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SUMMARY: There are many reports on anatomical variations of the vertebral arteries, which may be related to origin, trajectory,
caliber, and side. Bilateral variations are less frequent, however, and less common are bilateral variants that differ from each other. The
aim of this work was to report the presence of a bilateral variation of the vertebral artery and its functional and clinical implications.
Dissection of a female cadaver, fixed in 10 % buffered formaldehyde, which had not undergone any previous surgeries in the study area
and had anatomical variations in both vertebral arteries. In each one, follow-up was done from its origin to its end, determining its
trajectory, diameters, branching, and anatomical relations. A left vertebral artery was found, starting in the aortic arch and making a
sinuous trajectory of 4 curvatures to enter the transverse foramen of C4. The right vertebral artery began as the first branch of the
subclavian artery. Its initial trajectory was rectilinear, followed by a right concave curve, a 360° loop that included a second ascending
curve, and ended straight before entering the transverse foramen of C6. The coexistence of bilateral variations in the vertebral arteries is
possible. This atypical situation can potentially generate vascular and neurological pathologies, but with different symptoms and causes.
Knowing these variations and deliberately searching for them will enable the specialist to make a suitable differential diagnosis.
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INTRODUCTION

The vertebral artery (VA) is the first branch of the
subclavian artery, in addition to being the branch of greatest
caliber, presenting four portions, prevertebral, cervical,
atlantic, and intracranial (Moore et al., 2018; Federative
International Programme for Anatomical Terminology, 2019),
described clinically as V1, V2, V3, and V4 respectively. From
their origin, the vertebral arteries have an ascending and
oblique trajectory medially. Initially, the pre-vertebral portion
travels through the space between the longus colli muscle of
the neck and anterior scalene muscle, passing anteriorly to
the transverse process of C7 and posteriorly to the common
carotid artery, with this portion usually not emitting branches.
The cervical portion continues through the transverse
foramens from C6 to C1, accompanied by the vertebral
venous plexus and a branch of the inferior cervical
sympathetic ganglion. This portion is vertical and emits
branches for the nerve roots and cervical vertebral marrow,
as well as for the musculature of the neck. It is worth noting
that the C2 transverse foramen is a relatively short conduit

angled laterally so that its inferior opening is on the horizontal
plane. By contrast, its cranial end opens in the parasagittal
plane, and therefore at this level the vertebral artery forms a
small siphon. The atlantic portion is located medially to the
rectus capitis lateralis, curving posteriorly and medially,
arranged horizontally on the posterior arch of the atlas and
behind the lateral mass. At this level, it does not emit
branches. The intracranial portion is superior and medial to
enter the endocranium by the foramen magnum, remaining
oblique until joined with its contralateral pair. At this level, it
emits branches for the meninges and the central nervous system
(Rouvière & Delmas, 2005; Standring, 2016).

The literature reports numerous cases of variations
of the vertebral artery, which may be referring to origin,
trajectory, caliber, and laterality (Orts-Llorca, 1970;
Standring, 2016; Tubbs et al., 2016); however, the presence
of loops in this artery associated with variations in origin is
something atypical.
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The aim of this work was to report the presence of a
bilateral variation of the vertebral artery, and its functional
and clinical implications.

MATERIALS AND METHODS

Two vascular variations are described, encountered
during a thorax dissection of a female corpse, Caucasian, 87
years of age at the time of death, fixed in 10 % buffered
formaldehyde and conserved in a refrigerated chamber at
4ºC, which did not present any prior surgeries in the study
area and whose cause of death was cardiorespiratory arrest.

During dissection of the superior mediastinum, 4
branches were detected, originating from the aortic arch. To
know more about this variation, a detailed dissection was
made of these vessels, leaving them completely exposed.
Next, the usual branches of the aortic arch were identified,
and the supernumerary artery, the left vertebral artery, was
studied. Follow-up was made of this variation from its origin
to its end within the transverse foramen of the cervical
vertebrae, and it was possible to determine its trajectory,
diameters, branching, and anatomical relations. Finally, the
same parameters were also studied in the right vertebral
artery to understand the case better.

The dissections were done with “ad hoc” surgical
supplies. The measurements of the structures involved in
the study were taken using a Mitutoyo® digital caliper to an
accuracy of 0.01 mm. For photographic recording, an Apple
iPhone 14 Pro Max was used, with a 48+12+12 MP camera,
and the ImageJ 1.51 j8 software was used to measure the
angles.

