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Abstract: Background: Anatomical variations and, in particular, arterial variations constitute an
important chapter in the learning of Clinical Anatomy. Purpose: The purpose of this report is to
describe a rare bilateral anatomical variation in the internal thoracic artery (ITA) in a 60-year-old
corpse and to depict its extreme clinical importance in coronary artery bypass surgery. Methods: The
rare bilateral aberrant branches of the internal thoracic artery and their course in the thorax were
incidentally discovered during routine anatomy dissection of the thorax at the Faculty of Medicine
and Medical Sciences of the University of Balamand. The findings were thoroughly documented
using digital photography, and the dissection followed the instructions from the “16th Edition of
Grant’s Dissector”. Results: In the observed case, the left aberrant branch of ITA descends laterally
and gives medial and lateral anterior intercostal branches at the first six intercostal spaces. Conversely,
the right aberrant artery, which branches from the ITA, descends laterally and gives medial and
lateral branches to every intercostal space in the first five intercostal spaces. Conclusion: This
report emphasizes that any unexpected variations in the lateral aberrant branches of the internal
thoracic artery may complicate the surgical procedure. Bilateral aberrant lateral branches of the
internal thoracic artery constitute rare anatomical variations of the internal thoracic artery and have
been rarely reported in the literature. Such a course for aberrant lateral branches in the thorax
poses possible lethal complications during several procedures involving the thorax, including basic
coronary artery bypass graft, thoracocentesis and intercostal paracentesis and breast reconstruction.

Keywords: internal thoracic artery; aberrant branches; arterial variation; thoracic wall; coronary
artery bypass grafting; thoracocentesis; breast surgery

1. Introduction

The internal thoracic artery (ITA), also referred to as the internal mammary artery
(IMA), arises from the antero-inferior branch of the first part of the subclavian artery [1,2].
As the largest artery in the thoracic wall, the ITA descends into the thorax region, coursing
anterior to the pleura and separated from the posterior surface of the ribs by the transversus
thoracis muscle [3,4]. Along its course, the ITA gives rise to branches that supply vari-
ous structures, including the thymus, breast, mediastinum and sternum [3,5,6]. Typically,
it gives rise to several branches, including the anterior intercostal arteries, perforating
branches, pericardiophrenic, sternal and mediastinal, and terminates as the superior epi-
gastric artery and musculophrenic artery [1,7–10]. Additionally, various cases of accessory
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internal thoracic vessels have been reported, which may give rise to superficial and deep
cervical branches [11,12].

Furthermore, prior anatomical studies of the ITA employing ink injection have re-
flected the territories and have elucidated the links with the adjacent vessels [13]. These
studies also unveiled the presence of connecting vessels between the ITA and tissue perfu-
sion [14]. Recent data emanating from plastic and reconstructive surgery of the breast, as
well as head and neck procedures, highlighted the importance of ITA and its perforating
medial intercostal branches for adipocutaneous flaps [15]. Moreover, the ITA is increasingly
becoming the preferred choice for microsurgical breast reconstruction and cardiothoracic
surgery, with an excellent prognostic outcome [16]. Understanding the variations con-
cerning the ITA is crucial for better outcomes. The selection process relies on clinical
observations that reveal distinct structural and behavioral differences between the internal
thoracic artery (ITA) and other nearby pectoral vessels, such as the thoracodorsal artery
and inferior epigastric artery [17]. These distinctions are imperative and play a crucial
role in guiding the appropriate choice of the ITA for specific procedures. Microscopic
examinations have demonstrated that for the ITA, once clamped and severed with scissors,
its wall separates into sleeve-like layers [18]. The middle layer, known as the tunica media,
becomes separated from the adventitia and extrudes like sleeves. Light microscopy studies
of formalin-fixed ITA and multiple stainings, with routine hematoxylin and eosin or the
Weigert van Geison and Verhoeff for elastic laminae, showed a relatively thick tunica media
with several well-formed elastic lamellae more than the other nearby arteries [19]. In addi-
tion, there was no significant difference in the thickness of the tunica intima or adventitia.
These data were confirmed via transmission electron microscopy, whereby the media of
the ITA had less packed smooth muscle cells, sparsely distributed with a low number of
fenestrations in the elastic lamellae [20]. Such histological characteristics provide protective
effects against intimal thickening and smooth muscle penetrations, an important element
for the prevention of atherosclerosis [21]

Aberrant lateral branches of the ITA are rare anatomical and vascular variations that
have received limited attention in the medical literature [22]. These variations have an
incidence between 10% and 40% [23]. As such, aberrant right ITA can arise directly from the
aorta and not from the subclavian artery [24]. Table 1 summarizes some of the rare aberrant
branches of the ITA (Table 1). This case report sheds light on the discovery of bilateral
aberrant lateral branches of the ITA, detailing their course and exploring their clinical
significance. By documenting this uncommon anatomical finding, the report contributes
to our understanding of vascular variations and their potential implications in clinical
practice. Such variation can involve the origin, number of branches or the path they take
during their progression, making the vascular system different from one person to another.

