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Abstract Tracheobronchopathia osteochondroplastica

(TO) is a rare disorder of the large airways characterized by

the development of submucosal cartilaginous and bony

nodules. The nodules involve the anterior and lateral walls

and typically spare the posterior membranous wall. The

clinical presentation of TO is variable and ranges from

incidental diagnosis in asymptomatic patients during

workup or management for unrelated medical problems, to

devastating disease with central airway obstruction. Bron-

choscopy remains the gold standard for diagnosing this

condition. Radiographic studies play an important role in

suggesting the diagnosis of TO and in the follow-up of this

condition. The treatment of TO is usually symptomatic.

with emphasis on the management and prevention of

recurrent respiratory infections. Bronchoscopic or surgical

treatment is usually reserved for symptomatic patients with

severe airway narrowing and airflow obstruction.

Keywords Tracheobronchopathia osteochondroplastica �
Airway obstruction � Cough

The report by Darjani et al. [1] describes their experience

with tracheobronchopathia osteochondroplastica (TO).

They treated ten symptomatic patients with this rare dis-

order over a period of 6 years in an interventional

pulmonary unit affiliated with a referral center for respi-

ratory disorders. Their report adds to the growing body of

literature related to this rare airway disorder. The article by

Darjani et al. raises interesting questions and intriguing

observations about the incidence, clinical presentation, and

diagnosis of this rare condition. It also improves our

knowledge about associated medical conditions and

potential treatment options for symptomatic patients with

severe disease and airway obstruction. The following sec-

tions present a literature review of this rare condition and

discuss the pertinent issues related to Darjani et al.’s [1]

report.

Introduction

TO is a rare disorder of the large airways characterized by

the development of submucosal cartilaginous and bony

nodules. The nodules involve the anterior and lateral walls

and typically spare the posterior membranous wall because

of the absence of cartilage in this region of the airway.

Laryngeal involvement has also been described. Calcifi-

cation and ossification of the nodules are common, with

protrusion of the nodules into the airway lumen [2]. The

bony nodules may contain functional bone marrow. Squa-

mous metaplasia and inflammatory changes of the mucosa

can alter the efficiency of clearing respiratory secretions

and lead to recurrent pulmonary infections [3]. Large and

confluent nodules can cause variable degrees of symp-

tomatic airway obstruction.

Incidence

TO was originally described by Rokitansky, Luschka, and

Wilks in the mid-19th century [4, 5]. Less than 400 cases

were subsequently reported in the literature (to our review).

The two largest series involved 30 and 41 cases of TO,

respectively [6, 7]. While this rare disorder was originally
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described at autopsy, the development of bronchoscopy

and airway imaging techniques improved its detection and

follow-up. Increasingly, cases are reported after broncho-

scopic examination and evaluation by thoracic computed

tomography (CT scan) for various pulmonary symptoms.

The overall incidence of this condition remains unknown.

However, reports, including the article by Darjani et al. [1],

shed more light on this issue. While the incidence of TO

has been reported to be in the range of 2-3 per 1000

autopsies [8–10], this would be expected to vary signifi-

cantly depending on each specific study population’s

characteristics and symptoms. Diagnosis by imaging or

bronchoscopy would also be expected to affect the reported

incidence of TO, as bronchoscopy is probably more sen-

sitive and specific. This is clearly illustrated in a recent

report by Decalmer et al. [11] where TO was reported in a

group of patients referred for unexplained chronic persis-

tent cough unresponsive to treatment. Seven cases of TO

were diagnosed in that report [11] among 125 patients

(where 82 patients had bronchoscopy performed for the

sole indication of chronic cough). Primer [12] reported four

cases incidentally found during 550 bronchoscopies. The

incidence of TO in the report by Darjani et al. [1] (0.11%)

is similar to other bronchoscopy reports in the literature.

