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ABSTRACT

Introduction: Variations in the branching pattern of the arch
of aorta are not uncommon. The common trunk of origin of left
vertebral and left subclavian arteries from the arch of aorta, named
as the Vertebro-Subclavian Trunk (VST), is a very rare aortic arch
branching anomaly sporadically reported in the literature.

Aim: To assess the aortic arch branching anomalies especially
the presence of the VST.

Materials and Methods: Contrast Enhanced Computed
Tomographic (CECT) scans of chest of 410 patients were analysed
and interpreted by two radiologists.

Results: The VST was noted in three male patients with an

Keywords:

INTRODUCTION
Traditionally, variations in the branching pattern of Aortic Arch (AA)

were considered as ‘normal variants’ since, many of these variants
did not cause any significant clinical symptoms and as such
received scant attention in the imaging literature [1]. The advent
of several surgical and endovascular interventional procedures
on supra-aortic branches have revived interest in the study of AA
branching variations. Precise knowledge of the anatomical variations
of AA branches is of crucial importance before undertaking any
interventional and surgical procedures in chest and neck to avoid
any complications. Normally, the AA is left sided and gives three
branches, the Brachiocephalic Trunk (BCT), Left Common Carotid
Artery (LCCA) and Left Subclavian Artery (LSA). This three branched
pattern, called normal pattern (Type-l), is observed in 71%-96.6%
of patients in radiological studies [2-5]. The most common variation
of branching pattern is the presence of a common trunk of BCT
and LCCA, the so called “bovine arch” (Type-ll) with a prevalence
of 2.6%-27.4% [1,6-8]. The second most common variant branch
is the direct AA origin of Left Vertebral Artery (LVA) (Type-Ill) with
a reported incidence of 2.8% to 6.6% [1,4,9]. Several other types
of AA branching pattern variations have been reported including
aberrant retroesophageal right subclavian artery, bicarotid trunk,
bilateral brachiocephalic trunks and anomalies like double aortic
arch and right AA [1-4,6,7].

The occurrence of VST, indicating the common trunk of origin of LSA
and LVA from the AA, was sporadically reported in several cadaveric
studies [10-13]. Cetin | et al., reported VST in a patient undergoing
cardiac catheterisation [14]. Only one radiological investigation
involving 2287 patients observed the common trunk of LSA and LVA
in 0.3% cases [9]. The presence of VST was not reported by several
radiological studies on a large number of patients suggesting its
rarity and probable ethnic variation [1,4,6,7]. Yazar F et al., reported
two common trunks, the first common trunk of BCT and LCCA and
the second common trunk of LSA and LVA arising from the AA in
a female cadaver for the first time [15]. We recently reported what
we believed to be the second case in English literature, the origin of
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estimated incidence of 0.73%. In one male patient the VST was
associated with the presence of a common stem of origin of
brachiocephalic trunk and left common carotid artery (so called
bovine arch). Thus, there were two common trunks originating
from the arch.

Conclusion: Careful observation of aortic arch branching
pattern has revealed the presence of origin of left vertebral
artery from the root of left subclavian artery just above the arch,
the common trunk designated as VST. Catheterisation of left
vertebral artery in such cases may be difficult and adequate pre-
procedural knowledge can help in successful accomplishment of
interventional procedures.

Arch of aorta, Bovine arch, Left subclavian artery, Left vertebral artery

two common trunks, in a male cadaver [16]. The present study was
undertaken with a view to specifically assess the variable origin of
LVA from the VST in subjects who underwent CECT of thorax.

MATERIALS AND METHODS

We retrospectively reviewed CT scans of 410 patients referred to
Dr. O. P. Gupta Imaging Centre, Meerut, for CECT of the thorax for
suspected pathologies of lungs and mediastinum during the period
September 2015 to March 2016. Before conducting the study, the
clearance was taken from the Institutional Ethical Committee. The
study population included 245 males and 165 females (age ranging
from six months to 86 years, mean age 51.28+17.70 years). The
scans of the patients with malignancies likely to distort the anatomy
of AA, poorly enhanced scans and those with thoracic aortic disease
were excluded from the studly.

