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Abstract
Background: Tracheobronchomalacia (TBM) is an infrequent airway disease, but frequently unrecognized
or misdiagnosed with other respiratory diseases, and its etiology remains unclear in China.

Methods: Anthropometric information, smoking history, medical history, symptoms, signs, etiology,
diagnosis, treatment and prognosis of ten patients were retrospectively analyzed. Etiologies were
summarized from previous reports of Western countries.

Results: The median onset age of the ten patients was 55 years. Patients presented productive cough,
chest distress, and inspiratory wheezing. Etiologies of TBM included chronic obstructive pulmonary
disease (COPD), tracheobronchial tuberculosis, relapsing polychondritis, and chronic bronchitis, the �rst
two of which were dominated, accounting for 40%. Obstructive ventilation disturbance was found in the
lung function test, and the �ow-volume curve displayed main airway obstruction. Seven patients were
worried about the side-effect of stenting, so they refused stenting. During follow-up (3-120 months), all
patients survived.

Conclusions: In China, main etiologies of TBM may be COPD and tracheobronchial tuberculosis, which
are different from those of Western countries and seriously underestimated.

Introduction
Tracheobronchomalacia is de�ned as the loss of cartilaginous support of the trachea or major bronchus,
leading to complete or near-complete collapse of the airway lumen during respiration [1]. TBM can be
diagnosed primarily through bronchoscopy or multidetector computed tomography (CT) [2].
Bronchoscopy has been regarded as the main and traditional diagnostic modality for evaluating presence
and severity of TBM [3]. Multidetector CT with 3-dimensional imaging is also a highly accurate
preoperative noninvasive imaging modality for evaluating TBM and providing anatomic information
consistent with and complementary to bronchoscopy [4]. However, TBM is frequently unrecognized or
misdiagnosed with other respiratory conditions [5, 6]. A survey indicated that due to de�ciency of
awareness, TBM can be identi�ed by only 29% of pulmonologists on bronchoscopy and only 39% of
them on CT [7]. TBM is usually confused with airway obstructive disease, and it can be diagnosed
through pulmonary function test after ruling out other diseases [8–10].

Secondary TBM is the main type of TBM in adults. TBM occurs in the normally developed trachea due to
mechanical causes (tracheal surgery, closed chest trauma, tracheostomy, etc.), chronic airway
in�ammation [chronic obstructive pulmonary disease (COPD), uncontrol asthma, recurrent infections,
relapsing polychondritis, tuberculosis, malignant airway obstruction, etc.), and congenital causes
(Mounier-Kuhn syndrome) [11–23]. Symptoms, signs, onset age, disease severity and prognosis of TBM
are considerably different due to different etiologies. The more common etiologies are COPD, asthma,
Mounier-Kuhn syndrome and relapsing polychondritis according to previous reports of Western countries.
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After searching the PubMed database for published articles on TBM, however, few case reports of TBM in
China were found.

In this paper, it was hypothesized that the TBM etiologies in mainland Chinese patients differ from those
of Western countries. Through some cases with TBM, the etiologies and clinical characteristics of TBM
were determined and compared with literature reports.

Materials And Methods

Patients
The diagnosis and treatment course of ten 32-75-year-old patients diagnosed with TBM and
consecutively hospitalized from outpatient respiratory clinics in Shanghai Pulmonary Hospital from
December 2008 and December 2020 were retrospectively analyzed, speci�cally including general and
anthropometric information (i.e. age and sex), smoking history, medical history, onset of symptoms,
course of disease, symptoms (e.g. cough, sputum, chest distress, hemoptysis and chest pain), signs,
etiology, diagnosis, malacia position, treatment and prognosis. Written informed consent was obtained
from all participants through letters. The study protocol was approved by the Ethics Committee of
Shanghai Pulmonary Hospital (K21-302; Shanghai, China), and was conducted in accordance with the
amended Declaration of Helsinki.

Diagnostic criteria for TBM
There are no uniform diagnostic criteria for TBM. Bronchoscopy and multidetector CT with 3-dimensional
imaging have been regarded as the main diagnostic modality for evaluating presence and severity of
TBM [2–4]. TBM in adults is a disease de�ned as a stenosis of more than 50% of the airway lumen
during expiration [21]. In this study, TBM was diagnosed based on bronchoscopy and multidetector CT
with 3-dimensional imaging.

