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RESUMEN

La disección del cadáver embalsamado de una mujer 
de 66-años por  los estudiantes de medicina de primer 
año de anatomía general, reveló la presencia de una 
arteria subclavia derecha aberrante (ASDA) de 
trayecto retroesofágico. La prevalencia de una ASDA 
en la población normal es del 0.2-2.0%. Se ha 
reportado que la ASDA tiene una asociación con 
varias deformidades congénitas, tales como el 
síndrome de Down, Kommerell divertículo, y varias 
otras anomalías. No es común asociar síntomas 
clínicos con la ASDA, sin embargo, el síntoma más 
común es la disfagia lusoria. Hemos descubierto que 
la ASD se originó desde la porción más distal del arco 
aórtico en una posición retroesofágica. Medidas 
pertinentes de las arterias se grabaron y un análisis 
para obtener información clínica, genética, y 
embriológica acerca de la ASDA se realizó. Como en 
la mayoría de los casos, el curso de la ASDA fue entre 
el esófago y la columna vertebral. Se ha demostrado 
que una región en el cromosoma humano 22 (22q11) 
está involucrada en el desarrollo normal de los vasos 
del arco aórtico. Este artículo ilustra cómo el 
descubrimiento de una variante a través de la 
disección da pie a estudiantes de medicina a aprender 
y repasar la literatura, sobre la embriología y la 
genética molecular, sobre anomalías del arco aórtico y 
sus correlaciones clínicas.

Palabras clave: síndromes del arco aórtico, 
embriología, genética, arterias subclavias.

ABSTRACT

Dissection of a 66-year-old female embalmed cadaver 
by medical students in a first-year gross anatomy 

course revealed the presence of an aberrant 
(retroesophageal) right subclavian artery (ARSA). The 
prevalence of an ARSA is between 0.2-2.0% in the 
normal population. ARSA has been reported to have 
an association with various congenital deformities, 
such as Down syndrome, Kommerell diverticulum, and 
various other anomalies. Clinical symptoms are usually 
not associated with ARSAs but when present, the most 
common symptom is dysphagia lusoria. We discovered 
that the RSA originated from the most distal portion of 
the aortic arch in a retroesophageal position. Relevant 
measurements of the vessel were recorded and a 
review was conducted to obtain clinical, genetic, and 
embryological information about the ARSA. As in the 
majority of cases, the course of the ARSA was 
between the esophagus and the vertebral column. A 
region on human chromosome 22 (22q11) has been 
shown to be involved in normal development of the 
aortic arch vessels. This paper illustrates how 
discovery of a variant via dissection prompted medical 
students to learn and review the literature of aortic arch 
anomalies and their clinical correlations. 
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INTRODUCTION

