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ABSTRACT

Background: The vertebral artery originates from the subclavian artery and is divided
into four segments. The aim of this study is to investigate the anatomical variations in
the course and branches of the vertebral artery.

Materials and methods: A research was performed via Pubmed database, using the
terms; "variations of vertebral artery AND cadaveric study", “variations of vertebral
artery AND cadavers” and "anomalies of vertebral artery AND cadavers".

Results: A total of 24 articles met the inclusion criteria, 13 of them referring to
variations of the origin of the vertebral artery, 9 to variations of the course and 3 to
variations of its branches. On a total sample of 1192 cadavers of different population,
origin of the left vertebral artery directly from the aortic arch was observed at 6.7%. In
addition, among 311 cadavers, 17.4% were found with partially or fully ossified
foramen of the atlas for the passage of the vertebral artery, while the
bibliographic review also showed variants at the exit site of the artery from the
transverse foramen of the axis.

Conclusions: Despite the fact that variations of both the course and the branches

of vertebral artery are in most cases asymptomatic, good knowledge of anatomy and its
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variants is of particular importance for the prevention of vascular complications
during surgical and radiological procedures in the cervix area.
Key words: subclavian artery, brachiocephalic trunk, aortic arch, posterior

inferior cerebellar artery

INTRODUCTION

According to classical anatomical textbooks, the vertebral artery (VA) is divided
into four segments[1]. In the first segment, the artery courses dorsally after originating
from the subclavian artery until it enters the foramen of the C6. The second segment
lies within the transverse foramina of C6 to C2. The third portion is the distal
extracranial segment that is short and tortuous. The artery passes through the
transverse foramen (TF) of the atlas and then curves backwards and medially behind
the lateral mass of the atlas. It then makes a sharp turn to pierce the dura mater,
thereby entering the cranium through the foramen magnum (Fig. 1). The fourth
segment is entirely intracranial and terminates when the vertebral arteries join at the
lower pontine border to form the basilar artery [9,26]. The VA typically gives off
spinal, muscular, meningeal branches, the anterior spinal artery, ramus choroideus
ventriculi quarti, medial and lateral medullary branches and the terminal branch, the
posterior inferior cerebellar artery (PICA) [62].

Anatomical variations of the VAs concerning their site of origin, course and
branching pattern are not common and present particular clinical interest. Our study has
been designed to take into account the reports in the literature so far, in order to
investigate the different types of anatomical variations of the VAs and the

corresponding incidences.

MATERIALS AND METHODS

An extensive literature search was conducted using the electronic database
Pubmed for relevant published articles. The search terms were; “variations of
vertebral artery AND cadaveric study”, “variations of vertebral artery AND cadavers”
and “anomalies of vertebral artery AND cadavers”. Only cadaveric studies in adults

and in English language were included to this study. CT-scans and angiographic



studies were excluded. Additional search filters such as article types, text availability,
publication date and species were not applied. Collected data were categorized in Tables
according to the type of variation. The resulting citations were exported and the
articles were screened independently. The references of identified publications and

articles were also examined.

RESULTS

Eventually a total of 24 papers met inclusion criteria, 13 of them referred to
variations of the origin of the VA, 9 to variations of the artery’s course and 3 in
variations of its branches. It should be noticed that among the 25 papers, one (Lang
1991 [26]) referred both to the course and the branches of the artery, so it was counted
twice. The articles ranged in date from 1983 to 2019 and included cadaveric studies in
different populations.

The 13 studies concerning the VA’s variable origin corresponded to a total
number of 1192 cadavers. The results are presented in Table 1 and Figure 2. An
atypical VA origin was detected 7.0% (83 out of 1192 cadavers) of the specimens. A
direct origin of the left vertebral artery (LVA) from the aortic arch was observed in
6.7% of cases (80 out of 1192 cadavers). The right vertebral artery (RVA) presented
less commonly an aberrant origin (3 cadavers out of 1192, 0.25%). These
variations concerned RV A origin from the right common carotid artery (RCCA), from
the brachiocephalic trunk (BCT) and double RVA —the one emerging from the aortic
arch (AA) and the other from the right subclavian artery (RSCA).

The vertebral level of origin of the RVA and LVA was assessed only in 14
cadavers (one study, Table 1). The prevalent level of origin of the LVA was between
the 7th cervical vertebra and the 1st thoracic vertebra, while there were also four cases
emerging between the 1st and 2nd thoracic vertebra. The RVA arose between the 7th
cervical vertebra and the 1st thoracic vertebra in five cases and between the 1st and
2nd thoracic vertebra in four cases.

