EDITORIAL

Anatomical Variations of the Great Vessels Implications for Cardiac
Surgery and Aortic Pathology

Anneliese Kriiger*

Kriiger A. Anatomical Variations of the Great Vessels Implications for
Cardiac Surgery and Aortic Pathology. Int ] Anat Var. 2024;17(12): 693-694.

ABSTRACT

Anatomical variations of the great vessels, including the aorta and its major
branches, represent a significant challenge in both cardiac surgery and the
management of aortic pathology. While the standard anatomical configuration
of the aorta and its branches is well-established, variations in the branching

patterns, origins, and course of the great vessels can lead to complications
during surgical interventions, diagnostic imaging, and the management of
aortic diseases. This article explores the various anatomical variations of the
great vessels, such as aberrant right subclavian arteries, coarctation of the
aorta, and double aortic arches, and discusses their implications for cardiac
surgery, aortic aneurysms, and other aortic pathologies. Understanding these
variations is critical for improving surgical outcomes, facilitating accurate
diagnosis, and providing personalized treatment plans in patients with these
unusual vascular anatomies

INTRODUCTION

he great vessels, which include the aorta, pulmonary arteries, and their

major branches, form the central vascular structures of the cardiovascular
system. The aorta, being the largest artery in the body, originates from
the left ventricle and serves as the primary conduit for oxygenated blood
to the systemic circulation. Its branching pattern typically includes the
brachiocephalic trunk, left common carotid artery, and left subclavian
artery, all of which are essential for supplying blood to the head, neck, and
upper extremities. Although most individuals have a typical anatomical
configuration, significant variations in the great vessels occur in a substantial
percentage of the population. These variations can arise as congenital
anomalies or as a result of pathological processes affecting the aorta.
Such anatomical differences pose challenges during both diagnostic and
therapeutic interventions, particularly in the context of cardiac surgery and
aortic pathologies, where precise vascular anatomy is crucial. Anomalies such
as aberrant arteries, vascular malformations, or abnormal branching patterns
can complicate surgical procedures and interfere with accurate diagnosis,
requiring tailored approaches to patient care [1].

ANATOMY OF THE GREAT VESSELS

The aorta and its major branches are typically organized into several sections,
including the ascending aorta, aortic arch, descending aorta, and abdominal
aorta. The ascending aorta arises directly from the left ventricle and is
connected to the aortic arch, which curves over the heart and supplies blood
to the head, neck, and upper limbs. The three primary branches of the aortic
arch in most individuals are the brachiocephalic trunk, left common carotid
artery, and left subclavian artery. After the arch, the aorta continues as the
descending aorta, which is divided into the thoracic and abdominal portions.
The vascular anatomy of the great vessels is generally standardized in most
people; however, the presence of anatomical variations can alter the structure
and function of these vessels. Variations can occur in the origin, number,
size, and trajectory of the branches from the aorta, and they may significantly
affect blood flow to critical organs and tissues [2].

TYPES OF ANATOMICAL VARIATIONS OF THE GREAT
VESSELS

Anatomical variations of the great vessels can take several forms, ranging
from minor deviations in vessel size or shape to more complex and rare
malformations that affect the entire arterial system. Some of the most
common and clinically significant variations include

Aberrant Right Subclavian Artery (ARSA)

The aberrant right subclavian artery (ARSA) is one of the most common
congenital vascular anomalies and occurs in approximately 0.5% to 2% of
the population [3}. In this condition, the right subclavian artery arises from
the descending aorta rather than from the brachiocephalic trunk, resulting
in an unusual and often elongated path to the right upper extremity (4]. The
aberrant artery may pass posterior to the esophagus, leading to potential
compression of the esophagus and, in rare cases, dysphagia, a condition
known as “dysphagia lusoria.” In cardiac surgery, the presence of an ARSA
may complicate procedures such as coronary artery bypass grafting (CABG)
or aortic valve replacement, as surgeons must take extra precautions to avoid
injuring the aberrant artery. Additionally, ARSA is associated with a higher
incidence of other vascular anomalies, such as aortic coarctation, which may
further complicate treatment [5].

