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Abstract: The aortic arch and its branches form during the third week of embryogenesis. The most common human pattern 

has the innominate artery, the left common carotid artery and the left subclavian artery all as separate branches. Large imaging 

studies have shown 70% of people have a normal branching pattern with 20% having a common origin of the innominate 

artery and left common carotid artery, but these studies were performed without reference to the anatomy of the aortic valve 

(bicuspid versus tricuspid).Bicuspid aortic valve (BAV) is the commonest congenital cardiac malformation and as the arch 

branching patterns are developmental in origin we decided to see if the frequency of arch variants in BAV and tricuspid aortic 

valve (TAV) patients differed, as this has not previously been looked at. We examined Computerised Tomographic aortograms 

and echocardiograms of BAV and TAV patients to assess the aortic arch branching pattern and any possible association with 

the valve morphology. 28 BAV and 57 TAV patients were assessed. For BAV the branching patterns were: 86% normal (24/28) 

and 14% abnormal (4/28), and for TAV: 70% normal (40/57) and 30% abnormal (17/57). Although this is a small study our 

TAV group demonstrated comparable normal/abnormal arch variants as the published literature, but the BAV group appears to 

have fewer arch variants. This is the first study in the literature to look at the arch branching variants when consideration of the 

aortic valve morphology (BAV versus TAV) is taken into account. 

Keywords: Bicuspid Aortic Valve, Aortic Arch Branches, Aortic Arch Patterns 

 

1. Introduction 

The aortic arch and its branches form during the third 

week of embryogenesis, which involves a complex process. 

Abnormalities of the arch branching pattern arise by 

persistence of segments of arches that normally disappear or 

the disappearance of segments of arches that normally 

remain, or both [1]. The most common human aortic arch 

branching pattern has the innominate artery, the left common 

carotid artery and the left subclavian artery all as separate 

branches (figure 1). The most common variant branching 

pattern involves the left common carotid artery arising in a 

common origin with the innominate artery (figure 2), and the 

next most common the similar left common carotid artery 

originating from the innominate artery itself (figure 3). A true 

bovine arch involves a single common brachiocephalic trunk 

arising from the arch which then splits into the right 

subclavian artery, a bicarotid trunk and a left subclavian 

artery, and is actually extremely uncommon in humans [2]. 
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Figure 1. Left common carotid artery and the left subclavian artery all as separate. 

Originally the variations of the arch branching patterns 

were made by post-mortem studies but, more recently large 

imaging studies have been performed [4, 5] confirming that 

approximately 70% of people have a normal branching 

pattern with 20% having a common origin of the innominate 

artery and left common carotid artery (as in figure 2) [4, 5], 

but these studies were performed without reference to the 

anatomy of the aortic valve (bicuspid versus tricuspid). 

Bicuspid aortic valve (BAV) is the commonest congenital 

cardiac malformation with 1-2% of the population being 

affected [6], and is associated with other cardiac anomalies, 

especially coarctation [6]. BAV is also associated with 

dilatation of the ascending aorta which is thought to be 

related to intrinsic pathological properties of the aortic wall 

and altered flow dynamics through the abnormal valve [7, 8], 

with increased risk of aortic dissection compared to tricuspid 

aortic valve (TAV) patients [9, 10]. 

As BAV is a common congenital anomaly and the variants 

of the aortic branching pattern are developmental in origin 

we decided to see if the frequency of arch variants in BAV 

and TAV patients differed, as this has not previously been 

looked at. We examined Computerised Tomographic 

aortograms (CT) and echocardiograms of BAV and TAV 

patients to assess the aortic arch branching pattern and any 

possible association with the valve morphology. 

2. Materials and Methods 

An established BAV patient database was used to 

retrieve patients. All BAV patients with CT scans of the 

aorta were examined. During the same period (September 

2011-2014) 200 CT aortograms were performed in the 

Radiology department and from these TAV patients were 

selected for comparison. Basic demographic data were 

collected for all the patients. This study was approved by 

the Institutional Review Board with waiver of consent as 

all tests had been performed previously. Aortic images, 

obtained with Multidetector CT aortic angiography 

(MDCT) using dual source 128 multi slice CT, were 

further processed by the reporting consultant radiologist 

for three-dimensional reconstructions to obtain volume 

rendered images and maximum intensity projections for 

assessment of the aortic arch branching variation. 