Dissection of a 66 year-old formalin-fixed female 
cadaver by medical students during a first-year 
human gross anatomy course revealed an 
aberrant (retroesophageal) right subclavian artery 
(ARSA) that was the fourth and most distal 
branch of the arch of the aorta. In this paper we 
describe the clinical relevancy of this variant from 
an embryologic perspective and review its 
underlying molecular genetics.
The presence of an ARSA was first described in 
1735 by Hunauld from autopsy studies (Hunauld, 
1735). Bayford (1794) correlated symptoms 
associated with an ARSA and labeled the clinical 
syndrome dysphagia lusoria. Presence of an 
ARSA is now considered to be the most common 
congenital intrathoracic anomaly of the arch of 
the aorta with a prevalence that ranges from 0.2 
– 2.0% (Brauner et al, 2011; Chaoui et al, 2005; 
Coppi et al, 2012; Felson et al, 1950; Kopp et al, 
2007; Ramaswamy et al, 2008; Saito et al, 2005; 
Stone et al, 2011; Thorpe et al, 2011). 
The proximal part of the right subclavian artery 
(RSA) normally develops from the right fourth 
pharyngeal arch artery, whereas the distal part 
develops from the right seventh intersegmental 
artery and right dorsal aorta (Brauner et al, 2011; 
Chaoui et al, 2005; Kopp et al, 2007; Moore and 
Persaud, 2008; Stone et al, 2011; Thorpe et al, 
2011). Involution of the right fourth pharyngeal 
arch artery and the cranial segment of the right 
dorsal aorta results in the formation of an ARSA 
from the right seventh intersegmental artery and 
distal segment of the right dorsal aorta (Brauner 
et al, 2011; Chaoui et al, 2005; Kopp et al, 2007; 
Moore and Persaud, 2008; Stone et al, 2011; 
Thorpe et al, 2011). In approximately 80% of 
cases, an ARSA courses between the esophagus 
and vertebral column (Brauner et al, 2011; Stone 
et al, 2011; Thorpe et al, 2011). In the remaining 
20% of cases the ARSA is positioned posteriorly 
(15%) or anteriorly (5%) to the trachea (Brauner 
et al, 2011; Stone et al, 2011; Thorpe et al, 
2011). 
ARSAs are associated with various congenital 
anomalies that include Down syndrome, septal 
defects, Kommerell diverticulum (KD) and other 
anomalies of the aortic arch (Chaoui et al, 2005; 
Chaoui et al, 2008; Ramaswamy et al, 2008; 
Stone et al, 2011; Thorpe et al, 2011). Chaoui et 
al (2005) reported that 19-36% of Down 
syndrome fetuses had a retroesophageal RSA 
compared to an incidence of less than one 
percent in the normal population. KD is an 
enlargement of the aberrant artery at its origin 
from the aortic arch (Stone et al, 2011; Thorpe et 
al, 2011) and 29-60% of individuals with an 

ARSA also have a KD (Stone et al, 2011; Thorpe 
et al, 2011). 
The diagnosis of an ARSA has increased due to 
improved imaging techniques, however, 60-80% 
of patients are asymptomatic (Brauner et al, 
2011; Chaoui et al, 2008; Moore and Persaud, 
2008; Stone et al, 2011). Clinically, this variant 
has been reported to cause dysphagia lusoria 
and arteria lusoria (Simek et al, 2008; Thorpe et 
al, 2011) with dysphagia being the most common 
presenting symptom (Kopp et al, 2007; Stone et 
al, 2011). Other reported but uncommon 
pathologies associated with the presence of an 
ARSA include progressive dyspnea, upper 
extremity claudication, aneurysm, and acute 
myocardial infarction (Alirhayim et al, 2013; 
Biasutto et al, 2013; Coppi et al, 2012; Kopp et 
al, 2007; Stone et al, 2011). Treatments include 
open surgical technique, intraluminal endo-
vascular approach, carotid-subclavian bypass, 
and a hybrid technique combining a surgical 
endovascular approach with RSA transposition 
and thoracic aortic stent graft implantation (Kopp 
et al, 2007; Shennib and Diethrich, 2008; Stone 
et al, 2011; Thorpe et al, 2011). 

MATERIALS AND METHODS

We describe a 66 year-old, formalin-fixed female 
cadaver whose ARSA arose from the most distal 
portion of the aortic arch and passed posterior to 
the esophagus. Located in the superior 
mediastinum, the arch of the aorta is a direct 
continuation of the ascending aorta (Standring, 
2008a). Developmentally, three branches usually 
(65%) originate from the arch of the aorta: the 
brachiocephalic trunk, left common carotid artery, 
and left subclavian artery (Standring, 2008a). The 
brachiocephalic trunk usually gives rise to the 
right common carotid and right subclavian 
arteries (Standring, 2008a).
During the first-year gross anatomy course, we 
dissected and removed the anterior thoracic wall 
using Grant’s method (Tank, 2013). We 
transected the lungs and heart and then carefully 
dissected the aortic arch and great vessels. We 
discovered that the RSA did not arise from the 
brachiocephalic trunk (Standring, 2008b), but 
rather, originated from the most distal portion of 
the aortic arch (Chaoui et al., 2008) in a 
retroesophageal position (Figure 1).
A PubMed search was conducted in the English 
language from 1950 to present along with a hand 
search to obtain information about the 
embryologic development, molecular genetics, 
resultant pathology, and current advances in the 
treatment of patients diagnosed with ARSAs.
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Figure 1. A: Anterior view of the arch of the aorta and great vessels. The trachea has been moved to the right 
to demonstrate the underlying esophagus. Note the position of the aberrant right subclavian artery (ARSA) 
posterior to the trachea and esophagus. In some cases, this arrangement has been reported to be the cause 
of dysphagia (Saito et al, 2005). RCCA, right common carotid artery; LCCA, left common carotid artery; LSA, 
left subclavian artery.
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Figure 1. B: Close-up of the anatomy demonstrated in A with the posterior aspect of the arch of the aorta exposed. 
The origin (●) of the four vessels is clearly seen in this view as well as the location of the esophagus (ESO). From 
proximal to distal, they are the RCCA (diameter 9 mm), LCCA (diameter 9 mm), LSA (diameter 10 mm), and ARSA 
(diameter 12 mm).