All patients underwent contrast enhanced Multi-Detector Computed
Tomography (MDCT) by a 64 channel scanner (GE Optima 660,
2011, Tokyo, Japan) and received 90-100 mL of non-ionic iohexol
contrast (Omnipaque 350 mg I/mL; GE Healthcare, Shanghai,
China) at the rate of 5 mL/s intravenously. A written informed
consent was obtained by the diagnostic centre from each patient
before contrast injection. Sections of 0.625 mm thickness were
obtained from lower part of the neck to upper part of abdomen and
analysed in a separate work station (GE: AW Volume share 4.5).
After analysing axial, coronal and sagittal scans, Volume Rendered
(VR) and Maximum Intensity Projections (MIP) were obtained. We
specifically looked for the presence of common trunk of origin of
LSA and LVA, the VST.

RESULTS

The normal branching pattern of BCT, LCCA and LSA arising from
the AA was observed in 306 (74.63%) patients and variations in 104
(25.37%) cases. Direct AA origin of LVA was noted in 29 (7.07%)
cases and in two of these cases common trunk of BCT and LCCA
was also present. A common trunk of BCT and LCCA (so called
bovine arch) was observed in 69 (16.82%) cases. The estimated
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prevalence of VST was 3 (0.73%) out of 410 cases . In two male
patients, the arch gave rise to three branches-BCT, LCCA and VST
[Table/Fig-1,2]. The LVA was arising from the posteromedial aspect
of the common VST 4 mm above the arch in one case and 9.2 mm
above the arch in the second case [Table/Fig-1]. The AA of the third
patient gave origin to two common trunks, first the common trunk
of BCT and LCCA (bovine trunk) and the second common trunk of
LSA and LVA (VST) [Table/Fig-3,4].

[Table/Fig-1]: Volume rendered image of arch of aorta (posterior view) of a 59-year-
old male patient showing vertebrosubclavian trunk (VST) arising as the third branch
giving rise to Left Vertebral Artery (LVA) and Left Subclavian Artery (LSA). Right
Vertebral Artery (RVA) has normal origin. BCT- Brachiocephalic Trunk, LCCA- Left
Common Carotid Artery. [Table/Fig-2]: Coronal section (a) and serial axial sections;
(b-d) showing the origin of left vertebral artery (arrow) from the root of left subclavian
artery in a 59-year-old male patient. (Images from left to right)

[Table/Fig-3]: Volume rendered image of arch of aorta (anterior view) of a 34-
year-old male patient showing origin of two common trunks, first common trunk
of Brachiocephalic (BCT) and Left Common Carotid (LCCA) and the second,
Vertebrosubclavicn Trunk (VST) giving rise to Left Vertebral (LVA) and Left Subclavian
Arteries (LSA). Right Vertebral Artery (RVA) has normal origin. [Table/Fig-4]: Serial
axial sections (a-d) showing two common trunks. In axial section a, common bovine
trunk (arrow) and in axial section c, the vertebrosubclavian trunk (arrow) are shown.
(Images from left to right)

DISCUSSION

Isolated variations in the branching pattern of AA are usually
asymptomatic and are detected incidentally during autopsy or
radiological investigations and hence, did not attract much attention
in imaging literature. Recognition of the variants and anomalies
of the branching pattern of AA has diagnostic and therapeutic
implications [1]. A pattern different from what is observed in majority
of the population and not causing any clinical symptom is defined
by Rea G et al., as an anatomical ‘variant’ and a pattern with a
marked deviation from the normal due to congenital or hereditary
defects and causing symptoms is termed an anomaly [3]. Berko NS
et al., suggested that any variation occurring in less than 1% of the
population should be considered as an ‘anomaly’ irrespective of its
clinical significance [1].

Normally each vertebral artery originates from first part of the
corresponding subclavian artery in the root of the neck but may
have an aberrant origin. After analysing 171 available literature case
reports, the aberrant origin of LVA was found to be more common
than that of the RVA (94 versus 47cases) and bilateral variable origin
was reported in 30 cases [17]. The LVA has a variable origin directly
from the arch of aorta between the origins of LCCA and LSA or from
the arch distal to the origin of LSA or has a dual origin. Such an
aberrant origin may be associated with atheroscleorsis, increased
susceptibility to dissection and altered haemodynamics resulting in
intracranial complications [17].
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The present study revealed the presence of VST, a very rare anomaly
of branching pattern of AA, in three male patients with an estimated
prevalence of 0.73 %. This common trunk of origin of LSA and LVA
was sporadically reported mainly in cadaveric studies [10-13,18,19].
Some cadaveric studies described this variant trunk as LVA origin
from LSA in the superior mediastinum or as LVA originating from
arch of aorta at the junction of origin of LSA [20-22]. Gluncic V et
al., observed an atypical three branched pattern of bicarotid trunk
(common trunk of both common carotids), VST and retroesophageal
right subclavian artery in a cadaver and claimed that common trunk
of LSA and LVA has not been reported till that time [23]. Uchino A et
al., recently reported VST with an incidence of 0.3% after analysing
CT angiographic scans of 2287 Japanese patients [9].

