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Abstract

Cardiovascular variations are very common and often without consequences for the individual. One could expect that variations
in larger vessels such as the translocation of the subclavian artery result in some kind of symptoms, but it is often only found
incidentally during unrelated medical examinations not related to it or during anatomical dissections in educational settings.
Here we present two cases of a translocated right subclavian artery, which is commonly called aberrant right subclavian
artery or arteria lusoria. Both donors lived their entire lives with the condition remaining undiagnosed before the dissection
during a medical anatomy course setting. We describe the course of the artery and associated other anomalies as found in the
donors and discuss the developmental causes of the observed variations. Additionally, we point out why a thorough evaluation
of any patient is important before operations in the neck or thoracic cavity given the potential presence of an aberrant right

subclavian artery.
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Abbreviations

PAAs: Paired Pharyngeal Arch Arteries; ASAs: Aberrant
Subclavian Arteries; ALSA: Aberrant Left Subclavian Artery;
ARSA: Aberrant Right Subclavian Artery; NRLN: Non-
recurrent Laryngeal Nerve; ORRC: Office of Regulatory
Research Compliances; AFib: Atrial fibrillation; MRI:
Magnetic resonance imaging; TEVAR: Thoracic Endovascular
Aortic Repair.

Introduction

Takingall congenital anomalies together, heartanomalies
are the most common birth defects [1]. Several congenital
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heart anomalies, such as ventricular septal defects, require
surgery sooner or later. Other anomalies, such as atrial
septal defects or displacements of arteries or veins, are often
unrecognized or are only discovered in adulthood [2]. The
aortic arch and its main branches are known to have regular
variations and abnormalities [3,4]. In mammals, including
humans, the aortic arch most commonly has three branches
[5], which are from right to left: brachiocephalic trunk, left
common carotid artery, and left subclavian artery (Figure
1). The right common carotid artery and right subclavian
artery arise from the brachiocephalic trunk. Any deviations
from this pattern are caused by developmental changes or
disturbances.
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In humans, the aorta development begins with the fusion
of angiogenic cell clusters during the third gestational week
while the endocardial tube is formed in parallel through
lateral folding processes of the embryo. The endocardial tube
is closed by day 21 [6]. The primitive aorta includes dorsal
and ventral segments which connect through the first aortic
arch, also known as the first or mandibular arch artery. The
paired ventral aortae limbs fuse to form the aortic sac [7].
During the fourth week, the dorsal aortae fuse from spinal
levels T4 to L4, thereby forming the descending aorta passing
through the thorax and abdomen.

Rostrally, where the dorsal aortae are not fused, there
are five paired pharyngeal arch arteries (PAAs), also called
aortic arch arteries, that develop from anterior to posterior
between the dorsal and ventral aortae. These arteries are
numbered 1-6; however, number 5 is not formed in the
mammalian embryonic development. Caudal to these arteries
emerge intersegmental arteries from the fused dorsal aorta.
The PAAs are remodelled during development and give
rise to the arteries of the head, neck, and upper extremity
(Figure 1) [8,9]. Specifically, the first and second PAAs
regress and their remnants are the maxillary arteries and
stapedial arteries, respectively. The third PAAs differentiate
into the common carotid arteries and the beginning of the
internal carotid arteries. The fourth and sixth PAAs follow an
asymmetrical developmental pattern. The left fourth PAA is
integrated into the aortic arch. The proximal right fourth PAA
forms the proximal part of the right subclavian artery arising
from the brachiocephalic trunk, which itself is a remnant of
the aortic sac. The distal part of the fourth PAA remains in
contact with a remnant of the right dorsal aorta. The right
seventh intersegmental artery enlarges, forming the distal
portions of the right subclavian artery. The left seventh
intersegmental artery differentiates into the left subclavian
artery. The sixth pharyngeal arch artery forms the distal part
of the pulmonary trunk and the pulmonary arteries. The left
sixth pharyngeal arch artery additionally gives rise to the
ductus arteriosus.

Important for the current case report is that during
normal development the right subclavian artery arises from
three structures: the proximal portion from the fourth PAA,
and the distal portion from both the right dorsal aorta, and
the right seventh intersegmental artery (Figure 1). The left
subclavian artery, however, forms entirely from the left
seventh intersegmental artery.

During the reorganization of the PAAs, it is common to
observe minor or major variations or anomalies. Some aortic
arch anomalies may present as clinically complex cases with
elusive etiologies due to their rarity (e.g., see Hanneman, et
al. [3]). Aberrant subclavian arteries (ASAs) occur in up to
3% of the normal population and are usually asymptomatic
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[10]. When symptoms do occur, they are often related to
secondary compression of the trachea or the esophagus [11].
The occasional occurrence of an aberrant left subclavian
artery (ALSA) is also reported [12].

