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ANATOMIC VARIATIONS

Truncus bicaroticus with aberrant right subclavian artery
and origin of right vertebral from right common carotid artery
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Abstract We describe a rare constellation of variant
anatomy of the aortic arch branches, seen on a magnetic
resonance angiographic examination during the course of
investigation for recent onset memory loss in a 52-year-old
patient. There was a common origin of both the common
carotid arteries (CCA), the common trunk being the first
major branch of the aortic arch, the right vertebral artery
arising from the right CCA and the right subclavian artery
arising as the last branch of the arch. In isolation, the three
components of this constellation have been reported with
different frequencies, but as per the authors’ knowledge,
this entire constellation has been rarely reported. We review
the literature and propose an embryological mechanism for
this variant anatomy.
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Introduction

The aortic arch and its three major branches, viz. brachio-
cephalic, left common carotid and subclavian artery, as
well as their secondary branches develop by a fascinating
and highly complex sequence of formation and resorption
of channels during the embryonic life [4, 5, 8, 9, 14]. Thus
is offered scope for development of a variety of variations.
These variations become important in the clinical scenario,
sometimes directly responsible for clinical manifesta-
tions and sometimes causing problems to the physicians
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in making diagnoses, performing procedures or leading to
inadvertent complications [6, 7, 10, 11, 14].

Case report

A 52-year-old woman presented with recent onset and rap-
idly progressive memory loss with incoherent behaviour.
She had no antecedent or significant surgical or medical his-
tory. Her general physical examination and routine labora-
tory tests were within normal limits. A magnetic resonance
imaging (MRI) scan of the brain showed signal changes
in bilateral temporal—parietal-occipital cortices and differ-
ential diagnoses of prion disease or autoimmune encepha-
litis were kept. Simultaneously, an unenhanced magnetic
resonance angiography (MRA) examination of the head and
neck vessels was also done as a clinical differential of vas-
cular aetiology of her symptoms had also been thought of.

On MRA, a constellation of variations were noted in the
anatomy of the aortic arch branches (Fig. 1). There was a com-
mon origin of the common carotid arteries (CCA), the com-
mon trunk being the first major branch of the arch, the right
vertebral artery (RVA) arose from the right CCA and the right
subclavian artery (RSA) came as the last branch of the arch.

The upper cervical and intracranial arterial trees were
within normal limits (figure not shown).

The patient was put on treatment for autoimmune
encephalitis and her symptoms have stabilised, even though
she remains dependent.

Discussion

The aortic arch and its major branches develop by a
sequence of formation and resorption of multiple vascular
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Fig.1 Arch CEMRA, MIP image, posterior and slightly oblique
view: there is a common origin of both CCA (single arrow), the RSA
arises from the posterior surface of the arch as its last branch (double
arrow), and the right VA arises from the right CCA (multiple small
arrows). CCA common carotid artery, VA vertebral artery, RSA right
subclavian artery, MIP maximum intensity projection, CEMRA con-
trast enhanced magnetic resonance angiography

channels in the embryonic life, and have been well docu-
mented in standard literature [5, 8, 14].

In isolation, various variations are noted, some of the
relatively commoner ones being the common origin of
brachiocephalic and left CCA (the so-called ‘bovine ori-
gin’), LVA rising directly from arch and RSA arising as last
branch of the arch [2, 3, 6, 9, 12, 15]. Variations in RVA are
much less common, and so are constellations of variations
in a single person [2, 3, 6, 9, 12, 15].

The embryological mechanisms of the arch variations
in our case can be deciphered by the descriptions and the
schema given in standard textbooks, and discussed below
[5] (Fig. 2).

Our case can be explained by splitting the observations
into two (1) RVA origin from RCCA, which is associated
with aberrant RSA, and (2) common origin of the two CCA
(truncus bicaroticus).

