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Utility of Pediatric Flexible
Bronchoscopy in the Diagnosis and Treatment
of Congenital Airway Malformations in Children

Yong Yin, Shuhua Yuan, Wenwei Zhong and Yu Ding
Department of Respiratory, Shanghai Children’s Medical Center
Affiliated to Shanghai Jiaotong University School of Medicine, Shanghai
China

1. Introduction

Bronchoscopy is an indispensable tool in the clinical evaluation and management of pediatric
airway and lung disease. Common indications for pediatric bronchoscopy are varied and
extend over a spectrum of congenital, infectious, structural conditions and diagnostic
applications . Indications for flexible bronchoscopy in children include the evaluation of
stridor, persistent or recurrent wheezing, chronic cough, hemoptysis, atelectasis, suspected
airway foreign body, suspected airway anomaly, tracheoesophageal fistula, vascular ring and
pneumonia/lower respiratory tract infection. Of note, congenital airway malformations are of
specific clinical concern in children with the potential to present as an acute emergency.
Airway malformations can cause recurrent wheezing, respiratory distress with, repeated
pneumonia by poor drainage of lung segments or aspiration, and life-threatening airway
obstruction. Flexible bronchoscopy plays an important role in the diagnosis, evaluation and
management of such congenital lung malformations.

The major advantages of flexible bronchoscopy as compared to rigid bronchoscopy, include
smaller external diameter of the new pediatric flexible scopes, the ability to change direction
(flex and extend within the airway), fine illumination with fibreroptic technology and airway
dynamics evaluation. Bronchoscopy is a minimally invasive and superior technique for
directly visualizing and evaluating airway anatomy and mucosa compared with chest
radiography, high resolution CT scan and bronchogram. Advances in technology leads to
more and more sophisticated interventions and therapeutic options in the field of adult
bronchoscopy including airway stenting, balloon dilatation, cryotherapy and endobronchial
laser therapy. As the development of experience and expertise in the field of pediatric
flexible bronchoscopy in clinic, we hope that the versatility of the flexible bronchoscopy can
extend the range of diagnostic and therapeutic interventions in children.

2. Choice of pediatric flexible bronchoscope for neonates and children

The pediatric bronchoscopist should be experienced with expertise in maneuvering the
bronchoscope deftly and safely in the pediatric airway. The bronchoscopist should also have
a thorough understanding of bronchoscope structure, functions, and reprocessing protocols
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220 Global Perspectives on Bronchoscopy

and adherence to strict infection control precaution both during the procedure, reprocessing
and storage of the equipment. This is essential as fiberoptic bronchoscopes are fragile
instruments that need careful handling at each step. The pediatric bronchoscopist should
also work closely with the anesthesiologist in deciding and developing an appropriate
sedation protocol according to the age, underlying medical condition and respiratory status
of each child.

Airway size can be largely determined by the age of the patient and the appropriate sized
bronchoscope chosen accordingly. Table 1 depicts the different sizes of bronchoscope that
can be selected according to the age of the patient.

Particularly in neonates, infants and young children, the smallest sized bronchoscope
available should be used, in order to reduce obstruction of the airway lumen by the
bronchoscope during the procedure (which would impair ventilation) and to minimize local
mucosal trauma.

The flexible bronchoscope with a 3.6 mm external diameter is useful for infants and young
children; the bronchoscope with a 4.8mm external diameter can be used in older children.
Both bronchoscopes posses a working/suction channel of 1.2 mm diameter sufficient for
suctioning and obtaining a diagnostic bronchoalveolar lavage. The smaller bronchoscope
with a 2.8 mm external channel is useful to evaluate neonates and small infants in whom
congenital airway malformations and abnormal airway anatomy is suspected. The neonatal
bronchoscope with 2.2mm external diameter without a suction channel, and can be used for
visualization of the airway in neonates, particularly low birth weight infants, and those
intubated with endotracheal tubes of 3.0 diameter or less. The quality of images obtained
and visualization increases with the increase in diameter (and hence the number of
fiberoptic cables) of the flexible bronchoscope.

Suction . Pass
O.D. | Pt/wt Channel | Biopsy | Brush PlCtl.lre Too.l. through Extra features
mm (age) mm Clarity | durability tube No
22 | >700g | No No - Fair Very >3 | Limited use in very
delicate small airway
2.8 | >1.5kg 1.2 Small + Good Delicate >4 Usgful as has
suction channel
3.6 >3kg 1.2 Small + Very Good >5 In major use
good
Ver Working channel
40 | >10kg 2.0 Good + ooﬁ Very good | >55 good for laser and
& for biopsy

Table 1. Types flexible bronchoscopes in children and characteristic features.

