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Abstract

Purpose To evaluate long-term outcomes of pure eso-
phageal atresia (EA) repair with preservation of native
esophagus.

Methods Infants with pure EA treated at our institution
(2000-2010) and with minimum 5-year follow-up were
reviewed (REB:1000046653). Data analysed included
demographics, management and outcomes and are reported
as mean + SD/median (range).

Results  Of 185 infants with EA, 12 (7 %) had pure EA
(gestational age: 36 + 2.4 weeks, birth weight:
2353 £ 675 g). Ten had associated anomalies, including
trisomy-21 (n = 2) and duodenal atresia (n = 1). Surgery:
1 patient (short gap) underwent primary thoracoscopic
anastomosis, 11 had gastrostomy (Stamm, n = 5; image-
guided, n = 6) as initial procedure. At definitive repair
(age: 128 £ 91 days; weight 5.5 £ 2.3 kg): ten had pri-
mary anastomosis and 1 had Collis gastroplasty. No patient
had esophageal replacement surgery. Outcomes: three
patients had gastrostomy dehiscence requiring re-opera-
tion. At post-operative esophagram, seven had anastomotic
leak successfully treated conservatively. Seven patients
developed strictures requiring balloon dilatations (median
two dilatations, range 1-10), six received antireflux sur-
gery. At 7-year follow-up (range 5-15 years), all patients
had the gastrostomy closed and were on full oral feeds.
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Conclusions The management of pure EA continues to be
challenging. The preservation of native esophagus is pos-
sible with significant morbidity. The long-term outcomes
are favourable.
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Introduction

Pure or isolated esophageal atresia (EA) is a rare congenital
condition characterized by a gap between two esophageal
stumps and absence of a tracheoesophageal fistula [1]. This
anomaly corresponds to type A of the Gross classification
of EA anatomic patterns [2]. Commonly, the esophageal
gap is long such that initial surgical repair by primary
anastomosis is difficult. The general consensus is that
preservation of the native esophagus should be attempted
whenever possible [3-6]. Although the prognosis for these
infants has improved over the last decades [7, 8], the
management of pure EA still remains challenging. In 1994,
Ein and Shandling reported the evolution over five decades
(1942-1991) of the surgical treatment of infants with pure
EA at The Hospital for Sick Children [8]. The authors
reported that the survival rate for pure EA increased from
0 % in the 1940s to 100 % in the 1990s, mainly due to the
timing of the procedure, which in the 1990s was delayed
primary anastomosis [7, 8]. The aim of the present study is
to review the management of pure EA at The Hospital for
Sick Children in the third millennium, and to evaluate the
post-operative morbidity and long-term outcomes of
patients with pure EA who underwent repair with preser-
vation of native esophagus.
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Methods

Following ethical approval (REB:1000046653), the clinical
charts of all infants with pure EA treated between 2000 and
2010 at our institution were analysed. Only patients with a
minimum 5 years’ follow-up were included in the study.
Patient demographics, surgical management, and postop-
erative and long-term outcomes morbidity were reviewed.

Data were reported as mean £ SD or median (range) as
appropriate.

Results

During the study period, 185 infants with EA were treated
at our institution. Of these, 12 (7 %) neonates were born
with pure EA.

Demographics

Seven (58 %) were males. At antenatal screening, nine
(75 %) infants had polyhydramnios and absent stomach
and one showed a double bubble which proved later to be
due to duodenal atresia. The mean gestational age was
36 + 2.4 weeks and the mean birth weight was
2353 £ 675 g. Associated anomalies were present in 10
(83 %) infants. These included cardiac (n = 7; 58 %),
vertebral (n = 2; 17 %), anorectal (n = 1; 8 %), renal
(n = 1; 8 %), duodenal atresia (n = 1; 8 %), trisomy-21
(n=2; 17 %), limb (n=2; 17 %) and neurological
(n = 1; 8 %) anomalies.

Surgery

One (8 %) patient with a birth weight of 3 kg and a radi-
ological appearance of short gap (<2 vertebral bodies)
underwent an early primary thoracoscopic anastomosis at
12 days of age (Fig. 1). At surgery, the two portions of
esophagus were found to be very close so the anastomosis
was successfully performed without complications.

