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Brachial plexus block remains the only practical

alternative to general anaesthesia for significant

surgery on the upper limb. It provides a superior

quality of analgesia and avoids the common

side-effects associated with general anaesthesia

such as postoperative nausea and vomiting. It

can be extremely useful in patients with signifi-

cant co-morbidities such as severe respiratory

and cardiovascular disease, morbid obesity and

in those with potential airway difficulties. In

addition, it simplifies the management of other

disease conditions such as diabetes mellitus,

where perioperative fasting can be minimized,

diet more easily reintroduced and conscious

level continuously monitored. These blocks are

therefore particularly useful in the ambulatory

surgical setting for a wide variety of patients and

procedures. For more complex major proce-

dures, continuous catheter techniques allow pro-

longation of analgesic block with earlier

mobilization, improved rehabilitation, and the

potential to reduce hospital stay and improve

functional outcome.

Ultrasound-guidance

The majority of the upper limb has its nerve

supply provided by the ipsilateral brachial

plexus, which has a superficial location at most

sites, allowing ease of access to a variety of

nerve localization techniques. Peripheral nerve

stimulation, the standard approach for the last

25 yr, is now being largely superseded by

ultrasound-guidance which has become increas-

ingly popular because of the number of advan-

tages that it offers compared with other nerve

localization methods (Table 1). There is now

level 1b evidence available demonstrating that

ultrasound-guidance improves both the quality

and the speed of block onset.1 Dynamic visual-

ization of the relevant anatomical structures and

needle along with observation of local anaesthetic

spread in real time are arguably the biggest advan-

tages of ultrasound-guided regional anaesthesia

(UGRA). Despite these potential benefits, there

are still no large-scale randomized controlled

studies examining long-term complications such

as nerve injury and local anaesthetic systemic

toxicity compared with other standard techni-

ques, although a recent prospective analysis of

12 668 ultrasound-guided nerve blocks over an

8-yr period had only one case of inadvertent

intravascular injection of local anaesthetic devel-

oping into seizure.2 This demonstrates the poten-

tial ultrasound-guidance has in reducing serious

complications. Although ultrasound-guidance is

used in combination with peripheral nerve stimu-

lation by some practitioners, there is little evi-

dence that this approach improves success in the

upper limb and its routine use is not therefore

recommended.

Several dose evaluation studies for individual

blocks have demonstrated that the minimum ef-

fective local anaesthetic volume required with

UGRA is much lower when compared with trad-

itional techniques, although this is less obvious

with infraclavicular and supraclavicular ap-

proaches. In addition, technology is developing

rapidly in the form of echogenic needles, elasto-

graphy, and three-dimensional ultrasound imag-

ing. We believe that these developments have

the potential to reduce the incidence of serious

complications further. However, to translate

these advantages into a safe and effective

ultrasound-guided brachial plexus block, sound

knowledge of surface and cross-sectional anat-

omy, careful patient selection, appropriate super-

vision, and consistent practice are essential. We

strongly recommend the performance of all the

blocks in awake patients, with or without con-

scious sedation. This encourages meticulous,

careful technique and alerts the anaesthetist to

early adverse effects such as paraesthesia from

neural contact or early signs of systemic local

anaesthetic toxicity from inadvertent i.v. admin-

istration. The incidence of the latter should be

reduced by direct visualization of local anaes-

thetic spread (or importantly, its absence).

Ultrasound-guidance is also being increasingly

used for distal upper limb peripheral nerve

blocks, often in combination with general anaes-

thesia, and this has been covered in detail in a

previous CEACCP article. Similarly, common

principles, such as asepsis and essential equip-

ment involved in performing a peripheral nerve
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block, have been described elsewhere and the same attention to

detail applies here. In this article, we will focus on the relevant

sono-anatomy, practical tips, and considerations of the various

approaches to ultrasound-guided brachial plexus blockade.

