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Abstract

Background: Anatomical variants of the aortic arch and its branching patterns often appear as an incidental
finding during routine computed tomography (CT) scanning. These variations can be of relevance when
performing angiography or endovascular interventions and may cause symptoms such as dysphagia.
Purpose: To analyze common anatomical variations found within the arteries originating from the aortic arch
in patients using contrast CT imaging techniques.

Material and Methods: A total of 2033 contrast CT scans were analyzed. To obtain a truly representative sample,
cases were chosen from different hospital departments without previous knowledge of the patient history.
Results: The total percentage of variations within the analyzed patients was 13.3%. In 8.0% atruncus bicaroticus
was found. 4.2% of the patients showed a left vertebral artery originating directly from the aortic arch, mostly
proximal, and in 1 case distal to the left subclavian artery. In 1.0% we found an aberrant right subclavian artery. We
also found a single case of a right descending aortic arch.

Conclusion: Variations of the aortic arch and its branching are frequently found, mostly as an incidental finding
during routine diagnostic scanning. A contrast-enhanced CT scan is a good method with which to study the aortic

arch and its associated branching pattern.
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Anatomical variants of the aortic arch and the arteries orig-
inating from it occur on a regular basis. Knowledge of the
prevalence of such variants is of interest as they may
cause difficulties during conventional angiography and
endovascular procedures, especially if such variations are
previously unknown (1).

Our aim was therefore to undertake a retrospective, high-
powered study, analyzing the structural variations of the
aortic arch and the supra-aortic arteries in order to deter-
mine the prevalence of such findings.

Material and Methods

Estimation of sample size was performed on the assumption
that the prevalence of arterial anomalies was 2%. In order to
achieve a 95% confidence interval, it was therefore calcu-
lated that 753 cases were required.
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A total of 2033 consecutive computed tomography (CT)
scans, carried out from April 1, 2008 to March 15, 2009,
were included within this retrospective study. Cases were
chosen from different hospital departments without pre-
vious knowledge of the patient history.

Data acquisition was obtained using a 16-, 64- or 256-slice
scanner (Brilliance 16/Brilliance 64/ICT, Philips Medical
Systems, Cleveland, OH, USA) following the administration
of intravenous contrast agent (1.2mL/kg body weight,
Imeron® 400, Bracco, Konstanz, Germany). In 1224 patients,
a CT of the thorax was performed with the following scan
parameters: slice thickness 0.9-2 mm, increment 0.5-1 mm,
pitch 0.9, rotation time 0.4-0.5 s, 150-200 mAs, 120 kV. In
809 cases, a specific CT angiography of the upper thoracic
as well as cervical arteries was applied with the following
scan parameters: slice thickness 0.7-0.8 mm, increment
0.3-0.4 mm, pitch 0.4-0.8, rotation time 0.5-0.8 sec, 250-
585 mAs, 80-120 kV.
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In order to ascertain the correlation between the incidence
of certain variations with the age, we undertook separate
analyses of patients within the age group 3 months-49
years (group A) and those within the 50-94-year-old age
group (group B).

A truncus bicaroticus was defined as the clear origin of
the left common carotid artery from the brachiocephalic
artery. A V-shaped common trunk of the left common
carotid and the brachiocephalic artery was not considered
to equate to that of a truncus bicaroticus.

Results

The age range of selected subjects was 3 months-94 years.
Mean age was 61 + 16 years. There were 1200 male patients
and 833 female patients.

Of the 2033 patients analyzed, 270 (13.3%) had a vari-
ation of the aortic arch or of the supra-aortic arteries. In
163 cases (8.0%) a truncus bicaroticus was detected
(Fig. 1c and 1d).

LY

Eighty-six patients (4.2%) had a left vertebral artery orig-
inating directly from the aortic arch. In those cases the origin
of the vertebral artery was usually proximal to the left sub-
clavian artery (Fig. 2a). In one case a left vertebral artery
originating directly from the aortic arch distal to the left sub-
clavian artery was found (Fig. 2b and 2c).

In 20 cases (1.0%) the patient had an aberrant right sub-
clavian artery (Fig. 3). There was a single case of a right des-
cending aortic arch (Fig. 4). Six patients showed two
co-existent variations.

Within group A (a total of 429 patients) 58 patients
(13.5%) had an anatomical variation of the arteries originat-
ing from the aortic arch. In 31 patients (7.2%) a truncus
bicaroticus was found, 20 (4.7%) showed a left vertebral
artery originating directly from the aortic arch, and seven
patients in this group (1.6%) had an aberrant right subcla-
vian artery.

In group B (1604 patients), 211 (13.2%) patients exhibited
anatomical variations of the branches of the aorta. In 132
cases (8.2%) a truncus bicaroticus was found. Sixty-six

Fig. 1 Contrast material assisted multidetector CT shows a fluid transition from (a) a separate (34-year-old woman) or (b) adjacent, V-shaped origin (51-year-old
man) of the innominate and the left carotid artery to a true truncus bicaroticus in a 54-year-old man (c) and a 47-year-old man with an even more pronounced

truncus bicaroticus (d)
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Fig. 2 Left vertebral artery originating directly from the aortic arch. Contrast
material assisted multidetector CT with the left vertebral artery originating
proximal (a) of the left subclavian artery in a 19-year-old woman. (b) A rare
case of the left vertebral artery originating distal of the left subclavian artery

patients (4.1%) showed a left vertebral artery originating
directly from the aortic arch and 13 patients (0.8%) had an
aberrant right subclavian artery. In one case a right des-
cending aortic arch was found.

