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Introduction: Tracheobronchopathia osteochondroplastica (TO) is a relatively rare benign tracheobronchial disease, which is often
misdiagnosed or missed. To date, there is no specific treatment for TO. The aim of this study was to investigate the clinical
manifestations, imaging features, bronchoscopy results, pathological findings, and diagnostic points of TO.

Patients and methods: A total of 33 patients diagnosed with TO were enrolled. Clinical data were collected using retrospective
methods in the period from January 2021 and November 2022. Descriptive analysis was used.

Results: Patients included 17 (51.5%) male and 16 (48.5%) female, with a median age of 54 years. The main clinical manifestations
included cough in 15 cases, fever in 6 cases, chest tightness in 4 cases, haemoptysis in 3 cases, and chest pain in 4 cases. The time
from the onset of symptoms to diagnosis was 1 week to 96 months. Some patients were diagnosed with other lung diseases, including
16 patients with tuberculosis, 2 patients with lung cancer, 3 patients with nontuberculous mycobacteriosis, 3 patients with tuberculous
pleurisy, 2 patients with bronchiectasis, and 1 patient with pneumonia. Chest computed tomography (CT) scan demonstrated calcified
nodules in 10 (30.3%) patients. In bronchoscopy, entire tracheal involvement was found in 21 (63.6%) patients, 12 (36.4%) patients
were found to have involvement of only part of the trachea. The patients were divided into three groups according to the
bronchoscopic presentation, the largest proportion was stage II (19/33), followed by stage I (8/33) and stage III (6/33).
Histopathological findings showed squamous metaplasia, cartilaginous, and bony tissues.

Conclusion: TO is a slowly progressing disease with non-specific clinical symptoms and a low positive rate of imaging diagnosis,
making it susceptible to misdiagnosis and missed diagnosis. The disease needs to be diagnosed by combining imaging features,
fiberoptic bronchoscopy, and pathological findings.
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Introduction

Tracheobronchopathia osteochondroplastica (TO) is a rare tracheobronchial lesion of unknown etiology. It is an
idiopathic benign disease, also known as tracheobronchial cystic fibrous osteochondritis and osteoformative tracheoma-
lacia, in which granular nodules of varying size and number are seen protruding into the lumen of the airway, the nodules
generally occur in the anterolateral wall of the trachea and the proximal bronchi, these nodules originate from cartilage,
and the acoustic hilum, supraglottis, and posterior tracheal wall are usually unaffected.’ The disease is relatively rare,
with an estimated prevalence of between 0.01% and 0.80%,> while a recent study showed a prevalence of 0.09%.’
Because of the variable clinical presentation of this disease and the lack of specificity of symptoms, it is prone to
underdiagnosis and misdiagnosis, especially when combined with other respiratory diseases such as bronchial tubercu-
losis. Although diagnostic methods including chest computed tomography (CT) are also widely used, bronchoscopy
remains the recognized standard for confirming the diagnosis of TO. To date, there is no specific treatment for TO.
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Patients are often diagnosed decades after the onset of the disease. There were few domestic and foreign reports on TO
and most cases currently being reported were sporadic.

In order to improve the understanding of the clinical and pathological aspects of TO and reduce its misdiagnosis
and missed diagnosis rates, we selected 33 TO patients who underwent comprehensive examinations at the hospital
as the research subjects. The differential diagnosis, treatment, and prognosis of the disease were explored by
analyzing the clinical manifestations, imaging features, fiberoptic bronchoscopy, and pathological findings of the
patients.

Methods

Study Design

This is a retrospective observational study on the visits of patients with TO in Wuhan Pulmonary Hospital. Informed
consent was waived because the study was retrospective in nature and all data were anonymous. This study was approved

by the Medical Ethics Committee of Wuhan Pulmonary Hospital, and the approval number was Wuhan Pulmonary
Hospital Ethics (2018) No. 05.

