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Abstract
Purpose of the Review Esophageal atresia remains a complex
congenital anomaly that manifests in a number of different
variants ranging from pure atresia to trachea-esophageal fistu-
la without atresia. The surgical treatment options have contin-
ued to evolve with advances in technology and innovative
procedures but the results for the patients with long-gap atresia
remain challenging.
Recent Findings Documenting the outcomes from interven-
tions in this population is difficult given the limited experience
at most centers and the heterogeneity of the anomalies and the
treatments. Several recent studies have provided comparison
data for some newer. Studies demonstrate better results in
primary procedures than secondary operations but significant
morbidity remains.

Another innovation has been application of minimally in-
vasive procedures to all forms of esophageal atresia. Reports
of excellent results are encouraging with a theoretical reduc-
tion in the risk of long-term chest wall abnormalities.
Summary Esophageal atresia remains one of the most chal-
lenging congenital abnormalities requiring surgical interven-
tion. While some progress has been made, dramatic impact
awaits advances in tissue engineering or other game changing
developments.

Keywords Tracheal-esophageal fistula . Esophageal atresia .

Foker technique . Colon interposition . Gastric transposition

Introduction

Esophageal atresia (EA) with or without tracheoesophageal
fistula (TEF) is a classic surgical congenital anomaly affecting
newborn infants. Three quarters of patients present with atre-
sia of the esophagus and a fistulous connection of the distal
esophagus to the airway just above the carina. The remainder
presents with either pure esophageal atresia, esophageal atre-
sia with uncommon tracheal fistulas or tracheal fistulas in the
absence of esophageal atresia. The heterogeneity of these an-
atomical variants can have significant impact on the short- and
long-term outcomes of those with the anomaly. In addition to
the impact of the esophageal anomaly alone, many patients
have associated congenital defects that contribute to the com-
plexity of the long-term outcomes. While congenital cardiac
defects play an important role in overall survival, associated
bowel and urogenital defects contribute to long-term morbid-
ity. The goal of surgical therapy is to establish continuity of
the esophagus and separate the esophagus from the airway.

Factors Impacting Overall Survival

When the anatomy is favorable, the repair is without compli-
cation, and there are no associated anomalies, the result is
usually excellent. More commonly, complications and comor-
bidities complicate the clinical course. Historically, prematu-
rity, associated anomalies and low birth weight have been
associated with significantly worse outcomes. Spitz et al. re-
ported a large series of 357 infants with esophageal atresia and
15 with H-type tracheooesphageal fistula treated from 1980
through 1992. In that series reported in 1994, two criteria were
found to be important predictors of outcome: birth weight of
less than 1500 g and the presence of major congenital heart
disease. Based on their assessment, a new classification
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system was proposed to replace the classic Waterston system.
The proposed three groups were based on weight and associ-
ated cardiac disease. Group I: birth weight > 1500 g, without
major cardiac disease (survival 97%); group II: birth
weight < 1500 g, or major cardiac disease (survival 59%);
and group III: birth weight < 1500 g, and major cardiac dis-
ease (survival 22%) [1].

However, a more recent series suggest that as neonatal care
and treatment of congenital heart disease improves, the out-
comes for patients with EA/TEF continue to improve. Hartley
et al. found an overall survival of 87% with only cardiac and
renal anomalies associated with an increased risk of mortality
while birth weight had less significance than previously re-
ported [2]. Okamoto proposed a revision of the Spitz criteria
to create four groups using birthweight above or below 2000 g
and the presence or absence of other major anomalies. Using
those criteria, overall survival was increased over two consec-
utive time periods (Table 1) [3].

Short-Term Outcomes

The heterogeneity of EA/TEF results in a varied array of sur-
gical interventions based on the anatomic defect and local bias
for the more complex cases. Ideally, a primary repair of the
atresia is completed resulting in a widely patent anastomosis
and early oral feeding. Unfortunately, many cases are plagued
by anatomic challenges and surgical complications. The vari-
ety of initial interventions is evident in the recent report of the
French national experience reported by Sfeir et al. [4]. In that
series, the diagnosis of EA/TEF was established on the first
day of life in 93.5% of cases an initial procedure was per-
formed in 83% of patients by 48 h of life. The procedures
performed are listed in Table 2. The median artificial ventila-
tion duration was 3 days (range, 0–117 days). The median
length of hospital stay was 22 days (range, 2–393 days) for
the series.

