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Abstract: Because of their anatomical localization, vertebral arteries were
neglected in research for a long period of time. Vertebral arteries are responsible for
about 30% of the brain blood supply. The aim of this study was to examine the vertebral
artery’s course in the first segment, and to define the anatomic variations and percentage
of their appearance in the adult population using CT angiography. The data derived
from this study may find useful application in a wide range of medical fields, such as
anatomy, radiology and surgery. For that purpose during a 6-month period we examined
30 patients with CT angiography. The origin of the vertebral artery in all 30 patients
was from the subclavian artery. The diameter of the left vertebral artery was from 1.6—
5.20 mm., average 3.35 mm. The diameter of the right vertebral artery was from 1.64—
5.40 mm., average 3.19 mm. Hypoplasia of the vessel was found in four patients. We
found no aplasia of the vessel in this series. A contorted course was found in 12 (40%)
patients. In all 30 (100%) patients the vertebral artery entered the foramen transversum
at the level of the sixth cervical vertebra. Although the incidence of anatomical varia-
tions is rare, their presence is significant in the diagnostic and surgical procedures in the
head and neck region. Insufficient knowledge can lead to serious iatrogenic injures.

Key words: vertebral artery, anatomy, variations, origin, hypoplasia, tortuosity.
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Introduction

The major source of blood to the head and neck is provided by common
carotid, internal carotid, and external carotid arteries. Additional arteries arise
from branches of the subclavian artery, particularly the vertebral artery (VA)
responsible for about 30% of the brain’s blood supply [9].

The vertebral artery is the first and the largest branch of the subclavian
artery arising from the posterosuperior aspect of its first part. It runs upwards
and backwards in the scalenovertebral triangle formed by the scalenus anterior
and longus colli muscles. The common carotid artery and the vertebral vein are
in front of it. It is crossed by the inferior thyroid artery and by the thoracic duct
on the left side and the right lymphatic duct on the right side. The seventh cervi-
cal transverse process, the inferior cervical ganglion and ventral rami of the
seventh and eight cervical spinal nerves lie posterior to the artery. Then the ves-
sel reaches the sixth cervical vertebra to enter the foramen of the transverse pro-
cessus. It passes through the foramina in the transverse processes of all of the
cervical vertebrae except the seventh, curves medially behind the lateral mass of
the atlas and enters the cranium via the foramen magnum. At the lower pontine
border it unites with its contralateral fellow to form the basilar artery [9, 20, 22].

The VA is divided into four segments. The segment of the artery from
its origin at the subclavian artery to its entry into the respective transverse
foramen is called the pretransverse, prevertebral or V1 segment of the VA. The
second segment, vertebral or V2 segment extends from the foramen transversa-
rium (FT) of the C6 vertebra till the VA exits the axis. The third segment, the
suboccipital or V3 segment, extends from the FT of the C2 vertebra to the for a-
men magnum. The fourth segment, the cranial or V4 segmen,t is intracranial and
terminates as a basilar artery [5, 9, 20, 21, 28].

The VA supplies blood to the upper part of spinal cord and its mem-
branes, the brain stem, cerebellum, occipital and temporal lobe of the cerebrum,
muscles of the neck and inner ear [3, 9, 20, 21, 22].

The vertebral artery lies buried in a sea of generalities, prejudices, fear
and ignorance (Carney A, 1981). Because of their anatomic location and incon-
venient access for surgical procedures, vertebral arteries remained neglected by
research for a long time. Since Egas Moniz performed the first vertebral angi-
ography in 1933, the vertebral artery has become more and more important in
different clinical fields. In 1958 Crawford and DeBakey described one of the
first surgical approaches to this region for lesions causing ostial stenosis. In ad-
dition to angiography, continuous wave Doppler sonography and colour coded
Doppler sonography have been the most important tools for noninvasive invest-
tigation of the extra cranial part of the VA for many years. In surgery, angio-
graphy, and in all noninvasive procedures it is of great importance to know the
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exact details of the course and the origin of this segment of the vessel as well as
in which percentages real abnormalities can be found [21].

