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ABSTRACT

It’s important to have a novel ultrasound (US)-guided approach to brachial plexus block since it allows
for a better understanding of the surface anatomy and relationships, as well as injury and consequences.
This study used three methodologies of approach (anatomical, cadaveric, and live experimental tests)
to describe the brachial plexus topography in the donkey, evaluate the US color doppler brachial plexus
blockage, and test the analgesic efficacy. We topographically anatomized the brachial plexus in three
cadavers. Color Doppler US-guided methylene blue dye was injected into both sides of the brachial
plexus: pl (plexus root 4+0.5 cm-above the greater tuberosity) and p2 (division site of all plexus nerves)
of six cadavers. Finally, the live experimental study involved brachial plexus injections at both sides of
pl and p2 (standing position). Our results from the cadaveric US showed that the brachial plexus root
was sufficiently stained at site p1 as opposed to site p2. In the live experimental study, the brachial plexus
appeared as a hyperechoic cluster at the pl site, while the large and small rounded regions at the p2
site were hypoechoic. The distance at site P1 was 4.8+0.2 cm using 15 ml of Lidocaine local anesthetic
solution for blockage. However, the distance at site p2 was 6.8+0.2 cm, and 25 ml of local anesthetic was
sufficient for complete nerve blockage. We concluded that by using the color-doppler US-guided for the
brachial plexus injection, site pl was more efficient and avoided vascular penetration than site p2.
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he donkey (Equus asinus), is an essential part of farming
and agriculture, especially in poor nations where
it is one of the most affordable modes of transportation
for farmers (Food and Agriculture Organization of
the United Nations, 2021), with the largest increase in
donkey population noted in the sub-Saharan African
region (Norris et al., 2021). Nevertheless, the scientific
information available for this species remains limited.
The brachial plexus consists of the ventral branches
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of the C5-T2 spinal nerves (Campoy et al., 2010; Dyce
et al., 2010; Lemke and Creighton, 2008). It extends as a
large band of nervous tissue, having its caudal boundary in
contact with the superior surface of the first rib, then the
plexus crosses between the two segments of the scalenus
muscle (Atiba et al., 2019). The plexus sweeps through the
axilla and splits into the following branches: suprascapular,
sub-scapular, musculocutaneous, radial, median, ulnar
axillary, thoracodorsal, thoracic lateral, pectoral, and long
thoracic nerves (Dyce et al., 2010; Mahler and Adogwa,
2008). The radial, median, ulnar, and musculocutaneous
nerves are the main nerves supplying the forelimb (Dyce
et al., 2010; Souto et al., 2020).

A well-validated technique that is used for forelimb
sensory and motor blockade is the brachial plexus block
(Monticelli et al., 2018; Raw et al., 2013). In most
cases, the procedure is effective when using surgical
analgesia in treating the front limb distal to the shoulder.
It is clinically relevant because it reduces the risks of
using general anesthesia (Mirza and Brown, 2011). The
traditional axillary approach to brachial plexus block
is carried out using a needle positioning guide with
anatomical landmarks (conventional blind techniques)
(Mahler and Adogwa, 2008; Monticelli et al., 2018;
Raw et al., 2013). Complications associated with blind
brachial plexus blockade include unilateral blockade. of
the phrenic nerve, intravascular injection (Bennett et al.,
2020), pneumothorax (Bhalla and Leece, 2015), Horner
syndrome (Bennett et al., 2020; Holzman, 2002), and
ventricular arrhythmias (Adami and Studer, 2015).

However, the ultrasound (US) imaging techniques
allow precise needle location and real-time monitoring of
the delivery of the local anesthetic solution (Bennett et al.,
2020; Campoy et al., 2010; Marhofer et al., 1997). The
benefits of this are improved efficacy of the nerve block,
faster onset times, and smaller amounts of local anesthetic
solution required to produce an effective block (Brull et al.,
2007; Marhofer et al., 1997, 2005). Confirming the local
anesthetic distribution around the target nerve is the most
significant advantage of US for a peripheral nerve block
(Marhofer et al., 2005). This significantly differentiates
it from the conventional blind techniques, which can
fail because the local anesthesia was not uniformly
distributed to the target nerve (Brull ef al., 2007; Tsui et
al., 2009). The use of the US-guided brachial plexus nerve
block technique in donkeys using a volume of 25mL of
lidocaine per injection site (Atiba et al., 2019) was one
of the available cited researches. Therefore, our work
was designed to illustrate and evaluate a new ultrasound-
guided approach that precisely locates the plexus and
avoids the dire consequences of damage to the nerves and
surrounding structures.

