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sophageal atresia repair with thoracotomy:
he Cincinnati contemporary experience

lan E. Mortell, FRCSI, MD, Richard G. Azizkhan, MD
rom the Division of Pediatric and Thoracic Surgery, Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio.
Esophageal atresia/tracheoesophageal fistula (EA/TEF) repair using an open muscle-sparing thoracot-
omy has been the standard approach used in our institution. Whereas perioperative mortality is now
very uncommon, short- and long-term morbidity is very common in these patients. However, the
complexity of the esophageal anatomy and significant comorbidities appear to be important contributors
to significant complications in these patients. At least 30% of the EA/TEF patients required esophageal
dilatations for anastomotic stricture; this increased to 50% for patients with pure EA. Gastroesophageal
reflux requiring an antireflux procedure was performed 23% of the time for EA/TEF and 30% for EA
patients. In addition, there were a few complications, such as winging of the scapula and scoliosis, that
were attributed in part to the utilization of a nonmuscle-sparing thoracotomy. The standard muscle-
sparing thoracotomy remains a very versatile and useful approach to repairing esophageal atresia, and
it is the standard for repairing more complex anatomical variants. The self-reported long-term quality
of life in these patients is very good, except for a few individuals with protracted feeding disorders and
severe dysphagia.
© 2009 Elsevier Inc. All rights reserved.
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Esophageal atresia and tracheoesophageal fistula (EA/
EF) is a relatively rare condition, affecting approximately
in 2500 to 4500 live births.1,2 Although EA is an infre-

uent occurrence, its complex nature still poses significant
hallenges for the pediatric surgeon charged with the care of
hese children today.3 The recent improved survival of these
eonates is dependent on a number of factors, including
dvances in neonatal intensive care and anesthesia as well
s improved surgical techniques, parenteral nutrition, and
ntibiotics. Even more challenging than the actual initial
orrective surgery is the management of the complications,
hich can ensue in the early or late postoperative phase.
hese require a repertoire of surgical skills and treatment
trategies to reduce the risk of long-term adverse sequellae.

Address reprint requests and correspondence: Richard G. Azizkhan,
D, Cincinnati Children’s Hospital Medical Center, Division of Thoracic and

ediatric Surgery, 3333 Burnet Ave, Cincinnati, OH 45229.

tE-mail: Richard.Azizkhan@cchmc.org.

055-8586/$ -see front matter © 2009 Elsevier Inc. All rights reserved.
oi:10.1053/j.sempedsurg.2008.10.003
n this paper, we will endeavor to outline the potential
omplications following EA repair in a large North Amer-
can children’s hospital, and we will also discuss the various
ethods and approaches that may be used to manage the

omplications and sequella of EA/TEF repair.

aterials and methods

e performed a retrospective review of the charts of all
atients treated operatively in Cincinnati Children’s Hospi-
al Medical Center (CCHMC) with a diagnosis of EA over
10-year period, from 1997 to 2007 inclusive. All patients
nderwent an initial assessment of their physiological status
reoperatively, including the degree of prematurity and re-
piratory and cardiovascular status before any surgical in-
ervention. An initial screen for major anomalies included a
ull physical examination and a chest radiograph to confirm

he diagnosis and assess the heart and lungs. Further studies

mailto:Richard.Azizkhan@cchmc.org
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13Mortell and Azizkhan OA Repair with Thoracotomy
ncluded an echocardiogram (to establish the presence or
bsence of structural anomalies and the location of the
ortic arch) and a renal ultrasound, to determine whether
enal anomalies were present or not.

nitial management

hysiologically unstable or very premature infants (�1500
) underwent initial stabilizing procedures, such as central
ine insertion and, in some cases, a TEF ligation and open
Stamm) gastrostomy tube insertion. These patients subse-
uently had delayed primary repair of their EA when stable
nd once their weight was �2000 g. In infants who were
nitially stable, a bronchoscopy was performed in the oper-
ting room under general anesthesia, and a primary repair
as performed within 48 hours after birth. Patients who
ere diagnosed with a pure EA without a fistula all under-
ent delayed repair, after a prolonged period of proximal

sophageal pouch Replogle suctioning and upper pouch
ouginage in an effort to allow esophageal lengthening and
rowth.

