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Abstract
Introduction: Improvements in technology and health care have helped reduce

morbidity and mortality in patients with esophageal atresia. However, postopera-

tive complications such as dehiscences, strictures, and recurrent fistulas still occur

in a large percentage of patients. Here, we present our initial experience using the

thoracoscopic approach for complications after esophageal atresia repair.

Methods: We retrospectively analyzed the medical records of patients who devel-

oped complications after esophageal atresia repair and underwent thoracoscopic

reoperation at two centers. Anastomotic leakage, anastomotic stricture, and recur-

rent tracheoesophageal fistula were assessed as complications after esophageal atre-

sia repair.

Results: We reoperated on four patients (range of age 3 days - 2 years) by

thoracoscopy. Two patients who had undergone thoracoscopic atresia repair pres-

ented with anastomotic dehiscence. The anastomoses were thoracoscopically

reconstructed without tension. One patient had undergone thoracoscopic atresia

repair presented with esophageal stricture refractory to endoscopic dilatations.

Thoracoscopic esophagoesophagostomy was performed in this 2-year-old patient.

One patient who had undergone esophageal atresia repair and tracheoesophageal

fistula closure by thoracotomy presented with a recurrent fistula at 1 year of age.

The patient underwent thoracoscopic fistula closure with a 5-mm endostapler. All

patients remain asymptomatic after reoperation.

Conclusions: Reoperation after esophageal atresia repair is challenging and carries

a relatively high risk of developing complications. Compared to conventional sur-

gery, the thoracoscopic approach in experienced hands offers better visualization

and more accurate dissection and drainage of the thoracic cavity. Therefore, we

want to encourage the use of thoracoscopy in the treatment of complications after

esophageal atresia repair.
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1 | INTRODUCTION

Technological advances have significantly influenced
improvements in perinatal intensive care in recent decades.
New therapies have had an important, positive impact on
mortality rates in patients with esophageal atresia (EA).1

However, postoperative complications still occur in a large
percentage of patients. Anastomotic dehiscence, esophageal
stricture, and recurrent tracheoesophageal fistula (TEF) are
among the most common complications after EA repair.2

These complications may have great relevance to the short-
and long-term outcomes of patients who have under-
gone EA.2,3

Minimally invasive techniques have revolutionized sur-
gery by offering certain benefits over conventional proce-
dures, such as less postoperative pain, shorter hospital stay,
and superior cosmetic results. The thoracoscopic approach is
a widely accepted technique for EA repair. It offers excellent
anatomic visualization, which enables accurate dissection and
exposition of the esophageal structures and reduces the pos-
sibility of iatrogenic lesions. This approach avoids large
incisions, minimizing the risk of musculature damage, tho-
racic asymmetry, and scoliosis.1 Despite these advantages,
the thoracoscopic approach is not yet a well-established pro-
cedure for the treatment of complications after initial EA
repair. Here, we present our initial experience with the
thoracoscopic approach for early and late complications after
EA repair.

2 | MATERIAL AND METHODS

We retrospectively evaluated the medical records of patients
with complications after EA repair who had undergone
thoracoscopic surgery at two centers between 2014 and
2018. Preoperative data included gestational age, age at sur-
gery, gender, type of EA according to Gross classification,
and indications for reoperations. Operative data included
intraoperative findings, thoracoscopic techniques used, and
complications. Postoperative data included days to start of
oral intake, length of hospital stay, postoperative radiologi-
cal test findings, complications, and follow-up. The ethics
committee (Hospital 12 de Octubre) approved the study.
Patient data are summarized in Table 1.

Anastomotic leakage, anastomotic stricture, and recurrent
TEF were assessed as complications after EA repair. Anasto-
motic leakage was defined as extravasation of esophageal
contents or contrast into the mediastinum. Anastomotic stric-
ture was defined as symptomatic narrowing of the esopha-
geal anastomosis requiring dilatation. Recurrent TEF was
defined as the presence of a fistula in the same location
where the TEF was closed during the surgical repair.

3 | RESULTS

3.1 | Patient 1

A full-term baby (weight: 2.9 kg) presented with type C
EA. Thoracoscopic EA repair and TEF closure were per-
formed without complications at birth. Dehiscence was
suspected on postoperative day 3 because of the presence of
saliva in the drainage tube. Therefore, an esophagogram was
ordered. Leakage of contrast was observed so a
thoracoscopic reoperation was performed. After the adhe-
sions were removed, an esophageal dehiscence was found
(Figure 1). The anastomosis was partially reconstructed with
Prolene 6-0 (Ethicon, INC., Somerville, New Jersey). Anas-
tomotic tension was lower than in the first surgery. No leak
or stenosis was observed in the contrast study. The patient
started feeding on postoperative day 7 and was discharged
home on postoperative day 10. No postoperative complica-
tions were found. Currently, at 4 years of follow-up, he is
asymptomatic.

