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Summary

Despite acute respiratory and chronic respiratory and gastro-intestinal complications, most infants
and children with a history of oesophageal atresia / trachea-oesophageal fistula [OA/TOF] can
expect to live a fairly normal life. Close multidisciplinary medical and surgical follow-up can
identify important co-morbidities whose treatment can improve symptoms and optimize
pulmonary and nutritional outcomes. This article will discuss the aetiology, classification,
diagnosis and treatment of congenital TOF, with an emphasis on post-surgical respiratory
management, recognition of early and late onset complications, and long-term clinical outcomes.
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INTRODUCTION

Congenital tracheo-oesophageal fistula (TOF) is a relatively common anomaly of the foregut
that is associated with acute and chronic respiratory and digestive complications. A TOF
consists of an abnormal connection, or fistula tract, between the trachea and the oesophagus,
and usually occurs with oesophageal atresia (OA), a congenital malformation in which the
upper oesophagus terminates in a blind-ending pouch. Though surgical repair of TOF leads
to clinical improvement, some degrees of respiratory, feeding, and gastrointestinal co-
morbidities often persist. The clinical presentation, diagnosis, and severity of TOF are
variable, and depend in part on the classification type.

Epidemiology and Classification

Tracheo-oesophageal fistulae occur along a spectrum of severity. The majority of TOF (90—
93%) occur in association with OA; the latter is the most common congenital malformation
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of the oesophagus.1~3 The estimated incidence of OA/TOF is 1 in 3,500 births*-8 with males
having a slight increased incidence, depending on the classification type.” TOF and
OAJTOF are classified according to anatomic features [Figure 1]. Type A refers to isolated
OA, type B to OA with proximal TOF, type C to OA with distal TOF (most common: 85%),
type D to OA with proximal and distal TOF, type E (also called “H-type”) to isolated TOF
without OA ,( four to seven percent)38, and type F to congenital oesophageal stenosis.3

PATHOGENESIS

Foetal Development

OAJTOF develops early in foetal life. The embryologic foregut differentiates into the
primitive lung and oesophagus between 22-23 days, and from there, a tracheal/lung bud
develops. First an epithelial, then a mesenchymal septum forms to fully separate the
respiratory and oesophageal tracts. The division of the respiratory and oesophageal tracts is
complete by the time the embryo is six to seven weeks old.® In OA/TOF, it is thought that
defective epithelial-mesenchymal interactions during early embryologic development leads
to improper branching of the lung bud, resulting in a fistula tract between the trachea and
oesophagus.10

Genetic and Environmental Factors

The aetiology of OA/TOF is likely multifactorial, with environmental, genetic, and possibly
epigenetic factors involved in its pathogenesis. The familial recurrence rate is low (one
percent), and most cases are likely the result of de novo mutations.1! Genetically identical
monozygotic twins have a 50% chance of sharing the OA phenotype, while genetically non-
identical dizygotic twins have half that risk. Other contributing factors, including
environmental exposures, may also be important.12 Studies of mouse and rat models and
also tissue from humans with OA/TOF have implicated a defect in the Sonic Hedgehog
(Shh) signalling pathway and its downstream effectors (including FOXf1), which contribute
to epithelial/mesenchymal signalling.1® Recently, a microdeletion that encompasses the
FOX transcription gene cluster at 16q24.1, which affects foregut and lung development, has
been implicated, 3 and other genes specific to defined genetic syndromes have also been
identified.14 Some proposed environmental factors that have been associated with OA/TOF
include maternal first trimester exposure to exogenous sex hormones,1®> methimazole,16
pesticides and herbicides,1” diabetes,18 and an unknown infection.1® One case-control study
reported a slight increased risk of OA/TOF with maternal smoking or alcohol use during
pregnancy,l’ but a much larger study did not support this association.2® Currently, the role
of environmental factors in the development of OA/TOF is not completely understood.

