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Abstract 

Background: The aortic arch typically gives off three branches, which are, from right to 

left, the brachiocephalic trunk, the left common carotid artery, and the left subclavian 

artery. Variations in these branches are numerous and frequent, and it has been suggested 

that these variations are more common in the African population. However, data are 

lacking in the literature for the Malian population. Variations in the branching pattern of 

the aortic arch can cause dysphagia or dyspnea, or complications during surgical or 

radiological procedures of thorax and neck. 

Methodology: This was a cross-sectional, observational anatomical study conducted at 

the Anatomy Laboratory of the Faculty of Medicine and Odontostomatology (FMOS) in 
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Bamako. The study spanned a period of 5 years and 4 months, from December 2019 to 

May 2025. The aortic arch and its branches were dissected after opening the thorax and 

neck. Fisher’s exact test was used to compare the data by sex.  

Results: A total of 69 aortic arches were dissected (58 in men and 11 in women). The 

classic modality (Type 1) was observed in 43 cases (62.3%). Variations were observed in 

26 cases (37.7%). The most common of these variations was the bovine arch (Type 2) with 

a proportion of 29% (n=20), followed by the association of the bovine arch and the 

vertebral artery (Type 4) (2.9% or n=2). The other variations were observed, each, in 1 

case (1.4%). These were Type 3 (vertebral artery), Type 5 (bicarotid trunk), Type 6 

(aberrant right subclavian artery), and a variation that has not been classified, a case 

where the left vertebral artery and the left subclavian artery originated from the aortic 

arch by a common trunk. The branching pattern of the aortic arch showed no significant 

difference according to sex (P  0.05). 

Conclusion: Variations in the branching pattern of the aortic arch are common in the 

Malian population. Knowledge of these variations is important for vascular surgeons to 

avoid intraoperative complications during certain procedures such as carotid stenting. 

Keywords: Variations, aortic arch branches, bovine arch, vertebral artery, Mali 
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Introduction

There are usually three branches of the 

aortic arch. They are, from right to left, 

the brachiocephalic trunk, the left 

common carotid artery, and the left 

subclavian artery [1]. 

Variations in the branching pattern of 

the aortic arch are numerous and 

frequent [2]. These variations are 

generally asymptomatic and tend to be 

incidental findings during radiological 

imaging, autopsy, or anatomical 

dissection [3,4]. However, some of these 

variations can lead to symptoms such 

as dysphagia and dyspnea due to 

compression of esophagus and trachea 

or be associated with cardiac 

abnormalities such as bicuspid aortic 

valves [4,5,6,7,8]. 

Early identification of aortic arch 

variations may help identify potential 

obstructions and prevent complications 

during increasingly frequent surgical 

and radiological procedures of the 

thorax and neck [9,10]. 

Studies have reported geographical 

differences in the prevalence of the 

variations in the branching pattern of 

the aortic arch [2,11,12]. It has been 

suggested that the variations are most 

common in people of African descent 

[2,13,14]. However, few studies have 

been conducted in Africa compared to 

other continents, which is a limitation 

when comparing the prevalence of 

variations between studies [15]. In the 

literature, data are lacking for the 

Malian population. 

Research hypothesis: Variations in the 

branching pattern of the aortic arch are 

more frequent in the Malian 

population, corroborating previous 

studies that have suggested these 

variations are more common in the 

African population. 

The objectives of this study were to 

determine the prevalence of aortic arch 

branching pattern variations in a 

Malian population and to compare the 

data by sex. 
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Materials and Methods 

This was a cross-sectional, 

observational anatomical study 

conducted at the Anatomy Laboratory 

of the Faculty of Medicine and 

Odontostomatology (FMOS) in 

Bamako. It spanned a period of 5 years 

and 4 months, from December 2019 to 

May 2025.  

The sample estimation method used 

was the non-probabilistic one. The 

sample was composed by cadaveric 

subjects, all melanodermas, which were 

given to the Faculty of Medicine and 

Odontostomatology of Bamako for 

practical work and research in 

anatomy. Those cadaveric subjects 

were coming from each region in Mali. 

Included in this study were cadaveric 

subjects of male and female sexes, aged 

18 or older. Cadaveric subjects in a state 

of decomposition or with signs of 

trauma or surgical scars on the thorax 

or anterolateral neck region were 

excluded from this study. 

