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ARTICLE INFO ABSTRACT

Keywords: Background: Less than 10% of infants born with esophageal atresia (EA) have a long gap that precludes primary
Esophageal atresia anastomosis at birth. The purpose of this study was to evaluate the diagnosis, management, and outcomes of
Eastern Pediatric Surgery Network infants with long-gap esophageal atresia (LGEA) within a regional consortium of children’s hospitals.

Long gap esophageal atresia Methods: After IRB approval, a multicenter, retrospective cohort study was conducted of LGEA patients managed

by 13 member institutions between 2009 and 2018. LGEA was defined as Type A or B esophageal atresia with
the inability to perform a primary esophageal anastomosis at birth based on preoperative imaging or operating
findings. Study outcomes, including operative repair, postoperative outcomes, and complications, were collected
to detect significant associations between variables (p < 0.05).

Results: There were 62 LGEA patients identified, including 50 (81%) with Type A and twelve (19%) with Type B
esophageal atresia. Most (77%) were diagnosed prenatally with 98% undergoing a gastrostomy before attempted
EA repair. The mean gap length at repair was 3.24 + 1.59 cm (n = 21). Most (95%) were managed with delayed
repair (median age at repair of 96 days (IQR: 67.5-131), and 22 (35%) underwent an esophageal traction-induced
lengthening process. Two (3.2%) required esophageal replacement. There was no significant difference in com-
plications between different treatment strategies.

Conclusions: In this collaborative descriptive study of 62 infants with LGEA, delayed primary repair with or
without traction was the preferred approach, with outcomes that were comparable between strategies, and with
high rates of esophageal preservation. We encountered variability in gap length measurement and reporting. This
study highlights a critical need for a prospective, multi-institutional registry with uniform care pathways to help
aid in the development of evidence-based guidelines for these challenging patients.

Abbreviations: EA, esophageal atresia; EPSN, Eastern Pediatric Surgery Network; FOIS, functional oral intake score; INoEA, International Network of Esophageal
Atresia; IRB, institutional review board; LGEA, long-gap esophageal atresia; REDCap, Research Electronic Data Capture; VACTERL, vertebral anorectal cardiac
tracheoesophageal fistula renal and limb.
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1. Introduction

The most common congenital anomaly of the esophagus is
esophageal atresia (EA). This occurs in 1/4000 live births, and long-
gap esophageal atresia (LGEA) accounts for roughly 4-10% of all cases
[1-3]. Several studies have defined EA as long gap when primary repair
is not possible, whether perceived or real [4]. A more restrictive defi-
nition of LGEA can be considered Gross type A or type B [5]. In 2017,
the International Network of Esophageal Atresia (INoEA) working group
defined a long gap as any esophageal atresia that lacks intra-abdominal
air on radiographs suggesting a Gross Type A or B configuration [6,7].
Further, they surmised that other types may not fit this definition, but if
the esophageal ends cannot surgically be brought together, the patient
should be referred to a center with experience in managing LGEA [6,7].

The optimal diagnosis and management strategy for many LGEA
patients remains controversial. At most institutions in North Amer-
ica and elsewhere, the diagnosis and management of LGEA have been
based on surgeon training or experience rather than on evidence-based
guidelines [7]. Surgical options available for the treatment of LGEA in-
clude (1) delaying the repair while expecting spontaneous esophageal
growth, (2) replacing the esophagus with stomach, colon, or jejunum,
and, more recently, (3) pursuing tension-induced lengthening of the na-
tive esophageal tissue to facilitate delayed primary repair [8-15]. A
newer, innovative approach, the magnamosis technique, utilizes mag-
nets to bring the ends of the esophagus together [16]. Single institution
reports have shown a wide spectrum of clinical outcomes with each of
these approaches and may be biased by the approach adopted by that
institution. Moreover, drawing meaningful conclusions from systematic
reviews and meta-analyses has been challenging due to significant het-
erogeneity in the definition, diagnosis, and follow up of LGEA patients
[6,10].

