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Abstract

Background: The treatment of long-gap esophageal atresia remains an issue for pediatric surgeons. Many
techniques for treating long-gap esophageal atresia have been proposed, but the optimal method has not been
established. The thoracoscopic esophageal elongation technique has recently been developed. We previously
reported a case in which two-stage thoracoscopic repair was performed using internal esophageal traction
without esophageal tearing, and we retrospectively reviewed the outcomes of this procedure in this study.
Methods: Five patients underwent thoracoscopic treatment involving internal esophageal traction for esopha-
geal atresia involving a long gap or vascular ring over a 5-year period.
Results: Between November 2010 and November 2015, 5 patients were treated with thoracoscopic traction. All
of these patients successfully underwent thoracoscopic-delayed primary anastomosis. Conversion to open
thoracotomy was not required in any case. The postoperative complications experienced by the patients in-
cluded minor anastomotic leakage in 2 cases, anastomotic stenosis in 1 case, gastroesophageal reflux (GER) in
4 cases, and a hiatal hernia in 1 case. None of the patients died.
Conclusions: Two-stage thoracoscopic repair for esophageal atresia involving a long gap or vascular ring is a
safe and feasible procedure; however, we must develop methods for treating minor anastomotic complications
and GER due to esophageal traction in future.
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Introduction

Long-gap esophageal atresia remains an important
challenge for pediatric surgeons. Many techniques for

closing the gap between the proximal and distal esophagus in
such cases have been proposed,1–6 but the optimal method
has not yet been established. Various open traction tech-
niques have been developed. In one method, the two ends of
the esophagus are pulled toward each other by external
traction of the pleural wall,5 whereas in another method, the
proximal end of the esophagus is first pulled by a cervical
esophagostomy, and then the esophagostomy is translocated
distally along the anterior chest wall.6 The esophageal elon-
gation is continued, and the ends of the esophagus are
eventually anastomosed. A thoracoscopic esophageal elon-
gation technique based on the same concept as the method

described in the above-mentioned reports has also been de-
veloped.7 We conducted a retrospective study of the treat-
ment outcomes of two-stage thoracoscopic repair using
internal esophageal traction and delayed primary anastomo-
sis at our institutions.

Materials and Methods

Between November 2010 and November 2015, 5 consecutive
patients, including 3 patients with pure esophageal atresia, 1
patient with a type C tracheoesophageal fistula (TEF), and 1
patient with a TEF associated with a right aortic arch and a
vascular ring, underwent thoracoscopic treatment involving
internal esophageal traction at our two institutions. In all cases,
thoracoscopic internal esophageal traction was performed dur-
ing the initial operation, and thoracoscopic-delayed primary
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anastomosis was carried out during a subsequent procedure.8

The patients’ ages at the time of the first operation ranged
from 0 to 3 days, and their ages at the time of the second
operation ranged from 6 to 24 days. The patients’ birth-
weights ranged from 2115 to 2661 g. The associated mal-
formations included an atrial septal defect/ventricular septal
defect in 1 patient, VATER association in 1 patient, and a
right aortic arch with a vascular ring in 1 patient. The ver-
tebral gap between the proximal and distal esophagus ran-
ged from 1 to 6 vertebrae in length (T1 c Table 1).

Gastrostomy procedure and thoracoscopic technique

All patients underwent gastrostomy. Tracheal intubation
was performed with an endotracheal tube, and we confirmed
the position of the TEF using a bronchofiberscope. Then, the
patient was placed in the semiprone position. A 5-mm bla-
deless trocar was initially inserted at a point along the fifth or
sixth intercostal middle axillary line under thoracoscopic
observation with a 5-mm, 0-degree telescope to prevent lung
damage and the leakage of carbon dioxide from around the
port. The pleural cavity was inflated at 6 mmHg and a flow
rate of 0.5 L/min, and was then maintained at a pressure of 4–
6 mmHg. A 5-mm, 30-degree telescope was inserted through
the first port. Two additional ports were also produced: a 3-
mm port was made along the third intercostal middle axillary
line and a 3-mm port was made along the sixth or seventh
intercostal posterior axillary line. The azygos vein was not
ligated. The proximal esophagus was extensively dissected
toward the cervical section, and the distal esophagus was also
gently dissected and mobilized down to the diaphragm. TEFs
were ligated with 4-0 absorbable sutures and divided if they
were confirmed to be present. A traction suture (a 5-0 ab-
sorbable suture) was applied to both ends of the esophagus
using pledgets to prevent the esophageal ends tearing (F1 c Fig. 1).
In two cases, we attempted, but subsequently had to abandon,
thoracoscopic primary anastomosis. Strong anastomotic
tension was noted in one case involving a TEF, and the
proximal esophageal pouch was located within a vascular
ring in the other case. A traction suture was inserted through
the cranial and caudal intercostal spaces using a laparoscopic
percutaneous extraperitoneal closure needle, and suitable

tension between the esophagus and the costal bone was
achieved, as reported previously.8

