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Anomalous Origins of

the Bilateral Vertebral Arteries
Arising from the Aortic Arch:

A Case Report
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Various anomalous origins of the vertebral arteries (VAs) have been reported. However, anoma-
lous origins of the bilateral VAs arising directly from the aortic arch are extremely rare. We en-
countered a 60-year-old male who developed sudden-onset right hemiparesis with an inciden-
tally discovered rare origins of the bilateral VAs from aortic arch. CT angiography demonstrated
the right VA originating from the aortic arch distal to the left subclavian artery and left VA origi-
nating from the aortic arch between the left common carotid artery and the left subclavian ar-
tery. The possible embryological mechanism of this variant was also reviewed. If the VA can not
be found in the usual position during the procedure, a rare variant of the VA with anomalous
origin should be considered. Understanding these variations is important to avoid unexpected
events during endovascular procedures or surgery.

Index terms Vertebral Artery; Aortic Arch; Anatomic Variation; CT Angiography

INTRODUCTION

The vertebral artery (VA) typically arises as the first branch of the ipsilateral subclavi-
an artery. Multiple variations in the origin of VA have been reported in the literature (1, 2).
The left VA originating from the aortic arch between the left common carotid artery
and the left subclavian artery is known to be the most frequent variation (2, 3). The
anomalous origin of the right vertebral artery (RVA) originating from the aortic arch
distal to the left subclavian artery is very rare (3). Here, we describe a rare case of these
combined anomalous origins of the bilateral vertebral arteries with the help of CT an-
giography findings and discuss the possible embryological etiologies. Most anomalous

origins of the VA are benign (3). However, understanding these variations is important
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to avoid unnecessary complications during endovascular interventions or surgical proce-

dures.

CASE REPORT

A 60-year-old male presented to the emergency department with sudden onset of right-sid-
ed hemiparesis. Diffusion weighted imaging (DWI) and CT angiography were performed.
DWI showed a hyperintense lesion over the left MCA territory with a decreased apparent dif-
fusion coefficient, consistent with an acute infarct (the figure was not shown). CT angiogra-
phy revealed severe stenosis of the left internal carotid artery and the patient underwent ca-
rotid artery stenting immediately (Fig. 1A). Incidental anomalous origin of the bilateral
vertebral arteries was also found (Fig. 1). Hypoplastic RVA originated from the aortic arch
distal to the left subclavian artery as the last branch of the aortic arch, then coursed posterior
to the esophagus and trachea, and entered the transverse foramen of the 7th cervical verte-
bra. A focal aneurysmal dilatation, reminiscent of a Kommerell diverticulum, was also pres-
ent at the origin of the RVA. The dominant left vertebral artery (LVA) originated directly from
the aortic arch, between the left common carotid and left subclavian arteries and entered the
transverse foramen of the 5th cervical vertebra.

DISCUSSION

Anatomical variations of the aortic arch and its major branches are commonly encoun-
tered on cross-sectional imaging (2). Typically, the right and left vertebral arteries originate
as the first branches of the right and left ipsilateral subclavian arteries, respectively (2). Em-
bryologically, the vertebral artery is formed by the development of the postcostal longitudi-
nal anastomosis that links the cervical intersegmental arteries (1). However, variable anoma-
lous origins of both the right and left vertebral arteries have been reported previously in the
literature (1). The present case demonstrated the right brachiocephalic trunk originating
from the aortic arch as the first branch, followed by the left common carotid artery, the LVA
as the third, left subclavian artery as the fourth, while the RVA originated as the fifth and last
branch on the left side of the aortic arch on CT angiography.

The most common variant is the LVA arising directly from the aortic arch between the left
common carotid and left subclavian arteries (2, 3). Embryologically, the anastomosis be-
tween the 6th and 7th intersegmental arteries does not develop on the left side and the 6th
intersegmental artery remains persistent, and then the left VA is originates from the aortic
arch between the left common carotid and left subclavian arteries (4). In addition, Uchino et
al. suggested that variations of the VA origin is closely related to its level of entry into the
transverse foramen (5). Previous reports demonstrate that the LVA originating from the aor-
tic arch most commonly entered the transverse foramen at C5 followed by C4 (5, 6). Consis-
tent with previous studies, our case also illustrates that the LVA arising directly from the aor-
tic arch enters the left transverse foramen at C5.