Given the paucity of multicenter studies with substantial numbers of
LGEA patients [2,3] we sought to understand current practice patterns
and clinical outcomes of LGEA patients within a regional consortium of
tertiary care children’s hospitals. Our group hypothesized that delayed
primary repair, with or without traction procedures, would be the most
common approach in the management of LGEA cases.

2. Methods
2.1. Study design and eligibility criteria

Institutional review board (IRB) approval was obtained from 13
member children’s hospitals associated with the Eastern Pediatric
Surgery Network (EPSN, www.easternpediatricsurgery.org). A retro-
spective cohort study was conducted based on an operative registry of
infants with LGEA managed between December 1, 2009 and December
31, 2018. LGEA cases were identified at each center based on review
of all esophageal atresia cases queried in the electronic medical record
by International Disease classification codes (Q39.0-Q39.9). After con-
sensus was established among a subgroup of EPSN surgeons, we defined
LGEA as a Gross type A or B esophageal atresia with a long gap length
that precluded the ability to perform a primary esophageal anastomosis
at birth based on review of preoperative diagnostic studies or neonatal
operative reports. Re-operative LGEA patients were excluded.

2.2. Data collection

Charts were reviewed for demographics, comorbidities, and peri-
operative management in accordance with a manual of operations de-
veloped based on consensus from institutional representatives. This re-
sulted in a database containing over 225 different data field elements
organized into four modules (demographic, preoperative, operative, fol-
low up). Operative repair was classified as follows: (1) Delayed primary
repair: primary anastomosis after 30 days of age (no traction procedure
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Table 1
Demographic and comorbidity information of LGEA patients.
Patient characteristics N (%)
Sex
- Male (%) 37 (60%)
- Female (%) 25 (40%)
LGEA type
- Type A 50 (81%)
- Type B 12 (19%)
Race
- White 36 (58%)
- Black/African American 8 (13%)
- Asian 2 (3%)
- More than One Race 2 (3%)
- Unknown 11 (18%)
Ethnicity
- Hispanic or Latino 8 (13%)
- Not Hispanic or Latino 51 (82%)
- Unknown 3 (5%)
Comorbidities
- Congenital heart defects 28 (45%)
- VACTERL 9 (16%)
- Other 13 (21%)
- Anorectal Malformations 5 (8%)
- Trisomy 21 7 (11%)
- Limb anomalies 2 (3%)
- Duodenal Atresia 3 (5%)

Table 1. Breakdown of patients with long gap esophageal atre-
sia (LGEA). The majority of patients had Type A LGEA and were
white and not Hispanic or Latino. Congenital heart defects were
the most common comorbidity.

used), (2) Early traction repair: traction repair (e.g., Foker process, in-
ternal static) before 30 days of age followed by primary anastomosis, (3)
Delayed traction repair: traction utilized with repair after 30 days of age
by primary anastomosis, and (4) Esophageal replacement using an au-
tologous conduit (e.g., stomach, colon, jejunum), regardless of whether
traction techniques were used. All data were collected and managed us-
ing REDCap (Research Electronic Data Capture) electronic data capture
tools hosted at Connecticut Children’s [17,18].

The Gross classification was used to classify esophageal atresia types
and this study focused on types A and B esophageal atresia [5]. Study
outcomes included operative repair as well as postoperative outcomes
and complications. Oral feeding was evaluated based on the functional
oral intake scale [19]. Frequency of complications were evaluated at 30
day intervals up to 90 days and included: (1) esophageal leak which
was defined as contrast extravasation on esophagram, (2) esophageal
stricture which was defined as a symptomatic luminal narrowing of the
esophageal anastomosis managed by dilation [20], and (3) vocal fold
movement impairment defined as documented paralysis of the vocal
cord secondary to injury to the recurrent laryngeal nerve.

2.3. Statistical analysis

Descriptive and inferential statistics were calculated using SPSS (Ver-
sion 17.0, SPSS Inc). Independent sample t-tests were used to compare
means of continuous variables, and Fisher’s exact and Chi-square test
were used for categorical variables. Data were presented as means with
standard deviations unless indicated otherwise. A p-value<0.05 was
considered statistically significant.

