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The anatomic variations in the branches arising from the aortic arch in 900 Caucasian subjects and the 
exact origin of the right subclavian artery, the right common carotid artery, the left common carotid 
artery, the left subclavian artery, the right vertebral artery, and the left vertebral artery were analyzed by 
means of angio-computerized tomography. Seven hundred and thirty-four subjects (81.55%) had three 
branches arising from the aortic arch, 126 subjects (14%) had 2 branches and 40 subjects (4.44%) had 4 
branches. In addition, the following anatomic variations were found: The left common carotid was 
observed arising from the brachiocephalic trunk in 80 subjects (8.88%); the left carotid and the 
brachiocephalic trunk arose from a common stem, which in turn arose directly from the aortic arch in 
46 subjects (5.11%); the right common carotid and the right subclavian artery (arteria lusoria) arose 
directly from the aortic arch in 30 (3.33%) and 4 subjects (0.44%), respectively; the left vertebral artery 
and the right vertebral artery arose directly from the aortic arch in 16 (1.77%) and 2 subjects (0.22%), 
respectively. The study revealed that more than 20% of the Caucasian subjects had anatomical 
variations in the aortic arch branches.  
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INTRODUCTION 
 
Theoretically, human body anatomy is very well known as 
should be the case of the number of branches arising 
directly from the human aortic arch. Normally, three 
branches arise directly from the human aortic arch, these 
being the brachiocephalic trunk (BCT), the left common 
carotid artery (LCCA), and the left subclavian artery 
(LSA). It is considered as normal that the right common 
carotid artery (RCCA) and the right subclavian artery 
(RSA) arise from the BCT. Moreover,  the  right  vertebral 
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artery (RVA) arises from the right subclavian artery (RSA) 
and the left vertebral artery (LVA) from the left subclavian 
artery (LSA).  

Currently, the development of modern imaging 
techniques makes it possible to study the human aortic 
arch branches in vivo. The use of imaging techniques is 
increasing the knowledge of the anatomy of the branches 
that arise from the aortic arch (Lemke et al., 1999; Goray 
et al., 2005; Natsis et al., 2009; Fawcett et al., 2010). The 
exact anatomy of an aortic arch malformation and its 
relationship to adjacent structures can be accurately 
defined by computerized tomography (CT) and magnetic 
resonance (MR). Both methods allow excellent 
delineation of all patent vessels by contrast enhanced 
angiography (angio-CT and angio-MR) with comparable 
image quality and the possibility of 3-D display of the 
malformation (Kellenberger, 2010).  

In the light of the aforementioned, we present the 
largest    study,    to    our    knowledge, carried    out    on  
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Figure 1. Angio-CT showing the „normal‟ three branches 
arising from the aortic arch. From left to right: the BCT, the 
LCCA, and the LSA. 

 
 

 
Caucasians using angio-CT that analyzes the variations 
in the number of branches arising directly from the 
human aortic arch. In addition, we also analyzed the 
exact origin of the RSA, the RCCA, the LCCA, the LSA, 
the RVA, and the LVA. 

 
 
MATERIALS AND METHODS 

 
We carried out a four-year prospective study in order to quantify the 
number of branches arising directly from the human aortic arch. We 
analyzed a large sample of 900 Caucasian volunteers. The mean 
age of the 900 subjects was 62.84 ± 15.04 years old (range, 18 to 
88 years). There were 400 women (44.44%) and 500 men 
(55.55%). All protocols were approved by the Committees of Ethics 
and Research of the Faculty of Medicine, University of Valencia. 
The work was performed in accordance with the World Medical 
Association's Declaration of Helsinki and written informed consent 
was obtained from all subjects. Subjects who were diagnosed with 
cardiovascular pathology before the study were excluded. No 
subjects had either clinical symptoms of cardiovascular pathology 
during the study. We analyzed these kinds of subjects because we 
wanted to study variations of the anatomical normality in 
asymptomatic subjects. 

We quantified the number of branches arising directly from the 
aortic arch and analyzed the exact origin of the RSA, RCCA, LCCA, 
LSA, RVA, and LVA arteries by means of angio-CT. The angio-CT 
study was carried out with a LightSpeed ultra CT (General Electric 
Medical Systems, Milwaukee, WI, USA). The device used can make 

16 slices per second; the slice thickness was 0.63 mm. Iopamidol 
300 (Bracco UK. Ltd, High Wycombe, Bucks, UK) intravenous 
contrast medium was administered during the study (100 ml). 
Image reconstructions were made with Voxar 3D software (Barco, 
Kortrijk, Belgium). 
 
 

RESULTS 
 

Of the 900 subjects examined, 734 (81.55%) presented 3 
branches (for example, BCT, LCCA, and LSA, in that 
order) arising directly from the human aortic arch (Figure 
1). In that typical branching pattern, the RCCA and the 
RSA arose from the BCT, the RVA arose from the RSA 
and the LVA arose from the LSA. Nevertheless, we also 
found 126 subjects (14%) that presented 2 branches and 
40 subjects (4.44%) that presented 4 branches that arose 
from the aortic arch (Figures 2 and 3).  

