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Abstract

Esophageal atresia (EA) with or without tracheoesopha-
geal fistula (TEF) is the most common congenital
anomaly of the esophagus. The improvement of survival
observed over the previous two decades is multifacto-
rial and largely attributable to advances in neonatal
intensive care, neonatal anesthesia, ventilatory and nu-
tritional support, antibiotics, early surgical intervention,
surgical materials and techniques. Indeed, mortality is
currently limited to those cases with coexisting severe
life-threatening anomalies. The diagnosis of EA is most
commonly made during the first 24 h of life but may oc-
cur either antenatally or may be delayed. The primary
surgical correction for EA and TEF is the best option in
the absence of severe malformations. There is no ideal
replacement for the esophagus and the optimal surgical
treatment for patients with long-gap EA is still contro-
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versial. The primary complications during the postop-
erative period are leak and stenosis of the anastomosis,
gastro-esophageal reflux, esophageal dysmotility, fistula
recurrence, respiratory disorders and deformities of the
thoracic wall. Data regarding long-term outcomes and
follow-ups are limited for patients following EA/TEF re-
pair. The determination of the risk factors for the com-
plicated evolution following EA/TEF repair may positively
impact long-term prognoses. Much remains to be stud-
ied regarding this condition. This manuscript provides a
literature review of the current knowledge regarding EA.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Thomas Gibson first described esophageal atresia (EA)
assoclated with tracheoesophageal fistula (TEF) in 1697.
However, it was not until 1941 that Cameron Haight per-
formed the first successful surgical repair of this anomaly
following innumerable attempts by other surgeons' .
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EA with or without TEF remains the most common
congenital anomaly of the esophagus. Although EA with
or without TEF is a relative rare condition, this com-
plex anomaly is still a challenging problem in pediatric
surgery'". In developing countries, many infants that
present with EA with TEF exhibit pneumonitis due to
late referral, and these patients usually have a low birth
weight.

The overall incidence of EA/TEF ranges from one
in every 2500 to 4500 live births'™”. The vast majority
of cases are sporadic, although the incidence is higher in
twins. It has been reported that the relative risk for EA/
TEF in twins was 2.56 higher than in singletons®”.

An improvement in survival has been observed over
the most recent decades. This finding is likely multi-
factorial and largely attributable to advances in neona-
tal intensive cate, neonatal anesthesia, ventilatory and
nutritional support, antibiotics, surgical materials and
techniques™™'". Indeed, mortality is currently limited
to those cases with coexistent severe life-threatening
anomalies. It should be noted that the care and treatment
of EA is a measure of the surgical expertise and facili-
ties available in a particular center or country. Despite
an increased number of patients with severe associated
anomalies, survival rates as high as 95% have been re-
ported in centers offering the best neonatal care!". To-
day, practically all patients without concomitant severe
malformation survive. Moreover, the high mortality of
very low birth weight patients, patients with severe car-
diac malformation and of infants with long-gap defects
has significantly decreased. Because of this increase in
survival, morbidity associated with EA/TEF repair has
become an important issue during the follow-up of these
children.

There atre a limited number of reports concerning the
long-term outcome of patients with EA. Relationships
between esophageal dysmotility, gastroesophageal reflux,
esophagitis and epithelial metaplastic changes, including
esophageal cancer, should be studied further™*”. The
present manuscript provides gastroenterologists with a
literature review focused on EA with the aim of pro-
viding recent data regarding the embryology, diagnosis,
therapeutic approaches, complications and outcomes of
this very common congenital anomaly.

CLASSIFICATION

The classification of EA anomalies is determined by the
location of the atresia and the presence of any associated
fistula to the trachea. In this respect, five different vari-
ants have been clinically described. The first classifica-
tion was published by Vogt in 1929 and was modified by
Gross in 1953. Thus, two classifications are used today.
The primary types of congenital EA are EA with distal
TEF (85%, Vogt llIb, Gross C), isolated EA without
TEF (8%, Vogt I, Gross A), TEF without atresia or
H-type TEF (4%, Gross E), EA with proximal TEF (3%,
Vogt II[, Gross B) and EA with proximal and distal TEF
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Figure 1 Classification of esophageal atresia/tracheoesophageal fistula. A:
Esophageal atresia (EA) without tracheoesophageal fistula (TEF); B: Proximal
TEF with distal EA; C: Distal TEF with proximal EA; D: Proximal and distal TEF;
E: TEF without EA or “H’-type TEF.

(< 1%, Vogt llla, Gross). Figure 1 illustrates the EA clas-
sification scheme. An understanding of these anatomical
variants is important to aid in medical and surgical man-
agement[1’4’5’12’13].