Concerning the course of the VA, 189 variations (30.1%) were found among 628
cadavers (Table 2 - a total of 9 studies). Most of them were observed on second and
third segment of the VA. Studies were the VA presented anomalous origin were

excluded.



The variations concerning the branching pattern of the VA are represented in
Table 3 (3 studies).

DISCUSSION

According to our review of the literature, the direct origin of the LVA from the
AA was observed in 6.7% of the cases. In most occasions the LVA emerged between
the left common carotid artery (LCCA) and the left subclavian artery (LSCA). A
unique case of a LVA origin between the BCT and the LSCA was reported, while in
this specimen the LCCA originated from a common trunk with the BCT. Additionally,
in two cases the LVA derived from the AA from a common trunk together with the
LSCA [18, 49].

In order to understand the majority of VA variations, a deep knowledge of
embryological development of the AA and its branching pattern is required.
During embryological development, as the heart and aorta move caudally,
cervical intersegmental arteries appear from the AA [15]. The 1% to 6" dorsal
intersegmental arteries are anastomosed lengthwise, with their inferior end
connected to the 7th dorsal intersegmental artery [61]. The first part of the LVA
develops close to the origin of the dorsal branch of the seventh cervical
intersegmental artery and proximal to the postcostal anastomosis, while the
second part is derived from longitudinal communications of the postcostal
anastomosis. To enter into the foramen transversarium of sixth cervical vertebra,
the vessel takes a vertical posterior course [8].

Even though AA variations may be discovered in the very first days of life,
the majority are only discovered after death or randomly on imaging methods,
due to the absence of symptoms [39]. Even though the exact cause of such
variations is unknown [39], a plethora of embryological explanations is
contained in the literature. From the aspect of Patil et al. (2012) [41], variations
in the branches of the AA might be a result of modified development of certain
arteries of the AA during pregnancy. Furthermore, Patil et al. (2012) [41]
suggested that a large absorption of embryonic tissue of the LSCA between the
origin of the VA and the AA may cause a direct origin of the LVA from the AA,
between the origins of the LSCA and LCCA. Adachi (1928) [2] classified this



pattern as type I1l. Budhiraja et al. (2013) [8] assumed that the first part of VA
could be the preserved left sixth segmental artery, or there might be a large
absorption of the embryonic tissue of LSCA, between the origin of the AA to the
origin of VA, causing direct origin of the LVA from the AA. The sixth
cervical intersegmental artery customarily vanishes, but Einstein et al. (2016) [15]
supposed that it might have maintained, permitting blood flow from the arch of
aorta. The cause of origin of the LVA from the AA might be the decreased blood
flow through the normal origin of the LVA which is the dorsal division of the
seventh cervical intersegmental artery. According to Yamaki et al. (2006) [61],
this anomalous origin of the LVA could be explicated by the fact that the LVA is
probably formed through the conjunction of the 4th branchial artery with the
superior wall of the arch of aorta. Additionally, growth factors such as TGF-B
(Transforming growth factor beta) and VEGF (Vascular endothelial growth
factor) may play a significant role in the variable patterns of the AA and its
branches [5]. Bhimabhai et al. (2014) [ 6] suggest that AA variations may be a
result of deficient branching of the aortic sac into the right and left limbs during
embryonic growth, while Momma et al. (1999) [34] propose that there is a
relationship between AA variants and a loss of chromosome 22g11. Moreover,
other congenital conditions such as Klippel-Feil syndrome or Down syndrome and
rheumatoid arthritis have been associated with VA variations [57].

Concerning the clinical implications of the variations of the LVA origin,
Budhiraja et al. (2013) [8] noticed that atherosclerosis often affects the
prevertebral part of the LVA deriving from the AA. Einstein et al. (2016) [15]
stated that an abnormal origin of LVA doesn’t have any impact on blood flow,
but it might perplex surgical and endovascular processes of AA. The impairment
or disengagement of the abnormal vessel might also affect cerebral function.
According to the literature, there seems to be a greater hazard during surgical
processes of important interruption of cerebral blood flow, if an anomalous VA
exists [15]. Thus, a thorough knowledge of variations in the branching pattern of
the AA is essential, especially when patients have to experience aortic
instrumentation, vessel angiography, or surgery on neck and head [41].