Clinical and Syndromic Associations

Most cases of OA/TOF occur spontaneously, and though the defects may be isolated, at least
50% have one or more additional anatomic malformations.?1-23 The most common
associated anomalies are those within the VACTERL spectrum (V-vertebral anomalies, A-
ano-rectal atresia, C-congenital heart lesions, TE-tracheo-oesophageal defects, and L-limb
anomalies).2! Congenital heart defects are the most common comorbidity (13-34%).24
Some genetic syndromes that are associated with OA/TOF include CHARGE (C-coloboma,
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H- heart defects, A- choanal atresia, R- retardation of growth and/or development, G- genital
and/or urinary defects, E- ear anomalies) syndrome, Feingold syndrome, AEG
(anophthalmia-oesophageal-genital) syndrome, and X-linked Opitz syndrome.13:25 OA/TOF
also occurs in association with trisomies, particularly 18 and 21.24 A causal mutation
associated with a defined genetic syndrome of known aetiology can be identified in up to
11-12% of patients with OA/TOF.26: 11

CLINICAL AND DIAGNOSTIC FEATURES

Prenatal Diagnosis

Suggestive ultrasound findings are usually nonspecific when present, but the proportion of
OAJTOF cases diagnosed prenatally has increased with time, and has been reported to be as
high as 36%.27 Nevertheless, prenatal diagnosis remains challenging. OA/TOF is more
likely to be diagnosed prenatally if gastrointestinal tract obstruction is present, and prenatal
diagnosis is associated with increased clinical severity.?8 Ultrasound features of OA with or
without TOF can also include polyhydramnios and either a small stomach or absent, non-
fluid filled stomach. Polyhydramnios is present in approximately 60% of pregnancies with
OA/TOF,29 but polyhydramnios lacks specificity for OA/TOF, as it can be seen in many
other conditions and is sometimes an incidental or benign finding. Only about one-third of
cases of OA/TOF have both a small or absent fluid-filled stomach and polyhydramnios,22-30
but the presence of these findings combined is associated with a positive predictive value for
OA of 39-56%.30-33 A normal-appearing fluid-filled stomach also occurs in some cases of
OAJTOF because the fistula tract between the trachea and lower oesophagus may permit
enough fluid passage to fill the stomach. Foetal MRI can be useful when there is suspicion
of OA on prenatal ultrasound, and the presence of an upper oesophageal pouch on foetal
MRI has a significant positive predictive value for OA/TOF. In foetuses suspected of OA/
TOF, foetal MRI correctly ruled OA in or out in 78% pregnancies.34

Clinical Presentation

Infants with OA/TOF usually have clinically apparent symptoms before or during the first
feed. Affected infants are unable to swallow saliva and may require excess suctioning for
copious oral secretions. Symptoms should become apparent at the first oral feeding if not
before, when the infant coughs, chokes, and may have emesis, cyanaosis, and respiratory
distress. Gastric distention may occur as a result of a TOF between the trachea and distal
oesophagus. Passage of an oro-gastric tube soon after birth should be attempted in infants
with a prenatal diagnosis of polyhydramnios or clinical symptoms suspicious for OA/TOF.32
Postnatal confirmation of OA occurs when there is failure to pass an orogastric tube past 9
or 10 cm from the mouth with the presence of a coiled tube in the oesophagus by
radiography.32 Premature birth is also common in infants with OA/TOF. In a retrospective
study from 43 children’s hospitals over a 13 year period, 37% of patients were born
prematurely.3®