EMBRYOLOGY

Successful treatment of esophageal anomalies requires
knowledge of their embryological origin. Although sig-
nificant improvements in clinical treatment have been
made in recent years, our understanding of the etiology
of these defects is still incomplete! ",

The primitive digestive tube (PDT) emerges from the
primitive endoderm and subsequently gives rise to the
esophagus and trachea. There are three primary theories
that attempt to explain this phenomenon®*"”. The first
theory postulates that the evagination of a tracheal diver-
ticulum begins with the PDT, which grows rapidly in the
caudal direction, resulting in the separation of the trachea
and esophagus (what remains of the PDT). In the con-
text of this developmental mechanism, tracheoesopha-
geal malformations result from tracheal growth failure!?,
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Figure 2 Plain X-rays of the chest and abdomen of two neonates with
esophageal atresia. A: The non-progression of an orogastric catheter in the
blind esophageal pouch and the presence of air in the stomach diagnose
esophageal atresia with distal tracheoesophageal fistula; B: The radiopaque
tube in the blind esophageal pouch and the absence of air in the stomach iden-
tify esophageal atresia without tracheoesophageal fistula.

Another theory suggests that the formation of a mesen-
chymal septum in the coronal plane of the PDT, separat-
ing the trachea ventrally and the esophagus dorsally from
the distal to the proximal ends of PDT. A failure in this
process would then result in a tracheoesophageal mal-
formation . In these two theories, the origin of EA is a
cellular rearrangement of the remaining, distal pDT!",

The third theory combines elements of the first two
and suggests that rapid growth of the tracheal diverticu-
lum occurs in concert with a mesenchymal septation of
the PDT, separating the trachea from the esophagus.
Unlike the previous theories, however, in this proposed
mechanism, EA is believed to result from the loss of a
portion of the previously formed tube due to regression
toward the main part of the embryo".

Although syndromic cases of EA/TEF are rare, ex-
amining the specific genetic anomalies involved may pro-
vide valuable information regarding the abnormal devel-
opmental processes leading to EA/TEE Many genes and
genetic pathways have been implicated in the development
of EA/TEE but few have been shown to be involved in
humans, animals, or both"”.

There are also molecular and morphogenetic factors
related to EA, such as apoptosis, the Sox2, Shh, Gli-2,
Gli-3, Pcsk5 and FOX genes and the transcription fac-
tors Nkx2.1 and Thx4™>*" A failure in the expression
of these genes or in the apoptotic programs that they
regulate is responsible for EA. However, a whole under-
standing of these processes remains incomplete'”. In
addition, environmental factors have been suggested to
increase the risk for the development of tracheoesopha-
geal anomalies"”. Further studies are required for a uni-
versally accepted explanation for the pathophysiology of
EA/TEFE

DIAGNOSIS

The diagnosis of EA is most commonly made during the
first 24 h of life but may be made either antenatally or
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[1,5,7-9,20]

may be delayed

Ultrasound (US) scanning is currently a routine meth-
od used in prenatal care between the 16th and 20th week
of gestation. The suspicion of EA is based on the pres-
ence of polyhydramnios and the absence of the gastric
bubble, but these are non-specific criteria™*". US features
highly suggestive of EA/TEF are only observed in a
small minority of fetuses with EA/TEF (< 10%) on pre-
natal scans. The combination of polyhydramnios and the
absence of a stomach bubble in two previous reports of
small patient series gave modest positive predictive values
of 44% and 56%, respectively".,

Dilatation of the blind fundus of the upper segment
of the atresic esophagus, the “upper pouch sign”, may
also be observed during fetal deglutition at approximately
the 32nd gestational week ", Moteover, an upper pouch
sign may not be detected even with specific examination'”.

The diagnostic criterion of EA through the use of
magnetic resonance imaging is the non-visualization of
the intra-thoracic portion of the esophagus. This imaging
modality is complementary to ultrasound due to a high
percentage of false positives when images are analyzed
in an isolated fashion™?. Even with advances in techno-
logical imaging, no ideal prenatal diagnostic method for
EA exists.

In the delivery room, the primary sign of EA is the
impossibility of the passage of an orogastric catheter
beyond 11 or 12 centimeters™. In the nursery, the most
important clinical signs are abundant salivation, episodes
of cyanosis and suffocation during breastfeeding[l’*ﬂ.
The confirmation of the diagnosis of EA should be
made with a simple chest X-ray using air as contrast in
the proximal pouch to avoid aspiration of contrast fluid.
If a distal TEF is present, air in the stomach will be pres-
ent on X-ray films and abdominal distension may be evi-
dent™. Figure 2 shows the plain X-rays of two neonates
with different forms of EA.

