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Abstract: The Brachial artery is a continuation of the axillary artery, from the inferior border of the tendon of teres major to
the neck of the radius, terminating into radial and ulnar arteries just a cm distal to the elbow joint. Unlike veins, variations in
the arteries are comparatively less common. Anatomical variations of the brachial artery occur in almost 20% of the cases and
are commonly found during routine dissection or clinical practice. To observe the variations in the course and termination
of brachial artery by dissection and computed tomography (CT) angiography methods. The present study was conducted on
40 upper limbs each in the department of Anatomy & Radiology of JSS Medical College and Hospital, Mysuru. The brachial
artery was traced from origin to termination and variations were noted and photographed. Patients who were undergoing
CT angiography of the upper limbs in JSS Hospital were included in the study. Variations noted and compared with the
dissection method. In the present study, normal patterns of the brachial arterial course and termination were observed in
31 specimens. The remaining 9 specimens showed variant course and termination in the brachial artery like an unusually
tortuous superficial brachial artery, superficial brachio-ulnar artery and brachio-radial artery. CT angiography showed 6
variations and a tortuous brachial artery. A detailed description of the vascular pattern of upper limbs especially variations in
their origin and termination is of extreme importance in clinical practice. The knowledge of these variations is important for
catheterization, graft harvesting, arteriovenous fistula creation, shunt application and astrup examination.
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Introduction
The brachial artery is the main artery of the upper limb.
It begins as a continuation of the axillary artery at the distal
border of the tendon of teres major muscle and ends at the
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level of the neck of the radius by dividing into radial and ulnar arteries.
It gives profunda brachii, superior and inferior ulnar
collateral, nutrient, and muscular arteries in the arm. The
branches of the brachial artery anastomose with the branches of the radial and ulnar arteries around the elbow joint.
Because of this extensive collateral circulation, blood flow
around the elbow joint and to the distal part of the limb is
not discontinued in any position of the elbow joint [1].
Rodriguez-Niedenfuhr [2] classified the different arterial variations of the major arteries of the upper limb into
seven types after a detailed study of arterial variations in 192
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Variant course and termination of brachial artery

specimens:
1. Superficial brachial: Brachial artery crosses anterior to
the median nerve, instead of posterior to the median nerve,
and at the level of the elbow joint it divides into the radial
and ulnar arteries.
2. Accessory brachial: Originates above the elbow joint
from the upper third of the brachial artery. It crosses the median nerve in front to unite the brachial artery proximal to
the elbow before it divides into ulnar and radial arteries.
3. Brachioradial: This is the high origin of the radial artery, and runs superficial to the median nerve in the arm.
4. Superficial radial: radial artery with a normal origin,
but crosses over the tendons of anatomical snuffbox at the
wrist.
5. Superficial brachio-ulnar: This is the high origin of the
ulnar artery and courses over the superficial forearm flexors
muscles.
6. Brachio-ulnar: the high origin of the ulnar artery but
normal course along forearm and hand.
7. Superficial brachioulnoradial artery: superficial brachial artery dividing into radial and ulnar arteries at the elbow
and the normal brachial artery continues as the common
interosseous artery.

Development of brachial artery

The axis artery of the upper limb is derived from the
lateral branch of the 7th cervical intersegmental artery. The
main arterial trunk grows outwards along the ventral axial
line and terminates in the capillary plexus of the developing
limb bud. Digital arteries arise from the capillary plexus.
The proximal part of the main arterial trunk forms the
axillary and brachial arteries and its distal part persists as
the interosseous artery. The median artery which arises later
from the interosseous artery runs along the median nerve
and joins the capillary plexus in the palm. The ulnar artery
develops as a branch from the original brachial artery trunk
and extends down the ulnar side of the forearm. Initially, the
radial artery arises more proximally than the ulnar artery
from the brachial artery trunk. Later, the radial artery is
connected with the main trunk next to the origin of the ulnar artery. The upper portion of its origin usually undergoes
regression. Thus radial and ulnar arteries arise at the same
level [2, 3].
Our present study is aimed to observe the variations in
the course and termination of the brachial artery by dissection and computed tomography (CT) angiography methods.

www.acbjournal.org

Anat Cell Biol 2022;55:284-293

285

The need for this study was as this type of study was not
reported in literature and CT angiography is one of the commonest procedure done routinely nowadays in some clinical
conditions and the knowledge of variations in brachial artery
is essential to perform clinical interventions.
Objectives: (i) to study the course and termination of the
brachial artery by dissection method and to study the course
and termination of the brachial artery by CT Angiography
method of upper limb; (ii) to correlate the variations of brachial artery (course and termination) by dissection method
with CT Angiography method.