Diagnosis of Isolated TOF

The diagnosis of an isolated TOF, also called a type E or H fistula can be challenging.
Classic symptoms include coughing and choking spells with feeding, recurrent pneumonia,
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and intermittent abdominal distension related to aerophagia, but may be less pronounced
than in cases with associated OA. Feeding symptoms may be reproduced during a clinical
encounter and should disappear when feeds are given through a nasogastric tube.8:36 Though
symptoms are usually present from birth, they are sometimes intermittent and may wax and
wane in severity, which may contribute to the delay in diagnosis. A review of three case
series showed that choking and cyanosis during feeding were the most common presenting
signs (90-97%), followed by recurrent pneumonia (73-100%), then abdominal distention
(33-44%) and that 50% were accompanied by at least one other anatomic anomaly.8:37-39 A
single-centre study of twelve cases of isolated TOF over a 25 year period found that the age
at diagnosis and repair ranged from four weeks to four years of age, and that two cases had
received inpatient treatment for a pulmonary infection for one month before the suspicion of
a TOF was raised.38 A more recent single-centre study of five cases consisted entirely of
diagnoses made in infancy, with the median age at repair of 15 days [range one week to two
months] of life.40 Rarely, diagnosis of a congenital isolated TOF occurs in adulthood.

Diagnosis of an isolated TOF is usually made by fluoroscopy with a contrast oesophagram
and/or upper gastro-intestinal [GI] study. The intention to evaluate for a TOF should be
noted in the radiology order, as radiology protocols may vary based on the indication.
Traditionally, an oesophagram with a pull-back technique in which the lower oesophagus is
filled and the catheter pulled upward has been used, but a simpler contrast swallow may also
be diagnostic.#? If an isolated TOF is not seen through fluoroscopic examination and clinical
suspicion remains, bronchoscopy should be performed under anaesthesia, as this sometimes
identifies a fistula tract that was not seen with fluoroscopy. Methylene blue placed in the
trachea combined with bronchoscopy and oesophageal endoscopy has also been used to
determine the presence and location of a tracheo-oesophageal fistula.*2

Additional Diagnostic Considerations Prior to Surgical Repair

Endoscopic airway evaluation prior to surgical repair of OA/TOF may reveal additional
abnormalities that could otherwise have been overlooked, which has led some experts to
recommend airway endoscopy routinely for all cases of OA/TOF prior to surgical
repair.4344 In one study of 88 infants with OA/TOF who underwent direct
laryngotracheobronchoscopy prior to surgical repair, 20% were found to have additional
airway defects. Defects included a second TOF site (17%), fistula from a main pulmonary
bronchus (42%), laryngeal cleft (11%), and vallecular cyst (6%). Three subjects (17%)
believed to have pure oesophageal atresia were found to have an accompanying TOF. 44,
Pre-operative endoscopy therefore may be useful for surgical planning. Pre-operative
computed tomography scanning with three-dimensional airway reconstruction is not
sensitive: scanning may miss up to 20% of fistula tracts*® and additional anomalies such as a
laryngeal cleft or other airway anomalies, which are better detected by direct visualization
(laryngoscopy/bronchoscopy).46 Therefore, computed tomography scanning is not routinely
recommended as part of pre-operative evaluation, as the risks of radiation likely outweigh
the potential benefits.45:46
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Surgical Repair and Post-Operative Complications

The treatment for OA/TOF is surgical repair, and most patients do well post-operatively and
have an excellent prognosis, with post-operative survival of 95-99% for isolated OA/
TOF.12.27 gyrvival rates are lower in patients with multiple congenital anomalies, especially
those with trisomies, who often have multiple major comorbidities. Treatment consists of
TOF ligation. When an OA is present a primary surgical anastomosis of the oesophageal
segments is performed when surgically appropriate; surgery usually takes place in the first
few days of life. When there is a long gap OA (a large distance between upper and lower
oesophageal pouches, e.g., greater than three to five centimetres),*’ primary anastomosis
may not be possible. In these cases, surgical repair may be more complicated and may
require a staged approach with multiple surgeries, and sometimes partial oesophageal
replacement with colon or stomach.8 A gastrostomy tube may need to be placed prior to
surgical repair in order to support nutrition, particularly in cases when delayed or staged
repair is required. Isolated TOF and some cases of OA/TOF may be candidates for
thoracoscopic repair.*® Some post-operative complications that may occur in the short or
long term include (reported by a single- tertiary care centre in the United States over two
decades (227 infants)): symptomatic stricture (35%), anastomotic leak (16%), and recurrent
TOF (3%).%0 A French multi-centre registry of 307 infants with OA/TOF reported that 34%
of patients experienced post-operative complications within the first year, including
anastomotic stenosis requiring oesophageal dilation (22%), anastomotic leak (8%), and
recurrent TOF (4%).51

