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Abstract

Objective To describe the evolution from delayed man-

agement of long gap esophageal atresia to thoracoscopic

treatment directly after birth without the placement of a

gastrostomy.

Background Long gap esophageal atresia remains a

challenge for pediatric surgeons. Over the years, several

techniques have been described to deal with the problem of

the distance between the proximal and distal esophagus.

More recently, a traction technique has been advocated.

With the advent of minimal invasive surgery, the tho-

racoscopic elongation technique has been developed.

Methods Retrospective description of a single-center

experience with the thoracoscopic treatment of patients

with long gap esophageal atresia over a 7-year period.

Results Between 2007 and May 2014, 10 children with

long gap esophageal atresia were treated by thoracoscopic

elongation technique. In two children, the procedure failed.

Eight children successfully underwent thoracoscopic trac-

tion with delayed primary anastomosis. Initially, all

patients had a gastrostomy. During the course, the tech-

nique evolved into delayed primary anastomosis directly

after birth without the use of a gastrostomy.

Conclusion Thoracoscopic elongation technique in long

gap esophageal atresia not only is feasible, but can nowa-

days also be performed directly after birth without the use of

a gastrostomy. With this development, we have entered a

new era in the management of long gap esophageal atresia.
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Long gap esophageal atresia remains a challenge for

pediatric surgeons. Over the years, several techniques have

been described to tack the problem of the distance between

the proximal and distal esophagus. The incidence of long

gap esophageal atresia is so low that it is difficult for

individual centers to gain large experience and most series

published have anecdotal data.

A more recent developed technique is the open traction

technique, first described by Foker [1], in which the two

ends of esophagus are pulled toward each other by external

traction over time to ultimately be anastomosed. The out-

come is variable, and achievement of feeding is not undi-

vided favorable [2, 3]. With the advent of minimal invasive

surgery and the increasing experience in the treatment of

type C esophageal atresia, the thoracoscopic elongation

technique became feasible. After a first description of the

technique [4], we now describe our 7-year experience with

the thoracoscopic traction technique and the development

toward a procedure almost similar to the standard type C

esophageal atresia.

Materials and methods

Evolution of technique

Initially, we started with performing a (laparoscopic) gas-

trostomy upon the diagnosis of long gap esophageal atresia

together with a Replogle suction tube in the proximal
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esophagus. Along the course, as we started the traction

directly after birth, we no longer performed the gastros-

tomy, but only did a laparoscopic gastropexy against the

anterior abdominal wall to prevent the stomach from

migrating up into the thorax. We principally try to avoid an

esophagostomy in the neck, because it will be more diffi-

cult to bring the esophagus back down into the thorax at a

later stage, reducing the available techniques usually to a

gastric pull-up or colon interposition.

Each procedure is started with a rigid tracheobron-

choscopy as almost half of our patients turned out to have a

proximal fistula. Depending on the level of the proximal

fistula, this is managed either thoracoscopically or through

the neck.

For the traction technique, the patient is positioned in a

� left lateral position at the left side of the table, as we

would do for the routine thoracoscopic anastomosis in type

C esophageal atresia. A first 5-mm trocar is placed 1 cm

anterior and below the tip of the scapula by incision in the

skin and blunt perforation of the muscularis and pleura,

respectively. In smaller children under the weight of

2,000 g, we increasingly use a 3-mm trocar for the optic.

Thereafter, two 3-mm trocars are placed under direct vision

in a triangle around the endoscope.

All patients nowadays are operated upon under the

surveillance of near-infrared spectrometry (NIRS) and

a-EEG to monitor the brain oxygenation and activity,

respectively.

After insufflation with CO2, at 3–5 mm Hg and a flow of

1 l/min, and adjustment of the ventilation by the anesthe-

siologist, it is started with mobilization of the proximal

esophagus to a maximal extent in the thoracic aperture

(Fig. 1). If a proximal fistula is present, this is closed at the

same instance.

