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EMBRYOLOGICAL ORIGINS OF UPPER LIMB ARTERY 
VARIATIONS

The embryological development of arterial patterns in the upper limb is a 
complex process that involves the transformation of the primitive vascular 
structures during fetal development. Initially, the upper limb is supplied 
by the dorsal aorta through a series of vascular channels known as the 
intersegmental arteries [5]. These arteries arise from the dorsal aorta and 
supply the developing limb buds. During the course of limb development, 
these vessels undergo remodeling, fusion, and regression to form the 
definitive arterial patterns.

Variations in the arterial pattern of the upper limb can be attributed to the 
persistence or failure of certain embryonic vascular channels, or abnormal 
developmental changes during the transformation of the primitive arterial 
system. For example, the subclavian artery, which eventually gives rise to the 
axillary artery, can develop from the third intersegmental artery, but in some 
cases, abnormal persistence of earlier intersegmental arteries (such as the first 
or second) can result in variations like a high origin of the axillary artery [6]. 
Another common variation occurs when the brachial artery fails to form in its 
typical configuration, leading to the persistence of a superficial brachial artery 
or abnormal branching, which may be present in cases of a duplicated or 
ectopic brachial artery. The radial and ulnar arteries, which typically branch 
from the brachial artery, can also show variations if certain embryonic arterial 
connections fail to regress or develop differently.

One significant developmental phenomenon is the persistence of the axis 
artery, a large vessel that initially supplies the limb bud. As the limb develops, 
the axis artery regresses, and the brachial artery takes over. If the regression is 
incomplete, it may result in anomalous arterial connections or persistent axis 
arteries. Similarly, the preaxial artery, which normally regresses, may persist 
in certain anomalies, leading to variations in arterial supply to the forearm 
or hand [7].

These embryological deviations explain why some individuals have unusual 
vascular patterns, such as an aberrant subclavian artery or variations in the 
branching of the radial and ulnar arteries, all of which can have implications 
for surgical procedures, especially those involving arterial cannulation or 
bypass. Understanding the embryological basis for these variations is essential 
for clinicians to avoid misdiagnosis and complications during interventions 
involving the upper limb vasculature.

DIAGNOSTIC TECHNIQUES

Diagnosing variations in the upper limb arterial anatomy relies on a 
combination of imaging techniques that provide detailed visualization of the 
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INTRODUCTION

The upper limb’s arterial supply is primarily derived from the subclavian 
artery, which transitions into the axillary artery and subsequently divides 

into the brachial artery. The upper limb’s vascular anatomy is characterized 
by a range of normal variations, which can affect clinical practices such as 
surgery, interventional radiology, and vascular diagnostics. This article 
provides a comprehensive overview of the arterial patterns in the upper limb, 
emphasizing their anatomical features, variations, and clinical relevance [1].

ANATOMY OF UPPER LIMB ARTERIES

The anatomy of the upper limb arteries is primarily centered on the brachial 
artery, which is the main conduit for blood flow to the arm and hand. The 
brachial artery originates from the axillary artery at the lower border of the 
teres major muscle and runs along the upper arm, where it eventually divides 
into the radial and ulnar arteries at the elbow. The radial artery travels along 
the lateral side of the forearm and wrist, supplying blood to the lateral aspect 
of the hand, while the ulnar artery runs medially and provides blood to the 
medial aspect of the forearm and hand. Along their course, both the radial 
and ulnar arteries give off numerous branches that supply muscles, joints, and 
skin of the forearm [2]. The subclavian artery, from which the axillary artery 
arises, also gives off other important branches such as the vertebral artery, 
internal thoracic artery, and thyrocervical trunk, which supply the upper 
thorax and neck region. Understanding the precise course and branching 
patterns of these arteries is essential for surgical interventions and the 
management of vascular conditions in the upper limb.

VARIATIONS IN ARTERIAL PATTERNS OF UPPER LIMB

Variations in the arterial patterns of the upper limb are relatively common and 
can have significant clinical implications. One of the most frequent variations 
involves the branching pattern of the subclavian artery. In some individuals, 
the axillary artery may originate directly from the subclavian artery rather 
than from the brachial artery [3]. Another notable variation is the presence 
of an anomalous or persistent brachiocephalic trunk, which can alter the 
branching of the arteries that supply the upper limb. The radial and ulnar 
arteries may also exhibit variations, such as the radial artery arising from the 
brachial artery higher than usual, or the ulnar artery being absent or replaced 
by a superficial brachial artery. Additionally, some individuals may have an 
accessory or aberrant artery supplying the forearm or hand, such as a high-
origin ulnar artery or a duplicated brachial artery. These anatomical variations 
can complicate diagnostic procedures, surgical planning, and interventions 
like catheterization, making it important for healthcare providers to be aware 
of potential differences in arterial anatomy when treating upper limb vascular 
conditions [4].
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blood vessels. Angiography, including traditional catheter-based and digital 
subtraction angiography (DSA), is the gold standard for identifying arterial 
variations, allowing clinicians to visualize abnormal branching patterns or 
high-origin arteries. Magnetic Resonance Angiography (MRA) and Computed 
Tomography Angiography (CTA) are non-invasive alternatives that provide 
detailed 3D imaging of the arterial system, making them particularly useful 
for assessing complex variations such as duplicated or aberrant arteries [8]. 
Doppler ultrasound is often used as an initial screening tool to evaluate 
blood flow and identify functional abnormalities, while intraoperative 
vascular imaging can offer real-time assessment during surgical procedures. 
Although less precise, a clinical examination including pulse palpation may 
provide clues to vascular anomalies, especially in cases where the absence 
of pulses suggests an arterial variation [9]. Together, these diagnostic tools 
enable accurate identification and characterization of arterial variations, 
which is crucial for guiding treatment and avoiding complications during 
surgical or interventional procedures [10].

