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Abstract
Tracheomalacia is a condition where the tracheal wall is abnormally soft and prone to
collapse during increased respiratory efforts. Airway malacia can manifest as segmen-
tal conditions like laryngomalacia, tracheomalacia and bronchomalacia, or as diffuse
conditions such as tracheobronchomalacia (TBM). Unlike long-segment congenital
tracheal stenosis, where surgery may be the preferred treatment, the management of
long-segment TBM remains controversial.
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INTRODUCTION

Tracheomalacia (TM) is a condition characterized by abnor-
mal weakness and easy collapsibility of the tracheal lumen,
particularly during periods of increased respiratory effort. It
can be localized or diffuse, depending on the extent of the
disorder. Primary diffuse TM, or TBM, is a rare congenital
condition characterized by immature cartilaginous rings,
most commonly affecting the distal third of the trachea,
leading to weakness of the entire tracheal structure.1,2 Con-
genital TM often occurs in preterm infants and may be asso-
ciated with other congenital malformations such as
congenital heart disease, vascular rings, tracheoesophageal
fistula, oesophageal atresia and gastroesophageal reflux. The
rigidity of the tracheal cartilage prevents collapse during
expiration.2 Common symptoms observed in patients with
tracheal collapse include stridor, apnea, brassy cough, cya-
notic spells, and recurrent pneumonia.

The management of TM remains controversial. Focal
tracheomalacia can be addressed with an airway stent;

however, in cases of severe and diffuse TM, tracheostomy is
preferred, to maintain airway patency with continuous posi-
tive airway pressure.3 This case illustrates a successful treat-
ment using multiple overlapping stents in a paediatric
patient with long-segment tracheobronchomalacia.

CASE REPORT

A 14-year-old female was referred from another institution
for further evaluation and management. She was born full
term, and developed stridor, recurrent choking, vomiting,
and failure to thrive. Eventually, she was diagnosed with
large atrial septal defect post-Amplatzer septal occluder
placement, tracheoesophageal fistula and oesophageal atresia
post-surgical repair, severe gastroesophageal reflux post-
surgical repair, laryngeal cleft type II, and severe long-
segment TM with bronchomalacia.

With parental preference, the long-segment TBM was
initially managed by the referring hospital by inserting two
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balloon-expandable stents in the trachea and RMB. The tra-
cheal stent was eventually removed due to deformity caused
by gradual balloon dilatations and the growing lumen.
Retrieval of the RMB stent proved to be challenging; there-
fore, it was kept patent and in place using balloon dilatation.
She was discharged without stridor or feeding issues.

Recommendations include using oxygen as necessary and
prescribing diuretics, pulmonary vasodilators, inhaled bron-
chodilators, and anti-reflux medications.

The patient was admitted to our paediatric intensive care
unit for unilateral opacification of the right hemithorax
(Figure 1). A chest CT scan showed decreased right lung
volume with multiple lung cysts and increased ground glass
opacities in the left lower lobe, with atelectasis in the
lingular lobe.

The team proceeded with flexible bronchoscopy. Topi-
cally, 2% lidocaine was instilled in both nostrils, larynx, tra-
chea, carina, and bronchi. The patient received procedural
sedation by titrating intravenous midazolam (0.3 mg/kg/
dose), ketamine (1.5 mg/kg/dose), and fentanyl (1.5mcg/kg/
dose). With proper sedation and Soong’s ventilation4,5 for
airway oxygenation and ventilation support, a short-length
flexible fiberoptic bronchoscope (FFB) (Olympus, ENF-VT2,
Japan) was used to evaluate the entire airway.

The examination revealed severe gastroesophageal reflux
with airway aspiration, purulent material pooling through-
out all visible airway lumen, total collapse of the trachea
(approximately 10 cm, from subglottis to carina), carinal tri-
furcation (Figure 2), and a fracture in the RMB stent. Ini-
tially, a 10 mm balloon catheter (Boston Scientific), was used
for dilatation and repair to restore the patency in the RMB
lumen and stent. Subsequently, a self-expandable covered
stent (Bonastent, 14 mm diameter � 40 mm length) was
deployed using the same FFB from the carina to the
mid-portion of the trachea. However, the proximal tracheal

F I G U R E 1 Chest radiograph. Bilateral pneumonia with dextroposition
of heart because of right low lung collapse; a huge air-filled oesophagus*
and a metallic stent in the right main bronchus.

