Anatomical variation of brachial artery bifurcation
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Objectives: To observe the topographic localization of
the brachial artery termination.

Methods: This study was conducted at the Department
of Anatomy, Faculty of Medicine, King Abdulaziz
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University, Jeddah, Kingdom of Saudi Arabia from
December 2011 to February 2013. The bifurcation
level of the brachial artery was determined in relation
to the neck of the radius. Normal and abnormal
terminations of the brachial artery were recorded.

Results: In 13 cases (21.7%), the bifurcation of
brachial artery was normal. In 33 cases (6%), the
bifurcation level was a few centimeters below the neck
of the radius. In 7 cases (11.7%), the bifurcation level
was above the radial neck in the area of cubital fossa.
In 6 cases (10%), the termination of the brachial
artery was found to be above the middle of the front
of the arm. In one of the previous cases, the radial
artery arose from the brachial artery on the medial
side of the ulnar artery. In one case (1.7%), the radial
and the ulnar arteries originated directly from the
axillary artery, the brachial artery was absent.

Conclusion: Morphological variations of the brachial
artery are common findings and should be considered
by surgeons when performing procedures in the
brachial artery area.
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Variations of brachial artery bifurcation ... A-Sowayigh et al

he brachial artery begins at the lower border of

teres major muscle, as a continuation of the axillary
artery. It provides the main arterial supply to the arm. It
terminates opposite the neck of the radius by dividing
into radial and ulnar arteries. The ulnar artery is the
larger of the two main branches of the brachial artery,
while the radial is the smaller branch.! Most authors,
such as Krishnamurthy et al* and Bhat et al> emphasized
that accurate knowledge on the normal and abnormal
variation of the upper limb blood vessels, in particular
that of the brachial artery is of great importance in
the surgical procedure in this region. Variations in
the origin, branching, and course of the main arteries
of the human upper limb are common, and have
received the attention of anatomists and surgeons long
time ago.* The determination and knowledge of these
variations are important for performing vascular and
reconstructive surgery.’ Anatomical variations of the
upper limb arteries have been reported during dissection
of the cadavers and in clinical practice. The variation
can occur at the level of axillary artery,® brachial artery,”
radial artery,® and ulnar artery,” as well as the palmar
arches.'” The ulnar artery must be patent before raising a
free radial forearm flap. The patency of ulnar artery can
be confirmed by Doppler flow meter. After this flap, the
patency of ulnar artery will determine the blood supply
of the hand completely. Subsequently, any anatomical
variation of the ulnar artery is important in surgical
and angiographic procedures linked to this region.’
Since the upper extremity is a frequent site of injury,
various surgical and invasive procedures are performed
in these regions. It is important for the surgeons and
radiologists to be aware of the possible arterial variations
in order to prevent complications during surgical and
diagnostic procedures. Therefore, the aim of this study
was to determine the exact site of the brachial artery
bifurcation and its possible arterial variations.

Methods. In the present study, 60 brachial arteries
of adult cadavers from the Department of Anatomy,
Faculty of Medicine, King Abdulaziz University were
used from December 2011 to February 2013. A search
was performed in PubMed to find related studies.
Ethical approval for conducting this study was obtained
from the Faculty of Medicine of our institution.

Study design. The brachial arteries of adult cadavers
were dissected to study the anatomical variations
of brachial artery bifurcation. An incision of the
middle of the front of the arm was performed. The
skin was carefully dissected and reflected to expose
the underlying structure. The subcutaneous fat and
fascia were removes. The brachial artery was carefully

dissected from the surrounding structures. The artery
was exposed and topographic localization of its site of
bifurcation was estimated. The bifurcation level was
determined in relation to the neck of the radius. The
origins of the radial and ulnar arteries from brachial or
axillary arteries were identified. Normal and abnormal
terminations of the brachial artery was recorded and

photographed.

Results. In the present study, the cubital fossa
and the arm were dissected to examine the level of
the bifurcation of the brachial artery. The study of 60
brachial arteries of adult cadavers revealed the following
results: in 13 cases (21.7%), the brachial artery bifurcated
normally into radial and ulnar branches at the level of
the neck of the radius (Figure 1); in 33 cases (55%),
there was mild deviation from the normal bifurcation
level just few centimeters down the neck of radius, and
the distance of bifurcation from the neck of the radius
ranged from 0.4-1.8 cm (Figure 2); in 7 cases (11.7%),
the bifurcation level was above the radial neck in the
vicinity of cubital fossa. The distance of bifurcation
from the neck of the radius ranged from 0.7-2.0 cm
(Figure 3); in 6 cases (10%), the termination of the
brachial artery was just above the middle of the front
of the arm, the distance of bifurcation from the neck of
the radius ranged from 15.8-17.5 cm (Figure 4). In one
of the previous cases, it was found that the radial artery
arose medial to the ulnar artery, whereas in the inferior
third of the arm, it crossed over the median nerve and
ran laterally in the forearm (Figure 5); and in one case
(1.7%) a higher bifurcation was also observed where
the radial and ulnar arteries originated directly from the
axillary artery. The brachial artery was absent (Figure
6A). The radial artery in this case has a tortuous course,
and was medial and superficial to the ulnar artery; in
the distal third of the arm the radial artery crossed over
the median nerve (Figure 6B), and ran laterally in the
forearm (Figure 6C).