urgical approach

number of parameters were looked at during the initial
ronchoscopy to guide further surgical management. The
mportant features noted were the fistula location and
hether one, two, or more fistulae4 could be identified. The
resence or absence of a laryngo-esophageal cleft was also
ooked for, as well as any evidence of vascular compression
f the trachea. The default operative approach in most cases
as via a muscle-sparing right thoracotomy. If a right-sided

ortic arch was found on preoperative echocardiography,
hen a left thoracotomy was employed.5 In most cases, an
xtra-pleural approach was utilized to gain exposure to the
A. The TEF was ligated initially, followed by mobilization
f the proximal pouch and subsequent mobilization of the
istal esophageal segment. The esophageal ends were then
nastomosed in a single layer with a monofilament absorb-
ble suture to achieve esophageal continuity. A small num-
er of patients with lethal chromosomal, neurological, or a

Table 1 Anomalies associated with esophageal atresia

EA/distal TEF (n � 70) Pu

Congenital heart disease 21 (30%) 5 (
CNS anomalies 7 (10%) 3 (
Prematurity 7 (10%) 3 (
GU anomalies 7 (10%) 1 (
Vertebral anomalies 6 (8.5%) —
Duodenal atresia 6 (8.5%) 2 (
Imperforate anus 4 (6%) 2 (
Chromosomal anomalies 4 (6%) 3 (
Laryngotracheal cleft 3 (4%) —
Limb anomalies 3 (4%) —
ombination of nonsurvivable anomalies were deemed unfit
or surgical intervention and were not included in our study.

esults

total of 92 patients, with a diagnosis of EA, were treated
y the pediatric surgical faculty at CCHMC between the
ears of 1997 and 2007, and their accessible records were
eviewed. The dates of birth for these patients ranged
rom 1985 to 2007. Of these 92 patients, 78 were treated
rom birth at this institution, and 14 patients were re-
erred well after the neonatal period for treatment from
ther centers. All patients had a thoracotomy for defini-
ive repair of their EA.

The spectrum of EA and TEF anomalies treated in our
nstitution broadly reflect the known distribution of the
arious subtypes, with EA and distal TEF comprising 70
atients (76.1%); pure EA affecting 16 patients (17.3%);
A with a proximal TEF occurring in 3 patients (3.3%); and
patients having EA with both proximal and distal TEFs

3.3%). A long-gap atresia (�2.5 to 6 vertebral body gap)
as noted in 26 patients (28%) in our study.
Of the 70 patients with EA and a distal TEF operated on

t CCHMC, a significant number had associated anomalies
Table 1). Seven of the patients (10%) were born prema-
urely. Congenital heart disease was present in 21 patients
30%); genito-urinary (GU) and central nervous system
CNS) anomalies were present in 7 patients each (10%);
uodenal atresia and vertebral anomalies were present in 6
atients each (8.5%); imperforate anus and chromosomal
nomalies were present in 4 patients each (6%); and la-
yngo-tracheal cleft and limb anomalies were present in 3
atients each (4%).

Of the 16 patients with pure EA, 3 of the patients (18%)
ere born prematurely. The other associated anomalies

ound in this group included congenital heart disease in 5
atients (31%), chromosomal and CNS anomalies in 3 cases
ach (19%), with Trisomy 21 being the chromosomal ab-
ormality in all 3 cases. The other anomalies included
mperforate anus and duodenal atresia in 2 cases each
12.5%) and GU anomalies in 1 patient (6%).

n � 16)
EA/proximal TEF
(n � 3)

EA/proximal & distal TEF
(n � 3)

1 (33%) 1 (33%)
— —
1 (33%) 1 (33%)
— —
— —

) — —
) — —

— —
— —
— —
re EA (

31%)
19%)
18%)
6%)

12.5%
12.5%
19%)
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Of the three patients with an EA and a proximal TEF,
ne patient was born prematurely (33%) and one had an
ssociated congenital cardiac anomaly (33%). In two of
hese three patients, the proximal TEF was missed initially.
here were similar findings in the group of three patients
ith EA and both a proximal and distal TEF, with one
atient (33%) being born prematurely and one patient (33%)
aving cardiac anomalies. In this group, the proximal TEF
as missed initially in one patient.
A definitive surgical repair was possible in the majority of

he 70 patients with EA and a distal TEF. A staged repair was
equired in a small number of cases, and these involved a
roximal pouch myotomy in 4 cases (5.8%), colonic inter-
osition in 7 cases (10%), a reverse gastric tube in 2 cases
2.9%), and a gastric transposition in 1 patient (1.4%).