Table 1. Some of the rare variations in the aberrant branches of the ITA.

Variation Description

Origination from extrascalenic (third part) of
the SCA [25]

Incidence rate: 0.5–1% in anatomical studies.
Descends inferomedially, anterior to the
scalenus anterior muscle.

Origination from the third part of the
subclavian artery [26]

Medial and lateral branches of ITA with high
bifurcation.

Bilateral hypoplasia of the ITAs [27] Link up between ventral somatic
anastomosis fails

Hypoplasia of the left ITA [27] Hypoplasia from the first part of SCA

Bilateral aberrant branches of the ITA [28]
Rare. Present within the upper thorax. Can be
used during CABG for better myocardium
perfusion.
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2. Case Report

This is a case of a remarkable new discovery during anatomical dissections at The
Faculty of Medicine, University of Balamand, following the examination of over 400 corpses.
The discovery was made in a 60-year-old male corpse, where both left and right aberrant
lateral branches were identified originating from the left and right ITAs, respectively. These
aberrant lateral branches exhibited an unusual pattern, as they appeared to supply the
upper six anterior intercostal spaces on both the left and right sides, deviating from the
typical course of the ITA. Specifically, the left aberrant branch of the ITA was situated 2.5 cm
away from the manubrium. Descending laterally, it gave rise to medial and lateral anterior
intercostal branches at the first four intercostal spaces. The branch terminated at the fifth
intercostal space, bifurcating 14 cm away from the body of the sternum, into medial and
lateral anterior intercostal branches. Similarly, the right aberrant artery, after branching off
the internal thoracic, 2.5 cm away from the manubrium, descends laterally and gives rise to
medial and lateral branches at every intercostal space. It terminates at the sixth intercostal
space, 16.5 cm away from the body of the sternum, and bifurcates into medial and lateral
collateral branches (Figures 1 and 2).

Figure 1. This photograph displays the bilateral aberrant lateral branches of the internal thoracic
artery, with the following labeled structures: (1) left aberrant lateral artery; (2) left anterior lateral
intercostal artery; (3) left anterior medial intercostal artery; (4) right aberrant lateral artery; (5) right
anterior lateral intercostal artery; (6) right anterior medial intercostal artery; (7) right lateral collateral
artery; (8) right medial collateral artery.
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Figure 2. Simple scheme showing the right aberrant lateral artery with its lateral branches and medial
collateral arteries.

3. Discussion

The discovery of such bilateral variation in the ITA has not been previously reported
in the existing literature. Other case reports and studies have identified different ITA
variations, including variation in the ITA on the right side, in a female dead body [26].
In this corpse, the ITA descends to the right second costal cartilage where it splits into
medial and lateral branches that give rise to the sternal and anterior intercostal arteries,
respectively. The medial and lateral branches anastomose in a horizontal pattern. Puri and
colleagues studied 100 adult corpses, of which 24 were females and 76 were males [29].
According to their study, the ITA on the left in 96 specimens took origin from the first part
of the subclavian artery, while in 4 other dead bodies, it was a branch of a common trunk.
The ITA on the right took origin from the first part of the subclavian in 88 corpses, and in
12 cases, it was a branch of a common trunk. The artery was of similar length on both sides
in most specimens. On the left side, the mean length of the ITA was 1.925 ± 0.23 cm, while
on the right, the mean length was 1.954 ± 0.224 cm [18]. In most of the corpses studied, the
ITA terminated on both sides at the sixth intercostal space [30].

According to the literature, the lateral costal artery (LCA), the lateral branch of the ITA,
is known to be the largest artery in the thoracic wall, arising from the subclavian artery and
located 1.5 cm lateral to the sternum [31,32]. Because of its critical location, understanding
the development of this artery can give insight into the development of these unexpected
bilateral aberrant lateral branches and their subsequent clinical significance [31]. Due to
the clinical importance of this area, particularly in thoracic surgery, knowledge of possible
anatomic variations is essential in preventing clinical errors.