In contrast to the aortic arch origin of LVA, anomalous origins of the RVA are very rare (3)
and may be divided into three categories: those originating from the carotid arteries or bra-
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Fig. 1. A60-year-old male with anomalous origins of the bilateral vertebral arteries arising from the aortic arch.
A. Left carotid angiogram before carotid stent implantation in the lateral projection shows severe stenosis
of the proximal left internal carotid artery.

B. The left anterior oblique projection of three-dimensional volume-rendered CT angiography shows five
vessels directly originating from the aortic arch: right brachiocephalic trunk, left common carotid artery, left
vertebral artery (arrowhead), left subclavian artery, and aberrant RVA (arrow) from proximal to distal direction.
C. The CT angiographic source image shows aberrant RVA (arrow) originating from the aneurysmal dilata-
tion of the aortic arch.

D. The axial CT image shows the course of the aberrant RVA (arrow) located posterior to the esophagus and
trachea.

RVA = right vertebral artery

chiocephalic arteries, those of duplicate origins, and those originating directly from the aorta
(1). Lemke et al. (1) reported the origin of RVA from the right common carotid artery, with a
right subclavian artery originating distal to the left subclavian artery, being the most com-
mon type of anomalous origin of RVA. On the other hand, the RVA originating distal to the
left subclavian artery is more rare entity (7). Previous studies have reported a bovine arch
with aberrant RVA (2, 7). When the RVA arises embryologically from the C8 intersegmental
artery and the physiologic obliteration of the right dorsal aorta is distal to the C7 interseg-
mental artery level, the origin of the RVA is shifted to the left, thus arising distal to the left
subclavian artery (2). In this process, postcostal longitudinal anastomosis between the C1
and C8 intersegmental arteries can develop, and thus the aberrant RVA can enter the right
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Fig. 1. A60-year-old male with anomalous origins of the bilateral vertebral arteries arising from the aortic arch.
E. The axial CT image of the Tth cervical vertebra level shows the RVA (arrow) located in the right transverse
foramen. The LVA (arrowhead) is not seen in the left transverse foramen in this figure, but it is located ante-
riorly.

F. The axial CT image of the 5th cervical vertebra level shows the LVA (arrowhead) located in the left trans-
verse foramen. The RVA is seen in the right transverse foramen.

LVA = left vertebral artery, RVA = right vertebral artery

transverse foramen of the C7 vertebra. The anomalous origin of the RVA arising from a posi-
tion distal to the left subclavian artery showed aberrant entrance to the right transverse fora-
men at C7 (5-7). Consistent with previous reports, the present case also showed that the aber-
rant RVA enters the transverse foramen of the 7th cervical vertebra. This variation may be
explained by the development of the postcostal longitudinal anastomosis between the C7
and C8 intersegmental arteries (Supplementary Fig. 1 in the online-only Data Supplement).

Several previous reports also demonstrate focal dilated origins of the aberrant RVA (2, 7).
While the exact embryological explanation of the diverticulum of Kommerell is unclear, it is
hypothesized that it is a remnant of the right dorsal aorta remaining as a focal aneurysmal
dilatation, and which can explain its initial retroesophageal course (7). Our case also revealed
aneurysmal dilatation at the origin of the anomalous RVA which coursed posterior to the
esophagus and trachea.

The bilateral vertebral arteries originated from aortic arch is extremely rare (8-10). To the
best of our knowledge, there are a limited number of cases that have reported the RVA aris-
ing distal to the left subclavian artery. Its association with anomalous origin of the LVA aris-
ing directly from the aortic arch between the left common carotid and left subclavian arter-
ies has been reported twice before (9, 10). Schwarzacher and Krammer (9) described aberrant
RVA entering the right transverse foramen of C7 and arch origin of the LVA entering the left
transverse foramen of C5.

Recognition of the aortic arch anomaly including anomalous origin of VAs is important to
avoid serious complication in surgeries for aortic arch or esophagus (5). Incomplete recogni-
tion of the variant can also lead to increase the procedure time and induce inadvertent com-
plications such as dissection or distal embolization during the endovascular treatment.
When the VAs enter the 3rd to 5th transverse foremen, they run anterior to the transverse

process and can be at risk during anterior neck surgery (5). VA entering the 3rd transverse fo-
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ramen may be a risk factor for obstruction or dissection during neck rotation (5). Although
most anatomical variations of the aortic arch and its major branches are asymptomatic, it is
important for radiologists to be familiar with them so as to avoid inadvertent vascular injury
during endovascular procedures or surgical interventions (2, 3). Moreover, the possibility of
an anomalous origin of the VA must be taken into consideration if a VA cannot be found in
the usual position.