Materials and Methods
The present study was conducted on 40 upper limbs each
in the Department of Anatomy and Radiology of JSS Medical
College and Hospital, Mysuru. For the present study we have
utilized 16 males (32 limbs) and 4 females (8 limbs) cadavers.
Out of 40 limbs, 20 belonged to right side and 20 belonged to
left side in both cadaveric study and CT angiographic study.
All the cadavers belonged to the voluntary body donars who
had registered under Body Donation Association (BDA) program in our institute and belonged to the age group between
65–70 years.The Donated bodies and patients belong to Mysuru district of Karnataka state, South India. It took two years
(two MBBS batches 1919–1920 and 2020–2021 dissection
practicals) to conduct this study. During our regular dissection practical classes for MBBS students, we observed some
interesting variations in the brachial artery and incorporated
the CT Angiographic study to make our research study more
interesting and knowledgeable.
The brachial artery was traced from origin to termination, variations noted and photographed. Patients who
are undergoing CT angiography of upper limb in JSS
Hospital were included in the study. Variations noted
and compared with dissection method (IEC No. JSSMC/
IEC/210421/15NCT/2021-22).

Inclusion and exclusion criteria

Inclusion criteria: Donated bodies to JSSMC, BDA, and
patients undergoing CT angiography of upper limb for renal
dialysis, pain in the upper limb/reduced pulse in JSS Hospital.
Exclusion criteria: damaged limbs and trauma to upper
limb arteries.
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Results
During routine dissection of the upper limb for undergraduate students, we observed a few very rare variations in
the course and termination of the brachial artery. The textbook description of the brachial artery was found in 31 limbs
out of 40 specimens (Table 1).
Variations observed in 9 limbs were as follows:
Variation in the course of the brachial artery tortuous superficial brachial artery.

Variation in the course of the brachial artery
Tortuous superficial brachial artery
In one limb, the brachial artery had an unusually tortuous course with a loop. The loop was just above the elbow
joint. The loop gave two thin muscular branches, one to the
biceps brachii and another one to the brachialis. The median
nerve was passing posterior to the brachial artery instead of
anterior. It was dividing into ulnar and radial arteries in the
cubital fossa and they had a normal course in the forearm
(Fig. 1). This type of variation in the brachial artery course
has not been reported in the literature so far.
In one cadaver there was a bilateral tortuous superficial
brachial artery. In both, the limbs’ brachial artery was highly
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tortuous and was passing superficially to the median nerve
in the arm and entered the cubital fossa, and divided into
radial and ulnar arteries. Radial and ulnar arteries were also
slightly tortuous in the distal forearm (Figs. 2, 3).
In another specimen, the right limb had a tortuous superficial brachial artery, passing superficial to the median nerve
in the arm and entering the cubital fossa and divided into
radial and ulnar arteries (Fig. 4).

Variation in the termination
Superficial brachio-ulnar artery
Superficial brachio-ulnar artery—also called the high
origin of the ulnar artery. In one left limb, there was a high
origin of ulnar artery from the brachial artery almost at the
same level where profunda brachii artery was arising from
the brachial artery. Superficial brachio-ulnar artery passed
along the medial side of the arm and medial to the median
nerve. In the cubital fossa, the median nerve was in between

TSBA

RA

MN

Table 1. Showing comparison of results between cadaveric samples and
angiography patients
Number
Sex
Side
Outcome

Cadaveric sample
20 cadavers, 40 limbs
32 limbs males
08 limbs females
Variations observed on

CT Angiography patient
20 patients
32 limbs males
08 limbs females
Variations observed on

R, L, R, R, L, R, L, R , L
Variations observed more on
the right side and in females

R, R, R, R, R, L
Variations observed more on
the right side and in males

UA

Fig. 2. Left upper limb showing TSBA. TSBA, tortuous superficial
brachial artery; RA, radial artery; UA, ulnar artery; MN, median nerve.