As cited in the “Compendium of Human Anatomic Variations” by Ronald A. Bergman
and co-workers, the ITA may develop from different embryologic origins [8,33]. It can
develop from the subclavian artery and passes either in front or behind the scalenus anterior
muscle. Additionally, the ITA can ascend from a common trunk with the inferior thyroid
artery. It can also develop from the brachiocephalic artery that is branching from the
ascending aorta [34]. As the ITA descends into the thorax, it reaches the sixth intercostal
space, where it anastomoses with the intercostal arteries. In fact, the lateral ITA can originate
from different arteries. It can branch out from the thyrocervical trunk or the costocervical
trunk. It can even arise from the ascending cervical artery [35]. These diverse embryologic
origins contribute to the anatomical complexity of the ITA and offer insights into potential
variations in its course and branching patterns. Hence, in any surgical procedure performed
in this area, the possible variations in the ITA must be taken into consideration and must
be of great concern to physicians [6].
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The ITA is the origin of several branches, including the pericardial, pericardiophrenic,
sternal, mediastinal, anterior intercostal, terminal and perforating branches [18,24]. It is
considered to be the main blood supply to the sternum, and any mistake during procedures
involving the thorax can limit the sternum supply and result in sternal wound complica-
tion [36]. Therefore, care must be taken during procedures on the thoracic walls, including
percutaneous subclavian vein catheterization and introducing pacemakers [37]. This area
must be avoided during intercostal paracentesis of the pericardial sac, and the needle
must be distanced from the sternal margin [38]. The ITA is most popular for its use in
coronary artery bypass grafts (CABGs) [39]. During CABG procedures, the ITA is mobilized
from its location and surgically anastomosed with the coronary artery to revascularize
the myocardium [40]. Consequent to the critical location and passage of the ITA and its
involvement in several critical procedures, any missed anatomic variation, such as the
one reported here, may lead to complications involving the CABG procedure or any other
thoracic wall procedure.

The long-term clinical benefits of ITA in the field of cardiothoracic surgery have been
established, and several studies investigated the detailed histologic characteristics behind
such benefits. The consensus is that the ITA is a transitional-type artery with an elastic
nature in its upper part (second intercostal space), then elasto-muscular later and finally
a muscular-type artery in the rest of the chest [41]. Such histological differences could
impact on its successful long-term use in cardiac bypass surgery. For instance, studies have
found that the histology of ITA plays a mandatory role in its function and duration [42].
Furthermore, the ITA and its perforators have been reported in the flap reconstruction
of the tracheostoma and anterior neck to replace the deltopectoral flap with less flap
necrosis [43,44].

Recently, post-mastectomy reconstruction of the breast using ITA branches for the
flaps has become an appealing procedure. Such a procedure utilizes the tissue flaps along
with ITA perforators to attain the appropriate symmetry and correct deformities. Such a
technique makes good use of a dermoglandular perforating branch of the IMA present
in each of the 5–6 intercostal spaces, laterodorsal to the lateral border of the sternum [45].
Such branches run superficially in a laterocaudal direction to supply skin of the medial
two-thirds of the pectoral region in a sequential order. In addition, perforators of the fourth
and fifth intercostal spaces have been proven to contribute to the blood supply of the areola
and the direct inframammary fold and area [46]. Information on the vascular anatomy
of the region, in particular, the IMA preoperatively to detect possible variation patterns,
is essential.

4. Conclusions

Bilateral aberrant branches of the ITA were found during anatomy laboratory dis-
section, which had an unusual vascular pattern. They introduced a new vascular pattern
that challenges surgical procedures. Such findings are exceptionally uncommon and have
received limited attention in the existing medical literature. Hence, such a discovery em-
phasizes the importance of further investigations concerning genetic development and the
evolution aspects of these variations. However, these findings highlight the diversity of
the anatomical variations that might be present in the human vascular system. Perhaps
understanding these variations is crucial for the impact on multiple medical procedures.
Given the critical role of the ITA in various thoracic procedures, particularly the coronary
artery bypass graft (CABG) procedure, where surgeons rely on this artery, any undetected
anatomical variation can lead to potentially life-threatening complications. Such an unex-
pected anatomical variation can force surgeons to go for further investigations, implicating
imaging studies for better vascular architecture comprehension. In addition, the presence
of these aberrant branches can have a significant impact on breast plastic and reconstructive
surgeries. Understanding the variations is mandatory for a good surgical plan that might
require the adjustment of conventional surgical procedures.
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While the presence of bilateral aberrant branches holds clinical importance and poten-
tial applicability, their extremely rare occurrence necessitates further exploration to fully
comprehend their clinical implications in thoracic procedures. The understanding of such
anatomical variations can significantly contribute to surgical precision and patient safety in
cardiothoracic and reconstructive interventions. The ITA does not have a unique structure,
and it can vary among the population. This case report sheds light on the need for contin-
ued research exploring the complexity of the human body and highlighting the importance
of the variation, especially in heart and chest surgeries. Thus, careful investigation and
documentation of these unique findings may provide adjustments to surgical techniques
accordingly and may broaden our knowledge of vascular anatomy and enhance medical
practices to better serve patients and advance the medical field.
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