Tracheobronchoscopy has been proposed as an imag-
ing method to detect EA during the preoperative peri-
od™* This technique is used to determine the anatomy
of the TEF with respect to the carina, to identify other
airway anomalies and to occlude the TEF with a balloon,
facilitating mechanical ventilation and avoiding both gas-
tric distension and gastroesophageal reflux. In cases of
presumed isolated EA, bronchoscopy also helps to rule

out the presence of the less common proximal TEF**,

PREOPERATIVE PERIOD

Once the diagnosis of EA has been established, the in-
fant needs to be transferred to a regional pediatric surgi-

cal center with intensive care support facilities. The aim
of the preoperative treatment of EA is to improve the
general state of the newborn so that definitive surgery
can be carried out under the best possible conditions!*.

Classification and risk factors
There are three primary classifications of preoperative
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risks regarding EA: the Waterston, Montreal and Spitz
classifications' "7,

According to Waterston, the risk factors to be consid-
ered are birth weight (BW), the presence or absence of
pneumonia and complications from associated congeni-
tal anomalies. In this classification scheme, patients are
categorized into group A (BW > 2500 g, with no other
complications), group B (BW between 1800 g and 2500 g
with no other complications or BW > 2500 g with moder-
ate pneumonia/congenital anomaly) or group C (BW <
1800 g, with no other complications or BW > 2500 g with
severe pneumonia/severe congenital anomaly) (A2

In the Montreal classification scheme for EA, factors
such as dependence on mechanical ventilation (MV) and
associated congenital anomalies are considered to be of
high prognostic signiﬁcancen’m. Patients are classified into
group | (isolated major anomaly, isolated dependence on
MYV or the presence of non-significant anomalies) and
group Il (presence of severe congenital anomalies or de-
pendence on MV associated with one major anomaly).

Spitz drafted the most recent classification method by
associating BW and cardiac anomalies (CA) as risk factors
for EA. In this classification scheme, patients are divided
into group I BW > 1500 g, without CA), group II (BW
< 1500 g or the presence of CA) and group Il (BW <
1500 g with CA)"*4*%7,

These classification systems serve as guides for the
determination of the type of treatment for each case of
EA. Some authors no longer consider BW to be a risk

factor™.

Associated congenital anomalies

What is perhaps of major clinical importance is the high
frequency of anomalies associated with EA, with a fre-
quency of over 50%, which may greatly impact both
treatment and outcome. In addition to the high frequency
of anomalies, their unequal distribution between patients
is also important from a clinical perspective. Patients with
isolated EA without TEF exhibit anomalies in as many as
65% of cases, while a much lower frequency is observed
in patients with TEF without atresia (10%)""*,

The most common associated malformation occurs
in the cardiovascular system (23% of cases), followed by
musculoskeletal malformations (18%), anorectal and intes-
tinal malformations (16%), genital-urinary malformations
(15%), anomalies of the head and neck (10%), mediastinal
anomalies (8%) and chromosomal anomalies (5.5%)". Of
the observed cardiac anomalies, the most common ate
ventricular septal defects and tetralogy of Fallot.

A concurrence of congenital anomalies unassociated
with a genetic disturbance is referred to as VACTERL
[vertebral, anal, cardiac, tracheal, esophageal, renal, and
limb (pattern of congenital)] association, which is diag-
nosed if the patient with EA has 2 or more anomalies of
the vertebral, anorectal, cardiac (excluding patent ductus
artetiosus and patent foramen ovale), renal/genitourinary,
or limb systems. Cardiac anomalies are the most common
ones. This broad spectrum of anomalies suggests an al-

(4 9

Boishidengs  WIG | www.wjgnet.com

Pinheiro PFM et a/. Esophageal atresia

teration during the early stages of embryogenesis related
to a deficiency in the regulation of the Shh gene™. The
CHARGE (coloboma, heart, atresia choanal, retarded
growth, genital hypoplasia, ear deformities) association
may also include EA",

Life-threatening anomalies, including Potter’s Syn-
drome (bilateral renal agenesis, pulmonary hypoplasia,
typical dysmorphic facies), cerebral hypoplasia and chro-
mosomal anomalies, such as trisomy of chromosomes
13, 14 and 18, may be present. These severe conditions
directly predict adverse outcomes'”. Similarly, infants with
totally uncorrectable major cardiac defects or with grade
IV intraventricular hemorrhage should be considered for
non-operative management'’,

Nast ¢z /™ demonstrated in 2010 that normal clini-
cal and radiologic examination predicts the absence of
significant cardiac abnormalities on echocardiography in
100% of cases. Therefore, these authors conclude that
routine pre-surgical echocardiography may not always be
necessary, but should be reserved for infants with abnot-
mal clinical and/or radiologic findings.

Vascular components are often ovetlooked in the investi-
gation of anomalies associated with EAP. The presence
of the right aortic arch in association with EA is most
often discovered during the surgical intervention for EA
correction. According to Babu ¢ 2/*”, this condition oc-
curs in 2.5% to 5% of cases of EA, with a greater fre-
quency in males. The method of choice for detecting this
anomaly is echocardiography, although this technique is
not routinely employed during the investigation of EA.
Following the discovery of this anomaly, a left thoracoto-
my should be performed to the correct the EAP?.

