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Case Report

Efficacy of Nasal Continuous Positive Airway Pressure
in Tracheobronchomalacia
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ABSTRACT: A 68-year-old woman was admitted to our hospital with a persistent productive cough of 1
yearʼs duration and dyspnea on exertion. She had a history of chronic bronchitis during childhood and no history of smoking. Chest computed tomography (CT) images on expiration revealed diffuse mosaic attenuation
in both lungs and airway collapse of the trachea and main bronchi. Fiberoptic bronchoscopy images showed
a triangular tracheal lumen and marked narrowing of the main bronchi on expiration. Virtual bronchoscopy
(VB) images showed subtotal stenosis of several segmental bronchi. In addition, three-dimensional (3D) images of the airways revealed excessive expiratory collapse of the trachea and distal discrete malacia. No abnormalities were seen in a surgical lung biopsy specimen. These findings indicated a diagnosis of tracheobronchomalacia (TBM). Because the airway lesions were diffuse, noninvasive ventilation with continuous positive airway pressure was started and resulted in long-term improvement in daytime clinical symptoms and arterial blood gas values.
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Tracheobronchomalacia (TBM) results from weakness

!

of the airway walls and or supporting cartilage.１） It is clas-

ence of air trapping, which results in a mosaic attenuation
pattern on chest CT images.５）

sified as primary (genetic, congenital) or secondary (ac-

We report a rare case of primary TBM with mosaic at-

quired), e.g., chronic obstructive pulmonary disease or

tenuation on chest CT that was diagnosed by using VB

bronchial asthma.２） Although bronchoscopy and conven-

and 3D images of airways to examine lesion distribution.

tional computed tomography (CT) have been the standard
techniques for diagnosing TBM, recent reports indicate

Case Report

that noninvasive virtual bronchoscopy (VB) and three-

A 68-year-old woman was referred to our hospital for a

dimensional (3D) images of airways are also effective in di-

persistent productive cough of 1 yearʼs duration and dysp-

agnosis.３，４） Furthermore, TBM is associated with the pres-

nea on exertion. She had a past history of chronic bronchi-
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Fig. 1 Chest computed tomography (CT) images reveal normal tracheal appearance at
the end of inspiration (A) and a diffuse mosaic perfusion in both lungs, and airway collapse of the trachea and bronchi, during expiration (B).
Fiberoptic bronchoscopy images show a triangular tracheal lumen and marked narrowing of the main bronchi on inspiration (C), as compared with findings on expiration (D).

tis during childhood and no history of smoking or dust ex-

3). No fungal, bacterial, or mycobacterial pathogens were

posure. Arterial blood gas analysis showed a pH of 7.42,

isolated from sputum or bronchial lavage fluid. Due to mo-

PaCO2 of 42.2 Torr, and PaO2 of 64.0 Torr in room air. The

saic attenuation in the left lower lobe, the patient under-

results of a pulmonary function test―i.e., vital capacity of

went video-assisted thoracoscopic surgery (VATS) as a di-

1.31 l (61.2％ of predicted), forced expiratory volume in one

agnostic procedure. However, there was no evidence of

second (FEV1) of 0.85 l (58.6％ of predicted), diffusion for

chronic bronchiolitis, bronchiolitis obliterans, granulomas,

carbon monoxide of 7.46 ml min mmHg (65.2％ of pre-

or emphysematous change, and no other abnormalities

dicted), residual volume total lung capacity (RV TLC) of

were noted in the lung specimen. Consequently, the pa-

50.0％, and V50 V25 of 5.20―indicated mixed ventilation

tientʼs condition was diagnosed as primary TBM. Noninva-

disturbance and impairment of the small airways. There

sive ventilation with continuous positive airway pressure

was no evidence of airway reversibility. Chest CT images

(CPAP) was started at a pressure of 7 cm H2O and resulted

showed normal tracheal appearance at the end of inspira-

in long-term improvement in daytime clinical symptoms

tion (Fig. 1A) and diffuse mosaic perfusion in both lungs,

and arterial blood gas values. PaO2 improved from 65.0

with airway collapse of the trachea and bronchi, during ex-

Torr to 78.7 Torr after CPAP was introduced.

!

!
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!

piration (Fig. 1B). Fiberoptic bronchoscopy images showed

Discussion

a triangular tracheal lumen, and the main bronchi were
markedly narrower during expiration than during inspira-

TBM is a characterized by excessive expiratory col-

tion (Fig. 1C, 1D). VB images showed stenosis of the tra-

lapse of the central airways due to increased flaccidity of

chea and main bronchi and subtotal stenosis of several

the membranous airway wall and or weakness of the sup-

!