Thereafter, the distal esophagus is determined (Fig. 2)

and mobilized out of the esophageal hiatus. Frequently, the

hiatus has to be opened in order to retrieve the distal

esophagus. The esophagus is mobilized as much as possi-

ble up to the fundus of the stomach. Principally, all patients

will need an antireflux procedure at a later stage. Traction

sutures Vicryl 4 9 0 (Ethicon, Johnson & Johnson,

Amersfoort, NL) are introduced with the use of an Endo-

close� (Covidien, Zaltbommel, NL), and bites of the

esophagus are taken at four corners. Pledgets have not been

used. Again with the Endoclose�, the sutures are crosswise

withdrawn from the thorax and through a small piece of

silicone tubing held with a mini-mosquito under traction.

The same procedure is carried out on the other side. Close

to both ends of the esophagus, a clip is applied to the

sutures (Fig. 3) to be able to determine the approximation

over the coming days by thorax radiograms. Under direct

vision, the traction is tested and the distance to be covered

Fig. 1 Mobilization of proximal esophagus. O = proximal esopha-

gus, V = trachea with onlying vagal nerve

Fig. 2 Mobilization of distal esophagus out of hiatus. O = distal

esophagus coming through the esophageal hiatus, A = aorta

Fig. 3 Traction sutures with a clip close to the esophageal pouches
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is determined. The procedure is then terminated. The 5-mm

defect is closed with a Vicryl 5 9 0 muscular and subcu-

taneous suture, and all skin defects are approximated with

Steristrips� (3 M, Zoeterwoude, NL). During the traction

period, the patients remain intubated and sedated, but there

is no need to be paralyzed. A diagram displays the prin-

cipal of the procedure (Fig. 4).

Nowadays, the patient, that is referred without gastros-

tomy as well as the patient primarily born in our center, is

then turned in a supine position, and a 5-mm trocar is

introduced through the umbilicus by open technique. One

or two additional 3-mm trocars are placed under direct

vision. The (micro-) stomach is located, and the best spot is

determined to perform a gastropexy against the ventral

abdominal wall with two Ethibond 4 9 0 sutures (Ethicon,

Johnson & Johnson, Amersfoort, NL) to prevent the

stomach from migrating into the thorax.

A postoperative X-Thorax is made to determine the

length of the defect (Fig. 5), and the approximation is

followed by daily radiograms. The traction sutures are

checked twice daily, but unless there is a lot of mobility,

the mosquitos are not adjusted and no additional traction is

exerted, as too much traction will lead to disruption of the

sutures. This detail is crucial in our opinion, because since

having this restraining protocol, no more suture disruptions

have occurred.

Usually, after 3–4 days, there is no more progression,

due to adhesion formation between the esophagus and the

adjacent lung. The child is then taken back into the oper-

ating theater, and thoracoscopic adhesiolysis is carried

through by carefully sweeping loose the adhesions between

esophagus and lung. Usually, there is still a too large gap

between the two ends to safely perform a primary anasto-

mosis. If necessary, the sutures can be led out at a higher

level, and traction is installed again.

In general, after a total of 4–6 days, when the clips have

approximated sufficiently (Fig. 6), the patient can be taken

back to theater for the delayed primary anastomosis. After

mobilization of the two ends, two or sometimes three

traction sutures can be applied at the corners and posterior

wall of the two pouches, before opening the proximal and

distal esophagus, and the two ends can be advanced by the

sliding technique. One or two additional sutures can be laid

on the posterior wall before a 6–8F gastric feeding tube is

advanced into the distal esophagus and stomach (Fig. 7).

Sometimes the mucosa in the distal esophagus has not

advanced as much as the muscularis, and the distal

esophagus has to be incised further to identify and open the

mucosa. This can hamper making a solid anastomosis.

Principally, a drain is only left behind if there is doubt

that the anastomosis is 100 % watertight.

A contrast swallow study is performed at day 5. When

there is no leakage, oral feeds can be started. In patients

that have a micro-stomach, this can be difficult, and in

Fig. 4 Diagram of traction technique. A Distance at start of traction.

B Elongation of the two pouches over the days of traction

Fig. 5 X-thorax after application of traction sutures. There is still a

distance of 17.3 mm

Fig. 6 X-thorax after 5 days. The clips of the proximal and distal

pouch have reached each other (arrow)
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those cases, often it has to be started with continuous drip

feeding giving the stomach time to adjust and grow.