The aim of this study is to describe the morphological features of the
first part of the VA. The data received from this study may be applied in dif-
ferent fields of medicine. For anatomists, the results obtained from this study
present the most valuable teaching material for students and postgraduates.
Additionally, it will give them knowledge about some anatomical variations of
the VA. The applicative value for radiologists is in diagnostic and intervention
procedures such as CT, MRI, angiography and endovascular procedures. These
data are valuable for vascular and neck surgeons during planning and accompli-
shing surgical procedures in order to prevent complications. They are important
for neurologists in the assessment of strokes in the VA vascular area.

Material and Methods

During a 6-month period, from February 1* 2010 to July 31* 2010, 30
patients from the University Radiology Institute in Skopje, R. Macedonia were
investigated. This is a prospective study and includes 14 females and 16 males,
ranging in age between 19 and 75 years, mean age of 57.8 + 3.02 years. Patients
were investigated with computed tomography angiography (CTA). The CTA is
a relatively new imaging method in the study of anatomy, with the character-
ristics of practical and accurate orientation. In the past CTA was considered a
relatively safe, fast and minimally invasive procedure, which was a reliable tool
for investigation of the vessels. It can be used to measure the size, shape and
course of VA, and provide a reliable basis for clinical diagnosis and treatment.
CTA was performed with scanner Siemens Somatom Volume Zoom 4-slice CT
scanner. Contrast material was injected by using an intravenous catheter placed
in the peripheral vein, a total of 100 ml. at a rate of 3 ml/s with a pressure inject-
tor. After the contrast medium was injected, scanning was carried out automa-
tically within one breath by use of bolus tracking software. The data were
transferred to a workstation for post-processing. Reconstruction included the
following: maximum intensity projection-MIP; four-dimensional CTA with vo-
lume rendering; reformatted multiplanar reformation-MPR performed through
each of the VA. The first part of the VAs was clearly and directly shown in the
high quality images, and satisfied the requirements of our study. In all of our 30
patients, the course of the first segment of VA, extending from its origin at the
subclavian artery to the FT of C6 vertebrae, was clearly observed.

We analysed CT reports for the following parameters: origin of the VA,
diameter of the VA, tortuosity of the VA, and level of entry at the FT. We made
measurements at three consecutive points, 5 mm apart, starting from the origin
of the VA at the subclavian artery. The diameter of each vessel was calculated
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as the average of the three measurements. By measuring the average diameter of
the vessel, asymmetry, hypo- or hyperplasia and aplasia of the VA can be defi-
ned. In this study we defined VA asymmetry, hypoplasia and aplasia of the
vessel. The criterion for the VA asymmetry was a side-to-side diameter differ-
rence of more than 1 mm. The VA with a larger diameter was defined as domi-
nant. The VA hypoplasia (VAH) was defined as a lumen diameter of 2 mm or
less, mean blood flow velocities under 0.35 m/s, and increased resistance pattern.

Results
In all 30 (100%) patients the origin of the VA was visualized on the left

and right side, and without exception the VA had its origin from the SA. In this
series we found no origin of the VA from other than the subclavian artery. (Fig. 1)

Figure 1 — Origin of the vertebral arteries from the subclavia
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The diameter of the VA at its origin on the left side was in the range
between 1.60-5.2 mm, mean 3.33 £+ 0.89 mm, and on the right side from 1.64—
5.40 mm, mean 3.19 = 0.98 mm. The VAs on both sides were equal in diameter
in seven (23.3%) patients. The right VA (RVA) was larger in nine (30%)
patients, and the left VA (LVA) was larger than the right in 14 (46.6%) patients.
Hypoplasia of the vessel was found in 4 (6.67%) patients. In two patients
hypoplasia was on the right side, in one patient on the left side, and in one
patient we found bilateral hypoplasia of the vessel on the left and right sides. In
this study aplasia of the vessel was not found. (Fig. 2)

Figure 2 — Hypoplasia of the right vertebral artery
Of the vessels examined, 18 (60%) followed a relatively straight course

from their origin to their entry into the FT. The other 12 (40%) patients showed
some form of tortuosity. (Fig. 3A and 3B)
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Figure 3B — Tortuous course of the vertebral artery

Contributions, Sec. Biol. Med. Sci., XXXII/1 (2011), 173188



Morphological characteristics of the first part of the vertebral artery 179

In 30 (100%) patients the left and the right VA entered the FT of the
sixth cervical vertebrae. Entry into the FT of other cervical vertebrae was not
noticed. (Fig. 4)

Figure 4 — Level of enterance of the vertebral arteries into the FT

Discussion

In anatomy, surgery, angiography and in all non-invasive procedures it
is very important to know the exact course of the artery and the possible
variations [21].

