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Key points

• Peripheral nerve blocks offermanypotential advan-
tages over opioid-based anaesthesia and analgesia
for upper limb surgery.

• The peripheral nerves of the upper limb are superfi-
cial and identified by a linear, high-frequency ultra-
sound transducer.

• A reduced volume of local anaesthetic is required
for successful ultrasound-guided (USG) peripheral
upper limb nerve block compared with landmark-
based methods.

• USG selective peripheral upper limb nerve block
can limit the extent of motor block or may
avoid it entirely when targeting sensory branches
alone.

• Future developments including machine recogni-
tion and 3-dimensional-imaging tools may en-
hance USG regional anaesthesia.

Compared with systemic analgesia, regional anaesthesia pro-
vides improved postoperative analgesia, reduced pain intensity,
less postoperative nausea and vomiting (PONV), and increased
patient satisfaction.1 The introduction of ultrasound guidance
has been a marked advance in the practice of regional anaesthe-
sia. This article will focus on ultrasound-guided (USG) peripheral
nerve blocks (PNBs) of the upper limb.

Advantages of ultrasound guidance for
peripheral nerve block of the upper limb
Traditionally, PNB has been reliant on surface landmark-based
(LB) techniques aided by fascial clicks, loss of resistance, and neu-
rostimulation for peripheral nerveswith amotor component. Con-
sequently, LB techniques of PNB in the upper limb have been
restricted to sites at the elbow and wrist where surface landmarks
are readily identified.2 Injection at these levelshasthepotential for
neurological and vascular injury. Using ultrasound guidance the
practitioner is no longer limited to the elbow andwrist. Peripheral
nerves can be identified and traced to alternative sites where local
anaesthetic (LA) can be safely injected without the risk of neuro-
vascular injury. Variations in upper limb anatomy are commonly
identified by ultrasonography and may, in part, explain the docu-
mented high incidence of block failure using traditional methods.
USG selective PNB can also limit the extent ofmotor block or avoid
it entirely by targeting sensory branches alone. The evidence base
for USG regional anaesthesia of the upper limb continues to grow
and also includes faster sensory onset and greater block success
compared with LB techniques.3

Ultrasound-guided peripheral nerve blocks of
the upper limb
Patient selection

Successful regional anaesthesia for upper limb surgery is reliant
on appropriate patient selection. PNBs are advantageous in pa-
tients undergoing extensive surgery and those prone to PONV,
at risk of postoperative respiratory depression or intolerant of
opioids. Primary patient exclusions are patient refusal, infection
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at the proposed nerve block site and LA allergy. Relative contrain-
dications include patients with a pre-existing neuropathy or re-
ceiving anticoagulant therapy and in these cases practitioners
have to weigh the balance between risk and benefit. After oper-
ation, patients should be instructed to protect the anaesthetized
limb from heat or pressure injury and extremes of movement.
Discharging patients with a blocked extremity and lack of pro-
tective reflexes remains controversial. The few studies examin-
ing this issue directly have concluded that the risk of injury is
small and support the practice of discharging patientswith an in-
sensate limb.4

Equipment

Choosing the correct transducer frequency and shape is vital to
ensure image quality and block success. The peripheral nerves
of the upper limb are relatively superficial and a high-frequency
linear transducer (10–12 MHz) will provide optimum resolution.
The availability of colour flowDoppler is useful for differentiating
vascular structures.

The ultrasound machine imaging capability should be opti-
mized by selecting the appropriate depth of field, focus range,
and gain.

Patient position

The patient is positioned supine. The arm is abducted and supi-
nated for blocks at or below the elbow. For block above the elbow
the arm is pronated and elevated to facilitate access to the radial
nerve (RN) posterolaterally. The arm is flexed at the elbow with
the shoulder externally rotated for ulnar nerve (UN) block above
the elbow.

Scanning

The probe is orientated to show the nerves in cross section
(short-axis view) (Fig. 1). This view hasmany advantages. Nerves
are relatively easy to identify and circumferential spread of LA
can be confirmed. The ultrasound images are stable such that if
the transducer moves slightly during the procedure, a workable
image is preserved. Nerves should be traced proximally and dis-
tally to confirm their identity and select the most appropriate lo-
cation for placement of LA while avoiding vital structures.
Arteries and veins may be identified by colour flow Doppler. Ar-
teries are pulsatile while veins are readily compressible.