Additionally, a comprehensive understanding of possible abnormal branches



emerging from the AA is also vital in the identification of cranial aneurysms.
Moreover, there have been reports that anomalies in the branching pattern of the
AA could lead to cerebral anomalies by modifying the pattern of flow in
cerebral vessels. Direct origin of LVA from AA seems to increase blood flow in
LVA. This direct flow of blood from aorta to brain or absence of equilibrated flow
of blood on right and left side at circle of Willis may probably be the cause of
greater occurrence of cerebro-vascular diseases in such cases [44].

Our review of the literature retrieved only one case of a duplicated RVA
([33] - Table 1). Sim et al. (1976) [48] suggested that this variation may be the
result of a remaining portion of the primitive dorsal aorta along with two
intersegmental vessels conjoined to the true VA, while Kendi et al. (2009) [23]
proposed that the miscarriage of regression of the fifth or sixth intersegmental
arteries may lead to a further potential origin of the VA along with the normal
seventh segment. Duplicated RVA might be observed only in 1% of Japanese
people and it is even rarer in Western Europe population [1]. It occurs mainly in
the upper cervical position and is associated with other intracranial anomalies.
When duplicated, there is either a main trunk which permeates the dura at the C1-
C2 levels and a hypoplastic one or two trunks, one intradural and one
extradural, of similar dimension. This probably leads to an acute hematoma
below the inner layer of the dura and death, after tapping costal the cervical
spine.

In respect to the variations of the RV A origin, our review retrieved a few
cases of RVA emerging from the the RCCA and BCT as well as the duplication
of the artery which was described above (total incidence of 0.25%). Maiti et al.
(2016) [28] mentioned that anomalous origin of the RVA is more frequent than
that of the LVA. This result coincides with the findings of our review. The
embryologic explanation is often difficult to understand. Although these
findings may be asymptomatic in most cases, detailed information is required
before any surgical/endovascular intervention in order to avoid any inattentive
injury and misconception of VA [8]. In general, abnormal origin of VA might
cause cerebral disorder as it modifies hemodynamic of the brain [8].



Lazaridis et al (2018) [29] presented in their study an interesting classification
system concerning the variable point of origin of both VA. In most of the cases the
left or right VA is described to emerge abnormally from different parts of the AA,
while extra- aortic points of origin, such as the BCT and carotid arteries are
included [29]. Nevertheless, the classification does not mention the point entrance
and branching pattern.

Variations related to the entrance point and the course of the second segment in
the transverse canal, were noticed in two studies and a total of 43 cadavers (20% -
Table 2, [31], [11]). The VA entered the TF of C6 in 168 out of 211 specimens (80%).
In 5 cadavers it entered in the TF of C4 (2.3%), in 16 cadavers in the TF of C5 (7.6%)
and in 22 specimens the entrance point of VA was observed in the TF of C7 (10.4%)
[11,31]. Chanapa and Mahakkanukrauh (2012) [11] reported the 47.5% of the
observed variations were on the left side and the 52.5% were on the right side. The
57.5% of the cases which presented variations at the level of entry of the VA were men
and the 42.5% were female [11]. Previous studies [7,21,31] reported that the VA
entered typically at C6 with a range from 90 to 94.9%, while an abnormal entrance at
C3, C4, C5, and C7 was observed with a range from 5.1 to 10%. Chanapa et al. (2012)
[11] reported that the entrance was found in 89% at the C6, which is compatible with
the study of Civelek (2007) [12]. According to our review, the VA entered typically at
C6 in 80% of the cases and the abnormal entrance occurred in 20% (C7, C5 and C4
with incidences 10.4%, 7.6% and 2.3%, respectively). The unilateral entry of VA in the
study of Chanapa et al. (2012) [28] was 13% similar to the study of Bruneau (2006)
[7], which was 12.4%. Ebraheim et al. (1996) [14] reported that serious VA
compression, particularly when cervical spondylosis is present, may occur within the
TF of C5 spine due to the small diameter of this foramen.

It should be pointed out that LVAs with abnormal origin from the AA tend to
present variable and anomalous point of entrance. In the study of Woraputtaporn et al.
(2018) [60] the 78.6% of LVVAs deriving from the AA entered the TF of C5, with one
entering that of the C4. On the right side, no deviations were observed at the origin
pattern and the 99.2% of RV A assessed the C6 [60]. That was also the case in the study
of Li et al. (2018) [30], where variations with a sinuous course and abnormal entry at the

TF of C5 were reported only in LVAs with atypical origin. According to Tardieu et al.