Main etiologies of TBM
To date, the etiology of TBM remains unclear yet. Etiologies of TBM in adults were summarized aspects
follows: congenital cartilage dysplasia (Mounier-Kuhn syndrome), autoimmune disease (relapsing
polychondritis), external pressure factors (surgical intervention for a vascular ring, post-thyroidectomy
and post-pneumonectomy), chronic airway obstructive disease (COPD and asthma), airway trauma
(tracheal intubation), tracheal and bronchial cancer, and other pulmonary diseases (interstitial lung
disease and pulmonary tuberculosis) (Table 1).
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Table 1
Summarized the main aetiologies of TBM

Aetiology Methods References

Polychondritis Bronchoscopy

Chest CT

History inquiry

10

Mounier-Kuhn Syndrome Bronchoscopy

Chest CT

11, 20

Chronic Obstructive Pulmonary Disease History inquiry

Pulmonary Function Tests

Bronchoscopy

12, 20

Bronchial cancer Bronchoscopy

Chest CT

13

Pulmonary tuberculosis History inquiry

Bronchoscopy

Chest CT

13

Surgical intervention for a vascular ring History inquiry

Bronchoscopy

Chest CT

14

Post-thyroidectomy History inquiry

Chest CT

15

Intubation History inquiry

Chest CT

16

Pulmonary emphysema History inquiry

Chest CT

17

Asthma History inquiry

Pulmonary Function Tests

Bronchoscopy

18, 20

CT: computed tomography.
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Aetiology Methods References

Post-pneumonectomy History inquiry

Bronchoscopy

Chest CT

19

Interstitial lung disease Bronchoscopy

Chest CT

20

CT: computed tomography.

Results
The median onset age of the ten patients was 55 years (32–74 years), 57.8 years (32–75 years) at the
time of diagnosis. The course of disease ranged from 3 months to 120 months. Three patients had a
history of smoking and COPD, two patients had a history of tracheobronchial tuberculosis, and one
patient had a history of asthma and bronchiectasis (Table 2). Eight patients were misdiagnosed in other
hospitals (asthma in 3 cases; COPD in 3 cases; chronic bronchitis in 2 cases).

 
Table 2

Demographic data of ten patients
Patient
no.

Age Sex Onset
age

Course of
disease

Smoke Other disease history

1 38 F 37 13 months No No

2 71 M 62 117 months Yes COPD

3 59 F 59 25 months No tracheobronchial
tuberculosis

4 32 M 32 3 months No tracheobronchial
tuberculosis

5 75 F 74 14 months No Right hand injury

6 54 M 54 2 months No COPD

7 52 F 52 4 months No No

8 73 M 72 12 months No No

9 55 F 54 12 months No Asthma and bronchiectasis

10 69 M 59 120 months yes COPD

COPD: Chronic Obstructive Pulmonary Disease.
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Chest distress was the most common clinical symptom, accounting for 90% (9/10). Seven patients
complained of productive cough, while two patients complained of dry cough. Chest pain occurred in two
patients, and hemoptysis in one patient. In examination, inspiratory wheezing rale was heard in
auscultation, and two patients had tachypnea (Table 3).

 
Table 3

Symptoms and signs of ten patients
Patient
no.

Symptoms Signs

Cough Sputum Chest distress Chest
pain

Hemoptysis Tachypnea Inspiratory
phase
wheezing
sound

1 √ √ √ √   √ √

2 √ √ √       √

3 √ √ √   √ √ √

4 √   √       √

5 √ √ √       √

6 √ √ √ √ √ √ √

7 √   √        

8     √     √  

9 √ √ √     √ √

10 √ √       √  

Every patient was diagnosed through dynamic bronchoscopy and multidetector CT with 3-dimensional
imaging in Table 4(Table 4) according to the diagnostic criteria proposed by Ngerncham M et al [2]. Case
1 diagnosed with relapsing polychondritis and Case 6 diagnosed with COPD were affected both left and
right main bronchi. The trachea was affected in Case 2 who had a history of smoking and COPD, and
was treated with tracheal stenting. Both trachea and right main bronchus were affected in Case 3 and 4
who had a history of tracheobronchial tuberculosis and affected in Case 10 who had a history of COPD.
Right main bronchus was affected in Case 5 who had a history of chronic bronchitis. Left main bronchus
was affected in Case 7 who had no history of other diseases. Case 9 diagnosed with asthma and
bronchiectasis and Case 8 were affected in trachea and both main bronchi.
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Table 4
Diagnosis methods, aetiology and prognosis of ten patients

Patient
no.