Imaging artifacts

Artifacts, acoustic images not correlatingwith the true anatomic-
al structures, are commonlyobservedduringUSG regional anaes-
thesia of the upper limb and may hinder image interpretation.
Such artifacts are often related to the block needle and include re-
verberation, bayonet, side-lobe and mirror images (Fig. 2).5 Fail-
ure to recognize these images as artifacts may cause confusion
and lead to complications including incorrect needle manipula-
tion or deposition of LA in the wrong location or hazardous
areas. Artifacts are often easily eliminated by changing the
gain, the angle of the probe, or the scan plane.

Ultrasound appearance of peripheral nerves

In the transverse plane, peripheral nerves distal to the axilla ap-
pear round to slightly elliptical on ultrasound. They are predom-
inantly hyperechoic (bright) with a honeycomb texture on
transverse scan that shows the nerves in cross section (Fig. 1).
Longitudinal scan shows the nerves to be hyperechoic tubular
structures with a linear parallel fascicular (coarse, thick, and
wavy strands) pattern (Fig. 3). Tendons may be difficult to differ-
entiate from nerves and are primarily distinguished by tracing
their course. Changes in cross-sectional area of tendons along

Fig 2 The RN at the elbow. The small unlabelled arrows indicate the block needle;

the block needle shows a bayonet artifact and reverberations posteriorly. LA, pool

of local anaesthetic; RN, radial nerve.

Fig 1 Short-axis view of theMN in the distal forearm. The small unlabelled arrows

indicate the block needle. FDS, flexor digitorum superficialis; FDP, flexor

digitorum profundus; LA, pool of local anaesthetic; MN, median nerve.

Fig 3 Long-axis view of the MN in the distal forearm. FDS, flexor digitorum

superficialis; FDP, flexor digitorum profundus; LA, pool of local anaesthetic; MN,

median nerve.
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their length are substantial while the cross-sectional area of a
nerve is relatively constant along its course. Additionally, re-
ceived echoes from tendons show a fibrillar (fine, thin, and
straight strands) echotexture and are more sensitive to trans-
ducer inclination than those from nerves.

Needle approach

In the out-of-plane approach the needle tip crosses the plane of
imaging as an echogenic dot. This approach has a shorter needle
trajectory and mirrors the LB technique, but with the additional
benefits of ultrasound guidance.However, the block needle, usual-
ly 22-gauge and 5 cm in length, is viewed in cross section only and
theprecise locationof theneedle tip canbeuncertain. If theneedle
tip crosses the scanplanewithout recognition, itmay be advanced
into undesired structures. Using the in-plane (IP) approach the en-
tire length of the needle is held within the plane of the ultrasound
beam. Theneedle can be viewed continuously throughout the pro-
cedure and the tip accurately placed while avoiding vital struc-
tures. In this article, only the IP approach will be discussed.

Local anaesthetic

Using ultrasonography to accurately deposit LA around the periph-
eral nervesof theupper limb reducestheamountofdrug required to
provide anaesthesia compared with traditional techniques.6 This
drug-sparing effect allows multiple blocks to be undertaken at dif-
ferent sites and repeat blocks to be performed without exceeding
safe doses. Typically 3–5 ml of LA (1% lidocaine with or without
1:200 000 epinephrine, 0.5% levobupivacaine, or both) is deposited
such that the injectate appears as a hypoechoic (dark) expansion
around the nerve (Fig. 1). Rotating the probe 90° parallel to the
nerve (long-axis view) confirmsthe longitudinal spreadof LA (Fig. 3).

Single injection PNBswith long acting LAs provide reliable an-
algesia but is usually limited to a maximum of 24 h. For limited
surgery in the distribution of one or two peripheral nerves, the
placement of perineural catheters for the continuous infusion
of LA can extend postoperative analgesia for up to 3 days, further
reducing opioid requirements and improving patient satisfac-
tion.7 However, more extensive upper limb surgery may often in-
volve areas innervated by several peripheral nerves with
overlapping areas of sensory distribution and is probably best
provided by a brachial plexus catheter technique.

Surgical considerations
Surgical tourniquets applied to the upper limb are often the cause
of considerable discomfort. Prolonged procedures can be under-
taken with general anaesthesia (GA) combined with regional an-
aesthesia. In combination with PNB, the depth of GA is reduced
and the use of intraoperative opioids minimized, thus ensuring
the early return of full cognitive function. The combined use of
GAwith regional anaesthesia is also associated with a smoother
transition to postoperative pain control compared with GA alone.

While the cutaneous innervation of the area of surgical inter-
vention is an important consideration, it is important to note that
joint and periosteal sensory fibres often have their origin in the
terminal fibres of motor nerves and loss of cutaneous analgesia
alone may not allow awake, pain-free surgery.