(2017) [51], all cases of LVA with this type of origin ascended in a more medial course
and presented higher point of origin, being more prompt to injuries.

Concerning the entrance of VA in the transverse canal, in 89% the artery ran
nearly straight in this area, in 7.7% it meandered slightly and in 3.1% it formed
clear loops [25]. In reference to the third segment of the VA, out of a total sample of
628 cadavers, variations were detected in 119 of them (19% - Table 2). Ulm et al.
(2010) [54] found that half of the VA specimens presented a 90° bend at their exit
point at the C2 TF, 37.5% made a slightly more acute angle and 12.5% formed an
obtuse bend inside the groove. In the same study, 25 dissections at the level of the third
segment were examined, specifically at the proximal loop, which is tethered between
the bony C1 and C2 foramina. The proximal loop projected posteriorly in 12 cases
(48%) and directly laterally in 5 cases (20%); in 8 cases (32%) there was a small or
no loop and the artery coursed in a straight line between C1 and C2. No case in which
the proximal loop projected medially or anteriorly was observed. The superior surface
of the horizontal segment is in close proximity to the lower lateral surface of the
occipital bone. Ulm et al. (2010) [54] found no separation between the lower surface
of the occiput and the superior surface of the third segment in 12% of cadaveric
dissections (4/39).

Lang and Kessler (1991) [25] studied the course of the axoatlantal part of the
vertebral artery in 65 head and neck halves and presented 4 main types (I-1V) of loop
formation in this region. According to their division, the type | which referred to the
classical course of the artery was found in 42 specimens (64.6%). This course was
discovered in 64.6% of the cases on the right and in 62.5% on the left. Type Il
included VAs which formed a loop sideward more or less caudally and slightly
dorsally after their exit from the TF of the axis. This form occurred in 9 specimens
(14%), more often on the left (18.8%) than on the right (9.1%). The cases where VA
presented clear loops in the dorsal direction and then coursed upward to the TF of
the axis belonged to the type Ill. This type was observed in 7 specimens (10.8%),
more often on the left (12.5%) than on the right (9.1%). Finally, type IV was
comprised of the arteries which coursed slantingly from the transverse foramen of the
axis sideward and upward, with more or less clear curves of the vessel in the ventral

direction before it approached the TF of the atlas. This type occurred in 10.8%; in



15.2% the slanting course was to the right and in 6.3% to the left. Furthermore, they
compared both sides in only 32 specimens (12 males, 4 females) and discovered the
same type on each side in 56.3%.

Probably the loop formation of the atlantoxial part was firstly investigated by
Krayenbiihl and Yasargil (1957) [24]. These authors as well as Schwerdt in 1978
[45] described different subdivisions: slight bendings, small curves, nearly or no loop
formation and moderate loopings and so on. Toldt and Hoschstetter (1979) [52]
presented these bends in their illustrations. Francke et al (1981) [16] subdivided the
loops (concave downward and laterally and inside the TF of C2) and pointed out that
these bends seem to increase during aging. According to Muralimohan et al. (2009)
[36], the incidence of VA variations in the atlantoaxial region is 2.3%. Ulm et al
(2010) [54] stated that this variant anatomy must be taken into consideration when
placing either C2 pars screws or C1-2 transarticular screws, as both these techniques
are likely to cause damage of this segment. Thus, detailed knowledge of the anatomy
of this arterial segment is critical for the surgeon so that no accidental injury occurs.
In addition, according to Heros (1986) [20], an intraoperative injury to the VA may
result in unpredictable neurological deficits depending on contralateral VA flow due to
excessive bleeding and disruption of cerebral blood flow.

As the artery exits the transverse foramen of C1, heading towards to the
suboccipital region, it typically runs through the groove of the VA found in the
posterior arch of C1. One of the most common variations observed in our review
study was the presence of an osseous foramen on the posterior arch of the atlas, which
is referred in the literature as Foramen Arcuale (FA) (or Ponticulus Posterior) [25].
This foramen, which is formed by the ossification of the altantoccipital membrane,
transforms the groove of VA in an osseous tunnel inside of which the artery passes
through to the suboccipital region. Among 252 cadavers [3,25,36,46,54] a total (33 out
of 41, 80.5%) or partial (8 out of 41, 19.5%) ossification of the atlantooccipital
membrane was observed in 41(16.3%)(Table 2). Corresponding findings were reported
by Senoglu et al. (2006) [46] in 8 cadavers bilateral and in 10 unilateral (166
specimens), while no statistically significant difference between left and right side was

reported.