The complication rates were comparable to the known
omplications following EA repair.6 There were no periop-
rative deaths in this group. An anastomotic leak can be a
evastating complication and may result in mortality as a
esult of mediastinitis and irreversible sepsis. Many sur-
eons routinely leave a chest tube (extrapleural or intrapleu-
al) in position, until a leak has been ruled out by a contrast
sophagram, to prevent the sequellae of this problem. Three
atients in our series developed a minor leak (one occurred
fter a dilation), and two patients had a major leak or partial
sophageal dehiscence (Table 2). Surgical intervention was
ot required for the minor leaks as these healed with ongo-
ng conservative management. However, 22 patients (31%)
eveloped an esophageal stricture, which required dilation.
n average of 4 dilatations was required per patient, with a

ange of 1 to 10 dilatations being required overall. Despite
1% of patients having a stricture requiring dilation, only 2
2.9%) needed actual resection of the stricture.

Recurrence of a TEF can be a difficult problem to diag-
ose and manage, and this complication occurred in five
atients (7%). All of these patients underwent reoperation
ith fistula obliteration. Three of these patients underwent

n endoscopic repair of the recurrent fistula, and two pa-
ients had an open repair.

Management of the neonatal airway poses many chal-
enges, and in seven children (10%), a tracheostomy was
equired for reasons such as subglottic stenosis, bilateral
ocal cord paralysis, tracheomalacia, or laryngotracheo-

Table 2 Complications associated with esophageal atresia
repair

EA & distal TEF
(n � 70) Pure EA (n � 16)

Stricture 22 (31%) 8 (50%)
Recurrent TEF 5 (7%) —
Subglottic stenosis 4 (5.8%) —
Minor leak 3 (4.3%) 2 (12.5%)
Major leak (dehiscence) 2 (2.9%) 1 (6.7%)
Stricture resection 2 (2.9%) 2 (12.5%)*
Perioperative death — —
d
*Foker procedure.
sophageal cleft (LTC). Four patients (5.8%) developed
ubglottic stenosis in the postoperative period, and although
his complication may not be directly related to the opera-
ive repair of the EA/TEF, it most commonly results from
rolonged postoperative intubation and ventilation and is a
ignificant morbidity. Two patients (2.9%) developed a bi-
ateral vocal cord paralysis.

Due to the complexity of these patients, a number of
ther procedures were often required (Table 3). These may
e due to complications directly related to the EA and TEF
r were due to other significant medical problems and co-
orbidities that come to light during the initial preoperative
orkup or subsequently during their prolonged hospital

tay. A large number of these children had symptomatic
astro-esophageal reflux with or without an esophageal
tricture, and therefore 16 patients (23%) required a fundo-
lication. Because of the regular occurrence of esophageal
trictures postoperatively, a number of children re-present
ith bolus obstruction of the esophagus. Eight children

11.4%) had coins removed endoscopically from their
sophagus. An aortopexy was required in 4 children (5.7%)
or the management of life-threatening tracheomalacia. Car-
iovascular anomalies that required surgical correction in-
luded congenital heart disease, patent ductus arteriosus
PDA), and vascular rings in 22 patients (31%). Duodenal
tresia and imperforate anus was present in 6 patients
8.5%) and 4 patients (5.7%), respectively.

Delayed primary repair was possible in nine cases (56%)
f pure EA. The difficulty in achieving a tension-free anas-
omosis is apparent from the number of alternative tech-
iques employed to achieve esophageal continuity. A co-
onic interposition was utilized in five patients (31%); a
roximal esophageal myotomy was performed in two pa-
ients (12.5%); and a reverse gastric tube was created in one
ase (6%).

