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Abstract

Purpose Taking into consideration that the aberrant right
subclavian artery (ARSA) is the commonest congenital
aortic arch anomaly (prevalence 0.16-4.4%), our goal was
to investigate its incidence in Greeks, with respect to
location, course, and relationship to trachea and esophagus.
Gender dimorphism, coexisting neural, and vascular vari-
ations were also examined. The clinical impact and
embryological background of the variation are discussed.

Methods Two hundred and sixty-seven (126 male and 141
female) formalin-embalmed Greek cadavers (mean age
59 + 13 years) were examined.

Results The ARSA was detected in 6 cadavers (2.2%), 4
females (2.8%) and 2 males (1.6%). The artery followed a
retroesophageal course in 83%, an interesophageotracheal
course in 16.7%, while no pretracheal ARSA was detected.
The ARSA coexisted with a bicarotid trunk, a Kommerell
diverticulum, and a combination of them in one cadaver. A
combination of the ARSA with a thyroidea ima artery and a
bilateral abnormal origin of the internal mammary artery
was also detected in one case (17%), while no other
associated anomaly was detected in a single case (17%).
All ARSAs were accompanied with a right non-recurrent
laryngeal nerve.
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Conclusion The ARSA has a relative high incidence in
Greeks and a female predominance. The aberrant vessel
follows a retroesophageal course in most cases and only one
case with a location between trachea and esophagus was
detected. The retroesophageal ARSA justifies the wide vari-
ety of clinical manifestations and complications occurred.
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Introduction

The typical aortic arch branching pattern (incidence from
64.9 up to 94.3%) [29] consists of the brachiocephalic
trunk, the left common carotid artery (LCCA) and the left
subclavian artery (LSA). The brachiocephalic trunk is
further divided into the right subclavian artery (RSA) and
the right common carotid artery (RCCA). The aberrant
right subclavian artery (ARSA) is a relatively rare aberra-
tion (incidence from 0.16 in up to 4.4%) in the general
population [4, 41] with a female predominance [25].
Patients with congenital heart defects have an ARSA
incidence up to 3%, while Down syndrome patients present
the highest range (2.9-100%) [25].

The ARSA may follow a retroesophageal course
(80-84%), a course between trachea and esophagus
(12.7-15%), or a pretracheal route (4.2-5%) [26] (Fig. 1).
The atypical vessel may compress on trachea and esopha-
gus, when forming an incomplete vascular ring around
them [22]. The retroesophageal ARSA is particularly sus-
ceptible to extrinsic compression and pressure necrosis
secondary to nasogastric and endotracheal tube insertion,
predisposing to arterio-esophageal fistula formation [7, 17].
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Fig. 1 Diagrammatic ventral views of various aberrant right subcla-
vian artery (ARSA) patterns. Posterior to trachea (7) and esophagus
(E) (I), between T and E (II), and in front of 7" (III). Aortic arch

The first description of the ARSA is attributed to
Hunauld, in 1735. Fifty-nine years later, David Bayford
correlated ARSA presence with the development of a
peculiar form of dysphagia to solids, the so-called dys-
phagia lusoria [31]. The term “arteria lusoria” has been
incorrectly used by some authors, when referring to the
ARSA, even in asymptomatic cases.

Current retrospective study evaluates the incidence of
the ARSA in the total sample, in males and females,
emphasizing on vessel location, course and relationship to
trachea and esophagus in a Greek population. Based on our
findings, coexisting neural and vascular variations and
congenital anomalies are also presented in order of fre-
quency. The clinical impact and the embryological back-
ground of this variation are further discussed.

Materials and methods

Two hundred and sixty-seven (126 male and 141 female)
formalin-embalmed Greek cadavers with age average of
59 + 13 years were dissected from 1986 to 2016 for educa-
tional purposes. An informed consent was obtained from all
donators before death. After careful dissection of the anterior
part of the neck and thoracic cavity, the aortic arch branching
pattern was thoroughly examined. In each case, the presence,
origin and course of the ARSA and coexisting abnormalities
were recorded. All cadavers showed no macroscopically
evident abnormalities and their medical records were free of
any congenital anomaly. Additionally, a database search
(PubMed and Google Scholar) on cadaveric studies was
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arrangement from proximal to distal are: the brachiocephalic trunk
(BT), the left common carotid artery (LCCA) and the left subclavian
artery (LSA)

performed using the keywords “aortic arch”, “aberrant right
subclavian artery”, “arteria lusoria” and “variation”. Further
relevant publications were extracted from the references of the
included articles. The types of the included studies were:
(a) cadaveric and (b) with clear, extractable prevalence data on
the ARSA with respect to the course and associated variations.
All selected studies were original articles, reviews, case
reports, and conference abstracts based on exceptional ARSA
cases. The excluded studies were: (a) studies reporting
incomplete data and (b) studies on patients with trauma to the
neck and thorax regions.

