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Abstract

Introduction Treatment of long-gap esophageal atresia

(LEA) is a major challenge. Options for reconstruction

include native esophagus, or replacement with stomach,

colon, or small intestine. However, debate continues

regarding the optimal conduit for esophageal replacement.

Methods Medical records of patients with a diagnosis of

esophageal atresia during a 20-year period were reviewed.

Results Twenty-eight cases of LEA were identified. Ten

patients underwent primary anastomosis either after serial

pouch dilations (9/10) and/or after a lengthening procedure

(2/10). Nine received colonic interpositions, and the

remainder were reconstructed with a gastric tube (n = 3),

or gastric interposition (n = 2). One patient died prior to

repair, and two await definitive treatment. Repeat esopha-

geal reconstruction was required in four patients because of

conduit ischemia. Two ischemic events occurred in the

colonic interposition group, and two in the native esopha-

geal repairs. All patients, except one who relocated,

received long-term follow-up (mean 4.2 years: range 0.5–

11.5 years).

Conclusions Surgeon’s expertise and patient’s anatomy

should be considered when selecting an appropriate oper-

ation for LEA. Although native esophagus is generally

preferred, it is associated with a high rate of stricture.

Although our study has a limited by numbers, we found

that patients with gastric conduits had lower complication

rates and no conduit ischemia. We suggest that gastric

transposition may be favored as an initial reconstructive

option.
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Introduction

Esophageal atresia (EA), with or without associated tra-

cheoesophageal fistula (TEF), is a rare congenital malfor-

mation, afflicting approximately 1 in every 3,500 live

births [1]. In general, the defect can be repaired by primary

anastomosis of the proximal and distal esophagus, with

concurrent ligation of any TEF, if present. However, the

management and treatment of long-gap EA continues to be

a major surgical challenge.

The distance between esophageal ends that constitutes a

long-gap EA lacks a strict numerical definition. Authors

have reported gap intervals measuring greater than 2 cm, or

greater than two or three vertebral bodies as constituting a

long-gap EA [2, 3]. A 3.5 cm ‘‘ultra-long’’ gap has also

been described [4, 5]. This lack of conformity in definition

has left us to consider long-gap EA in functional, rather

than numerical terms. Thus, long-gap EA can be defined as

any distance between the esophageal ends in a newborn

that is too wide for the surgeon to perform primary anas-

tomosis of the proximal and distal esophagus. Conse-

quently, the distance that constitutes long-gap EA may vary

according to the skill and experience of the surgeon per-

forming the repair. This definition may make it difficult to

compare case and outcome reports between centers.

The options for reconstruction have included the use of

native esophagus, or replacement with stomach, colon, or

small intestine [6]. Despite a wide variety of repair options

the survival rate of affected infants is greater than 90% [7].

In general, it is considered preferable to use native

esophagus provided that the surgical anastomosis is free

from undue tension. However, often there is insufficient
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esophageal length to perform a primary anastomosis, even

after serial pouch dilations, and thus a suitable alternative

must be used. The complications associated with esopha-

geal reconstruction are well described; they include stric-

ture formation, anastomotic leaks, pneumonia, sepsis,

development of gastroesophageal reflux, and esophageal

dysmotility [8–10]. Furthermore, there are currently five

case reports that suggest that EA may predispose long-term

survivors to the development of esophageal carcinoma

[11]. The etiology of this phenomenon is not understood.

This article reports our experience with the management of

EA and surgical reconstruction over a 20-year period.

Materials and methods

After obtaining approval from the Institutional Review

Board, we performed a retrospective review of all cases of

long-gap EA without TEF treated at our institution over a

20-year period (June 1987–May 2007). Demographics,

associated malformations, delivery weight, and gestation

were recorded. Long-gap EA was defined based on the

radiographic imaging with a feeding tube pushing on the

proximal pouch ([3 vertebral bodies between pouch ends).

Only cases where these images were available were

included. Analysis of perioperative management strategies,

including the use of esophageal pouch dilations, was con-

ducted. The timing of initial and subsequent surgeries, as

well as the choice of conduits was noted.

Short- and long-term complications were recorded, and

long-term follow-up provided information as to the chro-

nicity of symptoms. Statistical analysis with student’s t test

or Mann–Whitney U test was performed.

Results

During the 20-year study period, there were 28 cases of

isolated (type I) long-gap EA. There were 11 girls and 17

boys. One patient was diagnosed as having EA by prenatal

sonography during the third trimester. Nineteen children

had associated anomalies including, trisomy 21, DiGeorge

syndrome, limb, renal, vertebral, and anal malformations.