Origin of the VA

Although the VA is classically described as the first branch from the
subclavian artery, multiple variations in the origin of this vessel have been
reported in the literature [1]. Several researches have reported anomalous
origins, in which the origin point of the VA is from the aortic arch [10, 15, 21,
24,26, 28, 31, 34], from the thyrocervical trunk [21, 32, 34], from the brachi-
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ocephalic trunk [3], from the common carotid artery [5, 21, 34], and from the
external carotid artery [21, 28, 34]. Though the overall incidence of the
anomalous origin of the VA is low, it occurs mostly on one side, usually on the
left [26, 28]. Anomalous origin of the right side is a rare anatomic variant [16].
VA may have duplicate origin, generally from the aortic arch and subclavian
artery [12]. Bilateral aortic arch origin of the VA is an exceptional anatomic
variant [1].

The complex embryologic evolution of the vessel accounts for the wide
range of possible origins. The vertebral artery is formed between the 32" and
the 40™ gestational day (7-18 mm embryo) from fusion of secondary persistent
segments of cervical arteries and the primitive dorsal aortic arch. Abnormal
arrangements of this fusion process undoubtedly account for any abnormal ori-
gins. It is possible that abnormalities in fusion also contribute to some tortuosi-
ties of the vessel [21].

In most cases described in the literature, anomalous VA origin did not
result in clinical symptoms [1, 16, 31]. In rare cases, patients complained of diz-
ziness and vertigo, which was thought to have no connections to the anomalous
origin of the vertebral artery [16, 31]. Bernardi and Dettori in their study hold
the hypothesis that anomalies of origin, of calibre and of distribution of the
large vessels of the aortic arch may favour cerebral disorders because of altera-
tions in the cerebral haemodynamics [2]. There is no conclusive evidence that
these variants lead to a predisposition to cerebrovascular disorders [16, 31].

Komiyama et al. in their study detected arterial dissection in 17 pati-
ents, an incidence of 1.9%. They analysed the incidence of arterial dissection of
the VA of aortic origin and VA of subclavian origin. According to their studies
left VA (LVA) of aortic origin was associated with a significantly higher
incidence of arterial dissection of its own vessel than LVA of left subclavian
artery origin and right VA (RVA) of right subclavian origin. The reasons for the
high incidence of arterial dissection associated with VA of aortic origin remain
to be elucidated. However, there could be two anatomical explanations: conge-
nital structural defects of the arterial wall and alteration of cerebral haemo-
dynamics [13].

The prevertebral segment of VA is frequently affected with atheroscle-
rosis. The frequency has been found in postmortem examinations to be similar
in the carotid and vertebrobasilar system. Significant stenosis was observed
principally in the V1 segment of the VA, not distally. Specifically, the greatest
site of atherosclerotic stenosis is at the origin of the vessel from the subcalvian
artery [4, 10, 21, 22, 34].

The most common anomalous origin is LVA arising from the arch of
aorta. In the studies conducted by different authors the frequency of aortic arch
origin of the LVA is in the range between 2.4 to 6.9 % (Table 1).
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Table 1

Aortic arch origin on the left vertebral artery

Study (year) Prevalence
Adachi (1928) 5.4%
Aso (1932) 3.2%
Mori (1941) 6.9%
Vorster (1998) 5%
Matula (1997) 3.5%
Komiyama (2001) 2.4%
Panicker (2002) 5%

According to Matula the variations of the origin of the vertebral artery
can be divided by two criteria: first, the vessel of origin of the vertebral artery
and second, the origin from the subclavian artery with respect to circumferential
division. Origin from a vessel other than the subclavian was found in 8 (3.48%)
cases. The location of the origin on the circumference of the subclavian artery
was found to be cranial in 47% (33 cases), dorsal in 44% (31 cases), caudal in
6% (four cases), and ventral in 3% (two cases) [21].

Sastry et al. in their series of 19 formalin-fixed cadavers and ten for-
malin-fixed newborn foetuses found that in all instances the VA originated from
the subclavian artery [29].