The osseous bridge forming the canal for the VA variant was reported for the first
time in the late nineteenth century [32]. According to Manjunath (2001) [32], this
variant anatomy was detected on 11.7% of C1 vertebrae observed in 60 southern
Indians and was reported to occur in 1.8 to 29.2% of individuals in various geographic
locations. Taitz and Nathan (1986) [50] investigated the existence of posterior and/or
lateral bone bridges in 672 C1 vertebrae. They found partial posterior bridges in 174
(25.9%) and complete bridges in 53 (7.9%) cases. Paraskevas et al. (2005) [40]
examined 176 dried C1 vertebrae and found a canal for the vertebral artery in 10.2%
and an incomplete canal in 24.4% of their specimens. This variant was observed
less frequently in the specimens of Senoglu et al. (2006) [46] (bilaterally in 4.8%,
unilaterally in 6%, and partially in 4.8%). Afsharpour et al. (2016) [3] reported that
the presence of arcuate foramina may compress the VA as it passes beneath the bony
bridge. This compression could result in neurological conditions as VertebroBasilar
Arterial Insufficiency (VBAI). Same symptoms may occur during surgical procedures
near the atlas in patients with a FA. Mitchell (1998) [33] and Vanitha (2014) [55]
concluded that hyperextension of the head or manual pressure in this region during
cervical manual manipulation is more likely to provoke VA compression, especially
when FA is present, resulting in stenosis. Nevertheless, Haynes (2005) [18] didn’t
observe any incidence of VA stenosis using a Doppler examination. Cushing et al.
(2001) [12] reported that the presence of FA could increase the risk of VA dissection
especially with neck rotation. In a comprehensive study of 895 patients, Wight et al.
(1999) [59] found out that complaints of neck pain (33%) and cervicogenic headache
(22%) were significantly connected with the presence of FA. P¢kala et al. (2017) [42]
detected that the complete FA was reported to be predominant in North Americans
(11.3%) and Europeans (11.2%), and less common among Asians (7.5%). The
complete FA was observed more frequently in males (10.4%) than in females (7.3%).
On the opposite, an incomplete FA was more commonly observed in females
(18.5%) than in males (16.7%). Additional to a complete FA, a contralateral FA was
found in 53.1% of the cases. In our review study, the bilateral presence of FA was
observed in 44.4% of cases (Table 2). Conclusively, the patient’s sex and ethnicity
should be taken into consideration by the surgeons while examining the presence of FA.

Pre-screening clinical assessment of classic signs and symptoms of VBALI is also



of great importance. Radiographic imaging is recommended for assessing the
presence of partial or complete FA. In trauma cases, advanced imaging is strongly
recommended. In order to minimize the risk of VA injuries from screw placement,
attentive evaluation of dorsal-lateral arch thickness is a prerequisite, since FA seems to
be a common anomaly. A thorough knowledge of the variants in this region and a
detailed appreciation of regional anatomy of the FA are therefore imperative during
surgical procedures in this area, as mentioned by Jay Ahn et al. (2018) [4]. However,
based on Afsharpour et al. (2016) [3] findings, the presence of such hard bridges
over the VA may provide protection from compressive pressures. The same
conclusion was reached by Muralimohan et al. (2009) [36] who assumed that
although anatomical variations may potentially increase the rate of intraoperative
complications, this osseous bridge constitutes an additional barrier which protects the
artery, thus it reduces the risk of injury. This is also mentioned in the study of Senoglu
et al (2006) [46].

Tubbs et al. (2007) [53] have reported in their study that all 20 cadavers they had
studied presented a lateral atlantooccipital ligament (LAO) bilaterally, in contact with
the VA posteriorly. They reported that this ligament was found to be a distinct band of
connective tissue located lateral to the atlantooccipital junction, separate from the joint
capsule and the anterior atlantooccipital membrane. The insertion of the LAO was
observed onto the jugular process of the occipital bone in all specimens [53]. Although
Tubbs et al. reported that the presence of the LAO ligament was in close relation with
the VA in all their specimens, this ligament is not frequently mentioned in literature
and almost absent from all modern textbooks and atlases of anatomy [53]. Some of
the texts that have depicted this ligament include the antiquated editions of Gray’s
anatomy [43]. On the other hand, Hecker (1922) [19], in a landmark treatise on the
atlantoaxialoccipital ligaments, didn’t mention the LAO. The exclusion of this
ligament may be linked to the difficulty to access this region. In case of accidents
which might lead to the injury of this ligament, consequential damage in the VA may
occur. Therefore, further research of the LAO must be taken into consideration, due to
the proximity of this ligament to the VA.