3. Sedation and anesthesia for bronchoscopy in children

Appropriate sedation is important for a well-tolerated bronchoscopic procedure
particularly for pediatric patients. Pre-procedure assessment of the child is essential in
order to evaluate safety and tolerability of bronchoscopy in addition to anticipating
potential difficulties and procedure and anesthesia related complications. Individual pre-
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anesthetic assessment should include a comprehensive evaluation of baseline respiratory
status and underlying medical conditions. Flexible bronchoscopy can be performed using
either conscious sedation or general anesthesia .Various protocols for anesthesia may be
used during flexible bronchoscopy in pediatric patients entailing administration of either
intravenous drug combination (e.g. midazolam, meperidine, propofol, ketamine,
remifentanyl), or inhalational agents (premixed nitrous oxide, sevoflurane). Regardless of
the choice of sedation, and it is essential to ensure adequate delivery of oxygen (either by
nasal prongs, face mask, laryngeal mask airway or endotracheal intubation). Ideally,
allowing the patient to maintain spontaneous ventilation will provide valuable
information on airway dynamics which is an advantage as compared to deep anesthesia
and paralysis with controlled ventilation as used during rigid bronchoscopy. The most
frequent complication of sedation during flexible bronchoscopy is hypoxaemia, either
alone or in association with larygospasm and/or bronchospasm. Hypoxemia should be
monitored for continuously before, during and after the procedure; and can be secondary
to partial or total airway obstruction by the bronchoscope and/or central respiratory
depression due to sedation. Pre-operative identification of high-risk patients,
administration of appropriate anesthesia individually tailored for each patient and close
monitoring are essential for minimizing potential complications and successful
completion of the procedure.

4. Applications in the diagnosis of congenital airway malformations

Flexible bronchoscopy enables internal visualization of a child’s airways starting from the
external nares, via the pharynx, larynx, trachea and large central airways down to the
bronchi limited only by the relative size of the child’s airways and the external diameter of
the bronchoscope. Flexible bronchoscopy in a lightly sedated child who is breathing
spontaneously, allows assessment of airway dynamics (not provided by rigid bronchoscopy
which requires deep sedation and paralysis) which is critical in diagnosing certain airway
abnormalities (Table 2). A detailed inspection of dynamics and movements of the glottis,
vocal cords and the trachea is invaluable in the systematically evaluating pediatric airway
conditions, such as airway collapse caused by tracheomalacia or external compression.
Furthermore, bronchoscopy allows direct examination of the internal surface of the airways,
their diameter, and characteristics of the tracheal and bronchial mucosa, and respiratory
tract secretions.

Laryngomalacia Tracheal Cartilaginous Sleeve

Vocal Cord Paralysis Complete Tracheal Rings

Posterior Laryngeal Cleft Tracheal Diverticulum

Laryngeal web Tracheal Bronchus

Subglottic Stenosis Tracheomalacia and Bronchomalacia
Subglottic Hemangioma Tracheoesophogeal Fistula

Subglottic Cyst Bronchial Atresia/ Agenesis

Tracheal Stenosis Bronchial Stenosis

Tracheal Web External Compression by a Vascular Ring

Table 2. Common airway anomalies that can be visualized during bronchoscope
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4.1 Laryngomalacia

Larygomalacia is a usually benign, self-limited disorder; it is the most common congenital
laryngeal anomaly (50-75%) and the most common cause of stridor in infants (approx.60%)
(1. The term ‘laryngomalacia” suggests that the cartilage of the larynx is abnormally soft, but
there is no definitive evidence supporting this hypothesis; studies have reported dominance
of submucosal edema and lymphatic dilation in the histopathology of tissue excised during
supraglottoplasty for the treatment of severe laryngomalacia [2. Thus, whether
laryngomalacia is primarily an anatomical abnormality or whether it is due to delayed
neuromuscular development remains under debate. Laryngomalacia is frequently
associated with gastro-esophageal reflux, and infants with laryngomalacia may have
episodes of micro-aspiration as well [35l. The natural history of laryngomalacia is
characterized by an onset of inspiratory stridor usually within the first 4-6 weeks of life; the
infant’s voice and cry are normal. The stridor varies considerably with posture and airflow,
is loudest with increased turbulence in airflow such as with crying, agitation and increased
respiratory efforts with feeding. The stridor is also louder and appears worse during
intercurrent respiratory tract infections. Some patients will have increasing symptoms
during the first few months of life but thereafter stridor tends to resolve with time during
the latter half of infancy into the second year of life as the supportive tissues mature and the
diameter of the airway increases with somatic growth. In some instances, depending on the
severity and structural anatomy, stridor may persist beyond the first year of life or even up
to several years. Surgical treatment (i.e. supraglottoplasty) may be indicated in severe cases
with prolapse of the supraglottic structures into the laryngeal inlet, feeding difficulties with
failure to thrive and respiratory distress.

