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EXPERIMENTAL RESEARCH 
 

Incidence of Anomalous Origins of Vertebral Artery – Anatomical 
study and Clinical significance 

 
POONAM*, SINGLA R K ** , SHARMA T ***   

 

Context: The  anatomical and the morphological variations of the vertebral artery are significant 
for diagnostic and surgical procedures in the head and neck region, where an incompatible 
knowledge can lead to serious implications 

Aims: This study was conducted to know the variations in the origins of vertebral arteries and to 
discuss their  clinical implications while performing diagnostic and interventional angiography, both 
to identify them correctly and to know where to look when vertebral arteries are not seen in the 
normal position. 

Material And Methods: Eighty vertebral arteries belonging to 40 cadavers were dissected in the 
head and neck region. Their source and mode of origin were studied. Out of the total cadavers, four 
were found to have abnormal origins of vertebral arteries, which were studied in detail along with 
their clinical implications.  

Results: An extremely rare and interesting case of the origin of the left vertebral artery from the 
external carotid artery was encountered in one of these specimens.  The direct origin of the left 
vertebral artery from the aortic arch was also found in three cadavers, out of which one was found 
to be bifurcating after taking origin. No abnormality in the origin was encountered on the right 
sided vertebral arteries. 

Conclusion: The described morphological variations have clinical applications in the wide field of 
surgery, in the head and neck region. To know about these findings seems to be very important 
before undertaking any surgery or endovascular treatment in that region. Cerebral angiography 
must be included in the evaluation of patients with unexplained neurological findings.  
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Introduction 
The vertebral artery, the largest branch of the 

subclavian artery, arising from the posterosuperior 

aspect of its first part, 0.5 to 2 cm medial to the 

thyrocervical trunk,
 
is divided into four segments:

 
 

[1]: 

1.   Pre vertebral / VI segment: From its origin 

to the foramen transversarium of the C6 

vertebra. 

2.  Vertebral / V2 segment: From the foramen 

transversarium of the C6 vertebra till that of 

the C1 vertebra. 

3. Atlanto axial/V3 segment: From the 

foramen transversarium of the  C1 to   the 

foramen magnum.  

4. Intracranial/V4 segment.  
                            

An abnormal origin of the vertebral artery may 

favour cerebral disorders because of alterations in 

cerebral haemodynamics [2] and predispose the 

patients to intracranial aneurysm formation [3].   

 

Material and Methods 
Forty cadavers (37 males; 3 females) were dissected 

for the study of variations in the origin of the 

vertebral artery. Deep dissection was done in the 

head and neck region to expose the vertebral 
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arteries in the scalenovertebral triangle on both the 

right and the left sides and  so, a total of 80 

vertebral arteries were exposed.  The arteries were 

explored and their source as well as their mode of 

origin was ascertained.  A real abnormality in origin 

was encountered in four out of 40 cadavers and all 

those  were on the left side.  The course of these 

abnormal originating arteries was studied in detail 

and was compared with   previous studies by 

scanning accessible literature. No anomalous origin 

was seen on the right side.   
 

Results  
In one female cadaver, a variant origin of the left 

vertebral artery from the external carotid artery was 

encountered. This was found to be a very interesting 

and extremely rare variant in which a thin and 

hypoplastic vertebral artery (VA1) with a diameter 

of 0.9 mm representing the V1 and V2 segment, 

emanated from the first part of the subclavian artery 

and entered the foramen transversarium of C6. It 

was traced in the foramen transversariums of C6 – 

C4 by cutting their costotransverse bars, but beyond 

that, it became too thin to be dissected and so, no 

further attempt was made to trace it in this part. 

Then, it was dissected in the suboccipital region and 

it was traced to its source of origin. A dominant 

vertebral artery (VA2) with a diameter of 3.6mm 

originated from the external carotid artery in the 

common with occipital artery at the intervertebral 

disc between the C2 and C3 vertebrae and took the 

course of the V3 and V4 segment without entering 

any foramen transversarium [Table/Fig 1]  . The 

basilar artery was formed by the union of two 

vertebral arteries, a normal one on the right side and 

the one of external carotid artery origin on the left 

side. In three other male cadavers, the left vertebral 

artery   came  from the aortic arch in between the 

left common carotid and the left subclavian 

arteries[Table/Fig 2]. In one out of these three 

cadavers, the stem of the left vertebral artery, after 

taking origin from the aortic arch, was bifurcated 

into two.  One entered C6 and the other into the C5 

foramen transversarium [Table/Fig 3]. No other 

associated anomaly of the vascular system or any 

other system was seen in the study. 