RESULTS

Most of the literature surrounding the ARSA was 
prompted by a unique case, including incidental 

findings of asymptomatic patients due to 
improved diagnostic imaging modalities. Most 
cases of an ARSA are asymptomatic, however, in 
those cases where symptoms do exist, the 
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overwhelming majority present with progressive 
dysphagia (Brauner et al, 2011; Chaoui et al, 
2008; Kopp et al, 2007; Moore and Persaud, 
2008; Stone et al, 2011).  It is common for the 
presence of a KD to be associated with an 
ARSA, 29-60% of cases (Stone et al, 2011; 
Thorpe et al, 2011); however, this was not the 
case in our report. The most common course of 
an ARSA is between the esophagus and 

vertebral column as in our case (Brauner et al, 
2011; Stone et al, 2011; Thorpe et al, 2011). In 
our study, vessels of the aortic arch were 
measured for length using a tape measure and 
diameter using a digital caliper (Table 1). The 
length of the subclavian artery was measured 
from its origin on the aortic arch to the lateral 
margin of the first rib which is the origin of the 
axillary artery (Standring, 2008b). 

Table 1.  Morphometric data of aortic arch blood vessels. Abbreviations: ARSA, aberrant right subclavian artery; LSA, left 
subclavian artery; RCC, right common carotid; LCC, left common carotid; VA, vertebral artery; AA, axillary artery. All 
measurements are reported in millimeters.

DISCUSSION

Embryology and Molecular Genetics
The aorta develops during the third week of 
gestation (Kau et al, 2007; Moore and Persaud, 
2008) and the RSA during the sixth to eighth 
week as determined by gene arrangement in the 
embryo (Saito et al, 2005). Neural crest cells 
contribute to the formation of the aortic arch 
arteries, which arise from the aortic sac and are 
remodeled to form the aorta, ductus arteriosus, 
proximal subclavian arteries, carotid arteries, and 
pulmonary arteries (Srivastava and Olson, 2000). 
Normally, the proximal part of the RSA develops 
from the right fourth pharyngeal arch artery and 
the distal part from the right seventh 
intersegmental artery and right dorsal aorta 
(Biasutto et al, 2012; Biasutto et al, 2013; Kau et 
al, 2007; Moore and Persaud, 2008). If, however, 
the right fourth pharyngeal arch artery and 
proximal segment of the right dorsal aorta 
abnormally involute, then an ARSA will develop 
from the right seventh intersegmental artery 
(becomes distal part of ARSA) and the remaining 
distal segment of the right dorsal aorta (becomes 
proximal part of ARSA) (Moore and Persaud, 
2008). Figure 2 shows these distinctions.  In a 
recent study by Biasutto et al (2012) the 
brachiocephalic trunk was dissected in 40 fetuses 
between 12 and 23 weeks gestation to determine 
the embryologic remnants resulting in anatomic 