In case there is no advancement or when complications

occur, such as perforation, the technique is abandoned, and

management is switched to alternative procedures like

jejunal interposition or gastric pull-up, in case the proximal

esophagus is too high up in the thorax or the neck.

Principally, all children will need a laparoscopic fun-

doplication after 4–6 weeks.

The study was approved by the hospital medical ethical

committee.

Results

Between 2007 and May 2014, 10 children were either

admitted or transferred to our department for treatment of

their long gap esophageal atresia. Gestational age varied

from 30 4/7–40 1/7 weeks (M = 34 4/7). Weight at time of

birth varied from 1,395 to 3,850 g (M = 2,330 g). Age at

time of operation varied from 2 days to 6 months

(Table 1). In four patients, a proximal fistula was detected

during preoperative tracheoscopy. In two cases, the fistula

could be closed thoracoscopically, the two others were too

high and were dealt with through the neck.

Initially, the patients either received a gastrostomy or

were referred with a gastrostomy and a Replogle tube in the

proximal esophagus. As of the fifth case, we no longer

performed a gastrostomy, but kept the patient on parenteral

nutrition during the elongation period. The first time we

performed the procedure without gastrostomy, we

encountered that after 2 days, the two pouches could be

easily anastomosed, but that the stomach had migrated

partially into the thorax. We thereafter prophylactically

performed an anterior gastropexy against the anterior

abdominal wall to prevent the stomach from going up into

the thorax. The first time, however, we experienced that the

Vicryl 5 9 0 suture we used had partially dissolved when

performing the laparoscopic antireflux operation 6 weeks

later. We since then use Ethibond 4 9 0 to fix the stomach

against the anterior abdominal wall.

In two cases in the early experience, the traction sutures

have torn out during the traction procedure and had to be

replaced. It was therefore decided not to apply additional

traction on the sutures during the elongation, unless there

was evidently no tension on the sutures any longer, in order

to prevent disruption by pulling too hard. Since restraining

the protocol, no more suture ruptures have occurred. In one

1,710-g child, after 5 days, the end of the pouches seemed

partially frayed by the past traction, still leaving approxi-

mately 1-cm bridge to gap during anastomosis. The child,

however, recovered well with no leakage at the contrast

study after 5 days. In four additional cases, there was no

further advancement after 3 days, and we had to go back to

perform adhesiolysis to facilitate further traction. In one of

these children, the clip of the distal pouch had reached the

thoracic wall and during this procedure was replaced two

ribs higher (Table 2).

In one child, there was no more advancement after

5 days, and we had to undo the anterior gastropexy in order

to gain more length and make the primary delayed anas-

tomosis. At this time, this did not have any negative effect

on the abdominal position of the stomach, as could be

determined during the antireflux procedure 6 weeks later.

In two patients, the elongation procedure failed. The first

time was a patient, where we only minimally dissected the

two pouches before applying the traction sutures, reasoning

that if induced growth, as was suggested by Foker, was the

crucial factor in elongation, then minimal dissection would

suffice and reduce the risk of compromised perfusion.

However, no gain of length was achieved, and eventually

the sutures were torn out of the distal esophagus, and there

was an open connection with the lumen. The procedure was

Fig. 7 Advancing nasogastric tube after anastomosis of posterior

wall. p = proximal esophagus, d = distal esophagus, c = feeding

tube

Table 1 Demographics of patients with long gap esophageal atresia

Patients 2007–May 2014

No. 10

Boys 6

Girls 4

Gestational age 30 4/7–40 1/7 weeks (mean 34 4/7)

Birth weight 1,395–3,800 g (mean 2,330 g)

Associated congenital

anomalies

AVSD 1

ARM 2

AVSD atrium-ventricular septum defect, ARM anorectal malformation
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therefore abandoned, and the patient underwent a jejunal

interposition. In the second patient, there was an accidental

perforation of the proximal pouch with the Replogle tube

by the anesthesiologist during dissection. The perforation

was closed, and traction sutures could be applied. In the

days thereafter, the two pouches approached satisfactorily,

until after 3 days during changing endotracheal tube plas-

ters, the Replogle tube was accidentally advanced, and

again caused a perforation of the proximal esophagus. On

re-exploration, there was contamination of the mediasti-

num, and the distance was still too large to be bridged. As

the upper pouch was high up in the thorax aperture, it was

decided to perform a gastric pull-up.