The complications occurring in patients with pure EA
ere significantly higher, primarily due to the difficulty in
etting continuity without tension. There were no perioper-
tive deaths in the pure EA group. Eight of these patients
50%) developed a stricture, and all of those developing a
tricture required esophageal dilatations. An average of 4

Table 3 Additional procedures post-repair of esophageal
atresia

EA & distal TEF
(n � 70)

Pure EA
(n � 16)

Esophageal dilatations 22 (31%) 8 (50%)
CHD, PDA, vascular ring repair 21 (30%) 5 (31%)
Fundoplication 16 (23%) 5 (31%)
Esophageal foreign body

removal
8 (11.4%) —

Tracheostomy 7 (10%) 3 (18.75%)
Duodenoduodenostomy 6 (8.5%) 2 (12.5%)
Aortopexy 4 (5.7%) —
Imperforate anus repair 4 (5.7%) 2 (12.5%)
ilatations was required per patient with a range of 1 to 12
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15Mortell and Azizkhan OA Repair with Thoracotomy
eing required overall. Two patients (12.5%) required op-
rative intervention for their stricture with an anastomotic
esection using a Foker technique.7,8 Two patients (12.5%)
eveloped a minor leak, and one patient (6.3%) had a major
sophageal leak.

A number of additional procedures were required for this
roup of patients, with a fundoplication being the most
ommonly employed operation in five patients (31%), due
o the high incidence of gastro-esophageal reflux and its
etrimental effects on esophageal strictures. Five patients
31%) underwent cardiac surgery, involving repair of a
DA, vascular ring, or other congenital heart condition.
wo patients (12.5%) underwent repair of duodenal atresia,
nd two patients (12.5%) underwent repair of an imperfo-
ate anus. A tracheostomy was performed in three patients
18.8%).

In total, 26 patients were noted to have a long-gap EA
ith or without TEF, where the esophageal gap was at least
.5 and 6 vertebral bodies. A delayed primary anastomosis
as possible in 14 of these patients (54%). To achieve a
rimary anastomosis, a myotomy was performed in 6 cases
23.1%). Of these 6 cases, 3 developed a leak and 3 subse-
uently required a stricture resection. The Foker procedure
or esophageal lengthening was utilized in 1 case, and a
ubsequent colon interposition was necessary in 2 cases.

Colonic interposition was widely used as the first proce-
ure in the long-gap group, and it was performed in 10 cases
38%). However, a reverse gastric tube was only used in
wo cases (8%) as a first procedure with one of these
equiring a colon interposition as a second procedure.

Our patients have undergone long-term follow-up from 1
o 27 years with a median follow-up of 6 years, with a view
o assessing their long-term outcomes. Three patients (3%)
ied at 1, 3 and 12 years, respectively, all of which were
nrelated to their EA.

Dysphagia after age 5 was a common problem, affected
t least 11 patients of 46 (24%), who were followed long
erm. The degree of dysphagia was felt to be severe in 3
ases, with 1 patient still having oral aversion and feeding
isorder at age 7 years. In 8 cases, the dysphagia was
lassified as mild and intermittent and did not appear to
ffect the overall nutritional status and quality of life of the
atients.

Congenital and acquired chest wall and spinal anomalies
ave been associated with EA and TEF. These defects have
een linked to underlying vertebral anomalies as part of the
ACTERL association or may also be due to injury to

capula musculature during thoracotomy and distortion of
ibs after healing. At long-term follow-up, 9 patients out of
6 (20%) were noted to have some chest wall or spinal
eformities. Two patients had developed pectus excavatum,
nd 3 patients were noted to have significant scoliosis. Chest
all asymmetry or winging of the scapula occurred in 4

ases, which was commonly attributed to the use of a

onmuscle-sparing incision used at thoracotomy. s
The quality of life for most patients was self-rated as
xcellent and very good. The exceptions were a few patients
ith protracted feeding problems and severe dysphagia.

iscussion

urgery for children with EA and TEF has always been
hallenging and has several known potential complications.
hese postoperative problems can occur despite the favor-
ble anatomy that may be encountered in a short-gap EA
nd despite meticulous surgical technique with excellent
ostoperative management. The demanding nature of this
urgery is such that morbidities unfortunately occur and
ust be dealt with. More importantly, they should be rec-

gnized as early as possible and definitive therapy instituted
n order that poor long-term outcomes can be avoided. By
iscussing our experience of patients with EA and TEF and
he potential pitfalls, we hope to clearly delineate the warn-
ng signs that should be picked up.

In general, complications can arise as an early or a late
ccurrence. The early complications are associated with
oth surgical techniques as well as certain patient factors
hat in turn may compound the effect of surgical technique.
hese complications include: anastomotic leaks (radiologi-
al or incidental, minor leak, and major leak), anastomotic
tricture, recurrent TEF, and esophageal dysmotility with an
ssociated risk of aspiration.