Results

There were 62 patients who met our inclusion criteria for LGEA. The
median number of cases contributed per institution was 3 (interquar-
tile range, 2-7) over the nine-year study period. Patient demograph-
ics and comorbidity data are shown in Table 1. Fifty (81%) had type
A esophageal atresia (no fistula), and 12 (19%) had type B (proximal
fistula. Congenital heart defects were reported in 28 (45%) patients
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Table 2
Type A/B Management strategy.

Journal of Pediatric Surgery Open 3 (2023) 100029

Patient characteristics

Type A and B (n = 62)

Gestational age/birthweight, mean (std.)

Weight at time of repair, mean (std.)
Diagnosis of LGEA during prenatal care (%)
Gastrostomy Tube Placed Before Repair (%)
Gap length in cm, mean (std.)

Management Type

Delayed without Traction (%)
Delayed with Traction (%)

Type A and B (n = 62)

37 (59.7%)
22 (35.5%)

34.7 weeks (3.18),

2170.7 (604.5)

4944.2 (1979.5)

47 (77%)

61 (98.4%)

N =21, 3.24 (1.59)

Mean weight at repair within
management group, g (std.)

4849.8 (2099.5)

5056.1 (2068.1)

Non-delayed with Traction (%) 1(1.6%) 3330.0
Esophageal replacement used (%) 0 (0) -
Delayed with Traction and Esophageal 2 (3.2%) 7100.0 (4101.2)

Replacement (%)

Table 2. Gestational age, birthweight, weight at repair, and management type of patients with LGEA
type A/B. The majority of patients were diagnosed with LGEA during prenatal care and had a gastros-
tomy tube placed before repair. The most common management types was delayed repair without

traction followed by delayed repair with traction.

Time to Repair for Delayed Repairs

Number of Patients
&

1-3 months 3-5 months 5-7 months 7-10 months >10 months

u Delayed repalr with traction and Esophageal Replacement and Esophagreal Replacement alone
B Used Traction Sutures

= Did Not Use Traction

Fig. 1. Schematic of Timing of Delayed Repairs

The timing of repair in patients that had a delay in repair > 1 month. Bars in
blue color had a delay in repair without the use of esophageal lengthening tech-
niques; Bars in orange reflect delayed repair with use of esophageal lengthening
techniques; Bars in grey reflect delayed repair with the use of esophageal length-
ening techniques and/or an esophageal replacement. Most repairs occurred be-
tween 1 and 3 months of age.

and VACTERL association, defined by vertebral, anorectal, cardiac, tra-
cheoesophageal fistula, renal and limb anomalies, was noted in 9 (16%)
patients.

3.1. Management in type A/B LGEA

Table 2 summarizes the operative repair approaches used in the man-
agement of LGEA. Seventy-seven percent of patients were diagnosed
with LGEA during prenatal care and 98.4% had a gastrostomy tube
placed before repair. The mean birthweight was 2171 + 605 g and the
mean weight at time of repair was 4944.2 + 1979.5 g. The gap length
was reported in 21 (34%) patients and was 3.2 + 1.6 cm. Thirty-seven
(59.7%) patients had delayed repair without traction followed by 22
patients (35.5%) undergoing delayed repair with traction.

In the delayed repair group without traction, most (n = 29, 47%) were
repaired before 5 months of age, with the majority (n = 17, 27%) being
repaired between 1 and 3 months of age (Fig. 1 blue bars). The median
time to repair was 96 days (IQR: 67.5-131).

Twenty-five (40%) patients underwent esophageal lengthening with
either internal static or external dynamic traction as part of the operative

Table 3
Management of LGEA with traction.

