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ABSTRACT
. Introduction: The radial artery is an essential artery supplying the structures in the forearm.
Article info: . Variations in the radial artery concerning its origin, course, branching pattern, and mode of
Received: 04 Aug 2020 :  termination have been commonly reported. The high origin of the radial artery from either
Accepted: 10 Nov 2020 :  brachial or axillary artery was detected in numerous studies. Clinically-radial artery is used in

cardiac catheterization and bypass graft; thus, the knowledge of these variations is of utmost
significance to the surgeons.
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Methods: In the present study, dissection was conducted on 51 upper limb specimens. The
explored specimens were obtained from the College of Medicine and Health Sciences (NUST),
Oman. Moreover, variations observed in the origin and course of the radial artery were noted
and later photographed.

Results: Out of the 51 upper limb specimens studied, variation in the origin of the radial artery
was observed from the axillary artery in one specimen and the brachial artery in 3 limbs. The
course of these varied arteries was superficial in the forearm.

Keywords: Conclusion: The knowledge of the variations in the origin and course of the radial artery will
Radial artery, Axillary artery, : help prevent any untoward side effects that can occur during any procedures involving the
Brachial artery, Course :  radial artery.
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1. Introduction

ariations in the radial artery have been

reported in studies on cadavers and an-

giographic images [1]. The variations

observed were mostly in the origin and

proximal course of the radial artery,

rather than its distal course and termi-
nation [2]. The radial artery is the smaller part of the two
terminal branches of the brachial artery arising in the cu-
bital fossa. The proximal two-thirds of the radial artery
courses underneath the brachioradialis muscle; whereas
the distal third of the radial artery becomes superficial.
Besides, it is positioned between the tendons of the bra-
chioradialis and flexor carpi radialis [3].

The variant high origin of the radial artery is explained
as the radial artery arising either from the brachial or ax-
illary artery [4]. It may later pass superficial to the bra-
chioradialis muscle in the forearm [5]. The knowledge of
the variations in the radial artery is clinically important,
as it is often used in interventional cardiology.

A study was conducted on retrograde radial arteriogra-
phy among 650 patients undergoing their first transradial
coronary procedure. Subsequently, the obtained findings
suggested a high origin of the radial artery in 40(6.2%)
of the study patients [6].

A retrospective study examined 602 images of routine
angiographies of radial artery performed during cardiac
catheterization. Accordingly, the most frequent anatomic
variation was detected to be the high origin of the radial
artery (5.1%) [7].

The prerequisite knowledge of radial arterial variations
is essential for cardiologists as well as plastic and ortho-
pedic surgeons. Furthermore, it is equally imperative for
interventional radiologists and paramedical technicians
to avoid serious complications [8].

2. Materials and Methods

The present study was performed on 51 embalmed ca-
daveric upper limb specimens. The examined specimens
were obtained from the collection of formalin preserved
27 upper limb specimens and 12 upper limbs of cadav-
ers; they are used for routine dissection by the under-
graduate students in the Department of Anatomy and
Neurobiology, College of Medicine and Health Science
(COMHS), National University of Science and Technol-
ogy (NUST), Sultanate of Oman, for 2 years.

These specimens and cadavers were obtained from the
anatomy lab of the Medical School of West Virginia Uni-
versity (WVU), United States of America (USA); the ca-
davers and upper limb specimens were dissected, fixed,
and preserved in the formalin based solution. These
specimens were later provided to the COMHS, NUST.

None of the explored cadavers presented any patholog-
ical lesions, traumatic lesions, or surgical procedures in
the upper limb. The required sample size was calculated
by the following Equation [9]:

n=72x(pxq)/e2=(1.96)2%0.908 x(1—0.908)/
(0.08)2=50.1

where, n=minimum required sample size; Z=1.96 for
95% Confidence Interval (CI); p=prevalence of the nor-
mal origination of radial artery as 90.8%; e=margin of
error, 8%.

According to this calculation, >51 samples were re-
quired, i.e., the sample size available and used in the
present study. The arteries in the upper limb were ap-
propriately cleaned. Moreover, their course, relations,
and branches were studied in detail and the variations
were noted. The ethical standards of managing cadavers
for teaching and learning purposes were followed during
the procedures. The necessary photographs were taken
under good lighting, using a Canon EOS 750D Digital
SLR camera, and were labeled later.