MATERIALS AND METHODS

Animals

Our experimental study was done on nine donkey
cadavers (3 for topographical anatomical study and 6
for ultrasound-guided cadaver study), six healthy male
and female donkeys having a bodyweight of 170+£10 kg
and ages ranging between 4-6 years. All procedures were
carried out at the Damanhour University Department of
Surgery in the Faculty of Veterinary Medicine.

Animal welfare/ethical statement

The Animal Care and Use Ethical Committee of the
Faculty of Veterinary Medicine, Damanhour University,
accepted the experimental protocol.

Topographical anatomical study

To determine the anatomical landmarks, their related
structures, and the. appropriate approach to the brachial
plexus, the cadaver was placed in the lateral recumbency
position. The -humerus, shoulder joint and jugular vein
were identified, and we made a longitudinal incision of
the skin parallel to the first rib, the shoulder joint, and the
scapula-dorsal part. The skin was separated and reflected
dorsally and ventrally to expose the subcutaneous fascia
from the underlining fascia. Superficial and deep pectoral
muscles originating in the sternum, brachiocephalic
muscle cranially, trapezius-rhomboids dorsally, and
serratus anterior were carefully dissected from their
scapular attachment. The nerve and blood vessels were
exposed after the removal of all fatty layers and connective
tissues in the axillary space. The brachial plexus was
recognized, and the eleven nerves were identified at the
axilla ventral border. The Vernier caliper (0-150mm) was
used to measure the distance from the skin to the probe
position site.

US-guided technique (cadaveric study)

In the lateral recumbent position of the cadaver, the
cranial border and the ventral part of the scapular were
clipped. The US gel was applied and the transducer at 7.5-
12 MHz was used linearly, placing it directly above the
subcutaneous fascia, brachiocephalic, and sternocephalic
muscles, which appeared to be the hypoechoic and non-
echoic areas of the axillary and venous arteries. The
transducer moved 2-3cm dorsally until the concave surface
ridge appeared in the region. The area was scanned for the
appearance of hyperechogenic threads. Site pl was 2cm
above the greater tuberosity of the humerus representing
the caudal aspect of the brachial plexus while site p2
was Scm above the greater tuberosity of the humerus,
representing the cranial aspect, of the brachial plexus and
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indicating the bifurcation of the plexus to different nerves.
This area was scanned over the greater tuberosity of the
humerus and divided into two parts, site pl and site p2. A
spinal needle with a 90mm (22-gauge) stylet was inserted
deeply close to the US transducer in the longitudinal axis
of the US beam above the greater tubercle, in both sites.
The ventromedial direction of the needle was used. 1ml
of methylene blue was injected at both sites. We scored
each injection for the 12 attempts as follows: 0 = non-
stained nerve (miss = 0%), 1 = partial stained nerve (30-
40%), 2 = completely stained nerve (50-100%) and record
of penetration at the surrounding structure. The stained
segment of the nerve was recorded.

US-guided approach (live experimental study)