Surgical complications are common in the initial manage-
ment of patients with EA/TEF. Lal et al. published a retrospec-
tive series of 396 patients from 11 children’s hospitals in the
USA [5••]. In that series, the overall complication rate was
62% with anastomotic strictures (40%) and anastomotic leak
(23%) being most common. The complications are listed by
type of atresia in Table 3 [5••].

This is a large series of over 400 patients comparing surgi-
cal approaches and outcomes.

Long-Gap Esophageal Atresia

Perhaps, the most challenging cases are those in which the
gap between proximal and distal esophagus prevents a pri-
mary anastomosis. One of the challenges in evaluating the

literature for the surgical treatment of long-gap esophageal
atresia is the lack of a uniformly accepted definition for the
entity. Some have used a cutoff of a 2 cm gap to define a
long gap [6] while others use 3 cm or more [7–9]. In addi-
tion, there is no standard for the technique by which the
gap is measured. Thus, a gap measured by contrast study
might be completely different than a gap measured while
the esophageal ends are under tension or traction in the
same patient. In the end, the definition becomes more of
a functional one. Practically, long-gap esophageal atresia is
one in which the ends of the esophagus cannot be brought
together for a primary anastomosis without employing al-
ternative techniques and the short- and long-term outcome
for these patients is likely worse than for those in whom a
primary anastomosis is achieved.

Numerous techniques have been described for bridging the
gap in cases of long-gap esophageal atresia. Currently, the
most common approaches include esophageal elongation,
gastric transposition, jejunal interposition, and colonic inter-
position. There are many variations of each technique and
each has associated short- and long-term complications.

Table 1 Overall survival over two consecutive time periods

1980–1992 (n = 69) 1993–2005 (n = 52) p value

Spitz class

I 38/39 (97%) 34/36 (84%) 0.60

II 17/28 (60%) 10/13 (76%) 0.48

III 0/2 (0%) 2/3 (66%) 0.40

Revised class

I 33/33 (100%) 25/25 (100%) −
II 8/11 (74%) 14/16 (88%) 0.27

III 13/19 (73%) 5/6 (83%) 0.36

IV 1/6 (17%) 2/5 (40%) 0.54

Survival outcomes for patients with esophageal atresia based on Spitz
original classification system and the 2005 revision [3]

Table 2 Medical treatments and surgical procedures performed in 307
cases of EA

Standard primary anastomosis 88%

Difficult anastomosis 14%

Lengthening technique 1.5%

Delayed anastomosis 12%

Preoperative tracheoscopy 22%

Colonic transposition 0.5%

Gastric transposition 3.5%

Gastrostomy 22%

Aortopexy 1%

Distribution of procedures in a large population of EA patients in the
French national series [4]
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Gastric transposition has the advantage of a single anastomo-
sis but concerns for long-term gastroesophageal reflux.
Jejunal interpositions have tenuous blood supply but provide
a better size match for the esophagus and colonic interposi-
tions have a high leak and stricture rate acutely and problems
with a redundant conduit long term. Esophageal elongation
procedures have gained some popularity and an excellent re-
view of the experience with the Foker procedure has recently
been published. Esophageal continuity was achieved in 96%
of primary cases and 68% of secondary cases. The overall
results of the study are shown in Table 4. Successful esopha-
geal anastomosis required 2–15 thoracotomies (mean 2 in pri-
mary and 5 in secondary repairs). Full oral nutrition was
achieved in 63% of primary repairs and 9% of secondary
repairs [10••].

Long-Term Outcomes

Until recently, little attention has been paid to outcomes be-
yond the neonatal period. However, as increasing numbers of
patients survive into adulthood, there has been increasing rec-
ognition that complications continue well past the acute prob-
lems with anastomostic leaks and strictures. The chronic com-
plications associated with EA/TEF most commonly relate to
problems with gastroesophageal reflux (GERD), feeding and
growth, and respiratory/airway issues.

