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A three branches aortic arch variant with d hi-carotid trunk and a retro-esophageal right
subclavian artery
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We report observations from a female cadaver presenting a rare variation of the branches of a left-sided aortic
arch. Three branches originated from the convexity of the arch in the following order: A bi-carotid trunk giving
origin to the right and left common carotid arteries, a left subclavian artery and a right subclavian artery. The
anomalous right subclavian artery ran obliquely from the left to the right, between the oesophagus and the
vertebral column to reach the right upper limb. © IJAV. 2009; 2: 11-14.
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Anatomical variations of the aortic arch and great vessels
are well documented as seen from autopsies, anatomical
and clinical studies. Most of the anomalies of the
aortic arch and its branches arise as a result of altered
development of primitive aortic arches of the embryo
during the early gestation period [1]. Similarly, variations
in the origin of great vessels of the aortic arch and the
pulmonary trunk may occur as a consequence of irregular
and imperfect development of aorticopulmonary septum
of the truncus arteriosus [2].

The most common pattern in the origin of the great
vessels of the aortic arch as described in standard
anatomical texts, is where the brachiocephalic artery
is the first and the largest vessel arising from the aortic
arch, followed by the left common carotid artery and
then the left subclavian artery. This pattern occurs in 65-
80% of cases [3,4]. Adachi reported that, 11% of cases
have a common trunk for the left common carotid artery
and the brachiocephalic artery, thus only two branches
arising from the arch [3]. The third most common pattern
constitutes, the left vertebral artery arising as a branch
of the aortic arch, proximal to the left subclavian artery.
Numerous other variations of the branching pattern of
the aortic arch are found in less than 1% of cases [3.4].

We report observations of a rare anatomical variation
in the branching pattern of the left-sided aortic arch in
a female cadaver encountered during routine anatomy
dissection.

The anomalous origin of the retro-esophageal right
subclavian artery referred here, was found in a 100-years
old Caucasian female body donor. The donor’s medical
records were not available for review and the cause of her
death was stated as “respiratory arrest”.

During routine dissection of the heart and the great
vessels, she was noted to have hardened, atherosclerotic
vascular walls and an unusual pattern of the branches
originating from aortic arch. Thorough inspection,
revealed a left-sided aortic arch with three branches, the
first branch from the convexity of the arch being a wide
vessel giving origin to the right and left common carotid
arteries, i.e., a bi-carotid trunk (Figures 1A and 1B). From
the point of origin (¥), the right common carotid artery
passed laterally for a short distance crossing the anterior
surface of the trachea, and then making a sharp turn to
ascend along its right side to the neck. The left common
carotid artery passed cranially along the left side of the
trachea in the normal fashion (Figures 2A and 2B). The
second branch of the aortic arch was the left subclavian
artery, which followed a normal course to reach the
upper limb (Figures 2A and 2B). The anomalous right
subclavian artery was the last branch of the aortic arch,
taking origin more posteriorly (Figures 2A, 2B, 3A and
3B), about 3 cm from the origin of the left subclavian
artery. It reached the right upper limb by crossing
obliquely behind the esophagus as it reached the thoracic
inlet (Figures 3A, 3B and 4). It was noted that, at the



12

Figure 1A. Anterior view of the aortic arch variant: The right
common carotid artery (RCCA) and the left common carotid artery
(LCCA) arising (asterisk) from the bi-carotid trunk (BCT).
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Figure 1B. A line drawing of figure 1A: The right common carotid
artery (RCCA), the left common carotid artery (LCCA) and the bi-
carotid trunk (BCT).

crossing point the posterior surface of the esophagus was
slightly grooved by the artery.

Despite the anomalies mentioned above, it was also
noted that each vessel originating from the aortic arch,
had a normal caliber and a usual area of distribution.
The left vertebral artery arose from the left subclavian
artery about 4 cm distal to its origin, and the right
vertebral artery commenced from the right subclavian
artery about 7 cm distal to its origin. No other congenital
vascular anomalies were found, and there were no
noticeable divergence in the heart’s internal and external
morphology.