Discussion. The normal bifurcation of the brachial
artery into radial and ulnar arteries occurs at the level
of the neck of the radius."'' Anatomical variations of
the arteries of the upper limbs have important clinical
implication for surgeons performing procedures in
this area.” Surgeons should be aware of the normal
and abnormal variation of brachial artery and its
termination before performing surgery in the arm area.
Many variations and anomalies of the brachial artery
were reported in the literature. Cavdar et al® reported a
variant of the branching of the axillary artery that has
been rarely (0.12-3.2%) documented in the literature.
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Figure 1 - A photograph of the front of the left cubital fossa showing

the termination (arrow) of the brachial artery (B) opposite the
neck of radius (N) by dividing into ulnar (U) and radial (R)
arteries. Med - medial, Lat - lateral

Figure 2 - A photograph of the front of the right cubital fossa showing

the termination (arrow) of the brachial artery (B) below the
neck of radius (N) by dividing into ulnar (U) and radial (R)
arteries Med - medial, Lat - lateral

Figure 3 - A photograph of the front of the left cubital fossa showing the

termination (arrow) of the brachial artery (B) above the neck
of radius (N) by dividing into ulnar (U) and radial (R) arteries
Med - medial, Lat - lateral

Figure 4 - A photograph of the front of the left arm showing the high
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origin of the ulnar (U) and the radial (R) arteries from the
brachial artery (B). Med - medial, Lat - lateral
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Figure 5 - A photograph of the front of the left arm showing the high
origin of the ulnar (U) and radial (R) arteries from the brachial
artery (B), the radial artery arising medial to the ulnar artery,
whereas in the distal third of the arm it crosses over the median
nerve (M) and runs laterally in the forearm. Med - medial, Lat
- lateral

Figure 6 - A photograph of: A) right axilla and arm showing the high
origin of the ulnar (U) and the radial (R) arteries from the
axillary artery (A). Notice the teres major muscle (T); B) right
upper limb showing the R and U originating from the A, the
R has a tortuous course, and is medial and superficial to the
U artery. In the distal third of the arm the R crosses over the
median nerve (M); and C) right upper limb showing the R in
the distal third of the arm crosses over the M, and then runs
laterally in the forearm.

Bifurcation of the third part of the axillary artery
into radial and brachio-ulnar arteries was reported by
Patnaik et al."® Yang et al'? described the superficial
brachial artery (SBA) as a branch of the axillary artery
in 12.2% of cadaveric arms. Malcic-Giirbiiz et al"
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reported a unique case of trifurcation of the brachial
artery into radial, ulnar, and superior ulnar collateral
arteries high in the arm. Low divisions and trifurcation
of the brachial artery was also reported by Vollala et al.”
Absence (agenesis or regression) of the brachial artery,
a rare human variation of the upper extremity arterial
anomalies, was reported by Ciervo et al.'"* Natsis et
al”® reported that the superficial ulnar artery (SUA) is
an ulnar artery of high origin that lied superficially in
the forearm. It originated from the right axillary artery
at the level of the junction of the two median nerve
roots. In the cubital fossa, it passed superficially over
the medial side of the ulnar aponeurosis and coursed
subcutaneously in the ulnar side of the forearm
superficial to the forearm flexor muscles. The axillary
artery arises from the SUA, and continued as brachial
artery. The axillary artery terminated into the radial and
common interosseous arteries in the cubital fossa. The
regular ulnar artery was absent. Abnormal superficial
ulnar arteries were reported bilaterally. The superficial
ulnar artery rose from the axillary artery.'® Simic et
al'” observed an anomalous origin of the superficial
ulnar artery from the brachial artery approximately 6
cm distal to the profunda brachii artery. Yazar et al'
reported a rare case, in which the superficial ulnar
artery originated from different sides on each side
accompanied by anomalies of the palmar arches on one
side. The ulnar artery originated from the axillary artery
in one arm while it originated from the brachial artery at
the level of the inter-epicondylar line on the other arm.
Anatomical variations of radial artery have important
implication for radiological and surgical procedures.
The high origin of the radial artery was found to be the
most common variation.®

In a case report by Okoro and Jiburum,’ an aberrant
radial artery was seen arising from the anterior part of
the axillary artery proximal to the union of the 2 roots
of the median nerve in both upper limbs. This vessel
continued into the arm medial to the brachial artery
and median nerve. In the hand, it gave rise to the deep
palmar and dorsal arches. The main brachial artery ended
by dividing into the ulnar and common interosseous
arteries. Bilateral variations of the high origin of the
radial artery anomalies were found by Icten et al'® on
the right side. The radial artery arose 2 cm above the
junction of the 2 roots of the median nerve. On the
left side, the radial artery arose from the brachial artery
distal to the origin of the profunda brachii artery. The
courses of these arteries in the forearm were normal.