The remaining 11 patients (delayed repair group)
underwent gastrostomy as the initial procedure at a median
age of 2 days (range 1-12 days). Of these, one patient at
the time of gastrostomy simultaneously underwent duo-
deno-jejunostomy and colostomy for associated duodenal
atresia and rectovestibular fistula. The gastrostomy was
accomplished as Stamm surgical gastrostomy in five
patients and as image-guided percutaneous gastrostomy in
six. Image-guided percutaneous gastrostomy was techni-
cally unsuccessful in one patient who required an open
Stamm gastrostomy. There were 3 (27 %) post-operative
dehiscences of the gastrostomy tract (two after Stamm
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Fig. 1 Surgical approaches employed at the Hospital for Sick
Children, Toronto (2000-2010), for infants with pure esophageal
atresia

gastrostomy) resulting in peritonitis requiring laparotomy
and re-do gastrostomy. One patient underwent elongation
of esophageal ends by traction (Foker procedure) and
gastrostomy as initial procedures. Traction started on day 3
but by day 4 no resistance on the sutures was felt so that the
traction was stopped.

In the delayed repair group, 1 (9 %) patient had an
episode of apnea and bradycardia and 1 (9 %) had multiple
episodes of aspiration while awaiting esophageal anasto-
mosis. Three (25 %) patients were managed at home using
portable suction equipment before the esophageal repair.
At definitive repair, the mean age was 128 £ 91 days and
mean weight 5.5 + 2.3 kg. Initial gap length was 4 (range
0-5) vertebral bodies and pre-operative gap length was 2.5
(range 0-5) vertebral bodies.

Ten (83 %) patients underwent delayed primary anas-
tomosis (one following Foker procedure failure), one using
a thoracoscopic approach. Lower pouch dissection to the
level of diaphragm was performed in 5 (50 %) patients and
hiatal dissection in 4 (40 %). One patient with right aortic
arch and patent ductus arteriosus (PDA) had a left thora-
cotomy, PDA closure and esophageal anastomosis; during
the proximal pouch dissection a small hole on the trachea
was made and repaired. One patient with extremely small
lower esophagus underwent a delayed Collis gastroplasty.
No patient required an esophageal replacement.

During the post-operative period, 7 (58 %) patients had an
anastomotic leak, with all successfully managed non-oper-
atively with antibiotic and chest tube drainage. The chest
tube was removed after a median of 14 days (range
11-65 days). One patient had an esophageal stent inserted
which was removed after 37 days. Three patients had the
temporary gastrostomy tube advanced to become a gastro-
jejunostomy. The patient who had the Collis gastroplasty had
a feeding jejunostomy created at the time of the esophageal
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repair and it was closed at 33 months of age. The average
duration of hospital stay was 4.1 £ 2.3 months.

Outcomes

Seven (58 %) patients developed esophageal strictures
requiring multiple dilatations (median 2; range 1-10). Of
the nine (75 %) patients with clinically significant gas-
troesophageal reflux (GER), six (50 %) underwent antire-
flux surgery (Nissen, n = 2; Toupet, n = 3; Thal, n = 1).
One patient required pyloroplasty for delayed gastric
emptying. Associated surgical procedures were required in
six (50 %) patients including posterosagittal anorectoplasty
(n = 1), orchidopexy (n = 2) and cardiac surgery (n = 3).

At a median follow-up of 7 years (5-15), all patients
were alive. All children with gastrostomies had closure of
the gastrostomy at a median of age of 16 months (range
6-72 months) and were on full oral feeds. Three (25 %)
patients had weights <10th percentile, including one
patient with liver cirrhosis secondary to autoimmune hep-
atitis. Gastrointestinal symptoms (severe dysphagia for
solid foods, early satiety) were reported in 2 (17 %) chil-
dren and respiratory problems (recurrent pneumonia, night-
time coughing) in 2 (17 %). Two (17 %) patients with
increasing dysphagia underwent endoscopy and biopsy and
were diagnosed with eosinophilic esophagitis.

Discussion

The present study shows that although the management of
pure EA continues to be challenging for paediatric sur-
geons, preservation of native esophagus is possible and
their long-term outcomes are favourable.