Methods of
diagnosis

position Aetiology Therapy Current clinical status
(Duration of survival)

1 Bronchoscopy

3D-CT

BM Polychondritis symptomatic
therapy

Survived

(74 months)

2 Bronchoscopy

3D-CT

Trachea COPD Trachea
stent

Survived

(70 months)

3 Bronchoscopy

3D-CT

Trachea
and RM

tracheobronchial
tuberculosis

symptomatic
therapy

Survived (27months)

4 Bronchoscopy

3D-CT

Trachea
and RM

tracheobronchial
tuberculosis

symptomatic
therapy

Survived

(12 months)

5 Bronchoscopy

3D-CT

RM Chronic
bronchitis

symptomatic
therapy

Survived

(3 months)

6 Bronchoscopy

3D-CT

BM COPD Trachea
stent

Survived

(2 months)

7 Bronchoscopy

3D-CT

LM No symptomatic
therapy

Survived

(4 months)

8 Bronchoscopy

3D-CT

Trachea
and BM

No symptomatic
therapy

Survived

(12 months)

9 Bronchoscopy

3D-CT

Trachea
and BM

Asthma and
bronchiectasis

Trachea
stent

Survived

(12 months)

10 Bronchoscopy

3D-CT

Trachea
and RM

COPD symptomatic
therapy

Survived

(120 months)

3D-CT: three-dimensional computed tomography; BM: both main bronchi; RM: right main bronchus.
LM: Left main bronchus.

Eight patients were worried about the side-effect of stenting, so they refused stenting. These patients'
symptoms could be improved by bronchodilators to some extent. Tra cheal stent was placed in three
patients. During follow-up (3-120 months), all patients survived.

Lung function tests were conducted on 7 out of 10 patients. Five patients had obstructive ventilation
function disturbance, one patient had mixed ventilation dysfunction and the remaining one had no
impaired lung function (Table 5). Among the seven patients receiving lung function tests, forced
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expiratory volume in 1 second (FEV1) % predicted and FEV1/forced vital capacity (FVC) declined, while
residual volume (RV)% predicted and airway resistance rose in 6 patients. Flow-volume curve displayed
main airway obstruction.

 
Table 5

Pulmonary function of seven patients
Patient no. FVC% FEV1% FEV1/FVC RV% RV/TLC% DLCO% R%

1 58.2 21.8 35.2 379.8 77.59 79.2 293.7

2 87.3 46.4 51.8 176.4 55.9 78.2 187.4

3 79.3 39.0 40.39 180.3 60.0 83.2 313.5

4 95.7 43.5 38.03 157.8 39.49 103.6 188.4

5 71.8 64 71.37 185.8 59.55 61.7 264.3

7 96.9 97.0 98.3 101.3 94.0   158.9

8 75.4 25.3 26.17        

FVC: forced vital capacity; FEV1: forced expiratory volume in 1 second; RV: residual volume; TLC: total
lung capacity. DLCO: carbon monoxide diffusing capacity; R: airway resistance

Discussion
Adult TBM frequently occurs in middle-aged and elderly patients [8], consistent with the results in this
paper. The course of adult TBM varies widely (from several months to more than ten years). The different
courses of disease may be related to different etiologies. TBM has a wide range of etiologies. Congenital
TBM results from abnormalities of airway maturation, most seen in children born with esophageal atresia
and esophageal tracheal �stula [24, 25]. Adult TBM occurs in the normally developed trachea due to
chronic airway in�ammation, mechanical causes and congenital causes [12-21]. In this study, the
etiologies of TBM included COPD, tracheobronchial tuberculosis, bronchiectasis, relapsing polychondritis,
and chronic bronchitis. However, the main etiologies in our hospital were COPD and tracheobronchial
tuberculosis, which differed from those in Western countries.

COPD is one of the main causes of TBM in adults in some countries, but COPD and TBM are likely to be
confused with each other because of similar symptoms and pulmonary function [8]. A study
demonstrated evidence of TBM on expiratory phase CT scan in 53% of patients with COPD [13]. Smoking
and chronic airway in�ammation can lead to structural changes in the airway and result in bronchial
cartilage de�ciency [26]. Pathogenesis of TBM from chronic bronchitis is like that of COPD. In China, the
overall prevalence of spirometry-de�ned COPD is 13.7% in a national cross-sectional study by Chen-
Wang [27], indicating that there are approximately 100 million patients with COPD in China. The possible
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reason is that there are a considerable number of patients with TBM secondary to COPD. However, there
are few case reports about TBM secondary to COPD in China due to insu�cient attention. TBM should be
suspected if the patient with COPD has poor or no response to rational bronchodilators
and glucocorticoids. More attention should be paid to dynamic multidetector CT with 3-dimensional
imaging and �ow-volume curve. If the patient is in good condition, bronchoscopy can be performed to
assist diagnosis.