Flexible bronchoscopy demonstrates supraglottic collapse, i.e.prolapse of the epiglottic
and/or the aryepiglottic folds and/or arytenodis during inspiration into the glottis
(Fig.1).The state of consciousness and respiratory efforts of the patient may be critical in
the examination of the dynamics of the larynx and laryngeal structures during
spontaneous breathing; some children may be stridulous only when crying, others only
when they are asleep. Topical anesthesia can potentially exaggerate the findings
associated with laryngomalacia; thus, the larynx should be examined before applying
topical anesthesia [6].

Fig. 1. The epiglottis and the aryepiglottic folds prolapse during inspiration into the glottis.
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4.2 Vocal cord paralysis

In the pediatric population, vocal cord paralysis is the second most common congenital
laryngeal anomaly (Fig.2). Central nervous system aetiologies of congenital disorders
resulting in bilateral vocal cord paralysis include myelomeningocele, Arnold-Chiari
malformation, hypoxic ischemic encephalopathy, cerebral hemorrhage and hydrocephalus.
Other causes are traumatic and idiopathic factors which can cause vocal cord paralysisl73l.
Most frequent causes of unilateral vocal cord paralysis are linked to cardiovascular surgery
for correction of heart defects that may cause injury to the recurrent laryngeal nerve and
esophageal surgery for esophageal atresia with tracheo-oesophageal fistulal®l.

Bilateral vocal cord paralysis is characterized by a high-pitched inspiratory stridor along with
a normal or near normal cry with the vocal cords assuming a midline or paramedian position.
Unilateral vocal cord paralysis is characterized by a mild, position-dependent inspiratory
stridor with a hoarse, breathy cry and potential risk for feeding difficulties and aspiration [10].

Fig. 2. (a)Left vocal cord paralysis (b) Bilateral vocal cord paralysis

4.3 Posterior laryngeal cleft

Posterior laryngeal clefts are rare congenital anomalies characterized by a failure of fusion of
the posterior cricoid lamina that creates an abnormal communication between the larynx
and hypopharynx (Fig.3). The anatomic severity of the cleft can range from the absence of
interarytenoid muscle above the superior margin of the cricoid cartilage to the absence of
the tracheoesophageal septum. Clinical symptoms include combined feeding-respiratory
difficulties, such as coughing, choking and cyanotic attacks during feeding, aspiration,
recurrent pneumonia, atelectasis, and even death. Other anomalies like cleft lip and palate
and congenital cardiovascular anomalies may accompany the laryngeal cleft.

A high index of suspicion is required and bronchoscopy and microlaryngoscopy are needed
to make a definitive diagnosis. Posterior laryngeal clefts can be either treated conservatively
with medical management to prevent gastroesophageal reflux and aspiration, or surgical
repair by endoscopyl!ll.Early medical management may prevent complications, surgery is
needed when conservative measures fail. Depending on the severity of the comorbidities
and the respiratory condition, some patients with mild symptoms don’t need special
treatments, while severe patients may require feeding through a nasogastric tube.
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Fig. 3. Laryngeal cleft extending inferiorly to - but not through - the cricoid cartilage;

4.4 Laryngeal web

A congenital laryngeal web is a malformation in which abnormal tissue forms between two
structures within the larynx. All patients present with some degree of dysphonia, ranging
from mild hoarseness to aphonia. Airway obstructive symptoms increase with the extent of
the web compromising or occluding the airway, with the most severe cases warranting a
tracheotomy to secure the airwayl!2l. Anterior glottic webs less than 2- to 3-mm thickness are
often asymptomatic and do not require treatment. Larger webs can cause symptoms which
range from dysphonia and decreased exercise tolerance to severe airway obstruction/13-14].

Laryngoscopy is used to assess precisely the subglottic extension of the web and the size of
the residual airway lumen. Webs of the glottis are classified as anterior, posterior, or
complete; and may be located at the glottic, supraglottic or infraglottic level. Most
commonly found are webs in the anterior portion of the glottis[15l.

