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Abstract
Double aortic arch (DAA) is a rare congenital anomaly of the heart and aorta in
which a vascular ring that surrounds the trachea and esophagus is formed. In
most patients, respiratory distress and dysphagia develop in childhood, and
asymptomatic adult patients are rarely known. Herein, we describe a patient with
lung cancer and DAA. A 66-year-old man who had DAA underwent video-
assisted thoracoscopic right upper lobectomy and mediastinal lymph node dis-
section for primary lung cancer. Lymph node dissection of the right upper medi-
astinum revealed that the right recurrent laryngeal nerve branched from the right
vagus nerve just beneath the right aortic arch. Additionally, the right aortic arch
narrowed the space surrounding the trachea, superior vena cava, and arch of the
azygos vein, impeding the stapling of the truncus anterior artery and right upper
lobe pulmonary vein with the video-assisted thoracoscopic approach.

Key points
Significant findings of the study:
• In double aortic arch, the recurrent laryngeal nerve branches from the vagus

nerve just beneath the ipsilateral aortic arch.
• The right aortic arch narrows the space surrounding the trachea, superior vena

cava, and arch of the azygos vein.
What this study adds:
• The anatomy of a double aortic arch impedes mediastinal lymph node dissec-

tion on the ventral side of the trachea. Handling autosuture devices for sta-
pling pulmonary arteries and veins is also difficult.

Introduction

The incidence of anomalies in the aortic arch forming a
vascular ring, such as in double aortic arch (DAA) and
right aortic arch, are reported to represent 1%–2% of all
congenital diseases of the heart and aorta.

1
In most

patients, DAA causes stridor, respiratory distress, and dys-
phagia in infancy and childhood requiring surgical treat-
ment.

2–4
Asymptomatic adult patients with DAA are rarely

reported. Only one case report of the surgical management
of a patient with lung cancer and DAA has been previously
published.

5
However, information on the surgical proce-

dure including the course of the recurrent laryngeal nerve

is insufficient. Herein, we discuss the challenges in per-
forming right upper lobectomy and mediastinal lymph
node dissection (ND2a-1) for primary lung cancer in a
patient with DAA.

Case report

A 66-year-old man underwent computed tomography
(CT) at medical examination, which revealed a pulmonary
nodule. Spirometry and the tumor marker
carcinoembryonic antigen were within normal limits.
Transthoracic echocardiography revealed normal heart
function and no heart malformations were noted. Chest
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Figure 1 Findings of the preoperative imaging of the double aortic arch. (a) Chest radiography reveals bilateral aortic notches at the level of the aor-
tic arch, suggesting aortic arch anomaly. Right aortic arch (yellow arrow) and left aortic arch (red arrow) can be seen. (b) Computed tomography
(CT) scan shows a lung nodule in the right upper lobe (blue arrow). (c, d, e) Enhanced CT scan depicts a double aortic arch forming a complete vas-
cular ring, which surrounds the trachea and esophagus. AAo, ascending aorta; rtAoA, right aortic arch; ltAoA, left aortic arch; DAo, descending
aorta; Tr, trachea; Es, esophagus.

Figure 2 Three-dimensional computed tomography (CT) image of the double aortic arch. (a, b) The trachea is surrounded by the left and right aortic
arches. The right common carotid and right subclavian arteries originate from the right aortic arch, whereas the left common carotid and left subcla-
vian arteries originate from the left aortic arch. AAo, ascending aorta; rtAoA, right aortic arch; ltAoA, left aortic arch; DAo, descending aorta; rtSCA,
right subclavian artery; rtCCA, right common carotid artery; ltSCA, left subclavian artery; ltCCA, left common carotid artery.
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radiography revealed bilateral aortic notches at the aortic
arch level, suggestive of an aortic arch anomaly (Fig 1a).
CT scan revealed a 1.9 cm partly solid ground-glass nodule
(GGN) in the right upper lobe (Fig 1b), and a DAA for-
ming a complete vascular ring around the trachea and
esophagus (Fig 1c, d, e). Stenosis of the trachea or esopha-
gus was not considerable, and the patient was completely
asymptomatic. A three-dimensional CT scan revealed the
trachea was surrounded by the left and right aortic arches
(Fig 2a, b). Video-assisted thoracoscopic surgery (VATS)
was performed based on the suspicion of a right upper lobe
lung cancer at clinical stage IA1.
The diagnosis of the intraoperative frozen section was

