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Abstract
Objective  Thoracoscopic repair of esophageal atresia (EA) in the presence of right aortic arch (RAA) in neonates is still 
not widely reported due to its rare prevalence. This systematic review was performed for thoracoscopic repair of EA and 
RAA in the past two decades.
Methods  PubMed, Google Scholar, and Science Direct databases were searched for articles on children with the thoraco-
scopic repair of EA and RAA published between 2002 and 2023. Data were extracted with regards to number of patients, 
preoperative diagnosis and approach, intraoperative diagnosis and approach, conversion, morbidity, and mortality.
Results  The review identified 8 articles and offered a total of 22 neonates with EA and RAA with attempted thoracoscopic 
repair. Data extrapolated showed (a) preoperative diagnosis confirmation (n = 10), (b) approach with confirmed preopera-
tive diagnosis: right thoracoscopy (n = 5), left thoracoscopy (n = 5), (c) intraoperative diagnosis (n = 12), (d) approach after 
intraoperative diagnosis: shift right thoracoscopy to left thoracoscopy (n = 6), right thoracoscopy (n = 6), open conversion 
(n = 2), (e) total conversions: total (n = 4): thoracotomy (n = 2), right thoracoscopy to left thoracoscopy and then right 
thoracotomy (n = 1), to left thoracotomy (n = 1), (f) repair outcomes: primary repairs (n = 17) and staged repair (n = 5),(g) 
morbidity: leaks( n = 2), stricture (n = 1), no data (n = 11) and (h) mortality (n = 3).
Conclusion  There is an equal distribution in the side of approach in EA with preoperative diagnosis of RAA. This is also 
evident when the findings are confirmed intraoperatively. In 50% of the cases with intraoperative RAA findings, a switch to 
the left side was preferred. Conversions are reported in approximately 14% cases.
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Introduction

The past two decades have witnessed advances in the 
minimally access surgical approach to esophageal atresia 
(EA) repairs. The thoracoscopic repair is now considered a 
standard approach in EA in many tertiary pediatric surgery 
centers.

The right aortic arch (RAA) is regarded as the anoma-
lous curvature of the aorta that descends on the right side 
of the spine. Despite only being reported in 1.8%–3.6% of 

newborns with EA [1, 2], RAA poses a predicament regard-
ing the optimal surgical approach, mainly with regards to 
the side for repair. The presence of RAA has been reported 
to increase the technical difficulty of the operation, due to 
the aortic arch being in front of the esophagus and obscur-
ing its upper pouch. Although the presence of RAA is not 
a contraindication for the right-sided thoracic approach, an 
unrecognized RAA found intraoperatively may complicate 
the repair of EA and TEF (tracheoesophageal fistula) [3, 4].

Echocardiography still remains the gold standard in the 
diagnosis of cardiac and vascular anomalies. Unfortunately, 
RAA can be correctly identified in only 1 in 4–5 neonates 
on echocardiography routinely performed prior to EA/TEF 
repair [5]. Prior to the past two decades, suspicion of RAA 
was reported to be an indication for a left sided approach 
(thoracotomy) [2]. There are ongoing discussions in the lit-
erature with regards to the optimal approach for the repair 
of EA/TEF in neonates with RAA, albeit focusing mainly 
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on thoracotomies [6]. The present systematic review was 
performed to analyze thoracoscopic repair of EA in cases 
with RAA.

Methods

The systematic review was performed using the PRISMA 
guidelines [7]. PubMed, Science Direct, and Google Scholar 
databases were searched for articles on thoracoscopic repair 
of EA and RAA published from January 2002 to September 
2023. The search terms were “esophageal atresia”, “right-
sided aortic arch”, “thoracoscopic repair” and “neonates”. 
Inclusion criteria were English-language articles reporting 
original data on the diagnosis and treatment of newborns 
with EA and RAA (Fig. 1).

Two independent reviewers extracted information related 
to eligible articles. Full manuscripts were reviewed, and 
data were extracted for number of patients, preoperative 

diagnosis of RAA and approach, intraoperative diagnosis 
and approach, type of surgical repair, conversions, morbid-
ity, and mortality rate (Table 1).

Results

The initial search of the 3 databases yielded 89 articles. 
After the exclusion of duplicates and articles not relevant 
to this analysis, 8 articles met the inclusion criteria. The 
articles were retrospective studies, case reports or case series 
and a single multi-institutional study. The 8 articles reported 
on 22 cases of EA with RAA [8–15]. All 22 cases had a 
preoperative chest X-ray and an echocardiography.

RAA was confirmed prior to EA surgery in 10 cases [8, 
12–15]. Seliem et al. [9] reported 4 cases of preoperatively 
identified RAA, and the planned approach for the cases 
stayed unchanged as the right thoracoscopic approach. Two 
of those cases required conversion to right thoracotomy. 