The animals were sedated using xylazine HCI 2%
(Xyla-Ject, ADWIA Pharmaceuticals Co. Cairo, Egypt) at
1.1 mg/kgintravenously. The examined area of the scapula’s
cranial border was clipped, shaved, and disinfected with
alcohol. 4ml of lidocaine was subcutaneously injected at
the target site, and the sensation in the forelimb was verified
laterally, caudally, and medially using a 22-gauge 5 mm
needle via a pinprick test. To identify the pain response,
the study observed the actions associated with limb lifting,
whining, and attempting to bite or move another part of
the body. The US gel and transducer were placed in the
area above the greater tuberosity of the humerus at the
cranial border of the scapula and moved until the brachial
plexus was identified at two sites: P1 and P2.”Scanning
continued until hyper-echogenic threads and blood vessels
were identified. Under the guidance of Doppler US,
the needle was inserted ventro-medially, then syringe
aspiration was performed for confirmation that the needle
was not inserted in any surrounding artery or vein. 10ml
of Lidocaine (Debocaine 2% Al-Debeiky Pharmaceutical
Industries Co., Egypt) was injected under the guidance
of the Doppler US at site P1 and 20ml of lidocaine was
injected at site P2. For the achievement of pain stimulus
to the needle and loss of sensation, the pinprick test was
applied to the lateral aspect of the shoulder region to test
the effect of anesthesia.

RESULTS

Anatomy of brachial plexus

The brachial plexus is observed anatomically parallel
to the first rib, just above the greater tuberosity of the
humerus. The root of the plexus was located at about
2+0.5 cm above the tuberosity (recorded as site P1) and
the division of all the plexus nerves was identified at about
4+0.5 cm above the tuberosity, representing site P2 (Figs.
1, 2). The axillary vessels and all nerves linked to the

brachial plexus were clearly identified from the overlying
connective tissue (CT) and fat. The identified eleven (11)
nerves included pectoral nerves (cranial and caudal parts),
suprascapular, subscapular, musculocutaneous, axillary,
thoracodorsal, long thoracic, median, ulnar, and radial
nerves. The distance from the skin to the target plexus that
all nerves were clearly identified from their origin to the
divisions was 5+0.5 cm at site P1 and 7+1.0 cm at site P2

(Fig. 3).

Fig. 1. Gross anatomical image to determine the site of
brachial plexus and anatomical landmarks. First-line from
the greater tuberosity of the humerus to the jugular vein,
the second line is perpendicular to the first line parallel
to the first rib and scapula which determines two sites P1
and P2.

Fig. 2. Gross anatomical image in which the A determines
the position of probe at pl of brachial plexus while the B
determines the position of probe at p2 of brachial plexus.
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Fig. 3. Gross Anatomical image of the brachial plexus
and its branches. A shows determines the anatomical
dissection of the root of the brachial plexus at site P1
with the appearance of an axillary artery, while B shows
determines the anatomical dissection of the brachial plexus
after bifurcation from the origin at site P2.

Abbreviations: 1, musculocutaneous nerve; 2, median
nerve; 3, the ulnar nerve; 4, radial nerve; 5, axillary
nerve; 6, lateral thoracic nerve; 7, suprascapular nerve;
8, subscapular nerve; 9, caudal pectoral nerve; 10, dorsal
thoracic nerve; and long 11, thoracic nerve.

US-guided cadaver study of brachial plexus

The greater tuberosity of the humerus was used as an
anatomical landmark. The area above greater tuberosity was
scanned with the transducer, and the skin and superficial
pectoral region at site P1 appeared to be hypoechoic.
A non-echoic center identified with a hyperechoic rim
indicated the axillary vessels. The identified hyperechoic
clustering structure was the brachial plexus, which was
located 4.8+0.4 cm from the skin. Four large rounded
hyperechoic structures measuring about 6.8+0.2 cm at
site P2 were identified as the mediannerve, radial nerve,
ulnar nerve, and musculocutaneous nerve (Fig. 4). The
puncture site was identified through the brachiocephalic
and sternocephalic muscles until it reached the area of the
brachial plexus, which was stained with methylene blue.
The stain was distributed in the cranial caudal direction
from the puncture site. In all the animals, there was
sufficient staining of the brachial plexus root at site P1.
There was also complete staining of the cranial pectoral,
suprascapular, subscapular, musculocutaneous, axillary,
median, ulnar, and radial nerves at site P2, which produced
a high staining score with US (2/12= 25% partially= 75%
completely stained and segment of stained nerve = 2cm).