Incidental or radiological leaks are those that are identi-
ed on a routine postoperative contrast study before the
ommencement of oral feeds. This finding is usually not of
ny significance and can be treated expectantly, with the
ast majority healing within a few days.9 The mainstay of
reatment is the avoidance of oral feeds with the institution
f either parenteral nutrition or trans-anastomotic tube
TAT) feeds. If a chest tube (extrapleural or intrapleural)
ad been placed at the time of operation, it is maintained
ntil the leak is closed. Since extrapleural chest tubes are
ot routinely placed by every surgeon, a very small leak of
aliva from the anastomosis does not always need to be
rained and any evidence of a significant pneumothorax
ould require a separate intrapleural thoracostomy tube.1

hen leaks occur, saliva may or may not come from the
hest tube, depending on the extent of the leak. Antibiotics
nd suctioning of the upper pouch may be instituted to
educe saliva egress from the esophagus. A repeat contrast
tudy before oral feeding is at the discretion of the surgeon.

A minor leak, which occurs in at least 6% to 17% of
ases,10,11 usually presents with saliva in the chest tube also
nd can be managed in a similar manner to that mentioned
reviously. Factors that may contribute to leaks include
oor suture technique, with too few or even too many
utures being placed. Knots tied too tightly or with the
ucosa excluded from the anastomosis have also been pro-

osed to lead to poor anastomotic healing. Some animal

tudies have suggested that knots left on the luminal aspect
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f the esophagus increase the risk of subsequent stricture.12

ension on the suture line is obviously a contributing factor
o the possibility of a leak and subsequent stricture forma-
ion. In order that tension can be reduced, it is possible to
obilize both proximal and distal esophageal pouches,13

nd this is often tempting. However, excessive mobilization
f the esophagus with inadvertent devascularization and
ubsequent ischemia of the esophagus can clearly impair the
bility of the anastomosis to heal without subsequent fibro-
is, scarring, and stricture formation. The postoperative in-
ensive care of these infants is at least as important as the
urgical correction of their anatomical abnormality. If vig-
rous neck extension is employed during attempts at re-
ntubation or if injudicious passage of a nasogastric tube is
erformed, then the anastomosis may be partially or com-
letely disrupted in the process.

A major leak (3-5%) is a potentially disastrous conse-
uence and will usually occur early in the postoperative
ourse (within 48-72 hours). These infants may develop
ymptoms and signs of mediastinitis. An acute life-threat-
ning episode may signify the development of a tension
neumothorax and an inability to ventilate and oxygenate,
hich requires immediate needle decompression, followed
y tube thoracostomy. An empyema or mediastinal abscess
ay form if the leak goes unnoticed for a prolonged period

f time, and this requires drainage of the collection with
dministration of systemic broad-spectrum antibiotics until
omplete resolution has occurred. Attempts to re-anasto-
ose the disrupted esophagus may be initially unsuccessful

s the friability of the tissues can preclude a satisfactory
e-anastomosis. Some surgeons have advocated early re-
xploration, as the placement of a few additional sutures
ay be all that is required.1 Alternatively, a safe course of

ction is creating a cervical esophagostomy and a gastros-
omy to simply drain and defunctionalize the esophagus.
his procedure can seem counter-productive initially, but
ay in fact be life-saving in the face of a very ill and septic

eonate. Unfortunately, the incidence of esophageal stric-
ure following an anastomotic leak is significantly higher.

The incidence of anastomotic stricture varies widely and
s the most common cause of recurrent surgery in children
ith EA and TEF. The majority of studies report a stricture

ate of between 37% and 52%1,14; however, one study
uoted rates as high as 69%.6 The definition of a stricture,
owever, is not universally accepted or agreed, as a mild
adiological narrowing on a contrast esophagram may not
ave any clinical relevance to the physician or the patient
who may be able to swallow satisfactorily), and therefore
he rates may not always be comparable. A number of
actors can predispose toward stricture formation and
hould be avoided, if at all possible. Significant tension on
he anastomosis, with resultant low-grade ischemia of the
roximal and distal ends of the esophagus, is commonly felt
o be the most obvious cause of a stricture. Obviously,
areful handling of the thin, delicate tissue during mobili-