F I G U R E 2 Flexible bronchoscopy showed (A) and (B) severe dynamic tracheomalacia, (C) self-expandable metallic covered stent insertion on the distal
trachea, (D) deployed and fully expanded stent on the distal trachea, (E) positioning the proximal tracheal stent overlapping with the distal tracheal stent, (F)
removal of stent granuloma with laser ablation, (G) balloon dilatation on malapposed stent, and (H) retrieved self-expandable covered metallic stents. The
entire procedure of flexible interventional bronchoscopy was supported by Soong’s ventilation.
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lumen remained collapsed. Therefore, a second tracheal
stent of the same type was inserted, overlapping approxi-
mately 10 mm with the proximal portion of the first distal
stent.

The position and patency of the two stents were checked
with FFB, revealing luminal patency from 15 mm below the
vocal cords to the level of the carina and bronchi.
The patient’s vital signs, including the heart rate, respiratory
rate, blood pressure and oxygen saturation were continu-
ously monitored throughout the procedure and during
recovery. She exhibited normal vital signs and remained
clinically stable without encountering any complications
such as desaturations, apnea, cyanosis, arrhythmia, or bron-
chospasm. The patient was discharged without any immedi-
ate complications associated with FFB or stent placement.

The patient was closely followed up with pulmonary
function tests, FFB evaluations and regular replacement of
the tracheal stents every 3–4 months.

DISCUSSION

The gold standard in diagnosing airway malacia is direct
visualization of the lumen during spontaneous respiration
with FFB. This method can demonstrate dynamic expansion
and collapse during breathing cycles and also evaluate nasal
tracts, adenoids, tonsils, vocal cords, and other lesions such
as cysts, clefts and tracheoesophageal fistulas.6 While TM is
expected to improve spontaneously as the airway matures,
some patients may require treatment depending on the
severity of the condition. Patients with severe symptoms
such as apneic spells, dyspnea, failure to thrive, recurrent
pneumonia, and cyanosis are more likely to need surgical
interventions such as tracheostomy and aortopexy.1 These
procedures will not be discussed in this report.

Airway stenting is a less invasive option for severe TM,
and most experts recommend performing it with rigid bron-
choscopy under general anaesthesia. The choice of stent is
challenging, especially in younger children. Currently, only
vascular balloon-expandable metallic stents with a diameter
less than 10 mm are available for use in paediatric airways.7

As the ‘ideal’ stent has not yet been developed, the
authors believe that the material of the stent is not the most
crucial factor to consider when choosing which type to uti-
lize. Paediatric patients who receive silicone stent implanta-
tion, particularly in the trachea, face a high risk of stent
migration due to the poor fixation. Silicone stents also
reduce the inner airway diameter and pose a risk of mucus
plugging due to poor mucociliary clearance. Metallic stents
are easier to deploy using FFB, provide better fixation, and
are easier to detect with chest imaging during follow-up due
to their radio-opacity. Regular and close follow up of
patients should be conducted to anticipate granulation tissue
formation, obstruction and stent fracture.

For long-segment TBM, the most common approach to
management is surgical. In our patient, after undergoing
multiple surgical procedures, the parents opted for a

more conservative approach in addressing her complex air-
way, along with associated pulmonary hypertension, severe
gastroesophageal reflux and aspiration, and cardiac
abnormalities.

Conventional approaches to respiratory support during
FFB include oxygenation with a face mask, laryngeal mask
airway (LMA) or endotracheal tube (ETT).4,8 In this patient,
the procedure was safely carried out using a nasopharyngeal
catheter delivering warmed and humidified 100% oxygen at
a flow rate of 0.5–1 L/kg/min. Soong’s ventilation, a non-
invasive ventilation method involving pharyngeal oxygen
catheter, intermittent nose closure and abdominal
compressions,4,9–11 was accessible and beneficial as needed
by both the patient and FFB operator.

The major issue associated with the stent observed in
our patient was the formation of granulation tissue at both
edges, which are the most vulnerable injury sites of the
mucosa. This was managed by laser ablation and balloon
compression, facilitated using FFB with Soong’s ventilation
as respiratory support. Malposition or migration of the
covered-stent was easily readjusted with grasping forceps
during FFB. If a metallic stent fracture occurs, it can be
managed by removing and implanting another stent if nec-
essary. However, due to the difficulty in removing the frac-
tured RMB metallic stent in this patient, patency was
maintained with balloon dilatation to expand and accom-
modate the growing airway lumen, with plans to retrieve it
at a more opportune time.

In conclusion, flexible fiberoptic bronchoscopy (FFB) in
a patient with severe pulmonary involvement and a complex
medical history presents significant challenges. Given the
patient’s complex medical history and compromised cardio-
pulmonary status, a collaborative effort among specialties
including pulmonology, cardiology, intensive care, anesthe-
siology and thoracic surgery is crucial for thorough risk
assessment and management during the procedure.

Overlapping tracheal and bronchial stent placement
using an FFB, supported by Soong’s ventilation, can be a
safe alternative for the management of patients with long-
segment tracheomalacia.
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