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Abstract

Background: Esophageal atresia is associated with a right aortic 
arch in 2 to 13% of cases. Despite previous studies, consensus on 
the optimal surgical approach remains lacking. This study aims to 
analyze the management of esophageal atresia with a right aortic 
arch in France over three decades, to define the most effective sur-
gical strategy and identify associated complications.

Methods: We conducted a two-phase study. Firstly, we surveyed 
pediatric surgeons regarding their management preferences for 
esophageal atresia with and without right aortic arch. Secondly, 
retrospective data on patients treated over three decades were col-
lected, analyzing surgical approaches and immediate postoperative 
outcomes. 

Results: When dealing with a right aortic arch, 77% of the sur-
veyed surgeons opted for a right approach, primarily by thoracos-
copy. We present a cohort of 21 patients with esophageal atresia 
and right aortic arch. Six patients (28%) underwent surgery via a left 
approach, and 15 (72%) via right approach, with 7 patients man-
aged by thoracoscopy as the primary approach. One patient under-
went a two-stage repair with a change of side from right to left dur-
ing the second time. There was no significant difference between 
right and left approaches in terms of postoperative complications. 
The incidence of chylothorax was 23%. 

Conclusion: No superiority between left and right surgical ap-
proaches was observed. Video-assisted surgery emerges as a prom-
ising option. Additionally, we advocate for the systematic place-
ment of a chest drain due to the notable risk of thoracic duct injury 
and subsequent chylothorax. 
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Introduction

Esophageal atresia is a congenital malformation character-
ized by a discontinuity in the esophageal lumen, which may be 
associated with a communication between one or both pouch-
es of the esophagus and the tracheobronchial tree. It is the 
most common congenital anomaly of the esophagus, affecting 
one in 2500 to 3000 newborns annually [1]. Half of the patients 
born with esophageal atresia also have another associated mal-
formation [1,4]. The prevalence of cardiac malformations in 
esophageal atresia is reported to be 15 to 30% [5]. In 2.5 to 13% 
of cases, it is associated with a right aortic arch [7,20] resulting 

from persistence of the right fourth aortic arch instead of the 
left as the definitive aortic arch [13]. This anomaly poses the 
challenge of poor exposure of the esophagus during surgical 
repair of the atresia and may make the esophago-esophageal 
anastomosis difficult to perform. The earliest publication ad-
dressing the management of this rare malformation association 
is a case series published by Harrison et al. in 1977 [21]. The 
author described the main difficulties encountered, particularly 
exposure constraints greatly hindering the achievement of the 
esophago-esophageal anastomosis. Since then, several authors 
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have explored this issue, but no consensus has been reached 
regarding the optimal surgical approach for these patients. The 
aim of this study is to analyze the management of patients with 
esophageal atresia and right aortic arch in France over the past 
thirty years to define the best surgical approach. The second-
ary objective is to identify specific complications related to the 
management of these patients.

Materials and Methods

Data Collection

Our study was conducted in 2 phases. Firstly, we distributed 
a questionnaire to pediatric surgeons who are members of the 
Thoracic Surgery Committee of the French Society of Pediatric 
Surgery to gather information on the management of esopha-
geal atresia with right aortic arch (Figure 1) The questionnaire 
focused on their personal experience in esophageal atresia 
repair in general, including their preference between perform-
ing a thoracotomy or a thoracoscopy, and the advantages they 
found in a minimally invasive approach for this procedure. 
Other questions specifically addressed the management of 
esophageal atresia with right aortic arch, including the role of 
preoperative echocardiography and the best surgical approach 
according to them.

Secondly, surgeons were asked to complete retrospective 
data collection forms concerning patients treated for this con-
dition in their centers over the past 30 years. Information re-
quested included gestational age and birth weight, presence 
of associated malformations, performance of preoperative 
echocardiography, surgical approach, immediate postoperative 
outcomes, and total length of hospital stay. We conducted a 
descriptive analysis of these data and then categorized the pa-

tients into 2 groups based on whether they underwent surgery 
via a right or left approach to conduct a comparative analysis of 
immediate postoperative complications.

Statistical Analysis

Comparisons between the two groups (right approach versus 
left approach) were conducted using a non-parametric Mann-
Whitney (or Wilcoxon) test for unpaired samples due to the 
small sample size, which does not follow a normal distribution.

Percentage comparisons between the two groups (right ap-
proach versus left approach) were conducted using Fisher's ex-
act test because the conditions for applying the Chi-square test 
were not met (expected cell counts < 5).

Survival analysis was represented by Kaplan-Meier curves, 
and comparison of survival curves between the two groups was 
performed using a Log Rank test.