Pulmonary and Related Comorbidities and Treatment

With markedly improved surgical and post-surgical care, the majority of infants born with
OAJTOF will survive into adulthood. However, respiratory morbidities are common and
may be significant [Table 1]. Pulmonary care of these infants and children involves
managing comorbidities and preventing or minimizing damage to the lungs. Comorbidities
that may impact the respiratory system are classified according to the following categories:
1) functional or structural anomalies of the upper airway (tracheomalacia, vocal cord
problems, and others); 2) Gl tract problems (gastro-oesophageal reflux disease (GORD),
oesophageal dysmotility, oesophageal stricture, and others); 3) dysphagia and aspiration;
and 4) lower airway abnormalities, including bronchomalacia and airway hyper-
responsiveness. One study that examined outcomes of children following OA/TOF repair in
43 children’s hospitals found that 54.7% of children were readmitted within the first two
years of life: 12.7% had been hospitalized for treatment of pneumonia, 11.7% had
undergone anti-reflux surgery and 6.1% had a tracheostomy. 3> A French registry of all 307
OAJ/TOF patients born in 38 centres in France in 2008 and 2009 reported that 59% were
readmitted to the hospital within the first year of life for respiratory (48%) or digestive
(52%) reasons, with a mean number of hospitalizations per patient of 2.5. At the most recent
clinic follow up (on average 12 months of life), 37% of these patients were experiencing
active respiratory symptoms, 15% had dysphagia, and 12% had required anti-reflux
surgery.>l
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Upper Airway Disorders

Laryngeal Clefts—An association between laryngeal clefts and OA/TOF has been
described by several authors in case reports and case series®2-6 and was recently confirmed
by a large, retrospective study from a tertiary care centre: of 161 cases diagnosed with
laryngeal clefts, 12% were associated with a history of TOF, and aspiration was the
presenting symptom 50% of the time.#3 However, prospective endoscopic data is lacking,
and the prevalence of laryngeal cleft associated with OA/TOF is not known. Diagnosis of a
laryngeal cleft may be delayed by months to years after the surgical repair of TOF and thus
requires a high index of suspicion; endoscopic evaluation for a laryngeal cleft should be
considered in patients with a history of OA/TOF and recurrent wheezing, dysphagia/
aspiration, or pneumonia.*3 Alternatively, if a laryngeal cleft is diagnosed endoscopically
around the time of primary OA/TOF surgery, early cleft repair may prevent subsequent lung
damage and respiratory morbidity.*3

Vocal Cord Abnormalities—Some infants are found to have unilateral or bilateral vocal
cord paresis (hypomobility) or paralysis (immobility) following OA/TOF repair, and
associated symptoms may be mild to severe. The true prevalence of vocal cord paresis or
paralysis in OA/TOF is not known, as prospective data is lacking, and is likely higher than
reported. Prevalence estimates have ranged from 3-20%, and the majority of patients were
evaluated and subsequently diagnosed with endoscopy because of clinical symptoms.
Symptoms of vocal cord paresis or paralysis include aphonia or dysphonia, a weak or hoarse
cry, stridor, and coughing or choking with feeds. Vocal cord paralysis should be suspected
in infants unable to be weaned off the ventilator or in infants with post-operative upper
airway obstruction. Otherwise, symptoms may be episodic or persistent, may wax and wane
in intensity, and may be misattributed to other common comorbidities of OA/TOF, including
reflux and laryngotracheomalacia. Determining whether vocal cord paresis or paralysis is
congenital or acquired can be challenging, as either may be the result of congenital
malformations or may occur post-operatively after a recurrent laryngeal nerve injury during
surgery or secondary to a prolonged or traumatic intubation. This has prompted some to
recommend evaluation of vocal cord function via endoscopy prior to surgical repair of OA/
TOF. Endoscopy with direct visualization should be performed in patients suspected of
having vocal cord problems while the patient is either awake or lightly sedated in order to
examine vocal cord motion. Infants found to have bilateral vocal cord paralysis may require
long-term tracheostomy placement, particularly those who fail to wean from mechanical
ventilation or have recurrent episodes of respiratory failure due to upper airway obstruction.
Unilateral vocal cord paralysis and unilateral or bilateral vocal cord paresis are often
managed expectantly and may resolve spontaneously. Those with vocal cord abnormalities
are at heightened risk for swallowing dysfunction and aspiration, and swallowing ability
should be evaluated.