ation of the neonatal esophagus is a basic surgical require- c
ent. A contributing factor to possible stricture formation
an be the suturing technique that is employed. A two-
ayered anastomosis may often be reassuring as it can re-
istribute some of the direct forces on the friable esophageal
issues on either side of the anastomosis; however, it also
ncreases the amount of tension applied to the remaining
sophagus and may be detrimental to intramural vascularity
n the long run. The two-layered anastomosis is associated
ith less initial leaks but a slightly higher rate of stric-

ures.15 For this reason, many surgeons today favor a single-
ayer anastomosis with fewer rather than more sutures, and
n general, 6 to 8 interrupted sutures may be all that is
equired. It has been postulated that silk sutures, although
ery easy to handle and tie, may incite an ongoing inflam-
atory reaction over a long period of time and may actually

ncrease the incidence of stricture compared with long-
asting monofilament absorbable sutures.12

An interesting paper by Carachi and coworkers12 looked
t the effect of an indwelling silicone trans-anastomotic tube
TAT) on the healing esophageal anastomosis in canine
ups. They found no significant difference in stenosis rates
hether a TAT was used or not. Interestingly, they observed
shelf of stenotic tissue on the posterior wall of the esoph-

gus at the site where the intra luminal silk knots had been
ied, compared with a thin linear scar on the anterior wall,
here knots had been tied extraluminally.
Gastroesophageal reflux (GER) is extremely common

mong babies following EA repair and may affect between
0% and 65% of patients.16,17 The presence of significant
ER is generally believed to be due in part to an intrinsic
eficiency in the motor function of the esophagus itself.18

owever, it is likely that GER is exacerbated by the
urgical repair and gastrostomy, causing an alteration of
he anatomical gastro-esophageal junction and the angle
f His. Although, the majority of these patients can be
reated medically with H2-receptor blockers or proton-
ump inhibitors,14,19 about 28% of them will require surgi-
al correction of their reflux.20 The diagnosis of reflux is
onfirmed with a contrast swallow, esophagoscopy with
iopsy, or 24-hour pH probe. An associated stricture can
lso be determined at this time, either radiographically or by
isual inspection for signs of esophagitis. A biopsy of the
nflamed esophagus can yield a histopathological diagnosis
f reflux esophagitis in 20% of cases and Barrett’s esoph-
gus in 6%.21 Dilation of the stricture can be performed by
arious forms of bouginage (Maloney, filiform, or Tucker)
r preferably with balloon dilation under fluoroscopic or
ndoscopic control. Most strictures respond to dilation, but
t is crucial that reflux is aggressively treated to diminish the
mpact of acid reflux for recurrent stricture formation. In our
xperience, almost 30% of the patients required a fundopli-
ation. A short, loose Nissen fundoplication is the procedure
f choice, but unfortunately, a significant number of infants
�40%) will develop recurrent GER22 and this may in part
e due to the inherent dysmotility of the esophagus.23 In

hildren who do not respond to esophageal dilatations, ongoing
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17Mortell and Azizkhan OA Repair with Thoracotomy
ER is the commonest cause for their failure to improve. As a
ast resort, resection of the affected esophageal segment may
e required, but in general this is uncommon.

A recurrent TEF occurs in 3% to 15% of cases, and it
sually is located in the region of the original fistula.6,15 The
ncidence of recurrent TEF is much higher following an
nastomotic leak, and this may often have resulted from
xcessive tension during the anastomosis.24 The majority of
ecurrent TEFs present early but some can occur months
nd even years after the initial repair. The presenting symp-
oms usually involve coughing, choking, cyanosis with
eeding, and/or recurrent chest infections or pneumonia.25

he diagnosis is made either by direct visualization of the
stula during bronchoscopy or during a contrast swallow,
hen contrast may be seen entering the airway from the

sophagus, although both of these studies can miss a recur-
ent fistula.26 In general, spontaneous closure of the fistula
s unusual and surgery is required. This should preferably be
eferred for a period of time (up to 1 month) if the child’s
linical condition allows, as early re-operation is particu-
arly challenging. During this period, nutrition can be opti-
ized. The standard surgical approach involves a thoracot-