Gastroesophageal Reflux

Gastroesophageal reflux in patients with EA/TEF is common
being reported in 20–60% of patients. The ESPGHAN-
NASPGHAN guidelines for the evaluation and treatment of
GERD in EA/TEF have recently been published and provides
an extensive literature review of the topic [11••]. The guide-
lines address a wide range of clinical questions regarding the
work up and treatment of GERD. In general, there is strong
support for aggressive diagnosis and treatment of GERD in
the first year of life and a recognition the potential long-term
sequelae of esophagitis, Barrett’s esophagus and the potential
for malignant transformation must be monitored on a lifelong
basis. The gold standard for diagnosis is pH probe or imped-
ance testing and proton pump inhibitors are the initial therapy
of choice as indicated in Fig. 1.

Additional algorithms are presented for symptomatic pa-
tients and those with strictures. Fundoplication is supported
for cases of GERD refractory to medical management and is
performed in 20–40% of patients. However, the quality of the
evidence in the literature to support the use of fundoplication is
lacking and the impact on outcomes has been challenged [12].

Feeding and Growth

Feeding issues are common and result from esophageal
dysmotility, esophagitis, and potential partial obstruction.

Table 3 Postoperative complications and outcomes

All types
(n = 396)

Type C
(n = 335)

Type A (pure EA)
(n = 27)

Types B, D
(n = 16)

Type E (H-type)
(n = 18)

p value (type C
versus types A, B, D, E)

Mortality 29 (7.5%) 26 (7.9%) 2 (7.4%) 1 (6.3%) 0 a

Overall morbidity 245 (61.9%) 210 (60%) 21 (77.8%) 13 (81.3%) 10 (55.6%) 0.1003

Anastomotic strictureb 165 (42.5%) 143 (43.6%) 14 (51.9%) 7 (46.7%) 1 (5.6%) 0.0103

Anastomotic leak 89 (22.9%) 67 (20.4%) 11 (40.7%) 7 (46.7%) 4 (22.2%) a

Vocal cord dysfunction (paralysis/paresis) 26 (6.7%) 15 (4.6%) 3 (11.1%) 3 (20%) 5 (27.8%) a

Recurrent fistula 19 (4.9%) 17 (5.2%) 1 (3.7%) 0 1 (5.6%) a

Surgical site infectionc 9 (2.3%) 6 (1.8%) 1 (3.7%) 1 (6.7%) 1 (5.6%) a

Postoperative shockc 27 (6.9%) 23 (7.0%) 3 (11.1%) 1 (6.7%) 0 a

Postoperative sepsisc 26 (6.7%) 21 (6.4%) 4 (14.8%) 0 1 (5.6%) 0.2575

Postoperative MSOFc 14 (3.6%) 13 (4.0%) 1 (3.7%) 0 0 a

Chylothoraxc 9 (2.6%) 9 (3.1%) 0 0 0 a

Complete esophageal dehiscence 9 (2.3%) 6 (1.8%) 1 (3.7%) 2 (13.3%) 0 a

LOS (days), median (IQR)d 36 (20–81) 32 (19–60) 126 (94–167) 142 (38–178) 44 (24–77) <0.0001

Missing values were excluded from the analysis. Complications associated with EA repair in a series of 396 patients from a cooperative group of 11
children’s hospital in the USA [5••]
a Numbers were too small to yield a valid p value
bDefined as requiring intervention within 1 year of establishing continuity
c Defined as complication occurring within 30 days of the operative procedure
d LOS excludes patients who died
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Table 4 Characteristics of
primary and secondary LGEA
patients