Participant and Data Collection

Among 18,708 patients who had undergone bronchoscopic examination in Wuhan Pulmonary Hospital between
January 2021 and November 2022. The diagnosis of To in 33 patients was made by a bronchoscopist with more than
3 years of experience in bronchoscopy and two pathologists with more than 5 years of experience in diagnostic
pathology. Medical records of these patients including demographic characteristics (age, sex, symptoms, associated
lung diseases, smoking history, reason for bronchoscopy), radiological results, and bronchoscopic and histopathological
findings were extracted from patient medical records held at Wuhan Pulmonary Hospital.

The categories of subjects were classified based on criteria developed in a large Chinese cohort study using
characteristic bronchoscopic image. TO was divided into the following three stages: stage I (early stage, also a mild
grade), which consisted of plaque-like infiltrations of soft, yellow-whitish lesions scattered in the lumen mucosa,
accompanied by a change of mucosa hyperemia edema; stage Il (middle stage, also a moderate grade), which showed
diffuse cartilaginous nodules and sessile spicules protruding into the lumen with a cobblestone or stalactite appearance;
and stage III (late stage, also a severe grade), which indicates deformation and rigid narrowing of the airway that may
cause obstruction.*

Statistical Analysis
Continuous variables were described as medians with interquartile range (IQRs) and categorical variables were expressed
as frequency (n) and percentage (%).

Results

Characteristics of the Study Patients
During the study period, 33 patients with confirmed TO were included. The median age of the patients was 54 years old
(IQR, 47-61), ranging from 32 years to 81 years, and 17 of the 33 patients (51.5%) were male.

The baseline clinical characteristics in our cohort are summarized in Table 1. The most frequent manifestation was
chronic cough (n=15, 45.5%), and other clinical symptoms include fever (n=6, 18.2%), increased chest tightness (n=4,
12.1%), haemoptysis (n=3, 9.1%), and chest pain (n=4, 12.1%), with some patients being asymptomatic (n=6, 18.2%).
The time from the onset of symptoms to diagnosis was 1 week to 96 months. Pulmonary tuberculosis was found in some
patients (n=16, 48.5%) and 2 (6.1%) patients were diagnosed with lung cancer. Five patients were former smokers
(15.2%). More than half of the patients (n=23, 69.7%) visited the hospital to evaluate lung nodules or masses suspected
of pulmonary tuberculosis or non-tuberculosis mycobacterial pulmonary disease and 1 (3.0%) patients was referred to the
hospital because of suspected lung tumor.
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Table | Baseline Clinical Characteristics of 33 Patients

Variables No. (%) or Median (IQR)
Age (yr), median (QI, Q3) 54 (47, 61)
Sex, n (%)
Male 17 (51.5)
Female 16 (48.5)
Signs and symptoms, n (%)
Cough 15 (45.5)
Fever 6 (18.2)
Chest tightness 4 (12.1)
Haemoptysis 39.1)
Chest pain 4 (12.1)
Asymptomatic 6 (18.2)
Associated lung diseases, n (%)
Lung cancer 2 (6.1)
Pulmonary tuberculosis 16 (48.5)
Nontuberculous mycobacterial diseases 39.1)
Tuberculous pleurisy 39.1)
Bronchiectasis 2 (6.1)
Pneumonia 1 (3.0)

Smoking history, n (%)

Never 26 (78.8)
Former 5 (15.2)
Present 2 (6.1)
Reason for bronchoscopy, n (%)

Suspected pulmonary tuberculosis or non tuberculosis 23 (69.7)
Suspected lung tumor 1 (3.0)
Assessment of bronchial tuberculosis treatment outcomes 7 (21.2)
Interventional treatment of bronchial lesion 1 (3.0)
Mediastinal occupancy 1 (3.0)

Chest CT results

Chest CT results are presented in Table 2, 33 patients underwent chest CT scan in our hospital. As shown in Figure 1,
lesions and calcified nodules were present in 10 patients, whereas the other 23 individuals did not show significant

abnormalities.