variation. It was noted that intraluminal 
formations occur at sites of fusion of the great 
vessels but it is unknown whether or not these 
remnants persist into adulthood predisposing the 
individual to pathology.
Although the morphologic changes that result in 
aortic arch formation have been known for 
decades (Barry, 1951), some of the genes 
involved in the anomalous formation of ARSAs 
have only recently been identified through 
genetic studies conducted in mice and humans
(Lindsay, 2001). A region on human chromosome 
22 (22q11) has been shown to be involved in 
normal development of the aortic arch vessels 
(Lindsay, 2001). The location of these genes 
were first suggested by the finding that many 
individuals with a 22q11 deletion had other 
conditions such as aortic arch variants (Sureka et 
al, 2011), craniofacial defects, behavioral defects, 
psychiatric defects, mental retardation, and 
DiGeorge syndrome. These genes were found to 
be localized to the region involved in aortic arch 
formation (Lindsay, 2001). A review by Momma 
(2010) noted that 80% of patients with congenital 
cardiovascular defects had a chromosome 22q11 
deletion. Comparison of the human 22q11 region 
with the murine homologous chromosome 
identified around 30 genes in the deleted region 
(Yagi et al, 2003).
Further studies using knockout (KO) mice with 
deletions in the mouse chromosome homologous 

Artery Length
Distance to 

VA
Diameter at 

origin
Diameter 

at AA

Diameter 5 
cm 

from origin

Diameter at 
bifurcation

ARSA 110 70 12 8 – –

LSA 60 30 10 8 – –

RCC 120 – 9 – 7 9

LCC 100 – 9 – 8 8
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to human 22q11 pointed to the importance of one 
of the genes in the 22q11 region, the T-box 
transcription factor encoder gene (Tbx1).
The Tbx1 transcription factor is involved in 
embryonic aortic arch development and 
subsequent congenital heart defects observed in 
human patients (Lindsay, 2001). KO mice 
heterozygous for the deleted Tbx1 gene (+/-) had 
abnormalities in the fourth branch of the aortic 
arch, whereas homozygous Tbx1-null (-/-) mice
displayed additional abnormalities of such 

severity that they died at birth (Greulich et al, 
2011). Another recent study conducted by Parisot 
et al (2011) using transgenic and knock-in mice 
further demonstrated the importance of the Tbx1 
gene in the development of the aortic arch. 
Similarly, genetic analysis of patients diagnosed 
with del22q11 syndrome demonstrated that a 
majority of these patients displayed the Tbx1 
gene mutation further indicating the importance 
of this gene in humans (Yagi et al, 2003).  

Figure 2. Anterior and posterior views of an ARSA emphasizing its embryologic origin. The trachea and esophagus are 
not shown. The distal part (dark gray) of the ARSA was formed by the right seventh intersegmental artery and the 
proximal part (light gray) was formed by the distal segment of the right dorsal aorta. ARSA, aberrant right subclavian 
artery; RCCA, right common carotid artery; LCCA, left common carotid artery; LSA, left subclavian artery. (Adapted from 
Barry, 1951).

Although the presence of an ARSA has been well 
documented in the literature (Atay et al, 2006; 
Bednarkiewicz et al, 2003; Chaoui et al, 2005; 
Easterbrook, 1992; Inman et al, 2008; Kim et al, 
2009; Ramaswamy et al, 2008; Simek et al, 
2008; Tubbs et al, 2004;), few studies have 
described how finding one can be used as an 
educational strategy to facilitate learning in 
medical students. Recently, Vogt et al (2011) 
eloquently described how a group of medical 
students discovered an ARSA, used a 

fluoroscope to obtain images of the variant, and 
then correlated the images with computed 
tomography scans of the chest that were taken 
during the cadaver’s life. The ingenuity of this 
study was that it demonstrated to the students 
how difficult it can be to recognize a variant with 
modern diagnostic imaging (Vogt et al, 2011). In 
the present study, we also found an ARSA and 
used it as a springboard to investigate the 
embryology and molecular genetics of the 
variant. Without an opportunity to dissect a 
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human body, we would have never learned about 
this variation in so much depth, nor would we 
have had the opportunity to experience the 
process of anatomical research. Our study and 
that of Vogt et al (2011) provide novel examples 
of how valuable clinically-relevant cadaveric 
dissection is in medical education.  
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