Here, we presented a rare case of anomalous origins of the bilateral vertebral arteries aris-
ing from the aortic arch. Both vertebral arteries show unusual entry into the transverse fora-

men as in CT angiography.
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Author Contributions

Conceptualization, L.B.H.; data curation, all authors; formal analysis, all authors; investigation, all
authors; methodology, L.B.H.; project administration, L.B.H.; resources, all authors; supervision,
L.B.H.; validation, L.B.H.; visualization, P.C.; writing—original draft, P.C.; and writing—review & edit-
ing, L.B.H.

Conflicts of Interest
The authors have no potential conflicts of interest to disclose.

Funding
None

REFERENCES

1. Lemke AJ, Benndorf G, Liebig T, Felix R. Anomalous origin of the right vertebral artery: review of the litera-
ture and case report of right vertebral artery origin distal to the left subclavian artery. AINR Am J Neurora-
diol 1999;20:1318-1321

2. Saeed UA, Gorgos AB, Semionov A, Sayegh K. Anomalous right vertebral artery arising from the arch of
aorta: report of three cases. Radiol Case Rep 2017;12:13-18

3. Case D, Seinfeld J, Folzenlogen Z, Kumpe D. Anomalous right vertebral artery originating from the aortic
arch distal to the left subclavian artery: a case report and review of the literature. J Vasc Interv Neurol
2015:8:21-24

4. Yuan SM. Aberrant origin of vertebral artery and its clinical implications. Braz J Cardiovasc Surg 2016;31:52-
59

5. Uchino A, Saito N, Takahashi M, Okada Y, Kozawa E, Nishi N, et al. Variations in the origin of the vertebral
artery and its level of entry into the transverse foramen diagnosed by CT angiography. Neuroradiology
2013;55:585-594

6. Meila D, Tysiac M, Petersen M, Theisen O, Wetter A, Mangold A, et al. Origin and course of the extracranial
vertebral artery: CTA findings and embryologic considerations. Clin Neuroradiol 2012,22:327-333

7. Goldbach A, Dass C, Surapaneni K. Aberrant right vertebral artery with a diverticulum of kommerell: review
of arare aortic arch anomaly. J Radiol Case Rep 2018;12:19-26

8. Goray VB, Joshi AR, Garg A, Merchant S, Yadav B, Maheshwari P. Aortic arch variation: a unique case with
anomalous origin of both vertebral arteries as additional branches of the aortic arch distal to left subclavi-
an artery. AINR Am J Neuroradiol 2005;26:93-95

9. Schwarzacher SW, Krammer EB. Complex anomalies of the human aortic arch system: unique case with
both vertebral arteries as additional branches of the aortic arch. Anat Rec 1989;225:246-250

10. Karcaaltincaba M, Strottman J, Washington L. Multidetector-row CT angiographic findings in the bilateral
aortic arch origin of the vertebral arteries. AUINR Am J Neuroradiol 2003;24:157

https://doi.org/10.3348/jksr.2020.0056 747



Anomalous Bilateral Vertebral Arteries from Aortic Arch _

CHSWZOA 7|A[oh= &5 &S| O[&7|AlL

Z250j0] 7|A|5 Wolo] thepe ofe] Baol Baslo} ik, 2o, S 25
o] A TIEHF O ZRE J|Ashs Holi vie Ect oyl Falt wAAA WAl

=1 o 1 (o)
o2 Wbl 2 242 AT 60xle] BAt Bl Sols] WriE EF oFE 225 7]

A59] o] S HolZET), CT BUEIEoIM 92 2TFHS chEuiTol &2 4359
of AR AAIBIUT, 22 FTEUS hEBT 22 FHFUY 42

olol| 7|AI5}giLt. o] Holet Aol 9 4 Yl WAEHR FHE NS, 22F
9 7]A|50] £ Wole] 7Hs e 2B F o] UNFHel gix]ol M Holx) o5 uf Tejslo]
of Stk o] ol olsshe 21 Bk U AR £4 Fol o714 ke FHES 5]

Sf3l) SRk,

748 jksronline.org