Fig. 1   Preferred Reporting 
Items for Systematic Reviews 
and Meta-Analyses (PRISMA) 
Statement 2020 for thoraco-
scopic repairs of right-sided 
congenital diaphragmatic hernia

Records identified from: 
Pubmed (n = 6) 
Science direct (n =43) 
Google scholar (n= 40) 

Records removed before 
screening: 

Duplicate records removed    
(n = 34) 

Records screened 
(n = 55) 

Records excluded 
(n = 36) 

Reports sought for retrieval 
(n = 19) 

Reports not retrieved 
(n = 0) 

Reports assessed for eligibility 
(n = 19) 

Reports excluded: 
Thoracotomy (n = 8) 
Related to anesthesia (n = 1) 
Survey (n = 1) 
Perioperative management 
(n=1) 

Identification of new studies via databases and registers
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Rothenberg et al. [12] and Holcomb et al. [15] identified 4 
cases preoperatively, 2 cases each. However, the approach 
of choice was the left thoracoscopy in all these cases. The 4 
cases were completed successfully thoracoscopically with 
fistula ligation and primary anastomosis was achieved. Saka 
et al. also reported a single case that was preoperatively 
diagnosed with a left-sided primary repair [14]. There is 
also another primary repair achieved through right thora-
coscopy [13].

In 12 cases, the preoperative diagnosis did not confirm 
a RAA that was subsequently found at the time of repairs 
using right thoracoscopy. Of these, 5/12 cases were success-
fully completed through right thoracoscopy [8, 10, 13–15]. 
Switching to left thoracoscopy was opted in 6/12 cases [8, 
9, 11, 15]; one of these the converted to right thoracotomy 
in the case of unforeseen RAA with aberrant left subclavian 
artery (ALSA) [8]. One case (1/12) had conversion to left 
thoracotomy [14].

Primary repair was achieved and reported for 17 cases 
(right n = 8/left n = 9) [8, 10, 12–15] and four cases of staged 
repair due to long gap atresia were reported [8, 9, 11]. There 
was one case with a mirror-image right arch, that underwent 
ligation of the fistula, an esophagostomy, and a gastrostomy 
[8].

Four conversions were reported [8, 14, 15]. Two con-
versions were to right thoracotomy [8, 14], both being in 
cases with preoperative confirmed diagnosis of RAA. There 
was one conversion directly from right thoracoscopy to left 
thoracotomy after intraoperative diagnosis of RAA and 
unsuccessful operative progression [15], and one to left 
thoracoscopy then to right thoracotomy, also in a case of 
intraoperative diagnosis of RAA.[8].

Data on morbidity was only reported in 2/3 of the cases. 
There were 2 reports of anastomotic leakage [8], and one 
case of postoperative stricture in the long-term follow-up 
[10] without further information on dilatation or interven-
tions. There was no available data on morbidity for 9 cases.

There were 3 lethal outcomes reported [8]. All three 
patients were diagnosed with RAA along with ALSA. The 
cause of death was septicemia (n = 1) and associated congen-
ital anomalies (n = 2); the anomalies being ventricular sep-
tal defect (VSD) and portal hypertension in one, and atrial 
septal defect (ASD), ventricular hypertrophy, and bilateral 
renal back pressure in the other [8].

Discussion

The first thoracoscopic repair of esophageal atresia was 
at the International Pediatric Surgical Endoscopy (IPEG) 
meeting in Berlin in 1999 [16]. The operation was on a 
2-month-old infant with isolated esophageal atresia. In 
2000, Rothenberg reported the first “Thoracoscopic repair Ta
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of a tracheoesophageal fistula in an infant.” [17]. Since 2000, 
there has been a focus by pediatric surgeons on the thora-
coscopic approach to EA/TEF. Despite the similarity in the 
postoperative outcome and morbidity between the thoraco-
scopic repair and thoracotomy, the advantages of minimal 
access surgery include earlier extubation, less pain, and 
shorter hospital stay [18, 19].

Echocardiography has been used as a non-invasive tech-
nique to screen for vascular anomalies, including the lateral-
ity of the aortic arch. However, the sensitivity of echocar-
diography is low. In this review, it was found that over half 
of the cases were missed preoperatively and were identified 
intraoperatively.

RAA poses a dilemma about the optimal surgical 
approach, mainly the side of the thoracoscopy for repair. In 
the reviewed cases, there has been an equal number of right 
and left thoracoscopic approaches, both associated with suc-
cessful repairs. Nevertheless, Rothenberg et al., Saka et al., 
and Holcomb et al. opted directly for a left thoracoscopy in 
the case of a preoperative diagnosis of RAA [12, 14, 15]. 
Oshima et al. and Tainaka et al. reported the switch to the 
left thoracoscopy on intraoperative diagnosis of RAA with 
completed primary repair [9, 11].

In the series of 104 patients described by Holcomb et al., 
6 patients who were found to have RAA, either pre- or intra-
operatively, all received their operative repair through the 
left chest, 5 with thoracoscopy, and 1 with thoracotomy [15]. 
This review also identified that the presence of RAA did not 
interfere with the primary thoracoscopic repair, which was 
achieved in 70% of the cases.

The morbidities reported were not specific to the RAA, 
and generally not different from the cases with left aortic 
arch. They varied between leaks, which was managed con-
servatively, and strictures for which more data was not found 
[8].

Regarding the mortalities, the three cases reported had 
RAA combined with ALSA. While isolated RAA is usu-
ally asymptomatic, RAA combined with ALSA can worsen 
respiratory distress in a newborn with EA [4]. The reported 
mortalities were not associated with surgical complications.

EA with RAA diagnosed preoperatively is approached 
equally from the right and the left side. If the diagnosis is 
intraoperative, 50% had a preference to switch to the left side 
to continue with the repair.

Conclusion

In the present systematic review, EA with RAA can be com-
pleted with access from both sides. Also, when unable to 
proceed with right thoracoscopy, the switch to left thora-
coscopy offers an option to complete the repair. Future 

studies with larger sample sizes are still required to compare 
between the two approaches.
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