 

 
(Table/Fig 1) 

A hypoplastic vertebral artery (VA1) arising from subclavian 

artery (SCA). A dominant vertebral artery (VA2) arising in 

common with occipital artery (OA) from external carotid artery 

(ECA). [CCA: Common carotid artery, ICA: Internal carotid 

artery, CT: Common trunk for occipital artery and dominant 

vertebral artery, PA: Posterior arch of Atlas. 

 

 
(Table/Fig 2) 

Left vertebral artery (VA) coming from aortic arch (AA) between 

left common carotid artery (CCA) and left subclavian artery (SC). 
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(Table/Fig 3) 

Left vertebral artery (VA) coming from aortic arch (AA) between 

left common carotid artery (CCA) and left subclavian artery (SC), 

bifurcating into two branches (1 and 2) and entering into foramen 

transversarium of C5 and C6 vertebrae respectively. 

 
Discussion 
 Though the overall incidence of the anomalous origin of 

the prevertebral segment of the vertebral artery is low 

[4],  it occurs mostly on one side, usually on the left [5]. 

In our study, all variations in the origin of the vertebral 

artery that had  been encountered,  were on the left side. 

However, a variety of anomalous origins of the vertebral 

artery on the right side has been reported [Table/Fig 

4]describes some important variations of origins of the 

vertebral artery with their clinical significance as 

documented in the literature. 

 
 

On reviewing the literature, it was found that the 

external carotid artery origin of the left vertebral 

artery is a very rare variant. It was Flynn[19] who 

had made   mention of such an entity first of all, 

followed by Matula et al[20]. Yilmaz et al [21] 

performed selective cerebral angiographies in 4400 

cases and encountered only one such case (i.e. 

0.023%).   
               

Ontogenically, this type of anomaly occurs due to 

the persistence of the proatlantal intersegmental 

artery. In early embryonic life (5.3 mm embryo), the 

primitive trigeminal artery, the primitive otic artery, 

the primitive hypoglossal artery and the proatlantal 

intersegmental artery account for important blood 

supply from the internal carotid arteries to the 

precursors of the basilar artery. These occur in the 

form of pairs and are called presegmental arteries. 

During   embryonic development, these usually 

atrophy, but the persistence of one or the other may 

lead to carotid-basilar or carotid- vertebral 

anastomosis [22].  
 

According to Lie [23], in a 5 mm embryo with the 

atrophy of the primitive hypoglossol artery, the pro-

atlantal intersegmental artery supplies blood to the 

caudal part of the bilateral longitudinal neural 

artery. In a 12-14 mm embryo, the proatlantal 

intersegmental artery gradually disappears by 

forming the intra-cranial part of the vertebral artery. 

In the case of its persistence, the pro-atlantal 

intersegmental artery constitutes a carotid-vertebral 

anastomosis.  It originates from the internal carotid 

artery or the external carotid artery and unites with 

the horizontal part of the vertebral artery in the 

suboccipital region [24]. 
 

In the present case, it was anastomosis between the 

external carotid artery and the vertebral artery. 

Further, it seems that with the persistence of this 

anastomosis, the V1 and the V2 segments of the 

vertebral artery proper failed to develop fully 

haemodynamically and thus, a hypoplastic vertebral 

artery (V1 and V2 segments) resulted. The main 

blood supply for the V3 and the V4 segments came 

through this persistent proatlantal anastomosis 

between the external carotid artery and the vertebral 

artery, giving the appearance as if V3 and V4 are  

arising from the external carotid artery primarily.  
 

In the course of the surgical treatment of certain 

aneurysms, arteriovenous malformations and carotid 

cavernous fistulae, the necessity of ligating the 

common carotid artery or its external or internal 

branch arises. A ligation of the common carotid 

artery or the external carotid in cases like this 

specimen, would definitely result in a serious 

compromise of the posterior cerebral circulation. 