Results

The ARSA was detected in six cadavers (2.2%), in four
females (2.8%) and two males (1.6%) (Table 1). A female
predominance was detected (female to male ratio 2:1). The
ARSA followed a retroesophageal course in 83%, while in
16.7% the vessel coursed between trachea and esophagus
adjacent to the right non-recurrent laryngeal nerve (NRLN)
[26]. No pretracheal ARSA was found. In 33%, the ARSA
was combined with a common stem of RCCA-LCCA, the
so-called bicarotid trunk (BCT). Case 1: the retroe-
sophageal ARSA coexisted with an abnormal bilateral
origin of the internal mammary artery arising from the 3rd
part of subclavian artery, while deep brachial artery atyp-
ically emanated from a common stem with the right sub-
scapular artery [38]. Case 2: a thyroidea ima artery (TIA)
emerged from the lower middle third of the RCCA in 17%,
coursed upwards to supply the right lobe of the thyroid
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Table 1 Summary of the six cases of the aberrant right subclavian artery (ARSA) in our series

Parameters ARSA cases

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Race Greek Greek Greek Greek Greek Greek
Gender Female Female Female Male Male Female
Age (years) 63 37 74 76 81 72
ARSA course RE RE RE Between T and E  RE RE
NRLN + + + + + +
Combined anomaly  Bilateral origin of internal mammary artery  TIA [28] - BCT [27] BCT + KD [27] KD

(3rd part of subclavian artery) [39]

RE retroesophageal course, T trachea, E esophagus, BCT bicarotid trunk, NRLN non-recurrent laryngeal nerve, KD Kommerell’s diverticulum,

TIA thyroidea ima artery, + NRLN presence

o TR
g by

Fig. 2 74-year-old female cadaver with a retroesophageal aberrant
right subclavian artery (ARSA) and a right non-recurrent laryngeal
nerve (white arrow) with no other associated anomaly detected. AA

gland and the lower part of the isthmus [27]. Case 3: a
single female cadaver with a retroesophageal ARSA had no
associated anomaly (Fig. 2). Case 4: an ARSA coursing
between trachea and esophagus coexisted with a BCT [26].
Case 5: the retroesophageal part of the ARSA was notably
larger proximally, due to the presence of a Kommerell’s
diverticulum (KD). The KD coexisted with a BCT [26].
Case 6: the ARSA originated from an aneurysmal KD,
which connected to the left pulmonary artery through a left
ligamentum arteriosum (Fig. 3). All examined right infe-
rior laryngeal nerves were non-recurrent and originated
directly from the vagus nerve at the laryngotracheal junc-
tion or above.

Discussion
The ARSA appears in 0.2—13.3% of the general population,

as presented in Table 2. Similarly, to our results (male to
female ratio of ARSA 1:2), a female predominance was

aortic arch, RCCA right common carotid artery, LCCA left common
carotid artery, T trachea, E esophagus, LSA left subclavian artery and
1JV internal jugular vein

found in cases of isolated ARSA and in cases of aortic
coarctation with a pre-stenotic ARSA, while male pre-
dominance was detected in cases of aortic coarctation with
post-stenotic ARSA. Equal gender distribution was found
for the ARSA with aortic arch interruption [25, 31].

Associated vascular and neural anatomic variations

BCT is the most frequent aortic arch branching pattern
variation and coexists with an ARSA in 0.16-19.2%
[14, 20, 26]. The current study revealed a lower incidence
of up to 0.8%. The BCT is the commonest abnormality in
patients with congenital heart defects (septal defects,
valvular pulmonary stenosis and atrial septal defect) and
genetic disorders (trisomy 21, Williams and CHARGE
syndromes). Another congenital abnormality was described
by Kommerell in 1936, as a dilated segment at the ARSA
origin. The root of the ARSA had a broad base, formed by
a remnant of the persisting right aorta, the so-called KD
that coexisted with the ARSA in 14.9% [20]. Although KD
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Fig. 3 72-year-old female cadaver with a retroesophageal aberrant
right subclavian artery (ARSA). The aberrant artery emanated from
an aneurysmal Kommerell diverticulum (asterisk symbol) which
connected through a left ligamentum arteriosum to the left pulmonary