In addition, we found the following anatomic variations 
in the origin of the arteries: the LCCA was observed 
arising from the BCT in 80 subjects (8.88%); the LCCA 
and the BCT arose from a common stem, which in turn 
arose directly from the aortic arch in 46 subjects (5.11%); 
the RCCA and the RSA (aberrant RSA or arteria lusoria) 
arose directly from the aortic arch in 30 (3.33%) and 4 
subjects (0.44%), respectively; the LVA and the RVA 
arose directly from the  aortic  arch  in  16 (1.77%)  and  2 
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Figure 2. Angio-CT showing only two branches arising from the 
aortic arch. From left to right: the BCT and the LSA. The LCCA 
was observed arising from the BCT.  

 
 
 

 
 

Figure 3. Angio-CT showing four branches arising from the 
aortic arch. From left to right: the BCT, the LCCA, the LVA and 
the LSA. 
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subjects (0.22%), respectively. 
 
 
DISCUSSION 
 

We have analyzed the number of branches arising 
directly from the human aortic arch and the exact origin of 
the RSA, the RCCA, the LCCA, the LSA, the LVA, and 
the RVA in a large sample of Caucasian subjects. The 
exact anatomy of an aortic arch malformation and its 
relationship to adjacent structures can be accurately 
defined by CT (Kellenberger, 2010); thus we used this 
technique to study the aortic arch branches. Moreover, 
we used angio-CT because it has the great advantage of 
making a hospital stay unnecessary. Another of the most 
important points of the study is the large cohort we 
analyzed with this technique. In addition, angio-CT 
makes it possible to obtain anatomic images in vivo 
simulating a “virtual dissection”, thus similar results can 
be obtained to those acquired when performing cadaveric 
human dissections.  

Natsis et al. (2009) in an angiographic study carried out 
on 633 subjects, described eight types (I to VIII) of the 
aortic arch; Type I being the most common type (83%), 
that is, the “normal” aortic arch giving rise to three 
branches: the BCT (or innominate artery), which then 
branches into the RSA and RCCA, the LCCA and the 
LSA. We also found the same normal pattern. Similar 
results were found in the classic study carried out on 
cadavers by Thomson (1893) and in the cadaveric 
studies carried out by Grande et al. (1995) and by Shin et 
al. (2008). However, Williams et al. (1932) and McDonald 
and Anson (1940) observed that only approximately 50% 
of Afro-Americans have the most common type of aortic 
arch. More recently, Nelson and Spark (2001) and Nayak 
et al. (2006) observed that more than 90% of the 
American-Japanese and Indian cadavers they studied 
have the most common type of the aortic arch. Aortic 
arch anomalies are usually incidental findings on imaging 
studies (Kellenberger, 2010). These anatomical 
anomalies of the aortic arch are usually asymptomatic 
(Poultsides et al., 2004; Chahwan et al., 2006; Natsis et 
al., 2009) as was the case in the subjects we analyzed.  

We also found the presence of an aberrant RSA or 
arteria lusoria in 0.44% of the subjects we analyzed. 
Arteria lusoria is the most common anomaly of the aortic 
arch, occurring in 0.5 to 2.5% of individuals (Myers et al., 
2010). Arteria lusoria is usually asymptomatic because 
the aberrant artery does not form a complete vascular 
ring around the esophagus and trachea, and is most 
often discovered during the course of evaluation of other 
mediastinal anomalies (Myers et al., 2010). Although 
these variations are often asymptomatic, they have been 
described as being the cause of a condition called 
“dysphagia lusoria”. This situation is characterized by 
difficulty in swallowing and pain in some cases, due to 
the pressure applied by the artery onto the wall of the  
esophagus (Natsis et al., 2009). 

 
 
 
 
Results obtained in the present study are of special 
importance for surgeons. Preoperative angio-CT can be 
ideal for studying the anatomy of the aortic branches. 
Surgeons can obtain an idea of what they are going to 
find before performing surgery. In addition, the results of 
this kind of study may be of interest to surgeons when 
they cannot carry out radiologic studies before surgery 
(that is emergency surgery on a patient in a critical 
condition) because, as was described in this study, the 
anatomy of aortic branches is different in approximately 
20% of subjects and knowing this can help to anticipate 
possible complications during surgery. Moreover, we 
have found variations in the aortic branches. An 
explanation for the variations in the aortic arch has been 
thought to be related to a different development of the 
aortic branches during the embryonic period (Barry, 
1951). Nevertheless, ethnicity may be another cause for 
the differences, as has been suggested by other authors 
(Williams et al., 1932; McDonald and Anson, 1940). 
Based on this, we analyzed a large sample exclusively 
made up of Caucasian subjects.  

In conclusion, the present study has shown that 
approximately 20% of subjects have a „non normal‟ 
anatomy of the aortic branches, if we take into account 
that a normal anatomy has three branches arising directly 
from the aortic arch: The BCT, the LCCA and the LSA.  
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