An aberrant right subclavian artery (ARSA) or arteria
lusoria is the most common variation of the typical pattern
[13-15]. Developmentally, ARSA results from the involution
of both the right fourth PAAs and the proximal portion
of the right dorsal aorta, coupled with persistence of the
right seventh intersegmental artery [16]. This causes the
translocation of the right subclavian artery to the far left
[17], resulting in an aortic arch with four main branches
from right to left: right common carotid, left common carotid,
left subclavian, and right subclavian. The ARSA then needs to
extend from left to the right arm, thereby passing the midline.

An ARSA was first recorded by the French anatomist
Hunauld [18]. The term arterialusoriais derived from Bayford
[19], who described ‘dysphagia lusoria’ as a syndrome caused
by this vascular anomaly. There are variations in the course
of the ARSA, which can be retroesophageal, inter-tracheo-
esophageal, and antetracheal in 80%, 15%, and 5% of cases,
respectively [20,21]. In rare instances, this atypical branching
and the changed course of the ARSA can prevent timely and
accurate diagnoses and surgical treatments [22]. Clinical
presentation of ARSA varies from having no symptoms (most
common) to having complications and symptoms including
cough [23], dysphagia [17,24], hoarseness, dyspnoea and
back or chest pain [25,26]. Only 5% of adult patients with
this ARSA reported symptoms [22]. Occasional associated
with ARSA are arterial-esophageal fistula [27] and/or an
aneurysmal degeneration of the aorta at the orifice of ARSA,
which is also called diverticula lusoria or Kommerell's
diverticulum [23,28,29].

Previous studies proposed a classification system for
ASAs that takes into account the location, size, and clinical
significance of the anomaly [28,30]. The proposed system
by Plotkin, et al. [28] includes four categories: type 1 -
ARSA arises from the aortic arch distal to the left common
carotid artery; type 2 - ARSA arises from the descending
aorta along with a common carotid trunk (giving rise to
both right and left common carotid arteries); type 3 - ALSA
arises on the right side of the aortic arch; and type 4 - ALSA
arises on the right with the common carotid trunk. Plotkin,
et al. [28] also emphasizes the importance of identifying
ASAs during preoperative planning for aortic surgery to
avoid complications. Others have proposed alternative
classifications with more extensive criteria [30]. Most
commonly, the ARSA is the only abnormality of the aortic arch
but occasionally patients with ASRA and coarctation, right-
sided aortic arch, or even complete aortic arch interruptions
were reported [22].
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The vagus nerve (cranial nerve X) extends from the brain,
through the neck and thorax, to the upper gastrointestinal
tract. After passing into the thorax the vagus nerve usually
gives off a branch that returns into the neck to innervate
laryngeal muscles and is therefore called the recurrent
laryngeal nerve. During embryological development the
recurrent laryngeal nerve arises originally below the level
of the sixth PAAs and crosses under the sixth arches to
innervate intrinsic muscles of the larynx. However, during
the remodelling of the PAAs the left recurrent laryngeal
nerve becomes caught under sixth arch (ductus arteriosus)
and can then be found returning under the aortic arch. The
right recurrent laryngeal nerve becomes caught under the
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right fourth PAA as the distal sixth PAA disappears [31]. In
the case of an ARSA, the right recurrent laryngeal nerve does
not get caught under the fourth PAA and directly passes from
the vagus nerve to the laryngeal muscles without forming
the typical loop. A non-recurrent laryngeal nerve (NRLN) is
found in most ARSAs [32].

For the purposes of this case presentation, we will be
using the Plotkin, et al. [28] classification criteria. Here, we
describe two cadaveric cases of Type 1 retroesophageal-
placed ARSA with concurrent presence of a NRLN on the
right side. Both anomalies will be discussed in light of their
clinical implications.

Figure 1: Schematic view of normal late fetal heart. Coloration indicates embryological origin. PAA - pharyngeal arch artery.

Materials & Methods

The whole-body donors with the here described
anomalies were part of the Howard University's Donor
Program, housed in the Department of Anatomy, Howard
University, Washington, DC, USA. This project was reviewed
by the Office of Regulatory Research Compliances (ORRC)
of Howard University and ruled exempt (IRB-2023-0997;
FWA00000891). Both donors were caucasian females
in their early 90s and died from renal cancer (donor 1)
and hemorrhagic shock (donor 2). Donor 2 had other
chronic conditions, including Atrial fibrillation (AFib) and
kidney disease. The initial dissection (opening thorax and
pericardium, removal of heart) was performed by first
year medical students. Upon recognition of the unusual
patterning of the aortic arch branches, further dissection
of the anomalous branches, along with the associated
nerve variations, was performed. The progress was then
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photographed using a Nikon D5300 camera (24.2 MP, with
18-55mm f/3.5-5.6G ED VR Auto Focus-S DX NIKKOR Zoom
Lens).

Results

During routine dissections of the heart and associated
larger vessels, two female human body donors were found
to exhibit ARSAs. In both donors the ARSA extended retro-
esophageal and the brachiocephalic trunk was absent (Figure
2a, 2b). In addition to the ARSA, Donor 1 had an associated
NRLN anomaly (Figure 2C). The laryngeal components
of Donor 2 were removed before we could check on their
anatomy.