According to Russo et al. (2011) [44], iatrogenic damage in the second segment of

the VA is rare. However, the anomalous course of the VA may provoke serious



complications during anterior cervical decompression surgery with consequential
neurological damage or death. Thus, accurate preoperative planning is prerequisite for
anterior cervical decompression [38]. Surgical approaches to the posterolateral
craniovertebral junction require working in close proximity to the V3 segment.
Therefore, Ulm et al. (2010) [54] concluded that an injury of this segment may occur
during procedures of the craniovertebral junction, as well as while its exposure when
treating tumours. They also mentioned that an injury of the VA may lead to
serious complications such as VA occlusion, formation of an arteriovenous fistula, a
pseudoaneurysm, or enormous bleeding that could result in stroke or even death [38,
54].

After the VA enters the suboccipital region, it gives off spinal and muscular
branches, which supply the upper portion of the spinal cord and the suboccipital
muscles, respectively. During its passage through the dura matter, meningeal
branches are emerged. As it courses intercranial, it gives off its terminal branch, the
PICA which is the largest branch of the VA and may be originated from the foramen
magnum to the vertebrobasilar junction [1]. According to Lang&Kessler (1991) [25]
the PICA emerged from the VA with extradural origins in 3 out of 63 head and neck
halves (about 4%), while double-origin PICA extradurally between the vertebrae C1
and C2 is observed in 1%-4% of patients [58].

During surgical procedures of the VA, the branches of the VA in the axoatlantal
and atlantal segments must be taken into consideration. Lang (1983) [26] was the
first who analyzed the extradural origins of PICA. It should be noticed that there are a
plenty of variations concerning the distance from the lower rim of the TF of the atlas
to the dura. Abd et al. (1995) [1] have noticed that the right and left VA often presents
an asymmetry. A small VA is difficult to be observed with angiography and perhaps it
terminates as PICA. Moreover, PICA termination is highly prevalent in cases of LVA
origin from the AA [38]. In case it is ending in the basilar trunk it is termed
“hypoplastic”; otherwise it is called “atretic” [38]. Additionally, there is a possibility
of absence of this artery, so four congenital anastomic arteries might exist: the
trigeminal, otic, and hypoglossal which are intracranial and the proatlantal which is
extracranial. All of them constitute embryonic anastomotic arteries among the carotid

and basilar circulatory systems. The occipital artery emerges from the internal carotid,



it connects the later with the external carotid artery and its proximal portion is formed
by a channel of proatlantal artery [1]. From the above, it is clear one proatlantal artery
might rise from the external carotid and another from the internal carotid. The VA
may be absent or hypoplastic if there is a persistent proatlantal artery. Thus, a
proatlantal artery might remain due to abnormalities of VA development [1].

Below the C1 posterior arch is observed a radiculomuscular branch that is formed due
to the entrance of the artery. This branch passes between the atlantoxial joint (forward)
and C2 nerve (downward) and was present at all specimens (100%). Moreover, it
appears to give two branches; a dural branch that courses to the dura with the C2 nerve
and a muscular branche. The origin of this radiculomuscular branch is observed on
the entrance point of the VA to the C1 TF and no cadaver presented it lower from the
TF (Table 3). Similar were also the findings in the angiography studies of Zhu et al.
(2018) [62].

Another muscular branch is formed by the artery above the C1 posterior arch and
ran posterosuperiosly and medially. Four cadavers presented this branch both in the left
and the right side respectively (28.6% on each side, Table 3). Distal to this branch, the
posterior meningeal artery is formed by the VA posteromedially. This artery was
originated 7-11 mm proximal to the entrance point of VA to dural and was detected on
the left side in four cadavers (28.6%), on the right side in six specimens (42%) and it
was missed in four (Table 3). Although the meningeal branches of the VA are
small, they may become swollen in a plenty of pathologic circumstances. Both
anterior and posterior meningeal branches originate from the extracranial VA and
supply a portion of the dura of the posterior fossa. The posterior branch emerges from
the VA over the arch of C1, under the foramen magnum and it supplies the medial
portions of the dura of the occipital posterior fossa and the falx cerebelli. Sometimes it
may also continue over the tentorium in order to supply the posterior segment of the
falx cerebri and adjacent tentorium [37]. Newton (1968) [37] reported the posterior
meningeal artery on the left side in 29.8% of their cases and on the right side in
40% of the cases (angiographic study). According to their study, the posterior
menigeal artery originates from the posterior part of the VA among the arch of C1 and
the base of the skull.