3. Results

In the 51 upper limbs studied, variations were observed
in 4 upper limb specimens. The variations were detected
in the origin and course of the radial artery. In a left side
upper limb specimen, the radial artery arose from the
third part of the axillary artery. It passed in the axilla,
between the medial and lateral root of the median nerve
initially. It later crossed the lateral root of the median
nerve passing laterally to the brachial artery in the arm.
In the cubital fossa, it coursed laterally to the brachial
artery. After entering the forearm, it passed downward
superficial to pronator teres muscle. It ran along the me-
dial side of the brachioradialis muscle. Furthermore, it
had a superficial course through the forearm, lying just
beneath the deep fascia. The further course of the radial
artery was normal in the hand. The brachial artery con-
tinued as the ulnar artery in the forearm and had a normal
course (Figures 1 & 2).

In another upper limb specimen of the left side, a branch
arose from the brachial artery at the midarm level; con-
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Table 1. Comparing the high origin of the radial artery with previous studies

. No. (%)
Author, Year [Ref.] Sam:::; size Limbs Showing Varia- Origin of Radial Artery Origin of Radial Artery
tions from Axillary Artery from Brachial Artery
Haladaj et al. 2018 [11] 120 11(9.2) 2(1.67) 9(7.5)
Nasr AY , 2012 [4] 100 8 1 7
Yang et al. 2008 [18] 304 37(12.17) 37(12.17) -
Kadel et al. 2019 [9] 53 7(13.2) 1(1.8) 6(11.3)
Agarwal et al. 2016 [1] 32 1(3.12) 1(3.12) -
Zhan et al. 2010 [14] 1,200 3(0.25) - 3(0.25)
Present study, 2020 51 4(7.84) 1(1.96) 3(5.9)

sequently, it coursed lateral to the brachial artery in the
arm and later continued as the radial artery in the fore-
arm. The radial artery presented a superficial course in
the forearm, lying just beneath the deep fascia (Figure 3).

A similar variation was observed in two other speci-
mens of the right side; a branch arose from the brachial
artery in the proximal part of the arm and continued as
a radial artery in the forearm. In all these 4 limbs, the
course of the radial artery was superficial in the forearm.

Figure 4. Stages in the development of the arteries of the arm

4. Discussion

Variations in the major arteries of the upper limbs have
been reported by several authors, and range between
11% and 24% [10]. A high origin of the radial artery
from either brachial or axillary artery was the most com-
mon arterial variation detected. Besides, its incidence
varies from 4.17% to 15.6% in cadavers and embryos,
while 8% to 24.4% in angiographic studies [4].

In the study, a high origin of the radial artery was specified
in 4 limb specimens. In 3(5.26%) specimens, they arose
from the brachial artery at the midarm level; however, in
1(1.75%) specimen, they arose from the axillary artery.
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Figure 1. Radial artery after arising from the axillary artery crosses the lateral root of the median nerve and passes lateral to the

brachial artery in the arm

AA: Axillary Artery; MRMN: Medial Root of Median Nerve; LRMN: Lateral Root of Median Nerve; BA: Brachial Artery; RA:
Radial Artery; UN: Ulnar Nerve; MN: Median Nerve; BB: Biceps Brachii Muscle.

Haladaj et al. examined 120 randomly selected and
isolated upper limbs. Subsequently, they found a high
origin of the radial artery in 9.2% of the total number
of limbs. Moreover, in two cases, they arose from the
axillary artery; however, in 9 cases, they arose from the
brachial artery. Anastomosis between the brachioradial
and normal brachial arteries in the cubital fossa was also
noted in their study [11].

A case in which radial artery arose from the axillary ar-
tery in both the limbs in a cadaver was reported by Icten
and associates [12]. Patnaik, V.V.G. et al. also described
a case of high origin of radial artery from the third part
of the axillary artery [13]. Rodriguez-Niedenfuhr et al.
studied 384 upper limbs [5]. They defined the high origin
of the radial artery from the brachial as the brachiora-
dial artery; further, as a superficial brachioradial artery
if the radial artery presented a superficial course in the
forearm. In the 384 upper limbs studied by them, bra-
chioradial artery was observed in 53(13.8%) specimens.
In 23% of the cases, the brachioradial artery originated
from the axillary artery; in 65.4% from the upper third of

the brachial artery; in 7.7% from the middle third of the
brachial artery, and in 3.9% from the lower third of the
brachial artery. However, only in one of the limbs, the
high origin radial artery generated a superficial course
in the forearm.