Tracheobronchial tuberculosis was another main cause of TBM in this study. The two patients had no
history of other diseases [28], except tracheobronchial tuberculosis, one of the most common concurrent
diseases in China. When Mycobacterium tuberculosis directly involves the bronchial wall, bronchial
cartilage will be destroyed and the bronchial wall will become thickened [29]. Tracheobronchial
tuberculosis can be divided into active type and �brous type [27], but its exact cause remains unclear,
which may be related to the location of the lesion in the tracheobronchial tract, the range and depth of the
lesion, missed diagnosis and delayed treatment. Finally, destruction of bronchial cartilage and �brosis of
the bronchial wall led to TBM. Tuberculosis cases in eight countries account for two thirds of the total
globally , and the top three are India (26%), Indonesia (8.5%) and China (8.4%) [30]. The number of
tuberculosis cases reported in China has shown a continuous downward trend, but there are nearly
800,000 new cases of tuberculosis every year in China with a large population base [30].
Tracheobronchial tuberculosis is present in 10-40% of patients with active pulmonary tuberculosis [31]. It
is surmised that there are an abundant number of patients with TBM secondary to tracheobronchial
tuberculosis. However, the morbidity of TBM secondary to tracheobronchial tuberculosis is substantially
undervalued due to pulmonologists' insu�cient recognition of TBM in China. Therefore, a long-term
prospective multicenter study on the morbidity of TBM secondary to tracheobronchial tuberculosis is
needed.

Relapsing polychondritis is a rare systemic disease of unknown etiology, characterized by recurrent
episodes of in�ammation with the systemic destruction of cartilage tissues [11]. In a study involving 337
cases of relapsing polychondritis, Kent et al [11] found that 55% of them have respiratory tract
symptoms. Case 1 was diagnosed with relapsing polychondritis according to the criteria proposed by
Diamiani and Levine [28].  

Etiologies of TBM in Western countries were summarized in previous reports, mainly including COPD,
asthma, Mounier-Kuhn syndrome, and relapsing polychondritis. In China, COPD and tracheobronchial
tuberculosis are the major etiologies of TBM. The morbidity of TBM is substantially undervalued due to
insu�cient recognition and epidemiological survey results.

Chest distress and cough are the main symptoms of patients with TBM [32], consistent with our �ndings,
and they are common in obstructive airway disease, leading to misdiagnosis of TBM as COPD or asthma.
Although chest distress and cough are not the speci�c clinical symptoms of TBM, they may be
indications of TBM. In clinical practice, therefore, it is needed to consider whether patients with chest
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distress and cough as the main clinical manifestations suffer from COPD or asthma, and to pay attention
to TBM. 

  The diagnosis of symptomatic TBM can be complex. The clinical presentation of TBM is nonspeci�c
and like that of other common respiratory diseases. It is important to have a high degree of clinical
suspicion especially when the symptoms are caused by COPD and asthma or conventional treatment
fails. For TBM, pulmonary function test is neither sensitive nor speci�c, and main airway obstruction
shown in �ow-volume curve may be a hint of TBM. Multidetector CT with 3-dimensional imaging is a
noninvasive method for the diagnosis of TBM, and bronchoscopy is regarded as the golden standard for
diagnosis [4, 33]. Therefore, TBM is mainly diagnosed by bronchoscopy or dynamic multidetector CT with
3-dimensional imaging. Chest distress and cough, inspiratory wheezing rale in auscultation and �ow-
volume curve are bene�cial supplement and hint for the diagnosis of large airway obstruction.