Experimental live study

The greater tuberosity of humerus appeared as
hyperechoic  structure from the ultra-sonographic
appearance, with the deep and superficial pectoral muscles
appearing as hypoechoic. The axillary artery and vein were
colored as hypoechoic region, and the ultra-sonographic
test showed the pulsation of the artery (Fig. 5). From the
ultra-sonographic image before injection, the brachial

plexus appeared as a hyperechoic cluster at site P1. After
injection, it became hypoechoic with a hyperechoic
rounded area at site P2. In all cases, to reach the brachial
plexus at site pl, the needle travelled 4.8+0.2cm
delivering 10ml of lidocaine of local anesthetic solution
to the blockage. To reach site P2 the needle covered
about 6.84+0.2 cm delivering 20 ml of the local anesthetic
to achieve complete blockage of the nerve (Fig. 6). The
signs of arthritis were identified by the extent of muscular
relaxation, the inability of the carpal and elbow joints to
bear weight, loss of sensation at the forelimb, as well as
complete irresponsiveness during any surgical approaches
of the forelimb (Fig. 7).

Fig. 4. Gross anatomical (A) and ultrasound view to
determine the US-guided cadaver study at sites p1 (B) and

p2 (C).

Fig. 5. Ultrasonogram of the brachial plexus region
in longitudinal transducer in life beneath the muscle
demonstrating the brachial blood vessels.
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Fig. 6. Ultrasonogram of the brachial plexus region
in longitudinal transducer in life beneath the muscle
demonstrating the injected brachial plexus at site pl (A)
and site p2 (B).

Abbreviation: 1, musculocutaneous nerve; 2, median
nerve; 3, the ulnar nerve; 4, redial nerve; 5, axillary nerve;
6, lateral thoracic nerve; 7, suprascapular nerve and 8,
subscapular nerve.

Fig. 7. The donkey showed scapula-humeral angle and
was unable to bear weight after the injected forelimb with
lidocaine 2%.

DISCUSSION

Anatomical study

The shoulder area was dissected specifically at the
cranial border, to identify the muscular, blood vessel, and
brachial plexus architecture. The brachial plexus is located
inferior to the brachiocephalic muscle; with its cranial
part identified as the plexus root, while the caudal part is
the plexus nerves. The largest ventral nerves consists of
the axillary, musculocutaneous, radial, ulnar, and median
nerves that supply the forelimb, while the long lateral

thoracic, cranial-caudal pectoral, supra- and sub-scapular,
and thoracodorsal nerves make up the caudal-dorsal nerves
that supply the rest of the shoulder region (Campoy et al.,
2010).

The best position to reach the brachial plexus is
above the greater tuberosity, and this area is split into two
partitions (P1 and P2) that meet at P1 and P2, 2+0.5 cm
and 4+0.5 cm above the humeral tuberosity, respectively
(Iwamoto et al., 2012). During the dissection, the axillary
artery is located before the plexus at the cranial border at
site P1. This is often considered one of the disadvantages
of P1 because of the possibility of complications (Skarda,
1996; Valverde and Sinclair, 2015). In this study, the
needle travelled about 5+0.5 cm to reach site P1 of the
brachial plexus, passing through the skin, pectoral muscle,
sternocephalic and brachiocephalic muscles, fat, and
connective tissue. To reach site P2, the needle travelled
741.0 cm through the structures. The distance for P2 was
greater than P1 because of the caudal divisions of the
plexus (Iwamoto ef al., 2012).

Cadaveric study

In this study, the doppler ultrasound with an 8 MHz
linear transducer produced images at site P1 that appeared
as a cluster of hyperechoic structures, indicating the root
of the brachial plexus. The axillary blood vessels appeared
as a hyperechoic rim, cranial to the root of the plexus,
whereas at site P2 there were multiple hyperechoic areas
encircled by a hyperechoic structure having multiple
discontinuous lines. The results were comparable to the
peripheral nerve US images illustrated in humans and
small animals (Echeverry et al., 2010; Guilherme and
Benigni, 2008; Iwamoto et al.,2012; Rodrigo-Mocholi and
Martinez-Taboada, 2020). The root of the brachial plexus
was seen with large branches of the axillary artery and
vein when the probe was placed longitudinally in P1. At
P2, the peripheral nerves were seen after dorsally moving
the probe several centimeters. Therefore, it was feasible to
see the needle and tip moving to the area just outside of the
brachial plexus and conducting the brachial plexus block
while being guided by the US. With the needle moving
craniocaudally, the origin of the plexus is more superficial
to the skin, and the needle advancement to P1 was 4.8+0.4
cm, while at P2, the probe travelled 6.8+0.2 cm to reach
the plexus division.