Postoperatively, in two children, there was some minor

leakage for which a drain was placed for 3 days. The others

could start drinking 5 days postoperatively. The children

could be discharged 14–20 days postoperatively, meaning

that the last four patients that were treated without gas-

trostomy could be discharged at the age of 16–21 days.

In the follow-up, all but one children had gastroesoph-

ageal reflux requiring dilatation and underwent a laparo-

scopic antireflux procedure after 4–6 weeks. Three

children additionally needed balloon dilatation thereafter,

but are now free of symptoms. Two children suffered from

life-threatening events due to severe tracheomalacia and

underwent a thoracoscopic aortopexy.

All children grow and eat according to their age.

Discussion

Long gap esophageal atresia has always been a challenge

for the pediatric surgeon. In the past, initially all patients

were given a gastrostomy for feeding. During the follow-up

after 2–6 months, a contrast study could be performed to

determine the distance between proximal and distal end of

the esophagus. It was then decided how to approach the

defect. In some patients, a delayed primary anastomosis

could be attempted, and in others, it was chosen for

esophageal replacement by gastric pull-up, jejunal or colon

interposition [5–7].

There has been ongoing discussion if the native esoph-

agus is not the best option for restoring the continuity. In

1997, Foker described his external traction technique. He

hypothesized that the native esophagus would grow under

stimulation of traction [8]. If that would be the case, this

growth would be exceedingly fast. In our second patient,

we only minimally dissected both ends of the esophagus, in

order to let growth take place without compromising the

circulation during extensive dissection. However, there was

only minimal stretching without any progress as suggested

by Foker. We therefore doubt that growth will be of any

important influence in the advancement of both ends of

esophagus. Length will primarily be gained by traction and

distraction. In all the other patients that underwent the

thoracoscopic elongation technique, sufficient length was

achieved within 4–6 days of traction. In our ninth patient,

elongation did not extend further than 5 days. Prolonged

traction did not lead to further gain of length, and during

the procedure for restoring continuity, the anterior gastro-

pexy was released in order to gain more length. Although

our experience is still limited, we do not believe that

traction longer than approximately 10 days will be adding

anything in the gaining of length. What is important is the

fact that the tissues of esophagus and lungs will adhere in

due time. In open surgery, all kinds of silicone sheeting are

used to avoid adhesion formation. In the thoracoscopic

approach, this is not feasible, and keeping the procedure as

simple as possible, after 3–4 days when no more progres-

sion is seen, renewed thoracoscopy is performed to care-

fully release the adhesions and ascertain that the traction

sutures are still effectively in place, as was the case in three

patients.

Another issue is what kind of sutures should be used and

how deep the bites should be taken. Surely one can take

superficial 6 9 0 sutures, using pledgets to protect the

tissue from tearing, but this will carry the risk that the

underlying mucosa will not advance likewise. Even when

using Vicryl 4 9 0 sutures, taking good bites, in two cases

we encountered retraction of the mucosa in the distal

esophagus. In one case, we could introduce a dilator

through the gastrostomy and advance the mucosa for

suturing, and in the other, we had to incise the distal

esophagus over 1 cm to retrieve the mucosa.

In our experience, it has particularly been the distal

esophagus that could be elongated. The proximal end

extended either only slightly or none at all. Taking into

account the fact that the fetus has been trying to swallow its

amniotic fluid throughout pregnancy, it seems logical that

Table 2 Distance between proximal and distal esophagus after

maximal traction

Patient Distance in no.

vertebrae after

maximal traction

Distance in mm

between clips after

maximal traction

1 3 21.6

2 5 35.8

3 4 29.8

4 3 23.9

5 2 11.9

6 3.5 21.5

7 3 19.1

8 3 19.6

9 3 17.0

10 3.5 24.5
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the proximal esophagus has already been stretched maxi-

mally and that not much gain is to be expected, apart from

releasing a proximal fistula. We therefore have some res-

ervation as to the Kimura technique [9]. Mobilizing the

proximal esophagus into the neck and trying to elongate it

is an extensive procedure, not only in time, but also

bringing it back into the thorax, not to speak of the dis-

comfort for the patient. Externalizing the esophagus into

the neck will make a secondary intrathoracic anastomosis,

with either the distal esophagus or an interpositioned

jejunum, more difficult. Nowadays, continuous suction

with a Replogle tube is a well-accepted method [10].