Clinical Presentation

The clinical presentation of TO is variable and ranges from

incidental diagnosis in asymptomatic patients during

workup or management for unrelated medical problems [7,

13, 14] to devastating disease with central airway

obstruction [15]. It has been suggested that only half of the

people with TO will be diagnosed in their lifetime [16], but

this number will likely increase as more complex diag-

nostic radiographic studies and bronchoscopies are

performed for various medical problems.

Chronic cough appears to be the most common clinical

presentation in symptomatic patients [7, 14]. Other symp-

toms include hemoptysis, chronic sputum production,

wheezing, hoarseness and dyspnea (Table 1). Recurrent

respiratory infections and related symptoms caused by

interrupted mucociliary clearance are also common. The

clinical presentation is therefore nonspecific, which leads to

significant delays in establishing the diagnosis of this rare

condition. In some case series, symptoms were present for

years or even decades before definitive diagnosis [7, 17].

The diagnosis is usually established in the fourth through

the seventh decade without gender predominance [6, 7, 18].

The diagnosis has rarely been reported in children, includ-

ing reports of 12- and 9-year-old patients [6, 19]. In the

Darjani et al. [1] report, the mean age at the time of diag-

nosis is 51 years and the youngest patient was 16 years old.

Dyspnea on exertion and chronic cough were the most

frequent presenting symptoms in their series, reflecting the

severity of the disease at the time of diagnosis.

Bronchoscopy

Because the clinical presentation of TO is nonspecific, the

diagnosis is usually made during bronchoscopy or by

computed tomography and can be confirmed by broncho-

scopic biopsies. Bronchoscopy remains the gold standard

for the diagnosis of this condition. Hard sessile nodules

arising from the anterior and lateral walls of the airway,

typically sparing the posterior membrane, give a classic

appearance that can be easily recognized (Fig. 1). How-

ever, extension of the nodules to the posterior tracheal wall

was reported at bronchoscopy in 15% of patients in the

largest available series [7]. The nodules are typically small

(1–10 mm in diameter) and can be diffuse, scattered, or

confluent. Large confluent nodules can protrude into the

airway lumen and cause significant airway obstruction. The

proximal and midtrachea are commonly involved, with less

involvement of the mainstem bronchi, lobar, and segmental

airways, respectively. Subglottic space and laryngeal

involvement are less common but can be found on close

examination in some patients [7, 14, 20].

Radiographic Studies

Radiographic studies play an important role in suggesting

the diagnosis of TO and in the follow-up of this condition.

However, subtle radiographic findings can be overlooked,

especially in mild cases. While the regular chest radiograph

frequently is normal, it can show irregularity, narrowing,

Table 1 Clinical presentation and symptoms associated with tra-

cheobronchopathia osteochondroplastica

• Asymptomatic (incidental finding during bronchoscopy or

radiographic studies)

• Cough

• Dyspnea

• Sputum production

• Hemoptysis

• Chest pain or discomfort

• Wheezing

• Stridor

• Hoarseness

• Difficult intubation

• Symptoms of recurrent pulmonary infections

• Symptoms of secondary bronchiectasis or atelectasis

• Symptoms of underlying COPD or other pulmonary disease
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scalloping, or calcification of the trachea and mainstem

bronchi, especially with overpenetrated studies. Compli-

cations of TO, including pneumonia, atelectasis, and

bronchiectasis, may be the only findings seen on the chest

radiographs [21]. This lack of sensitivity and specificity of

the chest radiographs is illustrated in the report by Darjani

et al. [1] as four of ten patients had normal chest radio-

graphs and none had changes in the trachea or mainstem

bronchi that were specific for TO. The CT scan is generally

more sensitive and specific. It can show the typical features

of TO with multiple calcified or noncalcified nodules that

protrude into the airway lumen (Fig. 2). Involvement of the

posterior wall of the trachea or mainstem bronchi should

raise the suspicion for other conditions, including relapsing

polychondritis, sarcoidosis, amyloidosis, and papillomato-

sis [22, 23]. Calcification associated with TO should be

differentiated from diffuse tracheobronchial calcification

seen with advanced age or other conditions such as

tuberculosis, carcinoma, Wegener’s granulomatosis, and

fibroma, among others [18, 24]. In the largest available

series, CT scans detected dense submucosal nodules and

calcifications in 74 and 61% of the cases, respectively [7].