RA

TSBA

TSBA with loop

RA

UA
MN

UA

Fig. 1. Right upper limb showing unusually TSBA. TSBA, tortuous
superficial brachial artery; MN, median nerve; RA, radial artery; UA,
ulnar artery.
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Fig. 3. Right upper limb showing TSBA. TSBA, tortuous superficial
brachial artery; RA, radial artery, UA, ulnar artery; MN, median nerve.
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LRMN

RA

MRMN

TSBA

SBUA

UA
MN

MN

Fig. 4. Right upper limb showing TSBA. TSBA, tortuous superficial
brachial artery; RA, radial artery; UA, ulnar artery; MN, median nerve.

Fig. 6. Right upper limb showing high origin of ulnar artery from
axillary artery. LRMN, lateral root of the median nerve; MRMN,
medial root of the median nerve; SBUA, superficial brachio-radial
artery; MN, median nerve; BA, brachial artery.

SBUA
MN
BA
PBA

SUBA
UN

Fig. 5. Left upper limb showing SBUA or high origin of ulnar artery.
SBUA, superficial brachio-radial artery; BA, brachial artery; MN,
median nerve; PBA, profunda brachii artery, UN, ulnar nerve.

brachial and superficial brachio-ulnar arteries. It entered the
forearm, superficial to flexor muscles of the forearm. It was
not accompanying the ulnar nerve in the forearm only at the
distal third of the forearm, superficial to the flexor retinaculum it was lateral to the ulnar nerve and entered the palm to
form the superficial palmar arch—type B supplying all the
digits. The superficial brachio-ulnar artery didn’t give any
branches in its course. The brachial artery was crossed by the
median nerve and later the median nerve was lying in between brachial and superficial brachio-ulnar arteries in the
cubital fossa. The brachial artery trifurcated in the cubital
fossa and gave radial recurrent, radial, and common interosseous arteries.
Radial recurrent artery—after passing posterior to the
tendon of biceps brachii; it is divided into ascending and descending branches.
Radial artery—was larger in caliber than the superficial
brachio-ulnar artery but showed normal course and distribution.
Common interosseous artery—gave anterior and poste-
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rior ulnar recurrent arteries, muscular branches, and divided
into anterior and posterior interosseous arteries (Fig. 5).
In another limb, a superficial brachio-ulnar artery was
taking origin from the axillary artery. It crossed the lateral
root of the median nerve and passed lateral to the median
nerve in the upper part of the arm. Later it crossed the brachial artery and the median nerve to reach the cubital fossa.
It was passing superficial to flexor muscles in the forearm
and entered the palm superficial to flexor retinaculum to
form the superficial palmar arch. Throughout its course, it
didn't give any branches. The brachial artery was seen dividing into a larger radial artery and a common interosseous
artery in the cubital fossa. The radial artery was wider in
caliber to compensate for the thin ulnar artery (Fig. 6).
Brachio-radial artery
Brachio-radial artery also called the high origin of radial
artery (HORA). Three specimens showed HORA but the
termination of the brachial artery in all the three specimens
was different. In the first specimen—HORA crossed the median nerve and brachial artery and reached the lateral side
of the arm. In the cubital fossa, it was lateral to the tendon
of the biceps brachii and continued on the lateral side of the
forearm. Here it was accompanied by the lateral cutaneous
nerve of the forearm and then entered the anatomical snuff
box. Throughout its course, it didn't give any branches. The
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SBRN
BA

HO

HORA

MN

BA
Fig. 7. Left upper limb showing brachio-radial artery or high origin of
radial artery. SBRN, superficial branch of radial nerve; HORA, high
origin of radial artery; MN, median nerve; BA, brachial artery.

Fig. 9. Left upper limb showing brachio-radial artery or HORA.
HORA, high origin of radial artery; BA, brachial artery.