After about one week, the patient was taken back into the
operation room to undergo the delayed primary anastomosis
procedure. After thoracoscopic adhesiolysis had been carried
out by carefully sweeping any adhesions between the
esophagus and the lung, both esophageal ends were mobi-
lized ( b F2Fig. 2A) and subjected to traction, and then tension was
applied to determine whether anastomosis was possible.
Next, both esophageal ends were opened and pulled closer
together using traction sutures (Fig. 2B). These traction su-
tures facilitated the thoracoscopic-delayed primary anasto-
mosis by decreasing the degree of anastomotic tension
(Fig. 2C, D). A chest drain was inserted in all cases.

A fluoroscopic contrast-enhanced study was performed
about one month after the second operation to examine the
esophagogastric configuration and evaluate the severity of
any anastomotic stricture or sliding hernias. Anastomotic
leakage was diagnosed based on the drainage contents of the
chest tube. The timing of tube feeding was decided based on
the patient’s condition.

We retrospectively reviewed the patients’ intraoperative
and postoperative outcomes, including the operative time,
intraoperative blood loss, conversion rate, the duration of the

Table 1. Patients’ Demographic Data

Patients

n 5
Sex (male:female) 4:1
Gestational age 37 weeks 4 days
Birthweight (g) 2505 (2115–2661)

Gross classification (distance between both esophageal
ends in No. of vertebrae)
Type A 3 (6, 4, 5)
Type C 1 (4)
Type D 1 (1)

Associated congenital anomalies 3
ASD/VSD 1
VATER association 1
Right aortic arch with a vascular ring 1

ASD/VSD, atrial septal defect/ventricular septal defectAU6 c .

FIG. 1. Thoracoscopic internal esophageal traction with
pledgeted sutures.
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postoperative hospitalization period, postoperative compli-
cations, and mortality, and evaluated the feasibility of the
two-stage thoracoscopic repair of esophageal atresia.

The study protocol was approved by each of the relevant
hospital medical ethics committees.

Results

All patients successfully underwent thoracoscopic definitive
primary anastomosis after thoracoscopic esophageal elongation
using internal traction. In 4 cases, esophageal internal traction
was performed because of long-gap esophageal atresia in-
volving a gap of more than four vertebrae. In the remaining
case, which involved a one-vertebra gap, we confirmed the
presence of a vascular ring, abandoned the thoracoscopic pri-
mary suturing procedure, and decided to perform left-sided
thoracoscopic TEF ligation and esophageal traction during the
first operation. Detailed examinations that were carried out after
the first operation showed that a patent ductus arteriosus (PDA)
completed the vascular ring, so left-sided delayed primary
anastomosis and dissection of the PDA were performed during
the second procedure.9 The patients’ operative and postopera-
tive outcomes are shown inT2 c Table 2. The mean operative times
for the first and second operations were 230 and 214 minutes,
respectively, and less than 5 mL blood loss occurred during

FIG. 2. (A) Both esophageal ends were easily dissected and mobilized. (B) Both esophageal ends were cut and opened,
and traction sutures (arrows) were added and used to reduce the degree of anastomotic tension, which facilitated anasto-
mosis. (C) The esophago-esophageal suturing was started on the medial side with traction sutures (arrowhead). (D) The
delayed primary esophageal anastomosis was completed.

4C c

Table 2. Operative and Postoperative Outcomes

of Two-Stage Repair of Esophageal Atresia

First operation
Operative time (minutes) 230 (215–343)
Amount of intraoperative blood

loss (mL)
2 (0–17)

Second operation
Operative time (minutes) 214 (183–306)
Amount of intraoperative blood

loss (mL)
5 (4–20)

Conversion to open thoracotomy 0
Time to tubal feeding after second

operation (days)
10 (2–25)

Time to oral intake after second
operation (days)

45 (39–60)

Length of postoperative hospital
stay (days)

88 (67–317)

Postoperative complications
Minor anastomotic leakage 2
Anastomotic stenosis 1
Gastroesophageal reflux 4
Chylothorax 1
Hiatal hernia 1
Others 1

Length of follow-up period (days) 557 (213–2024)
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both operations. None of the patients required conversion to
open thoracotomy. Tubal feeding and oral feeding were started
at 10 and 45 days after the second procedure, respectively. Two
patients (40%) developed minor anastomotic leakage, which
was treated conservatively. Anastomotic stenosis developed in
1 patient, who did not require endoscopic dilation as the ste-
nosis was ameliorated using a conservative approach. The other
postoperative complications experienced by the patients in-
cluded gastroesophageal reflux (GER) in 4 patients, a hiatal
hernia in 1 patient, and others in 1 patient. There were no deaths
in this study. All 5 patients were followed up, and the duration
of the follow-up period ranged from 7 to 67 months. A good
weight gain was seen in all patients.

