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Background: The aim of this study was to determine the dimensional character-
istics and variations in the origin of vertebral arteries (VA). 
Materials and methods: We retrospectively reviewed angiographic studies in 
254 patients (133 males, 121 females) for the evaluation of diameter differences 
in VA. We examined different criteria from the literature (difference of ≥ 0.3 mm,  
≥ 0.8 mm, ≥ 1 mm between the widths of two VA and diameter ratio more than 
1.4) to find out the dominant VA, rate of co-dominance and hypoplasia. The dif-
ferences among groups were analysed using the c2 and Kruskal-Wallis test. Also 
concordance analysis test was used to determine correspondence between the 
tests. We also noticed the variations in the origin of VA.
Results: The average diameter of VA in 254 patients was 3.21 ± 0.7 mm on 
the right, and 3.16 ± 0.7 mm on the left. The average diameter difference was 
found 0.88 ± 0.7 mm. The rate of hypoplasia was found 7.1% on the right and 
9.4% on the left. Among 254 patients according to the criterion of any diameter 
difference; right side was found wider in 126 (49.6%) patients and left side was 
found wider in 120 (47.2%) patients. The criterion of 0.3 mm or greater differ-
ence showed right VA dominance in 107 (42.1%) patients, left VA dominance in  
99 (39%) patients. Co-dominance was mainly observed when we used the criteria 
of 0.8 mm and 1 mm or greater difference and diameter ratio more than 1.4. 
We found out harmony of two criterion of difference of ≥ 0.8 mm and ≥ 1 mm 
(concordance analysis test, 76.1%). There was no statistically significant relation 
between age, gender and any dominance criteria (p > 0.05). The majority of VA 
showed classical origin arising from both subclavian arteries with a rate of 94.9%.
Conclusions: The most striking result we have found is the dominance of the 
right VA in diameter by using all different criteria unlike with previous reports in 
the literature. (Folia Morphol 2016; 75, 1: 33–37)

Key words: anatomic variation, angiography, vertebral artery

INTRODUCTION
The role of vertebral arteries (VA) in brain’s blood 

supply is a well-known entity. Any change in VA hae-
modynamics may cause important disorders in cere-
bellum, brain stem, inner ear and spinal cord [6, 9].  

VA are mainly being examined by colour Doppler 

ultrasonography and some important parameters 

such as lumen diameter, mean blood flow velocities, 

flow side and blood flow volume are obtainable [18]. 

VA can be measured at the V2 segment, between 
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5th and 6th cervical vertebrae. Demonstration of 
the origin of VA with Doppler ultrasonography is 
difficult in majority of the patients. Digital subtraction 
angiography (DSA) is the gold standard modality in 
visualisation of the entire segment of VA. Ischaemic 
stroke of posterior territory circulation is a result of 
atherosclerosis and congenital disorders [9]. Also 
symptoms like vertigo, migraine and tinnitus are fo-
und to be related with VA diameter in some studies 
[15]. For these reasons during cerebral angiography 
besides the carotid angiogram it is essential to per-
form vertebral angiography in detection of ischaemic 
events. Diameter differences, stenotic or occlusive 
segments and variations in the origin of the VA are 
clearly shown with DSA.

The endovascular approach for supra-aortic le-
sions has been successful and is now a widely accep-
ted alternative to surgery. Especially during stenting 
of subclavian arteries and aortic arch it might be 
important to know the dominant VA in decision of 
which one of the vertebral or subclavian arteries could 
be sacrificed in case of proximity to the lesion [5].

The aim of this study was to determine the di-
mensional characteristics and variations in the origin 
of VA. We examined different criteria from the lite-
rature to find out the side of dominant VA, rate of 
co-dominance and hypoplasia.