Interscalene brachial plexus block

Interscalene block provides reliable anaesthesia and analgesia for pro-

cedures (open and arthroscopic) involving the shoulder joint, lateral

two-thirds of the clavicle and proximal humerus. It effectively blocks

the proximal nerve roots, distal cervical plexus (supraclavicular

nerves), and important nerves such as the suprascapular, which exit

proximally from the plexus. Although these procedures can be per-

formed under block alone, they are more commonly performed under

a combination of analgesic block and general anaesthesia, allowing

the dose and volume of local anaesthetic to be reduced even further.

Patient positioning

The supine patient has the face turned towards the contralateral

shoulder (Fig. 1). The pillow underneath the head is carefully posi-

tioned to provide adequate space for the probe and the needle

without compromising asepsis. The operator sits on the same side of

the block with the ultrasound machine placed on the opposite side of

the patient trolley, so that the eye, needle, probe, and screen are all

aligned.

Practical considerations

A sterile high-frequency (10–13 MHz) probe is used to scan the

neck transversely between the level of cricoid cartilage and supracla-

vicular fossa until an optimal view of the hypoechoic round images

of C5 and 6 nerve roots or upper trunk is obtained (Fig. 2). A 50-mm

block needle is then carefully inserted either parallel (in-plane from

lateral to medial) or perpendicular (out-of-plane) to the probe. We

recommend an in-plane approach for single-shot nerve blocks

(Video 1, Fig. 2), but an out-of-plane approach (cranial to caudal)

may be useful for siting a catheter between the scalene muscles for

continuous postoperative infusion analgesia. The plexus is enclosed

within an interscalene fascial sheath and the needle is advanced

carefully, lateral to medial, through scalenus medius muscle, with

the needle shaft continuously visualized, until the fascial sheath

overlying the plexus, is contacted. There remains some debate as to

whether this fascia should be routinely pierced or the injection per-

formed at this point, reducing chances of needle to nerve contact.

We tend to puncture the fascia to obtain spread medial and lateral to

the plexus, but confined within the interscalene fascial sheath, to

attempt to minimize phrenic nerve blockade. If performed in this

way, care must be taken to continually visualize the needle tip and

aim between, rather than targeting nerve roots, to avoid nerve

contact or intraneural injection. Studies have determined the

minimum effective local anaesthetic volume for postoperative shoul-

der analgesia to be as little as 0.9 ml with ultrasound when compared

with 5.4 ml with nerve stimulation.3 We routinely use 8–10 ml of

ropivacaine 2 mg ml21 when using the block for postoperative anal-

gesia in combination with GA, but will use larger volumes (15–20

ml) of a higher concentration to guarantee an effective anaesthetic

block for awake surgery.

Limitations and complications

This block is not suitable for distal upper limb procedures as ulnar

sparing (C8, T1) commonly occurs. There is level 1a evidence to

confirm that phrenic nerve blockade is almost always seen with trad-

itional high volume (20 ml or more) blocks, including continuous

infusions for postoperative analgesia,4 limiting its applicability to

those who would normally benefit most from a regional technique,

namely those with significantly compromised respiratory function,

the elderly and the obese. However, recent studies have demon-

strated a lower incidence of phrenic nerve blockade and hemi-

diaphragmatic paresis to between 13 and 45% when administering a

reduced dose of local anaesthetic in a smaller volume.4 The tech-

nique may be further refined by adopting a more distal approach

(lower in the neck) where nerve separation is greater, and confining

local anaesthetic spread within the interscalene space alone, avoid-

ing spread over the anterior aspect of scalenus anterior where the

Table 1 Potential advantages of ultrasound

Direct visualization of nerves

Direct visualization of anatomical structures (blood vessels) to facilitate nerve

identification

Accuracy of needle placement

Visualization of local anaesthetic spread in real time

Compensation for anatomical variation

Avoidance of intraneural/intravascular injection

Reduced complications (e.g. pleural puncture)

Wide variety of approaches (not landmark dependent)