Whenever anatomical variations are encountered in
dissection, autopsy or medical examination, an attempt
is usually made to try to elucidate the underlying
developmental factors. Our current observations of a
three branches aortic arch variant with a bi-carotid trunk
and a retro-esophageal right subclavian artery may have
resulted from an altered development of primitive aortic
arches. Poultsides et al. described the embryological
basis of anomalies of the common carotid arteries [5].
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Figure 2A. Left lateral view of the aortic arch variant: The left
common carotid artery (LCCA) passes cranially along the left side
of the trachea. The left subclavian artery (LSA) originates from
the convexity of the aortic arch and follows a normal course. The
anomalous right subclavian artery (RRSA) arises from the posterior
wall of the aortic arch.

Figure 2B. A line drawing of figure 2A: The left common carotid
artery (LCCA), the left subclavian artery (LSA) and the anomalous
right subclavian artery (RRSA).
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Figure 3A. Right lateral oblique view of the aortic arch variant:
Anomalous right subclavian artery (RRSA), passing laterally between
the esophagus (ESO) and the vertebral column; the retro-esophageal
right subclavian artery. The right common carotid artery (RCCA)
follows a normal course to the neck.

Figure 3B. A line drawing of figure 3A: The retro-esophageal right
subclavian artery (RRSA), esophagus (ESO), trachea and the right
common carotid artery (RCCA).

He summarized that, during early gestation period, the
third pair of aortic arches give rise to the left and right
common carotid arteries, both vessels originating from
embryonic ventral aorta as common vascular trunk, as a
result, persistence of this stage of development gives rise
to a vascular pattern called the common origin of carotid
arteries [5].

Anatomical variations of the origin of the left common
carotid artery are more common than of the right common
carotid artery, because, the left common carotid artery
arises often from the brachiocephalic trunk or from a
common stem with the right common carotid. Those cases
where the right subclavian artery is a separate branch of
the aorta, the right and left common carotid arteries most
frequently arise by a common trunk [4].

The origin of the retroesophageal right subclavian artery
as the last branch of the aortic arch is often seen as a
congenital aortic arch anomaly. The reported frequency of
this anatomical variation is about 0.4-2% [4]. The possible
embryological basis of anomalous origin of the right
subclavian artery is the early involution of the right fourth
aortic arch and the cranial part of the right dorsal aorta.
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Figure 4. Diagrammatic representation of the branches of the aortic
arch with the trachea and esophagus in place. Dotted oval represents
the point of origin of right retro-esophageal subclavian artery from
the posterior aspect of aortic arch. (RRSA: right subclavian artery;
RCCA: right common carotid artery; LCCA: left common carotid
artery; BCT : bi-carotid trunk; LSA: left subclavian artery)

Consequently, the right subclavian artery develops from
the right seventh dorsal intersegmental artery and from the
distal segment of the right dorsal aorta [6]. As development
continues and the arch of aorta forms, a differential growth
shifts the origin of the right subclavian artery closer to the
left subclavian artery. Bergman et al., state that, the right
subclavian artery may arise directly from the arch of the
aorta, as the first, second, third, fourth or fifth branch. In
1899, Holzapfel studied 133 autopsy cases of anomalous
right subclavian artery arising as the last branch of the
aortic arch. He reported that, in 80% of cases the right
subclavian artery passed behind the esophagus to reach the
groove on the right first rib, in 15% of cases between the
trachea and oesophagus, and in front of trachea in 5% of
cases [4].

The branching pattern of the aortic arch described in
this case report, is generally considered as asymptomatic
[4]. However, surgical reports from clinical cases showed
that, anomalous arteries are more prone to atherosclerotic
degeneration. In elderly patients an anomalous right
subclavian artery occasionally becomes tortuous and it can
compress the trachea or the oesophagus causing dysphagia
lusoria [7-9]. Moreover, an anomalous right subclavian
artery may be associated with a diverticulum of the aorta
or, it may give rise to aneurysms [10,11]. In the current
observations, the posterior wall of the esophagus was found
slightly compressed at the region where the anomalous
right subclavian artery crossed it.

Observations on a similar type of anatomical variation of
the branching pattern of the aortic arch have rarely been
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reported in literature. Awareness of vascular variations,
especially in this region, is imperative in diagnostic
procedures and in planning surgical interventions during
clinical practice.
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