１）

segmental bronchi (Fig. 2). Furthermore, 3D images of air-

porting cartilage. The reported incidence of adult TBM

ways revealed excessive expiratory collapse of the trachea

was 4.1％ among 78 nonsmokers with chronic cough６）, and

and distal discrete malacia (versus a healthy control) (Fig.

Ikeda et al. found that TBM was present in 12.7％ (542 of
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Fig. 2 Virtual bronchoscopy (VB) images show stenosis of the trachea and main bronchi and
subtotal stenosis of several segmental bronchi.
(A) Tracheal bifurcation, (B) Left second carina bronchus, (C) Right upper lobe bronchus,
(D) Right middle bronchial trunk
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Fig. 3 Three-dimensional (3D) images of the bronchus show excessive expiratory collapse of the trachea and distal discrete malacia (compared with healthy control).
(A, B) Healthy control, (C, D) Present patient
(A, C) Inspiratory phase, (B, D) Expiratory phase

4283) of patients who underwent bronchoscopy.７） TBM is

asthma, chronic inflammation (relapsing polychondritis),

classified as primary (congenital) or secondary (acquired),

and posttraumatic, external compression of the trachea

e.g., chronic obstructive pulmonary disease or bronchial

(due to tumors, cysts, abscess, or cardiovascular abnor東邦医学会雑誌・2014 年 7 月
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malities).２） The primary form can be idiopathic or result

severe stenoses, which cannot be observed with conven-

from congenital cartilaginous weakness, congenital syn-

tional bronchoscopy.

dromes, or other congenital anomalies such as tracheoe-

Many adults with TBM do not require therapy when

sophageal fistula. In adults, secondary TBM is more com-

the condition is incidentally detected or they are asympto-

mon than primary TBM, but some adults have primary

matic.２） However, there is no consensus concerning the

TBM that was undiagnosed in childhood. Our patient had

treatment of symptomatic TBM. In patients with disabling

no causes of secondary TBM, and no abnormalities were

symptoms, CPAP can keep the airway open and facilitate

seen in lung parenchyma or bronchioli in a lung biopsy

secretion drainage.９） Ferguson & Benoist１０） reported that

specimen obtained by VATS. These findings indicated a

CPAP at a pressure of 10 cm H2O reduced dynamic airway

diagnosis of primary TBM. However, we cannot exclude

collapse in most patients with TBM. In our patient, intro-

the possibility of secondary TBM, as she had a past history

duction of intermittent diurnal CPAP resulted in improve-

of chronic bronchitis in childhood.

ment of her respiratory symptoms and oxygenation. Ernst

TBM should be considered in the differential diagnosis

et al.１１） found that, although silicone stent placement ther-

when unexplained symptoms such as persistent cough,

apy improved clinical symptoms and functional status dur-

dyspnea on exertion, or mosaic attenuation pattern on

ing the short term, complications such as stent migration,

chest CT are found. Relapsing polychondritis is a rare

mucus plugging, and granulation tissue formation oc-

multisystem disorder characterized by recurrent episodes

curred in 90％ of TBM patients. Recently, new surgical

of inflammation of cartilaginous structures of the external

treatments such as tracheoplasty１２） have substantially im-

８）

ear, nose, and peripheral joints. There was no evidence of

proved outcomes in selected patients. These treatments

tracheobronchial wall thickening with calcification or ele-

are effective in the short term; however, evidence of long-

vation of serum anti-type II collagen antibodies in our pa-

term effectiveness is limited.

tient, even though these are frequent findings in TBM.

In conclusion, VB and 3D images of airways were useful

Air trapping is caused by excessive retention of gas in

in evaluating airway collapse in TBM. The long-term effec-

the lung during expiration. Air trapping is visualized on

tiveness of surgical treatments and noninvasive mechani-

end-expiration CT scans as parenchymal areas with a less-

cal ventilation such as CPAP is uncertain, especially for

than-normal increase in attenuation and lack of volume re-

cases of TBM with diffuse airways stenosis, as in our pa-

duction. A comparison of inspiratory and expiratory CT

tient. Therefore, additional studies should attempt to as-

scans can be helpful when air trapping is subtle or diffuse.

certain outcomes for several potential therapies.