The use of direct visualization of the brachial plexus,
the peripheral nerves, and its surrounding structure during
the injection of methylene blue produced results with
high precision and success rate in both sites; P1 and P2
(Iwamoto et al., 2012). The directly injected dye to the
plexus resulted in complete (100%) staining of all brachial
plexus nerves at site P1 because the stain reaching the root
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of the plexus (Adams, 2004; Campoy et al., 2010), while
at P2 the staining was 75% complete because of the poor
staining of the dorsal and ventral division of the plexus. The
use of color Doppler US-guided technique provides clear
discrimination of the brachial plexus from the branches of
the axillary artery and vein under, and reduces the risk of
damaging the vessels by direct puncture (Iwamoto et al.,
2012).

Live experimental study

The caudal nerves are the most significant rami to
be included in the brachial plexus block to desensitize the
distal thoracic limb (Skelding et al., 2018). This is due
to the fact that they are the primary sources of the radial,
ulnar, and median nerves (Campoy et al., 2010). The dose
of local anesthetics injected in the current study was 15 ml
of lidocaine at 2% per donkey at site P1 while it was 25 ml
of lidocaine at 2% at site P2, since ultrasonography allows
the target nerve and encircling structures to be visualized,
the needle tip position to be evaluated, and local anesthetic
spread to be visualized (Souto et al., 2020). In contrast, 25-
40 ml of 2% lidocaine is used in a conventional brachial
plexus block in equine medicine (Neal, 2010; Skarda,
1996).

In clinical studies, because of the injection of local
anesthetic agent into the root of the plexus, a propensity
for a faster onset and longer duration of block action was
observedfornervesinsite P1 ofthebrachial plexuscompared
to nerves in site P2 (Iwamoto et al., 2012). Clinically, after
15+2 mins at site P1, the donkey cannot bear weight on the
fore limb versus 20+2 mins at P2..Compared to the onset
of analgesia with the conventional approach, this time of
onset was considered short, averaging 15-30 mins due to
the direct spread of analgesics around the plexus. After
lidocaine injection, the high success rate of lidocaine was
observed, leading to complete brachial block. Due to the
direct introduction of local anesthetics around the nerve,
the block was confirmed by the irresponsiveness to the
pinprick test and the incision made at the metacarpal area
at both sites. The imaging did not reveal any complication
following the brachial plexus blockade in the live animal,
as the axillary blood vessels appeared colored and pulsatile
(Campoy et al., 2010). The use of the doppler US assist
in monitoring the process; however, to achieve successful
blockade of the nerves, the critical length of nerve should
receive sufficient concentration of the local anesthetic
solution (Campoy et al., 2010).

The pain score is the 120 min sum of the scores, and
the analgesic effect is recorded when the pain score is 2
(complete analgesia effect). That analgesic effect started
at sites P1 and P2 after 15 min and continued for 100+15
mins at P1 and P2 for 90+15 min at P2 from which animals

recovered from low pain score anesthesia of 0. Due to the
direct introduction of the analgesia around the nerve root
of the plexus, the total distribution time of analgesia at
P1 was 120 mins compared to 105 mins at P2 (Iwamoto
et al., 2012). These techniques did not only reduce the
disadvantages of general anesthesia, but they led to
efficient anaesthetization.

CONCLUSION

Using color Doppler US-guided brachial plexus
injection, site P1 was more efficient and avoided vascular
penetration than site P2. The caudal approach appears
to be most appropriate for providing a sufficient nerve
block with minimized risk-of complications because the
injected agent spreads efficiently around the target nerves
with a rapid onset of ‘anesthesia at lower dose. The risk of
injury to the brachial vessels is reduced, since the needle is
visualized and be monitored in real-time.
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