Yuan comprehensively reviewed pertinent literature on aberrant
origin of vertebral artery in a cohort of 1286 cases and noted the
presence of common trunk of LVA and LSA in 1.6% cases [24].
Features of the VST reported in the literature are summarised in
[Table/Fig-5] [9-16,18-23,25].

In the present study, VST was observed in three male patients as
the last branch of the arch of aorta giving origin to LVA from its
posteromedial aspect. More frequently, LVA takes origin directly
from AA in between the origins of LCCA and LSA which is the
second most common variant branching pattern. Awareness of
anomalous origin of LVA is crucial prior to cerebral angiography
for assessment of posterior circulation because LVA is preferably
used for catheterisation [7]. Interventional procedures on LVA arising
from VST will be technically difficult and may result in complications.
It is believed that the proximal part of vertebral arteries is prone
to atherosclerotic changes close to their origin. Variations of LVA
are associated with higher incidence of spontaneous dissection
due to congenital defects in the arterial wall or altered cerebral
haemodynamics that can result in cerebral dysfunctions [1].

Incidentally, in a male subject, we have also observed the origin
of two common trunks, the first common trunk of BCT and LCCA
and the second common trunk of LSA and LVA. A literature search
has indicated that such a rare anomalous branching pattern was
reported twice earlier, first in a female Turkish cadaver and second
in a male Indian cadaver [15,16]. The occurrence of two common
trunks, the vertebro-subcavian and the bovine or brachiocarotid
trunk, to the best of our knowledge, is the first radiological case to
be reported. Reddy Nune GK et al., noted the origin of LVA from LSA
near the arch of aorta in a cadaveric heart which also presented the
common trunk of BCT and LCCA, but did not describe this condition
as two common trunks [25]. In the present study, the common trunk
of BCT and LCCA was noted in 16.82% cases only. Celikyay ZR
et al., preferred the term “bovine type arch” to denote this variant
because in cattle a single trunk arising from the arch gives rise to
both subclavian arteries and then continues as a common bicarotid
trunk [7]. Vasovic LJ et al., used the term ‘brachiocarotid trunk’ for
the common trunk of origin of BCT and LCCA [17]. Two subtypes
of this variant can be distinguished, one with a long bovine trunk
described as LCCA arising from BCT (type-A) and one with a
short bovine trunk described as the common origin of LCCA and
BCT (type-B). The present case belongs to type-B. The clinical
significance of the common trunk of BCT and LCCA lies in the fact
that three branches from this trunk (left and right common carotids
and right vertebral from right subclavian) supply a major portion
of the brain and occlusive disorders of this trunk can precipitate
catastrophic cerebral ischaemia.