To access the aortic arch and its 

branches, skin incisions were made, 

then the skin was detached and the skin 

flaps were folded outwards. Next, the 

sternocleidomastoid and infrahyoid 

muscles were then transected near their 

inferior insertion and folded superiorly; 

the pectoral muscles were transected at 

their insertions on the clavicle, sternum, 

and ribs, and folded laterally. The 

sternoclavicular joints were 

disarticulated, and the clavicles were 

folded laterally. The costal cartilages 

were then transected, and the 

chondrosternal plastron was folded 

inferiorly. After opening the thoracic 

cavity, the pericardial sac was opened, 

and the aortic arch and its branches 

were dissected. 

Our results were classified according to 

the classification of Popieluszko et al. 

[2] (Figure 1): 

• Type 1, normal: the aortic arch 

runs from right to left, giving off 

the following branches: the 

brachiocephalic trunk, the left 

common carotid artery, and the 

left subclavian artery. 

• Type 2, bovine arch: the aortic 

arch runs from right to left, 

giving off the following 
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branches: a common trunk that 

gives off the brachiocephalic 

trunk and the left common 

carotid artery, followed by the 

left subclavian artery. 

• Type 3, left vertebral artery: the 

aortic arch runs from right to left, 

giving off the brachiocephalic 

trunk, the left common carotid 

artery, the vertebral artery, and 

the left subclavian artery. 

• Type 4, bovine arch and left 

vertebral artery: the aortic arch 

runs from right to left, giving off 

the following branches: a 

common trunk that gives off the 

brachiocephalic trunk and the 

left common carotid artery, 

followed by the left vertebral 

artery and the left subclavian 

artery.  

• Type 5, bicarotid trunk: The 

aortic arch runs from right to left, 

giving rise to the right 

subclavian artery, a common 

trunk for both the right and left 

common carotid arteries, 

followed by the left subclavian 

artery. 

• Type 6, aberrant right subclavian 

artery: The aortic arch runs from 

right to left, giving rise to the 

following branches: the right 

common carotid artery, the left 

common carotid artery, the left 

subclavian artery, and the 

aberrant right subclavian artery. 

• Type 7, right aortic arch: The 

aortic arch runs from left to right, 

giving rise to a mirror-like 

appearance or an aberrant left 

subclavian artery. 

The data was entered into Excel and 

then transferred to SPSS where it was 

analyzed. Fisher’s exact test was used to 

compare the data by sex. 

Ethical considerations: The authors 

state that every effort was made to 

follow all local and international ethical 

guidelines and laws that pertain to the 

use of human cadaveric donors in 

anatomical research [16]. 
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AA = Aortic arch, BCT = Brachiocephalic trunk, LCC = Left common carotid artery, LS = Left 

subclavian artery, LV = Left vertebral artery, RCC = Right common carotid artery, RS = Right 

subclavian artery 

Figure 1: Classification of Popieluszko et al. [2] 
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Results 

A total of 69 aortic arches were 

dissected (58 in men and 11 in women). 

Type 1 (the classic modality) (Figure 2) 

was most frequently observed (n=43 or 

62.3%). Variations were observed in the 

remaining cases (n=26 or 37.7%). The 

most frequent of these variations was 

Type 2 or bovine arch (Figure 3) with a 

proportion of 29% (20 cases). Type 3 or 

vertebral artery (Figure 4) was 

observed in 1 case (1.4%). Type 4 or 

bovine arch and left vertebral artery 

(Figure 5) was noted in 2 cases (2.9%). 

Type 5 or bicarotid trunk (Figure 6) was 

observed in 1 case (1.4%) and it was 

associated with an aberrant right 

subclavian artery. In 1 case, Type 6 or 

aberrant right subclavian artery (Figure 

7) was observed. Type 7 (right aortic 

arch) was not observed. An unclassified 

variation was observed in 1 case (1,4%). 