Coarctation of the Aorta

Coarctation of the aorta (CoA) is a congenital narrowing of the aorta that
most commonly occurs just distal to the origin of the left subclavian artery.
This narrowing leads to increased resistance in the aortic arch, resulting
in hypertension in the upper extremities and reduced perfusion to the
lower body. CoA can present with a variety of symptoms, ranging from
asymptomatic to life-threatening, and it often requires surgical intervention,
either through resection and anastomosis or through balloon angioplasty.
Coarctation is often associated with other congenital anomalies, including
bicuspid aortic valve and abnormalities in the branching of the aortic arch.
Surgical repair of coarctation requires careful attention to the anatomy of
the aortic arch and the great vessels, as variations in branching patterns can
complicate the procedure and affect outcomes [6].

Double Aortic Arch

A double aortic arch is a rare congenital anomaly where the aortic arch forms
two separate branches that encircle the trachea and esophagus. This condition
leads to the compression of both the airway and the esophagus, causing
symptoms such as stridor, respiratory distress, and difficulty swallowing.
The double aortic arch is typically diagnosed in infancy or early childhood,
though it may be detected incidentally in adults undergoing imaging for other
conditions. In surgical treatment, the key is to identify which of the two arches
is responsible for compressing the trachea and esophagus. Surgical division
of the non-compressive arch is the standard approach, and understanding the
precise anatomical configuration of the arch is essential to avoiding injury to
critical structures during the procedure [7].
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Left-sided Aortic Arch with Anomalous Branches

In some patients, the aortic arch may have an abnormal branching pattern,
with one or more vessels arising from atypical positions. For example, the
right common carotid artery may arise directly from the aortic arch rather
than from the brachiocephalic trunk. Such variations can result in abnormal
blood flow dynamics and complicate both diagnostic and therapeutic
procedures. In cases of aortic surgery or coronary artery bypass grafting,
knowledge of these anomalous vessels is critical to prevent inadvertent injury.

Aortic Arch Hypoplasia

Aortic arch hypoplasia refers to the underdevelopment or narrowing of the
aortic arch and is often associated with other congenital heart defects such
as hypoplastic left heart syndrome. This condition can result in significant
hemodynamic consequences, including impaired blood flow to the brain and
upper body. In such cases, surgical interventions such as staged palliation
or heart transplantation may be required, with careful consideration of the
associated vascular anomalies [8].

IMPLICATIONS FOR CARDIAC SURGERY

Anatomical variations of the great vessels are of paramount importance in
cardiac surgery. Surgical procedures such as coronary artery bypass grafting,
aortic valve replacement, and aortic dissection repair can be complicated
by unexpected vascular anomalies. Surgeons must be familiar with potential
variations in the vascular anatomy to avoid intraoperative complications,
such as accidental arterial injury, incorrect graft placement, or inadequate
blood supply to critical organs. For example, during aortic dissection repair,
the precise identification of the true and false lumens in aortic dissection,
as well as the proper identification of arterial branches, can be difficult in
patients with anomalous aortic anatomy. In patients with an aberrant right
subclavian artery, the vascular configuration may necessitate alternative
surgical approaches or the use of specialized imaging techniques to ensure
safe and effective treatment [9].

IMPLICATIONS FOR AORTIC PATHOLOGY

Aortic pathology, including aneurysms, dissections, and atherosclerosis, can
also be complicated by variations in the great vessels. For instance, in patients
with an aberrant right subclavian artery or a double aortic arch, aneurysms
may form in unusual locations, complicating both diagnosis and surgical
management. In such cases, imaging techniques such as CT angiography,
MRI, or 3D reconstruction are essential for obtaining a clear view of the
anatomy and planning the appropriate intervention. Moreover, patients
with congenital anomalies of the aortic arch may be at increased risk for
developing aortic pathologies later in life, such as aneurysms or dissections,
particularly if the variations are associated with abnormal hemodynamic
stress or turbulent blood flow [10].

CONCLUSION

Anatomical variations of the great vessels, though relatively rare, have
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important implications for cardiac surgery and the management of aortic
pathologies. These variations, such as aberrant right subclavian arteries,
coarctation of the aorta, and double aortic arches, require heightened
during diagnostic evaluation and surgical intervention.
Understanding these variations is critical for preventing complications and
optimizing patient outcomes. As imaging techniques continue to advance
and our understanding of vascular anomalies deepens, it is likely that more
tailored and personalized treatment approaches will become standard in
managing patients with these unusual vascular anatomies.
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