Bronchoscopic Results

The main bronchoscopic and histopathologic results are represented in Table 2, and all patients underwent bronchoscopy
in our hospital. Among all patients, multiple small irregular granular calcified nodules were observed in the anterolateral
wall of the trachea projecting into the lumen, with nodules distributed along the cartilaginous ring, and the size of
individual nodules was mostly 1-10 mm. The entire trachea was involved in 21 (63.6%) patients, 5 (15.2%) patients
showed involvement of both main bronchi. In 5 (15.2%) patients, the involvement extended to both main bronchi and
lower bronchi. Twelve (36.4%) patients showed involvement in only one part of the trachea patients: upper trachea in 3
patients, upper and middle trachea in 3 patients, middle and lower trachea in 4 patients, and lower trachea in 2 patients,
no segmental bronchial involvement was found. In light of the bronchoscopic manifestations, all patients were
categorized as three groups as shown in Figure 2: stage I (n=8, 24.2%), with relatively scattered nodules and normal
inter-nodal mucosa (Figure 2A); stage II (n=19, 57.6%), with numerous nodules diffusely distributed on the mucosal
surface of the lumen (Figure 2B); stage III (n=6, 18.2%), with widely fused nodules, resulting in different degrees of
deformation and narrowing of the lumen (Figure 2C and D).
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Table 2 Radiologic, and Histopathologic Tests

Variables

No. (%)

Chest CT, n (%)
Calcified nodules
Normal
Involved sites on bronchoscopy, n (%)
Entire trachea
Extending to both main bronchi
Extending to both main bronchi and involving lower bronchi
Partially involved only on the trachea
Involved upper trachea
Involved upper and middle trachea
Involved middle and lower trachea
Involved lower trachea
Bronchoscopic stage, n (%)
Stage |
Stage Il
Stage Il
Histopathologic findings, n (%)
Cartilaginous

Bony tissues

Squamous metaplasia

10 (30.3)
23 (69.7)

21 (63.6)
5(15.2)
5(15.2)
12 (36.4)
39.1)
39.1)
4(12.1)
2 (6.1)

8 (24.2)
19 (57.6)
6(182)

15 (45.5)
18 (54.5)
39.1)

Histopathologic Findings
The histopathologic results of 33 subjects were obtained, as shown in Table 2. Histopathologic findings (Figure 3)

included presented cartilaginous (n=15, 45.5%), bony tissues (n=18, 54.5%), and squamous metaplasia (n=3, 9.1%) in

the bronchial submucosa.

Treatment and Outcome
Therapeutic management and follow-up data were available for all 33 patients, and the median follow-up time for all

patients was 11 months. None of the patients had received specific treatment for TO. Two patients TO with lung cancer

received surgical treatment, chemotherapy, and targeted gene therapy, and are currently alive. Sixteen TO patients with

tuberculosis received regular anti-tuberculosis treatment, of which 14 patients eventually achieved clinical cure and 2

patients failed treatment but had symptomatic relief. The remaining patients received antibiotics, expectorants, cough

suppressants, and other symptomatic treatments with remission. Twenty-one patients underwent bronchoscopy reexami-

nation, and the results showed that all patients had stable TO condition without significant worsening.

Figure | Chest CT results of TO demonstrated calcified nodules in the anterolateral wall protruding into the tracheal lumen. (A) Calcified nodules in the anterior wall
(arrow). (B) Calcified nodules in the lateral wall (arrow).
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Figure 2 Bronchoscopic results of TO in different stages. (A) Stage |: Scattered nodular protrusions in the lower part of the trachea near the bulge; (B) Stage II: Diffuse
distribution of nodular protrusions on the anterior and lateral walls of the trachea; (C and D) Stage Ill: Deformation and narrowing of the lumen.

Figure 3 Histopathological findings of TO illustrateTracheal mucosa intact. (A) Nodular cartilaginous tissue with calcification; (B) Nodular cartilaginous tissue and mature
bone tissue with calcification; (C) Squamous epithelial metaplasia of the tracheal mucosa and nodular mature cartilage and bone tissue were seen in the interstitium.