Ethical approval and consent to participate: The body
used for this study was obtained from the donation program
of bodies for science at the Pontifical Catholic University of
Chile. This program fulfills the World Medical Association’s
Declaration of Helsinki and national legal and ethical
requirements. This study was approved by Scientific Ethics
Committee (CEC) CEC-Seg at the Pontifical Catholic
University of Chile (No: 220304004).

RESULTS

A left vertebral artery originating as a third branch of
the aortic arch was found between the left common carotid
and left subclavian arteries. From its origin, there was an
anterior ascending trajectory to the subclavian artery and

medially to the left vagus nerve until arriving at the C4
transverse foramen, where it entered together with the
vertebral vein. Its initial trajectory was rectilinear, followed
by four curvatures. The first was a left concave curve, the
second a right concave, the third a left concave, and the fourth
a right concave, to finish straight before entering the C4
foramen transverse without emitting any branches (Fig. 1).
The biometric data are in Table I.

Fig. 1. Dissection of the aortic arch and its branches. 1. Aortic
arch; 2. Brachiocephalic trunk; 3. Left common carotid artery; 4.
Left vertebral artery; 5. Left subclavian artery; 6. Left
brachiocephalic vein. The red arrows indicate the curves of the
vertebral artery.

The right vertebral artery originated as the first branch
of the subclavian artery, arranged between the anterior
scalene muscle and the right lobe of the thyroid gland,
anterior to the ventral branch of the eighth cervical vertebral
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nerve (C8). From its origin, it ascended anteriorly to the
longus colli muscle of the neck and medially to the vertebral
vein, arriving at the C6 transverse foramen, where it entered
together with the vertebral vein. Its initial trajectory was
rectilinear, followed by a right concave curve, a 360° loop
that included a second ascending curve and ended straight
before entering the C6 transverse foramen without emitting
any branches (Fig. 2). The biometric data are in Table I.

DISCUSSION

During embryonic development, the vertebral arteries
are formed in each antimere from the development of
longitudinal anastomoses that connect to the intersegmental
arteries, branches of the dorsal aortas. These intersegmental
arteries regress, except the seventh, which will form the
proximal portion of the subclavian artery, retaining the caudal
end of the longitudinal anastomosis, i.e., right at the point
of origin of the vertebral artery in the subclavian artery
(Inzunza & Burdiles, 2010). Therefore, the origin of the left
vertebral artery from the aortic arch could be due to a
persistence of the sixth intersegmental artery, which retains
the connection with the longitudinal anastomoses (Albayram
et al., 2002). This aberrant origin of the vertebral artery is
an atypical situation, which, when it occurs, is observed more
on the left than on the right and more unilaterally than
bilaterally. In particular, the left vertebral artery can have
various origins, including the aortic arch, which is observed
between 3.1 and 8.3 % of cases. When there is an aortic
origin, it has been demonstrated that the entry of the vertebral
arteries to the transverse foramen is cranial in the fourth or
fifth cervical vertebra (Eskander et al., 2010; Tubbs et al.,
2016; Yuan, 2016; Li et al., 2019; Woraputtaporn et al., 2019;
Magklara et al., 2021), which is consistent with this case,
where it went through the C4 transverse foramen.

On the other hand, vertebral artery loops are
considered congenital anomalies of low prevalence, varying
between 0.6 and 7.5 % of cases (Chibbaro et al., 2012;
Gkekas & Georgakoulias, 2013). When they are present, they
are most frequently observed in the prevertebral portion and
on the left side, being more prevalent in women, and between
the fifth and sixth decade of life (Eksi et al., 2016; Yenigun
et al., 2016; Naldemir et al., 2020). Moreover, in a sample
of 37 patients with a confirmed vertebral artery loop, there
was a distribution of 78.3 % in the prevertebral portion (V1),
21.7 % in the cervical portion (V2) and none in the other
two portions (Yenigun et al., 2016). In this case, two

Measurements of the prevertebral portion of the VA VA Right VA Left
Total length prevertebral portion (mm) 45,44 110,17
Functional length prevertebral portion (mm) 21,59 87,96
Distance between origin and first curve (mm) 6,25 22,22
Cross diameter at the origin (mm) 3,53 4,83
Cross diameter in the middle (mm) 2,11 2,39
Cross diameter at the end (mm) 2,27 3,10
average cross diameter (mm) 2,64 3,44
First curve angle (°) 96 139
Second curve angle (°) 82 114
Third curve angle (°) * 147
Fourth curve angle (°) * 124

Fig. 2. Dissection of the right subclavian artery at the root of the
neck. 1. Right subclavian artery; 2. Right vertebral artery; 3. Right
brachiocephalic vein; 4. Right vertebral vein; 5. Right scalene
muscle; 6. Right lobe of the thyroid gland; 7. Eighth cervical
vertebral nerve; 8. Right common carotid artery. The red arrow
indicates the loop of the right vertebral artery.