Tracheomalacia and Tracheal Diverticula—The prevalence of tracheomalacia
associated with OA/TOF is difficult to estimate based on a lack of prospective endoscopic
data on large numbers of patients. Prevalence estimates from large studies have ranged from
5-15%, but these studies have primarily reported more severe cases. For example, one large
study reported that 15% of cases of OA/TOF had tracheomalacia, but 87% of these required
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surgery (11 of 13 required tracheostomy and two required aortopexy).>0 More likely, some
degree of tracheomalacia is present in most cases of OA/TOF and only a subset of these
cases is severe enough to warrant surgical attention. One small prospective study of patients
who underwent multiple endoscopic evaluations demonstrated that 87% (21 of 27) had
tracheomalacia, which was severe in three cases (14%). Tracheomalacia is related to
weakness in the tracheal cartilage that allows the anterior and posterior walls of the trachea
to collapse and touch upon expiration and coughing. Symptoms include feeding difficulty, a
characteristic barking cough, expiratory stridor, and occasionally apnoeic/cyanotic spells.
Tracheomalacia may contribute to ongoing respiratory symptoms that are unresponsive to
medical treatment and may significantly impair clearance of respiratory secretions, placing
infants and children at risk for significant morbidity and even hospitalization in the setting
of respiratory infections. In addition, children with tracheomalacia also experience delayed
or prolonged recovery from respiratory infections.

A posterior tracheal wall diverticulum at the site of prior TOF repair has been reported in
some patients who were evaluated for persistent respiratory symptoms.>’ Some have
proposed that this is a post-operative abnormality that may become larger and more
symptomatic with time. A tracheal or laryngeal diverticulum or pouch may contribute to
pooling of oral secretions and/or recurrent pneumonia, and clinical improvement has been
reported in some patients who have undergone diverticulum repair.>7:%8

Feeding/Swallowing and Gastrointestinal Problems

Swallowing Dysfunction—A common cause of respiratory symptoms in infants and
children following surgical repair of TOF is swallowing dysfunction, or dysphagia, and
symptoms range from mild to severe. There are several factors which predispose infants and
children to aspiration post OA/TOF repair, including: 1) inability to protect the airway
during swallowing as with vocal cord paresis or paralysis; 2) oesophageal dysmotility and
reflux; and 3) pooling of upper airway secretions from oesophageal dysmotility, tracheal or
oesophageal strictures, or a tracheal diverticulum/pouch. Prior to initiating full oral feeding
following OA/TOF surgery, a swallowing evaluation should be performed by a specialist to
assess the safety of oral feeds and to determine strategies to avoid or minimize aspiration of
feeds. Some infants and children also experience feeding aversion and oral feeding refusal
due to GORD, oesophageal strictures, or oesophageal dysmotility. In these cases or cases of
inadequate oral intake a gastrostomy tube may be required in order to facilitate adequate
growth.2 Approximately half of children with OA/TOF have weights below the 25t
percentile during the first five years of life. This seems to improve with age, as only one-
third had weights below the 25t percentile at age ten,>° and another study reported that 76%
of adults with history of OA/TOF repair in infancy were at or above the 50t percentile for
weight.