Fig. 4. Anterior Laryngeal web

4.5 Subglottic stenosis

Subglottic stenosis is narrowing of the subglottic airway, which is housed in the cricoid
cartilage. It is the third most common congenital anomaly of the larynx [1¢] after
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laryngomalacia and vocal cord paralysis. The subglottic airway is the narrowest area of the
airway because it is a enclosed by the complete cartilaginous ring of the cricoid, unlike the
trachea, which has a posterior membranous section, and the larynx, which has a posterior
muscular section. Subglottic stenosis is characterized by recurrent episodes of croup or
prolonged croup with a barking cough. Acquired subglottic stenosis is related to a variety of
causes, including prolonged endotracheal intubation('”], gastroesophageal reflux, infection,
autoimmune disorders, and iatrogenic disorders. The Myer-Cotton grading system for
subglottic stenosis (SGS) is widely used in the pediatric community [8l. It classifies SGS into
four grades of luminal obstruction (Fig.5).

Fig. 5. The Myer-Cotton grading system for subglottic stenosis. (a)Grade 1: <50%
obstruction. (b)Grade 2:51-70% obstruction. (c)Grade 3:71-99% obstruction. (d)Grade 4: no
detectable lumen.

4.6 Subglottic hemangioma

Congenital subglottic hemangioma is the most common neoplasm of the airway in children
(Fig.6). It is a benign tumor associated with hyperplasia of the endothelial cells, mast cells,
pericytes, fibroblasts and macrophages. In the absence of treatment, it's potentially life-
threatening during the proliferative phase (occurring below the age of 6-12 months) causing
airway obstruction which necessitates medical or surgical intervention [19.
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Fig. 6. Right-sided subglottic haemangioma

During the first weeks of life, the infant may be asymptomatic. Usually, symptoms of
inspiratory stridor followed by biphasic stridor with barking cough and slight hoarseness
start at around the age of 2-4 months. Symptoms of respiratory distress with suprasternal
and chest retractions, feeding difficulties and failure to thrive depend on the severity of the
airway obstruction. If symptoms worsen, then early intervention is indicated.

This may consist of a tracheotomy, general or local treatment with steroids, interferon,
propranolol or vincristine therapy, LASER treatment, or open surgery with laryngo-tracheal
reconstruction. Spontaneous regression typically occurs after 18-24 months of age [201.

4.7 Tracheal web

Congenital tracheal web is a rare congenital anomaly. It consists of a thin layer of tissue
draped across the tracheal lumen. The web is not complete, and the degree of ventilatory
symptoms that may occur is directly related to the size of the remaining functional tracheal
lumen. Symptoms consist of stridor, dyspnea and respiratory failure resulting in death in
severe cases. Tracheal web may often be misdiagnosed as refractory asthma as symptoms
may include recurrent respiratory infections, dyspnea or wheezing. Postintubation tracheal

Fig. 7. Tracheal stenosis caused by a tracheal web
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web may result as a complication of airway mucosal injury following endotracheal
intubation. Although some patients may remain asymptomatic until detected incidentally,
most present with symptoms of acute airway obstruction.

Treatment consists of rupturing the web. The first case was reported by Miller et al.l2l] in
1978, as an 8-year-old girl presenting with a six year history of frequent colds, wheezing,
and dyspnea in whom the tracheal web was successfully excised after failure of
bronchoscopic dilation. In 2004, Alan et al. 22 removed a 9-year-old girl's web by
endoscopic argon laser treatment.

4.8 Complete tracheal rings

Congenital complete tracheal rings are a rare anomaly, reported by Scheid et al. in 1938 at
the first time. They usually present in the first year of life with respiratory distress[23l, and
often associated with vascular slings(?4], or other malformations such as tracheoesophageal
fistula and esophageal atresia. In complete tracheal rings, the normally C-shaped
cartilaginous tracheal rings are fused posteriorly replacing the membranous posterior part
of the trachea, becoming O shaped(Fig.8). As a consequence, the trachea is often narrower
than normal. The complete rings may be localized to the region where the sling passes
around the trachea, or may extend to a certain length of the trachea, creating a long-segment
tracheal stenosis, causing recurrent wheezing, breathing difficulties, cyanosis, and is
potentially life-threatening.