CONCLUSION

In conclusion, the diagnosis of variations in the upper limb arterial anatomy 
is essential for effective clinical management, particularly in surgical and 
interventional settings. Advanced imaging techniques such as angiography, 
MRA, and CTA offer detailed insights into the complex and often variable 
vascular structures of the upper limb, allowing for precise identification 
of anomalies. Non-invasive methods like Doppler ultrasound and clinical 
examination provide valuable initial assessments, while intraoperative 
imaging can assist in real-time decision-making during procedures. 
Understanding the potential for arterial variations, along with employing 
the appropriate diagnostic tools, ensures better outcomes by preventing 
complications, improving surgical planning, and facilitating targeted 
interventions for patients with atypical vascular anatomy.

REFERENCES

1. Rayt HS, Bown MJ, Lambert KV. Buttock claudication and erectile 
dysfunction after internal iliac artery embolization in patients prior 

to endovascular aortic aneurysm repair. Cardiovasc Intervent Radiol. 
2008; 31(4):728-34.

2. Fontana F, Coppola A, Ferrario L. Internal Iliac Artery Embolization 
within EVAR Procedure: Safety, Feasibility, and Outcome. J Clin Med. 
2022; 11(24):73-99.

3. Bleich AT, Rahn DD, Wieslander CK, Wai CY, Roshanravan SM, et al. 
Posterior division of the internal iliac artery: Anatomic variations and 
clinical applications. Am J Obstet Gynecol. 2007; 197:658.e651-658.
e655.

4. Chase J. Variation in the Branching Pattern of the Internal Iliac Artery. 
In: University of North Texas Health Science Center. Fort Worth. 2016: 
1-33.

5. Nayak SB, Shetty P, Surendran S, Shetty SD. Duplication of Inferior 
Gluteal Artery and Course of Superior Gluteal Artery Through the 
Lumbosacral Trunk. OJHAS. 2017; 16.

6. Albulescu D, Constantin C, Constantin C. Uterine artery emerging 
variants - angiographic aspects. Current Health Sciences Journal 2014; 
40:214-216.

7. Osher M, Semaan D, Osher D. The uterine arteries, anatomic variation 
and the implications pertaining to uterine artery embolization. J Vasc 
Interv Radiol 2014; 25:S143.

8. Park K-M, Yang S-S, Kim Y-W, Park KB, Park HS, et al. Clinical 
outcomes after internal iliac artery embolization prior to endovascular 
aortic aneurysm repair. Surg Today 2014; 44:472-477.

9. Patel SD, Perera A, Law N, Mandumula S. A novel approach to the 
management of a ruptured Type II endoleak following endovascular 
repair of an internal iliac artery aneurysm. Br J Radiol. 2011; 
84(1008):e240-2.

10. Szymczak M, Krupa P, Oszkinis G, Majchrzycki M. Gait pattern in 
patients with peripheral artery disease. BMC Geriatrics. 2018; 18:52.

https://link.springer.com/article/10.1007/s00270-008-9319-3
https://link.springer.com/article/10.1007/s00270-008-9319-3
https://link.springer.com/article/10.1007/s00270-008-9319-3
https://www.mdpi.com/2077-0383/11/24/7399
https://www.mdpi.com/2077-0383/11/24/7399
https://www.ajog.org/article/S0002-9378(07)01059-9/fulltext
https://www.ajog.org/article/S0002-9378(07)01059-9/fulltext
https://www.proquest.com/openview/488ccd0010344a156c141da9a385ff20/1?pq-origsite=gscholar&cbl=18750
https://www.proquest.com/openview/488ccd0010344a156c141da9a385ff20/1?pq-origsite=gscholar&cbl=18750
https://www.researchgate.net/profile/Satheesha-B-2/publication/319007014_Duplication_of_Inferior_Gluteal_Artery_and_Course_of_Superior_Gluteal_Artery_Through_the_Lumbosacral_Trunk/links/59918099a6fdccae88191a19/Duplication-of-Inferior-Gluteal-Artery-and-Course-of-Superior-Gluteal-Artery-Through-the-Lumbosacral-Trunk.pdf
https://www.researchgate.net/profile/Satheesha-B-2/publication/319007014_Duplication_of_Inferior_Gluteal_Artery_and_Course_of_Superior_Gluteal_Artery_Through_the_Lumbosacral_Trunk/links/59918099a6fdccae88191a19/Duplication-of-Inferior-Gluteal-Artery-and-Course-of-Superior-Gluteal-Artery-Through-the-Lumbosacral-Trunk.pdf
https://www.researchgate.net/profile/Satheesha-B-2/publication/319007014_Duplication_of_Inferior_Gluteal_Artery_and_Course_of_Superior_Gluteal_Artery_Through_the_Lumbosacral_Trunk/links/59918099a6fdccae88191a19/Duplication-of-Inferior-Gluteal-Artery-and-Course-of-Superior-Gluteal-Artery-Through-the-Lumbosacral-Trunk.pdf
https://www.chsjournal.org/article/40/3/11/
https://www.chsjournal.org/article/40/3/11/
https://www.jvir.org/article/S1051-0443(13)02168-4/fulltext
https://www.jvir.org/article/S1051-0443(13)02168-4/fulltext
https://link.springer.com/article/10.1007/s00595-013-0572-y
https://link.springer.com/article/10.1007/s00595-013-0572-y
https://link.springer.com/article/10.1007/s00595-013-0572-y
https://www.birpublications.org/doi/10.1259/bjr/42137038
https://www.birpublications.org/doi/10.1259/bjr/42137038
https://www.birpublications.org/doi/10.1259/bjr/42137038
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-018-0727-1
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-018-0727-1

