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SUMMARY: The objective of the present study is to determine origin, entry level to the transverse foramen and
diameter according to sex and side through 3D angiographic images of seventy-nine vertebral arteries obtained using DSA
imaging method. During radiological evaluation, axial, coronal and sagittal images of the artery were used. Data of our
study was uploaded to SPSS 14.0 program and significance test and Mann Whitney-U test of the difference between two
means were used to evaluate the data. While 76 of the vertebral arteries (96.2%) were originating from the subclavian
artery, 3 of them (3.8%) were directly originating from aortic arch. In 67 of 76 the vertebral arteries originating from the
subclavian artery were entering through C6, 6 through C7, 2 through C5 and one through C4 transverse foramen. It was
seen that one of 3 the vertebral artery originating from aortic arch was entering through C6, one through C7 and the other
through C4 transverse foramen. While the mean diameter of the vertebral artery w8s/3.88n at the right side (3.99
mm in men, 3.66 mm in women), the mean diameter at the left side wad £3%nm (4.23 mm in men, 4.06 mm in
women).
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INTRODUCTION

The vertebral artery (VA) originates as the firsV3 segment. The artery travels through subaracnoidal
branch of the first piece of the subclavian artery at the baséerval at cranial cavity and makes up basilar artery by
of the neck. The two VAs have different widths; that is, theombining with the opposing the VA at the bottom level of
one at the left is generally thicker than the right one (Moog@ns. This is the final part of artery and called intracranial
etal, 2010). The VA originates from the subclavian artergegment or V4 segment.
travels through the space in pyramid shape between ante-
rior scalene and longus colli muscles, and then it generally =~ Damage to the VA may lead to decrease in feeding of
reaches transverse foramen of the sixth cervical vertebtize posterior cranial fossa which includes cerebellum and
The section up to this part of the artery is called as pdreain stem. In such case, it may lead to severe neurologic
prevertebralis or V1 segment. After this point, the artergeficits, loss of consciousness and sometimes respiratory
raises inside transverse foramen of cervical vertebra a@md cardiovascular disorder. Therefore, importance of
higher point one after another and then it comes to the uppéptecting the VA has been emphasized by many authors
side of transverse foramen of the atlas. This section is callésupta, 2008; Cacciokt al, 2004, Bloch & Danziger, 1977
pars transversaria or V2 segment. After the VA comes odiresi et al, 2009; Abd el-Bargt al, 1995; Rhoton, 2000).
of transverse foramen of the atlas, it travels horizontallyarious methods can be used to display the VA. The imaging
inclines posteriorly and medially and perforates dura mateethods include magnetic resonance angiography (MRA),
around the foramen magnum. This section between atkgmputed tomography angiography (CTA), digital
and the foramen magnum is called suboccipital segmentssibtraction angiography (DSA) and positron emission
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tomography (PET). Although all non-invasive imaging2006 modal DSA device (Innova 3100, GE Medical
techniques are being used today, DSA continues to be a gBlgstems, France). In all cases, Matrix: 1280*1024, slice
standard in diagnosis of cerebrovascular, carotid, abdorttickness: 0.7 mm images were obtained. In the evaluation,
nal aorta and extremity artery pathologies. Furthermoraxial, coronal and sagittal images of the artery were used.
digital subtraction angiography has priorities over
conventional angiography such as traumatizing the patient =~ The images were evaluated on Innova Digital Co-
and applying beam less by using a smaller catheter and ledeerLCD Monitor (19 inch, flat). The vessel which VA
contrast substance. originates from and level of entry to the transverse fora-
men were determined using the images. Diameter of VA
In this study, we aimed to determine origin, entryvas measured in V2 and V3 segment (sulcus for vertebral
level to transverse foramen and diameter according to satery).
and side through 3D angiographic images of seventy nine
VA obtained using DSA imaging method. Data of our study was uploaded to SPSS 14.0
program and significance test and Mann Whitney-U test of
the difference between two means were used to evaluate
MATERIAL AND METHOD the data. The data was expressed in arithmetic mean (X),
standard deviation (S), number (n) and percentage (%) of
individuals in the tables and statistical significance was
Our study was performed prospectively with 79 caaccepted as p<0.05.
ses (3 bilateral, 73 unilateral) aged between 28 and 85 (mean
64.22:3.48) who applied to Radiology Department of
Cumhuriyet University Research and Practice Hospit®dlESULTS
between September 2008 and December 2009 after report
of local ethics committee had been obtained. Those which
were suitable for examining anatomy and morphology of In our study, totally 79 VA angiographies were
the VA among 3D angiographies obtained from thevaluated. While 76 of VAs (96.2%) were originating from
department were used. The images were divided intioe subclavian artery, 3 of them (3.8%) were directly
groups: sex (female-male) and side (right-left). originating from the aortic arch. Distribution according to
sex and side is shown in Table I.
The cases were applied selective vertebral artery
DSA operation with femoral artery catheterization in supine While 68 of 79 VAs (86.1%) were entering through
position. During the operation, a catheter of 5F (1.7 mntfansverse foramen of C6 vertebra which is the normal entry
was used and 9 ml non-ionic contrast substance was injegweiht, the others (13.9%) were entering through the transverse
into the artery. Radiologic evaluation was performed usirfgramen of a different cervical vertebra (Table II).