Two children had coexisting duodenal atresia, and ten

children had cardiac anomalies including, tetralogy of

Fallot, atrioseptal defect, and ventricular septal defect. The

average birth weight was 2,217 g (range 1,495–3,900 g)

with an average term of 34.5-week gestation (range 30–

40.1 weeks). In the majority of cases, the diagnosis was

confirmed at birth by inability to pass an orogastric tube.

Figure 1 shows a contrast study of an infant with long-gap

atresia. All children underwent gastrostomy tube placement

within the first 24 h of life. Of those infants, three had a

thoracotomy with exploration for primary repair without

definitive repair.

Fifty-four percent (15/28) of our patients underwent

esophageal dilation, either by bougienage or with fluoro-

scopically directed dilation. The decision regarding bou-

gienage was based on surgeon preference. Of those who

underwent serial pouch dilation, nine eventually had pri-

mary anastomosis of their native esophagus. There were a

total of ten primary esophageal repairs in our study. The

average age at time of primary repair was DOL 81 and

depended upon the growth and well being of the infant.

Two patients who had primary esophageal repair under-

went lengthening procedures, one Kimura procedure and

one myotomy. Both of these infants had received preop-

erative bougienage. The decision to use a conduit rather

than attempt primary repair was made by the surgeon,

when the gap was felt not to be amenable to attempted

primary repair. The remaining repairs were performed

using colonic interposition (n = 9), interposition with a

gastric tube (n = 3), or initial gastric pull-up (n = 2). The

choice of conduit was based on the surgeon preference. All

of the colonic interpositions utilized a left colon graft

anastomosed to the distal esophageal stump or stomach.

Two patients died before esophageal reconstruction, and

two patients are awaiting reconstruction. There was no

significant difference between the group that underwent

primary esophageal repair and those that required other

Fig. 1 This is a contrast study demonstrating long-gap esophageal

atresia. A dilator is placed within the esophageal pouch and contrast is

instilled into the stomach. A distance of 5.5 vertebral bodies is seen

between the esophageal remnant and the stomach
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reconstructive methods, with regard to gestational age or

birth weight. Although the age at time of repair was

slightly greater in those undergoing repair with a conduit

(DOL 104 in the conduit group vs. DOL 81 in the primary

repair group).

The complications noted for each type of procedure are

shown in Table 1. A second esophageal reconstruction was

required in four patients because of ischemia and failure of

the initial conduit. Two ischemic events occurred in the

primary colonic interposition group, and two in the native

esophageal repairs (one of which had undergone a Kimura

procedure). Ischemic events were defined by reoperation

and exploration. Although there was one stricture in the

gastric interposition group, complications were less fre-

quent and less morbid in patients who received a gastric

conduit compared with the other groups. All patients who

underwent gastric pull-up were able to tolerate oral feeds

and gain weight appropriately. The patients receiving a

gastric tube did not tolerate initial feeds as well as the

gastric pull-up group, and gained weight at a slower rate. In

contrast, patients who underwent colon interposition were

noted to have more frequent gastroesophageal reflux dis-

ease and poorer weight gain at long-term follow-up.

Patients who underwent primary reconstruction with their

native esophagus were frequently troubled with stricture

formation (5/10). Sixty percent (3/5) of those who devel-

oped strictures required more than 15 surgical dilations.

Figure 2 illustrates an intraoperative image of an esopha-

geal stricture in a patient who underwent primary repair

with the native esophagus. In addition, 40% (4/10) of pri-

mary repairs with native esophagus were troubled with

poor weight gain. All patients, except for one who was

transferred to an outside institution received long-term

follow-up (mean 4.2 years: range 0.5–11.5 years). There

were three deaths in our study. All deaths occurred prior to

reconstruction, one secondary to cardiac arrhythmias, a

second due to pulmonary infection, and the third due to

refractory GI bleeding at 10 months of age. There were no

deaths in those who underwent reconstruction.