CT scans showed suggestive findings in nine of ten patients

in Darjani et al.’s report [1]. Bronchoscopic confirmation

should be considered in symptomatic patients when this

diagnosis is suspected by clinical presentation and sug-

gestive radiographic studies.

Pulmonary Function Tests

Pulmonary function tests (PFT) are frequently normal, as

mild luminal narrowing of the airway does not cause sig-

nificant airflow obstruction. In symptomatic patients,

however, airflow obstruction can be found with reduction

in the FEV1 and FEV1/FVC, as the large central airways

can be severely narrowed. The pattern seen on a flow

volume loop in patients with severe TO associated with

large airway obstruction can be differentiated from that

seen with chronic obstructive pulmonary disease (COPD)

due to cigarette smoking (Fig. 3). TO patients with sig-

nificant large airway obstruction can have inspiratory and/

or expiratory airflow limitation on flow volume loops [7,

17, 25], depending on the location and severity of the

airflow-limiting endobronchial disease. Such patterns on

the flow volume loop, along with other PFT indices,

radiographic studies, and careful bronchoscopic evaluation,

can help predict potential response to bronchoscopic or

surgical interventions in symptomatic patients with severe

TO and air flow obstruction. This is important because

Fig. 1 Classic bronchoscopic

findings (a) in a patient with

mild TO and (b) in another

patient with severe TO. Hard

sessile nodules were found on

the anterior and lateral walls of

the trachea but spared the

posterior membrane. The

nodules were difficult to biopsy

using fiberoptic biopsy forceps

Fig. 2 (a) Computed

tomography (CT) of a patient

with cough and mild TO where

the small mucosal nodules were

not obvious and the diagnosis

was made only after

bronchoscopy. (b) CT scan in a

patient with severe TO.

Multiple calcified and

noncalcified large airway

nodules
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patients with TO can have underlying severe COPD which

can be primarily responsible for their pulmonary symptoms

and limitations. Restrictive physiology is less common and

is usually associated with secondary atelectasis or other

underlying restrictive lung disease. In Darjani et al.’s report

[1], eight of ten patients had significant impairment in

spirometric testing at the time of diagnosis.

Bronchoscopic Biopsies

The submucosal bony and cartilaginous nodules can be

continuous with the perichondrium of the central airway

rings and can demonstrate calcification or hematopoeitic

bone marrow [7, 10]. Mucosal squamous metaplasia is also

common. Flexible bronchoscopic biopsies could be diffi-

cult due to the hard nature of the nodules [26]. This is

illustrated by a diagnostic yield of 55% after the initial

biopsy by flexible bronchoscopy and 70% after repeated

biopsies in the largest available series [7]. Table 2 and

Figure 4 summarize the histopathologic findings in TO.

Histopathologic confirmation of the diagnosis is reason-

able, but the typical appearance during bronchoscopy and

the benign nature of this condition has led some authors to

question the need for this confirmation [2, 26]. While this

conservative approach seems reasonable for asymptomatic

patients with an incidental diagnosis, we agree with Darjani

et al. [1] and others [27, 28] that histopathologic confir-

mation, coupled with bacteriologic assessment, is

reasonable in the majority of cases. This is because of the

Fig. 3 Flow volume loops: different patterns that can be seen in

upper airway obstruction related to severe TO. This ranges from

normal flow volume loop (a) to severe fixed obstruction during

inspiration and expiration (b). Variable airflow obstruction during

inspiration (c) or expiration (d) can be seen depending on the level

and degree of the endobronchial obstructing disease. Classic COPD

pattern on flow-volume loop (e) can be seen in patients with TO and

underlying COPD

Table 2 Histopathologic findings in tracheobronchopathia osteo-

chondroplastica

• Epithelial squamous metaplasia

• Submucosal cartilage (continuous with or distinctive from the large

airway cartilage rings)

• Submucosal ossification (bone formation)

• Calcification

• Hematopoietic bone marrow within the ossified areas
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rare nature of TO, the lack of familiarity of most bron-

choscopists with this condition, and the need to rule out

other differential diagnoses and evaluate for other associ-

ated conditions. This recommendation is especially

relevant to symptomatic patients who might require more

invasive therapeutic interventions.