Discussion

Long-gap esophageal atresia remains an important chal-
lenge for pediatric surgeons. Many techniques for treating
long-gap esophageal atresia have been developed, but none
have proved ideal. Long-gap esophageal atresia used to even-
tually be treated with esophageal replacement.2–4 However, it
was reported that this resulted in high postoperative morbidity
and mortality rates.10 The open traction technique was recently
described by Foker.5 In this technique, esophageal traction is
applied day by day to elongate the ends of the esophagus,
before an anastomosis is performed through a thoracotomy.
Foker et al. were able to overcome long gaps (5.5 to 6.8 cm) in
this manner. Kimura also reported another technique involving
the translocation of the proximal esophagostomy along the
anterior chest wall, but this approach often requires elongation
to be performed multiple times before the primary anastomosis
can be carried out. Three of the 8 (38%) patients who under-
went this technique suffered minor leakage, and all 8 patients
developed anastomotic stenosis.6 Thus, these surgical tech-
niques are complex and result in high rates of postoperative
complications.

The successful use of a thoracoscopic Foker-like elon-
gation technique and delayed primary anastomosis as a
treatment for long-gap esophageal atresia were reported by
van der Zee et al.7 This approach made it possible to perform
minimally invasive surgery in cases of long-gap esopha-
geal atresia. Recently, the outcomes of this procedure were
reported.11 The two-stage repair of long-gap esophageal
atresia was successful in 8 of the 10 patients. However,
thoracoscopic esophageal elongation failed in the remaining
2 patients; the length of the esophageal pouch did not in-
crease in one case, and esophageal perforation occurred in
the other case. External traction of the esophagus was car-
ried out during the first operation in all of these cases. In
Foker’s method, both esophageal ends were handled as
minimally as possible, and esophageal traction was applied
day by day to elongate the ends of the esophagus, which
carried a risk of disruption of the esophageal ends. Con-
trary to Foker’s method, our thoracoscopic internal traction
method involved sufficient dissection of both esophageal
ends during the first operation and constant esophageal
traction. We then waited for the esophageal blood supply to
recover and monitored the patient for esophageal injuries,
before we successfully completed the definitive delayed
primary anastomosis.8

In our study, all of the patients exhibited small amounts of
adhesion around the ends of the esophagus, but no intratho-

racic infections or esophageal tearing occurred. No rela-
tionship was detected between the degree of adhesion and the
time between the first and second operations. We were able to
easily dissect between the esophageal ends and the lungs in
all patients, and little intraoperative blood loss occurred. The
median time between the first and second operations was
10 days. However, van der Zee suggested that traction that
lasted for longer than 5 days did not lead to any further gain in
esophageal length.11

The use of pledgeted sutures and the absence of further
traction should help to eliminate tearing at the esophageal
ends, and there were no cases of such tearing in our study.
However, Al-Qahtani reported that the sutures pierced the
esophageal pouch in both cases in which they used pledgeted
sutures combined with daily esophageal traction. A less re-
active suture or pledget material might help to minimize in-
flammation and further reduce the risk of complications.12

Three of the 5 patients in our study suffered anastomotic
complications, and 2 and 5 of the 8 patients in Zee’s study
developed minor leakage and anastomotic stenosis after
primary anastomosis, respectively. There were no cases of
mortality in Zee’s study.11 Foker’s open technique frequently
resulted in anastomotic complications, which sometimes re-
quired additional surgery, although the long-term outcomes
of this approach were good.12,13 Two-stage repair of esoph-
ageal atresia is frequently associated with minor anastomotic
leakage, and strictures can be treated with open surgery or
thoracoscopy. GER occurred frequently in this study (in 4 of
5 patients) and Zee’s study (in 7 of 8 patients). Two-stage
esophageal anastomosis shortens the esophagus and pulls the
stomach into the mediastinum. This can result in a physio-
logical hiatal hernia, which increases the risk of GER. We
must develop ways to overcome postoperative GER; how-
ever, it is difficult to resolve such problems because the distal
esophagus must be pulled upward in cases of long-gap
esophageal atresia, so esophago-esophageal anastomosis
results in a distended His angle.

Compared with open surgery, thoracoscopic esophageal
operations are associated with less adhesion, a small amount
of bleeding, similar postoperative complications rates, and
better cosmetic results. We primarily select thoracoscopic
procedures for both pure esophageal atresia and cases in-
volving hemodynamically stable patients with TEF. If strong
anastomotic tension is noted during the first operation, an
internal esophageal traction is performed.