In this study we found VA origin from the subclavian artery in all of the
cases. There are no previous data about VA origin from the subclavian artery in
our country. In the study conducted by Zivadinovik et al. on variations of the
aortic arch in 110 cases, the VA had its origin from aortic arch in 4 cases
(3.64%). Three of the specimens had an aortic arch with four branches, with
separate origin of the left VA between the left common carotid and left subcla-
vian artery. One of the cases had an aortic arch with five branches, with a
separate origin of the left vertebral artery as the fourth branch between the left
common carotid and left subclavian artery [37].

Tortuosity

From the point of origin towards the foramen of the transverse process-
sus of the vertebrae, the VA may show different levels of tortuosity. A sug-
gested congenital origin is difficult to assess since tortuosity has been shown to
increase with age [34].

Clinically, tortuosity of the V1 segment does not have a haemodynami-
cally significant consequence. However, loops of the vessel have been described
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to cause several problems. Loops of the V1 segment have been reported to
cause radicular symptoms via nerve root compression. Cervical spinal fracture
has been reported secondary to bony erosion from a V1 loop in contact. Also, a
vertebral loop caused by displacement from a mass lesion in the scalenoverte-
bral trigone may be compressed and lead to vertebrobasilar insufficiency. Sym-
ptomatic loops may be corrected by a bypass procedure. From a surgical stand-
point it can be of great importance to know whether the VA is straight or tortu-
ous in, for example, operative transposition of the VA to the carotid artery
because of high-grade stenosis at its origin [14, 16, 21, 25, 34].

Matula et al. in their series found that in 52.9% of the cases the VA
followed a non- tortuous path from the origin to the transverse foramen and in
47.2% followed a tortuous path. Furthermore, they have classified tortuosity
according to the geometric plane as horizontal (44.9%), sagittal (33.7%), and
frontal (21.4% cases) [21].

Curylo et al. found the VA course tortuous in 27% of their cases [6].

Sastry et al. observed a tortuous course in nine cases, or 23.7%, and in
all cases the plane of the tortuosity was horizontal [29].

In the present study we found that the VA had a tortuous course in
twelve cases, or 40%. A relatively high incidence of tortuosity of the first seg-
ment of the VAs could be explained by the mean age of our patients. There was
a high statistically significant difference between the subjects with and without
tortuosity according to age (p < 0.01).

Dimensions of the VA
The two VAs are usually different in calibre, with the left being more
often larger or dominant [36]. Table 2 presents the results of the VA diameter
obtained by different researchers.

Table 2

Diameter of the V1 segment of the vertebral artery reported in the literature

Author Right Left

Wollschlaeger 0.924.09 mm. (2.47 mm) 1.60-3.60 mm. (2.61 mm)
Matula 2.2-5.5 mm (4.1 mm) 3.3-6.2 mm. (5.0 mm)
Sastry 1.5-7.3 mm. (4.09 £ 1.78) 2.0-5.2 mm. (3.06 + 1.25)
Huzijan 3.37 £ 0.60 mm. 3.55+0.61 mm.

Congenital variations in the arrangement and size of the VA are fre-
quently recognized, ranging from asymmetry of both VAs to severe hypoplasia
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or aplasia of the VA [27]. The VAs are commonly asymmetric. In 45% of
people the LVA is larger, in 21% the RVA is larger, and in 24% the arteries are
of equal size [22]. The study conducted by Karayenbuehel and Yasargil in 1957
demonstrated that the VA had different diameters in 74% of the population, a
dominant LVA in 42%, and a dominant RVA in 32% of the population. In 26%
of the patients the VAs had equal diameters [36]. Touboul et al. found a domi-
nant LVA in 24 out of 50 cases (48%), and RVA in 7 out of 50 cases (14%) [33].

The percentage of VAH is in the range between 2 and 20% in the re-
ports from different countries. There are various definitions for VAH. However,
here we have to mention that there is no clear consensus about VA diameter
value. Different authors give different values for VAH. Matula et al., Sastry et
al., Touboul et al. and Buckenham et al., defined VAH as diameter < 3mm [4,
21, 29, 33]. A study conducted by Chen et al. reported that a VA diameter < 2.5
mm is an ideal value to define VAH. Frequency of VAH defined as VA
diameter < 2.2 mm was shown to be 11.6% in 447 patients examined by Jeng et
al. Most of the studies conducted by different authors consider the value of < 2
mm as the cut-off diameter for hypoplasia [18, 23, 27, 30, 35].