The vertebral artery is considered to have the most con-
stant origin among all the branches of the subclavian artery,
and the commonest variation in the origin of the vertebral
artery is that of the LVA directly arising from the aortic
arch, which is seen in about 3 % of the population [16].
Other variations are very rare and include entities such as
origin of RVA from aorta distal to that of the LSA, both
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Fig. 2 Schema of development of the variations in our case: the cer-
vical intersegmental longitudinal anastomosis has regressed between
CIA 6 and 7 and the right dorsal aorta has regressed before CIA 7,
note the common origin of the carotid arteries. The dashed lines are
the parts which disappear during embryogenesis. RCCA right com-
mon carotid artery, LCCA left common carotid artery, /I third aor-
tic arch, /V fourth aortic arch, RVA right vertebral artery, RSA right
subclavian artery, LVA left vertebral artery, LSA left subclavian artery,
CIA cervical intersegmental artery

vertebral arteries arising from the arch, and the vertebral
artery arising from the carotid arteries [2, 3, 5, 6, 9, 12, 14,
15].

The vascular development is influenced by rheologic
and tension mechanics. The continuous process of forma-
tion and resorption of the primitive vessels results in ten-
sion and blood tends to flow into the channels which offer
least resistance. This results in the survival of the channels
offering least tension and resistance to flow while those
with higher tension or resistance to flow perish [4].

A longitudinal anastomosis between the dorsal cervi-
cal intersegmental arteries (CIA) leads to formation of
the vertebral arteries. During embryogenesis, the aorta
shifts caudally, creating longitudinal tension and bend-
ing of the proximal parts of the intersegmental arteries,
resulting in decreased blood flow. This offers opportunity
for anomalies to creep in, with the scope for formation of
abnormal connections between the developing vertebral
artery and the adjacent large arteries offering less resist-
ance [16].

Thus, if the longitudinal anastomosis of the right cervi-
cal intersegmental arteries stops between the 6th and 7th
CIA, and the obliteration of the right dorsal aorta occurs
proximal to the 7th CIA, there can be development of an
aberrant RSA and variant origin of RVA from RCCA. This
also explains why the origin of RVA from RCCA occurs
almost exclusively in presence of an aberrant RSA arising
distal to the LSA [12]. This pattern in RVA origin is seen
on right side (Type I), while another pattern is seen on the
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left side (Type II). In this situation, the LVA arises from
LCCA, however there is lack of aberrant origin of the LSA
[3].

The second portion of constellation can develop if there
is persistence of the arrangement existing during early ges-
tation period, when the third pair of aortic arch gives rise
to the left and right CCA, both vessels originating from
embryonic ventral aorta as a common vascular trunk.

Apart from these fascinating anatomic and embryologic
discussions, the clinical significance cannot be overempha-
sized, whether it is from the point of view of the cardio-
thoracic surgeon, the neurosurgeon, the radiologist, endo-
vascular specialists, trauma specialists or even residents,
and nurses [7, 10, 11]. Also, the aberrant RSA is known to
cause dysphagia lusoria [8]. Various syndromes and other
anomalies and variations have been reported to be associ-
ated with the common origin of the common carotids with
or without the anomalous RSA. These include esopha-
geal atresia-tracheoesophageal fistula, DiGeorge anomaly,
and anomalous origin of the left coronary artery from the
pulmonary artery, congenital polyvalvular disease, trun-
cus arteriosus, aorticopulmonary window, trisomy 13, 18,
and 21 syndromes, acrocephalosyndactyly (especially
Apert syndrome), tetralogy of Fallot not associated with
DiGeorge anomaly, and clinical Noonan phenotype [17].

The report would be incomplete without mentioning the
technology which detected this variation, i.e., the MRA. It
offers a quick, non-invasive, highly sensitive, and specific
tool to describe the anatomy of the larger arteries and with
its widespread usage, more and more such variations in
patient as well as normal population would be picked up
for sure [1, 13]. Thus it offers a potential for a more accu-
rate analysis of the vascular anatomy and embryology
in vivo, not possible in earlier days, even though catheter
angiography and microangiography have been available
since quite some time.

Conclusion

We present a rare case of a constellation of variations in
the aortic arch branches consisting of common origin of
both CCA, aberrant RSA and RVA arising from RCCA,
and discuss the plausible embryology. The variations were
detected incidentally in a 52-year-old female, during an
MRA examination, being performed for evaluation of rapid
onset dementia.
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