This variant consisted of a common 

trunk of origin of the left vertebral 

artery and the left subclavian artery of 

the aortic arch (Figure 8). The branching 

pattern of the aortic arch by sex is 

summarized in Table I.  
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Table I: Branching pattern of the aortic arch according to sex 

Branching mode F M Total 

N % N % N % 

Type 1 9 13 34 49.3 43 62.3 

Type 2 2 2.9 18 26.1 20 29 

Type 3 0 0 1 1.4 1 1.4 

Type 4 0 0 2 2.9 2 2.9 

Type 5 0 0 1 1,4 1 1.4 

Type 6 0 0 1 1.4 1 1.4 

Type 7 0 0 0 0 0 0 

Other* 0 0 1 1.4 1 1.4 

Total 11 15.9 58 84.1 69 100 

Origin of the left vertebral artery and left subclavian artery by a common trunk from the aortic arch. 

The branching pattern of the aortic arch 

showed no significant difference 

according to sex (P  0.05).  
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Figure 2 : Type 1, classic modality (the aortic arch ran from right to left, giving rise to the 

brachiocephalic trunk, followed by the left common carotid artery and the left subclavian artery) 

Sup 

Left 

BCT 

LCC 

LS 
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AA = Aortic arch, BCT = Brachiocephalic trunk, LCC = Left common carotid artery, LS = Left 

subclavian artery 
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Figure 3: Type 2 (the aortic arch ran from right to left, giving a common trunk to the brachiocephalic 

trunk and the left common carotid artery, followed by the left subclavian artery) 

  
AA = Aortic arch, BCT = Brachiocephalic trunk, CT = Common trunk, LCC = Left common 

carotid artery, LS = Left subclavian artery 

 

AA 

CT 

BCT LCC 
LS 

Sup 

Left 
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Figure 4: Type 3 (the aortic arch ran from right to left, giving rise to the brachiocephalic trunk, 

followed by the left common carotid artery, the left vertebral artery, and the left subclavian artery) 
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Left 

AA = Aortic arch, BCT = Brachiocephalic trunk, LCC = Left common carotid artery, LS = Left 

subclavian artery, LV = Left vertebral artery 
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Figure 5: Type 4 (the aortic arch ran from right to left, giving a common trunk to the brachiocephalic 

trunk and the left common carotid artery, followed by the left vertebral artery and the left subclavian 

artery) 

  

AA 

CT 

BCT 

LV 

LS 

LCC 

Sup 

Left 

AA = Aortic arch, BCT = Brachiocephalic trunk, CT = Common trunk, LCC = Left common carotid 

artery, LS = Left subclavian artery, LV = Left vertebral artery 
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AA = Aortic arch, BCT = Bicarotid trunk, LCC = Left common carotid artery, LS = Left subclavian artery, 

RCC = Right common carotid artery, RS = Right subclavian artery 

 

Figure 6: Type 5 (bicarotid trunk) associated with an aberrant right subclavian artery with the aortic 

and its branches in place (a), and after their removal (b) 
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Figure 7: Type 6 (the aortic arch ran from right to left, giving rise to the right common carotid artery, 

followed by the left common carotid artery, the left subclavian artery, and the aberrant right 

subclavian artery) 
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AA = Aortic arch, LCC = Left common carotid artery, LS = Left subclavian artery, RCC = Right 

common carotid artery, RS = Right subclavian artery 
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AA = Aortic arch, BCT = Brachiocephalic trunk, CT = Common trunk, LCC = Left common 

carotid artery, LS = Left subclavian artery, LV = Left vertebral artery 

 

Figure 8: The origin of the left vertebral artery by a common trunk with the left subclavian artery 
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Discussion 

The classic pattern (Type 1) is the most 

common branching pattern of the aortic 

arch, with a pooled prevalence of 80.9% 

[2]. Its prevalence is lower in the 

African population (65.8%) compared 

to populations from other continents, 

where it ranges from 69.5% to 86.9% 

(Table II). In the present study, the 

prevalence of Type 1 was 62.3%. This is 

lower than the prevalence observed in 

other African studies (Table II). This 

difference could be explained by the 

difference in sample sizes between the 

different studies (Table III). 