Symptoms of dysphagia remain very common in children and adults after OA/TOF repair,
and up to half of adults report occasional dysphagia.f%:61 As a result, children and adults
who are post OA/TOF repair often use strategies to improve swallowing. These may include
chewing slowly, avoiding meat, and drinking fluids to promote bolus propulsion down the
oesophagus. Due to abnormal oesophageal motility and/or stricture at the site of repair,
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impaction of food in the oesophagus can occur and may require extraction. Food impaction
can cause severe respiratory distress and can be life-threatening, especially in small children
with tracheomalacia. In one study, the mean age of foreign body extraction in children with
OAJTOF was 25 months.%2 Despite ongoing abnormalities in oesophageal motility, in many
patients Gl symptoms and dysphagia become less frequent and less severe with increasing
age.5364 In one study from Germany, 85% of ten year olds who had a history of OA/TOF
repair reported that eating was always or usually pleasurable.8>

Reflux and/or Oesophagitis—GORD is very common in children with OA/TOF and
can contribute to respiratory symptoms. All infants with OA have abnormal oesophageal
peristalsis and are at risk for significant dysmotility.3 One study of 61 children who
underwent surgical repair of OA and distal TOF and then subsequent endoscopy with 18
hour pH-monitoring repeated within the first year and again at 3, 5, and 10 years post-
operatively reported that nearly half (46%) were diagnosed with significant GORD (either
requiring anti-reflux surgery, biopsy with moderate or severe oesophagitis, or meeting pH-
monitoring criteria). GORD may become more clinically apparent over time, as the number
of children diagnosed with significant GORD more than doubled from six months to one
year post-operatively, and only one patient experienced spontaneous resolution.6 Many
infants and children require medical management, but anti-reflux surgery may also be
required. The French multicentre study of 301 patients reported that 22% of patients
required gastrostomy feedings at one year follow up, and most of these were placed around
the time of birth for surgical reasons. In the same study, 12% of patients required anti-reflux
surgery at median age of 164 days.>!

GORD may be a lifelong problem for patients with a history of OA/TOF repair. A study of
adults who underwent OA repair in infancy found that 32% had symptoms of GORD and
59% met manometric and/or pH criteria.5” Another study found that 63% of adults reported
symptoms of GORD and that both reflux esophagitis and Barrett’s oesophagus were
common findings on endoscopy.®® GORD may have a negative impact on pulmonary
function: adolescents with a history of TOF who had severe GORD also had lower FEV1 on
spirometry compared with those with a history of TOF who did not have severe GORD.%°
GORD may exacerbate respiratory symptoms, especially if accompanied by dysphagia, and
should be considered as a possible contributing factor in patients with a history of OA/TOF
who are experiencing frequent chest infections (pneumonia, persistent cough, etc.).
Eosinophilic esophagitis has also been described in association with OA/TOF and should be
considered in patients who still have significant reflux symptoms, dysphagia, or recurrent
strictures despite standard GORD treatment.”0.71

Lower Airway Abnormalities—Structural and functional airway abnormalities are
common in infants and young children post OA/TOF repair. In addition to tracheomalacia
and bronchomalacia, less common anatomic abnormalities may include ectopic or absent
bronchus and congenital bronchial stenosis.’? Evaluation of the airways via flexible
bronchoscopy can help identify these problems in infants and children before primary
OAJ/TOF repair or in those with persistent respiratory symptoms post OA/TOF surgery.
Tracheomalacia and bronchomalacia can exacerbate GORD, impair airway clearance, and
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lead to atelectasis and plugging of the small airways. Impaired airway clearance can lead to
more frequent or prolonged chest infections, and in severe cases permanent lung damage,
such as bronchiectasis, if not addressed.