In the present study, 47 cases (78.4 %) showed
variations in the level of the brachial artery termination.
While Krishnamurthy et al* found this variation in

18.5% only. Also, Natsis et al” found this variation
in 20% of human adult limbs. The most common
variation in the present study was found in the vicinity
of the cubital fossa. In 33 cases (55.7%), low level of
the brachial artery termination below the radial neck
was observed. Deviation from the normal level ranged
from 0.4-1.8 centimeters. This is in comparison with
the finding of Vollala et al” regarding the termination of
brachial artery, who reported low division of the brachial
artery but giving trifurcation instead of bifurcation. On
the other hand, in 7 cases (11.7%) the bifurcation of
the brachial artery was found above the neck of the
radius. The distance of bifurcation ranged from 0.7-2.0
cm from the neck of the radius.

Trifurcation of brachial artery as described by
Vollala et al” was not observed in the present studied
samples, and seemed to be a rare anomaly. In the
present study, 6 cases (10%) showed the high level of
the brachial artery bifurcation above the middle of the
front of the arm. The distance of the bifurcation of the
brachial artery ranged approximately from 15.8 to 17.5
cm above the neck of the radius. This is in accordance
with Krishnamurthy et al* who reported a high origin of
the ulnar artery approximately 10 cm above the medial
epicondyle. Devansh' also reported high origin of the
ulnar artery with an incidence of 9.38%. Latha et al®
and Alameddine et al*' also reported similar findings,
while Arora and Dada’ reported dual ulnar artery; the
superficial ulnar arose from brachial artery at level of
elbow joint and the deep ulnar artery took origin from
axillary artery high up in the arm. Alameddine et al*!
reported that the superficial position of the ulnar artery
made it more vulnerable to trauma and hemorrhage,
but at the same time more accessible for cannulation.
Also they might be mistaken for veins. This could
result in intra-arterial injections instead of intra-venous
injections. This could also result in wrong reading of
incomplete angiographic images. Hand irrigation could
be interrupted during surgical procedures of the arm or
the forearm. Bilateral high origin of the radial artery was
reported by Icten et al,'® who observed that in the right
side the radial artery arose 2 cm above the junction of
the 2 roots of the median nerve. While on the left side,
the artery arose from the brachial artery distal to the
origin of the profunda brachii artery. A bilateral case of
the superficial ulnar artery was reported by Yazar et al.'®

In this study, the radial artery arose high in the upper
arm but medial to the ulnar. In the distal third of the
arm it crossed over the median nerve and ran laterally
in the forearm. This findings is in accordance with Pelin
et al,® who described and evaluated an unusual course of
the radial artery. They mentioned that the high origin of
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the radial artery was the most frequent arterial variation
observed in the upper limb, showing an incidence
of 14.27% in dissection material and 9.75% in
angiographic examination. The radial artery originated
from the medial side of the brachial artery and crossed
the median nerve twice in an unusual manner; 8 cm
below the point, at which the deep brachial artery arose
and 12 cm above the intercondylar line.

In the present study, the ulnar and the radial
arteries originated from the axillary artery in only one
case (1.7%). It could be considered a rare anatomical
variation. The radial artery has a tortuous course and
was medial and superficial to the ulnar artery. In the
inferior third of the arm, the radial artery crossed over
the median nerve, and then ran laterally in the forearm.
This is in agreement with Patnaik et al'® who found
that the axillary artery in its third part divided into 2
branches. One of these branches coursed superficial to
the median nerve from the medial to the lateral side
in the middle one third of the arm, and continued in
the forearm as the radial artery. The other one gave off
anterior and posterior circumflex humeral, subscapular,
and profunda brachii branches. It coursed deep to the
median nerve from the lateral to the medial side and
continued in the forearm as the ulnar artery.

Due to the variations of the brachial artery,
advised screening of such conditions by means of
angiographic images and doppler ultrasound imaging,
is of considerable importance during invasive and
non-invasive investigative procedures; orthopedic,
reconstructive or surgical procedures. The restricted
number of cadavers available in our department was a
limitation for this study. The anatomical variation of
brachial artery and its termination obtained from this
study could be of a great benefit for further various
medical researchers in this area. Further studies could
be carried out to investigate similar anomalies in the
upper limbs.

In conclusion, anatomical variations of the brachial
artery are common finding and the surgeons should
consider them when performing procedures in brachial
artery area.
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