The reported frequency of VAH is dependent on the definition used for
VAH. In the study conducted by Matula et al., a hypoplastic artery diameter <
3.5 mm was found in 16 (6.96 %) cases. Eleven (4.78%) cases of hypoplasia
were found on the right side and five (2.17%) cases on the left side. Aplasia of
the vessel was not found in the study [21].

Sastry et al. defined value < 3.5 mm, in five cases (three on the right
and two on the left side) or in 13.16% VA was found to be hypoplastic [29].

Investigations for VAH conducted by Huzijan et al. showed 2.34% pre-
valence in the general population [17].

Karayenbuehel and Yasargil reported VAH in 25 (6.2%) cases on the
RVA, in 18 (4.5%) cases on the LVA, and in 3 (0.75%) cases bilateral hypopla-
sia of the VA [36].

Traditionally, most physicians have regarded an asymmetric VA as a
congenital variant or a clinically meaningless finding, unless vertebrobasilar in-
sufficiency occurs. However, recent studies have regarded VAH as a risk factor
for posterior circulation stroke. Studies conducted by Lovrencic-Huzijan et al.
and Chuang et al. reported the important role of VAH in migraine pathogenesis.
A higher frequency of hypoplastic vertebral arteries in migraine with aura was
observed [8, 18].

VA diameters described by other authors are in agreement with the
measurements we made. In our study the diameter of the VA at the origin was
larger on the left side than on the right side, but with no statistical significance.
We decided that the best cut-off diameter for the definition of VAH is <2 mm.
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VAH was found in four cases (6.67%), one on the left and two on the right side.
We found bilateral hypoplasia of the VAs in one patient.

The level of entry into the FT

The most important variation is the level of entrance of the VA into the
transverse foramen. In normal conditions the level of entrance is at C6. But
some percentage of VAs shows a variable level of entry into the transverse
foramen. Matula et al. found a level of entry of the VA into the FT at C6 in
91% of their cases. They also found two cases of the VA entering at C4 and C5
and two cases of VA entering at the level of C7 [21]. Sastry et al. found that the
VA entered the FT at the level of C6 in over 71% of the cases. The next highest
frequency was C7 (18.42%) and in a small percentage of the cases at C5 (5.3%)
C4 (2.6%) and C3 (2.6%) [29]. In the study conducted by Kajimoto et al. 37 of
40 dissected vertebral arteries entered the transverse foramen at the sixth
cervical vertebra (C6-92.5%) and three of them through the C7 transverse
foramen (7.5%) [11]. Heary et al. and Touboul et al. have reported VA entering
into the FT at the level of C6 in 100% of their series [29, 33]. The level of entry
described by other authors [33] coincides with the findings in this study; in 60
VAs of all the cases the VA entered the transverse foramen at the level of C6,
without any variations.

In the case of entrance above C6, the VA runs anterior to the C6 trans-
verse process, between the longus colli muscle, unprotected by bony structures
and at risk of injury when the muscle is divided. Surgical exposure of the VA
V1 segment is indicated for several reasons. The posterior stabilization of the
cervical spine is commonly used when treating an unstable cervical spine resul-
ting from trauma, neoplasia or degenerative conditions. These techniques do not
always provide enough stability; sometimes they require subsequent additional
anterior stabilization procedures. With the increased popularity of this techni-
que, there has also been an increased incidence of complications such as VA
injuries. Laceration of the VA is a most challenging surgical dilemma during
anterior cervical spine surgery; gaining control of the massive hemorrhage from
a ruptured VA is difficult and could possibly result in an uncertain neurological
morbidity [4, 11, 29].

Conclusion

In conclusion, we found that the VA arises from the subclavian artery
and enters the transverse foramen at the sixth cervical vertebrae in all patients.
LVA was dominant or wider, and the RVA was more often hypoplastic than the
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left one. Both VAs showed a high incidence of tortuosity. Although anatomi-
cally interesting, an awareness of the VA anatomy and variations is Also clini-
cally important. This knowledge may find clinical application in diagnostic pro-
cedures of pathology of the VA such as CT, MRI, angiographic and ultrasound
investigations and treatment of VA pathology during surgical and endovascular
procedures.