my, and this surgery is notably difficult with potential
ssociated morbidity,27 including a 10% to 22% incidence
ate of recurrent fistula.15,26 Identification of the fistula is
ade easier with the passage of a catheter through the
stula at bronchoscopy.28 In view of the risks of open
urgery, certain authors have advocated the use of mini-
ally invasive techniques (either bronchoscopic or esopha-

oscopic) to deal with the recurrent TEF.29,30 However,
any of the tissue adhesives used (Histoacryl, fibrin glue)

ave been of limited success and, despite multiple applica-
ions, have resulted in poor fistula closure rates.31,32 Rutter
nd colleagues at our institution have successfully used an
ndoscopic cautery device to coagulate the recurrent fistula
rack followed by placement of a tissue adhesive in several
atients with recurrent TEF.33 With few exceptions, this is
ur preferred method of initial management today.

Long-term outcome issues and complications arise as a
esult of other anomalies and comorbidities associated with
A and therefore may be difficult to manage. These anom-
lies are most significant in neonates born with the
ACTERL association. The VACTERL association is a

pectrum of clinical conditions in the human neonate, which
nvolves multiple anomalies first reported by Quan.34 The
xact incidence of VACTERL is difficult to quantify in
iew of the fact that there is such variation in clinical
resentation, but it affects approximately 1 in 5000 live
irths. VACTERL has not been recognized as a specific
yndrome in humans but rather represents a nonrandom
ssociation of congenital anomalies of poorly known etiology
nd pathogenesis and its components have been variable. The
ost important features of the VACTERL association include

ertebral anomalies (V), anorectal malformations (A), car-
iac anomalies (C), tracheo-esophageal fistula (T), esopha-

eal atresia (E), renal anomalies (R), and limb problems (L). o
tiologically, the VACTERL association may be a feature
f some chromosomal anomalies,35 but the majority of
ases have no recognized cause. If major cardiac, neurolog-
cal, or urological anomalies are present at birth, they may
dversely affect the patient’s outcome in a number of ways.
his is not only of relevance in the initial postoperative recov-
ry phase but also plays a role in some infants’ suitability for
he initial surgery. Our data came from all neonates who
nderwent initial workup and were found not to have a
ethal anomaly that would preclude them from surgery.

Tracheomalacia is a common finding among neonates
ith EA and often manifests itself as the classic “TEF

ough,” which can persist into adult life. Significant tra-
heomalacia, however, is present in only 10% to 20% of
nfants, with even fewer requiring surgical intervention.36 In
eneral, tracheomalacia improves with age,37 regardless of
hether it is treated or not. Bronchoscopy is the gold stan-
ard for diagnosis, with bulging of the posterior tracheal
all being the cardinal feature, except in severe cases where
ear-total anteroposterior collapse is evident.38 Surgery is
eserved for those with near-death episodes or recurrent
neumonia and involves an aortopexy to lift the anterior
all of the trachea forwards. Success rates in the region of
5% to 88% have been achieved with this technique.39,40

Esophageal dysmotility is a very common long-term
nding in children with EA/TEF and has been demonstrated

n 75% to 100% of patients post-EA/TEF repair.21 Like-
ise, in patients who have had some form of esophageal

eplacement, dysmotility with symptoms such as aspiration,
ysphagia, or food bolus obstruction is often experienced.41

n animal studies, dogs have been widely used to study the
ostoperative results following esophageal resection or tran-
ection with subsequent re-anastomosis, utilizing an autol-
gous jejunal mucosa transplant,42 a tubular musculopleural
edicle graft,43 or a variety of myotomies with or without
elayed esophageal reconstruction.44,45 The results from
hese studies were variable with no clear advantage for one
articular technique. Although early contrast and manomet-
ic studies suggested a good outcome from spiral myotomy,
ong-term follow-up in this group demonstrated esophageal
ysmotility, as has also been observed in children following
sophageal surgery. However, further studies in canine
odels of EA compared manometric findings following

sophageal transection and re-anastomosis versus esopha-
eal vagotomy alone.46 Their results showed coordinated
eristaltic contractions between the proximal and distal
sophagus in the first group with abnormal simultaneous
ontractions in the vagotomy group. This suggested that
ostoperative dysmotility might arise from disruption of the
agus nerve either as a part of the congenital abnormality or
econdary to surgical trauma.