The persistence of the left supetior vena cava (LSVC),
which results from the persistence of the left inferior car-
dinal vein, is observed in neatly 10% of infants with EA.
Depending on the trajectory of the LSVC, complications
may occut, such as thrombosis of the coronary sinus and
arrhythmia®">,

Antibiotic prophylaxis

Colonization by bacterial flora of the digestive tract in
newborns with EA is related to the establishment of
enteral nutrition. However, strains of Pseudononas and
Serratia have been isolated in the portion of the esopha-
gus that is present in these infants. Antibiotic prophylaxis
using amoxicillin and clavulanate is therefore indicated in

such patients'™*,

Neonatal care

Neonatal care includes stabilization of the infant’s respi-
ratory status with avoidance of endotracheal intubation;
suction tube drainage of the blind, proximal esophageal
pouch; semi-prone positioning of the child to minimize
the risk of gastroesophageal reflux; and aspiration zia the
occult fistula of the distal trachea. Monitoring of vital
signs and vascular access should also be performed as
precautionary measures.
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SURGICAL TREATMENT

The surgical treatment of EA is considered urgent but
not an emergency, except in premature infants with respi-

ratory distress'™”.

Anesthetic care has focused on minimizing ventilation
through the fistula, usually by placing the end of the en-
dotracheal tube distal to the fistula, preventing gastric dis-
tension/petforation and/or ventilator compromise“’7’251.
However, if the fistula is located at the level of the carina,
distal placement of the endotracheal tube is impossible.
Gastric distention can complicate the ventilation of pa-
tients with large TEFs. Gastric distension can also result
in the aspiration of gastric contents or in elevation of the
diaphragm, leading to decreased tidal volumes, decreased
venous return, cardiovascular collapse and ultimately per-
foration. This results in tension pneumoperitoneum[1’7’251.

The semi-prone position is the position of choice,
with the right side elevated at 45° and the right arm
placed over the head. Anesthesia is maintained during the
surgical procedure with a volatile anesthetic agent. The
patient is ventilated with positive-pressure MV and hy-
drated with a crystalloid solution®”.

The primary correction of EA and TEF is the best
treatment option in the absence of severe malforma-
tions” ™. Standard right posterolateral extrapleural tho-
racotomy below the tip of the scapula is extremely useful
and allows the for the repair of other complex anatomic
variants”, If a right-sided aortic arch is observed on pre-
operative echocardiography, a left thoracotomy must be
performed and the chest is entered through the fourth
intercostal space. Care should be taken to avoid entry
into the pleura. Extrapleural dissection proceeds posteri-
otly and superiotly to identify the azygos vein. Division
of the azygos vein arch allows for full exposure of the
postetior mediastinum. The TEF and vagus nerve are of-
ten encountered beneath the azygos arch. This procedure
begins with the closure of the fistula. The TEF is divided
near the trachea and sewn with fine non-absorbable su-
tures, which is followed by the correction of the EA. The
upper atresic esophageal pouch is identified with down-
ward tension on an oro-esophageal tube, and its dissec-
tion is facilitated by the placement of a traction suture
at the end of the pouch. Blunt and sharp dissection can
mobilize the proximal pouch to the level of the thoracic
inlet. Esophageal continuity is accomplished using a
single-layer, end-to-end anastomosis with monofilament
absorbable sutures”. With respect to unstable patients,
however, the procedure should be performed in stepsm.

There is limited evidence to support the use of a
trans-anastomotic tube. The majority of surgeons do
not routinely use an intercostal catheter if the repair is
extrapleural. Alabbad ez al” observed that a trans-anasto-
motic feeding tube may lead to a shorter total parenteral
nutrition duration and decreased cholestasis. It was also
demonstrated that central venous catheters tended to be
removed earlier when trans-anastomotic tubes were used,
decreasing the risk of future infection. Furthermore,
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hospital stays tended to be shorter™. However, this study
provides only preliminary evidence of the benefits of
trans-anastomotic tubes. Larger prospective studies will
be required to conclusively demonstrate these benefits
and to ensure that this technique does not increase anas-
tomotic leaks.

No ideal replacement for the esophagus is available.
Nonetheless, the substitute should function as similarly as
possible to the original tissue” . The reconstruction of
the esophagus using only its atresic portions is preferable
to the use of any other material, even in cases of long-
gap EA"™ However, 2 number of authors do not agree
with this procedure[47’48].

Long-gap EA still presents a challenge to pediat-
ric surgeons. A long gap between the two ends of the
esophagus in cases of EA has been defined as a gap lon-
ger than 3 cm or greater than the height of 2 vertebral
bodies™”.