Airway Clearance—Respiratory symptoms with illnesses may be particularly severe in
children with tracheo-bronchomalacia due to inspiratory and/or expiratory airway
collapsibility. This impairs the effectiveness of coughing, which leads to difficulty clearing
airway secretions; airway collapsibility may also result in respiratory distress and increased
work of breathing.”2 In addition, some children with tracheomalacia respond adversely to
smooth muscle relaxation caused by beta agonists, leading to a worsening of airflow
limitation.”# This may be clinically apparent in children with tracheo-bronchomalacia as a
paradoxical increase in wheezing or stridor (depending on the location of the airway
malacia) or increased respiratory distress; however, it may not result in overt symptoms.
Providers should keep this in mind if using bronchodilators in patients known or suspected
to have tracheo-bronchomalacia. Infants and children with tracheo-bronchomalacia may
experience significant respiratory distress and require non-invasive positive pressure
ventilation during periods of respiratory illness to maintain the patency of collapsible
airways and to avoid episodes of oxygen desaturation and atelectasis. In addition, secondary
bacterial infections may occur more frequently in children post OA/TOF repair due to
impaired mucociliary clearance. Therefore, respiratory culture and antibiotic treatment
should be considered when respiratory symptoms last greater than two weeks following a
viral illness.

Pulmonary Function and Asthma—Respiratory symptoms and pulmonary function test
abnormalities are common post OA/TOF repair and may persist into late childhood and
adult life. Wheezing and doctor-diagnosed asthma are relatively common and exceed the
prevalence of the general population.”® Malmstrom and colleagues reported the results of
spirometry in 25 patients post OA/TOF repair (mean age 13.7 years). They reported that
35% had a restrictive pattern while 30% had an obstructive pattern.”® Using a self-reported
questionnaire, 41% of patients reported current respiratory symptoms. Of the patients who
reported respiratory symptoms, 52% had a history of wheezing or pneumonia. Testing of
these patients revealed that bronchial reactivity and atopy were common, with 78% of those
tested showing bronchial hyper-responsiveness to inhaled histamine and 58% with positive
skin testing.”® A similar study performed in Finnish adults with a history of OA/TOF repair
(mean age 36) showed that 37% reported current wheeze and 52% reported recurrent
respiratory infections. The prevalence of atopy was 37%, comparable to the general
population, but the prevalence of bronchial hyper-responsiveness was 41%, comparable to
other studies of OA/TOF, but much higher than the general population in Finland (17%).7°

Restrictive lung disease is common post OA/TOF repair, and there are multiple potential
predisposing factors. These include congenital vertebral or chest wall abnormalities (i.e.,
scoliosis or post-operative rib fusions), surgical trauma, aspiration, and/or recurrent chest
infections.”” A study that used pulmonary function testing (including spirometry and lung
volumes) in 14 children post OA/TOF repair (7-12 years of age) found a mean reduction in
thoracic gas volume, FVC, and FEV1 of two standard deviations below predicted.’® The
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majority of children in this study reported current cough and dysphagia. In contrast, other
studies have reported normal pulmonary function tests in children and adults post OA/TOF
repair.1 One small study found that children post OA/TOF had reduced exercise duration
compared with controls.”® However, another study found no difference in exercise tolerance
between children with OA/TOF and controls with GORD alone, however the children with
history of OA/TOF repair had significantly lower TLC and FVC, evidence of restrictive
lung disease.89 Using the forced oscillation technique, Harrison and colleagues reported that
children (mean age 7.6 years) post OA/TOF repair had higher airway resistance and lower
reactance at six hertz than controls. Children post OA/TOF repair in this study also had
significantly lower FVC and FEV1 compared to healthy controls, and children with a history
of anti-reflux surgery had diminished lung function compared to children without a history
of this surgery.80 This could be the result of severe reflux and subsequent lung damage, or
could be secondary to factors about the surgery.