Table I. Point of origin of the vertebral artery according to sex and side.

Sex Side Origin Total
Subclavian artery Aorticarch
Male Right n 10 0 10
L eft n 30 3 33
Female Right n 5 0 5
L eft n 31 0 31
Total n 76 (96,2 %) 3(3,8%) 79 (100 %)

Table Il. Level of entry of the vertebral artery to the transvers foramen according to sex and side.

Sex Side _ Origin _ Total
Subclavian artery Aortic arch
Male Right n 10 0 10
L eft n 30 3 33
Female Right n 5 0 5
L eft n 31 0 31
Total n 76 (96,2 %) 3(3,8%) 79 (100 %)
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Table llI. Level of entry of the vertebral artery into transverse fd
ramen according to its origin.

Leve Side Origin
Aortic Subclavian
arch artery

Cc4 Right 0 0
Left 1 1

C5 Right 0 1
Left 0 1

C6 Right 0 15
Left 1 52

C7 Right 0 1
Left 1 5

According to origin, levels of entry of the VA into
transverse foramen are as follows (Table IIl). Both of t
two VAs entering into transverse foramen from C4 level w4
left-sided, and while one of them was originating from aort

arch, the other from the subclavian artery (Figs. 1-3). Fig. 2. Left vertebral artery inside transverse foramen on axial

. . slice at corpus level of C4. C4: fourth cervical vertebra, VA: ver-
While the mean diameter of the VA was 3881 (opral artery.

mm at the right side (3.99 mm in men, 3.66 mm in wome
the mean diameter at the left side was #1185 mm (4.23
mm in men, 4.06 mm in women). When right and left arte
diameters were compared, the difference between the si
was found insignificant (p>0.05).

Fig. 3. Travel of the vertebral artery outside transverse foramen
on axial slice at corpus level of C5., C5: fifth cervical vertebra,
FT: transverse foramen of the fifth cervical vertebra, VA: the ver-
tebral artery.

Fig. 1. Entry of left the vertebral artery into C4 transverse foram&fsrtebrobasilar system is located posteriorly. Vertebrobasilar
on coronal plan. C2: axis, C3: third cervical vertebra, C4: foungystem feeds spinal cord, brain stem, cerebellum and infe-
cervical vertebra, C5: fifth cervical vertebra VA: vertebral arteryrior and posterior part of cerebrum (occipital and temporal
lobes). In our study, the origin, entry level to the transverse
DISCUSSION foramen and the diameter of the VA were determined on 3D
angiographic images according to sex and side.