is primarily asymptomatic, cases of extreme dilation may
result to aortic aneurysm [35], dissection, or rupture [23].
In our study, a single case of KD (1.7%) was found. The
right NRLN is a rare embryological variant (0.3-1.6%)
where the nerve enters the larynx directly off the cervical
portion of the vagus nerve. Its occurrence strongly indi-
cates the ARSA presence and more rarely a coexistent BCT
[10]. Level of origin of the right NRLN according to
Toniato’s classification [39] highlights the ascending,
vertical, and descending course of the atypical nerve. The
ARSA-right NRLN coexistence is important to be recog-
nized in patients who may require thyroidectomy,
parathyroidectomy and endarterectomy [2] due to the high
risk of nerve injury particularly when it is partially exposed
[10]. In such cases, the preoperative ultrasonography truly
preserves the right NRLN integrity [15]. The appearance of
a left NRLN in 0.04% is associated with pathology, like
situs inversus.TIA or Neubauer’s artery is a thin inconstant
vessel (0.16-12.2%) that supplies thyroid gland, usually
arising from the RCCA [27] or from the common carotid
artery, the internal thoracic, the pericardiophrenic, the
subclavian, the inferior thyroid and the suprascapular
arteries, the thyrocervical trunk, or rarely from the aortic
arch (0.16%) [25, 27]. In our study, the rare combination
ARSA-TIA [27] was detected in 0.4%, where TIA emerged
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artery, AA aortic arch, RCCA right common carotid artery, LCCA left
common carotid artery, 7 trachea, E esophagus and LSA left
subclavian artery

from the RCCA. Although TIA presence is asymptomatic,
its identification is of paramount importance, since missed
adenomas or hyperplastic gland lesions may be revealed,
during parathyroid arteriography, if TIA is present [27].
Keiffer and co-authors [20] have emphasized on the
coexistence ARSA-abnormal right vertebral artery origin
(from the aortic arch or the RCCA), the presence of a
common carotid trunk, a right-sided thoracic duct, a right
NRLN and a TIA. Loukas et al. [22] highlighted the
combination of a retrotracheal ARSA with a common trunk
of a right vertebral artery and a TIA arising from the left
aortic arch. Unique cases of ARSA coexistence with a
persistent left superior vena cava and a thoracic duct end-
ing in the right jugulosubclavian junction [20] were also
reported. Our retrospective study highlights the 1st case of
an ARSA combination with an abnormal bilateral origin of
the internal mammary artery arising from the 3rd part of
subclavian artery and the coexistence of an atypical com-
mon origin of the deep brachial artery with the right sub-
scapular artery [38].

Coexisting malformations

A wide range of the ARSA incidence in fetuses
(7.9-29.6%) and adults (1.6-35.7%) with Down syndrome
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Table 2 Incidence and course of the aberrant right subclavian artery (ARSA) among different cadaveric and autopsy studies
Author(s) Year Material Sample/population ARSA ARSA course ARSA
cases incidence
Quain [33] 1844  Autopsies 1000 4/1000 4RE 0.4%
Thomson [37] 1893 Dissection 500/English 5/500 5RE 1%
Holzapfel [16] 1899  Autopsies 1000 133/1000  107RE (80%) 13.3%
20 between T and E
(15%)
6 in front of T (5%)
Goldbloom [13] 1922 Autopsies 225 4/225 - 1.8%
Cairney [5] 1925 Autopsies 2291 19/2494 - 0.8%
Adachi [1] 1928 Dissection 516/Japanese 1/516 1RE 0.2%
Williams et al. [41] 1932 Dissection 159 in Total 4/159 4RE 2.5% in
total
80/Caucasian and 2/80 2RE 2.5%
79/African—American 2/79 2RE 2.5%
De Garis et al. [9] 1932 Dissection 314 in Total 5/314 5RE 1.6% in
total
111/Caucasian and 0/111 - 0%
203/African-American 5/203 5RE 2.5%
Mc Donald and Anson 1940 Dissection 216 in Total 1/216 1IRE 0.5% total
[24] 157/Caucasian and 0/157 - 0%
59/African-American 1/59 1RE 1.7%
Evans [11] 1950 Autopsies 63 children with Down 1/63 1RE 1.6%
syndrome
Liechty et al. [21] 1957 Dissection 1000 2/1000 - 0.2%
Zapata et al. [42] 1993  Autopsies 11.000 128/ - 1.2%
11.000
Nayak et al. [30] 2006 Dissection 62/Indians 1/62 1RE 1.6%
Chavda et al. [7] 2014 Dissection 70/Indians 1/70 1RE 1.4%
Present study 2016 Dissection 267/Greeks 6/267 5RE, 1 between Tand E  2.2%

RE retroesophageal, T trachea, O esophagus

exists. An incidence of 20% was detected in fetuses with
congenital heart disease [6]. Other congenital cardiovas-
cular malformations (conotruncal anomalies, septal
defects, congenital aortic insufficiency, rhabdomyoma,
endocardial fibroelastosis, right pulmonary artery from
aorta, total anomalous pulmonary venous connection, sin-
gle ventricle, conjoined hearts of twins, pulmonary venous
stenosis and the patent ductus arteriosus) associated with
the ARSA presence in 68-91% increase the suspicion of
visceral anomalies detection (esophageal atresia, trachea-
esophageal fistula, abnormalities of lung lobation, anal
atresia, gall bladder agenesis, asplenia, double uterus and
vagina, renal anomalies and sacral spina bifida) [40]. The
ARSA may also coexist with Edwards’ (55%), Patau
(50%), Turner (43%), DiGeorge (14%), Noonan, Post-
rubella and Potter syndromes [7, 40]. Our study did not
reveal any coexisted malformation.