The historical treatment of EA has included a gas-
trostomy, the estimation of the extent of the gap be-
tween the proximal and distal esophagus and proximal
pouch decompression. These measures allow time for
potential lengthening of the esophagus with linear patient
growth. Delayed surgical intervention is accomplished
at approximately three months of age with attempts at
achieving a primary anastomosis. Failed attempts at pri-
mary anastomosis may then be addressed with colonic
interposition, reverse or antegrade gastric tube interposi-
tion, gastric transposition, or free jejunal graft interposi-

tion. Alternatively, these approaches have been attempted
[5,50-52]

during the neonatal period as a primary repair
The ideal surgical treatment for patients with long-
gap EA has not been determined, and the topic is still
very controversial. In fact, it remains somewhat difficult
to determine which surgical procedure achieves the best
results. The infant’s own functional esophagus is superior
to any esophageal replacement. Familiarity with differ-
ent techniques used to preserve this tissue is therefore
important. A number of techniques are proposed for the
treatment of long-gap EA. One is the dissection and mo-
bilization of the distal esophageal stump using circular
myotomy!". Some authors believe that this technique can
be used without vascular impairment of the esophagus
due to the abundant irrigation of the esophagus, and that
it is preferable to surgery under tension'"'!, Others believe
that this technique may result in necrosis of the distal
stump and consequent leaking of the anastomosis'*.
Suboptimal results with these strategies have led to the
development of techniques that attempt to elongate the
esophagus sufficiently to bridge the gap. This principle
was the basis of the technique described by Foker ez a/*.
The so-called Foker technique consists of the use of
external traction sutures to elongate the esophageal por-
tions and to approximate one stump to the other prior,
thus completing the anastomosis. As the esophagus ex-
hibits spontaneous growth during the first three months
of life, the technique is performed following this period
to ensure that the esophagus has the necessary thickness
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to support the traction. This procedure is extremely ben-
eficial despite the requirement for a second thoracotomy,
and its success is ensured by esophageal mobilization and
431 A complication that
may occur with this technique is the undesired cutting of

the secondary anastomosis

the esophagus by the sutures”, To avoid this outcome,
a modification of the Foker technique has emerged, in
which small tubes of silastic are attached to the terminal
portions of the two esophageal stumps and the thoracic
wall, where the tension is appliedm].

Nagaya et al™ proposed a method for assessing the
tension of the anastomosis by placing a metal clip in the
trachea at the site of the TEF and assessing the distance
between this clip and both the site of anastomosis and the
esophagogastric junction. This method is based on the
notion that the stretching of the esophagus is directly re-
lated to the tension of the anastomosis and that this infor-
mation can predict possible postoperative complications.
Stretching of up to 5 mm is considered well tolerated™.

Tamburti e a/™ showed that Kimura’s technique®™ is a
useful surgical option for a select group of patients with (1)
a complex long-gap EA that requires a primary esopha-
gostomy; or (2) any type of EA with the development
of severe complications following a primary repair and
that required a secondary esophagostomy. The operative
procedure consists of an initial cutaneous esophagostomy,
multistaged extrathoracic esophageal elongation (ETEE),
and definitive esophageal anastomosis. The ETEE in-
cludes the mobilization and dissection of the esophagus
up to the cricoid cartilage level, with the opening placed
on the previously made superior clavicle surgical scar.
Variable elongation of the esophagus is achieved follow-
ing completion of the dissection. The esophagus is again
exteriorized as an esophagostomy at a level of a few centi-
meters below the previous esophagostomy site™,

More recently, Stringel ez al”” reported another tech-
nique used to repair long gap EAs without anastomosis.
This technique consisted of suture approximation and
subsequent endoscopic and fluoroscopic placement of
string for guided dilatations””

In addition to techniques that employ the patient’s
own esophagus, there are those that use pedicle grafts
from the jejunum or colon, which are indicated when the
motility of the esophagus does not allow adequate oral
P48 The creation
of a jejunal graft involves a cross-sectional cut proximal
to the ligament of Treitz, separating the first two mes-
enteric arteries from the peripheral arch. A second cut
is made at the level of the third mesenteric artery. The
distal portion of the proximal jejunum is removed and
transferred to the thorax, leaving on the proximal portion

feeding and gastric transposition

of the jejunum. An anastomosis is then made between
the esophageal stumps and the graft. The justification for
this technique is that the peristalsis remains in the jejunal
graft, but it does not have a tendency to elongate[48]. With
respect to the colon pedicle technique for esophago colic
anastomosis, the graft is chosen from the portion of the
colon irrigated by the left colic artery and transferred to
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the thorax posterior to the mediastinum. The colon also
needs to be attached to the muscles of the neck. This
technique should only be employed after four months of
life to ensure adequate vascularization of the colon”,
The advantage of using the colon is the presence of long
marginal arches, which allows for ample mobilization of
extensions to the cervical region. Another advantage is
the graft’s extreme resistance to gastric fluid due to the
continuous production of mucus. The most feared com-

