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Abstract
Background: The aim of this study was to evaluate anastomotic complications after primary one-staged
esophageal atresia (EA) repair relating to the patients` gestational age (GA).
Methods: Retrospective data analyses of patients who underwent closure of tracheoesophageal fistula (TEF) and
primary esophageal anastomosis from 01/2007 to 12/2018 in two pediatric surgical centers. Exclusion of EA other
than Gross type C, long-gap EA, minimal invasive or staged approach. Postoperative complications during the first
year of life were assessed. Associated malformations, the incidence of infant respiratory distress syndrome (IRDS)
and intraventricular bleeding were analyzed.
Results: Inclusion of 75 patients who underwent primary EA repair. Low GA was associated with significantly lower
incidence of anastomotic complications (p = 0.019, r = 0.596, 95% CI 0.10–0.85). Incidence of anastomotic leakage
(0% vs. 5.5%; p = 0.0416), recurrent TEF (0% vs. 5.5%; p = 0.0416) und anastomotic stricture (0% vs. 14.5%; p = 0.0019)
was significantly lower in patients < 34 gestational weeks. Incidence of IRDS (55% vs. 0%; p < 0.0001) and
intraventricular bleeding (25% vs. 3.6%; p = 0.0299) was significantly higher in patients < 34 gestational weeks.
Conclusions: Despite prematurity-related morbidity, low GA did not adversely affect surgical outcome after primary
EA repair. Low GA was even associated with a better anastomotic outcome indicating feasibility and safety of
primary esophageal reconstruction.
Keywords: Pediatric surgery, Gestational age, Esophageal atresia, Postoperative outcome, Prematurity, Morbidity,
Esophageal anastomosis

Background
Since the first successful primary surgical correction of
an esophageal atresia (EA) with tracheoesophageal fistula
(TEF) in 1941 [1], mortality and morbidity rates have
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remarkably improved over the last decades [2]. The
principle of surgery including an early TEF ligation and
division followed by primary or delayed esophageal anastomosis is widely accepted [3, 4].
However, recent advances of perinatal management,
neonatal care, technical innovations, surgical expertise,
and perioperative concepts have led to increasing numbers
of premature low birth weight infants surviving [3, 5–7].
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Prematurity, birth weight and/or additional anomalies
are usually considered crucial factors in determing the
outcome of EA/TEF patients [3, 5, 6, 8, 9]. Nevertheless,
the optimal surgical management of this selective group
of patients with EA/TEF remains controversial [4, 5, 10–
14]. Several authors postulated that staged repair of EA/
TEF including primary TEF closure and secondary, delayed esophageal anastomosis in premature infants with
low birth weights resulted in a lower rate of anastomotic
complications, and thus should be considered the preferred surgical approach in this group of patients [4, 5].
Birth weight (BW), however, has become a less significant determinant for the outcome after EA/TEF repair
[15–19]. In obstetric and neonatal practice, the patients´
gestational age (GA) is considered to be a more relevant
maturational and physiologic factor than body weight
[20–22].
Taking this into account, the aim of this study was to
evaluate anastomotic complications such as anastomotic
leakage, recurrent fistula, and anastomotic stricture after
primary EA/TEF repair in relation to the patients` GA.

Methods
This study was approved by the Institutional Ethical Review Board of Hannover Medical School, 30,625
Hannover, Germany (approval number 8425_BO_K_
2019). A retrospective data analysis of patients with EA
and distal TEF (Gross type C) was performed in two tertiary referral centers of pediatric surgery in Germany.
The databases of both university hospitals were screened
for patients who underwent primary, one-staged, open
esophageal reconstruction including TEF ligation and
esophageal anastomosis from January 2007 to December
2018. This study includes all patients that underwent
initial surgical treatment in either of the two centers,
whether they were born in-house or referred by another
hospital for further treatment.
Exclusion criteria were incomplete data sets, patients
with EA other than Gross type C, long-gap EA, minimal
invasive or staged surgical approach resulting in secondary esophageal anastomosis. Long-gap EA was defined as
Gross type A and B, but also type C presenting with a
long distance between the upper and lower pouch impeding the formation of a primary esophageal
anastomosis.
Decision for primary open repair was made according
to the selection criteria with regard to the thoracoscopic
approach for EA/TEF repair which have been published
by our working group [23]. Patient selection contra a
thoracoscopic approach respectively pro an open surgical
approach included cardiorespiratory instable patients
and/or a BW of < 2000 g. In addition, a lack of required
infrastructure or of surgical expertise in the field of thoracoscopic EA/TEF repair also resulted in a decision for
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open surgery in some cases on public holidays and at
weekends.
Furthermore, it is common practice in both participating centers to decide for primary EA/TEF repair in all
patients, even in those with low GA. In case of intraoperative complications during primary repair, fistula
ligation only might become necessary leading to staged
repair.
Endpoints of this study were postoperative anastomotic complications and prematurity-related problems
directly related to the patients´ GA. Postoperative complications during the first year of life included anastomotic leakage (diagnosed by contrast study of the
esophagus in case of any suspicion), recurrent TEF, and
anastomotic stricture (defined as > 3 endoscopic dilatations [24, 25]). Associated anomalies and prematurityrelated problems, such as infant respiratory distress syndrome (IRDS) defined by chest radiography and intraventricular bleeding defined by ultrasound [26, 27], were
also analyzed.
Statistical analysis and software