The brain gets blood support from two main arteriaDrigin. The VA is the first and thickest branch of the
systems. Internal carotid arteries are located anteriorly asabclavian artery originating from neck base. The VA may
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originate from another artery as a variation (Turetesll, angiographic study, they didn’t find any origin anomalies in
2010). These abnormal origins result from persistence tife right 717 vertebral arteries. All of 15 right VA used in
dorsal intersegmental arteries located more cranially thaor study (100%) were originating from a normal position
the seventh of intersegmental arteries during embryologas the first branch of the right subclavian artery they didn’t
period. This is the most common origin anomaly. If one adhow any origin variation.
the upper (the first or second) cervical intersegmental arteries
persist, the VA originates from internal carotid artery otevels of entry into transverse foramenThe VA frequently
external carotid artery. If involutional disorder happens ienters through transverse foramen of C6 vertebra. On the
one of the lower (fourth, fifth or sixth) cervical contrary, the artery can also enter through transverse fora-
intersegmental arteries, the VA originates from aortic araimen of the vertebras from C2 to C7 (Lenekeal ; Matulaet
at the left side or from common carotid artery on both sideal., 1997). While 76 of 79 vertebral arteries used in our study
Bifid originated VA variation happens when twoare originating from the subclavian artery which is the nor-
intersegmental arteries persists. mal point of origin, 3 of them are originating from aortic
arch. 67 of 76 vertebral arteries originating from the
The most common origin anomaly of the VA is thasubclavian artery are entering through C6, 6 through C7, 2
it directly originates from the aortic arch (Uflacker, 2007through C5 and one through C4 transverse foramen. It is
Bloch & Danziger). In the literature, there are publicationseen that one of 3 vertebral arteries originating from the aortic
notifying that the VA originates not only from aortic archarch is entering through C6, one through C7 and the other
but also from common carotid artery, internal carotid artershrough C4 transverse foramen.
external carotid artery and thyrocervical trunk or as a second
branch of the subclavian artery (Higashal, 2008; Strub Being aware of entry of the VA into transverse fora-
et al, 2006; Gorayet al, 2005; Chengt al, 2009). men at a different unusual level and paying attention to this
Moreover, bifid originated anomalies have also been notifiesituation will help to minimize possible damages to the artery
(Suzukiet al, 1978; Sugitat al, 1995). In such case, the during surgical operations on this region. Especially, bone
artery does generally have double origins: one from thgrotection of V1 segment of the VA doesn't exist during
subclavian artery and the other from the aortic arch. lateral operations on this region. Therefore, it will be useful
to determine route of the artery before operation in order to
Origin anomaly of the left VA is more common thanprevent undesired iatrogenic complications.
origin anomaly of right VA (Uflacker; Bloch & Danziger).
When the left VA originates from the aortic arch, its mosbDiameter of the VA. Diameter of the VA is wider in the left
common localization is between left common carotid arterthan the right. In our study, the mean diameter was8.8&
and left subclavian artery and incidence of this anomaly variesm at the right (Male: 3.99; Female: 3.66) and #1165
between 2,4-5.8% in the literature (Uflacker; Lengteal, mm at the left (Male: 4.23; Female: 4.06). When the
1999; Komiyamaet al, 2001; Muralimohaet al, 2009). Less diameters were compared in terms of sex and side, the
frequently (less than 1%), the left VA has bifid origin. In lesslifference was insignificant (p>0.05). In the literature, the
than 1% of general population, the left VA sometimes emergesfferent diameter values between 2 and 2.6 mm were
as the fourth branch of the aortic arch (after the left subclaviatcepted as threshold value for hypoplasia of the VA (Park
artery) (Saadoon, 1991). The other origin anomalies of the ledt al, 2007; Cheret al, 2010; Perrert al, 2007). Being
VA is that it originates from left common carotid artery, leftinspired from the studies mentioned above, we accepted
inferior thyroid artery or external carotid artery. The lastliameter of artery as2.5 mm to determine hypoplasia of
mentioned three variational cases are seen very rarghe VA. There were 4 cases meeting this criterion and the
(Uflacker; Bloch & Danziger). While 64 left VA used in our rate of hypoplasia was 5%.
study were separating from the left subclavian artery which is
the normal point of origin as the first branch at the rate of
95.3%, it was separating as directly the third branch of tHeONCLUSION
aortic arch showing origin variation at the rate of 4.7% (between
left common carotid artery and left subclavian artery).
The VA may be injured during surgical operations
Incidence of origin anomaly in the right VA is lower due to its complicated anatomic structure and its neighbors
than the left side. Origin anomalies of the right VA are dividednd it may lead to severe clinical problems. Therefore, it is
into 3 categories: those originating directly from aortic archvery crucial to know anatomic and morphologic properties
those originating from another artery other than aortic arcbf the VA and variations of the artery not only for diagnosis
and bifid originated ones. Komiyanmet al., in their practices but also for surgical and intra-arterial operations.

801



TETIKER, H; CIMEN, M. & KOSAR, M. I.  Evaluation of the vertebral artery by 3D digital subtraction angiogralplyl. Morphol., 32(3)798-802, 2014.

TETIKER, H; CIMEN, M. & KOSAR, M. I. Evaluacion de la arteria vertebral mediante angiografia por sustraccion digital. 3DMorphol.,
32(3)798-802, 2014.

RESUMEN: El objetivo fue determinar el origen, nivel de entrada y diametro del foramen transverso, en funcién del sexo y lado sobre 79
arterias vertebrales a través de imagenes angiograficas 3D utilizando el método de formacion de imagenes DSA. Durasite leaeialiigica,
se utilizaron imagenes axiales, coronales y sagitales de la arteria. Los datos se procesaron en el programa SPSS r&basob lds Mann
Whitney y de significancia para evaluar la diferencia entre los datos. Mientras que 76 de las arterias vertebrales (8gi2atQisel® la arteria
subclavia, 3 de ellas (3,8%) lo hicieron directamente desde el arco adrtico. En 67 de 76 arterias vertebrales, se apserso lal ateria
subclavia a través de C6; 6 a través de C7, 2 a través de C5 y una a través del foramen transverso en C4. El diam&rartagdivateebral fue
3,88t0,71 mm en el lado derecho (3,99 mm en hombres y 3,66 mm en mujeres) y en el lado izquierdai@54vikb (4,23 mm en hombres y
4,06 mm en hombres).

PALABRAS CLAVE: Arteria vertebral; Foramen transversal; Angiografia por sustraccion digital.
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