L. . 36,58
plication is necrosis of the transposed loop[ =8,

A number of authors prefer gastric transposition“’3’37].
This technique has the advantages of being simple, of
using the vascularization of the stomach and of easily
raising the stomach to the neck for the anastomosis. The
primary disadvantages atre respiratory distress and late-
onset gastric leakagem

For thoracoscopic repair of EA, the patient is placed
in a ¥ prone position and the trocars are inserted at the
angle of the scapula in the right axillary region and be-
tween the vertebra and the angle of the scapula at the
7th to 8th right intercostal space. The azygos vein and
TEF are linked, maintaining the separation between the
portions of the esophagus until the mobilization of the
proximal stump to avoid retraction of the distal stump
toward the diaphragm[34’59]. A preferentially termino-ter-
minal anastomosis is performed between the esophageal
portions, beginning with the posterior wall of the esoph-
agusm‘
of long-gap EA, as this defect requires more invasive dis-
section and there may be difficulty with the anastomosis
of the proximal and distal portions of the esophagus,

leading to an increased surgical time, which does not jus-
[34]

. Thoracoscopy is not indicated for the correction

tify the minimally invasive repair

Cases of “H-type” TEF without EA (Type E) are
unique in their presentation and repairm. Infants with this
anomaly often present with a long-standing history of
recurring aspiration and multiple episodes of pneumonia.
The diagnosis is often made following a contrast esopha-
gram or an upper gastrointestinal series by observing the
fistula at the lower cervical esophagus or by bronchosco-
py. The operative approach for these cases begins with a
rigid bronchoscopy and attempts to cannulate the fistula
with a small feeding tube or Fogarty catheter. This ap-
proach will often aid fistula identification at the time of
the operation. The fistula is approached through a right
lateral, oblique cervical incision with the neck extended.
Dissection begins anterior to the sternocleidomastoid
muscle with lateral reflection of the carotid sheath. Ex-
posure of the esophagus continues into the upper medi-
astinum with identification of the fistula. Primary repair
of the tracheal and esophageal portions of the fistula are
performed with interrupted sutures. Separation of the
adjacent suture lines is aided by interposition of mobi-
lized strap muscles”.

Some infants require respiratory support, especially
those who are premature; those with associated cardiac
anomalies; those in whom the diagnosis was initially
missed; and in those with a splinted diaphragm secondary
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to gastric distension'™”. In infants requiring respiratory
support, great care should be taken during intubation and
in supervising ventilation. This challenging and potential-
ly rapidly fatal situation appears to be best managed by an
emergency ligation of the distal fistula with a transpleural
approach. In the majority of cases, ligation of the fistula
improves respiratory status. The thoracotomy is closed
pending resolution of respiratory distress over the sub-
sequent few days. Endoscopic placement of a Fogarty
balloon catheter, while conceptually an elegant temporiz-
ing maneuver, requires a high degree of expertise and
has not been proven to be a successful approach in most

1,7
centers[ ’ ].

POST-OPERATIVE PERIOD

In most centers, the infant returns to the neonatal inten-

sive care ventilated and with the neck flexed to reduce
anastomotic tension. When the esophageal anastomosis
has been performed under tension, the infant is electively
paralyzed and mechanically ventilated for 5-7 d postop-
eratively. If the surgeon has inserted an transanastomotic
feeding tube, feeding through the tube should progress
slowly, usually beginning 48 h following the surgery[39].
When the infant can swallow saliva, oral feeding may be
started. A routine contrast study appears unnecessary in
many cases, but if there is any doubt regarding the integ-
rity of the anastomosis, a water-soluble contrast study
should be performed“’ﬂ,

The primary complications during the postoperative
period are leak and stenosis of the anastomosis, gastro-
esophageal reflux (GER), esophageal dysmotility, fistula
recurrence, scoliosis, deformities of the thoracic wall and
respiratory disorders!" >0,

The outcome following EA/TEF repair is variable.
Some patients have an uneventful postoperative period,
while others experience several esophageal or respiratory
complications that can significantly affect their health
through adulthood and can predict the patient’s ability to

develop adaptive behaviors ¢,

Anastomotic leaks

Anastomotic leaks are considered minor or major. These
leaks occur in 15%-20% of patients but are a signifi-
cant disruption to recovery in less than a third of these
cases! " T eaks result from the small, friable lower
segment, ischemia of the esophageal ends, excess anasto-
motic tension, sepsis, poor suturing techniques, the type
of suture, excessive mobilization of the distal pouch and
increased gap length[“].