It is very important to observe and examine the contours of tracheal cartilages during the
passage of the bronchoscope through the trachea during diagnostic bronchoscopy, which is
considered as the gold standard. CT scan may be used to aid the diagnosis and assess the
degree of involvement, a single tracheal ring or short or long segment involvement.
Definitive treatment is surgical with primary resection of a single ring or short segment with
end-to end anastomosis; longer length involvement will require tracheal reconstructive
surgery. In cases of associated pulmonary vascular sling anomaly, reimplantation of the
anomalous left pulmonary artery is performed. Laser division of complete tracheal rings has

Fig. 8. (a) Coronal projection of the CT scan showing the associated long-segment tracheal
stenosis with severe distal deviation and obstruction (Pulmonary artery sling). (b) Complete
cartilaginous tracheal rings, the posterior membranous component of the trachea is absent.
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only been described in a small number of cases and may provide an alternative approach in
patients who are not able to undergo an open procedure or in an emergency situation [231.

4.9 Tracheal diverticulum

Tracheal diverticulum was firstly described by Rokintansky in 1938[2¢l. It is a rarely
encountered entity. The frequency of the tracheal diverticulum found in some autopsy series
has been estimated to be about 1% [27], and in children older than 10 yr it is reported as 0.3%
(28], The tracheal diverticulum is usually located approximately 4-5 cm below vocal cords or
just above the carina. It projects posteriorly where the cartilage rings are deficient and
usually lies towards the right where there is no esophagus supporting the paratracheal
tissue (Fig.9). Tracheal diverticulum may be congenital or acquired. Congenital
diverticulum is not normally detected in infancy unless it is suggested by recurrent episodes
of tracheobronchial infection or in association with other congenital malformations[29-30l. The
acquired form is thought to be due to prolonged increase in intraluminal pressures as occurs
with a chronic cough. Although usually asymptomatic, the tracheal diverticulum may
accumulate respiratory secretions that become infected and lead to cough or
tracheobronchitis.

Fig. 9. Tracheal diverticulum in the membranous posterior part of the trachea above the
carina.

4.10 Tracheal bronchus

A tracheal bronchus originates from the right lateral wall of the trachea above the level of
the main carina and courses to the right (Fig. 10). It was firstly described by Sandifort in
1785. The frequency of the tracheal bronchus is approximately from 0.1% to 3%. In most
cases, the tracheal bronchus supplies the apical segment of the right upper lobe. In such case,
there is usually an additional orifice proximal to the bifurcation of the trachea, and the
usually positioned right upper lobe bronchus has only 2 visible segmental branches (instead
of three). Less frequently, the tracheal bronchus is associated with other anomalies, such as
stenosis of the right main stem bronchus or it may supply additional, dysplastic pulmonary
tissue. Patients in whom the tracheal bronchus is undetected, may undergo atelectasis of the
right upper lobe when undergoing endotracheal intubation as the endotracheal tube will
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Fig. 10. A tracheal bronchus originates from the right lateral wall of the trachea above the
level of the main carina and courses to the right.

obstruct the orifice. In a series of 35 patients with tracheal bronchus, 28 originated from the
right wall and 7 from the left wall of the trachea as reported by Ghayel3ll. Other research by
Bertrand suggests that the frequency of the tracheal bronchus in children with Down
syndrome is up to 20.8%[32I.

4.11 Tracheomalacia and bronchomalacia

Tracheobronchomalacia can be divided into two different types: congenital (or primary) and
secondary tracheobronchomalacia [3l.The cause of congenital tracheobronchomalacia is
abnormal cartilaginous ring formation with small, malformed or excessively pliable rings
and sometimes absent or defective cartilage affecting the trachea partially or completely.
Secondary tracheobronchomalacia may occur due to airway compression by vascular
structures, tumor, enlarged lymph nodes, thymus, and even excessive fat. Complicated
cardiac abnormalities associated with tracheobronchomalacia may result in a higher
mortality.

Congenital tracheobronchomalacia is usually caused by abnormal cartilage formation of the
trachea and bronchi during the embryonic period. Several changes in cartilage can be found
on histopathologic examination, including reduced volume, thinned depth, piecemeal shape
of cartilage and even its absence. Acquired tracheobronchomalacia may occur in patients
with tracheal cannulation as with prolonged endotracheal intubation, tracheotomy,
abnormal left pulmonary artery or vascular ring or sling anomalies, space occupying lesion
that compress the airway (for example, goiter), following tracheoesophageal fistula repair ,
cardiac dilatation and post lung transplantation [3438l. Secondary tracheobronchomalacia
may be related to recurrent bronchitis and infections causing chronic inflammation of
airway mucosa. In tracheomalacia, the trachea and bronchi lose their normal horseshoe-
shape and this leads to the narrowness in airway and limitation of airflow, turbulent or
eddied flow and wheezing.

