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SUMMARY: The normal aorta has three branches from its arch, the
brachiocephalic trunk, the left common carotid and the left subclavian artery.
Variations in the branching pattern of the aortic arch are not uncommon.
We report a case of aberrant branching of the aortic arch involving 3 variants.
This case was observed during cadaveric dissection and a review of the
literature indicates that this pattern of branching is uncommon. There was
a right retro-oesophageal subclavian artery (arteria lusoria). The right and

left common carotid arteries arose from the arch by a short common trunk
(truncus bicaroticus). Also, the left vertebral artery arose directly from the
aortic arch between the common trunk of the right and left common carotid
arteries and the left subclavian artery. In a seminal study done by Liechty et
al. they reviewed the branching pattern of the aortic arch in 1000 cadavers,
finding thirteen cases of arteria lusoria; eight of these had associated truncus
bicaroticus and only one had all three variants. We will be discussing the
embryology of these variants and their clinical importance.
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INTRODUCTION

he Variations of the branching patterns of arteries have always

received considerable attention in anatomical literature. Although
these variants generally are asymptomatic, some are associated with
significant symptomatology. It is also very important to recognize these
variants when procedures are being performed as failure to do so may
lead to harm for the patient. A right retrooesophageal subclavian artery
can cause dysphagia lusoria (1,2) and an aneurysmal dilatation of this
vessel (Kommerell’s diverticulum/aneurysm) (2) can cause thrombosis
with resulting arterial embolization to the right upper extremity (3).
Failure to recognize a truncus bicaroticus may lead to complications
during tracheostomy or thyroidectomy. Also injury to the vertebral artery
in cervical spine surgery is increased in a case with a variant vertebral
artery (4) and preoperative imaging studies such as a MRI should be
carefully reviewed to prevent this complication. We will also be looking
at the embryological origin of these variants.

CASE REPORT

It is the routine in our Anatomy Department at the University of the
West Indies Medical School to dissect the anterior neck before dissecting
the superior mediastinum. During dissection of the right side of the
neck of the cadaver (Figure 1) of an elderly male it was noted that the
right common carotid artery (9.5 mm in diameter) did not branch
from a brachiocephalic trunk and the right subclavian artery (10 mm
in diameter) entered the right neck by passing behind the oesophagus.
The right recurrent laryngeal nerve was not seen and the nerves to the
larynx and oesophagus branched directly from the right vagus as it
descended in the neck to run on the right side of the trachea in the
superior mediastinum. Dissection of the left side of the neck revealed
a left common carotid artery (10 mm in diameter) and a left subclavian
artery (10 mm in diameter) (Figure 1).

On removing the anterior chest wall and dissecting the superior
mediastinum (Figure 2), it was noted that there was a short truncus
bicaroticus (22 mm in transverse diameter and 20 mm in length) with
two common carotid arteries straddling the trachea behind the upper
manubrium sterni. The next branch arising from the arch was the left
vertebral artery (4 mm in diameter), followed by the left subclavian artery.
There was 1.5 mm of the superior surface of the aortic arch between the
left vertebral artery and the origin of the left subclavian artery. The origin
of the aberrant right subclavian artery was 11 mm in diameter and it
arose posteromedially from the distal aortic arch 25 mm after the origin
of the left subclavian artery.

Figure 1) Right neck dissection. The internal jugular vein was transected and retracted
inferiorly. The right common carotid artery (RCCA) was retracted onto the right lobe of the
thyroid. The aberrant right subclavian artery (RSA) can be seen appearing from posterior to
the oesophagus (OES), which is held by forceps. The subclavian artery can be seen passing
posterior to right scalenus anterior with overlying phrenic nerve (RPN). The vagus nerve
(RVN) is seen without a recurrent laryngeal branch

DISCUSSION

Variations in the branching pattern of the aortic arch are not rare. We
reviewed four large studies looking for the incidence of the variants seen
in our case and the incidence of these variants occurring together. Lale et
al. (5) reported on 881 CT angiograms of the aortic arch (AA). 2.8% had
left vertebral artery arising from the arch and 1.9% had an aberrant right
subclavian artery. Berko et al. (6) reported on 1000 CT angiograms of AA.
6.6% had direct origin of left vertebral artery from the arch and 1.2% had
an aberrant right subclavian artery. Klinkhamer (7) reported that in 295
patients with an aberrant right subclavian artery, 85 patients (29%) had
truncus bicaroticus. This is not surprising as the most common variant seen
in aortic arh branching is the ‘bovine arch’ where there is a common origin
of the brachiocephalic trunk and the left common carotid artery. However it
was Liechty et al. (1) who looked at 1000 cadavers and drew diagrams (Figure
3). 1.3% of the cadavers had an aberrant right subclavian artery and 0.1% of
all cadavers had all the variants seen in our case.

A full discussion of the embryology of the aortic arch is beyond the scope
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Figure 2) This is a view of the aortic arch with both common carotid arteries
(RCCA&LCCA) (seen with the thyroid gland between them) arising from a common
trunk. The other artery seen anterior to the forceps is the left vertebral artery (LVA). The
left subclavian artery (LSA) is seen passing posterior to the left anterior scalene muscle
with overlying phrenic nerve (LPN). The origin of the aberrant right subclavian artery (not
shown here) was observed arising from the distal aortic arch posteromedially
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Figure 3) This image was taken from the 1956 paper by Liechty et al. They reported on
the variations of AA branching IN 1000 cadavers. 13 had arteria lusoria of which 8 had

in addition truncus bicaroticus. Only 1 had a variant left vertebral artery

of this article. The left fourth aortic arch and the left dorsal aorta caudal to
it gives rise to the aortic arch, with the left 7 cervical intersegmental artery
becoming the left subclavian artery (8). The right fourth aortic arch and the
right 7% cervical intersegmental artery give rise to the right subclavian artery;
associated with this is regression of the right dorsal aorta rostrally up to entry
of the right 3 aortic arch and caudally to the descending aorta. In arteria
lusoria, what happens is that the right 4™ aortic arch regresses and it is the
right dorsal aorta caudal to it that persists, joining with the right 7™ cervical
intersegmental artery to form the right subclavian artery. This will therefore
arise from the distal aortic arch and thus passes posterior to the oesophagus
and occasionally posterior to the trachea.
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The remaining cervical dorsal intersegmental arteries disappear but not before
giving rise to several longitudinal ateries (9) by longitudinal anastomoses
between them. The vertebral artery is one of these; usually its first part is a
longitudinal contribution from the 7™ dorsal cervical intersegmental artery;
hence its origin from the subclavian artery. The vertebral artery represents
a postcostal or pretransverse anastomosis of these arteries. Then the costal
element of the cervical spine fuses with the transverse process to form the
foramen transversarium. When the left vertebral artery arises from the aortic
arch, it appears that the origin of the first part of the vertebral artery is
from the origin of the left 6™ cervical intersegmental artery which persists.
There are other similar longitudinal anastomoses of branches of these dorsal
cervical intersegmental arteries in the neck. Thus the ascending cervical
represents a precostal longitudinal anastomosis and the deep cervical artery
represents a posttransverse longitudinal anastomosis.

Again we wish to point out that these variants generally are asymptomatic
but some are associated with significant symptomatology as mentioned in
the introduction. It is also very important to recognize these variants (10)
when procedures are being performed as failure to do so may lead to harm
for the patient.
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