The most common variation in the 

branching pattern of the aortic arch is 

the bovine arch (Type 2), in which the 

brachiocephalic trunk and the common 

carotid artery originate from a common 

trunk. The meta-analysis by 

Popieluszko et al. [2] showed that the 

prevalence of this variation is higher in 

the African population (26.8%) 

compared to populations from other 

continents. This is corroborated by the 

present study in which the bovine arch 

was observed with a higher prevalence 

(29%). It has been documented that this 

variation makes carotid stenting more 

difficult and riskier, depending on the 

approach. This difficulty may be 

encountered, during stenting via the 

femoral approach, following a sharp 

turn involving the brachiocephalic 

trunk and the left common carotid 

artery [8]. Therefore, patients with a 

bovine arch may benefit from a 

brachial, radial approach, or a new 

transcarotid revascularization 

procedure. Moreover, it has been 

shown that these patients are likely to 

require hemiarch replacement surgery 

in the treatment of aortic arch disease, 

including aortic aneurysm, aortic 

dissection, intramural hematoma, and 

aortic rupture [6]. To decrease this risk 

in populations with a high prevalence 

of aortic arch, a less risky approach 

such as a brachial or radial approach 

should be chosen as the standard [2]. 
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Table II: Aortic arc branching pattern according to the authors 

Authors Type 

1 

Type 

2 

Type 

3 

Type 

4 

Type 

5 

Type 

6 

Type 

7 

Other 

Makhanya et al. [17]* 65 28.3 0 1.7 0 3.3 0 1.7 

Tesfarmariam et al. [18]* 64.8 26 6.1 0 2.7 0 0 0 

Keet et al. [15]* 65.2 23.7 6.7 2 0 1.5 0 ------ 

Ogeng’o et al. [19] * 67.3 25.7 0.9 1.8 0 0 0 4.5 

 

 

 

Popieluszko 

et al. [2] 

European 

prevalence  

82 13.6 2.3 0.3 0.3 0.8 0.1 0.7 

Asian 

prevalence  

86.9 7.4 3.5 0.4 0.3 0.5 0.3 0.7 

North 

America 

prevalence 

78.4 15.5 1.9 0.7 0.2 1.1 0.4 1.7 

South 

American 

prevalence 

69.5 24.2 3.9 0.8 0.7 0.2 0.2 0.6 

Present study 62.3 29.0 1.4 2.9 1.4 1.4 0 1.4 

*African studies 
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Table III: Study type and sample size according to African studies 

Author  Study population Study type Sample 

Ogeng’o et al. [19] Kenyan Cadaveric 113 

Makhanya et al. 

[17] 

South African Imaging 60 

Keet et al. [15] South African Cadaveric 733 

Tesafamariam et 

al. [18] 

Ethiopian Imaging 1260 

Present study Malian Cadaveric 69 

 

In the meta-analysis by Popieluszko et 

al. [2], the combined prevalence of Type 

3 was 2.9%. In the present study, Type 

3 was observed in only 1 case (1.4%). 

This is lower than the results of other 

studies done in Africa, except that done 

by Makhanya et al. [17] in South Africa 

in which no cases of Type 3 were 

observed (Table II). Typically, patients 

with a left vertebral artery arising 

directly from the aortic arch are 

asymptomatic, but this variation can 

lead to complications during surgical 

procedures and amplify symptoms in 

patients with other pre-existing 

pathologies [20]. Patients with the left 

vertebral artery variant, for example, 

may have an increased risk of vertebral 

artery dissection compared to patients 

without the variant due to the longer 

course of the left vertebral artery [20]. 

Because vertebral artery injuries are a 

common complication during 

prolonged lateral decompression of the 

cervical spine, a Type 3 variant 

warrants additional precautions during 

this procedure [21]. The pooled 

prevalence of Type 4 in which the 

bovine arch is associated with the left 

vertebral artery arising from the aortic 

arch is 0.4% [2]. In the current study, it 

was 2.9%. This is higher than the 

average prevalence in the African 

population, which is 1.2% in the meta-

analysis by Popieluszko et al. [2]. 
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Type 6, or the aberrant subclavian 

artery, has its highest incidence in 

African populations (1.4%) [2]. This 

same incidence (1.4%) was observed in 

the current study. According to 

Popieluszko et al. [2], its pooled 

prevalence is 0.7%. Type 6 is a variation 

that has important clinical implications. 

In this variation, the subclavian artery 

tends to pass behind the esophagus, 

making it a retroesophageal right 

subclavian artery [21]. This variation 

may not have symptoms, but often it 

can cause compression of the 

esophagus and trachea, resulting in 

dysphagia, cough, or dyspnea [8]. 