Bronchoscopy has been considered the gold standard in diagnosis of tracheobronchomalacia
with direct visualization of dynamic airway collapse with respiration.(Fig.11,Fig.12).
Pulsation may be noted at the site of vascular compression as well. These bronchoscopic
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findings help differentiate tracheomalacia from tracheostenosis in which there is a fixed and
narrowed airway lumen.

Congenital (primary) tracheobronchomalacia is not uncommon, with an incidence of 1/2100
in some estimates[®].Most patients will often outgrow their symptoms at the age of 1-2 years
with growth and development. Secondary tracheobronchomalacia occuring in association
with cardiac and vascular abnormalities, in which the trachea and bronchi are extrinsically
compressed by the enlarged heart chambers or anomalous vascular structures. Most
children with tracheobronchomalacia may only need conservative treatment to manage
respiratory infections, timely anti-infective agents, physical therapy for clearance of airway
secretions and good nutrition for lung and body growth. Continuous positive airway
pressure (CPAP) or mechanical ventilator support through a tracheostomy tube may be
required in children with severe tracheobronchomalacia.. In some cases, surgical
intervention with aortopexy or airway stents may be indicated.

Fig. 11. Two characteristic features of tracheobronchomalacia on bronchoscopy. (a) Dynamic
collapse of at least 50% of the airway lumen diameter, during expiration, cough or
spontaneous breathing.(b) A ratio of cartilage to membranous wall area of < 3:1

Fig. 12. Dynamic changes of trachea during respiratory period under bronchoscopy. (a)
Airway collapse during expiration. (b) Airway dilation during inspiration.
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4.12 Tracheo-esophogeal fistula

Congenital tracheo-esophogeal fistula (TEF) with esophageal atresia occurs with an
incidence of approximately 1 in 3500 live births. TEF is potentially lifethreatening in the
neonatal period requiring surgical correction. Gibson reported the first case of esophageal
atresia with TEF in 1697. Since the report by Laddand and Levin in successful multistage
correction of 2 cases of TEF patients in 1939; and technological and clinical advances in
neonatal management there has been significant reduction in mortality due to TEF . Surgical
correction is well established and survival rates of over 90% can be expected[40l. Survival has
been reported to be lower in infants with TEF weighing less than 1500g and with associated
cardiac abnormalities.

Tracheoesophageal fistula results from failure of the primitive gut to separate and recanalize
during early embryonic development resulting in an abnormal fistulous connection between
the trachea and esophagusl#!l. Five types of TEF with esophageal atresia are described: Type
1:,esophageal atresia, in which both the proximal (upper) and distal (lower) segments of the
esophagus end in blind pouches. Neither segment is connected to the trachea; Type 2:
Esophageal atresia with tracheoesophageal fistula in which the proximal (upper) segment of
the esophagus forms a fistula (TEF) to the trachea. The distal (lower) segment of the
esophagus ends in a blind pouch; Type 3: Esophageal atresia with tracheoesophageal fistula,
in which the proximal (upper) segment of the esophagus ends in a blind pouch and the
distal (lower) segment of the esophagus is attached to the trachea (TEF). Type 4: Esophageal
atresia with tracheoesophageal fistula, in which both segments (proximal and distal) of the
esophagus are attached to the trachea. Type 5: Tracheoesophageal fistula in which there is
no esophageal atresia. An H-type fistula is present between the esophagus and the trachea.
The most common type of TEF is type 3, with an incidence around 85%-93%( Fig.14). Type 5
(H type TEF) which is not associated with esophageal atresia potentially display the mildest
symptoms, and occur at an incidence of around 4%. Secondary TEF usually results from
injury to the esophagus as occurs with swallowing of corrosive agents, erosion by
mediastinal granuloma or tumors or accidental perforation during tracheo-esophageal

Fig. 13. Types of tracheo-oesophageal fistula and esophageal atresia malformations: The
type III with a blind proximal esophageal pouch and a distal TE fistula is by far the most
common (Reproduced from Holinger [42I. With permission)
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Fig. 14. (a) Chest radiograph shows a gastric tube coiled in blind esophageal pouch (b) Chest
radiograph shows round or pocket-like blind esophageal pouch after meglumine diatrizoate
injection via gastric tube. (c) Bronchoscopy demonstrates fistulous opening at the posterior
aspect of the trachea just 1cm above the carina.

surgery. Complications of primary TEF surgical repair include development of an
anastomotic fistula, recurrent laryngeal nerve paralysis, vocal cord paralysis, esophageal
stenosis and recurrence of TEF. Recurrent TEF can result from compromise of blood supply
and circulation of the area around the original fistula leading to tissue breakdown and
fistula recurrence.