Characteristic Primary FP cases (n = 27) Secondary FP cases (n = 25) p value

Birth weight, kg 2.3 (0.8–4.6) 2.9 (1.5–3.7) 0.7

Gestational age, weeks 37 (25–39) 36 (29–39) 0.4

Estimated gap length, cm 4.5 (2.9–6.0) 5.0 (1.6–9.0) 0.2

Male gender 17 (63%) 12 (48%) 0.4

Cardiac defects 11 (41%) 9 (36%) 0.7

VACTERL 10 (37%) 9 (36%) 1.0

Hospital stay, days 108 (22–269) 134 (64–685) 0.03*

ICU stay, days 70 (22–217) 110 (35–685) 0.04*

Paralytics, days 17 (0–64) 44 (0–133) <0.001*

Mechanical ventilation, days 24 (15–173) 46 (9–236) 0.005*

VTE 3 (11%) 12 (48%) 0.005

Fractures 5 (19%) 15 (60%) 0.004*

no. of thoracotomies 2 (2–10) 5 (2–15) <0.001*

no. of dilations in hospitalb 3 (0–18%) 5 (0–20) 0.6

Intact esophagus 26 (96%) 17 (68%) 0.01*

Full oral nutrition 17 (63%) 2 (9%) <0.001*

Mortality 0 (0%) 2 (8%)c 0.2

Continuous data are expressed as median (range). Outcomes and morbidity associated with the Foker technique
segmented into primary and secodary repairs [10••]

ICU intensive care unit, LGEA long-gap esophageal atresia, VTE venous thromboembolism

*Statistically significant
b Number of dilations during the primary hostipal stay for original Foker process
c No patients died in hospital; however, two patients with complex anatomywith failed attempts at repair died after
discharge (one had mutiple additional complex medical problems)

Asymptomatic newborn with EA 
after surgical correction

PPI for 1 year

pH-MII probe

Yes NoContinue PPI and monitor. 
consider fundoplication*

Weaning PPI Trial

See algorithm on 
symptomatic 

patient with EA

Symptoms? No

Yes

EGD and pH-MII 
probe

Yes

Stop PPI Symptoms?

Yes

No

No

See algorithm 
on symptomatic 
patient with EA

Scope @ 10 years 
and @ transition-
and every 5 to 10 

years

1

2

3

4
56

7

8

9
10

11

12 13

14

*See Fundoplication Statement #8

Fig. 1 Algorithm for the evaluation and treatment of an asymptomatic newborn after surgical correction of an esophageal atresia. EA esophageal atresia,
EGD esogastroduodenoscopy, pH-MII PH-impedance, PPI proton pump inhibitor
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Overall, approximately half of all patients suffer from dyspha-
gia [13•]. Both oropharyngeal and esophageal dysmotility are
common and can be demonstrated in 70–80% of patients by
manometry. The work up of dysphagia should include endos-
copy, esophagram, and manometry to properly characterize the
physiologic and mechanical factors that might contribute to the
problem [14]. Dysphagia remains a lifelong problem for the
majority of EA/TEF patients. In a single institution long-term
follow-up survey of EA/TEF patients, the results suggest that
82% of patients have some degree of swallowing dysfunction
that is worse with solids and requires sips of liquids to facilitate
swallowing. However, the swallowing dysfunction was mild
and did not impact daily living. In fact, a quality of life assess-
ment did not differ from the general population [15]. Not sur-
prisingly, patients with EA/TEF have issues with growth failure
early in life but longitudinal studies have not completely char-
acterized the amount of catch up growth that occurs later in life.
Table 5 summarizes growth and neurodevelopmental data from
a recent review of the literature [16].

Respiratory and Airway Issues

Evidence of the early morbidity related to respiratory prob-
lems is reflected in the French national study in which 59% of
the patients required readmission during the first year of life
and 48% of those readmissions were due to respiratory issues
[4]. An extensive review of the literature by Mira et al. con-
firmed that lower respiratory tract infection is frequent, espe-
cially in the first years of life. As childhood progresses, asth-
ma, chronic cough, and recurrent bronchitis are the most com-
mon respiratory complaints. Reported spirometry data sug-
gests that restrictive lung disease is more common than ob-
structive or mixed patterns, and, overall, bronchial
hyperresponsiveness can affect up to 78% of patients [17].
Unfortunately, the respiratory problems continue beyond in-
fancy and childhood. A German study in which 58 patients
more than 20 years out from EA/TEF repair identified respi-
ratory issues characterized by chronic cough and frequent pe-
riods of bronchitis in 60%, and shortness of breath in 30% of
patients [18]. Similarly, a systematic review by Conner et al.
found recurrent respiratory tract infections in 24.1%, doctor
diagnosed asthma in 22.3%, persistent cough in 14.6%, and
wheezing in 34.7% [19].