Data were recorded and analyzed in an anonymized
form. Incomplete datasets were excluded from statistical
analysis (n = 4). Infants were categorized according to
their GA at birth in either < 34 completed weeks of gestation or ≥ 34 completed weeks of gestation. Means and
standard deviations were calculated for continuous variables, frequencies, and percentages for categorical variables. Data were also tested for normal distribution and
equality of variances. Differences in clinical endpoints
and characteristics were assessed using unpaired t-test
with Welsh’s correction for unequal variances and sample sizes. Spearman’s rank correlation coefficient was
used to discover correlation between GA and postoperative outcome. Differences in the distribution of patients
and postoperative outcomes between the two participating university centers were analyzed using Fisher’s exact
test and Mann Whitney U test. Data management and
statistical analyses were conducted using Excel 2010
(Microsoft Corporation, Redmond, WA, USA) and
GraphPad Prism 5 (GraphPad Software, San Diego, CA,
USA). Statistical significance was set at the 0.05 level.

Results
In total, 75 patients with a median GA of 37 [27 + 0/7–
41 + 5/7] weeks and a median birth weight of 2550 g
[990 g – 4405 g], underwent primary open, one-staged
EA/TEF repair from January 2007 to December 2018
spread across the two participating centers. Of these, 20
patients (26.7%) were born at < 34 gestational weeks
with a median birth weight of 1305 g [990 g – 2290 g],
while 55 patients (73.3%) were born at ≥34 gestational
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weeks with a median birth weight of 2740 g [1660 g –
4405 g].
Table 1 presents the distribution of the birth weight of
our cohort. Approximately half of the included patients
(52%) had a normal birth weight (NBW) of ≥2500 g. The
remaining patients with birth weights < 2500 g were categorized according to the current standard definition as
low birth weight (LBW), very low birth weight (VLBW),
and extremely low birth weight (ELBW) [28]. In the
group of patients with LBW, the majority (n = 15 patients, 68.2%) had a birth weight of 2000-2499 g. There
was one patient (1.3%) with an ELBW of 990 g.
In total, 36 patients (48%) were diagnosed with associated anomalies (7 patients < 34 gestational weeks, 29 patients ≥34 gestational weeks) [Table 2]. Every fifth
patient had a documented VACTERL association. Patients ≥34 gestational weeks had a significantly higher
rate of associated anomalies when compared to patients
with lower GA.
Out of the 20 patients who were born at < 34 gestational weeks, 6 patients (30%) were operated by a head
of department, 14 patients (70%) were operated by a
consultant. In the group of 55 patients who were born
≥34 gestational weeks, 14 patients (25%) were operated
by a head of department, 35 patients (64%) were operated by a consultant, 5 patients (9%) were operated by a
specialized registrar, and one patient (2%) was operated
by a trainee.
Moreover, the relation between operating surgeon
and anastomotic complications was assessed: The 3
patients who presented with anastomotic leakage were
operated by either a head of department (n = 1) or a
consultant (n = 2). The 3 patients who were diagnosed with recurrent fistula were either operated by a
head of department (n = 1) or a consultant (n = 2).
The 8 patients who presented with anastomotic stricture were operated either by a head of department