Overall, our findings for the incidence and demograph-
ics of pure EA patients are in line with previously reported
series. The incidence of pure EA in the present study (7 %)
parallels the one collectively reported by Harmon and
Coran in more than 2200 cases of EA from six large series
(7.8 %) [1]. Likewise, the rate of prenatal ultrasound
diagnosis of EA in our series (75 %) was very similar to
that reported recently in a study from a tertiary care fetal
center (78 %) [9]. It has been reported that associated
anomalies are more common in cases of pure EA [1, 10].
This is confirmed in our series where 83 % of infants
presented with at least one associated anomaly, which is a
higher rate than the overall incidence of 50-70 % associ-
ated anomalies reported in the literature for other forms of
EA [1], and than the 28 % of VACTERL association
recently reported at our institution [11].

When a pure EA is diagnosed pre-operatively, a long gap
between the two esophageal ends is assumed. Therefore, the
surgical management of pure EA engages the same long-

standing debate of the management of long-gap EA [1]. The
classic approach is to proceed with the operative placement
of a gastrostomy tube through which bolus feeds help to
lengthen the distal esophageal end and increase the stomach
size in the event that a Collis is required. After a period of
observation, delayed primary repair is attempted [1]. The
rationale for this delayed approach is that during the first
months of life, the gap between the esophageal ends becomes
shorter with growth, allowing for a shorter gap and primary
repair [1, 7]. A recent international survey on the manage-
ment of EA reported that the majority of surgeons manage
pure EA by delayed primary anastomosis with gastrostomy
formation without esophagostomy [12]. A meta-analysis on
patients with long-gap EA managed by delayed primary
anastomosis concluded that this approach provides good
long-term functional results [13]. This confirms the findings
from a previous study at our institution, which reported that
the delayed primary esophageal repair had the best long-term
results compared to other techniques [7]. The timing of the
repair is variable according to surgeons and institutions. The
conservative approach of waiting at least 3 months before
attempting definitive repair allows the spontaneous elonga-
tion of the esophageal stumps and successful achievement of
primary anastomosis [14]. Most surgeons responding to the
international survey on EA perform the delayed primary
anastomosis at 3 months of age [12], which corresponds to
11.9 weeks reported in the meta-analysis study [13], and is
similar to the 4 months of age of our series.

In our series, all patients with EA and gasless abdomen
received tube drainage of the proximal pouch using a
Replogle tube without an esophagostomy. In addition, 25 %
of patients were treated safely at home with Replogle drai-
nage and gastrostomy feeds while awaiting definitive repair.
Discharge from hospital to home management was consid-
ered, according to family social circumstances, when the
child was stable and maintained on full enteral feeding by
gastrostomy. As previously reported, this approach is suc-
cessful in cases with motivated, reliable families, and ade-
quate support from community health care providers [15].

Gastrostomy formation was the initial procedure in all
our infants. The gastrostomy was fashioned either via an
open surgical procedure (Stamm technique) or via image-
guided percutaneous technique as previously reported [16],
depending on surgeon preference and availability of the
interventional radiologist. As the stomach of babies with
pure EA is typically small, the complication rate in our
series is not negligible regardless of the technique used: in
three patients (two after Stamm), who experienced early
gastrostomy dehiscence and peritonitis, a re-do open gas-
trostomy was required and in 1 patient the image-guided
percutaneous gastrostomy was technically unsuccessful.

In pure EA, primary esophageal anastomosis should be
considered in patients with a short gap, when the distance
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is estimated to be within two vertebral bodies [7, 17]. One
patient in our series who underwent primary thoracoscopic
repair had a favourable birth weight (3 kg) and was
expected pre-operatively to have <2 vertebral bodies gap.
Early primary thoracoscopic anastomosis was successfully
performed in this patient without complications.

In this series, patients considered not suitable for pri-
mary anastomosis underwent a delayed primary repair,
which was feasible in 92 % of cases with 100 % overall
survival rate. At surgery, a fibrous cord-like segment
connecting the two esophageal stumps was found in four
patients and a tracheal diverticulum in one, thus confirming
that the anatomy of pure EA can be variable as previously
described [18, 19].