Peripheral nerve blocks of the upper limb
The major peripheral nerves of the upper limb include the
median, musculocutaneous, radial, and UNs. The main distal

cutaneous branches of eachnerve are given in Table 1. The lateral
cutaneous branch of the second intercostal nerve is the intercos-
tobrachial nerve that crosses the axilla and supplies the skin of
the upper half of the posterior and medial aspects of the arm.

Median nerve block

The median nerve (MN) lies in close apposition to the medial as-
pect of the brachial artery near the antecubital fossa (Fig. 4). In
the forearm, it lies between flexor digitorum superficialis (FDS)
and flexor digitorum profundus muscles (Fig. 1). The two largest
branches of the MN include the anterior interosseous nerve, pri-
marily a motor nerve, which branches off ∼5–8 cm distal to the
lateral epicondyle (Fig. 5). The palmar cutaneous branch arises

Table 1 Distal cutaneous branches of the primary nerves of the upper
limb

Primary nerve Distal cutaneous branch(es)
Median Palmar cutaneous branch
Musculocutaneous Lateral cutaneous nerve of the forearm
Radial Lower lateral cutaneous nerve of the arm

Posterior cutaneous nerve of the arm/forearm
Superficial RN

Ulnar Palmar cutaneous branch
Dorsal branch
Superficial terminal branch

Fig 4 The musculocutaneous nerve at the elbow. The small unlabelled arrows

indicate the block needle. BA, brachial artery; BT, biceps tendon; MCN,

musculocutaneous nerve; MN, median nerve.

Fig 5 Superficial RN in the forearm. The small unlabelled arrows indicate the block

needle. AIN, anterior interosseous nerve; FDS, flexor digitorum superficialis; FDP,

flexor digitorum profundus; MN, median nerve; RA, radial artery; SRN, superficial

radial nerve.
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∼5 cm proximal to the wrist crease and supplies the thenar skin.
TheMN traverses the carpal tunnel and terminates as digital and
recurrent branches to the radial three and one-half digits.8

The MN may be blocked in the antecubital fossa. A needle is
guided from the medial side of the arm to avoid the brachial ar-
tery. The MN is also often blocked in the volar aspect of the mid-
forearm where the nerve is hyperechoic and proximal to the pal-
mar cutaneous branch takeoff but distal to the origin of the anter-
ior interosseous nerve (Fig. 1 and Fig. 6 online vidoe). Near the
wrist the MN is surrounded by numerous tendons, which may
make identification difficult, aside from the potential risk of car-
pal tunnel syndrome because of an increase in pressure within
the tunnel from the injectate.

Musculocutaneous nerve block

Themusculocutaneousnerve (MCN) supplies theflexors of the arm
and elbow. After piercing coracobrachialis muscle, it descends lat-
erally between biceps and coracobrachialis muscles. Thereafter,
the MCN continues into the forearm and emerges at the lateral
margin of the biceps tendon in the cubital fossa. It continues as
the lateral cutaneous nerve of the forearm to supply the lateral as-
pect of the forearm.8Theanatomical courseof theMCN is subject to
muchvariation.9 Themost frequently reported variants include the
presence of communicating branches with the MN and the MCN
not perforating the coracobrachialis muscle. The MCN is absent in
1.4–6% of the population in whom branches originate either from a
common trunk arising from the MN or directly from the MN itself.9

TheMCNmay be blocked in the axilla in the plane between bi-
ceps and coracobrachialis muscles. For sensory block alone, the
MCN (lateral cutaneous nerve of forearm) is approached at the
lateral aspect of the antecubital fossa, thus avoiding the brachial
artery and biceps brachii tendon (Fig. 4).

Radial nerve block

The radian nerve (RN) descends behind the axillary artery and in-
clines dorsally between the long head of triceps and the humerus
where it gives rise to a posterior cutaneous branch providing sen-
sation to the dorsum of the forearm as far as the wrist (Fig. 7). At
the elbow, the RN lies in a groove between brachialis and

brachioradialis proximally and extensor carpi radialis longus dis-
tally. Just anterior to the lateral epicondyle the RN divides into a
superficial terminal branch (SRN) and deep terminal branch, the
posterior interosseous nerve. The SRN partially innervates the
dorsal aspect of the hand while the posterior interosseous
nerve is motor to the extensor muscles of the wrist and digits
but also supplies sensation to the interosseous membrane, the
periostea and extensor surfaces of the carpal joints.8

The RN can be reliably blocked in the distal anterior compart-
ment of the arm near the elbow joint and before the nerve sepa-
rates into its superficial and deep components (Fig. 2 and Fig. 8
online video). For cutaneous anaesthesia alone the SRN can be
blocked in the antecubital fossa ormore distally as it joins the lat-
eral side of the radial artery in the forearm (Fig. 5).