Possible Etiologies

The etiology of TO remains largely unknown. Several the-

ories about its pathogenesis and associated conditions have

been reported [29]. Virchow (in 1863) originally proposed

that in this condition, ecchondrosis and exostosis arise from

the cartilaginous rings and this is followed by subsequent

ossification. Aschoff and later Dalgaard [30, 31] suggested

metaplasia of the elastic connective tissue as one possible

mechanism. Bone morphogenetic protein-2 (BMP-2) may

have an important role in nodule formation and act syner-

gistically with transforming growth factor b1 (TGF-b1) to

promote an inductive cascade of TO nodules in the tracheal

submucosa [32]. This generally supports both the ecchon-

drosis/exostosis and metaplasia theories of TO formation

[7]. Nodules continuous with the perichondrium of the air-

way cartilaginous rings and other free lesions (not related to

the airway cartilaginous rings) have been reported [32, 33].

The effect of chronic irritation and cough on the develop-

ment and progression of TO remain unclear. Squamous

metaplasia is a common finding in TO, but this could be

secondary to the chronic and irritant nature of this condition.

Primary squamous metaplasia, followed by cartilage and

bone metaplasia, was also suggested as a potential mecha-

nism [7, 34]. The possibility that TO is an end-stage of

airway amyloidosis has also been suggested [29, 35, 36].

This theory is not supported by the available literature and

the association between both conditions is uncommon. An

association between TO and atrophic rhinitis (ozena) has

also been reported [6, 7, 34, 37]. Squamous metaplasia of the

nasal and large airway mucosa can be a feature of both

conditions and was seen in two of ten patients in the report

by Darjani et al. [1]. Klebsiella ozaenae was reported in 20%

of patients with TO in the largest reported series [7].

However, a direct role for this bacteria in the pathogenesis of

TO has not been established. The majority of patients with

ozena do not have the features of TO. Other associations,

including familial occurrence, malignancy, typical and

atypical mycobacterial infections, and autoimmune disease,

have been sporadic and probably coincidental.

Treatment

The treatment of TO is usually symptomatic and nonspecific.

It is not possible at this point to prevent the development and

progression of this disease or remove all the airway lesions

using any available treatment or intervention. Fortunately,

this disease is rare; most of the cases are asymptomatic

(discovered incidentally during bronchoscopy, imaging

studies, or postmortem), and the progression of TO is usually

minimal and slow. In the largest published series [7], 45% of

the patients who were diagnosed with TO and were followed

for a mean of 7 years showed progression. This progression

was minimal in the majority and was significant in only 17%

of patients. The treatment approach for symptomatic patients

is primarily geared toward managing potentially recurrent

pulmonary infections, improving clearance of secretions,

using bronchodilators and inhaled corticosteroids, and

treating associated pulmonary conditions that include

COPD, asthma, and bronchiectasis. Specific treatment of the

airway lesions is usually reserved for symptomatic patients

with severe airway narrowing and airflow obstruction. This

is illustrated in the largest published series, with only 1 of 41

patients requiring bronchoscopic laser therapy and 1 of 41

patients requiring tracheostomy [7]. Proposed specific pal-

liative treatments in severe cases with symptomatic airway

obstruction include bronchoscopic laser therapy with

mechanical removal using the biopsy forceps or the bevel of

the rigid bronchoscope [14, 27, 38], thoracic surgical inter-

ventions [15, 39, 40], and radiation therapy [41, 42]. The

hard nature of the nodular protrusions limits the broncho-

scopic therapeutic options for TO, while the diffuse and

multilevel involvement of the airway limits the surgical

approaches. Radiation therapy cannot be recommended

based on the few reported cases.