REFERENCES

1. Albayram S, Gailloud P, Wasserman BA. Bilateral arch origin of the ver-
tebral arteries. AINR Am J Neuroradiol. 2002; 23: 455-8.

2. Bernardi L, Dettori P. Angiographic study of a rare anomalous origin of the
vertebral artery. Neuroradiology. 1975; 9: 43—7.

3. Bhatia K, Ghabriel MN, Henneberg M. Anatomical variations in the bran-
ches of the human aortic arch: a recent study of a South Australian population. Folia
Morphol. 2005; Vol. 64, No. 3, 217-24.

4. Bruneau M, Cornelius JF, George B. Anterolateral approach to the V1 seg-
ment of the vertebral artery. Neurosurgery. 2006; 58: 215-9.

5. Buckenham TM, Wright IA. Ultrasound of the extracranial vertebral artery.
Brit J Radiol. 2004; 77: 15-20.

6. Chen CJ, Wang LJ, Wong YC. Abnormal origin of the vertebral artery from
the common carotid artery. AJNR Am J Neuroradiol. 1998; 19: 1414-6.

7. Curylo LJ, Mason HC, Bohlman HH. et al. Tortuous course of the vertebral
artery and anterior cervical decompression: A cadaveric and clinical case study. Spine.
2000; 2860—4.

8. Chuang YM, Hwang YC, Lin CP. et al. Toward a further elucidation: role
of vertebral artery hypoplasia in migraine with aura. Eur Neurol. 2008; 59: 148-51.

9. John D. Langdon. Neck. In: Gray’s H. Anatomy. The Anatomical Basis of
Clinical Practice. 39 ed. New York: Elsevier. 2005; p. 531-65.

10. Imre N, Yalcin B, Ozan H. Unusual origin of the left vertebral artery.
1IJAV. 2010; 3: 80-2.

11. Kajimoto BHJ, Addeo RLD, Campos DC. et al. Anatomical study of the
vertebral artery path in human lower cervical spine. Acta Ortop Bras. 2007; 15 (2): 84—6.

12. Komiyama M, Nakajima H, Yamanaka K. et al. Dual origin of the ver-
tebral artery. Neurol Med Chir. (Tokyo) 1999; 39: 932-7.

13. Komiyama M, Morikawa T, Nakajima H. et al. High incidence of arterial
dissection associated with left vertebral artery of aortic origin. Neurol Med Chir. (Tokyo)
2001; 41: 8-12.

14. Kricun R, Lawrence PL, Winn RH. Tortuous vertebral artery shown by
MR and CT. AINR Am J Neuroradiol. 1992; 159: 613-5.

Mpunosu, Opg. 6uost. Men. naykn, XXXII/1 (2011), 173-188



186 Dodevski A. et al.

15. Kubikova E, Osvaldova M, Mizerakova P. et al. A variable origin of the
vertebral artery. Bratisl Lek Listy. 2008; 109(1) 28-30.

16. Lemke AJ, Benndorf G, Liebig T. et al. Anomalous origin of the right
vertebral artery: review of the literature and case report of the right vertebral artery
origin distal to the left subclavian artery. AINR Am J Neuroradiol. 1999; 20: 1318-21.

17. Lindsey RW, Piepmeier J, Burkus JK. Tortuosity of the vertebral artery: an

adventitious finding after cervical trauma. A case report. J] Bone Joint Surg Am. 1985;
67: 806-8.

18. Lovrencic-Huzijan A, Demarin V, Bosnar M. et al. Color Doppler flow
imaging of the vertebral arteries-The normal appearance, normal values and the propo-
sal for the standards. Coll Antropol. 1999; 23: 1, 175-81.

19. Lovrencic-Huzjan A, Demarin V, Rundek T. et al. Role of vertebral artery
hypoplasia in migraine. Cephalalgia. 1998; 18: 684—6.

20. Marinkovic S, Milisavljevic M. Arteria vertebralis. In: Marinkovic S,
Milisavljevic M, Antunovic V. Arterije mozga i kicmene mozdine: Anatomske i kli-
nicke karakteristike. Bit inzenjering. Beograd. 2001; pp. 30-9.