Therapeutic methods of TBM mainly include medical management, stent insertion and surgical
treatment. Airway collapse impairs airway clearance [34, 35]. Chest physiotherapy, gastroesophageal
control, and nebulization of normal saline or hypertonic saline are effective management means in a
clearance regimen [36], and almost all patients with mild to severe TBM will bene�t from airway
clearance of mucus [37]. Corticosteroids, regardless of routine, active or continuous type, should be
avoided because of the risks of cartilage degradation and progressive tracheomalacia [36]. Patients may
not bene�t from the use of bronchodilators, because bronchodilator can relax airway smooth muscle,
resulting in aggravation of airway collapse [38, 39]. Continuous positive airway pressure (CPAP) and
bilevel positive airway pressure (BIPAP) are helpful for patients with TBM-induced decreased lung
compliance and airway obstruction [40]. However, noninvasive ventilation is generally not considered a
therapeutic method, but a "bridge" to surgical intervention, or the last treatment for patients who cannot
tolerate long-term airway stents [23]. Tracheobronchial stenting can improve dyspnea, lung function, and
quality of life in patients with airway obstruction, which, however, are associated with a higher risk of
granulation tissue formation as well as stent fatigue and fracture, migration or blockage [23, 41].
Therefore, tracheobronchial stents should only be used when tracheobronchoplasty is not feasible or is
contraindicated [23, 42, 43]. Surgical stabilization of the airway is the de�nitive treatment for patients
with TBM. Thoracoscopic aortopexy, and anterior and posterior tracheobronchopexy are successful
surgical treatments [36, 44]. In our study, all patients were given symptomatic treatment, and their
symptoms were improved to some extent. Some patients chose conservative treatment, and three
patients were inserted with tracheal stents. Despite severe symptoms, some patients refused
tracheobronchial stenting because of worry about the side effects. None of the 10 patients received
surgical treatment.

Almost all symptoms of patients can be improved after relaxing airway, tracheobronchial stenting or
tracheobronchoplasty. There are diverse etiologies of TBM in adults. Different primary diseases have
different outcome and survival time. A report by Hong G et al [11] indicated that the 5-year overall survival
rate of a group patients with relapsing polychondritis is 75%. The long-term outcomes of TBM in adults
with different etiologies are absent. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23624590
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The main limitation of this study is that the number of cases was only ten, and some etiologies were not
summarized. However, Shanghai is a large city in eastern China with a population of more than 20 million
and is representative of East Asia. Patients in Shanghai, in addition to residents, are from everywhere of
Chinese mainland. The etiologies of TBM in this study included COPD (Case 2, 6 and 10),
tracheobronchial tuberculosis (Case 3 and 4) and relapsing polychondritis (Case 1). China has a large
population and the incidence of COPD and tracheobronchial tuberculosis is higher, indicating that the
number of patients with COPD and tracheobronchial tuberculosis are large. The results of this study still
have considerable clinical value. Large-scale epidemiological investigation about TBM remains to be
conducted in the future.

Conclusions
Ten patients were retrospectively analyzed in this study, and the etiologies of TBM included COPD,
tracheobronchial tuberculosis, chronic bronchitis, asthma, bronchiectasis and relapsing polychondritis. In
China, main etiologies of TBM may be COPD and tracheobronchial tuberculosis, which are different from
those of Western countries and seriously underestimated.

Abbreviations
TBM: Tracheobronchomalacia; COPD: chronic obstructive pulmonary disease; CT: computed
tomography; 3D-CT: three-dimensional computed tomography; BM: both main bronchi; RM: right main
bronchus; LM: Left main bronchus; FVC: forced vital capacity; FEV1: forced expiratory volume in 1
second; RV residual volume; TLC: total lung capacity; DLCO: carbon monoxide diffusing capacity;
R: airway resistance.

Declarations
Ethics approval and consent to participate

Written informed consent was obtained from all participants through letters. The study protocol was
approved by the Ethics Committee of Shanghai Pulmonary Hospital (K21-302; Shanghai, China) and was
conducted in accordance with the amended Declaration of Helsinki.

Consent for publication

Not applicable.

Availability of data and materials

All data generated or analysed during this study has been included in this article, and was available
public.

Competing Interests



Page 12/16

The research was conducted in the absence of any commercial or �nancial relationships that could be
construed as a potential con�ict of interest. The authors declare that they have no con�icts of interest.

Funding 

This work Supported in part by grants from the Advanced and Appropriate Technology Promotion Project
of Shanghai Municipal Health Commission (2019SY055).

Authors’ Contributions

ZC and JWB: conceptualization and collecting the data and writing original draft. SL, HWL, YG and JFX:
review and editing. All authors contributed to the article and approved the submitted version.

Acknowledgements

The authors would like to thank all subjects who participated in this study.

Author Details

1Department of Respiratory and Critical Care Medicine, Shanghai Pulmonary Hospital, Respiratory
Medicine Institute, Tongji University School of Medicine, Shanghai 200433, China. 2Endoscopy center,
Shanghai Pulmonary Hospital, Respiratory Medicine Institute, Tongji University School of Medicine,
Shanghai 200433, China.