(n = 1) or a consultant (n = 7). The 6 patients (8%)
who were operated by either a specialized registrar
(n = 5) or a trainee (n = 1) did not present with any
anastomotic complication.
The incidence of postoperative anastomotic complications, such as anastomotic leakage (0% vs. 5.5%; p =
0.0416) [Fig. 1], recurrent TEF (0% vs. 5.5%; p = 0.0416)
[Fig. 1], and anastomotic stricture (0% vs. 14.5%; p =
0.0019) [Fig. 1] was significantly lower in patients < 34
gestational weeks compared to patients ≥34 gestational
weeks [Table 3].
Moreover, a low GA was associated with a significantly
lower incidence of pooled postoperative anastomotic
complications (anastomotic leakage + recurrent fistula +
anastomotic stricture) in the whole collective of patients
(p = 0.019, r = 0.596, 95% CI 0.10–0.85) [Fig. 2].
Anastomotic leakage was treated conservatively with
antibiotics in two cases; in one case, chest drainage was
placed. All three patients with recurrent TEF underwent
revisional surgery for fistula ligation. Anastomotic stricture was treated with endoscopic dilatations in all cases
(median 5 [3–19] dilatations).
Prematurity-related complications such as IRDS (55%
vs. 0%; p < 0.0001) and intraventricular bleeding (25% vs.
3.6%; p = 0.0299) were found to be significantly higher in
patients < 34 gestational weeks [Table 3]. There were no
significant differences between both GA groups with regard to the incidence of tracheomalacia and gastroesophageal reflux disease (data not shown). There was
no postoperative mortality.
There was an equal distribution of included patients
and reported anastomotic complications between the
two participating university centers: In center A, 11 EA/
TEF patients < 34 gestational weeks were included, in
center B, 9 EA/TEF patients < 34 gestational weeks were
included (center A 35% vs. center B 20%; p = 0.188). In
center A, 9 patients and in center B, 5 patients presented

Table 1 Distribution of body weight at birth (n = 75)
Body weight at birth [g]

Classification of birth weight

No. of patients [%]

≤999

Extremely low birth weight (ELBW)

1 (1%)
1 (1%) < 34 GA
0 ≥ 34 GA

1000–1499

Very low birth weight (VLBW)

13 (17%)
13 (17%) < 34 GA
0 ≥ 34 GA

1500–2499

Low birth weight (LBW)

22 (29%)
6 (8%) < 34 GA
16 (21%) ≥34 GA

≥2500

Normal birth weight (NBW)

39 (52%)
0 < 34 GA
39 (52%) ≥34 GA
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Table 2 Associated anomalies (multiple selections per patient possible)
Comorbidity

No. of all patients (n = 75)

No. of patients < 34 GA (n = 20)

No. of patients ≥ 34 GA (n = 55)

VACTERL

16 (21.3%)

2 (10%)

14 (25.5%)

P value
0.0477

Vertebral

4 (5.3%)

0 (0%)

4 (7.3%)

0.0222

Cardiac (with hemodynamic relevance)

18 (24%)

2 (10%)

16 (29%)

0.0221

Anorectal

7 (9.3%)

0 (0%)

7 (12.7%)

0.0350

Renal

13 (17.3%)

3 (15%)

10 (18.2%)

0.3728

Limb

3 (4%)

0 (0%)

3 (5.5%)

0.0416

Chromosomal aberration

2a (2.7%)

0 (0%)

2 (3.6%)

0.0796

Other

14 (18.7%)

5 (25%)

9 (16.4%)

0.2222

a

One patient (1.3%) was diagnosed with trisomy 21, one patient (1.3%) was diagnosed with a partial trisomy 18

with anastomotic complications. This has been proven
for the overall complication rate (center A: 64% vs. center B: 36%; p = 0.25), but also separately for each of the
anastomotic complications [anastomotic leakage: 66.7%
vs. 33.3%; p = 0.187; recurrent fistula: 0% vs. 100%; p =
0.241; anastomotic stricture: 62% vs. 38%; p = 0.103].

Discussion
Prognostic classification systems

During the past decades, multiple authors introduced
various prognostic classification systems regarding outcome and survival of EA patients [3, 17, 29–31]. Birth
weight has consistently been reported as a significant determinant of overall survival [17]. In 1962, Waterston
et al. proposed the first prognostic classification based
on birth weight, associated anomalies and pneumonia
[31]. In 1993, Poenaru et al. reported that birth weight
was not found to independently influence mortality
resulting in a novel “Montreal classification” based on
two other prognostic factors, namely pre-operative ventilator dependence and associated anomalies [29]. One
year later, Spitz et al. revised the original Waterston
classification by focussing on birth weight and major
congenital heart disease [30]. Since then, several attempts to revise these classifications have been made