MN
HORA
RA
RA

BA
BA
BA

Fig. 8. Right upper limb showing brachio-radial artery or HORA.
HORA, high origin of radial artery; MN, median nerve; BA, brachial
artery.

brachial artery was seen passing superficially to the median
nerve and then entering the cubital fossa. In the cubital
fossa, the brachial artery was the medial most structure. The
median nerve was lying in between the brachial artery and
tendon of the biceps brachii. Brachial artery gave radial recurrent, ulnar recurrent arteries and divided into ulnar and
common interosseous arteries (Fig. 7).
The second and third HORA was in one specimen that is
bilateral.
In the right limb—HORA was arising almost in the
middle of the arm from the brachial artery. It crossed the
median nerve in the arm and lateral to the tendon of biceps
brachii it entered the forearm. The brachial artery in the cubital fossa gave the ulnar artery, median artery, and common
interosseous artery. The ulnar artery was passing in between
the fibers of the median nerve. The persistent median artery
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B

Fig. 10. Computed tomography angiography images showing brachioradial artery and tortuous brachial artery. (A) High origin of radial
artery, (B) high origin of radial artery. RA, radial artery; BA, brachial
artery.

with the median nerve entered the palm through the carpal
tunnel. It didn't join the ulnar artery to complete the superficial palmar arch. Type H incomplete superficial palmar arch
was seen where the median artery and ulnar artery supplied
21/2 digits each separately (Fig. 8).
In the left limb—HORA was arising almost in the middle
of the arm from the brachial artery. After crossing the median nerve in the arm and lateral to the tendon of biceps
brachii in the cubital fossa it entered the lateral side of the
forearm. Brachial artery gave ulnar artery and common interosseous artery (Fig. 9).
CT angiography showed six variations out of 40 samples.
The identified upper limb CT angiograms were evaluated
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and analysed by 2 independent trained radiologists, who
were blinded to the clinical records. The analysts subjectively
evaluated the overall technical quality and anatomical variations. Six limbs were showing a high origin of the radial artery and in one individual brachial artery was slightly tortuous (Fig. 10). In one individual HORA was bilateral. Results
were expressed in terms of frequency and percentages.

Discussion
Arteries are normally straight tubes that effectively carry
blood to the distal organs. Sometimes, arteries may take a
tortuous course with unusual twists and turns either due
to abnormal embryological development or due to vascular
diseases. A mild tortuous course of arteries is asymptomatic
without clinical symptoms, a severe tortuous course can
result in ischemic shock of the distal parts. Clinical studies
associate tortuous arteries with aging, atherosclerosis, hypertension, diabetes mellitus, and genetic defects [4].
Tortuous arteries and veins are common angiographic
findings in many studies and clinical investigations [5]. With
the advance in imaging technology, more tortuous vessels
are being detected. Various types of tortuosity have been reported in clinical investigations like looping, twisting, angulation, and kinking vessels [5]. Tortuosity has been reported
in the aorta, vertebral, iliac, femoral, coronary, cerebral, and
internal carotid arteries by Ertugrul [6].
Ashwini and Vasantha [7], in their study, reported unusual tortuous brachial, ulnar, and radial arteries with loops and
bends. But brachial artery had prominent loops when compared to the radial and ulnar arteries. In our present study,
the brachial artery had a loop that was passing superficial to
the median nerve, this has not been reported in the literature
so far. According to Dobrin et al. [8], degradation of elastin
in the wall of the vessel results in aneurysm and elongation
of the vessel resulting in tortuosity. The tortuous brachial
artery may be mistaken for a vein and may complicate intravenous drug administration and percutaneous brachial
catheterization [9, 10]. Median nerve passing posterior to the
brachial artery is also very rare, seen only in 2% of cases [11].
Since the median nerve is passing posterior to the tortuous
brachial artery it can compress the nerve resulting in carpal
tunnel syndrome-like symptoms [12, 13].
The brachial artery is accessed for coronary angiography,
aortic and peripheral interventions like angioplasty, stenting,
thrombolysis, and complex endovascular repair of abdomi-
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nal aortic and thoracic aortic aneurysms [14, 15]. An unusual
tortuous course of the brachial artery may cause difficulties
or failure of the procedure during clinical interventions.
According to Rodríguez-Niedenführ et al. [2], the superficial brachial artery crosses anterior to the median nerve,
instead of posterior to the median nerve, and at the level of
the elbow joint, it divides into the radial and ulnar arteries.
The incidence of superficial brachial artery varies from 3.6%
to 9.6% [2]. This type of variation of the brachial artery is
different from the normal anatomy and maybe one of the
reasons for the unknown cause of median nerve entrapment
neuropathy [13]. Another variation seen quite often is the division of the brachial artery into radial and ulnar arteries at
a higher level than the usual level with an incidence of 8% of
cases [16-18]. Such a high breakup is called “high bifurcation
of the brachial artery” and may occur in various forms. The
high origin of the radial artery is the most common variation when the radial artery arises first, the common trunk
later divides into the ulnar artery, and the common interosseous artery [1, 2, 16]. According to Yang et al. [19], superficial brachial artery gave rise to radial and ulnar arteries in
the cubital fossa in 8.9% of cases, continued in the forearm
as the radial artery in 2.3% of cases, or ended in the upper
arm in 1.0% of cases. The superficial brachial artery never
continued as ulnar artery in their study (Fig 11; schematic
representation of developmental basis for superficial radial