References
1. Murgu SD, Colt HG: Tracheobronchomalacia and excessive dynamic airway collapse. Respirology

(Carlton, Vic) 2006, 11(4):388–406. https://doi.org/10.1111/j.1440-1843.2006.00862.x

2. Ngerncham M, Lee EY, Zurakowski D, Tracy DA, Jennings R: Tracheobronchomalacia in pediatric
patients with esophageal atresia: comparison of diagnostic laryngoscopy/bronchoscopy and
dynamic airway multidetector computed tomography. Journal of pediatric surgery 2015, 50(3):402–
407. https://doi.org/10.1016/j.jpedsurg.2014.08.021

3. Nemes RM, Postolache P, Cojocaru DC, Nitu MF: Tracheomalacia in children and adults–not so rare
as expected. Revista medico-chirurgicala a Societatii de Medici si Naturalisti din Iasi 2014,
118(3):608–611.

4. Lee EY, Boiselle PM: Tracheobronchomalacia in infants and children: multidetector CT evaluation.
Radiology 2009, 252(1):7–22. https://doi.org/10.1148/radiol.2513081280

5. Xia Y, Huang Y, Li QB, Luo ZX, Liu EM, Chen KH, Tang W, Bo N, Zhao H, Yuan XP: [Analysis of 53
cases with bronchoscopically con�rmed pediatric tracheobronchomalacia]. Zhonghua er ke za zhi =
Chinese journal of pediatrics 2007, 45(2):96–99.

�. Ridge CA, O'Donnell C R, Lee EY, Majid A, Boiselle PM: Tracheobronchomalacia: current concepts and
controversies. Journal of thoracic imaging 2011, 26(4):278–289.



Page 13/16

https://doi.org/10.1097/RTI.0b013e3182203342

7. Matus I, Richter W, Mani SB: Awareness, Competencies, and Practice Patterns in
Tracheobronchomalacia: A Survey of Pulmonologists. Journal of bronchology & interventional
pulmonology 2016, 23(2):131–137. https://doi.org/10.1097/lbr.0000000000000281

�. Majid A, Fernández L, Fernández-Bussy S, Herth F, Ernst A: [Tracheobronchomalacia]. Archivos de
bronconeumologia 2010, 46(4):196–202. https://doi.org/10.1016/j.arbres.2009.10.011

9. Alici IO, Kar Kurt O, Dursun AB, Yilmaz A, Erkekol FO: Two cases of tracheal disease misdiagnosed as
di�cult-to-treat asthma. Respiratory care 2013, 58(11):e133-137.
https://doi.org/10.4187/respcare.02350

10. Dubey S, Gelder C, Pink G, Ali A, Taylor C, Shakespeare J, Townsend S, Murphy P, Hart N, D'Cruz D:
Respiratory subtype of relapsing polychondritis frequently presents as di�cult asthma: a descriptive
study of respiratory involvement in relapsing polychondritis with 13 patients from a single UK centre.
ERJ open research 2021, 7(1). https://doi.org/10.1183/23120541.00170-2020

11. Hong G, Kim H: Clinical characteristics and treatment outcomes of patients with relapsing
polychondritis with airway involvement. Clinical rheumatology 2013, 32(9):1329–1335.
https://doi.org/10.1007/s10067-013-2279-2

12. Schmitt P, Dalar L, Jouneau S, Toublanc B, Camuset J, Chatte G, Cellerin L, Dutau H, Sanchez S,
Sauvage M et al: Respiratory Conditions Associated with Tracheobronchomegaly (Mounier-Kuhn
Syndrome): A Study of Seventeen Cases. Respiration; international review of thoracic diseases 2016,
91(4):281–287. https://doi.org/10.1159/000445029

13. Sverzellati N, Rastelli A, Chetta A, Schembri V, Fasano L, Pacilli AM, Di Scioscio V, Bartalena T, De
Filippo M, Zompatori M: Airway malacia in chronic obstructive pulmonary disease: prevalence,
morphology and relationship with emphysema, bronchiectasis and bronchial wall thickening.
European radiology 2009, 19(7):1669–1678. https://doi.org/10.1007/s00330-009-1306-9

14. Jokinen K, Palva T, Sutinen S, Nuutinen J: Acquired tracheobronchomalacia. Annals of clinical
research 1977, 9(2):52–57.