A right aortic arch is found in 5% of neonates with TEF and
might be associated with vascular rings. If a right aortic arch
is found during the first operation, such as in case 4, only
ligation of the TEF should be performed, and then a com-
puted tomography examination should be carried out to
search for a vascular ring and determine the optimal approach
for the second operation.

In conclusion, thoracoscopic internal traction and subse-
quent thoracoscopic delayed primary anastomosis for cases
of esophageal atresia involving a long gap or vascular ring are
safe and feasible procedures. Further innovations are re-
quired to overcome postoperative GER.

Disclosure Statement

No competing financial interest exists.

4 TAINAKA ET AL.

LAP-2016-0207-ver9-Tainaka_1P.3d 10/15/16 12:12pm Page 4



References

1. Livaditis A, Radberg L, Odensjo G. Esophageal end-to-end
anastomosis. Reduction of anastomotic tension by circular
myotomy. Scand J Thorac Cardiovasc Surg 1972;6:206–214.

2. Stone MM, Fonkalsrud EW, Mahour GH, et al. Esophageal
replacement with colon interposition in children. Ann Surg
1986;203:346–351.

3. Spitz L. Gastric transposition via the mediastinal route for
infants with long-gap esophageal atresia. J Pediatr Surg 1984;
19:149–154.

4. Cauchi JA, Buick RG, Gornall P, et al. Oesophageal sub-
stitution with free and pedicled jejunum: Short- and long-
term outcomes. Pediatr Surg Int 2007;23:11–19.

5. Foker JE, Linden BC, Boyle EM Jr, et al. Development of
a true primary repair for the full spectrum of esophageal
atresia. Ann Surg 1997;226:533–541; discussion 541–
543.

6. Kimura K, Nishijima E, Tsugawa C, et al. Multistaged
extrathoracic esophageal elongation procedure for long gap
esophageal atresia: Experience with 12 patients. J Pediatr
Surg 2001;36:1725–1727.

7. van der Zee DC, Vieirra-Travassos D, Kramer WL, et al.
Thoracoscopic elongation of the esophagus in long gap
esophageal atresia. J Pediatr Surg 2007;42:1785–1788.

8. Tanaka Y, Uchida H, Kawashima H, et al. Successful two-
stage thoracoscopic repair of long-gap esophageal atresia
using simple internal traction and delayed primary anasto-
mosis in a neonate: Report of a case. Surg Today 2013;43:
906–909.

9. Oshima K, Uchida H, Tanano A. Left thoracoscopic two-
stage repair of tracheoesophageal fistula with a right aortic
arch and a vascular ring. J Minim Access Surg 2016 [Epub
ahead of print]; DOI: 10/4103/0972-9941.181771.

10. Gallo G, Zwaveling S, Groen H, et al. Long-gap esophageal
atresia: A meta-analysis of jejunal interposition, colon in-
terposition, and gastric pull-up. Eur J Pediatr Surg 2012;22:
420–425.

11. van der Zee DC, Gallo G, Tytgat SH. Thoracoscopic trac-
tion technique in long gap esophageal atresia: Entering a
new era. Surg Endosc 2015;29:3324–3330.

12. Al-Qahtani AR, Yazbeck S, Rosen NG, et al. Lengthening
technique for long gap esophageal atresia and early anas-
tomosis. J Pediatr Surg 2003;38:737–739.

13. Hadidi AT, Hosie S, Waag KL. Long gap esophageal
atresia: Lengthening technique and primary anastomosis.
J Pediatr Surg 2007;42:1659–1662.

Address correspondence to: b AU5
Hiroo Uchida, MD, PhD

Department of Pediatric Surgery
Nagoya University Graduate School of Medicine

65 Tsurumai-cho
Showa-ku

Nagoya
Aichi 466-8550

Japan

E-mail: hiro2013@med.nagoya-u.ac.jp

TWO-STAGE THORACOSCOPIC REPAIR OF ESOPHAGEAL ATRESIA 5

LAP-2016-0207-ver9-Tainaka_1P.3d 10/15/16 12:12pm Page 5



AUTHOR QUERY FOR LAP-2016-0207-VER9-TAINAKA_1P

AU1: Please note that gene symbols in any article should be formatted as per the gene nomenclature. Thus, please make

sure that gene symbols, if any in this article, are italicized.

AU2: Please review all authors’ surnames for accurate indexing citations.

AU3: Please mention all authors’ degrees.

AU4: Please provide a minimum of 3, maximum of 6, keywords to identify search terms related to your article to assist in

discoverability. These may be different than the keywords you provided upon submission for the peer review

process.

AU5: Please confirm the corresponding author’s address.

AU6: ‘‘ASD/VSD’’ has been defined as ‘‘atrial septal defect/ventricular septal defect.’’ Please confirm.

LAP-2016-0207-ver9-Tainaka_1P.3d 10/15/16 12:12pm Page 6