AA
UA
BA
SBA
UA
IA
SBA

Communicating
branch absent

BA

SBA continued as RA

Fig. 11. Schematic representation of developmental basis for SBA
that continues as radial artery. AA, axis artery; UA, ulnar artery; BA,
brachial artery; SBA, superficial brachial artery; IA, interosseous artery;
RA, radial artery.

https://doi.org/10.5115/acb.22.053

290 Anat Cell Biol 2022;55:284-293

Hemamalini Shetty, et al

artery continuing as radial artery).
High bifurcation of the brachial artery may result in major clinical complications like high failure rate and reduced
patency of an arteriovenous (AV) fistula. Lioupis et al. [20]
reported that an increased chance of failure of AV shunt is
45% in patients having high bifurcation of the brachial artery when compared to 23% with patients having a normal
branching pattern. Variations in the brachial artery pattern
may cause difficulties in conducting flap harvesting during
reconstructive surgeries and in arteriography [21]. We have

AA
SBUA
BA
SBA
SBUA

Communicating
branch

SBA
SBUA
BA
IA
SBA
regression

RA

Fig. 12. Schematic representation of developmental basis for SBUA.
AA, axis artery; SBUA, superficial brachio-ulnar artery; BA, brachial
artery; SBA, superficial brachial artery; IA, interosseous artery; RA,
radial artery.

followed the Rodriguez- Niedenfuhr classification of upper limb arteries and have reported superficial brachial as
superficial brachial artery and not as high bifurcation of the
brachial artery.
The superficial brachioulnar artery is an ulnar artery of
high origin and runs superficial to the flexors in the forearm.
This is a very rare variation of the brachial artery and the
reported incidence of the high origin of ulnar artery taking
origin from the axillary artery varies between 0.17%–2% [22].
When the high origin of the ulnar artery is present, the
brachial artery commonly terminates as the radial and common interosseous arteries [2]. High origin of ulnar artery
from the axillary artery has been reported by Jacquemin et
al. [23] and T Nakatani et al. [24].
The reported incidence of the high origin of ulnar artery
taking origin from the brachial artery is 0.7% according to
Adachi [25] and 1.5% according to Rodríguez-Niedenführ et
al. [2]. In our study, it is observed in 5% of cases. High origin
of ulnar artery from the brachial artery has been reported by
Bozer et al. [26] and Nakatani et al. [27]. Since it passes superficial to the bicipital aponeurosis and in clinical practice
it could be mistaken for a vein leading to intra-arterial injection and difficulties in angiographic interventions [28] and
also has a higher risk of getting damaged during forearm
flap surgery [29]. The high origin of the ulnar artery should
always be kept in mind during forearm flaps surgery or when
the radial artery is used as a conduit in CABG [30, 31]. McWilliams and Sodha [32] reported that the high origin of the
ulnar artery was clinically mistaken for vein inflammation
- phlebitis but with Doppler ultrasound, it can be diagnosed
correctly (Fig 12; Schematic representation of developmental

Table 2. Showing compilation of the data available on the variations in the branching pattern of brachial artery published in last 10 years and comparing them
with the present study
Author name and year
Bidarkotimath and Avadhani (2011) [48]
Vatsala et al. (2013) [49]
Sonje et al. (2014) [50]
Deepa and John Martin (2016) [51]
Kaur et al. (2017) [52]
Ojha et al. (2019) [53]
Balakrishnan et al. (2020) [54]
Konarik et al. (2020) [55]
Uglietta et al. (1989) (angiographic study) [37]
Celik et al. (2001) (angiographic study) [56]
Present study (cadaveric study) (CT Angiographic study)