Echocardiograms of both the BAV and TAV patients were 

examined to confirm valve anatomy, (images assessed by 

an echocardiography trained cardiologist, not just reading 

reports). 

3. Results 

Of the 129 BAV patients in the BAV database 28 had 

‘readable’ (branch pattern could be clearly discerned) CT 

scans. Fifty-seven (double the number of BAV patients) CT 

aortograms were selected from the radiology archive (first 57 

that were ‘readable’ from September 2011 that had also 

undergone echocardiography). The sex and ethnic 

distributions are shown in tables 1 and 2. 

Table 1. Sex and Ethnicity for tricuspid valves. 

Tricuspid Male Female Ethnicity Numbers 

Normal (n=40) 36 4 Africa 0 

   Asian Indian Subcontinent 15 

   Asian Oriental 3 

   Caucasian 3 

   MENA Region 19 

Arch Variant (n=17) 15 2 Africa 1 

   Asian Indian Subcontinent 5 

   Asian Oriental 2 

   Caucasian 0 

   MENA Region 9 
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Table 2. Sex and Ethnicity for bicuspid valves. 

Bicuspid Male Female Ethnicity Numbers 

Normal (n=24) 24 0 Africa 1 

   Asian Indian Subcontinent 7 

   Asian Oriental 3 

   MENA Region 13 

Arch Variant (n=4) 4 0 Africa  

   Asian Indian Subcontinent 2 

   Asian Oriental  

   MENA Region 2 

 

Eighty-five patients’ images were assessed with 28 BAV 

and 57 TAV. All 85 patients had their echocardiographic 

images re-examined to verify BAV or TAV morphology. For 

BAV the aortic branching patterns were: 86% normal (24/28) 

and 14% abnormal branching patterns (4/28), and for TAV: 

70% normal (40/57) and 30% abnormal branching patterns 

(17/57). The BAV patients abnormal patterns were all the left 

common carotid artery common origin with innominate 

artery (as in figure 2), whereas the TAV patients had 16 of the 

type left common carotid artery common origin with 

innominate artery (as in figure 2) and one left common 

carotid arising from the innominate artery (as in figure 3). 

There were no true bovine variants in our group. 

 

Figure 2. The type left common carotid artery common origin with innominate artery. 

 

Figure 3. Left common carotid arising from the innominate artery. 

Other anomalies found in our group include 1 coarctation 

(BAV patient) and 1 dissection (BAV patient). The valve 

morphology was discernable in 42 (49%) of the 85 CT scans. 

4. Discussion 

4.1. Embryologically 

The six pairs of aortic arches are a series of vessels that 

connect on each side the aortic sac with the corresponding 

dorsal aorta. At a later developmental stage, the aortic arches 

are both reduced in number and extensively transformed, and 

finally an asymmetric blood supply system is achieved. The 

first and second aortic arches largely disappear by the time 

the third to sixth arches develop. The left limb of the aortic 

sac normally forms the part of the arch of aorta that 

intervenes between the origins of the brachiocephalic trunk 

and the left common carotid artery. If the aortic sac fails to 

bifurcate into right and left limbs, then the variations on the 
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branching pattern of arch of aorta may occur, as observed in 

present study. The proximal part of the third aortic arch 

normally gets extended and absorbed into the left horn of 

aortic sac. If it gets absorbed into the right horn of the aortic 

sac, that also results in a variable branching pattern [13,14]. 

Direct origin of the left vertebral artery from the upper 

convex surface of the arch of aorta between the origins of the 

left common carotid and left subclavian arteries may be 

explained as increased absorption of embryonic tissue of the 

left subclavian artery between the origin of the arch of aorta 

and the vertebral artery. Variations, when there are more than 

three branches originating from the arch of aorta may include 

the vertebral arteries [15,16]. 