Discussion

To is a rare benign tracheobronchial lesion characterized by nodular hyperplasia of the submucosal bone or cartilage of
tracheobronchial. TO was first identified at autopsy by RoRitanky in 1855 and was first described pathologically and
histologically by Wilks et al in 1857.° There is no certainty regarding its incidence, and to date, more than 600 cases of
TO have been reported worldwide.® With the deepening of research and the widespread use of bronchoscopy, more and
more reports have been made. It is generally accepted that the course of TO is relatively long, and the age of predilection
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is usually older than 50 years, with no significant gender differences and occasional reports of adolescents and children.®”
8 The average age of the data in this study was 54.8 years old, with no significant gender difference, which is consistent
with the literature reports. The clinical symptoms of TO are non-specific, and usually include coughing, expectoration,
wheezing, and other symptoms. This is due to the irregularity of the tracheal cavity caused by the lesion, which increases
the sensitivity of air torrent and cough reflex, as well as the accumulation of sputum caused by the lack of normal ciliated
columnar epithelium.’'® It had also been shown'! that about 52.5% of TO patients were asymptomatic. Notably, 16 cases
(48.5%) in this group were combined with pulmonary tuberculosis, and a few other patients were accompanied by
nontuberculous mycobacterial lung disease, lung cancer, and bronchiectasis, which can themselves cause respiratory
symptoms, leading to an inevitable overlap of symptoms between diseases.

The pathogenesis of TO is unknown, and it is speculated that it may be the result of submucosal elastic fibrosis
producing elastic cartilage, which then calcifies and ossifies, or the proliferation of tracheal cartilage rings, forming
exophytic osteochondral warts that subsequently ossify.'*'® Osteogenic protein-2 is involved in this process together

1.'* A recent study® suggested that airway stem cell dysfunction can induce new bone

with transforming growth factor-
formation, which may be one of the mechanisms of TO formation. The causative factors of TO may include chronic
infection, congenital airway developmental abnormalities, amyloidosis, silicosis, and IgA deficiency.”® In this study,
78.8% of patients (26/33) were non-smokers, suggesting that smoking is not associated with the development of TO. Of
interest, the combination of pulmonary tuberculosis in 16 patients and nontuberculous mycobacterial lung disease in 3
cases may suggest chronic airway infection as a causative factor for TO, as described in the literature. Twenty-three
patients (69.7%) in the study were referred to our hospital because of suspected pulmonary nodules or masses at an
outside hospital, and bronchoscopy was performed in this group of patients with the primary purpose of obtaining deep
respiratory secretions for mycobacterium tuberculosis pathogenesis or for simultaneous endoscopic treatment of the
lesion and assessment of treatment outcome. In contrast, TO is found incidentally during bronchoscopy. Although
the combination of TO with tuberculosis was clearly identified by bronchoscopic biopsy, it was not possible to determine
the chronology of the development of TO and tuberculosis, making it difficult to clarify the causal relationship between
TO and tuberculosis. There are few reports on the combination of TO with TB. Mittal, S, etc., found that a patient with
laryngeal tuberculosis had a secondary TO during the course of treatment, and concluded that the cause of the etiology of
granulomatous diseases such as tuberculosis infection can lead to the development of TO.'> Another report showed that
old TB and active TB may lead to TO,'® but whether mycobacterium tuberculosis is a direct causative factor of TO needs
to be confirmed by further studies.

The CT presentation of TO has its own specific features, and the chest CT scan can show specific submucosal
multiple calcified nodules. This imaging sign can also exclude recurrent polychondritis, which is mostly a thickening and
deformation of cartilage without intracanalicular calcified nodules.'” Some literature reported that the diagnostic
sensitivity of CT for TO is about 60-70%,” but also up to 97%,” or only about 30%." In practice, imaging physicians
often miss the diagnosis of this disease, and only 30.3% of the 33 cases in our group who had chest CT proposed the
diagnosis of TO. On the one hand, imaging physicians pay more attention to lung images and tend to ignore
tracheobronchial luminal lesions, and on the other hand, some patients with TO have small and sparsely distributed
bronchial nodules, which are easily missed by CT. However, CT is still the most reliable diagnostic imaging method for
TO and also facilitates the follow-up of TO patients.