TABLE 1 Patient data

Patients Primary approach Complications Age at reoperation Reoperation technique

1 Thoracoscopy Dehiscence 3 d Partial re-anastomosis

2 Thoracoscopy Dehiscence 5 d Partial re-anastomosis

3 Open Recurrent TEF 2 y TEF closure

4 Thoracoscopy Stenosis 2 y Resection of stenosis and re-anastomosis

TEF, tracheoesophageal fistula.

FIGURE 1 Anastomotic dehiscence (arrow) after thoracoscopic
esophageal atresia repair
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3.2 | Patient 2

A full-term baby (weight: 3.2 kg) presented with type C
EA. He underwent thoracoscopic EA repair and TEF closure
at birth. There were no intraoperative complications. Esoph-
ageal contents were observed through the drainage tube on
postoperative day 5. A contrast study showed contrast leak-
age in the mediastinum so we decided to perform a
thoracoscopic reoperation. An anastomotic dehiscence was
observed. We resected the edges of the dehiscence and per-
formed a partial esophageal re-anastomosis with Prolene
6-0. In this case, anastomotic tension was also lower than in
the primary repair. No leak or stenosis was observed in the
postoperative contrast study. The patient stared oral intake
on postoperative day 7 and was discharged home on postop-
erative day 10. No postoperative complications were found.
Currently, at 2 years of follow-up, he is asymptomatic.

3.3 | Patient 3

A 22-month-old male patient was referred because of suspi-
cion of recurrent TEF. He underwent open extrapleural EA
repair and TEF closure on the third day of life. No dehis-
cence or leakage was observed in the postoperative contrast
study. However, the patient had several episodes of bronchi-
olitis and coughed during feeding. Therefore, a new
esophagogram was performed, but no TEF was found. Clini-
cal symptoms persisted so a bronchoscopy was performed,
and it confirmed a TEF at the carina level. We attempted an
endoscopic TEF closure using 50% trichloroacetic acid. The
patient was discharged on postoperative day 2. At follow-up
shortly thereafter, improvement was observed, but occa-
sional symptoms persisted. A second attempt to close TEF
with trichloroacetic acid was proposed, but the patient’s par-
ents refused the procedure. Therefore, surgical repair was
planned.

During surgery, we used a 5-mm port for the scope and
three 3-mm ports for the instruments. Although the first
approach was extrapleural, adhesions were found. We
removed these adhesions and dissected the esophagus with
monopolar electrocautery. Once TEF had been identified, a
belt was passed around it to support the dissection. We
closed the TEF with a 5-mm endostapler (MicroCutter 5/80;
Dextera Surgical Inc., Redwood City, CA) (Figure 2). A flap
of pleura was interposed to avoid contact between the two
staple lines. No chest drain was placed, and the patient was
extubated at the end of the surgery. Postoperative chest radi-
ography was normal. The patient started feeding the day
after surgery. He did not present any symptom so he was
discharged on postoperative day 3. Currently, at 12 months
of follow-up, he is asymptomatic.

3.4 | Patient 4

A preterm patient with type A EA underwent open
gastrostomy at birth. Because of the length of the gap
between the esophageal segments, surgeons decided to per-
form a delayed anastomosis. There was a dehiscence of the
gastrostomy tract that required redo open gastrostomy. At
3 months of age, the patient was referred and underwent
thoracoscopic esophageal anastomosis under tension.
Follow-up contrast study of the esophagus showed an anas-
tomotic stricture. Endoscopic dilatations were performed
once or twice a month depending on clinical symptoms.

At 2 years of age, the stricture persisted so we decided to
perform thoracoscopic repair. The ports were placed in the
same locations used in the first thoracoscopy. We placed an
accessory port to help with tissue separation. After the dis-
section of the distal pouch was completed, a belt was passed
around the esophagus to help retraction and proximal dissec-
tion. A complete stenosis with thick fibrous tissue was
found at the level of the previous anastomosis (Figure 3).
We resected the anastomotic stricture and performed an
end-to-end anastomosis without tension. The anastomosis
was performed over a 10-Fr. nasogastric tube with inter-
rupted Vicryl 5-0 sutures (Ethicon, INC., Somerville, New
Jersey). The patient was intubated with muscle relaxation for
4 days. After 1 week, a contrast esophagram was performed.
No stenosis was observed, and she started feeding without
difficulty. A month after surgery, endoscopy was performed.
It showed an adequate esophageal caliber so dilatation was
not required. Currently, at 14 months of follow-up, she is
asymptomatic.