21. Matula C, Tratting S, Tschabitscher M. et al. The course of the prevertebral
segment of the vertebral artery: Anatomy and clinical significance. Surg Neurol. 1997;
48: 125-31.

22. Mohr JP, Caplan LR. Vertebrobasilar disease. In: Mohr JP, Choi WD,
Grotta JC. et al. Stroke, pathophysiology, diagnosis, and management. 4 ed. Elsevier,
Churchill Livingstone. 2004. pp. 207-76.

23. Morovic S, Juric-Skaric T, Demarin V. Vertebral artery hypoplasia: cha-
racteristics in a Croatian population sample. Acta Clin Croat. 2006; 45: 325-9.

24. Nayak SR, Pai MM, Prabhu LV. et al. Anatomical organization of aortic
arch variations in the India: embryological basis and review. J Vasc Bras. 2006; 5(2):
95-100.

25. Ono SE, Kawasaki CS, Coelho LOM. et al. Widening of intervertebral
foramen by tortuous vertebral artery. Arq Neuropsiquiatr. 2009; 67(1): 115-6.

26. Panicker HK, Tarnekar A, Dhawane V. et al. Anomalous origin of left ver-
tebral artery-Embryological basis and applied aspects-A case report. J. Anat. Soc. India.
2002; 51(2) 234-5.

27. Park JH, Kim JM, Roh JK. Hypoplastic vertebral artery: frequency and
associations with ischaemic stroke territory. J Neurol Neurosurg Psychiatry. 2007; 78:
954-8.

28. Poonam SRK, Sharma T. Incidence of anomalous origins of vertebral arte-
ry-Anatomical study and clinical significance. Journal of Clinical and Diagnostic Rese-
arch. 2010; 4: 2626-31.

29. Ranganatha Sastry V, Manjunath KY. The course of the V1 segment of
the vertebral artery. Ann Indian Acad Neurol. 2006; 9: 223—6.

Contributions, Sec. Biol. Med. Sci., XXXII/1 (2011), 173188



Morphological characteristics of the first part of the vertebral artery 187

30. Seidel E, Eicke BM, Tettenborn B. et al. Reference values for vertebral
artery flow volume by duplex sonography in young and elderly adults. Stroke. 1999; 30:
2692-6.

31. Satti SR, Cernigilia A, Koenigsberg RA. Cervical vertebral artery varia-
tions: an anatomic study. AJNR Am J Neuroradiol. 2007; 28: 976-80.

32. Strub WM, Leach JL, Tomsick TA. Left vertebral artery origin from the
thyrocervical trunk: A unique vascular variant. AJNR Am J Neuroradiol. 2006; 27:
1155-6.

33. Touboul PJ, Bousser MG, Plane DL. et al. Duplex scanning of normal ver-
tebral arteries. Stroke. 1986; 17: 921-3.

34. Tratting S, Matula C, Karnel F. et al. Difficulties in examination of the
origin of the vertebral artery by duplex and colour-coded Doppler sonography: anato-
mical considerations. Neuroradiology. 1993; 35: 296-9.

35. Vilimas A, Barkauskas E, Vilionskis A. et al. Vertebral artery hypoplasia:
Importance for stroke development, the role of the posterior communicating artery, pos-
sibility for surgical and conservative treatment. Acta medica Lithuanica. 2003; 10, Nr.
2;110-4.

36. Yasargil MG. Intracranial arteries. In: Yasargim MG. Microneurosurgery
Vol I. Thieme Medical Publishers Inc: New York. 1987; p. 54—164.

37. Zhivadinovik J, Matveeva N, Jovevska S. Anatomic variation in the origin
of aortic arch branches. Acta morpholo. 2009; Vol. 6(2): 15-8.

Pesume

MOP®OJJOMKU KAPAKTEPUCTUKU HA ITPBUOT CETMEHT
HA 'PBETHATA APTEPUJA

Tonescku A.', lazapecka M.2,
Tomogcka JIazaposa J1.', Kusagunoeruk J.!, Anuju B.