In another study on 100 upper limbs, a high origin of
the radial artery was observed in 8 limbs; the radial ar-
tery arose from the brachial artery in 7 upper limbs and
the axillary artery in a single limb [4]. In various other
studies in different regions, the high origin of the radial
artery was also detected as a prevalent variation [12-14].

In the present study, in addition to the high origin of
the radial artery, the course of the radial artery was su-
perficial in the forearm in all 4 limbs. The variant radial
artery passed superficial to the pronator teres muscle and
later medial to the brachioradialis muscle, i.e., unlike the
normal course; the radial artery is overlapped by the bra-
chioradialis muscle in its proximal third [3]. In the distal
forearm, the radial artery was only covered by skin and
antebrachial fascia.
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Figure 2. Radial artery passes superficial to the pronator teres to enter into the forearm and runs superficially in the forearm
The brachial artery enters the cubital fossa and later continues as an ulnar artery in the forearm.
BA: Brachial Artery; RA: Radial Artery; MN: Median Nerve; BB: Biceps Brachii Muscle; BR: Brachioradialis Muscle; PT: Prona-

tor Teres Muscle.

Similar cases were reported where the radial artery had
a high origin and the course of the artery in the forearm
was superficial [15-17]. Table 1 presents the comparison
of the high origin of the radial artery with previous stud-
ies[1,4,9, 11, 14, 18].

The limb arteries arise by the processes of vasculogen-
esis and angiogenesis. By the end of stage 12 (28" day),
there exists a plexus of capillaries in the limb, i.e., con-
nected to the dorsal aorta. The capillary network enlarg-

Figure 3. Radial artery arising from the brachial artery in the arm

es and differentiates in the proximo distal direction. The
subclavian artery begins to differentiate by stage 13 [19].

It continues as the axial artery of the upper limb. Axillary
and brachial arteries arise from the axial artery. It persists
in adults as anterior interosseous artery and deep palmar
arch [20]. The radial artery arises late, compared to other
arteries. Initially, it arises more proximally than the ulnar
artery; however, it later establishes a new connection with
the main trunk at or near the level of origin of the ulnar

Brachial artery continues as ulnar artery BA: Brachial Artery; RA: Radial Artery; UA: Ulnar Artery; MN: Median Nerve; BR:

Brachioradialis Muscle; PT: Pronator Teres Muscle.
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artery. Besides, the upper portion of its original stem usu-
ally disappears. The variant radial arteries are formed due
to alterations in the process of angiogenesis during the 41
to 44" days of development [21] (Figure 4).

Clinically-radial artery is often applied in procedures,
such as coronary angiography, percutaneous coronary
interventions, and coronary artery bypass surgery [18].
Cardiac catheterization, using the radial artery, is more
effective due to its easy access for hemostasis [22]. Ana-
tomical variation in the radial artery is a cause for the
failure of the procedure [23].

The anatomic variations of the radial artery were de-
tected as the second most frequent reason for failure rate
in cardiac catheterization [23]. With the increased use of
radial artery as a graft in coronary artery bypass proce-
dures, the knowledge of variations in the radial artery is
beneficial to prevent unnecessary complications [7].

The variant high originating radial artery, with the su-
perficial course of the radial artery can be mistaken for
a vein. Additionally, they can be injured during veni-
puncture or an orthopedic procedure [16]. These clinical
implications highlight the importance of considering the
various anomalies that can be expected while performing
any procedure utilizing the radial artery.

5. Conclusion

The clinical implications of radial artery highlight
the importance of considering various anomalies. Such
complications can be expected in the origin and course
of the radial artery while performing any procedure. The
knowledge of the variations in the radial artery and a pre-
operative analysis would help prevent any untoward side
effects. This is especially beneficial in procedures, such
as cardiac catheterization or coronary revascularization.
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