4.13 Tracheobronchial absence and agenesis

Agenesis of the trachea is a rare congenital malformation with an incidence below 1 in
50000. The entire trachea is usually absent and air reaches the bronchi through a fistulous
connection with the esophagus; the lungs are normally formed. About half the infants are
born premature, and a male predominance has been reported. It was first described by
Payne in 1900 when he was dissection an infant died from diseasel*}. Those patient didn't
cry when was born, and with progressive severe dyspnea, cyanosis and even dead. It is
usually combination with other severe malformation and can barely survive under current
technique.
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Floyd classified tracheal agenesis into 3 types of malformation according to the anatomical
location 441 (Fig.15). In Type I, accounting for approximately 20% of the malformations, there
is atresia of part of the trachea with a normal but short distal trachea, normal bronchi and a
tracheo-esophageal fistula (TEF). Sixty percent of the reported cases are of Type II, where
there is complete tracheal atresia, the bronchi communicate at the carina (as the TEF) with
normal distal bifurcation and bronchi (Fig.15-17). Type III, accounting for 20% of cases,
comprises no trachea or carinal development and both mainstem bronchi arise directly from
the esophagus.

Fig. 15. Illustration of agenesis of trachea. (Reproduced from Monnierl45l. With permission)

Fig. 16. CT airway reconstruction in coronal view: show left and right main bronchi arising
directly from the mid-esophagus. No trachea is present, actually, the endotracheal tube goes
though the esophagus.

Hiyama et al. described their surgical experience with 2 neonates; one of which had complex
cardiac malformations, and died of cardiac failure 1 week after birth. The second with
tracheal agenesis with a proximal TEF was managed successfully with multiple surgical
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Laryngeal
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Midpiece
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Fig. 17. Bronchoscopic findings in tracheal agenesis

procedures, including tracheotomy, with a long T-tube to maintain airway patency beyond
the proximal TEF and esophageal reconstruction with a colonic interposition graft.[46l. It is
essential to suspect this malformation and diagnose at birth, maintain airway patency with
initial palliative surgerical procedures which are lifesaving until reconstructive surgery can
be performed for successful outcomes. We hypothesize that tracheal transplantation could
be a promising therapy in the future; with advances in tissue engineering, there is potential
for the prognosis of this disease to be largely improved.

5. The therapeutic benefit of bronchoscopy in children with congenital airway
malformation

5.1 Assisting identification and localization of the tracheoesophageal fistulae prior to
and during surgery

It is necessarily important but also understandably technically difficult to locate the distal
communicating ends of the tracheoesophageal fistula precisely prior to surgical correction of
H-type TE fistulae. Precise dissection is required during the surgical procedure to avoid
injury of surrounding and adjacent tissue. This is particularly true for patients who require
secondary surgical correction; as it is a surgical challenge as there significant post-operative
adhesions may have formed. Flexible bronchoscopy assists in locating the fistula precisely
using transillumination of the airway by the inserted bronchoscope. This technique can
shorten surgical time spent in searching and locating the communicating ends of the TE
fistula. Blanco-Rodriguez et al reported their experience with 3 neonates utilizing
preoperative catheterization of H-type tracheoesophageal fistula with either a rigid
bronchoscope or a nasolaryngoscope. to facilitate identification, plan the surgical approach,
and to reduce operating times and the extent of surgery. [#7]. Several surgeons recommend
locating the TE fistula by insertion of a catheter into the visualized orifice during
bronchoscopy, however, with little success because of migration of catheter during
operation. Garcia et al used bronchoscopy and oesophagoscopy perfomed simultaneously to
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establish a guide wire loop between the tracheoesophageal fistulae in 6 cases of isolated
tracheoesophageal fistula (Fig.18) Their success in locating and separating the TE fistula
without recurrence in all cases, was the basis for their suggestion that this method be used
in H-type TEF[48]

Fig. 18. (a) Shows contrast media passing through abnormal fistulous connection in the mid-
esophagus during injection of meglumine diatrizoate via gastric tube. (b) Shows fistula
located at the posterior tracheal wall visualized during bronchoscopy. (c) Shows color
staining of the tracheal fistula after injection of methylene blue via gastroscopy. (d) Shows
insertion of a guide wire towards the esophagus via bronchoscopy. (e) Shows the guide wire
entering the esophagus. (f) Shows the guide wire loop between trachea and esophagus.