Statistical analyses were performed using R Studio version 
2023.06.0+421 for Macintosh (studio, 2023).

Results

Surgeons Response

Eighteen pediatric surgeons practicing in 16 different cen-
ters responded to the questionnaire (Table 1). Eight practitio-
ners treated at least 10 esophageal atresia per year. Fourteen 
surgeons had previously managed more than 20 esophageal 
atresia in their careers. Ninety-five percent of surgeons rou-
tinely performed preoperative echocardiography. When asked 
about the purpose of preoperative echocardiography, 13 of the 
surveyed surgeons stated that it was to identify the laterality 
of the aorta and detect congenital heart diseases. Among the 
surgeons who performed preoperative echocardiography, four 
only looked for the presence of congenital heart diseases and 
not the laterality of the aorta in order to anticipate potential 
hemodynamic and ventilatory difficulties that could complicate 
general anesthesia management. Fifteen surgeons (83%) stated 
a preference for performing thoracoscopy as the primary ap-
proach for esophageal repair regardless of the position of the 
aorta. Among the surgeons practicing thoracoscopy in this indi-
cation, 10 (62%) claimed it was a better option than thoracot-
omy, citing better exposure leading to more precise dissection 

Figure 1: Questionnaire sent to the members of the Thoracic 
Surgery Committee of the French Society of Pediatric Surgery.

Table 1: Main reported challenges for repair of esophageal atresia 
with right aortic arch.

Performing anastomosis: 27%

Exposure difficulties: 22%

Dissection of the proximal pouch: 16%

Fistula ligation: 11%

Dissection of the distal pouch: 5%

Table 2: Patients clinical characteristics.
Total Right approach Left approach p value

Female 7 4 3 0.35
Male 14 11 3 0.44
Gestational age 3 3 0 0.2
28 - 31 weeks
Gestational age 4 4 0 0.72
32-36 weeks
Gestational age 13 8 5 0.15
> 37 weeks
Cardiac malformation 9 5 4 0.33
Other congenital 
malformation

10 8 2 0.63

Birth weight, median 2520 1890 2770 0.051
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and long-term musculoskeletal benefits. In cases where a right 
aortic arch was diagnosed preoperatively, 14 of them (77%) 
chose a right approach, with 12 opting for thoracoscopy. Only 
four of them reported changing their approach in case of intra-
operative discovery of a right aortic arch. When asked about 
the main difficulties encountered in the repair of esophageal 
atresia with a right aortic arch, practitioners mentioned a dif-
ficult dissection of structures, particularly the upper esophageal 
pouch, and the challenging achievement of the anastomosis un-
der non-ideal conditions due to proximity to the thoracic aorta.

Clinical Characteristics

We collected a total of 21 patient records managed for 
esophageal atresia with right aortic arch between 1990 and 
2023. The cohort consisted of 66% male patients (Table 2). The 
median gestational age at birth was 37 weeks, and the median 
birth weight was 2520 grams. Seventy-one percent of patients 
had associated malformations other than a right aortic arch. 
These were mostly cardiovascular (47%), but also digestive 
(23%), musculoskeletal (28%), and genitourinary (23%).

Management and Postoperative Outcomes

Laterality

In total, 6 patients underwent surgery via a left approach 
(Figure 2). 5 patients underwent thoracotomy, and one under-
went thoracoscopy. One of these patients underwent a two-
stage repair without changing sides during the second stage. 
All the patients had undergone preoperative echocardiography, 
which correctly diagnosed the right aortic arch. 

Fifteen patients underwent surgery via a right approach, 
including 6 who underwent thoracoscopy as the primary ap-
proach. Among these 15 patients, 3 did not undergo preop-
erative echocardiography, but intraoperative discovery of the 
vascular anomaly did not lead to a change in the side of the 
approach. Twelve patients had undergone preoperative echo-
cardiography, with a correct diagnosis of right aortic arch in 7 
of them. In the remaining 5 patients, the anomaly was not diag-
nosed. In this latter group, one patient underwent a two-stage 
repair with a change in the side of the approach from right to 
left for the second stage.

Postoperative Complications

Data on postoperative complications were available for all 
patients. In total, 11 patients (52%), experienced postoperative 
complications (Table 3). Among them were one pneumonia, 2 
cases of mediastinitis requiring antibiotics, 2 anastomotic leaks, 
and 3 symptomatic anastomotic strictures requiring endoscopic 
dilatations, 5 chylothoraxes (23%). One patient experienced 
multiple complications, including mediastinitis, chylothorax, 
and anastomotic stricture. The median length of hospital stay 
was 45 days. 