4.2. Gross Anatomy 

The aortic arch represents the continuation of the 

ascending aorta and is nominally defined as starting at the 

level of the transthoracic plane of Ludwig, a horizontal plane 

from the sternomanubrial angle to the T4 vertebral body. The 

sternomanubrial joint is the same level as the second 

sternocostal articulation. It courses in a narrow arch from 

ventral to dorsal and from right to left such that at the end of 

the arch it sits to the left of midline, adjacent to the thoracic 

vertebral column. Its peak is at the T3/4 level. Three main 

branches originate from the upward convexity of the arch in 

the majority (75%) of patients. In order from proximal to 

distal the branches are: 1- brachiocephalic trunk or artery 

(innominate artery) which goes on to divide into the right 

subclavian and right common carotid arteries, the aortic arch 

can be divided by the brachiocephalic trunk into "proximal" 

and "distal" portions 
3
. 2- left common carotid artery, 3-left 

subclavian artery. just beyond the last branch, the aortic 

isthmus represents a minor narrowing at the site of the 

ligamentum arteriosum, which runs between the undersurface 

of the aortic arch and the terminal pulmonary trunk, this 

ligament represents the obliterated foetal ductus arteriosus 

and due to this attachment, this represents the site of the 

majority of thoracic aortic injuries when the body undergoes 

significant deceleration. The arch terminates at the lower 

border of T4 where it continues as the descending aorta, in 

the plane of Ludwig, a horizontal plane from the 

sternomanubrial angle to the T4 vertebral body [16]. 

4.3. Bicuspid Aortic Valve 

Has previously been quoted as having a related aortopathy, 

but is this embryological or functional (related to intrinsic 

wall properties) in origin? [7,8]. If in fact BAV patients have 

fewer arch variations it may support the idea that the 

aortopathy is related to functional changes in the wall rather 

than embryological origins (excluding coarctation). In our 

group, it does not appear to affect the embryological 

development of the branches of the aortic arch and we 

actually appear to have fewer arch variants in the BAV group. 

Although this is a small study our TAV group had similar 

percentages of normal (70%) and abnormal (30%) arch 

variants as the reported literature [1,2,4,5]. Our BAV group is 

small and we will expand it further in the future but the 

results at this stage suggest no increase, in fact a possible 

decrease in arch variants compared to the TAV patients. 

Despite this it would not be possible to exclude an 

embryologically based pathological change to the aorta in 

BAV patients. 

4.4. In a Study on the patterns of Aortic Arch 

In American white and Negro stocks by De Garis CF et al 

25% of blacks were found to have a common origin for 

innominate artery and left common carotid artery. The author 

has also reported an incidence of 10% in blacks where the 

left common carotid artery arises from the Innominate artery. 

[3], but these studies would be difficult to repeat due to 

widespread racial mixing nowadays and could only be looked 

at in isolated communities with a single racial group. In 

Qatar 60% of the population is originally from the Asian 

Indian Subcontinent so there may in fact be a greater 

prevalence of Bicuspid valves in the MENA region patients 

and also Arch Variants appear to be more common in the 

MENA region patients. The two large radiological studies 

that have looked at the aortic arch anatomy showed that 

approximately 70% of patients had normal configuration of 

the arch vessels and 20% had a common origin of the 

innominate artery and left common carotid artery [7,8], but 

these studies were performed without reference to the 

anatomy of the aortic valve. This is the first study in the 

literature to look at the arch branching variants when 

consideration of the aortic valve morphology (BAV versus 

TAV) is taken into account. 

5. Conclusion 

Aortic arch branching pattern variations are usually 

asymptomatic but are significantly more common in patients 

with thoracic aortic disease (aneurysm formation, dissection, 

susceptibility to transection), and may therefore act as a 

marker for the development of thoracic aortic disease in the 

future (Dumfarth, Wanamaker) [17, 18]. As BAV patients are 

known to have more dilatation and dissection the combination 

of BAV with arch branching variants may warrant closer 

surveillance than other patients. Thus, aortic arch branch 

pattern variants are not clinically irrelevant as they may 

indicate an increased likelihood of the development of thoracic 

aortic disease in the future. Also with the increasing use of 

transcatheter procedures replacing surgical interventions the 

exact anatomy and its impacts will become more important. At 

the time of aortic arch surgery, it is important to be aware of 

any anomalies as they can influence cannulation and perfusion 

strategies as well as the repair performed. 
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