adenocarcinoma. The pulmonary arteries (A1+3, A2), pul-
monary veins (V1-3), and right upper lobe bronchus were
cut using autosuture devices (Fig 3a, b), and right upper
lobectomy and ND2a-1 were performed (Fig 3c). During
lymph node dissection of the upper mediastinum, the right
recurrent laryngeal nerve (RLN) was revealed to branch
from the right vagus nerve just beneath the right aortic
arch, and No. 2R and No. 4R lymph nodes were subse-
quently dissected (Fig 3d). The operative time was 188

minutes and the amount of blood loss was 30 mL. A chest
drain tube was placed in the thoracic cavity. No air leakage
was observed postoperatively. There was approximately
200 mL/day of drainage fluid which was not bloody or
chylous. Chest radiography on postoperative day (POD) 1
revealed the right lung was fully inflated (Fig 4). Therefore,
the chest drain tube was removed on POD 1. The patient
underwent laboratory tests and chest radiography on PODs
1, 3, and 7, and his postoperative course was uneventful.
No hoarseness was observed. He was discharged on POD
10. Following pathological diagnosis, the lung adenocarci-
noma was staged as IA1. After a nine month follow-up, no
recurrence of lung cancer was observed.

Discussion

In patients with DAA, a right dorsal aortic root is present
that has not regressed during the embryological process
leading to the formation of a vascular ring.6 The ascending
aorta bifurcates anterior to the trachea and esophagus, with
each arch running on the left and right sides of the trachea
and esophagus, respectively. These arches rejoin into a

Figure 3 F Surgical findings. (a) The right upper lobe pulmonary vein (V1–3) and (b) the truncus anterior artery (A1+3) were cut using autosuture
devices. (c) Surgical findings after right upper lobectomy and mediastinal lymph node dissection (ND2a-1). (d) The right recurrent laryngeal nerve
(blue arrows) branched from the right vagus nerve (orange arrows) just beneath the right aortic arch. SVC, superior vena cava; rtAoA, right aortic
arch; rtRLN, right recurrent laryngeal nerve; rtVN, right vagus nerve; Tr, trachea.
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single descending aorta posterior to the trachea and esoph-
agus, thereby encircling the two structures.7 DAAs are
often reported to be bilaterally different; with right-sided
and left-sided dominance in 70% and 25%, respectively,
and balanced in 5%.8 The bifurcation from the bilateral
aortic arches is symmetrical, with the common carotid
arteries branching first, followed by the subclavian arteries.
Patients with DAA without associated congenital heart
malformations are common (83%–93%).8

In primary lung cancer surgery in patients with DAA,
recognizing the anatomical characteristics in the upper
mediastinum is essential, especially the relationship
between DAA and RLN. In the previously reported case of
thoracic esophageal cancer with DAA, the RLN was found
to ascend along the tracheoesophageal groove in the neck,
after branching from the vagus nerve just beneath the ipsi-
lateral aortic arch.9, 10 Three-field, D2 resection is consid-
ered standard lymphadenectomy for thoracic esophageal
cancer.11 Paratracheal lymph nodes, namely No. 2R and
No. 4R in lung cancer, are included in ND2a-1 lymph
node dissection of right upper lung cancer. However, these
lymph nodes correspond to No. 106pre for esophageal can-
cer and are not included in three-field D2 lymph node dis-
section for thoracic esophageal cancer. In lung cancer

patients with DAA, lymph node dissection on the ventral
side of the trachea (No. 2R and No. 4R) may not be
enough due to the narrow space surrounding the trachea,
right aortic arch, superior vena cava, and arch of the azy-
gos vein (Fig 3d). This anatomical characteristic also makes
it difficult to handle autosuture devices for stapling the
truncus anterior artery (A1+3) and right upper lobe pulmo-
nary vein (Fig 3a, b).
To the best of our knowledge, this is the first detailed

report on a surgical procedure undertaken for a patient
with concurrent DAA and lung cancer. Its relevance comes
from the achievement of a good surgical outcome despite
the potential risks due to anatomical changes.
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