Bronchoscopy is considered to be the gold standard for the diagnosis of TO.”'® TO is typically characterized by the
presence of numerous cartilaginous and/or bony nodules on the submucosa of the tracheobronchial tree, protruding into
the lumen. On appearance, the nodules are cobble-stone, stalactite caves, and the nodules are mostly found in the anterior
and lateral walls of the trachea. The lesions usually do not involve the posterior wall because there is no cartilaginous
ring in the posterior wall of the trachea. Depending on the severity of the lesion, the nodules may have a needle-like,
beaded, stalactite-like, or cobblestone-like appearance.'® TO can also occur in pharynx,'®*° but no pharyngeal involve-
ment was seen in any of our cases. The nodules are usually 1-10 mm in diameter, and in later stages of the disease the
nodules may fuse into sheets and cause deformation, stiffness, and luminal narrowing of the tracheal wall. In this paper,
all 33 cases showed typical multiple nodules of different sizes on bronchoscopy. Overall, 63.6% (21/33) involved only
the entire trachea, while 36.4% (12/33) involved both the main bronchus and the upper and middle bronchi starting from
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the trachea, and there were no cases where only the bronchus was involved and the trachea was exempted, suggesting
that the lesions started in the trachea and then extended to the proximal bronchus. The nodules were all located in the
anterior and lateral walls and distributed along the cartilaginous ring without involving the posterior wall, which is
consistent with the literature. According to the degree of disease development, the bronchoscopic manifestations can be
divided into three stages:* stage I, where the nodules are scattered and the inter-nodal mucosa is normal; stage I, where
a large number of nodules are diffusely distributed on the mucosal surface of the lumen; and stage III, where the nodules
are extensively fused, resulting in different degrees of deformation and narrowing of the lumen. In this study, stage Il was
predominant, about 57.6%.

Since bronchoscopic nodules are hard and generally not easy to clamp for biopsy, it has been suggested that a typical
bronchoscopic presentation can confirm the diagnosis without pathologic biopsy.?' However, submucosal biopsy is
thought to identify other airway diseases, such as amyloidosis, endobronchial nodular disease, tuberculosis-like calcifica-
tion, recurrent polychondritis, and tracheobronchial papilloma.>’?* A single-center study in India suggested that
a bronchoscopic biopsy of TPO lesions should be performed to rule out other actiologies.> Biopsies were taken from
all our study data, and the pathological histomorphology showed submucosal nodular hyperplasia of cartilage and/or
mature bone tissue, and 9.1% surface epithelial squamous metaplasia. The histomorphology of TO needs to be
distinguished from calcification caused by other diseases, such as calcification of tuberculous necrotic material and
granulomatous polyangiitis, which usually do not have ossification, whereas TO often has mature bone tissue and even
bone marrow formation on the basis of calcification. Nodular hyperplasia of cartilage is seen in TO, which needs to be
distinguished from chondromatous malformations and normal bronchial cartilage. Chondromatous malformations are
well-defined nodules on CT, with fat, smooth muscle, and fibrous components within the cartilage, and respiratory
epithelial components can be seen. In normal bronchial cartilage, there are no nodular hyperplasia. Pathological diagnosis
is difficult to differentiate in combination with bronchoscopic manifestations.

There is no clear uniform opinion about the treatment of TO. Since complete removal of the nodule is not possible, its
treatment depends on disease symptoms, the presence or absence of infection, and the severity of airway obstruction or
deformation. Treatment modalities include symptomatic treatment, hormone inhalation,” etc., and bronchoscopic laser ablation,
cryotherapy, and surgical treatment for those with severe tracheobronchial stenosis or airway obstruction.”'*** The interpreta-
tion of this study was limited by retrospective design study performed in a single hospital and a small study population.

Conclusions

In summary, TO is a rare benign tracheobronchial disease that occurs in people over 50 years of age. Clinical
manifestations are non-specific, manifesting as one or more non-specific respiratory symptoms such as cough and
hemoptysis, especially when combined with other respiratory diseases because the symptoms overlap and the diagnosis
is easily missed. CT of the chest has a diagnostic role, but typical manifestations on bronchoscopy combined with
pathological histological patterns are necessary for a definitive diagnosis. Most patients with TO generally do not receive
specific treatment, and those with severe airway narrowing require endoscopic or surgical treatment. Clinicians’
awareness of the disease is crucial, at least bearing in mind that bronchoscopy is necessary to exclude the possibility
of TO when coughing, wheezing, hemoptysis, and other respiratory symptoms are evident in the absence of conventional
clinical management.
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