MATERIALS AND METHODS 
We retrospectively reviewed angiographic studies 

in 254 patients from January 2012 to December 2013, 
for the evaluation of diameter differences in VA. We 
also noticed the variations in the origin of VA. We 
excluded the patients with subclavian-carotid steal 
syndromes and occluded VA. Angiographies belon-
ged to 133 (52.4%) male and 121 (47.6%) female 
patients. The mean age of the patients was 59.5 
(range: 13–88) years. The mean age was 58.9 years 
in female patients (range: 13–86 years) and 60 years 
in male patients (range: 14–88 years). Vertebral artery 
diameter was measured by two different radiologists 
at different times, and average values were taken. 
Aortic arch angiograms which were taken in 30 de-
grees left anterior oblique position were used for the 
measurements and measurements were made on V1 
segment of VA. Hypoplasia and dominance of VA in 
males and females were classified according to the 
criteria in the literature and the most common origin 
variations were also demonstrated. After a review of 
the literature based on VA studies, we have found 

different diameter criteria to establish the dominant 
VA. Studies using difference of any diameter, differen-
ce of ≥ 0.3 mm, difference of ≥ 0.8 mm, difference 
of ≥ 1 mm between the widths of two VA and also 
diameter ratio more than 1.4 were determined. We 
have achieved our results according to all these crite-
ria. We decided hypoplasia criterion as £ 2 mm like 
majority of the studies in the literature.

Data were analysed descriptively, and the differ-
ences among groups were analysed using the c2 and 
Kruskal-Wallis test. Also concordance analysis test was 
used to determine correspondence between the tests. 
Statistical significance was considered as p < 0.05.

RESULTS
The average diameter of VA in 254 patients was 

3.22 ± 0.7 mm on the right, and 3.16 ± 0.8 mm on 
the left. The average diameter difference was found 
0.89 ± 0.7 mm. The average diameter of VA in female 
patients was 3.15 ± 0.7 mm on the right, and 3.18 ±  
± 0.8 mm on the left. The average diameter of VA in 
male patients was 3.27 ± 0.7 mm on the right, and 
3.14 ± 0.8 mm on the left. 

The rate of hypoplasia was found 7.1% (18/254) 
on the right and 9.4% (24/254) on the left. In females, 
the rate of hypoplasia was found 8.3% on the right 
and 9.1% on the left. In males, the rate of hypoplasia 
was found 6% on the right and 9.8% on the left.

Among 254 patients, according to the criterion of 
any diameter difference, right side was found wider 
in 126 (49.7%) patients and left side was found wider 
in 120 (47.2%) patients. VA were equal in diameter 
in 8 (3.1%) patients. 

A difference of 0.3 mm or greater between the 
width of 2 VA showed right VA dominance in 107 
(42.1%) patients, left VA dominance in 99 (39%) 
patients. 48 (18.9%) patients were found to be equal.

Co-dominance takes the first place when we use 
the criterion of 0.8 mm or greater difference between 
the width of 2 VA, with the number of 129 (50.8%) 
patients. Right VA was found to be dominant in  
67 (26.4%) patients and left VA was found to be 
dominant in 58 (22.8%) patients. 

The criterion of 1 mm or greater difference sho-
wed similar results in ranking with different ratios. 
Co-dominance was found in majority of the patients 
with a number of 159 (62.6%) patients. Right VA 
was found to be dominant in 51 (20.1%) patients 
and left VA was found to be dominant in 44 (17.3%) 
patients. 
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The results of diameter ratio (ipsilateral/contra-
lateral > 1.4) were alike with the last two criteria. 
Co-dominance in 168 (66.1%) patients, right domi-
nance in 45 (17.8%) patients and left dominance in 
41 (16.1%) patients were found.

All criteria are summarised with number of pa-
tients and ratio of each side in Table 1.

There was no statistically significant relation 
between age, gender and any dominance criteria  
(p > 0.05).

The majority of VA showed classical origin arising 
from both subclavian arteries with a rate of 94.9% 
(241/254). Left VA with a direct origin from the aortic 
arch was found in 10 (3.9%) patients (7 males and 
3 females) and right VA arising from aberrant right 
subclavian artery was found in 3 (1.2%) patients  
(2 females and 1 male). 