Inboth donors, the ARSAs and the left subclavian arteries,

had the typical associated branching from medial to lateral:
vertebral artery, thyrocervical trunk, internal thoracic artery,
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and the dorsal scapular artery. Typically, the thyrocervical
trunk arises from the first part of the subclavian artery, which
was also the case in the left subclavian arteries. However, the
right thyrocervical trunk originated from the ARSA. Both
thyrocervical trunks had a normal branching pattern giving
rise to four branches: inferior thyroid artery, suprascapular
artery, ascending cervical artery, and transverse cervical
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artery.

Investigation of the external and internal features of
the heart found no anomalies in structures or arteriovenous
vessels (atrial septum or ventricular septum, coronary
arteries, interventricular arteries, or great vessels).

Figure 2: Aberrant right subclavian a. (ARSA) extending retro-esophageal. (A) Photograph of donor 2 with ARSA. (B) Sketch of
ARSA based on observation of donors 1 and 2. (C) Photograph of donor 1 with a non-recurrent laryngeal n. (NRLN) and ARSA.

Discussion

Identification of the presence of an ARSA is clinically
important to practitioners, as their appearance may cause
surgical complications during unrelated procedures.
Furthermore, it is essential to diagnose and treat symptoms
caused by ARSA. While most patients with ARSA seem to be
asymptomatic, others might need surgical intervention in the
case of prolonged symptomatology. Our case presentation,
detailing the presence of ARSAs in two caucasian, female
human body donors with concurrent NRLN anomalies,
contributes to the existing literature on congenital vascular
anomalies. Neither donor was known to have an ARSA
before the dissection, indicating that the prevalence of
ARSA could be higher than the 0.3%-3% found in literature
[10]. The identification of ARSAs during routine dissection
underscores the importance of thorough anatomical
exploration, as these anomalies, though rare, can have
significant clinical implications and less significant but still
impactful implications for anatomical education.
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Our findings align with the previously described
characteristics of ARSA, that is its origin from the left side
of the aortic arch, occurring in a minority (0.5% to 1.8%)
of the general population [17]. There seems to be a higher
prevalence of ASA in females (58%) than in males (42%)
[22]. Thisis also presented when looking only at ARSA, where
females make up about 55.3% of cases whereas 44.7% are
males [10]. However, a comprehensive review on ASAs with
surgical interventions resulted in identifying 732 patients
with ASA or an aortic pathology with ASA, where 60.1%
(440) were males [33]. The prevalence of ARSA in Trisomy
21 individuals is 19% to 36% while prevalence in the general
population is just 0.2% to 13.3% [34]. In fact, detection of an
ARSA in first trimester ultrasounds is a soft marker that can
be used in the diagnosis of trisomy 21 [35].

In children and adults, ASAs can be identified with aortic
arch angiographies, performed through catheterization of
the right femoral artery. This procedure appears to be the
standard to diagnose ASA [11,36,37]. Additionally, a CT can
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demonstrate the course of a blood vessel that causes an
esophageal impression [36]. Magnetic resonance imaging
(MRI) can be used to evaluate the vasculature including
the branching from the aortic arch. Lastly, endoscopic
ultrasonography was successfully used to identify ARSAs
[38]. The presence of NRLNs on the right side further adds to
the complexity of these anatomical variations. Although the
NRLN is an asymptomatic variant of the recurrent laryngeal
nerve, there are complications that can arise, especially
during neck operations, including thyroid surgical injury,
which often leads to temporary or permanent paralysis of the
vocal cord [39]. In cases where the NRLN is undetected, there
is a six-fold increase in surgically related nerve injury. Thus,
an increased understanding of NRLN is vital in reducing
intraoperative complications associated with its occurrence
[39].

Besides the occurrence of NRLN, ARSA is usually the
only abnormality of the aortic arch; however, some patients
occasionally may also present with coarctation, right-sided
aortic arch, or even complete aortic arch interruptions [22].
In cases where ARSA requires surgical intervention the
survival rate is relatively high independent of the surgical
technique used [33]. Most commonly open surgery [40,41]
and thoracic endovascular aortic repair (TEVAR) [42-45] are
implemented in these treatments.

Conclusion

Comparing our results with the existing literature,
we provide two more cases highlighting the potential
asymptomatic nature of ARSAs, the diagnostic modalities for
living adults and fetuses, and the associated complications,
such as dysphagia lusoria. Additionally, we underscore the
importance of recognizing ARSAs in preoperative planning
for aortic surgeries and the potential gender differences and
genetic associations. The coexistence of NRLNs in our donors
emphasizes the need for heightened awareness during
surgical interventions in the anterior neck to minimize
the risk of iatrogenic injuries. Identification and diagnosis
of symptoms caused by ARSA are clinically important to
practitioners, as their appearance may present surgical
complications during unrelated surgeries, or necessitate
surgical intervention in the case of prolonged symptomology
by someone familiar with ARSA. Overall, our case study
expands the understanding of ARSAs and associated
anomalies, providing valuable insights for anatomical
education, clinical practice, and future research endeavors.
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