Embryologically, the arch of aorta and its branches are the derivatives
of six pairs of pharyngeal arch arteries. Normally, the left third arch
artery connected to the left horn of the aortic sac elongates to form
LCCA and the left horn of aortic sac itself will form that part of the
arch of aorta between the origins of BCT and LCCA. The right horn
of aortic sac will develop into BCT. The common trunk of origin of
BCT and LCCA may be due to the regression or slower growth rate
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Number of cases QR e
S. No. Author and Year Modality with VST (Total Ade Ethnicity/Country Other associated anomalies, if any
number) g
Formale 67 Bicarotid trunk (common trunk of both carotid
1 Gluncic V et al., [23] Cadaveric dissection 1 Croatia arteries), RVA from RCCA,
years
Retroeophageal RSA
Nelson ML and Sparks 2 .
2 CD [10] Autopsy (198 autopsies) Male Japanese-American
- ) Female 25 (Associated with common trunk of BCT and
3 Yazar F et al., [15] Cadaveric dissection 1 years Turkey LCCA. Two common trunks from the arch.)
4 Cetin | et al., [14] Cardiac Catheterization 1 Turkey
5 Ogeng’o JAet. al., [11] Cadaveric dissection T S?é;oa;ses. ——————— Kenyan
Alsaif HA and Ramadan - . 1 . .
6 WS [18] Cadaveric dissection (36 cases- 11.0%) Saudi Arabia
7 Bayat PD et al., [20] Cadaver / MRA 1 Female 70 Iran (Descrlbeq by authorsA as origin of LVA from
years LSA in the superior mediastinum)
. . 2 .
8 Kumar S et al., [19] Cadaveric Dissection (30 cases- 6.66%) Indian
- . 2 . .
9 Ottone NE et al., [12] Cadaveric dissection (51 cases-3.92%) Caucasians Argentina
. (Described by authors as LVA originating from
10 Rekha P and Senthilkumar Cadaveric Dissection 2 o Indian the arch of aorta at upper angle of the junction
S [21] (110 cases- 1.8%)
of LSA)
8 Males (4)
1 Uchino A et al., [9] CT Angiography (2287 cases- Japanese
Females (4)
0. 3%)
1 (Described by authors as LVA originating from
12 Pillai TJ et al., [22] Cadaveric dissection Male Indian the arch of aorta at upper angle of the junction
(12 cases)
of LSA)
. . Male .
13 | Sateesha BN et al., [13] Cadaveric dissection 1 6 Indian
5 years
14 | Reddy Nune GK et al., [25] Cadaveric dissection 1 Male Indian (Associated with cirggg)n trunk of BCT and
15 Ramesh Babu CS and Cadaveric Dissection 1 Male Indian (Associated with common trunk of BCT and
Sharma V [16] LCCA- Two common trunks from the arch)
3 (One case associated with common trunk of
16 | Present Study, 2017 CECT- Thorax (410 cases Males Indian BCT and LCCA- Two common trunks from
0.73%) the arch)

[Table/Fig-5]: Earlier reports of the vertebro-subclavian trunk.

of left horn of aortic sac such that the Left Third Arch Artery (LCCA)
gets connected to the right horn of aortic sac (BCT). The aortic arch
origin of LVA is explained by the persistence of sixth intersegmental
artery and regression of dorsal branch of seventh intersegmental
artery which normally develops into V-1 segment of the vertebral
artery [24]. Incorporation of the proximal left seventh intersegmental
artery into the developing arch of aorta could also result in LVA
originating directly from the aortic arch [10]. It is suggested that
persistence of sixth intersegmental artery and absorption of a
portion of left fourth arch artery into the developing LSA could result
in the origin of LVA from the root of LSA, the so called VST [10].
The causative factors producing the branching pattern anomalies
of the AA are not known. A study on 66 patients with isolated AA
anomalies of laterality or branching pattern, without any associated
intra-cardiac defects, revealed that 24% of patients have deletion of
chromosome 22 g11 [26].

The importance of recognition and appreciation of AA anatomy and
anomalous branching pattern cannot be overlooked as it allows
accurate surgical planning, successful accomplishment of various
interventional procedures and prevention of potential complications.
Difficulties will be encountered while performing left vertebral
angiography or other interventional procedures if the presence of
VST remains unrecognised. There is an increased risk of neurological
complications in patients having AA anomalies [27,28]. After
examining the imaging data of 556 patients with the thoracic aortic
disease, Dumfarth J et al., suggested that the atypical branching
pattern of AA may be considered as a potential anatomical marker
for future development of thoracic aortic disease [29].
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LIMITATION

Main limitation of this study is a smaller sample size of the population
and not including the cases of neurological complications of posterior
cerebral circulation to correlate the association of anomalous origin
of LVA with the presence of atherosclerosis or dissection. Future
studies on a larger sample size are desired. The present study
has indicated that prior knowledge of the anomalous origin of
LVA is desirable before undertaking any interventional or operative
procedures. Since, MDCT provides exquisite anatomical details of
variant branching pattern of AA noninvasively, it can be used as the
imaging modality of choice before undertaking any interventional
radiological and surgical procedures on supra-aortic branches to
avoid any complications.

CONCLUSION

The present study has provided evidence for the occurrence of the
VST with an incidence of 0.73% while specifically looking for it. Prior
knowledge of such rare anomalies has greatly enhanced the ability to
identify and record them. For successful performance of radiological
and surgical interventional procedures thorough anatomical
knowledge of variant AA branching pattern is essential. Recent
evidence has suggested that anomalous AA branching pattern may
increase the risk of neurological complications and act as potential
markers for future development of thoracic aortic disease.
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