Minor leaks are spontaneously reabsorbed by the
body, with the vast majority healing within a few days.
These leaks are nonetheless associated with a greater inci-
dence of subsequent stricture development. Alternatively,
major leaks may cause tension pneumothorax and require
the placement of a drain or an eatly thoracotomy. The
thoracotomy is carried out with the intention of repairing
the anastomosis. However, if there has been a complete
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disruption that precludes any attempt at re-anastomosis,
the repair includes a cervical esophagostomy, the closure
of the distal esophagus and a subsequent esophageal
replacement. Antibiotics and continuous suctioning of
the upper pouch may be instituted to reduce saliva egress
from the esophagus. The institution of either parenteral
nutrition or trans-anastomotic tube feeding is also recom-
mended. A contrast study prior to oral feeding should be
performed at the discretion of the surgeon“‘w’m.

A close association exists between anastomotic leak-
age and the tension of the anastomosis on the suture
line™. Uchida e a/*" demonstrated the efficacy of post-
operative elective ventilatory support for leakage protec-
tion in primary anastomoses of EAs.

Esophageal strictures

Anastomotic strictures are the most common cause of
recurrent surgery in children with EA/TEF, and the in-
cidence varies between 30%-40% of cases. The majori
of these cases respond to one or two dilatations'****",
Risk factors that have been implicated in stricture forma-
tion include anastomotic tension, anastomotic leakage
and GER. With meticulous handling of the esophageal
ends, the preservation of the blood supply and careful
inclusion of mucosa in each suture of the anastomosis,
strictures can be kept to a minimum'". The occurrence of
stenosis of the anastomosis is more common in patients
with long-gap EA, which is thought to be due to the fact
that the repair is under tension”**™”.

The definition of a stricture, however, is not univer-
sally accepted as a mild radiological narrowing on a con-
trast esophagram. Occasionally, this finding may not have
any clinical relevance to the physician or to the patient,
who may be able to swallow satisfactorily".

Treatment may require successive endoscopic dilata-
tions under general anesthesia*". Most strictures respond
to dilatation, but it is crucial that reflux is aggressively
treated to diminish the impact of acid reflux on recurrent
stricture formation'. There is disagreement as to whether
dilatation should be performed in a prophylactic or thera-
peutic fashion. According to Koivusalo ez al® therapeutic
dilatation has the advantages of requiring fewer proce-
dures, shorter hospitalization times and lower costs when
compared to prophylactic dilatation.

GER

GER is extremely common among infants following
EA repair and may affect between 40% and 65% of
patientsm. The presence of significant GER is generally
believed to be due in part to an intrinsic deficiency in the
motor function of the esophagus itself. However, it is
likely that GER is exacerbated by the surgical repair and
gastrostomy, causing an alteration of the anatomical gas-
tro-esophageal junction and the angle of His”. GER is
more common following tension anastomosis”""""", The
symptoms include acute or chronic respiratory problems,
regurgitation, recurring vomiting and growth failure'.
The diagnosis is made primarily through esophagoscopy,
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a 24 h pH probe, intraluminal impedance or a contrast
swallow™"™,

The treatment of GER can be either clinical or surgi-
cal, the latter constituting approximately 28% of cases.
The clinical treatment of GER includes dietary modifica-
tion, adequate positioning of the infant and medication”.
The most frequently recommended drug is omeprazole,
the effective dose of which is 1.9 mg/kg to 2.5 mg/kg
per day, until resolution of the GER and stenosis™ ",

Surgical treatment consists of Nissen fundoplication,
in which the closure of the esophageal hiatus occurs
with the approximation of the diaphragm pillars. This is
followed by the construction of anti-reflux valves using
the gastric fundus to completely envelop the abdominal
esophagus“’ﬂ. Unfortunately, however, a significant num-
ber of infants (> 40%) develop recurrent GER, which
may be due in part to the inherent dysmotility of the
esophagusm.

Long-standing GER is associated with considerable
morbidity, resulting in chronic esophageal inflammation
and contributing to recurrent pulmonary infections and
abnormalities of pulmonary function in a significant
number of patients. Moreover, GER is associated with
the development of columnar metaplasia that may un-
dergo dysplastic changes, giving rise to esophageal ad-
enocarcinoma through a metaplasia-dysplasia-carcinoma
sequence[37’76’82].

It has been shown that symptoms of GER and histo-
logic findings are poorly correlated. Therefore, long-term
endoscopic and pH-metric follow-up of all patients fol-
lowing repair of an EA is warranted. Endoscopic follow-
up is recommended for all patients following EA repair
irrespective of symptoms. The endoscopic follow-up of
children with completely normal esophageal biopsies can
be discontinued at the age of 3 years. In patients with
mild esophagitis, routine follow-up should be extended to
at least 6 years of age[g}gsl. Patients who have undergone

anti-reflux surgery should also be followed long—term[gs].