According to Karacan et al. [12], this can 

be particularly troublesome in elderly 

subjects and may require surgical 

correction. A fistula can be created by 

the pressure of the esophagus on the 

subclavian artery causing lethal upper 

gastrointestinal bleeding that originates 

from the right subclavian artery [22]. 

The aberrant right subclavian artery is 

often seen simultaneously with Type 5 

(bicarotid trunk) [2]. The only case of 

Type 5 in the present study was indeed 

associated with an aberrant right 

subclavian artery. In the meta-analysis 

by Popieluszko et al. [2], 90% of Type 5 

variants had an aberrant right 

subclavian artery. Laleye et al. [23] 

observed 11 cases of aberrant right 

subclavian artery, ten of which (90.90%) 

were associated with the bicarotid 

trunk (Type 5). It has been suggested 

that this variation shares an association 

with DiGeorge syndrome, trisomy 13, 

trisomy 18, trisomy 21, tetralogy of 

Fallot, origin of the left coronary artery 

from the pulmonary artery, congenital 

polyvalvular disease, esophageal 

atresia and possibly other congenital 

conditions [23]. It is prudent for a 

surgeon to consider the increased risk 

of encountering a Type 5 variation 

when operating in the thorax of one of 

these patients [2]. 

In the present study, a variation not 

included in the Popieluszko et al. [2] 

classification was observed in 1 case 

(1.4%). This involved the origin of the 

left vertebral artery and the left 

subclavian artery from a common trunk 

of the aortic arch. This was observed by 

Ogeng'o et al. [19] in 1 of 113 cases 

(0.88%) and by Tasdemir et al. [25] in 3 

of 699 cases (0.43%). This variation can 

lead to misinterpretation by 
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radiologists, potentially resulting in an 

inaccurate diagnosis and surgical or 

endovascular complications [26,27].  

The development of the aortic arch 

begins around the third week of 

gestation [28]. The aortic arch and its 

main branches originate from six pairs 

of embryological arches [29]. On each 

side, the ventral and dorsal aortas are 

connected by these six embryological 

arches [17]. The aortic arch is formed by 

the aortic sac, the left fourth arch, and 

part of the left dorsal aorta [30]. The 

fourth arch, the right seventh 

intersegmental artery, and the right 

dorsal aorta give rise to the right 

subclavian artery. The right and left 

third arches give rise to the right and 

left common carotid arteries, 

respectively. The left seventh 

intersegmental artery gives rise to the 

left subclavian artery [29]. 

Factors such as the persistence of a 

vessel that should regress or the 

regression of a vessel that normally 

persists can lead to variations in the 

aortic arch and its branches [29, 31]. 

The portion of the aortic arch located 

between the origin of the 

brachiocephalic trunk and that of the 

left common carotid artery is formed by 

the left branch of the aortic sac [30]. If 

the aortic sac does not divide into right 

and left branches, the left common 

carotid artery joins this sac, resulting in 

a common origin for the 

brachiocephalic trunk and the left 

common carotid artery (bovine arch). 

This variation also occurs if the 

proximal portion of the left third arch is 

absorbed by the right branch of the 

aortic sac rather than the left branch 

[15]. 

The origin of the left vertebral artery 

directly from the aortic arch could be a 

consequence of excessive resorption of 

embryonic tissue from the left 

subclavian artery [32]. 

This study was limited by its small 

sample size and the significantly lower 

number of women compared to men. 

The diameter of the aortic arch branches 

was not measured in this study, 

although knowledge of this diameter is 

relevant for endovascular procedures 

and transcatheter aortic valve 

implantation [33, 34]. 
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To obtain more heterogeneous data for 

the African population in the literature, 

further studies should be conducted on 

variations in the branching pattern of 

the aortic arch in other African 

countries. 

 

Conclusion 

Variations in the branching pattern of 

the aortic arch are numerous and 

frequent. The higher frequency of these 

variations in the African population is 

corroborated by this study. Therefore, 

we recommend that vascular surgeons 

practicing in Africa, particularly in 

Mali, bear in mind the possibility of 

these variations when performing 

surgeries involving the aortic arch and 

its branches, such as carotid stent 

placement. 
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