Mechanical ai rway issues including recurrent
tracheoesophageal fistulas and tracheomalacia undoubtedly
contribute to ongoing respiratory problems. Tracheomalacia
is reported in 11–33% of patients with EA/TEF and can cause
long-term complications. Traditional treatment options in-
clude tracheostomy, tracheal resection, and aortopexy. More
recently, posterior tracheopexy has been described as an alter-
native approach that can provide an improved result along a
longer length of the trachea [20]. Long-term outcome data isT
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lacking for the impact of tracheomalacia on respiratory func-
tion and risk of long-term damage to the lungs.

Recurrent tracheoesophageal fistulas occur in 5–10% of
patients and can be troublesome. The diagnosis can be diffi-
cult and often requires either a careful radiographic study, a
targeted bronchoscopy, or both to define the anatomy. The
standard approach involves takedown of the fistula with inter-
position of autologous material between the trachea and the
esophagus. Unfortunately, recurrences are common. More re-
cently, excellent results for the repair of complex recurrent
fistulas has been reported using two newer approaches.
Jennings advocates a complete separation of the trachea and
the esophagus [21] and Rutter has employed a tracheal slide
procedure to close the defect [22].

Quality of Life

Finally, increasing amounts of information is accumulating
regarding the long-term outcomes for patients with regard
to quality of life. When considered as a group, EA/TEF
patients tend to have a general quality of life comparable
with the general population although the chronic health
issues detailed above result in lower health-related QoL
scores [23]. However, the results are not as promising
when patients with more complicated clinical courses are
assessed. A recent survey of a German EA/TEF group re-
vealed a high prevalence of Gastrointestinal and respirato-
ry symptoms [24•] (Table 6).

Adults demonstrated impaired well-being according to
WHO-score and gastrointestinal function (GIQLI).

Conclusion

Survival, short- and long-term outcomes continue to improve
for patients with EA/TEF. Uncomplicated cases with few or
no associated anomalies can be expected to do well over time.
However, there are many opportunities to improve the out-
comes for the complex patients with chronic gastrointestinal
and/or respiratory complications. Clearly, patients who require
an esophageal replacement or extensive elongation proce-
dures have worse outcomes than those in whom esophageal
continuity can be established with the native esophagus. The
potential use of regenerative medicine and a tissue engineered
esophagus holds promise for the future but in the interim, new
techniques are needed to improve the outcomes for the diffi-
cult esophageal and tracheal complications of EA/TEF.
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Table 6 Disease-specific
symptoms Symptoms Adult patients (%) Pediatric patients (%) p value

Dysphagiaa 96.2 33.9 p < 0.001

Dumpingb 51.9 57.1 p = 0.643

Reflux symptomsc 96.1 60.3 p < 0.001

Recurrent respiratory infectionsd 44.4 61.9 p = 0.126

Coughe 88.9 98.4 p = 0.781

Disease-specific symptoms were assessed by open questions. Dysphagia and reflux symptoms occurred signifi-
cantly more frequently in adult patients (n = 27) compared to pediatric patients (n = 63). Respiratory and reflux
symptoms in adult and pediatric cases from the German Registry [24•]

Questions about disease-specific symptoms:
a “Do you have difficulties or pain when swallowing?” (self-report) resp. “Does your child have difficulties or
pain when swallowing” (proxy-report)
b “Do you have symptoms like retching, vomiting, sweating, nausea, or abdominal pain after ingestion?” (self-
report) resp. “Does your child have symptoms like symptoms like retching, vomiting, sweating, nausea, or
abdominal pain after ingestion?” (proxy-report)
c “Do you have symptoms like heartburn or regurgitation?” (self-report) resp. “Does your child have symptoms
like heartburn or regurgitation?” (proxy-report)
d “Do you suffer from recurrent respiratory infections (such as bronchitis, pneumonia) that must be treated with
antibiotics?” (self-report) resp. “Does your child suffer from recurrent respiratory infections (such as bronchitis,
pneumonia) that must be treated with antibiotics?” (proxy-report)
e “Do you suffer from frequent cough?” (self-report) resp. “Does your child suffer from frequent cough?” (proxy-
report)
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