CONCLUSION

Most infants and children with OA/TOF experience clinical improvement and survive into
adulthood. While some co-morbidities may be lifelong, many patients experience overall
symptomatic and clinical improvement with increasing age. Infancy and early childhood can
be a vulnerable period in which children with history of OA/TOF repair experience
significant morbidity. Though any of the following problems may be lifelong in some
individuals, the reported prevalence of significant dysphagia, respiratory infections, choking,
GORD , and growth impairment generally decreases after the first five years of life, and
many patients experience clinical improvement.5® This period coincides with a critical
window for lung growth and alveolar development for all children; therefore, providers
should be mindful that frequent or serious chest infections or ongoing aspiration of feeds or
oral secretions may result in permanent damage and significantly impair lung growth. We
emphasize the importance of regular outpatient follow-up with pulmonary specialists in
children with severe or persistent respiratory symptoms and in those suspected of having
impaired airway clearance or other airway abnormalities. We recommend close and
expectant management for respiratory symptoms of wheezing, cough, and infection, with
treatment based on symptoms and a low threshold for further investigations such as flexible
bronchoscopy, especially when respiratory symptoms are persistent, frequent, or severe.
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Educational Aims

1. To present the epidemiology of tracheo-oesophageal fistula, including
incidence, genetic basis, and association with genetic syndromes and other
anomalies.

2. To present the classification, types, and diagnosis of tracheo-oesophageal
fistula.

3. Todiscuss medical treatment and short and long-term clinical outcomes with an
emphasis on pulmonary treatment and outcomes.
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Practice Points

Comorbidities related to the airways, gastrointestinal tract, and feeding should
be anticipated and evaluated early.

We recommend upper and lower airway endoscopy be performed early, either
before primary surgical repair, or soon after if respiratory symptoms occur, in
order to prevent lung damage from unaddressed comorbidities. Infants who have
had pre-operative airway endoscopy may still require post-operative endoscopy,
as some abnormalities may occur or worsen.

Multidisciplinary communication and coordination of care is important. Joint
endoscopy should be considered in cases of unexplained or persistent pulmonary
symptoms with participation of multiple subspecialists who can examine the
upper and lower airways and gastrointestinal tract.

Patients with respiratory symptoms should be followed by pulmonologists and
obtain regular clinical assessments and pulmonary function tests.
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Future Directions for clinical research

e  Longitudinal, prospective data from large numbers of patients post OA/TOF
repair, including endoscopic evaluations pre- and post-operatively to better
estimate the frequency and degree of tracheomalacia and other associated upper
and lower airway comorbidities are needed.

e The effectiveness of various pulmonary and reflux treatment regimens should be
evaluated.
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Anatomical classification of oesophageal atresia

’

Type A - Oesophageal atresia without Type B - Oesophageal atresia with
fistula or so-called pure oesophageal proximal TOF (<1%)
atresia (10%)

Type D — Oesophageal atresia with Type E - TOF without oesophageal
proximal and distal TOFs (<1%) atresia or so-called H-type fistula (49)
Figure 1.
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Type C - Oesophageal atresia with
distal TOF (85%)

Type F - Congenital oesophageal
stenosis («1%)

Anatomical classification of oesophageal atresia and tracheo-oesophageal fistula.

Reproduced with permission.3
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Table 1

Causes of Acute and Chronic Respiratory Symptoms in Infants and Children following OA/TOF Repair

Conditions

Vocal cord paresis/paralysis

Dysphagia/aspiration

Aspiration of upper airway secretions

Tracheomalacia and/or bronchomalacia

Diverticulum of posterior trachea at site of TOF repair

Aberrant airway anatomy

Lower airway flow obstruction with or without bronchodilator response

Restrictive lung disease

Atelectasis related to poor mucociliary clearance/impaired cough

Aspiration pneumonia

Recurrent oesophageal stricture

Recurrent TEF

Late Diagnosis of Laryngeal Cleft

Eosinophilic esophagitis

Oesophageal foreign body impaction
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