５）

Zhang et al. reported that, as compared with control subjects, patients with TBM had significantly more frequent

We are grateful for the advice and radiological analysis of the pa-

and more severe air trapping. Furthermore, they specu-

tient by Drs. Sekiguchi N and Nakano H (Department of Radiology,

lated that air trapping in TBM patients reflects the pres-

Toho University Omori Medical Center, Tokyo, Japan).

ence of chronic disease of the small airways, which is induced by recurrent infection and impaired clearance of
respiratory secretions.
In our patient, there was prominent mosaic attenuation
on chest CT, indicating air trapping except for airway collapse. VATS was performed to assess the possibility of diseases of the small airways, such as bronchiolitis obliterans
or hypersensitivity pneumonitis, but the histological findings showed no evidence of such disease.
Bronchoscopy has been the standard examination for diagnosing TBM, but recent techniques such as VB and 3D
images of airways were shown to be feasible.３，４） A major
advantage of these techniques is that they noninvasively
provide useful morphologic information on structural abnormalities. Moreover, VB can depict the passage through
61 巻 4 号

Conflict of interest statement: All the authors declare that they
have no conflict of interests regarding the present work.

References
1）Johnson TH, Mikita JJ, Wilson RJ, et al.: Acquired tracheomalacia. Radiology 109: 576―580, 1973
2）Carden KA, Boiselle PM, Waltz DA, et al.: Tracheomalacia and
tracheobronchomalacia in children and adults: An in-depth review. Chest 127: 984―1005, 2005
3）Oh Y, Kobayashi T, Morikawa A, et al.: Utility of virtual bronchoscopy in congenital tracheomalacia. Tokai J Exp Clin Med 32: 67―
69, 2007
4）Ridge CA, OʼDonnell CR, Lee EY, et al.: Tracheobronchomalacia:
Current concepts and controversies. J Thorac Imaging 26: 278―289,
2011
5）Zhang J, Hasegawa I, Hatabu H, et al.: Frequency and severity of

１７０（6）

A. Yamamoto et al.

air trapping at dynamic expiratory CT in patients with tracheobronchomalacia. AJR Am J Roentgenol 182: 81―85, 2004
6）Palombini BC, Villanova CA, Araújo E, et al.: A pathogenic trial
in chronic cough: Asthma, postnasal drip syndrome, and gastroesophageal reflux disease. Chest 116: 279―284, 1999
7）Ikeda S, Hanawa T, Konishi T, et al.: Diagnosis, incidence, clinicopathology and surgical treatment of acquired tracheobronchomalacia. Nihon Kyobu Shikkan Gakkai Zasshi 30: 1028―1035,
1992 (J)
8）Ernst A, Rafeq S, Boiselle P, et al.: Relapsing polychondritis and
airway involvement. Chest 135: 1024―1030, 2009
9）Collard Ph, Freitag L, Reynaert MS, et al.: Respiratory failure

due to tracheobronchomalacia. Thorax 51: 224―226, 1996
10）Ferguson GT, Benoist J: Nasal continuous positive airway pressure in the treatment of tracheobronchomalacia. Am Rev Respir
Dis 147: 457―461, 1993
11）Ernst A, Majid A, Feller-Kopman D, et al.: Airway stabilization
with silicone stents for treating adult tracheobronchomalacia: A
prospective observational study. Chest 132: 609―616, 2007
12）Majid A, Guerrero J, Gangadharan S, et al.: Tracheobronchoplasty for severe tracheobronchomalacia: A prospective outcome analysis. Chest 134: 801―807, 2008
(J): in Japanese

東邦医学会雑誌・2014 年 7 月

Virtual bronchoscopy and 3D imagery in TBM

（7）１７１

気管・気管支軟化症における経鼻的持続陽圧呼吸療法の効果
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要約：68 歳女性．1 年間持続する咳嗽，労作時呼吸困難を主訴に来院．喫煙歴なし．幼少時より慢性気管
支炎を指摘．胸部 computed tomography（CT）ではモザイクパターンを呈し，呼気時に増強する気管の高
度狭窄を認めた．Virtual bronchoscopy では，気管支末梢まで狭窄を示した．気道 three-dimensional（3D）
再構築像では，呼気時に気管・気管支の著明な狭窄を認めた．胸腔鏡下肺生検では明らかな異常所見は認め
られなかった．以上より気管・気管支軟化症と診断した．気道病変がびまん性であったため，非侵襲的陽圧
換気療法を開始したところ，臨床症状および動脈血液ガスの改善を認めた．
東邦医会誌 61（4）
：166―171，2014
索引用語：気管支軟化症，モザイクパターン，virtual bronchoscopy，気道 three-dimensional（3D）再
構築像，ファイバー気管支鏡
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