DISCUSSION
Vertebral arteries in the brain’s blood supply has 

a significant place as being the second largest blood 
supplier. In case of failure of the carotid artery system 
with occlusive diseases, VA provide the circulation by 
collateral pathways [9]. 

In the literature vertebral arteries are investiga-
ted by colour Doppler ultrasound, anatomic studies, 
computed tomography angiography (CTA) and con-
ventional angiography in many years [10, 11, 14–16]. 
B-mode and colour Doppler ultrasound is the first-
-step method in evaluation of vertebrobasilar system. 
Parameters such as lumen diameter, mean blood flow 
velocities, flow side and blood flow volume can be 
measured easily and non-invasively [18]. Except these 
values, the origin of the VA is important whether it is 
stenotic or occluded, and also variations may occur. It 
is difficult to demonstrate the origin of VA by ultra-
sound in most cases. Morphologic and haemodyna-
mic characteristics of the VA are important; because 
neurologic symptoms are associated with common 
pathological conditions of VA in many patients [15].

Diameter differences in right and left VA had 
been studied and dominant side was explained by 
different criteria in the literature. Zwiebel [18] fo-
und that left VA is wider than right VA in 73% of 
a healthy population and announced this as left 
VA dominance. Turan-Ozdemir et al. [15] showed 
similar results of left VA dominance in 64% (55/85 
patients) with colour Doppler ultrasound. There are 
also studies reporting no differences in diameter of 
VA or indicating right VA is wider than left [13]. An 
anatomic study of intracranial parts of VA in a series 
of 11 cadavers by Akar et al. [1] showed right VA do-
minance with a rate of 45.4%. The results in studies 
mentioned above are obtained by the criterion of any 
diameter difference between VA. In our study when 
we use this criterion, right side was found wider in 
49.7% of the patients and left side was found wider 
in 47.2% of the patients.

Another criterion in selection of the dominant side 
was used by Hong et al. [4] in a study about basilar 
artery curvature and peri-vertebrobasilar junctional 
infarcts. In this study dominant VA was defined with 
criterion of side to side diameter difference ≥ 0.3 mm 
in CTA and left VA was found dominant with a rate of 
69.2% (63/91). But in our study, using this criterion, 
right VA was dominant in 42.1% of the patients and 
left VA was dominant in 39% of the patients.

Grasso et al. [3] observed left VA at least 0.8 mm 
wider than right VA in 4 of 6 brains in an anatomi-
cal study. In our study, when we use this criterion, 
right VA was found to be dominant in 26.4% of the 
patients and left VA was found to be dominant in 
22.8% of the patients.

Songur et al. [14] measured the widths of the 
VA in a large series of an anatomic study with 109 
autopsies and difference of 1 mm or greater between 
the widths of VA was accepted as the dominancy 
criterion. Left dominancy was observed in 21.2% and 
right dominancy was observed in 17.3% [14]. With 
this criterion, in our study right VA was found to be 

Table 1. Different diameter criteria in the literature to establish the dominant vertebral artery (VA) identified by digital subtraction  
angiography among 254 patients: all criteria are summarised with number of patients and ratio of each side

Criterion Co-dominance Right VA Left VA

Difference in any diameter 8 3.1% 126 49.7% 120 47.2%

Difference of ≥ 0.3 mm 48 18.9% 107 42.1% 99 39%

Difference of ≥ 0.8 mm 129 50.8% 67 26.4% 58 22.8%

Difference of ≥ 1 mm 159 62.6% 51 20.1% 44 17.3%

Diameter ratio more than 1.4 168 66.1% 45 17.8% 41 16.1%
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dominant in 20.1% of the patients and left VA was 
found to be dominant in 17.3% of the patients. Also 
in the same study, VA width was evaluated as right 
hypoplasia in 20.2% and left hypoplasia in 14.4% 
with the criterion of < 2 mm diameter of VA [14]. 
Our result of hypoplasia rates is rather different from 
the study above. We found right VA hypoplasia in 
7.1% and left VA hypoplasia in 9.4% of the patients. 