15. Backer CL, Mongé MC, Russell HM, Popescu AR, Rastatter JC, Costello JM: Reoperation after
vascular ring repair. Seminars in thoracic and cardiovascular surgery Pediatric cardiac surgery
annual 2014, 17(1):48–55. https://doi.org/10.1053/j.pcsu.2014.01.001

1�. Findlay JM, Sadler GP, Bridge H, Mihai R: Post-thyroidectomy tracheomalacia: minimal risk despite
signi�cant tracheal compression. British journal of anaesthesia 2011, 106(6):903–906.
https://doi.org/10.1093/bja/aer062

17. Sams VG, Lawson CM, Shibli AB, Taylor DA, Branca PR: Severe tracheobronchomalacia after
prolonged intubation of multitrauma patient. Case reports in surgery 2011, 2011:627012.
https://doi.org/10.1155/2011/627012

1�. Inoue M, Hasegawa I, Nakano K, Yamaguchi K, Kuribayashi S: Incidence of tracheobronchomalacia
associated with pulmonary emphysema: detection with paired inspiratory-expiratory multidetector



Page 14/16

computed tomography using a low-dose technique. Japanese journal of radiology 2009, 27(8):303–
308. https://doi.org/10.1007/s11604-009-0342-3

19. Dal Negro RW, Tognella S, Guerriero M, Micheletto C: Prevalence of tracheobronchomalacia and
excessive dynamic airway collapse in bronchial asthma of different severity. Multidisciplinary
respiratory medicine 2013, 8(1):32. https://doi.org/10.1186/2049-6958-8-32

20. Datey A, Chaskar A, Sarma L: Tracheobronchomalacia post-pneumonectomy: a late complication.
Indian journal of palliative care 2013, 19(2):107–109. https://doi.org/10.4103/0973-1075.116713

21. Gangadharan SP, Bakhos CT, Majid A, Kent MS, Michaud G, Ernst A, Ashiku SK, DeCamp MM:
Technical aspects and outcomes of tracheobronchoplasty for severe tracheobronchomalacia. The
Annals of thoracic surgery 2011, 91(5):1574–1580; discussion 1580 – 1571.
https://doi.org/10.1016/j.athoracsur.2011.01.009

22. Hammond K, Ghori UK, Musani AI: Tracheobronchomalacia and Excessive Dynamic Airway Collapse.
Clinics in chest medicine 2018, 39(1):223–228. https://doi.org/10.1016/j.ccm.2017.11.015

23. Kheir F, Majid A: Tracheobronchomalacia and Excessive Dynamic Airway Collapse: Medical and
Surgical Treatment. Seminars in respiratory and critical care medicine 2018, 39(6):667–673.
https://doi.org/10.1055/s-0038-1676571

24. Dutau H, Laroumagne S, Bylicki O, Vandemoortele T, Astoul P: [Tracheobronchomalacia in adults:
breakthroughs and controversies]. Revue des maladies respiratoires 2012, 29(10):1198–1208.
https://doi.org/10.1016/j.rmr.2012.06.008

25. Fraga JC, Jennings RW, Kim PC: Pediatric tracheomalacia. Seminars in pediatric surgery 2016,
25(3):156–164. https://doi.org/10.1053/j.sempedsurg.2016.02.008

2�. Ernst A, Odell DD, Michaud G, Majid A, Herth FFJ, Gangadharan SP: Central airway stabilization for
tracheobronchomalacia improves quality of life in patients with COPD. Chest 2011, 140(5):1162–
1168. https://doi.org/10.1378/chest.10-3051

27. Wang C, Xu J, Yang L, Xu Y, Zhang X, Bai C, Kang J, Ran P, Shen H, Wen F et al: Prevalence and risk
factors of chronic obstructive pulmonary disease in China (the China Pulmonary Health [CPH] study):
a national cross-sectional study. Lancet (London, England) 2018, 391(10131):1706–1717.
https://doi.org/10.1016/s0140-6736(18)30841-9

2�. Damiani JM, Levine HL: Relapsing polychondritis–report of ten cases. The Laryngoscope 1979, 89(6
Pt 1):929–946.