5.2 Laser treatment in laryngomalacia

With super-pulse or ultra-pulse technology, the CO2 laser is more precise than microscissors
in resecting the desired amount of tissue without causing much bleeding. Further,
depending on each individual child and clinical situation, the CO2 laser allows for
additional vaporisation of tissue to achieve a tailored resection (Fig.19). If appropriate CO2
laser parameters are used, then a char-free resection with less than 50p (four to five cells)
depth of coagulation necrosis is achieved . This technique offers more versatility and
precision than a microscissors resection.

Holinger et al 49 performed supraglottoplasty using CO2 laser which provided 6~9W of
power with approximately 0.5mm diameter spot. The CO2 laser can relieve upper airway
obstruction caused by laryngomalacia with less bleeding and higher accuracy. McClurg FL
[30] summarized indications for supraglottoplasty using CO2 laser in 1994 to include the
following: collapse of the glottis during inspiration, arrest of development, obstructive
apnea, cor pulmonale, severe reflux and asphyxia in awake patients. Andrew et al reported
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Fig. 19. (a) Inward collapse of the aryepiglottic folds. (b) CO2 laser resection of the excessive
mucosa with preservation of the pharyngo-epiglottic folds.

on 76 cases of laryngomalacia over a 10 year period; CO2 laser supraglottoplasty resulted in
a resolution of symptoms in 80% of the cases.

5.3 Stent insertion for tracheobronchomalacia

Tracheobronchomalacia, results in airflow limitation due to dynamic airway collapse and
can be either a primary developmental abnormality of cartilage, or secondary to external
compression (such as abnormal vasculature, cysts or tumor). Theoretically, insertion of an
airway stent can maintain airway lumen and diameter, preventing collapse and thereby
improving symptoms (Fig.1). Tracheobronchomalacia occurs fairly commonly in patients
with congenital cardiovascular abnormalities with an incidence of 20-58%. Mortality may be
high in patients with severe tracheobronchomalacia 5!l. Bronchomalacia usually occurs in
the left mainstem bronchus because of its proximity to the left atrium and left pulmonary
artery, abnormal enlargement of which and pulsatility could compress the left main
bronchus leading to bronchomalacia.

There are two methods to place airway stents, one surgical and the other non surgical.
Fayonl®!] treated 14 patients with left bronchomalacia using silicone stents with success in 6
patients (43%) ; one patient died of stent obstruction .With the development of newer types
of stents and delivery devices, non surgical insertion and deployment is utilized, most often
using special stent delivery device to place the stent precisely at the required location under
bronchoscopic visualization.

However, it must be noted that in the pediatric age group, airway stents are infrequently
used given the potential complications and limitations including formation of granulation
tissue, potential for stent migration and penetration of adjacent structures. Other
problems include technically difficult removal of the stent, potential for stent obstruction
and death, stent fracture, the need for a larger stent placement or need to dilate the stent
as the child grows and the airway diameter increases with growth and development.
Currently, stents are used only in limited situations in children and when conventional
therapy has failed.
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Fig. 20. (a) Expanding of a metal stent in airway carried by delivery device. (b) Full
reopening of the collapsed airway with the expansion of the placed stent.

5.4 Balloon dilation for airway stenosis

The mechanism of balloon dilation of the airway relies on expanding the narrowed airway
by creating longitudinal splits in the airway mucosa and tissues when the placed balloon is
inflated by a pressure syringe device. The longitudinal splits around narrowed tracheal wall
will be eventually filled with healing and fibrous tissue enlarging the narrowed airway
(Fig.21). Balloon catheters that impart radially directed forces and can be precisely placed
under bronchoscopic visualization and guidance are gradually inflated and utilized.

Cohen [®2Ireported a case of a 28 month old patient with congenital tracheobronchial stenosis
who encountered restenosis after surgical tracheobronchoplasty which manifested as
progressive dyspnea. The patient was anesthetized and tracheal and bilateral bronchial
balloon dilatation was performed under fluoroscopic visualization. Andre et all53 described
balloon tracheoplasty cases in children over a 15 year period; 37 patients underwent 158
procedures for airway balloon dilation performed under bronchoscopic visualization ; with
90% of short-term efficacy and 54% long-term efficacy.

Fig. 21. (a) Narrowed mid part of trachea. (b) Narrowed tracheal segment that has been
enlarged after balloon dilatation.
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6. Future trends

During the past 30 years, flexible bronchoscopy has become an indispensible and useful tool
in the diagnosis and management of pediatric respiratory disease. The use of the flexible
bronchoscope provides significant insight into the pathogenesis of clinical pulmonary
symptoms and assistance to the therapy and surgical interventions in children.
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