Ulnar nerve block

The UN leaves the axilla and pierces the intermuscular septum
between the flexors and extensors to begin a posterior course an-
terior to the medial head of triceps. At the elbow the UN enters
the condylar groove and courses along the medial aspect of the
forearm. In the distal two-thirds of the forearm the UN is

Fig 8 online videoUltrasound-guided radial nerve block. Ultrasound-guided radial

nerve block just proximal to the elbow and before the nerve divides into its

superficial and deep branches. The radial nerve is shown in cross section and

the needle in-plane. Local anaesthetic is deposited around the nerve. If reading

the pdf online, click on the image to view the video.

Fig 6 online video Ultrasound-guided median nerve block. Ultrasound-guided

median nerve block at the middle of the forearm. The video shows the median

nerve in cross section and the needle in-plane. Local anaesthetic is deposited

around the nerve. If reading the pdf online, click on the image to view the video.

Fig 7 Posterior antebrachial cutaneous nerve at the distal humerus. The small

unlabelled arrows indicate the block needle. LA, pool of local anaesthetic; PACN,

posterior antebrachial cutaneous nerve.
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commonly located on the medial aspect of the ulnar artery. The
dorsal branch of the UN arises ∼5 cm proximal to thewrist and di-
vides into dorsal digital nerves. At the wrist, the UN passes under
the superficial part of the retinaculum and divides into superficial
and deep terminal branches. The UN supplies adductor pollicis
and all the intrinsic muscles of the hand except those supplied
by the MN (first and second lumbricals and muscles of the thenar
eminence). The superficial branch of the UN supplies the medial
palmar skin anddivides into twopalmar digital nerves to themed-
ial one andone-half digits. The deep terminal branch sendsarticu-
lar fibres to the wrist joint and is thought to innervate the
intercarpal, carpometacarpal, and intermetacarpal joints.8

The UNmay be blocked in the distal arm, proximal to the con-
dylar groove, where it is not surrounded by bony structures and
there is adequate room for tissue expansion after LA injection.
The UN may also be safely blocked just proximal to its juncture
with the ulnarartery in the forearm (Fig. 9 and Fig. 10 onlinevideo).

Anatomical abnormalities
Anatomical anomalies may be observed during USG regional an-
aesthesia of the upper limb and are important to recognize.

Relatively common anatomic variants include the persistentme-
dian artery and veins, which normally evolute during develop-
ment but continue to accompany the MN in the forearm in ∼19
and 6% of patients, respectively.10 When present, the needle
should approach the nerve on its nonvascular aspect to avoid in-
advertent vessel puncture. Another common anatomical anom-
aly is the superficial ulnar artery that lies superficial to the flexor
muscle and UN in the forearm in up to 10% of individuals.11

When present, the ulnar artery is no longer a reliable landmark
for identification of the UN, which may be difficult to distinguish
from surrounding tendons. In this instance use of a peripheral
nerve stimulator is advantageous before the deposition of LA.

Complications
As with any medical procedure, regional anaesthesia is asso-
ciated with risk. With respect to safety, current evidence to sup-
port the routine use of ultrasonography over other techniques to
perform PNBs is limited. Although it is difficult to obtain consist-
ent data about neurological complications, the risk of permanent
neural damage after PNB is extremely low.12 There is no current
evidence to suggest that ultrasonography reduces the incidence
of neurological complications. However, there is a reduction in
the incidence of vascular puncture and haematomawhen under-
taking nerve blocks using ultrasound guidance.13 In experienced
hands, both complications and success rates of neurostimulation
and USG nerve blocks are similar. However, in less-experienced
hands a combination of techniques (ultrasonography, neurosti-
mulation, and injection pressure control) may prove to be more
successful and safer when performing PNBs.14

Future directions
Ultrasound technology continues to advance. Machine recogni-
tion and 3-dimensional imaging tools may prove useful for en-
hancing the accuracy of nerve identification. Liposomal delivery
systems enabling the slow release of LA at the site of injection are
exciting developments in the provision of prolonged analgesia
andmay remove the need for postoperative perineural catheters.
Anaesthetic training and skill in USG regional anaesthesia con-
tinue to expand. Current problems, however, include the scarcity
of trials characterizing the learning curve of various techniques.

Online videos
The videos associated with this article can all be viewed from the
article in CEACCP online.
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