Embryology and associated pathologic conditions

The proximal RSA part derives from the right 4th arch,
while the distal part is formed after the involution of the
right dorsal aorta and the right 7th intersegmental artery.
When the right 4th arch is absent, the 7th intersegmental
artery remains attached to the descending aorta and from its
persistence derives the ARSA. The arterial wall abnor-
malities may explain why the ARSA is the subject of
specific anomalies and pathologies [8]. Vessel aneurysms
just after its origin (12.8%) [20] are explained by the
muscular type of subclavian artery (low amount of elastic
fibers in tunica media) and the progressive degradation of
elastic and collagen fibers. The ARSA may also coexist
with a Stanford type-A acute aortic dissection [36]. The
accompanied right NRLN wusually results from partial
regression of the 4th pharyngeal arch, resulting in the
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retroesophageal ARSA. The atypical vascular pattern per-
mits the nerve to migrate freely into the neck and directly
enters the larynx, as the fetus grows longitudinally. In
14.9-60%, the ARSA may originate from a small
aneurysmal aortic arch dilatation, the KD [31]. The KD, a
remnant of the right dorsal aorta, was detected with an
incidence of 20%, in the current study. It is difficult to
explain the courses of the ARSA anterior to the trachea or
between trachea and esophagus.

Clinical manifestations

The ARSA occurrence is clinically evident in 90-93% of
the cases. Symptoms appear in 10-33% of the ARSA cases
due to the course of the aberrant vessel in a limited
anatomical space. In adults, clinical manifestations have
been associated with age-related morphological alterations
of the vessels and adjacent tissues (atheromatosis, aortic
elongation, fibromuscular dysplasia of paratracheal and
esophageal tissues) and aneurysmal dilatation [31] due to
the progressive degradation of elastic and collagen fibers of
the connective tissue [12]. The onset of symptoms differs
between males (44.9 years) and females (54 years of age).
Dysphagia is the commonest symptom (71.2%)
[20, 32, 34], in cases of a retroesophageal ARSA [31].
Dyspnea (18.7%) is more often associated to a retrotracheal
ARSA [20]. The increased frequency of pulmonary infec-
tions in pediatric population is due to tracheomalacia [31].
Other symptoms in order of frequency are: stridor, ret-
rosternal pain (17.0%), cough (7.6%), feeding difficulties
accompanied with weight loss (5.9%), recurrent pulmonary
infections, stomach-ache, back pain and numbness of the
right upper limb [26, 32]. Moreover, the coexistence
retroesophageal ARSA-BCT more frequently limits tra-
chea-esophageal mobility, accounting for symptoms in
cases of aneurysm absence at the origin of the aberrant
vessel [33]. In addition, cases of stenosis, tortuosity, and
kinking of the ARSA may lead to unequal upper extremity
blood pressure, right arm claudication, splinter hemor-
rhages, or vertebrobasilar ischemia [27].

Diagnosis

The ARSA detection usually remains an incidental finding
[8, 18, 26, 28]. Diagnosis may be posed by chest
roentgenography. Barium-contrast oesophagography can
provide a more accurate depiction of the oblique defect or
indentation along the posterior esophageal wall, while the
Color Doppler is extremely useful to trace the abnormal
vessel course. A computed tomography (CT) or magnetic
resonance (MR) angiography is considered the gold stan-
dard for the diagnosis, as it offers a detailed visualization
of the arch anatomy and the ARSA, especially in cases of
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aneurysms and depicts the degree of tracheal compression
[19]. Differential diagnosis may include the azygos vein
which may follow a course behind trachea before entering
the superior vena cava [6], the thoracic outlet syndrome
[18] and in esophageal dysphagia caused by the ARSA,
motility disorders, mechanical and inflammatory diseases
[3]. When an ARSA coexists with an esophageal carci-
noma, dysphagia is causally attributed to the tumor growth
and the aberrant vessel may be missed on imaging [30].

Conclusion

In Greeks, the ARSA has a relative high incidence and a
female predominance. The aberrant vessel follows a
retroesophageal course in the majority of cases and only one
case coursing between trachea and esophagus was detected.
The retroesophageal ARSA justifies the wide variety of
reported clinical manifestations and complications.
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