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Abstract Long gap esophageal atresia in which a primary anastomosis cannot be achieved remains a
challenge. Elongation of the esophagus by traction on the 2 ends has been previously described. With
the advent of thoracoscopic repair of esophageal atresia, there have thus far been no reports of
thoracoscopic repair of long gap esophageal atresia. This paper describes the first successful repair of
long gap esophageal atresia by thoracoscopic traction of the 2 esophageal ends and delayed
thoracoscopic anastomosis.
© 2007 Elsevier Inc. All rights reserved.
Long gap esophageal atresia remains a challenge for
pediatric surgeons. Many different techniques have been
described in the past, varying from circular myotomy and
gastric pull-up to jejunal interposition and elongation
through traction on the esophageal ends [1,2].

Primary repair of ultra-long gap esophageal atresia
without lengthening was first described by Foker et al [2]
in 1997. Subsequently, successful outcomes were also
described by Al-Qahtani et al [3].

Thoracoscopic repair of esophageal atresia is becoming
more widespread nowadays. However, thoracoscopic
repair of true long gap esophageal atresia has not been
described until now. This paper describes thoracoscopic
elongation by traction sutures and subsequent thoraco-
scopic delayed primary anastomosis in a neonate with long
gap esophageal atresia.
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1. Case history

The patient was a female neonate born at 31 weeks of
gestation, with a birthweight of 1370 g. The first chest
and abdominal x-ray showed that the Replogue gastric
tube had not advanced beyond the thorax aperture in
association with a gasless abdomen indicating an
esophageal atresia with no tracheoesophageal fistula. As
a first step, she was given a gastrostomy with the intent
to perform a jejunum interposition when she had reached
a body weight of approximately 3 to 4 kg. As she was
experiencing recurrent episodes of dyspnea a proximal
esophagogram was performed, which demonstrated a
proximal esophagotracheal fistula. In view of our previous
experience with a minimally invasive approach to closure
of proximal fistulae in neonates and children, we decided
to undertake a thoracoscopic ligation of the proximal
fistula on day 12. During thoracoscopy, it was seen that
there was some available length of the distal esophagus,
but the gap between the 2 ends was considered to be too
long for primary anastomosis. A contrast study of the
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Fig. 2 Thoracoscopic application of traction sutures for elonga-
tion of the esophagus in long gap esophageal atresia.
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stomach showed reflux of contrast into the distal
esophagus up to the ninth vertebra, whereas the proximal
esophagogram reached the third vertebra, leaving a
distance of 6 vertebrae (Fig. 1). We considered that it
might be a good option to apply traction sutures on the
proximal and distal ends of the esophagus to elongate the
esophagus, with a view to subsequently performing a
primary anastomosis.

At the age of 2 months, when the infant weighed
2.8 kg, traction sutures were applied thoracoscopically
(Fig. 2). These were externalized with the use of an
Endoclose (TYCO Medical, Mansfield, Mass) and fixed
externally with mosquito forceps (Fig. 3). Clips were
applied at the tips of the stumps, so that these could be
monitored radiographically to assess how the ends were
approximating with time.

Postoperatively, the patient was sedated using dormicum
and morphine, but was allowed to breathe spontaneously.
Movement in the traction sutures was tested twice daily. On
the third day the distal traction sutures came loose. New
sutures were placed thoracoscopically in the distal esopha-
gus, and traction was resumed for another 6 days, until it was
felt that there was not much movement anymore. The chest
x-ray confirmed that the clips had approximated sufficiently
to undertake a primary anastomosis.

A thoracoscopy was performed 9 days after the first
placement of the traction sutures. After some adhesiolysis, it
Fig. 1 A, Contrast study of the proximal esophagus showing the
esophagus reaches the third thoracic vertebra. B, Contrast study through
ninth thoracic vertebra.
could be seen that the ends of the esophagus had indeed
approximated sufficiently to undertake a delayed primary
anastomosis (Fig. 4). As was to be expected, the distal
esophagus was somewhat more fragile owing to the tearing
out of the sutures on day 3. With the use of 2 slipping knots,
proximal fistula. With the Replogue drain in situ the proximal
the gastrostomy demonstrates that the distal esophagus reaches the



ig. 5 Thoracoscopic delayed primary anastomosis of
sophagus.

