
tracheal stenosis (27 %)

Whole trachea (77 %),
upper trachea (9%), lower
trachea (14%), Rt. main
bronchus (73%), Lt. main
bronchus (68%)

Tracheal stenosis (12%)

Cartilaginous (61%),
bony (78%), squamous
metaplasia (78%)

Squamous metaplasia
(7%), ossification (54 %),
cartilage (14%)

Inhaled corticosteroids Bronchoscopic treatment
(36%) (4%)

Remission of symptoms
(86%), death (4.5%)

Death (6.8%)

TPO, tracheobronchopathia osteochondroplastica; PFT, pulmonary function test; CT, computed tomography.

the mean age of TPO patients was 55.8 years (6,7,17,18).
Compared to our results (male, 65%), two previous studies
reported a higher prevalence of female TPO patients
[73% (21) and 66% (19) respectively]. However, the above-
mentioned studies revealed that the female predominance
was a result of the inclusion criteria. In systematic review
(6,7,17,18), 80/151 (53.0%) patients had cough and 44/151
(29.1%) patients had haemoptysis. Our study showed that
chronic cough was the most common symptom, with a
lower proportion of patients with haemoptysis. In another
study, 88% of the patients had 1 or more symptoms but our
results showed a higher prevalence of asymptomatic patients
(21/40, 52.5%) (6). We observed that a patient could have
many symptoms. More than half of the patients visited our
hospital for suspected pulmonary nodules or masses, which
were detected using thoracic imaging in another hospital,
and the TPO was incidentally found during bronchoscopy.

© Journal of Thoracic Disease. All rights reserved.

Although TPO is a benign disease with a good prognosis,
our study subjects showed a slightly higher incidence of
lung cancer 15/40 (37.5%). One possible explanation
for this is that TPO was diagnosed concomitantly when
diagnostic bronchoscopy was performed for suspected lung
cancer. Leske et al. (6) showed that TPO was not related to
an increasing incidence of malignant disease, and any such
association is a coincidence.

In the current study, 10/39 (25.7%) patients showed
obstructive pulmonary function and 25/39 (64.1%) patients
showed normal ventilatory function. Two other studies
reported an obstructive ventilatory defect in 7/8 (87.5%)
patients and 11/28 (39.3%) patients (6,20). These results
suggest that our study patients were either asymptomatic
or showed mild respiratory symptoms. In previous studies,
serum calcium and phosphorus metabolic disorders have

been linked to the aetiology of TPO (1,7), although in our
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study, all patients had normal serum calcium and phosphate
levels. In line with this, previous studies have also shown
unchanged calcium and phosphate levels in TPO patients
(22,23). Chest radiography was performed in all patients
(n=40), of which only 1 (2.5%) patient was positive with
narrowing of both main bronchi. Among our systematic
review patients undergoing chest X-rays, 59/71 (83.0%)
had negative results (6,7,17). This suggests that it is difficult
to obtain the typical chest X-ray appearance of TPO.
Compared to chest X-ray findings, chest CT scans were
more reliable for the identification of TPO. In our study,
chest CT scans were available for most patients 37/40
(92.5%) and typical features were presented with calcified
nodules and diffuse narrowing (62.2%). These results were
similar to previous studies in which the prevalence of CT
scan results were 81.8% (7) and 74% (6). Chest CT scan
was found to be more useful than chest roentgenography
for the evaluation of TPO by thoracic imaging.
Bronchoscopy is the only procedure that definitely confirms
the diagnosis of TPO (1). In systematic review (6,7,17,18),
a total of 151 patients underwent bronchoscopy and typical
bronchoscopic findings were observed in all of them. The
characteristic findings were described as a stalactite cave,
rock-garden, or cobble-stoned appearance (24,25). It is
reported that biopsies of airway luminal nodules were not
usually necessary for the diagnosis of TPO because the
bronchoscopic appearance itself was typical (26). Indeed,
obtaining biopsies of TPO lesions are usually difficult
because of the hardness of the lesions (24). However,
submucosal biopsies are considered to discriminate
against other airway disorders and malignancies such
as amyloidosis, endobronchial sarcoidosis, tuberculoid
calcinosis, relapsing polychondritis, tracheobronchial
papillomatosis, granulomatosis with polyangiitis, and
chondrosarcoma (27-30). We performed bronchoscopy in
40 patients and all of them had characteristic bronchoscopic
findings. Therefore, bronchoscopy is the gold standard for
the diagnosis of TPO (31,32).

There is no definitive medical treatment for TPO. Since
it is impossible to remove all the nodules, the treatment
of TPO depends on disease symptoms, infection status,
and the severity of the airway obstruction. In patients
with cough, sputum, fever, and respiratory infections, the
medical treatments to control infections and to relieve
symptoms include antibiotics, antitussives, and hemostatics.
For severe airway obstruction or recurrent obstructive
infection, treatment modalities involve laser ablation,
surgical resection, and radiotherapy (16). In systematic
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review (6,7,17,18), tracheal stenosis or airway obstruction
was present in 24 patients and 6 patients received
cryotherapy, laser therapy, and bronchoscopic treatment.
In patients who developed tracheal stenosis, neodymium-
doped yttrium aluminium garnet (Nd-YAG) laser therapy
was considered (33,34). We performed laser therapy in 2
(5%) patients for tracheal stenosis. The 2 patients were
followed up for 51.3 and 258.0 months. There was no
disease progression to the extent that other bronchoscopic
interventions were required during the follow-up
period. While we followed up all patients, only 4 (10%)
patients showed aggravation of symptoms such as sputum
production, chest discomfort, and dyspnoea but symptoms
were relieved in all of them after the symptomatic
treatment. Another study also showed good prognosis
in which 86.3% of patients had a remission of symptoms
to some extent (7). There is little information about the
prevention or progression of TPO (35). In our study, the
15 patients who were followed up for more than 3 years
showed no progression that required clinical interventions.
Although 3 (20%) patients showed worsened symptoms,
they improved with conservative treatments. Since most
TPO patients show slow progression, conservative care is
usually sufficient (28,36).

This study has several limitations. First, patients
were initially selected by the typical TPO findings of
bronchoscopy, therefore, patients who were diagnosed with
TPO using chest CT findings were not selected. Second,
our study did not reveal the aetiology of TPO. Although
several hypotheses of TPO aetiology have been proposed,
such as bone morphogenetic protein-2 (BMP-2) and
transforming growth factor beta-1 (TGF-B1) signaling,
our results could not explain the pathophysiology. Several
factors also have been proposed for its pathogenesis such
as chronic infection, chemical or mechanical irritation,
genetic factors, ozena, metabolic abnormalities, and
malignancies (1,29,37-39). Further studies are needed to
understand its aetiology (40). Finally, the cause of mortality
was not extensively evaluated during the follow-up period.
Therefore, we could not elucidate the association between
TPO and mortality.

TPO is a rare disease of unknown aetiology characterized
by the narrowing of the tracheobronchial tree causing
the presence of diffuse cartilaginous or bony submucosal
nodules. Since there was no large study including TPO
patients in South Korea, not much was known about it. In
this retrospective study, we tried to elucidate the baseline
characteristics, treatment strategy, and clinical course of
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TPO. The disease is associated with a benign nature, and
many patients have a variety of symptoms ranging from mild
to severe. Although some patients with severe symptoms
require bronchoscopic intervention, most patients require
no specific treatment initially. During the long-term follow-
up of TPO patients, disease progression was slow and
conservative treatment was sufficient. Although TPO has a
distinctive appearance in bronchoscopy, it follows a benign
clinical course.
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