The report by Darjani et al. [1] represents the largest series

of bronchoscopic management for this large airway disorder

in which laser photovaporization therapy is used in ten

symptomatic patients. This was combined with mechanical

Fig. 4 Bronchoscopic biopsy from an airway nodule in a patient with

TO that illustrates submucosal calcification, ossification, and cartilage

formation
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debulking using the tip of the rigid bronchoscope (coring)

and the flexible biopsy forceps in eight patients with con-

fluent and diffuse disease. Two symptomatic patients with

normal baseline FEV1 and scattered disease were managed

with bronchoscopic laser therapy alone. All of their patients

were symptomatic, with dyspnea on exertion as the most

common symptom (9/10 patients). Airflow obstruction was

seen in eight of the ten patients. They reported significant

improvement in symptoms and lung function in four of ten

patients after 8–30 months of follow-up. The two patients

with normal FEV1 at baseline showed post-treatment

improvement in symptoms after 6 and 36 months of follow-

up, respectively. Three of the ten patients did not have

symptomatic or spirometric improvements after 18, 22, and

36 months of follow-up, respectively. One of their ten

patients died after 6 years of follow-up. She had recurrent

bronchoscopic interventions and stent placement for her

original disease and subsequent airway stenosis.

The symptomatic and spirometric improvement in four

of their ten patients with impaired baseline FEV1 is

expected, as three of the four did not have a history of

smoking, leading to the conclusion that most their spiro-

metric impairment and symptoms at baseline were probably

related to the underlying TO. In fact, three of the four had

normalization of the FEV1 after treatment. On the other

hand, all three patients who did not improve after treatment

had a history of smoking and baseline severe impairment in

the FEV1, leading us to conclude that a significant propor-

tion of their symptoms and obstructive airway disease was

related to underlying COPD. It is in patients similar to this

latter group that further physiologic evaluation, including

flow volume loops, other PFT indices, and complex radio-

graphic and bronchoscopic evaluation, could help predict a

significant contribution of large airway obstruction to

symptoms and, hence, predict response to bronchoscopic

interventions. A similar approach was recently proposed for

treatment of large airway obstruction related to malignancy

[43] (recognizing the different nature of airway obstruction

associated with TO). Finally, the symptomatic response that

was reported in the two patients with baseline cough and

dyspnea who had scattered disease and normal baseline

FEV1 is intriguing. Turbulent airflow and impaired muco-

ciliary clearance were implicated in cough and other

symptoms related to TO [3, 17]. It would be plausible if

bronchoscopic intervention improves such factors. How-

ever, this remains speculation and is not supported by

sufficient evidence at this point.

Summary

In conclusion, TO is a rare disease of the large airways,

which is more frequently reported now as a result of the

increasing number of bronchoscopies and radiographic

studies performed for evaluation of pulmonary disorders.

The majority of cases are discovered incidentally and are

not suspected prior to bronchoscopy or radiographic stud-

ies. Severe symptomatic disease with central airway

obstruction requiring specific intervention appears to be

exceptionally rare. The report by Darjani et al. [1] reflects

their experience with a selected patient population that was

referred to an interventional pulmonary unit at a tertiary

center. Ten symptomatic patients with TO were treated

with bronchoscopic laser photovaporization and mechani-

cal debridement. Their report illustrates several interesting

features and areas of discussion about this condition. The

treatment of TO remains largely conservative and symp-

tomatic, with bronchoscopic interventions reserved for

selective symptomatic patients with severe disease and

significant large airway obstruction. More data about

treatment outcomes and longer-term follow-up will be

necessary before recommending bronchoscopic interven-

tions or other techniques for less severe disease. This report

illustrates the need to develop physiologic, radiographic,

and bronchoscopic criteria that could predict response to

treatment of large airway obstruction. Registries like

GERM ‘‘OP’’ [7] and reports similar to that of Darjani et al.

[1] will further help us understand TO and other rare pul-

monary disorders.
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