In a study of Yokoyama et al. [17] the dominant 
VA was defined with the diameter ratio of ipsilateral 
and contralateral VA more than 1.4; to classify the 
dissecting VA whether in dominant or non. When 
we use this criterion to evaluate dominant side, we 
achieved the right VA with a rate of 17.8% and left 
VA with a rate of 16.1%.

Considering the all criteria; the most striking re-
sult we found is the dominance of the right VA in 
diameter unlike with numerous previous reports in 
the literature mentioned above.

In the literature there are different criteria for the 
diagnosis of the dominant vertebral artery as we men-
tioned above. When we use the concordance analysis 
test; we have found out harmony of two criterion 
of difference of ≥ 0.8 mm and difference of ≥ 1 mm 
between the widths of 2 VA (76.1%). But we couldn’t 
find the gold standard criterion statistically with just 
only diameter. We think that diameter could give an 
idea in evaluation of the dominance but it must be 
also supported by velocities and blood flow volume.

Without any conclusive evidence, variations in the 
origin of the VA are thought to change haemodyna-
mics and expose to intracranial aneurysms. Satti et al. 
[12] stated that; patients should be screened to bring 
out potential presence of intracranial aneurysms due 
to variations in origin of VA. As shown in cadavers 
that direct origin of left VA from aortic arch (type 3 
aortic arch) tends to increase blood flow in left VA 
and incidence of cerebrovascular diseases [11]. Komiy-
ana et al. [7] reported higher rates of VA dissection 
in cases of left VA originating from the aortic arch.

Uchino et al. [16] identified the variations in VA 
origin with CTA among 2287 patients. Direct aortic 
origin of the left VA between the left common caro-
tid artery and left subclavian artery was found 4.1% 
which is the most seen variation and called as type 3 
aortic arch in most of the studies. At the same study 
right VA originating from aberrant right subclavian 
artery prevalence was 0.4% [16]. In our study there 
were 13 patients with variations in the origin of the 
VA (5.1%). Left VA with a direct origin from the aortic 

arch in 10 (3.9%) patients and right VA arising from 
aberrant right subclavian artery in 3 (1.2%) patients 
were detected. There was no direct aortic origin of 
the right VA in our study.

Celikyay et al. [2] also defined two different va-
riations of the left VA depending on the direct origin 
from the aortic arch before or after the left subclavian 
artery. In this CTA based study with 1136 patients; left 
VA arising from the aortic arch before left subclavian 
artery has been reported in 33 (2.9%) patients, and 
left VA arising from the aortic arch after left subclavian 
artery has been reported in only 1 (0.1%) patient [2].  
Similarly in the literature; left VA arising from the 
aortic arch before the left subclavian artery has been 
observed with a higher rate [8]. Also in our study all 
left VA with a direct origin from the aortic arch were 
arising before the left subclavian artery.

Our study has some limitations. It is a retrospective 
study performed with only the data of VA diameter 
and without any flow parameters. Also the number 
of the patients might be insufficient for such a study 
about anatomical variations.

CONCLUSIONS
In conclusion, to be aware of which VA is domi-

nant is very important especially in the interventions 
in which one of the subclavian arteries must be sac-
rificed. There are various diameter criteria in the li-
terature for the determination of VA dominance. In 
our study, interestingly, we found that in most cases 
right VA was dominant in all the groups formed by 
using different criteria. When we use the criteria of  
≥ 0.8 mm and ≥ 1 mm difference between the widths 
of 2 VA, diameter ratio of ipsilateral/contralateral > 1.4, 
co-dominance was found in the majority of patients, 
but the dominant side didn’t change. Our investigation 
showed dominance of the right VA in diameter unlike 
with numerous previous reports in the literature. 

Radiologists should also be familiar to the varia-
tions in the origin of VA to prevent complications 
before surgery and catheterisation failure during an-
giographic studies.
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