So, pre-operative carotid angiography must be done 

before undertaking such surgeries.  
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(Table/Fig 4)Variations of vertebral artery documented in the literature. 
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The sole case reported by Yilmaz et al [21], out of 

4400 angiographies, had an aneurysm and it was 

associated with cerebellar ataxia and 

dysdiadochokinesia. They performed an exhaustive 

review of the earlier literature on the persistent 

primitive trigeminal artery, the hypoglossal artery, 

the otic artery and the proatlantal intersegmental 

artery and found that most commonly these 

anastomoses  were seen in combination with 

intracranial vascular anomalies and with cranial 

nerve symptoms such as trigeminal neuralgia. They 

also appear to be associated with various 

neurological diseases such as intracranial tumour, 

vertebro-basilar insufficiency, multiplesclerosis, 

subdural haematoma, epilepsy and moyamoya 

disease.  

 

This led Yilmaz et al [21] to believe that although 

primitive anastomoses are rarely observed, they 

may have pathological significance in the 

development of a variety of intracranial vascular 

anomalies. So, from the clinical point of view, they 

recommended that cerebral angiography must be 

included in the evaluation of patients of any age 

with unexplained neurological findings. 

 

Among other variants found in the present study, a 

left vertebral artery of aortic origin between the 

origins of the left common carotid and the left 

subclavian artery was encountered in three (7.4%) 

cadavers. Literature shows the frequency of this 

anomalous origin to be in the range of 1-5% [25]. 

Argenson et al [13], in their study on 104 cadavers, 

noted six cases in which  the vertebral artery  took 

origin from the aortic arch (5.8%) , all being left 

sided. However, its incidence is increased manifold 

(40%) in Down’s syndrome [26]. 

 

Embryologically, the vertebral artery is formed 

between the 32
nd

 and 40
th
 gestational day, from the 

fusion of the secondary persistent segments of the 

cervical arteries and the primitive dorsal aortic arch 

[20]. Abnormalities in this fusion process leads to 

abnormal origins. A left vertebral artery of aortic 

origin may be because of the persistence of the 

dorsal division of the left 6
th
 intersegmental artery 

as the first part of the vertebral artery instead of that 

of the left 7
th
 dorsal intersegmental artery [4]. 

 

A left vertebral artery of aortic origin is found to be 

associated with a significantly higher incidence of 

vertebral artery dissection than that of a normal 

origin [27]. 

 

One cadaver was showing bifurcation of the 

vertebral artery after coming out from the aortic 

arch. Ontogenically, this condition may be due to 

the persistence of both precostal and postcostal 

longitudnal anastomosis.  Duplicated vertebral 

arteries,, because of less diameters, render the risk 

of vertebral arteriovenous fistula during the 

injection of the dye for vertebral angiography. Also, 

since the blood flow is diverted through two 

channels, it predisposes the patient to 

vertebrobasilar insufficiency. Moreover, such   thin 

and hypoplastic stems of the vertebral artery are at 

an increased risk of trauma during surgery of the 

region, again predisposing the patient  to vertebro 

basilar insufficiency. So, the knowledge of such a 

condition for a surgeon as well as a physician is 

indispensable [7].  
 

Without a thorough understanding of the anomalous 

origins of the great vessels, angiography can be 

difficult or impossible. If the vertebral arteries are 

not identified in their normal position, this finding 

can be misinterpreted as the vessels being 

congenitally absent. This information is important 

for vascular or cardiothoracic surgical planning 

[28]. Anomalous origins may lead to altered 

haemodynamics and may predispose the patient to 

intracranial aneurysm formation. Therefore, in 

patients with these anomalies, a thorough search for 

coexisting aneurysms should be undertaken. 

Endovascular therapy of intracranial aneurysms can 

be performed before they present clinically as 

subarachnoid haemorrhages or mass effect and 

thereby decrease morbidity and mortality [3].
 

 

In this study, we came across a rare anomaly of the 

left vertebral artery coming from the external 

carotid artery, which developed due to the 

persistence of primitive anastomosis, which may 

have a pathological association with various 

intracranial anomalies.  Therefore, the anatomical 

arrangement of the major arteries to the brain must 

be studied before undertaking any surgeries in the 

head and neck region and in evaluating the patients 

with neurological pathologies. Secondly, one must 

be aware of the variations of the vertebral arteries 

while performing diagnostic and interventional 

angiography to both identify them correctly and to 

know where to look when vertebral arteries are not 

seen in the normal position. 
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