The topic of esophageal replacement has always
rompted vigorous debate as to what is the best conduit for
hildren with little or no esophagus. Obviously the best
sophageal conduit is the child’s native esophagus and no

ther substitute is truly ideal. The most common alternative
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onduits include stomach (gastric transposition or gastric
ube), colon, and jejunum. The stomach is useful for a
umber of reasons, including only a single anastomosis in
he neck or chest and having a good blood supply with
ecreased risk of ischemia, leak, and stricture. Conversely,
t will occupy a large space in the chest and may promote
eflux with the associated risks of delayed emptying due to
vagotomy. A large series by Spitz performed 175 gastric

ull-ups over 21 years with no graft failures but 9 deaths
5.2%).47 Anastomotic leaks occurred in 12% and 19% of
atients developed strictures requiring dilation. A good
unctional outcome was achieved overall.48

A gastric tube can be constructed as either a reversed or
soperistaltic tube from the greater curvature of the stomach.
he blood supply is generally excellent, and it tends to

etain its tubular shape. It does, however, reduce the stom-
ch capacity, and the tube will produce acid long term.
omplications such as anastomotic leak in 50% of cases and

tricture formation in 66% of cases seem significant, but the
ong-term outcome was reasonable in terms of swallowing.49

Colonic transposition is the most frequently used substi-
ute for the esophagus. It is relatively easy to perform the
urgery, but there are multiple anastomoses with an in-
reased risk of a leak and the upper anastomosis is prone to
schemic strictures. Over time the colon can become tortu-
us, resulting in stasis. A very large series from Egypt
eported 775 colon interpositions over a 30-year period
mostly for caustic strictures) with excellent results. Only 10%
f the upper anastomoses leaked with a 5% proximal stricture
ate and an overall mortality of 1%.50 Chronic gastrocolic
eflux can lead to ulceration. In general, it has been shown to
e safe and yields satisfactory results over time.51

Pedicled or free jejunal or ileal graft interposition has
een employed with some success52; however, significant
omplications occur on a frequent basis. Graft necrosis,
schemia, strictures, and death are the most significant com-
lications and occur not infrequently.53,54

Chest wall and spinal deformities can be very disfiguring
or patients and may be inadvertently overlooked from a
ediatric surgeon’s point of view, as they may only become
pparent in later life and may be referred to a different
pecialty, such as orthopedics or plastic surgery. Open tho-
acotomy can result in significant musculoskeletal morbid-
ty if care is not taken to ensure proper muscle-sparing
urgical technique. Associated vertebral anomalies can con-
ribute to the chest wall or spinal deformity by a direct effect
n the ribs and vertebral column. A “winged” scapula sec-
ndary to neuromuscular injury to the latissimus dorsi mus-
le has been reported in 24% of patients55 undergoing a
tandard posterolateral thoracotomy for EA/TEF repair with
p to 21% of patients having a scoliosis.21 Scoliosis was
ore common in patients who had undergone more than

ne thoracotomy or division of portions of the serratus
nterior and latissimus dorsi muscle groups or their nerve
upply. Some females were found to have developed breast

symmetry and elected to have reconstructive surgery.56 In
esponse to some of these problems, Bianchi developed a
igh axillary skin crease incision in an attempt to improve
sthetics and to reduce the incidence of musculoskeletal
eformity.57,58

With the open thoracotomy approach used in our institu-
ion, perioperative mortality is now very uncommon. Although
hort- and long-term morbidity is very common in these pa-
ients, few of the complications seen are related to the
urrent surgical approach. The complexity of anatomy and
ignificant comorbidities are generally much more impor-
ant. Proximal TEF and laryngotracheoesophageal clefts
grade 1 and 2) may be missed without prerepair endoscopy,
nd therefore it is vital that they are carefully looked for.

In our experience, circular myotomy is associated with a
0% leak rate and eventual failure requiring esophageal
eplacement in 33% of cases. Dysmotility and dysphagia
ccur in almost all of these patients, and therefore, we no
onger recommend the technique of myotomy for patients
ith EA.
Quality of life is very important for the long-term well

eing of patients who have undergone EA/TEF repair, and
ertain studies have shown that quality of life in adults after
A/TEF repair is comparable with that of healthy adults in

he majority of cases.59,60 The standard muscle-sparing tho-
acotomy remains a very versatile and useful approach to
epairing EA, and it is the standard for repairing more
omplex anatomical variants.
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