As the long gap esophageal atresia repair is complicated,

usually time is bought by creating a gastrostomy for enteral

feeding and letting the child grow, before an attempt is

made to perform a delayed primary repair or the interpo-

sition of either stomach, jejunum or colon. Before starting

on the thoracoscopic elongation technique, extensive

experience was achieved with the thoracoscopic correction

of type C esophageal atresia [11]. Dealing with these cases,

we also encountered patients where the distance between

the proximal and distal pouch extended over several cen-

timeters. With the use of sliding knot suture technique, we

managed to approximate these esophageal ends to make a

sufficient anastomosis. All these procedures were carried

out in neonates, the smallest weighing only 1,000 g. We

therefore saw no restrictions to start the thoracoscopic

elongation in neonates as well. This series has demon-

strated that neonates tolerate the procedure well. The

smallest child weighed 1,600 g at the time of thoracoscopic

elongation. Initially, we also started with giving the

patients a gastrostomy. However, in many instances, the

gastrostomy had to be taken down in order to facilitate a

laparoscopic antireflux procedure 4–6 weeks later. As we

started to perform the procedure in the first week of life, we

decided to not place a gastrostomy any longer. In our first

case, this ended with the stomach being pulled up into the

thorax. In the past, it had always been the gastrostomy that

had kept the stomach in place. In the following patient, an

anterior gastropexy was performed laparoscopically with

Vicryl 4 9 0 sutures. This efficiently kept the stomach

down. However, on carrying out the laparoscopic antireflux

procedure, we saw that the resorbable sutures in time had

more or less been dissolved, leaving only fibrous bands

between stomach and anterior abdominal wall. We there-

after changed to using Ethibond 4 9 0 non-resorbable

sutures. So far this has efficiently kept the stomach down,

even to such an extent that we had to release the gastropexy

in our last patient in order to gain some more length to be

able to make the anastomosis. Although this may seem

contradictory, the benefits from making a watertight

esophageal anastomosis outweigh the risk for a hiatal

hernia that has to be corrected during the antireflux

procedure.

The next issue to deal with after fulfilling the anasto-

mosis is gastroesophageal reflux. Due to the traction, the

gastroesophageal transition is stretched and pulled up into

the thorax, undoing all antireflux properties. In spite of

antireflux medication, and probably also due to marginal

circulation, stenosis occurs, requiring dilation. Usually, the

first dilation is planned for two weeks after the anasto-

mosis, using a 8-mm dilation balloon, the second after

4 weeks using a 10 mm balloon, followed by an antireflux

procedure. This may be challenging, because most of these

patients have a micro-stomach, leaving little room for

making a proper wrap. Important first step is to bring back

the distal esophagus into the abdomen and narrowing the

hiatal hernia. A one-step ‘‘mini’’ anterior wrap is created

by approximating the anterior stomach wall against the

esophagus at the level of the diaphragm and the diaphragm

itself, instead of the usual two-step layer to create a suffi-

cient length of intra-abdominal esophagus. Delaying the

antireflux procedure for 4–6 weeks has two reasons: first,

when the child is somewhat older, the tissues are less fri-

able, and second, it will reduce the duration of the initial

operation considerably.

Feeding in children with long gap esophageal atresia

may be an issue. From one part, the small stomach only has

a limited capacity which is not enough for adequate

growth. Some of these children need to be on tube feeding

for a prolonged period until the stomach has grown suffi-

ciently and/or when solid feeds become possible. The

children operated in the neonatal period could start drink-

ing within 1–2 weeks after correction, although in some,

the frequency remained on eight feeds for a longer time due

to the small stomach. This early start reduces many of the

feeding problems described after delayed start of feeding

[3]. As soon as more solid food can be introduced, reflux,

due to the limited capacity of the stomach, will be less

obvious and sufficient energy intake becomes easier. Close

collaboration with the dietician is important, and intake

should be tailored to the individual patient.