Management included Traction

Average weight at repair

Traction applied (n = 25)

5180 grams (4850 in
non-traction repair)
N (%)

- Open thoracotomy 18 (72%)

- Thoracoscopy 5 (20%)

- Unknown 2 (8%)
Frequency of Traction Manipulation (n = 25) N (%)

- Daily 3 (12%)

- Every other day 6 (24%)
- Every other week 2 (8%)

- Unknown 14 (56%)

Separate procedure to readjust traction (n = 12) N (%)

- Thoracoscopic evaluation and replacement sutures 3 (25%)
- Thoracotomy evaluation and replacement sutures 6 (50%)
- Thoracoscopic converted to open external traction 2 (17%)
- Removal and cervical esophagostomy 1 (8%)

Length of gap at readjustment (n = 4) Median 2.75cm (IQR

2-3.5 cm)

Table 3. Patients that had dynamic or static esophageal lengthening as part
of LGEA repair. Traction was applied in 25 patients with the majority being
applied through an open thoracotomy.

management approach (Table 2). Twenty-two (35.5%) cases had trac-
tion applied in the setting of a delayed primary repair, and one (1.6%)
case had early repair (non-delayed with traction). A minimally invasive
traction technique was utilized to place sutures in five (20%) traction
cases compared to thoracotomy in 18 (72%) cases (Table 3). The ap-
proach for traction was not specified in two cases. Eleven patients had
the frequency of planned traction manipulation recorded. There were
three patients where it was recorded as daily, six as every other day
and two patients as every other week. The median weight at definitive
repair in patients undergoing traction was 4835 gms (IQR: 3800-6200).
Median time to repair in traction group is 126 days (IQR: 83-221)

In the one patient that underwent non-delayed repair with traction,
the traction placed on day of life 9 with definitive repair on day 24. The
weight at time of repair for this patient was 3330 g.

Two patients underwent esophageal replacements with stomach af-
ter failed attempts at traction induced esophageal lengthening — both
with the stomach being pulled up into the chest. The mean age at re-
pair for these patients was 174 days with their average weight at time



C. Finck, B. Zendejas, J.L. Knod et al.

Table 4
Comparison of outcomes in the type A/B LGEA.
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Delayed with

Delayed without

Non-delayed with

Traction (n = 22) Traction (n = 37) Traction (n = 1) p-value
Anastomotic Leak 4 (18%) 9 (24%) 0 0.749*
Anastomotic Stricture 15 (68%) 25 (67%) 1 (100%) 1.00
Vocal Cord Injury 1 (4.5%) 1(3%) 0 1.00*
Anti reflux Procedure 1 (4.5%) 3 (8%) 0 1.00*

*Comparison only including delayed with traction and delayed without traction for anastomotic leak

and vocal cord injury.

Table 4. Comparison of outcomes with different management strategies in Type A/B LGEA. Results are re-
ported as aggregates for complications that occurred over 90 days post-repair, for patients with a complica-

tion occurring at least once in that timeframe.

FOIS Score over 30, 60, 90 Day Follow-up for Type A/B LGEA

50
45
40
235
$ 30
525
‘s 20
%15
10

mFOIS <2
m FOIS 23

30 Day

60 Day 90 Day

Fig. 2. Functional oral intake scale (FOIS) Scores for LGEA Patients at 30, 60,
and 90 Days Follow-Up

Fig. 2. FOIS scores over time in patients with Type A/B LGEA. Blue bars indicate
a FOIS of < 2 indicating gastrostomy tube dependent with minimal attempt
at foods or liquids by mouth at 30 days, orange bars indicate a FOIS of >3
indicating consistent oral intake.

of repair being 7100 + 4101 g. Gap length at time of replacement was
recorded in one patient at 3 cm.