The posterior spinal artery arose from the posteromedial portion of the VA just at
the point of entrance of the dural. It was observed on the left side in four cadavers
(28.6%) and on the right in five (35.7%, Table 3). It also can be emerged from the
intradural segment of the artery [10,22]. In the subarachnoid space, the artery gives off
ascendants and descendants branches. The ascendant branch passes through the
foramen magnum and divides into branches that are connected with branches of the
PICA. The descendant branch course continues on the posterolateral aspect of the
spinal cord. It is also connected with the posterior branches of the radicular arteries
and is divided into collateral branches, which continue medially across the posterior
surface of the spinal cord and they are connected to form an artery located in the
midline, parallel to the posterior spinal arteries. Concerning the dural penetration of the
VA, the — partial — ligation of the artery at this level is recommend, because the
periosteal sheath supports the dura mater. So, in rotations, is more secure to leave
untouched the central part of the dura matter and cutting it around, but not close to the
VA. The muscular branch above the posterior arch of C1 is commonly injured during
exposure of the artery. Last but not least, the importance of distinguishing the VA
from the PICA must be highlighted, as in rare occasions may emerges from the
extradural VA [57].

CONCLUSIONS

It is obvious that, although the variations of VA concerning the origin, the course
and the branches are, according to the literature, in most cases asymptomatic, the
thorough comprehension and knowledge of the typical VA and its variations is of
great importance for the prevention of vascular complications during minimally

invasive diagnosis and treatment of cerebral vascular diseases.
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Table 1: Total number of studies and specimens presenting variations in the origin of the vertebral artery

(VA).

*BrachioCephalic Trunk (BCT), Right Common Carotid Artery (RCCA), Right Vertebral Artery (RVA),
Left Subclavian Artery (LSCA), Aortic Arch (AA), Left Vertebral Artery (LVA)

VARIATIONS IN THE ORIGIN OF THE VA

cadavers

Researchers Year Specimens Variations %
Vorster et al. 1998 | 60 South LVA origin from the AA (3) | 5%
African
cadavers
Gluncic et al. 1999 1 cadaver LVA origin from the AA in
a common trunk with LSCA
RVA origin from the RCCA
Yamaki K, Saga T, 2006 | 515 Japanese | RVA origin from the 0.2%
Hirata T, Sakaino M, cadavers bifurcation of the BCT(1)
Nohno M, et LVA origin from the AA 5.8%
(30)
Ikegami et al. 2007 | 25 cadavers | LVA origin from the AA (1) 4%
Shin et al. 2008 | 25 Korean  |LVA origin from the AA (2) (8%
cadavers
LVA — level of origin
C7/T1:5 35.7%
T1/T2:4 28.5%
T2:1 7.1%
T2/T3:1 7.1%
T1:3 21.4%
RVA- level of origin
C7/T1:6 42.8%
T1:3 21.4%
T1/T2:4 28.5%
C7:1 7.1%
Patil et al. 2012 | 75 Indian LVA origin from the AA (6) | 8%
cadavers
Budhiraja et al. 2013 | 52 Indian LVA origin from the AA (9) | 17.3%
cadavers
Einstein, et al. 2016 | 27 cadavers | LVA origin from the AA (4) | 14.8%
Singh 2017 | 2 Indian LVA origin from the AA (1)
cadavers LVA origin from a common
trunk with LSCA (1)
Motomuraet al. 2018 1 cadaver Duplicated RVA with a
proximal leg arising from the
AA and a distal one with
typical origin from RSA
O’Malley et al. 2018 24 Irish LVA origin from the AA (2) | 8.3%
cadavers
Lietal 2018 119 cadavers | LVA origin from the AA (7) | 5.89%
Woraputtaporn et al 2018 266 Thai LVA origin from the AA (14) | 5.3%



https://www.ncbi.nlm.nih.gov/pubmed/?term=Shin%20IY%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=19096697
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patil%20ST%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=23094209
https://www.ncbi.nlm.nih.gov/pubmed/?term=Einstein%20EH%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27757404




Table 2:Variations in the course of the vertebral artery (VA).