More recently, there have been publications pointing out

the negative side effects of anesthesia and surgery on

neonates [12, 13]. This is also one of the reasons why

antireflux surgery is delayed for 4–6 weeks. Currently, all

patients are operated on under surveillance of NIRS and

a-EEG to monitor cerebral oxygenation and brain activity.

The outcomes look promising, but will be published in the

near future.

In conclusion, management of long gap esophageal

atresia seems to have taken a substantial step forward.

Thoracoscopic treatment of long gap esophageal atresia not

only is feasible, but also facilitates treatment in the neo-

natal period without the need for a gastrostomy and a
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hospitalization time approaching that of standard esopha-

geal atresia and that seems more determined by prematurity

and weight, than the surgical management itself.

Acknowledgments We would like to thank Pieter Dik for the dia-

gram on esophageal elongation.

Disclosures David C. van der Zee, Gabriele Gallo and

Stefaan H. A. Tytgat have nothing to disclose and have no conflict

of interest.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.

References

1. Foker JE, Linden BC, Boyle EM Jr, Marquardt C (1997)

Development of a true primary repair for the full spectrum of

esophageal atresia. Ann Surg 226:533–541; discussion 541–543

2. Sroka M, Wachowiak R, Losin M, Szlagatys-Sidorkiewicz A,

Landowski P, Czauderna P, Foker J, Till H (2013) The Foker

technique (FT) and Kimura advancement (KA) for the treatment

of children with long-gap esophageal atresia (LGEA): lessons

learned at two European centers. Eur J Pediatr Surg 23:3–7

3. Khan KM, Krosch TC, Eickhoff JC, Sabati AA, Brudney J, Ri-

vard AL, Foker JE (2009) Achievement of feeding milestones

after primary repair of long-gap esophageal atresia. Early Hum

Dev 85:387–392

4. van der Zee DC, Vieirra-Travassos D, Kramer WL, Tytgat S

(2007) Thoracoscopic elongation of the esophagus in long gap

esophageal atresia. J Pediatr Surg 42:1785–1788

5. Stone MM, Fonkalsrud EW, Mahour GH, Weitzman JJ, Takiff H

(1986) Esophageal replacement with colon interposition in chil-

dren. Ann Surg 203:346–351

6. Spitz L (1992) Gastric transposition for esophageal substitution in

children. J Pediatr Surg 27:252–257; discussion 257–259. Review

7. Bax KM (2009) Jejunum for bridging long-gap esophageal atre-

sia. Semin Pediatr Surg 18:34–39

8. Foker JE, Kendall Krosch TC, Catton K, Munro F, Khan KM

(2009) Long-gap esophageal atresia treated by growth induction:

the biological potential and early follow-up results. Semin Pediatr

Surg 18:23–29

9. Kimura K, Soper RT (1994) Multistaged extrathoracic esopha-

geal elongation for long gap esophageal atresia. J Pediatr Surg

29:566–568

10. Aziz D, Schiller D, Gerstle JT, Ein SH, Langer JC (2003) Can

‘long-gap’ esophageal atresia be safely managed at home while

awaiting anastomosis? J Pediatr Surg 38:705–708

11. van der Zee DC, Tytgat SH, Zwaveling S, van Herwaarden MY,

Vieira-Travassos D (2012) Learning curve of thoracoscopic

repair of esophageal atresia. World J Surg 36:2093–2097

12. Sanders RD, Hassell J, Davidson AJ, Robertson NJ, Ma D (2013)

Impact of anaesthetics and surgery on neurodevelopment: an

update. Br J Anaesth 110(Suppl 1):i53–i72

13. Lemmers PM, Molenschot MC, Evens J, Toet MC, van Bel F

(2010) Is cerebral oxygen supply compromised in preterm infants

undergoing surgical closure for patent ductus arteriosus? Arch

Dis Child Fetal Neonatal Ed 95:F429–F434

3330 Surg Endosc (2015) 29:3324–3330

123


	Thoracoscopic traction technique in long gap esophageal atresia: entering a new era
	Abstract
	Objective
	Background
	Methods
	Results
	Conclusion

	Materials and methods
	Evolution of technique

	Results
	Discussion
	Acknowledgments
	References