Tortuous High bifurcation of
High origin of
No. of cases Brachial
brachial artery or
radial artery
artery superficial brachial artery
100 limbs
2 cases (2.0%)
1 case (1.0%)
54 limbs
1 case (1.8%)
2 cases (3.7%)
50 limbs
1 case (1.9%)
102 limbs
2 cases (2.0%)
40 limbs
4 cases (10.0%)
80 limbs
3 cases (3.8%)
78 limbs
12 cases (15.4%)
423 limbs
40 cases (9.5%)
12 cases (2.8%)
100 cases
7 cases (7.0%)
81 cases
7 cases (8.6%)
40 limbs
4 cases*
4 cases (10.0%)*
3 cases (7.5%)/6 cases (15.0%)

High origin of
ulnar artery
2 cases (3.7%)
2 cases (3.7%)
1 case (1.3%)
1 case (1.2%)
2 cases (0.5%)
2cases (2.0%)
1 case (1.2%)
2 cases (5.0%)

*Tortuous brachial artery and Superficial brachial artery in same specimens.
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basis for superficial brachioulnar artery). Every variation in
the peripheral vascular anatomy can be related to either regression or persistence of the artery proximally in the upper
limb. The type of variation presented in this case is due to
persistence of ulnar artery in the arm and failure of formation of communication between ulnar and axial arteries in
cubital fossa. The superficial brachioulnar artery in upper
part of forearm can be explained on the basis of haemodynamic mechanism between deep and superficial arteries in
the forearm. Change in the embryonic haemodynamics during angiogenic sprouting may result in primitive vasculature
which persists or regresses in unusual patterns [33].
The reported incidence of HORA varies from 4.67% to
15.6% in cadaveric studies [34, 35] and 7% to 8.54% in angiographic studies [36, 37] and it is the most frequent variation
observed in the brachial artery. In our study, it was observed
in 7.5% of cases in cadavers and 15% of cases in CT angiographic study.
The radial artery has been used in coronary artery bypass
grafting, cosmetic surgeries such as forearm flaps, and renal
dialysis by making an autogenous AV fistula [38, 39].
The transradial approach becomes more difficult in the
presence of brachioradial artery [40] and also results in the
development of tortuosity, which can increase the risk of failure of trans- radial catheterization [41]. The radial artery is
used in AV fistula creation in the forearm as preferred access
for hemodialysis in end-stage renal disease. The most common complication of AV fistula is ischemic steal syndrome,
which can occur in 70% of radiocephalic fistula and 90% of
brachiocephalic fistula [42]. However, symptoms of hand
ischemia due to postoperative steal syndrome are more probably to occur in 1%–2% of radiocephalic fistula and 5%–10%
of brachiocephalic fistula [43, 44]. But according to Morsy et
al. [45] and Zibari et al. [46], postoperative steal syndrome
occurs in less than 1% in radiocephalic fistula and 6% in brachiocephalic fistulae. Duplex ultrasound and arteriography
should aim to cross-examine the arteries proximal and distal
to the fistula in addition to fistula flow [47]. The high bifurcation of the brachial artery is not rare. An unusually small
brachial artery should remind clinicians to investigate the
possibility of high bifurcation of the brachial artery. A simple
ultrasound examination can detect the anomaly and allow
the diameter assessment for clinical decision-making regarding access creation [47]. According to Rodríguez-Niedenführ
et al. [2] and Singer [3], this type of anomaly is due to the
failure of formation of the communicating branch between
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the superficial brachial artery and axial artery at the level of
the elbow and thus superficial brachial artery did not disappear but continues as radial artery (Table 2) [37, 48-56].
In conclusions, CT angiography has become an important diagnostic imaging method for the evaluation of upper
limb vascular diseased abnormalities. The advantage of CT
angiography is that it is available 24 hours and has minimum
interference. In our study, HORA is commonest variation
seen in both cadaveric and in CT angiographic methods and
the percentage is high in CT angiographic method. Therefore CT angiography is essential before designing suitable
invasive or surgical procedures for successful surgery or interventions.
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