Discussion

The embryonic development of the aortic arch takes place
during the 4th and 8th week of fetal life. The primary arter-
ial arches arise from the arterial sac and evolve into the final
formation of the great arterial vessels, where the left 4th arch
forms the anatomical basis of the subsequent, fully-formed
aortic arch (2). During angiogenesis two growth factors
play a decisive role. Whereas VEGF causes a decrease in
cell-to-cell adhesion in newly formed arteries, TGF-8 acts
to reinforce the extracellular matrix (3). There are a large
number of different anatomical variants of both the aortic
arch and the supra-aortic arteries that emerge during this
period. The formation of certain variations can be explained
somewhat by the embryonic development of the aortic arch,
whereas the underlying cause of this is nevertheless
unclear (4).

With the exception of the aberrant right subclavian artery,
which may cause dysphagia (5) (Fig. 3b), the more
commonly-found variations do not usually cause symp-
toms. They are therefore principally coincidental findings
which occur during routine diagnostic procedures. Certain
rare variations, however, can potentially lead to severe clini-
cal problems such as compression of the trachea caused by a
vascular ring. Such a ring may be formed by a double aortic
arch or a right descending arch with an aberrant left subcla-
vian artery (6).

Furthermore, it is hypothesized that anomalous origins
of the vertebral arteries lead to altered hemodynamics and
predispose the patient to the formation of intracranial
aneurysms. Satti et al. (4) claim that patients with such
anomalies should therefore be screened for co-existing
aneurysms. However, within the current literature there is
no conclusive evidence to suggest that an anomalous
origin of the vertebral arteries predispose an individual to
cerebrovascular disorders (7).

Nevertheless, any variation of the aortic arch and its
branching may cause potential difficulties when performing
diagnostic or interventional angiography. Indeed, substantial

Fig. 3 Contrast material assisted multidetector CT (a) of an arteria lusoria in a 59-year-old man. X-ray examination (b) of the esophagus of a female infant with an

arteria lusoria and dysphagia
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Fig. 4 Single case of a right descending aortic arch in a 55-year-old woman.
3D reconstruction of a contrast material assisted multidetector CT

deviations in the origin of major arteries may cause severe
complications during interventional procedures, for example
arterial occlusion during stenting of the aortic arch.

Throughout our analysis, we observed that contrast CT is
a good method to detect anatomical arterial variations, and
that, furthermore, coronal multiplanar reconstruction
(MPR), in addition to scanning in the axial plane, may be
helpful in detecting the origin of such a vessel. Before
undertaking a scheduled intervention, it is usual for a CT
scan to have been previously acquired; if not, it may be
obtained with little effort. Information regarding anatomical
arterial variations prior to intervention may also be acquired
by magnetic resonance imaging (MRI), if such facilities are
available.

Due to the large number of cases evaluated within this
study, it was indeed possible to produce reliable evidence
regarding the prevalence of the most common variations.
In our analysis of 2033 scans, we discovered that blood
flow occurs from distinct though adjacent origins of the bra-
chiocephalic and left common carotid artery (Fig. 1a and 1b)
to a true truncus bicaroticus, where the defined origin of the
left common carotid artery from the main trunk is clearly
evident (Fig. 1c and 1d). As pointed out by Layton et al.
(8), the V-shaped pattern of the adjacent origin of the bra-
chiocephalic and the left common carotid artery is often
misleadingly termed a ‘bovine arch’. This pattern is
reported to appear in 13% of the population, whereas
there seems to be a disparity in prevalence according to
race (8). Likewise, a critical approach must be taken with
the use of the term ‘truncus bicaroticus’, as it consists not
only of the two common carotid arteries, but also the
right subclavian artery. The pattern of a truncus only con-
sisting of the carotid arteries is however commonly found
in elephants and beavers (9).

Apart from common branching patterns, there are various
other rare variations of the aortic arch. In our representative

sample, we found a single case of a right descending aortic
arch as well as one case of a left vertebral artery originating
directly from the aortic arch distal to the left subclavian
artery. There have been case reports of distinct origins of
the left internal and external carotid arteries (10), as well
as the vertebral arteries of both sides originating directly
from the aortic arch, proximal (7), or distal (11), to the left
subclavian artery.

In a previous study, 1000 CT angiograms of patients sus-
pected to have either pulmonary embolism or aortic dissec-
tion were analyzed retrospectively with regard to vascular
variants (12). The percentage of cases in which a truncus
bicaroticus was found was comparable to our own findings
(7.8% vs. 8%), though in the study conducted by Berko et al.,
a truncus bicaroticus was, however, defined as a ‘long
bovine arch’ (12). There was a slight difference in the occur-
rence of a direct origin of the left vertebral artery (6.1% vs.
4.2%) within the two studies, however the frequency of an
aberrant right subclavian artery was in fact similar (1.2%
vs. 1%).

Bhatia ef al., in comparing their autopsy results with that
of previous studies, suggest an age-related increase of
certain anatomical variations (13). Such assumptions could
not be confirmed in our study as the prevalence of the ana-
lyzed variations within the two age groups was almost
alike. The discrepancy between the frequency of an aberrant
right subclavian artery between the two age groups (group
A:1.60%; group B: 0.81%) can be taken as being not statisti-
cally significant in view of the small sample size of group A
and indeed the rare occurrence of an aberrant right subcla-
vian artery.

In conclusion, anatomical variations of the aortic arch and
its branching patterns are frequently found, mostly as an inci-
dental finding during routine diagnostic procedures. The
main relevance of this study lies within the realm of angio-
graphic or interventional procedures, as anomalies of branch-
ing patterns can lead to unexpected difficulties and
complications if previously undetected. A contrast CT scan
is a good method to survey the aortic arch and its branching
patterns, and is therefore helpful in detecting such variants
prior to conducting an interventional procedure involving
the aortic arch and the supra-aortic arteries.
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