Comparison between Left Approach and Right Approach

There was no significant difference regarding gender, ges-
tational age, birth weight, and presence of malformations be-
tween patients operated via left approach and those operated 
via right approach. Survival analysis on the occurrence of post-
operative complications also did not show a significant differ-
ence between the two groups of patients (Figure 3).

Discussion

The development of the aorta begins in the third week of 
gestation with 6 pairs of aortic arches formed between the aor-
tic sac and the dorsal aortas. Under the influence of neural crest 
cell migration and programmed apoptosis, these arches will ap-
pear and involute asynchronously. Observation of a right aortic 
arch occurs when the fourth right arch, destined to give rise to 
the proximal portion of the right subclavian artery, persists as 
the definitive aortic arch [11]. There are 2 main types of right 
aortic arches: type I, a mirror image of the left arch, represents 
85% of cases; and type II, which may more often be responsible 
for symptoms of esophageal or tracheal compression [16]. In 
the absence of a right aortic arch, the surgical repair of esopha-
geal atresia through the traditional right approach poses little 
exposure-related difficulties. The main obstacle is the presence 
of the azygos vein arch, which can be divided between 2 liga-
tures to improve esophageal visibility.

The association of esophageal atresia with right aortic 
arch occurs in only 2.5 to 13% of cases of esophageal atresia 
[7,9,20,22–24]. We present in this study the largest cohort of 
patients managed for this malformation association. Among 
esophageal atresia patients, the reported rate of associated 
malformations in the literature varies between 48 and 71% 
[4,25,26]. Of the 21 patients included in our study, 71% had var-

Figure 2: Flow chart.

Table 3: Comparison of postoperative complications between right 
approach and left approach.

Total Right approach Left Approach p value

Total complications 11 (52%) 7 4 0.63

Hemorrhage 0 0 0 NA

Chylothorax 5 (23%) 3 2 0.59

Anastomotic 
stricture

3 (15%) 2 1 1

Anastomotic leak 2 (9%) 1 1 1

Infection 3 (15%) 3 0 0,52

Figure 3: Survival analysis on the occurrence of postoperative 
complications.
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ious types of congenital anomalies, particularly cardiovascular. 
Among the anomalies found, the most frequent were Tetralogy 
of Fallot and ventricular septal defect. These 2 malformations 
are frequently described in association with aortic arch anoma-
lies [12].

Our literature search identified only 8 studies with patients 
managed for esophageal atresia with right aortic arch. Although 
there is not many publications addressing this topic in the litera-
ture, determining the laterality of the aorta remains a concern 
for many surgeons managing this condition because none of 
the aforementioned studies reach a consensus, and the man-
agement of this association has remained controversial over 
the years.

In an article published in 1977, Harrison et al. described a 
series of 7 patients managed for esophageal atresia and right 
aortic arch, 3 of whom required a change from a right to a left 
approach during the same operative time, and concluded on 
the need for a left approach if the anomaly is diagnosed pre-
operatively or intraoperatively [21]. In 1990, Stringel et al. 
were the first authors to conclude that right thoracotomy is 
not contraindicated in a study based on a series of 5 patients 
[27]. Bowkett et al., in a series of 15 patients published in 1999, 
recommended approaching patients from the left in case of 
preoperative diagnosis of right aortic arch or performing a left 
thoracotomy in the same operative time if discovered intraop-
eratively [9]. The same conclusion was found in a study of 12 
patients published in 2000 by Babu et al., with the difference 
that the authors recommended delayed left thoracotomy in 
case of intraoperative discovery of the anomaly to better char-
acterize the cardiovascular malformation before the second in-
tervention [7]. Between 2006 and 2019, 4 publications focused 
on the management of these patients. Allen et al. simply rec-
ommended performing an anatomical assessment before the 
intervention [22], while Bicakci et al. and Lal et al. concluded 
that right thoracotomy is not contraindicated for these patients 
[20,24]. Finally, Wood et al. went further and recommended 
performing a right thoracotomy in this indication [23].

Even today, the question of the optimal approach for these 
patients is not consensual among practitioners. In their ques-
tionnaires regarding surgeons' attitudes towards managing 
esophageal atresia with right aortic arch, Aguilera et al. and Zani 
et al. showed that half of the surveyed surgeons preferred a left 
approach when the diagnosis of right aortic arch is made pre-
operatively, which differs from the responses obtained through 
our questionnaire where most surgeons preferred the tradition-
al right approach. This preference is reflected in practice in our 
series, with a predominance of the right approach in patients 
whose aortic positional anomaly was diagnosed preoperatively.