Fig. 3 Traction sutures are fixed externally with mosquito
forceps.
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it was possible to approximate the 2 ends of the esophagus,
pass an 8-F nasogastric tube, and make an anastomosis
(Fig. 5). Although in normal thoracoscopic esophageal
anastomosis a drain is not left behind, it was decided to do so
in this patient. According to our protocol all children
received Zantac antacids and Motilium postoperatively for
3 months. After the operation, the child showed no more
excessive oral salivation and the thorax drain was non-
productive. On day 3, feeding was resumed through the
gastrostomy tube, but was stopped as milk came from
the chest drain. A duodenal tube was placed through the
gastrostomy for feeding. After 1 week, a contrast esophago-
gram was performed which showed no anastomotic leakage
and confirmed a good passage (Fig. 6). The child was offered
bolus oral feeds (65 mL at 8-hour intervals) from the next
day. She was discharged from the hospital 3 days later. Four
weeks after discharge the esophagus was dilated twice for
stenosis. pH measurement of gastric contents showed a pH of
2, indicating inadequate antireflux treatment. Losec was
Fig. 4 Thoracoscopic view of esophageal ends approximated by
traction sutures.
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added to increase the pH to more than 4. The total follow-up
time to date is 3 months.
2. Discussion

Long gap esophageal atresia is a challenge for pediatric
surgeons. There is some confusion regarding the use of the
ig. 6 Contrast esophagogram on postoperative day 10 showing
F

no leakage and good passage of contrast.
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term long gap esophageal atresia. Esophageal atresia in
which the distal fistula ends at the level of the carina may be
cumbersome to approximate, but cannot be considered to be
a long gap esophageal atresia. In our opinion, the term should
be reserved for only the true long gap atresia found in
patients with esophageal atresia without fistula and/or
proximal fistula. In his publication on primary repair of
esophageal atresia, Foker et al [2] describes that it is possible
to exert considerable tension for some time on the sutures to
approximate the ends of the esophagus, even over a distance
of 3 to 4 cm, and perform a primary anastomosis. Likewise in
the thoracoscopic approach for esophageal atresia, it is
possible to approximate the ends over a considerable
distance using sutures with a slipping knot technique. In
our own experience of 52 thoracoscopic repairs of
esophageal atresia, we have gained considerable experience
in successfully approximating longer defects with success. In
true long gap esophageal atresia we have thus far used the
jejunal interposition technique with satisfactory results [1].
However, morbidity is still considerable and distal functional
obstruction is not an uncommon problem.

Foker et al [2] also reported on their results using traction
over several days to elongate the esophageal ends, before
successfully performing an anastomosis through a thoracot-
omy. They were able to overcome gaps of between 5.5 and
6.8 cm in this way. Their measurement technique was
criticized, as they took as their standard babies weighing
5 kg, in whom the distance between 2 adjacent intervertebral
spaces was estimated as being 1 cm. In our opinion, it is
better to speak of number of vertebrae between the 2 ends of
the esophagus, as in this manner the distance can be related
to gestational age and body weight. In our case, the distance
measured on the 2 separate contrast studies performed
(Fig. 1) was 6 vertebrae. In the series of Al-Qahtani et al [3],
traction sutures were placed through a thoracotomy in
patients of 37 weeks' gestation/2340 g body weight,
31 weeks/3180 g, and 34 weeks/1955 g, respectively. We
decided to wait until the patient was more than 2.5 kg. The
infant tolerated all thoracoscopic interventions well, and the
procedures were uneventful. Postoperatively, the child was
kept sedated, but not paralyzed. Before the manipulation of
the traction sutures the child was given an extra hour dose of
morphine intravenously.
In retrospect, the tearing of the distal traction sutures
could be explained by the fact that the bites taken in the distal
esophagus were too thin. On the second attempt, stronger
bites were taken.

Another aspect to be considered is the reaction of the
tissue to the traction sutures. Although the patient was kept
on Augmentin antibiotic during the period of traction, the
tissue was more fragile during the delayed primary
anastomosis. The optimal duration of external traction
remains to be defined. On day 3, during reapplication of
the distal traction suture, it was already evident that quite
some adhesion formation was in progress. Although the
adhesions were subsequently easily mobilized, it may be an
issue when prolonged periods of traction need to be used to
approximate the 2 ends. In all previous publications the
proximal and distal esophagus have always been extensively
mobilized, and we did likewise. It is unclear whether a
similar degree of approximation could be achieved by
traction alone, with the added potential advantages of
improved preservation of the vasculature and innervation
of the 2 stumps.

In conclusion, thoracoscopic elongation of the esophagus
in long gap esophageal atresia and subsequent thoracoscopic
delayed primary anastomosis is feasible. In the era of
minimally invasive surgery, thoracoscopic repair of esopha-
geal atresia has become well established in clinical practice.
The minimally invasive treatment of long gap esophageal
atresia, as described here, expands the successful application
of thoracoscopic repair for this spectrum of defects. Further
experience and longer term follow-up are required to
determine the efficacy of this technique and its influence
on esophageal transit function.
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