! Uncitivitiyii 3a anaitiomuja, Meduyuncku gaxyaitieit,
Ynusepsuiueii ,,Ce. Kupua u Meitioouj*, Croiije, P. Maxedonuja
2J3Y Yuueep3uitieiticka KAUHUKA 3a paduoaoZujad,
YHugep3suitieiti ,,C8. Kupua u Meitioouj**, Ckoiije, P. Maxedonuja

ITopagu cBojaTa aHaTOMCKa JIOKajW3anuja 'pOeTHaTa apTepuja AOIro
BpeMe Oellle 3a1l0CTaBeHa BO KIMHIMUKATE NCTpaXkyBama. Taa o6e36eayBa okoIy
30% o apTepuckaTa KpB 3a MO30KOT. llenTa Ha oBaa crynmja Oemne fa ce mpu-
KaxxaT MOP(OJIOMIKNATE KapaKTEePUCTUKHN Ha IPBUOT CETMEHT Ha "pOeTHaTa apTe-
pyja, Kako ¥ MOXKHUTE BapHjalludl W MPOLEHTOT BO KOj THE ce jaByBaaT Kaj BO3-
pacHata momnyiamuja co nomom Ha KT anrmorpacuja. Pesynrature gobueHn of
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OBOj TPYA MMaaT aIUIMKaTHBHA ITPUMEHA BO MOBEKEe MEIMIMHCKY I'PAHKN: BO aHa-
TOMHjaTa BO TeKOT Ha e[yKaTUBHHUOT MPOIEC, BO AMjarHOCTHYKATa U WHTEPBEHT-
HaTa pafguoIoTHja M BO MOBeKe 00JIaCTH Off XUpyprujaTa. 3a Taa Iell, BO IepHof
ox 6 mecenu, 6ea ucnmranu 30 MaNMEHTH CO KOMIjyTepu3npaHa ToMorpadcka
anruorpadwuja. Pesyarature of aHanmm3aTta mokasxkaa fieka kaj cure 30 (100%)
ManyeHTn "pOeTHaTa apTepHuja BOAYM IOTEKIO Off MOTKIy4YHaTa apTepuja. [wmja-
METapoT Ha jieBaTa 'pOETHA apTepHja ce ABIKelIe of 1,6—5,2 MM Mz POCEeYHO
3,35 MM, fozieka, Hak, AujaMeTapoT Ha JlecHaTa 'pOeTHa apTepHja N3HecyBalle off
1,64-5,4 MM unu npoceuHo 3,19 MM. Xunomiasuja Ha KpBHUOT caf| Oellle yTBpfe-
Ha Kaj 4 mammeHTH, ofeKa amuasmja Ha KPBHUOT caj He Oellle NMpoHajAcHa BO
oBaa cryamja. TopTyo3eH Kypc Ha KpBHHOT caj Gemie moTBpAcH Kaj 12 (40%)
namentr. Kaj cure 30 (100%) manuentu ’pOeTHaTa apTepuja HaBJIeTyBalle BO
OTBOPOT Ha HANPEYHHOT M3PACTOK Off MIECTHOT BpaTeH npenuieH. Mlako nHIu-
JeHIMjaTa Ha aHATOMCKUTE Bapujalliy Ha ‘pOeTHaTa apTepHja € peloK Haof, Jie-
KapuTe Mopa f1a 6ujaT 3all03HaeH) 3a MOKHOCTa Off HEj3MHO TocToeme. Hemnos-
HaBaKkETO Ha HOPMAIHUOT KYpC W BapHjalMuTe Ha “pOeTHaTa apTepuja MOXe Jia
JOBefie 10 CepPUO3HU TTOCIIEIUIY, KAKBH IITO CE jaTPOTeHUTE MOBPEH 3a BpeMe Ha
XUPYPIIKATE MHTEPBEHIMN WM TIOTPEITHO MPOTOJIKYBAaH! PaNOIIONIKN HAOMM.

Kayunn 36opoBr: *pOeTHa apTepuja, aHATOMH]ja, BapHjalni, HOTEKJIO, XUIOILIa-
3Wja, TOPTYO3UTET.
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Figure 1 — Origin of the vertebral arteries from the subclavia
Figure 2 — Hypoplasia of the right vertebral artery
Figure 3 — A Straight course of the vertebral artery
Figure 3 — B Tortuous course of the vertebral artery
Figure 4 — Level of enterance of the vertebral arteries into the FT
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