with birth weight becoming a less significant determinant for survival, as compared to the Waterston and Spitz
series [4, 15–19].
However, despite improvements in survival ranging
from 36% before 1950s to as high as ≥95% since 1995,
the incidence of anastomotic complications and postoperative morbidity remains consistently high [2, 4, 32].
It has recently been postulated that neither surgeon nor
hospital volume significantly impacted outcomes after
EA/TEF repair in a study including more than 3000 neonates [33]. Nonetheless, there is general acceptance that
surgical repair of an esophageal atresia should be only performed if suitable expertise and infrastructure is available.
In this study, the vast majority of patients (92%) were operated by most experienced surgeons (either head of department or consultant). Anastomotic complications were
documented without exception in patients who were operated by experienced surgeons, and not by trainees. For
this reason, a potential bias due to the expertise of the operating surgeon can be ruled out – all the more in the
light of the current literature [33].
Surgical approaches for EA/TEF repair

Different surgical approaches have been proposed for
EA/TEF repair in preterm and low birth weight infants,

Fig. 1 Postoperative complications after primary esophageal anastomosis for esophageal atresia with distal tracheoesophageal fistula; (*p < 0.05,
unpaired t-test with Welsh’s correction)
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Table 3 Postoperative outcome after primary esophageal anastomosis for esophageal atresia with distal tracheoesophageal fistula
No. of patients < 34 GA (n = 20)

No. of patients ≥ 34 GA (n = 55)

Anastomotic leakage

0

3* (5.5%)a

Recurrent fistula

0

3* (5.5%)b

Anastomotic stricture

0

8* (14.5%)c

Infant respiratory distress syndrome

11* (55%)

0

Intraventricular bleeding

5* (25%)

2 (3.6%)

Complications
Related to surgical intervention

Related to prematurity

*p < 0.05
a
Incidence of anastomotic leakage reported in literature: 11–16% [2]
b
Incidence of recurrent fistula reported in literature: 4–9% [2]
c
Incidence of anastomotic stricture reported in literature: 25–38% [2]

such as one-staged, delayed and staged repair [4, 5, 11,
13, 14]. Advantages of primary EA/TEF repair are undisputably recognized, such as early esophageal continuity,
decreased risk of aspiration, lesser feeding dysfunction, and avoidance of further interventions [3, 4, 11,
14]. In contrast, it has been postulated that extensive
dissection of the esophageal segments aiming to
achieve primary anastomosis in preterm infants may
result in significantly higher anastomotic complications due to premature tissues and potential ischemia
compared to full-term neonates [4, 5, 13, 14]. Consequently, the optimal timing of esophageal anastomosis
in preterm patients remains controversial [5, 11].
Prematurity is largely associated with low birth
weight. Therefore, the postoperative outcome of EA/
TEF patients has been commonly evaluated relating
to body weight at birth [3, 5, 10, 11, 13, 14]. Seitz
et al. supported the surgical approach of a primary
anastomosis in VLBW or ELBW infants with EA/TEF
in the absence of other significant anomalies [11].
However, this statement was based on a small series
of only four cases [11]. Schmidt et al. observed a
slightly lower incidence of anastomotic leakage and
strictures in ELBW and VLBW infants after primary

Fig. 2 Correlation between incidence of pooled postoperative
complications (anastomotic leakage, recurrent fistula, anastomotic
stricture) and gestational age (in weeks); (Spearman’s correlation,
p = 0.019, r = 0.596, 95% CI 0.10–0.85)

repair [10]. Conversely, Petrosyan et al. concluded
from their series of 25 included cases with birth
weights < 1500 g that delayed repair resulted in a
lower rate of anastomotic complications and overall
morbidity compared to primary repair [4]. Moreover,
Alexander et al. promoted the approach of a staged
repair in neonates weighing < 2000 g based on a series
of 25 cases with a higher incidence of postoperative
complications in those who had undergone primary
repair [13].
In contrast to the above mentioned studies
focussing on body weight at birth, a recent risk analysis could not find any correlation between birth
weight and anastomotic complications after EA/TEF
repair [12].
Gestational age