Esophageal dysmotility

Esophageal dysmotility is a very common long-term
finding in children with EA/TEF and has been dem-
onstrated in 75% to 100% of patients post-EA/TEF
repair. Likewise, in patients who have had some form
of esophageal replacement, dysmotility with symptoms
such as aspiration, dysphagia, or food bolus obstruction
is often reportedm. Esophageal dysmotility can be caused
by abnormal neural development of the esophagus or
may result from complications of EA repair, resulting in
deficient peristalsis and uncoordinated contractions of
the distal portion of the reconstructed esophagusm%’g”.
Esophageal emptying is therefore achieved primarily by
gravity. Esophageal and gastric dysmotility can be consid-
ered causes of GER"™*™, Scintigraphy and manometry

exams are used to diagnose esophageal dysmortility™*™",

Deformities of the thoracic wall and scoliosis
Chest wall and spinal deformities can be very disfiguring
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for patients and may be inadvertently overlooked from a
pediatric surgeon’s perspective, as these deformities may
only become apparent later in life. These anomalies may
then be referred to a different specialty, such as orthope-
dics or plastic surgery. Open thoracotomy can result in
significant musculoskeletal morbidity if care is not taken
to ensure proper muscle-sparing surgical techniques”.
Associated vertebral anomalies can contribute to chest
wall or spinal deformities by directly affecting the ribs
and vertebral column””. A “winged” scapula secondary
to neuromuscular injury to the latissimus dorsi muscle
has been reported in 24% of patients undergoing a stan-
datd posterolateral thoracotomy for EA/TEF repair,
with up to 21% of patients exhibiting scoliosis™. Sco-
liosis is more common in patients who have undergone
more than one thoracotomy or division of portions of
the serratus anterior and latissimus dorsi muscle groups
or their nerve suppliesm. Deformities of the thoracic
wall are more common in patients who have undergone
multiple thoracotomies but can be avoided or diminished
with the use of thoracoscopy.

Respiratory disorders

The etiological factors involved in respiratory problems
are thought to be retained secretions caused by tracheo-
malacia, aspiration related to impaired esophageal peri-
stalsis and esophageal stricture and recurrence of TEF
or GER. Primary respiratory complications, such as re-
current bronchitis, pneumonias, wheezing illnesses, daily
coughing and bronchiectasis are common in patients with
repaired EA, but become less frequent with time” ",

Tracheomalacia is due to a structural and functional
weakness in the wall of the trachea, resulting in partial
and occasionally complete obstruction of the tracheal lu-
men. This condition results from abnormal tracheal rings,
deficiencies in cartilage, and an increase in length of the
transverse muscle. Tracheomalacia is a consistent finding
in most if not all children with TEF, but is reported to
be clinically significant in only 10%-20% of patients and
tends to improve with agew’m. Approximately half of
symptomatic patients require surgical correction, the aor-
topexy. This repair is reserved for those with near-death
episodes or recurrent pneumonia. Success rates of 35%
to 88% have been reportedm.

Bronchoscopy is the gold standard for the diagno-
sis of tracheomalacia. The severity of tracheomalacia
is based on a macroscopic estimation. It is considered
severe when the anteroposterior collapse is = 75% with
cough or expiration, moderate when the collapse is 50%
to 75%, and mild when the collapse is < 50%",

CONCLUSION

Improvements have been made in the treatment of EA
[44-49,55] : : .
over the years . However, there is no ideal surgical
procedure for this congenital anomaly. The search for
simplet, less burdensome, more efficient methods for the
treatment of EA is closely tied to the difficulty in obtain-
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ing sophisticated equipment and qualified personnel for
the follow-up of these patients. Long-term outcomes
and follow-up data ate limited for post-EA/TEF repaits.
GER affects these children at the five-year follow-up
and gradually declines in children followed for over ten
years. Additional long-term morbidities include recur-
rent respiratory infections, tracheomalacia, dysphagia and
choking episodes. Each of these afflictions diminishes
over long-term follow-up, but morbidity from esophageal
dysmotility may be a life-long problem. Indeed, although
EA primarily affects patients during the neonatal period,
postoperative complications may lead to common gas-
troenterological disorders that require long-term follow-
up by gastroenterologists. Therefore, determining the risk
factors of the complicated evolution of a EA/TEF repair
can positively impact the long-term prognosis of these
patients, likely avoiding relevant gastroenterological symp-
toms during adulthood. Knowledge of these risk factors
will allow the identification of patients who may benefit
from a more intensive follow-up program. Much remains
to be understood about EA. Meanwhile, in order to treat
patients with individualized care, it is necessary for physi-
cians to stay current regarding treatments for EA.
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