3.3. Postoperative complications

A review of complications between management groups over 90 days
postoperatively revealed an anastomotic leak in 4 patients (18%) in the
delayed with traction group and 9 patients (24%) in the delayed with-
out traction group (Table 4). Anastomotic stricture was reported in 15
patients (68%) of the delayed with traction management group and 25
patients (67%) in the delayed without traction group. In the non-delayed
with traction patient there was an anastomotic stricture reported within
the first 90 days postoperatively (100%). Vocal cord dysfunction was re-
ported in a total of 2 patients in this series. Anti reflux procedures were
reported in the first 90 days postoperatively in 4 patients (Table 4)

3.4. Functional oral intake scores

Evaluation of functional oral intake scores (FIOS) at postoperative
intervals of 30, 60, and 90 days. At the 30-day interval, the majority
(82%) were gastrostomy tube dependent with minimal attempt at foods
or liquids by mouth (FOIS of < 2) . Yet this decreased to 53% at 90 days.
Patients with a FOIS of >3, defined as consistent oral intake of foods or
liquids, were 18% of patients at 30 days and increased to 40% at 60
days and 47% at 90 days (Fig. 2).

4. Discussion
In rare congenital diseases, collaboration among children’s hospitals

is required to obtain adequate numbers of patients to understand patient
outcomes and to develop evidence-based guidelines. The purpose of this

study was to characterize the diagnosis and management strategies of
LGEA among a consortium of U.S. Children’s Hospitals to understand
current multi-institutional practices. This approach is similar to the re-
cent study on LGEA from Nordic countries which included 71 patients
with Type A/B LGEA [3].

The definition and diagnosis of LGEA is highly variable [4,6]. Sixty-
two patients met the inclusion criteria for LGEA defined as a Gross Type
A or B esophageal atresia with a long gap length that precluded the
ability to perform a primary esophageal anastomosis at birth. Like other
studies, most of these patients had blind ending esophageal pouches
(Type A) [1,4,6]. Our data on prenatal diagnosis supports the literature
that Type A/B LGEA is commonly diagnosed prenatally [21,22].

Management of LGEA varies among institutions. Single institutions
have reviewed their experience and one study advocated utilizing an
algorithmic personalized approach to managing LGEA patients [9] with
36% of patients having a prior attempt at repair, and 49 patients had a
primary esophageal tension-induced lengthening procedure (Foker pro-
cess). The authors concluded that with a customized approach based on
the patient’s unique anatomic configuration, esophageal preservation is
possible in almost all cases [9].

Other authors have discussed replacing the esophagus when the gap
is too wide. In a 2017 systematic review, colonic interposition and gas-
tric pull up were the most favorable approaches to esophageal replace-
ment in LGEA [23]. However, current evidence on long-term outcomes
is limited by small numbers. Another meta-analysis determined that gas-
tric pull up is associated with higher respiratory morbidity but lower
gastrointestinal morbidity when compared to colonic interposition. Je-
junal interposition was cited to be a valid technique in a center with
experience [10]. In our cohort, only 2 patients had esophageal replace-
ments, all with a prior attempt at traction and utilizing a stomach pull up
when the ends were unable to be brought together. This study demon-
strates that most patients were treated by delayed repair suggesting
thatutilizing native esophageal tissue is preferred by surgeons [24,25].

In the study presented here, 98% of patients underwent a delayed
approach as a treatment strategy. In this delayed approach, almost 40%
used traction sutures to statically or dynamically lengthen or grow the
esophagus at some point in the treatment, mostly through an open tho-
racotomy. Two to three months of age was the most common timeframe
of delay for repair. This is consistent with other studies that report de-
laying until 3 months of age and then performing a repair when there
is the least amount of tension possible on the anastomosis [24]. How-
ever, other groups aim to begin the traction process when the child is
roughly 3 to 3.5kg, regardless of age [9]. Another recent study indicated
that chest radiographs can sequentially assess gap length while under-
going external esophageal traction (Foker process) [15]. Alternatively,
multi-stage thoracoscopic approaches have been reported [14,26,27]
with internal traction sutures including slipknots. The failure rate for
esophageal lengthening techniques has recently been reported in a sur-
vey in the UK of up to 24% [28]. In our study, 12 patients (19%) had
readjustment of their traction sutures, however, we did not capture
whether it was planned or due to a complication.
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There were no mortalities in this study, signifying advances in peri-
natal care. Complications such as anastomotic leak (18-24%) and stric-
ture (49-68%) are similar to reports in the current literature on LGEA
[8,29]. In this study, Type A/B esophageal atresia patients had a gap
length of 3.24cm, which is in line with gap lengths reported in the liter-
ature [24]. Unfortunately, due to the limited numbers of gap measure-
ments reported, and the variability in the method of assessment (on or
off-tension, dilators, endoscopic, fluoroscopic, etc.) we are not able to
draw any meaningful conclusions regarding gap length. Additionally,
given the small numbers and short length of follow up, it is difficult to
draw conclusions about complication rates between management strate-
gies.