29. Iwamoto Y, Miyazawa T, Kurimoto N, Miyazu Y, Ishida A, Matsuo K, Watanabe Y: Interventional
bronchoscopy in the management of airway stenosis due to tracheobronchial tuberculosis. Chest
2004, 126(4):1344–1352. https://doi.org/10.1378/chest.126.4.1344

30. Harding E: WHO global progress report on tuberculosis elimination. The Lancet Respiratory medicine
2020, 8(1):19. https://doi.org/10.1016/s2213-2600(19)30418-7

31. Xue Q, Wang N, Xue X, Wang J: Endobronchial tuberculosis: an overview. European journal of clinical
microbiology & infectious diseases: o�cial publication of the European Society of Clinical
Microbiology 2011, 30(9):1039–1044. https://doi.org/10.1007/s10096-011-1205-2



Page 15/16

32. Hoffmann H, Gompelmann D, Heußel CP, Dienemann H, Eberhardt R: [Tracheobronchoplasty for
Severe Diffuse Tracheomalacia]. Zentralblatt fur Chirurgie 2016, 141 Suppl 1:S35-42.
https://doi.org/10.1055/s-0042-113193

33. Majid A, Gaurav K, Sanchez JM, Berger RL, Folch E, Fernandez-Bussy S, Ernst A, Gangadharan SP:
Evaluation of tracheobronchomalacia by dynamic �exible bronchoscopy. A pilot study. Annals of the
American Thoracic Society 2014, 11(6):951–955. https://doi.org/10.1513/AnnalsATS.201312-
435BC

34. Deacon JWF, Widger J, Soma MA: Paediatric tracheomalacia - A review of clinical features and
comparison of diagnostic imaging techniques. International journal of pediatric otorhinolaryngology
2017, 98:75–81. https://doi.org/10.1016/j.ijporl.2017.04.027

35. Shieh HF, Smithers CJ, Hamilton TE, Zurakowski D, Rhein LM, Manfredi MA, Baird CW, Jennings RW:
Posterior tracheopexy for severe tracheomalacia. Journal of pediatric surgery 2017, 52(6):951–955.
https://doi.org/10.1016/j.jpedsurg.2017.03.018

3�. Kamran A, Jennings RW: Tracheomalacia and Tracheobronchomalacia in Pediatrics: An Overview of
Evaluation, Medical Management, and Surgical Treatment. Frontiers in pediatrics 2019, 7:512.
https://doi.org/10.3389/fped.2019.00512

37. Kamran A, Baird CW, Jennings RW: Tracheobronchomalacia, Tracheobronchial Compression, and
Tracheobronchial Malformations: Diagnostic and Treatment Strategies. Seminars in thoracic and
cardiovascular surgery Pediatric cardiac surgery annual 2020, 23:53–61.
https://doi.org/10.1053/j.pcsu.2020.02.006

3�. Panitch HB, Keklikian EN, Motley RA, Wolfson MR, Schidlow DV: Effect of altering smooth muscle
tone on maximal expiratory �ows in patients with tracheomalacia. Pediatric pulmonology 1990,
9(3):170–176. https://doi.org/10.1002/ppul.1950090309

39. Carden K, Boiselle P, Waltz D, Ernst AJC: Tracheomalacia and tracheobronchomalacia in children and
adults: an in-depth review. 2005, 127(3):984–1005. https://doi.org/10.1378/chest.127.3.984

40. Patout M, Mylott L, Kent R, Arbane G, Murphy PB, Hart N: Trial of Portable Continuous Positive Airway
Pressure for the Management of Tracheobronchomalacia. American journal of respiratory and
critical care medicine 2016, 193(10):e57. https://doi.org/10.1164/rccm.201511-2243IM

41. Biswas A, Jantz MA, Sriram PS, Mehta HJ: Tracheobronchomalacia. Disease-a-month: DM 2017,
63(10):287–302. https://doi.org/10.1016/j.disamonth.2017.04.003

42. de Trey LA, Dudley J, Ismail-Koch H, Durward A, Bellsham-Revell H, Blaney S, Hore I, Austin CB,
Morrison GA: Treatment of severe tracheobronchomalacia: Ten-year experience. International journal
of pediatric otorhinolaryngology 2016, 83:57–62. https://doi.org/10.1016/j.ijporl.2016.01.022

43. Murgu SD, Egressy K, Laxmanan B, Doblare G, Ortiz-Comino R, Hogarth DK: Central Airway
Obstruction: Benign Strictures, Tracheobronchomalacia, and Malignancy-related Obstruction. Chest
2016, 150(2):426–441. https://doi.org/10.1016/j.chest.2016.02.001

44. Bairdain S, Zurakowski D, Baird CW, Jennings RW: Surgical Treatment of Tracheobronchomalacia: A
novel approach. Paediatric respiratory reviews 2016, 19:16–20.



Page 16/16

https://doi.org/10.1016/j.prrv.2016.04.002