Prematurity is defined by the use of GA [34, 35]. Obstetric and neonatal practice consider 34 completed weeks
of gestation a maturational and physiological milestone
in prematurity [20, 36]. This assertion for instance is
supported by the guidelines compliant corticosteroid administration before anticipated preterm birth as one of
the most important antenatal therapies available to improve newborn outcomes [37]: The administration of
antenatal corticosteroids is recommended for fetuses
with a GA < 34 weeks [38]. After this threshold, postnatal complications such as respiratory distress, brain
hemorrhage or bowel perforation occur far less than in
babies born before 34 gestational weeks [36]. Based on
this knowledge, the patient collective of the present
study was allocated according to their GA at birth in either < 34 completed weeks of gestation or ≥ 34 completed weeks of gestation.
Considering the contradictory results of the publications cited above with regard to postoperative outcome in relation to the patients´ weight, this study
focussed on the impact of the patients´ GA rather
than weight on the anastomotic outcome after EA/
TEF repair.
The incidence of anastomotic complications in our
patient collective is in line or rather on a low level
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compared to the current literature [2]. Furthermore,
patients with a low GA even presented with a significant superior anastomotic outcome [Table 3].
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capture the anastomotic outcome of patients with low
GA compared to term infants.
Limitations

Associated anomalies & prematurity-related problems

It is widely accepted, that associated anomalies and
prematurity-related problems significantly affect the
morbidity and mortality of EA patients [3, 5, 10].
In this study, every fifth patient presented with a
VACTERL association which is considerably higher
than rates reported in the current literature [6, 8].
Nonetheless, the overall incidence of associated
anomalies was even lower in our cohort compared to
the reported numbers in literature [6, 12, 39, 40], but
specific comorbidities have been found to be significantly higher in the group of patients ≥34 gestational
weeks compared to the group of patients < 34 gestational weeks, such as hemodynamically relevant cardiac anomalies [Table 2]. In our cohort, 29% of
patients ≥34 gestational weeks with hemodynamically
relevant cardiac anomalies underwent open surgery
which might have undergone a thoracoscopic repair
otherwise according to the applied selection criteria.
This might lead to a potential bias. Nonetheless, 71%
of patients ≥34 gestational weeks underwent open repair although they did not present with relevant associated anomalies. In these cases, decision for the open
approach was based on timing (EA/TEF repair on
public holidays or at weekends) and/or individual surgeon’s preference or expertise.
Therefore, the favorable postoperative anastomotic
outcome of patients with a lower GA cannot adequately
be explained by the smaller number of cardiac anomalies. All the more, the superior outcome cannot be sufficiently declared by the absence of other associated
anomalies such as vertebral or anorectal malformations
as they have not been proven to affect the esophageal
anastomosis.
Notwithstanding the above, Borruto et al. demonstrated in a recent meta-analysis that the anastomotic
outcome did not differ between the open and thoracoscopic EA/TEF repair [41].
Our results further indicate that prematurity-related
problems such as IRDS and intraventricular bleeding
were significantly higher in patients < 34 gestational
weeks which is consistent with the available literature
[26, 27].
In summary and according to our findings, EA/TEF
patients with a low GA demonstrated significantly better
outcomes of the esophageal anastomosis, while significantly suffering from prematurity-related complications.
Fundamentally, the authors wish to highlight that
comparative studies evaluating one-staged vs. delayed vs.
staged EA/TEF repair are urgently needed to fully

The authors are aware of the relatively small number of
included patients. However, considering the low incidence of this congenital condition [42, 43] and the even
lower incidence of EA/TEF patients which are born preterm, to the best of our knowledge, this study provides
the largest series of patients in this respect. In this patient collective, specific results were shown to be significant. Therefore, it is tempting to extrapolate these
results to bigger sample sizes. Moreover, the authors are
aware of the limitations of the retrospective nature of
this study.
This study includes data sets of patients from two university centers of pediatric surgery which impedes
standardization of results. However, the ultimate objective of this study was to minimize the heterogeneity of
the patient collective in order to ensure the best possible
comparability of the groups with regard to the anastomotic outcome. Therefore, only a meticulously defined
group of patients has been included (only Gross type C,
only short-gap EA, only open surgical approach, only
one-staged repair) which may also result in a certain
bias.

Conclusions
Previous studies on the surgical outcome after EA/TEF
repair widely focused on the association between body
weight and anastomotic complications. To the best of
our knowledge, this is the first study introducing the patients´ gestational age rather than body weight in the
light of postoperative complications such as anastomotic
leakage, recurrent fistula and anastomotic stricture. Prematurity was associated with higher neonatal morbidity
such as IRDS and intraventricular bleeding. However,
low gestational age was associated with a significantly
lower incidence of anastomotic complications after onestaged EA/TEF repair. Our data suggests that primary
esophageal reconstruction is feasible and safe in patients
with low gestational age. Moreover, gestational age is a
reliable determinant of the outcome of esophageal
anastomosis.
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