One of the long-term morbidities of EA includes poor feeding and
poor growth [30]. A recent prospective case-control cohort study re-
ported that long gap esophageal atresia patients suffer more from diges-
tive morbidity, defined as clinical symptoms of gastroesophageal reflux
disease at age 6 years when compared to a cohort of non-long gap EA
[28]. Use of a standardized measure such as the FOIS is important in
tracking how these children do over time [19]. Additionally, optimiz-
ing a regimen of sham feeding before repair has been shown to improve
oral motor abilities in children with esophageal atresia [31]. Most chil-
dren suffering from LGEA have weight for age that is below average
[30-36]. Optimizing feeding therapies and tracking FOIS over the con-
tinuum will allow for improved management strategies and outcomes.
In this study, we noted that most patients had an FOIS score < 2 at the
30-day post-operative interval, and this improved over time. A weakness
of our study is that we did not capture other nutritional variables such as
growth scores (weight for age) or duration of parenteral nutrition [30].
Our future prospective database will aim to capture these variables.

Finally, in this study, an anti-reflux procedure was performed in 4
patients (6%) within 90 days of the procedure. Reflux was reported in
50-65% of patients with 55-80% of patients being placed on anti-acid
medications, despite the recent suggestion that anti-acid medications
may not influence stricture formation [37]. One drawback in this study
is that reflux can be clinically diagnosed without concrete measurement
with things like a pH probe. It is possible that most patients are placed on
anti-acid medications for other reasons such as prevention of esophagi-
tis, which is known to be prevalent in this patient population, regardless
of symptoms [32].

There are several limitations of this study worth noting. This was a
retrospective and largely descriptive study. There were multiple chal-
lenges in the data collection process due to variability among institu-
tions in data reporting and lack of clearly defined definitions for diag-
nosing and managing LGEA. We have already initiated a prospective
LGEA database where there will be a hard stop built in to ensure accu-
rate recording as well as the review of the operative report by a cen-
tral data monitoring group similar to Children’s Oncology Group (COG)
practice. Standardizing the approach to measure gap length along with
the definition of long gap would be instrumental in enabling accurate
long-term comparisons. We have suggested adopting an operative re-
port template that includes key elements for LGEA including Gross type,
gap length (ideally in both number of vertebral bodies and centimeters)
and method of measurement (such as fluoroscopy, Hegar dilators, en-
doscope, contrast, and whether tension was applied) as well as the ap-
proach used for repair. By standardizing our reporting of LGEA, we aim
to develop guidelines, a potentially a customized algorithmic approach,
to help guide optimal surgical approach for repair as suggested by the
Midwest consortium for the management of Type C EA [38].

5. Conclusions

Better evidence to guide initial and long-term management of long
gap esophageal atresia is needed. Variability in diagnostic techniques,
management approaches and small numbers of patients per center con-
founds the ability to make logical management guidelines as highlighted
in this multi-institutional consortium retrospective review. The results
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reported here set the stage for the creation of a prospective multi-
institutional registry with uniform care pathways, which can then aid
development of evidence-based guidelines for LGEA management. In
addition, the wide range in number of patients treated by different in-
stitutions suggests that there might be benefit in early referral to cen-
ters with multi-disciplinary teams well-versed in various strategies of
initial surgical management as well as post-operative and longitudinal
EA management (33-36).
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