Table I. Measurements of the prevertebral portion of the VA
anatomical variants of low prevalence
appear simultaneously: the aortic origin of
the left vertebral artery and the 360° loop in
the right vertebral artery, both in the same
person, anatomical variants that can give rise
to different clinical situations.

Concerning the clinical relevance of
these anatomical variations, the patterns of
arterial flow, such as the resistance and
pulsatility indices, are significantly reduced
in the presence of vascular tortuosities like
a siphon or loop, which can have a protective
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effect for cerebral vascularization (Schubert et al., 2011).
On the other hand, the bilateral layout of vertebral arteries
with their sinuous trajectory likely provides for a greater
range of cervical spine mobility, reducing the negative effect
of the movement on the arterial flow. However, negatively,
the formation of loops in the vertebral artery can cause other
complications, among them bone erosion, intervertebral
foramen invasion, neurovascular compression, or
vertebrobasilar insufficiency (Doweidar et al., 2014). In this
case, the right vertebral artery loop was located anteriorly to
the ventral branch of C8, being potentially compressive for
this nerve. In fact, loop formations of the vertebral artery can
be a rare but potential cause of cervical radiculopathies, and
therefore they must be considered as part of the differential
diagnosis (Wood et al., 2021; Farshad et al., 2022).

On the other hand, the aberrant origin of the vertebral
artery favors hemodynamic alterations, predisposing to
cerebrovascular disorders and the formation of intracranial
aneurysms (Lazaridis et al., 2018); however, it is not associated
with compressive radiculopathies, as can occur with a vertebral
artery loop, which contributes to the differential diagnosis.
Reasonably, the aberrant origin of the vertebral artery must
be considered before undertaking any vascular procedure, for
example in the design of vascular prostheses (Yuan, 2016).
Hence, it is advisable to deliberately seek such formations in
imaging examinations, especially when there is evidence of
an enlargement of the intervertebral foramen (Tonsbeek et al.,
2020). Moreover, if there is a possibility of a loop formation
in the vertebral artery, it is suggested that a magnetic
angioresonance or an angiography be performed to confirm
the vascular variation (Kim et al., 2010), as well as
complementing this with a suitable physical examination.

CONCLUSION

The coexistence of two different anatomical
variations in the vertebral arteries in the same individual is
possible. This atypical situation can potentially generate
vascular neurological pathologies, but with different
symptoms and causes. Knowing these variations and
deliberately searching for them will enable the specialist to
make a suitable differential diagnosis.
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RESUMEN: Existen múltiples reportes sobre variaciones
anatómicas de las arterias vertebrales, las que se pueden relacionar
con origen, trayecto, calibre y lateralidad. Sin embargo, las
variaciones bilaterales son menos frecuentes, y menos común es
que las variantes bilaterales sean diferentes entre ellas. El objetivo
de este trabajo fue reportar la presencia de una variación bilateral
de la arteria vertebral y su implicancia funcional y clínica. Disección
en un cadáver de sexo femenino, fijado en formaldehido tamponado
al 10 %, el cual no presentaba intervenciones quirúrgicas previas
en la región de estudio y que tenía variaciones anatómicas en ambas
arterias vertebrales. En cada una se realizó seguimiento desde su
origen hasta su terminación, pudiendo determinar su trayecto,
diámetros, ramificaciones y relaciones anatómicas. Se encontró
una arteria vertebral izquierda originada en el arco aórtico, que
realizaba un trayecto sinuoso de 4 curvaturas e ingresaba al foramen
transverso de C4. La arteria vertebral derecha se originaba como
primera rama de la arteria subclavia. Su trayecto inicial era rectilíneo
seguido por una curva de concavidad derecha, un loop (giro) de
360° que incluía una segunda curva ascendente y terminaba en
dirección recta antes de ingresar al foramen transverso de C6. La
coexistencia de variaciones bilaterales en las arterias vertebrales
es posible. Esta situación atípica, potencialmente puede generar
en la persona patologías neurológicas de origen vascular, pero con
sintomatología y causas diferentes. Conocer estas variaciones y
realizar una búsqueda intencionada de ellas permitirá el especialista
realizar un adecuado diagnóstico diferencial.

PALABRAS CLAVE: Arteria vertebral; Variación
bilateral; Loop; Origen aórtico.
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