Of the 7 patients in our series who were diagnosed preoper-
atively and operated on via a right approach, none had a change 
in approach to the left during surgery. We made the same obser-
vation for patients who did not undergo preoperative echocar-
diography and were approached from the right. This choice can 
be explained by the fact that the repair of esophageal atresia 
through the right approach is a highly standardized procedure, 
and even in cases of anatomical variation leading to difficulties, 
surgeons will be more comfortable performing the procedure 
under familiar conditions.

Furthermore, among the 8 publications on esophageal atre-
sia with right aortic arch identified in the literature, only 3 were 

published after the first type III esophageal atresia repair by 
thoracoscopy [30], but none described the results of thoracos-
copy in this indication. Our series differs from previous studies 
because it is the first to report such results. There was a total 
of 7 patients in the studied cohort operated on by minimally 
invasive surgery, including 6 by right thoracoscopy as a first-line 
approach without needing to change sides. There are several 
advantages to choosing a minimally invasive approach. First, 
thoracoscopy allows for a minimally invasive exploration of the 
hemithorax and thus helps determine whether conditions are 
favorable enough to perform the anastomosis on the chosen 
side. If the conditions are deemed unfavorable, a change of 
sides to the left will be more easily tolerated in the short and 
long term in terms of musculoskeletal aspects than a double 
thoracotomy [18]. Furthermore, video-assisted surgery pro-
vides better visualization of anatomical structures, which is a 
significant advantage for this intervention where the practitio-
ner is required to perform an anastomosis near important vas-
cular structures. The benefits of thoracoscopy seem to improve 
the issue of changing sides. This may explain why patients oper-
ated on by right thoracoscopy in our series were able to com-
plete their anastomosis without the need to change sides and 
proceed to the left.

In terms of complications, there was no significant differ-
ence between the right and left approaches in our series. The 
complication rate of 52% and their types are similar to the data 
found in the literature, with a majority of anastomotic strictures 
[19,26,31–33]. However, the incidence of chylothorax found 
was 23%, with a similar distribution between patients operated 
on by the right and left approaches. The thoracic duct originates 
from the cisterna chyli at the level of the 2nd lumbar vertebra 
intra-abdominally and enters the thorax via the aortic hiatus. 
It then ascends extrapleurally along the right anterolateral as-
pect of the vertebral bodies between the azygos vein on the 
right, the aorta on the left, and the esophagus posteriorly [34]. 
Between the 5th and 7th thoracic vertebrae, the thoracic duct 
crosses the aorta posteriorly to then run along the left side of 
the esophagus. This anatomical position, as well as that of its 
afferent branches, is likely altered in cases of right aortic arch, 
explaining the high rate of chylothorax found in our series.

Chylothorax is a complication rarely described in studies on 
postoperative outcomes of esophageal atresia repairs, but it 
can significantly prolong hospitalization [22,24]. Three case re-
ports about children who developed chylothorax after esopha-
geal atresia repair (not associated with right aortic arch) discuss 
treatment options such as argon laser coagulation, thoracic 
duct embolization, or biological glue [35–37]. In our series, all 
chylothoraxes were treated conservatively. However, consider-
ing that the latest European recommendations do not advocate 
leaving a thoracic drain in place after esophageal atresia repair 
[38], it seems appropriate to recommend systematic placement 
of a thoracic drain in cases of esophageal atresia repair associ-
ated with right aortic arch to detect any potential chylothorax 
as early as possible.

However, this study has several limitations. Firstly, data col-
lection was retrospective and non-exhaustive, as we did not use 
a registry of esophageal atresia cases. Secondly, the small num-
ber of patients included did not allow us to perform analyses 
with sufficient statistical power or subgroup analyses. Further 
studies, prospective and involving a larger number of patients, 
are therefore necessary to validate our conclusions.
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Conclusion

We draw three main lessons from this work. Firstly, preop-
erative echocardiographic evaluation remains important but 
may be inadequate in diagnosing a right aortic arch. Secondly, 
the left approach does not appear to be superior to the right 
approach in the repair of esophageal atresia with right aortic 
arch in terms of complications. Despite recommendations to 
perform a left approach in this indication if right aortic arch is 
diagnosed preoperatively, we did not demonstrate its superior-
ity, and surgeons who performed a right approach were able 
to successfully complete the procedure without changing their 
strategy. Minimally invasive surgery appears to be a viable alter-
native, allowing for better exposure, and if exposure difficulties 
arise, a contralateral approach will be better tolerated in terms 
of musculoskeletal aspects. This modality therefore improves 
the issue of the approach side in this indication. Lastly, we rec-
ommend the systematic placement of a thoracic drain in these 
patients due to the risk of thoracic duct injury and chylothorax.
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