VARIATIONS IN COURSE OF VA

Researchers

'Year

Specimens

\Variations

%

Rhoton AL Jr et al.

1985

25 cadaveric
heads

In the suboccipital region:
*VVA was partially, but incompletely,
surrounded by bone (6)

*Bony ring that completely surrounds the VA
(7)

24%

28%

Lang & Kessler

1991

65 head and neck
halves

V3 segment

Loop formation at the exit from the
transverse foramen of C2:

*Sideward loop caudally and dorsally
(TYPEII) (9)

*Clear loops in the dorsal direction
(TYPEI) (7)

+Slant course from the transverse foramen
of C2 sideward and upward (TYPEIV) (7)

Variations of V2 segment

*In the space between C6 and C2 it
meanders slightly (5)

sclear loops (2)

14%

10.8%

10.8%

7.7%

3.1%

Cacciola et al.

2004

40 cadavers

+Atlas with symmetrical complete bilateral
dorsal osseous bridges, passage of VA
through the tunnel formed by the dorsal and
lateral bridges (1)

*V A passage from lateral to medial under
the oblique inferior boarder of the partially
ossified atlanto- occipital membrane. (2)

2.5%

5%

Senoglu et al.

2006

166 dry C1
specimens

Variations of V3 segment

*Bilateral osseous bridges forming a canal
for VA (8)

*Unilateral osseous bridges forming a canal
for VA (10)

4,8%
6%

Tubbs et al.

2006-
2007

20 cadavers

Bilateral LAO ligament, dorsally in contact
with the VA (20)

100%

Civelek et al.

2007

30 cadavers

Variations at the VA entrance point in the
transverse canal (V2 segment):

*Entrance into the transverse foramen of C7
(2)
*Entrance into the transverse foramen of C4

1)

7%

3%

Muralimohan et al.

2009

21 Indian
cadavers

*On the right side completely ossified
bridging fibrous tissue forming a bony
tunnel for VA(1)

*On the left side partially ossified bridging
fibrous tissue forming a bony tunnel for
VA(L)

4.7%

4.7%

Ulm AJ, et al.

2011

30 cadavers

25 cadavers

34 cadavers

Variations of V3 segment
Exit of VA from the C2 transverse foramen:

+*90%bend (15)

+<90° angle (11)
+>90%angle (4)

Proximal loop formation from its exit from
the C2 foramen:

*Posteriorly (12)

*Directly laterally (5)

«Little or no loop present (straight line
between C1- C2) (8)

*No space between the occipital bone and
the horizontal segment (4)
Dorsal course through a fully foramen-

shaped arterial groove (5)

50%
37.5%

12,5%

48%
20%
32%

12%

14.7%




Table 3. Variations in the branches of the vertebral artery (VA).

VARIATIONS OF BRANCHES

Researchers Year Total specimens Variations %
Lang & Kessler | 1991 65 head and neck | 3 specimens origin from the VA with ~4%
halves extradural origins

Abd El-Bary et | 1995 14 cadavers Branches of the antlantic part of VA

al. Left  Right Left Right
Radiculomascular 14 14 100% 100%
Muscular 4 4 28.6% 28.6%
Postmeningeal 4 6 28.6% 42%
Postspinal 4 5 28.6% 35.7%

Wang et al. 2019 1 cadaver extradurally bilateral PICA origin between

C1 and C2, and aright double-origin PICA

*PICA: posterior inferior cerebellar artery

Figure 1. Origin and course of vertebral artery (VA). First part: from the origin of the

VA until it enters the foramen of the C6. Second part: between transverse foramina

of C6 to C2. Third part: from the transverse foramen until the foramen magnum.

Fourth part: entirely intracranial.

Figure 2. Variations of vertebral artery (VA) origin. A. Left vertebral artery (LVA)

originated from aortic arch (AA); Right vertebral artery (RVA) of typical origin; B.

LVA originated from AA with a common trunk with left subclavian artery (LSCA),
RVA of typical origin; C. RVA originated from brachiocephalic trunk (BCT), LVA of
typical origin; D. Dulpicated RVA originated from BCT and AA, LVA of typical origin.
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