One of our patients underwent elongation of esophageal
ends by traction (Foker procedure), which was abandoned
after 4 days. The “growth induction” by traction described
by Foker [20, 21] remains an attractive but controversial
primary approach for long-gap EA. Other previous series
of pure EA reported that the Foker procedure was unsuc-
cessful [5, 6]. In a recent study, the Foker technique was
reported to be successful in achieving a primary anasto-
mosis in 80 % of the patients, but had a 75 % re-operation
rate for strictures [22]. Thus, the Foker technique for long-
gap EA remains a procedure for selected patients.

In the present series, only two patients underwent tho-
racoscopic repair. The minimally invasive approach was
based on surgeon preference and gap length. Although
some surgeons advocate the thoracoscopic approach even
in long-gap EA [23, 24], the preferred approach for pure
EA by the majority of the respondents to an international
survey was open surgery [12]. Hence, thoracoscopic repair
of long-gap EA remains an option for a highly selective
cohort of patients and surgeons.

In the only case where a primary anastomosis was not
possible, a Collis gastroplasty was performed. This patient
at the age of 7 months had a pre-operative gap study
showing an unvaried almost absent lower esophagus. This
technique, originally described by Collis in 1957 for adult
patients with hiatus hernia and a short esophagus [25], was
employed as means of lengthening the distal stump to
avoid esophageal replacement. The length of the lower
esophagus is the key to success. In fact, in long-gap EA the
distal esophagus can be dissected to the level of diaphragm
and freed from the surrounding structures (hiatal dissec-
tion) to achieve an appropriate length for anastomosis [26].
Attempts to lengthen the proximal pouch by circular
myotomy should be discouraged because of diverticula
formation and esophageal motility disturbances [4, 6, 7,
13]. Alternatively, patients with an absent or extremely
small lower esophagus are candidate for esophageal
replacement [1, 4, 5, 13, 17], which can also include a
laparoscopic assisted gastric transposition [5, 27].
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Post-operative complications of primary esophageal
anastomosis are typically leaks and strictures. In a meta-
analysis of complications and long-term outcomes of
delayed primary anastomosis for long-gap EA, the reported
leak rate was 29 % and the stricture rate, 57 % [13]. In our
series, the leak rate was higher (58 %), possibly because all
patients received routinely a post-operative esophagram thus
allowing the diagnosis of small but clinically insignificant
leaks. In our series, all anastomotic leaks were managed
conservatively with intravenous broad-spectrum antibiotic
coverage, chest tube drainage and, in cases with significant
GER, advancement of gastrostomy tube feeds to gastro-je-
junostomy feeds to allow the spontaneous healing of the
esophageal leak. The incidence of strictures in our series
(58 %) was similar to the one reported in the meta-analysis
study (58 %) [13]. All esophageal strictures responded to
serial balloon dilatations, contrary to other series where
resection and re-anastomosis were required [4, 6, 13]. This
outcome may have been influenced by the routine adminis-
tration of anti-gastro-esophageal reflux medications after
repair of the atresia. Symptomatic GER may contribute to the
formation of esophageal strictures, and in our series GER
was diagnosed radiologically in 75 % of patients and fun-
doplication was performed in 50 %. The high incidence of
GER in long-gap EA may be related to the extensive lower
esophageal pouch dissection required to achieve adequate
length to perform the anastomosis, resulting in the loss of the
anatomic angle of His [4, 28].

In our institution, after hospital discharge, all EA infants
are followed up in a multidisciplinary esophageal atresia
clinic. At the 5-year follow-up, all patients have been able
to achieve full oral feeding and the gastrostomy removed.
Despite associated defects such as congenital heart
anomalies and chromosomal abnormalities, 75 % of pure
EA patients achieved satisfactory growth (>10th centile).
These findings indicate that long-gap EA patients can
maintain reasonable oral intake sufficient to sustain child-
hood growth despite the complexity of their condition.

In conclusion, patients with pure EA can be successfully
treated with delayed primary anastomosis without
esophagostomy and achieve good long-term functional
results. In spite of a high post-operative morbidity, the
survival rate is 100 % and esophageal replacement surgery
could be avoided.
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