Discussion

The surgical management of patients with long-gap

esophageal atresia remains controversial. It has been gen-

erally accepted that preservation of the esophagus is the

preferred method. Several surgeons have advocated the

elongation of the esophagus under traction for use in later

construction [5, 12]. Opponents of this technique cite an

increased risk of esophageal stricture and esophageal

stump tear. Although traction elongation of the esophageal

remnant was not used in our study, we did find that 50% of

our patients in whom native esophagus was used for

reconstruction developed severe stricture formation

requiring multiple dilations. Stricture formation may be

related to the degree of anastomotic tension. A tension-free

primary esophageal repair is, therefore, considered prefer-

able, but is rarely possible in the long-gap EA. We believe

that excessive ‘‘tension’’ may be responsible for the high

number of esophageal strictures seen in our series, and the

resultant complications. Delayed primary repair typically

results in the least amount of motility dysfunction in

patients undergoing this procedure when compared with

other procedures, but at the expense of a lengthy hospital

stay and an increased risk of preoperative aspiration

pneumonia [13].

Several authors have suggested the use of myotomies to

provide extra length of the native esophagus [14, 15]. In

our series and in other reports, it appears that myotomy

may have devastating effects on the conduit and may del-

eteriously affect anastomotic healing [16, 17]. We would,

therefore, recommend that myotomy be avoided in favor of

other reconstructive options.

As previously mentioned, other methods employed for

repair include esophagocoloplasty, small intestine

interposition, gastric transposition, and gastric tube inter-

position [18–21]. Some institutions advocate esophagoco-

loplasty [22], some prefer gastric transposition [7], and

others have described success with the use of a gastric tube

[23] as a first-line esophageal replacement therapy. Each of

Table 1 Complications associated with esophageal conduits

Conduit Stricture Ischemia Leak Wound

infection

Pneumothorax Pneumonia (Severe)

GERD

Other

Native esophagus 50% (5/10) 20% (2/10) 20% (2/10) 10% (1/10) 10% (1/10) 0 0 10% (1/10) tracheal

injury

Colon 11% (1/9) 22% (2/9) 22% (2/9) 22% (2/9) 0 11% (1/9) 22% (2/9) 11% (1/9) vocal cord

paralysis

11% (1/9) late bowel

obstruction

Gastric tube 33% (1/3) 0 0 0 33% (1/3) 0 0 33% (1/3) GI bleed

at staple line

Gastric interposition 50% (1/2) 0 0 0 0 0 0
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these methods of repair or replacement has its associated

limitations and potential complications that may restrict its

suitability for a particular patient. Esophageal replacement

techniques that use alternative conduits have a number of

associated complications, including anastomotic leak,

stricture, reflux, diarrhea, abdominal evisceration, interpo-

sition redundancy, and hold the possibility of severe

complications such as graft necrosis, dehiscence of the

colocolic anastomosis, dehiscence of gastrostomy, axial

torsion of the stomach, and delayed gastric emptying [24–

26].

Recently, gastric tube reconstruction was compared with

gastric transposition as a conduit for esophageal replace-

ment in children [27]. Although this study did not focus

solely on long-gap EA, it demonstrated that gastric trans-

position was preferable to gastric tube formation, which

correlates with our findings in long-gap EA. Another study

found that the use of gastric transposition in children was

safe, and had fewer complications when compared with

adults requiring reconstruction [28]. Given our findings and

review of the literature, we also find that gastric transpo-

sition is preferable to gastric tube formation.

Unfortunately, in addition to the array of complications

that accompany various long-gap EA repair techniques;

there is no standard protocol to help guide the surgeon’s

decision in managing the patient. In our series, we noted

the lowest rate of complications and morbidity in those

individuals who underwent a gastric transposition. Fur-

thermore, it is possible to perform gastric interposition in a

shorter time frame than is required for native esophageal

reconstruction. We acknowledge that our study numbers

are limited and that we cannot make firm conclusions

regarding the choice of repair. However, based on our

institutional experience, we feel that gastric interposition

may be the preferred initial method of reconstruction in

long-gap EA for patients in whom primary repair with

native esophagus is not technically feasible without an

excessive amount of tension at the anastomosis.

Conclusions

Treatment of LEA remains a major challenge in pediatric

surgery. Although a diverse array of surgical approaches is

utilized in the management of this anomaly, controversy

exists regarding the optimal strategy. Surgeon’s expertise

and the patient’s anatomy should be considered when

selecting an appropriate option. The use of native esoph-

agus is generally preferred; however in our study, it is

associated with a high rate of stricture. Although this study

is limited by numbers, outcomes with gastric interposition

are promising. Because patients with gastric conduits had a

lower complication rate and did not experience conduit

ischemia, we suggest that gastric transposition may be

favored as an initial reconstructive option.
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