FIGURE 2 Thoracoscopic tracheoesophageal fistula closure with
a 5-mm endostapler
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4 | DISCUSSION

Although the survival rate of patients with EA exceeds 90%,
complications after the primary repair can significantly increase
morbidity.1 Esophageal stricture, anastomotic leakage, and
recurrent TEF are well-known complications after EA repair.
Previous studies found the esophageal stricture rate to vary
between 25% and 42%, the anastomotic leakage rate between
11% and 23%, and the recurrent TEF rate between 4% and
9%.2,3 In a recent meta-analysis, a comparison of thoracoscopic
and open approaches found that the thoracoscopic approach
notably reduced the length of hospital stay and time to oral
refeeding, but it was associated with a longer operative time.
The rate of postoperative complications, such as leaks and
strictures, was similar between both approaches.4 Regardless,
minimally invasive EA repair remains challenging, and
advanced skills are needed to perform the operation success-
fully. In addition, a considerable learning curve exists, resulting
in better outcomes after 5 years of experience.1

The main risk factors for anastomotic dehiscence are high
tension on the suture, devascularization secondary to extensive
dissection, a narrow lower segment, and inadequate mucosal
approximation.5 If a drainage tube is placed during surgery,
anastomotic leakage is suspected when esophageal contents
drain from the tube. Contrast studies are useful to confirm
dehiscences and quantify the leak.6 Anastomotic leakage is
associated with refractory stricture formation and mortality in
patients with EA.5 It has been suggested that dehiscence
enhances inflammation and scarring of the anastomosis.5

There is controversy regarding the definition of minor and
major leaks, as well as the appropriate treatment strategy, and
these differences limit comparisons between studies.

Complete disruption of the anastomosis requires a surgical
intervention such as esophagoesophagostomy or esophageal

replacement,3 whereas a conservative wait-and-see approach
is usually employed with minor leaks.5,6 Although there was
no massive contrast leakage in our patients, we decided to
perform early reoperations to avoid complications such as
pneumothorax, esophageal tissue damage, mediastinitis, and
esophageal stricture. Surprisingly, it was possible to redo a
partial anastomosis without putting tension on viable esopha-
geal tissues, and none of the patients developed anastomotic
strictures. The early surgical repair of dehiscences may be
able to prevent anastomotic stenosis, which can lead to dila-
tions under general anesthesia, longer hospital stay, higher
costs, and other complications. Therefore, we think that these
results could provide an alternative to the conservative treat-
ment of dehiscences. Additionally, it is important to highlight
that thoracoscopic approach enables better drainage of the
thoracic cavity, which may prevent complications, such as
pneumonia or pleurisy, in cases of dehiscence.

Several different risk factors for anastomotic stricture
have been proposed. The most important seems to be the
tension placed on the anastomosis. Generally, the longer the
distance between esophageal pouches, the higher the tension
on the anastomosis.7 The mainstay of anastomotic stricture
management is esophageal dilatation. However, its success
rate is uncertain, and many different procedures have been
developed to treat this complication.7 There is no consensus
on the duration and interval between dilatations. In our
department, dilatations are performed when symptoms are
present. When endoscopic procedures fail, surgical interven-
tions are indicated. In previous studies, esophageal replace-
ment procedures and esophagectomy with gastric pull-up
were performed using either open surgery or minimally inva-
sive surgery.7,8 However, the first choice should be to con-
serve the native esophagus.9 Therefore, in the present cases,
we performed a stricture resection and re-anastomosis by
thoracoscopic approach. The esophagus had significantly
grown in size after earlier thoracoscopy, and we were able to
perform an end-to-end anastomosis without tension.

Endoscopic techniques for the treatment of recurrent TEF
have emerged as the minimally invasive alternative to the
standard open closure. It is an attractive option to many sur-
geons because it is technically less demanding and takes less
time.10,11 There are different options to close TEF endoscopi-
cally: injection of sealants; de-epithelialization with a laser,
electrocautery, or trichloroacetic acid10; and a combination of
both procedures.11 The main advantages of endoscopic treat-
ments are that they reduce operative time, time to enteral feed-
ing, and length of hospital stay. However, these treatments
usually require several sessions under general anesthesia, and
they are not exempt from complications.12 The failure of the
closure increases the anxiety of the family and the risk of feed
aspiration, which may lead to chronic respiratory disease.

Several open surgical procedures have been described in
the treatment of TEF closure. Most authors close recurrent

FIGURE 3 Esophageal stricture (arrow) at level of the anastomosis
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TEF by lateral thoracotomy or cervicotomy. Tissue interpo-
sition between trachea and esophagus has been added to
avoid postoperative leaks and recurrences.13 In 2017,
Rothenberg reported the first successful thoracoscopic clo-
sure of congenital TEF using a 5-mm endoscopic stapler.14

We decided to combine a mechanical closure of the TEF
with a pleural flap between the trachea and the esophagus in
order to avoid recurrence as much as possible. In addition to
the well-known benefits of the thoracoscopic approach, this
technique had significant advantages: (a) mechanical sutures
were faster and safer, (b) no chest drain was necessary,
(c) the patient could be extubated immediately after surgery,
and (d) enteral feeding began on the morning after surgery.

In conclusion, reoperation after esophageal atresia repair
is challenging and carries a relatively high risk of developing
complications. The formation of scars and adhesions is the
norm after initial repair. However, these fibrous tissues may
interfere with the dissection, possibly resulting in damage to
the esophagus and trachea. The thoracoscopic approach
offers better visualization and more accurate dissection in
experienced hands than conventional surgery. Therefore, we
want to encourage the use of thoracoscopy for the treatment
of complications after EA repair.
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