Rapid block onset

Reduced local anaesthetic dosage

Avoidance of nerve stimulation-related fracture-site pain

Reduced procedural pain

Improved patient satisfaction

Fig 1 Optimal patient positioning. Image demonstrating the ideal position
for interscalene brachial plexus block where the operator, patient, probe and
the monitor are in alignment (shown by white line).
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phrenic nerve is usually located at this level.4 The unpredictable

nature of respiratory difficulty remains a significant consequence es-

pecially in patients with limited pulmonary function and therefore

most patients are still best nursed in a sitting position in the post-

operative period to avoid respiratory compromise. Bilateral intersca-

lene blocks are contraindicated. Other reported adverse effects

include Horner’s syndrome (stellate ganglion block) and hoarseness

(laryngeal hyperaemia or recurrent laryngeal nerve block), which

resolve on block regression. Severe, but fortunately, rarely reported

additional complications include epidural spread or total spinal

anaesthesia from injection within the dural sleeve of a nerve root,

intervertebral artery injection leading to seizure, and direct, needle-

related cervical spinal cord damage.

Supraclavicular brachial plexus block

The supraclavicular block has the most widespread extent of sensory

blockade among all the brachial plexus approaches, but the potential

risk of pneumothorax has decreased its popularity, particularly with

the increased development of ambulatory surgery. The improved

safety afforded by ultrasound location and in particular the visualiza-

tion of pleura and needle position has been the turning point in the

increased use of this approach. The block is ideal in providing a

dense, rapid onset, and efficient anaesthesia and analgesia for proce-

dures from mid-humerus proximally, to those performed on the hand

distally. The plexus is usually easily visualized with ultrasound at

this position lying in close proximity (postero-lateral) to the sub-

clavian artery (Fig. 3).

Patient positioning

The patient is prepared in the same position as for the interscalene

approach. The operator is still on the same side as the block with the

ultrasound machine placed exactly opposite, again to maintain the

straight line from eye to probe to screen.

Practical considerations

After aseptic precautions, a high-frequency linear probe is placed

above the clavicle in the supraclavicular fossa in a coronal-oblique

plane, to obtain an optimal short-axis view of the subclavian artery,

first rib, pleura, and trunks and divisions of the tightly packed

Fig 3 Supraclavicular brachial plexus. Ultrasound image of the supraclavicular fossa demonstrating the brachial plexus (yellow rings) lying postero-lateral to the
subclavian artery (SA). It also demonstrates the proximity of inferior divisions of the plexus to the first rib and pleura. If reading the pdf online, click on the left-
hand panel to view the video.

Fig 2 Interscalene brachial plexus. Ultrasound image illustrating nerve roots [yellow rings in (B)] between scalenus anterior (SA) and scalenus medius (SM). (C)
The proximity of these nerve roots to the transverse process (TP). If reading the pdf online, click on the left-hand panel to view the video.
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plexus, which are typically seen as round or oval hypoechoic struc-

tures (such as a bunch of grapes) lying postero-lateral to the sub-

clavian artery (Fig. 3). A 50 mm needle is carefully advanced

in-plane (lateral to medial) maintaining needle visualization

throughout, and local anaesthetic deposited either close to the angle

formed at the junction of first rib and subclavian artery, or injected

carefully between divisions of the plexus using a ‘hydrodissection’

technique (Video 2, Fig. 3). There is often a significant fascial plane

at this site which will be obvious, when advancing close to the ple-

xus, if using a recommended short-bevelled needle. The needle tip

position can be carefully adjusted, if necessary, to ensure the entire

plexus is bathed in local anaesthetic particularly in the area supero-

lateral to the subclavian artery. Care should be taken throughout, to

avoid direct needling of neuronal structures. The transverse cervical

and dorsal scapular arteries may lie close to the plexus and concur-

rent use of colour Doppler with an initial anatomical survey may

help delineate these structures and reduce the risk of inadvertent vas-

cular puncture.

Several studies have been unable to demonstrate a reduction in

minimum effective volume of local anaesthetic necessary for ad-

equate blockade with this approach. We still routinely use an

average of 30 ml of local anaesthetic with a recent study reporting

use of 32 ml as the minimum effective volume in 90% of patients.5

Limitations and complications

Subramanyam et al.6 showed that the rate of onset of ulnar nerve

blockade was much lower than that of others and that ulnar sparing

still remains an issue. This may result from the understandable reluc-

tance of the anaesthetist to place the needle tip and therefore local

anaesthetic close to the rib for fear of puncturing or misidentifying

pleura. Although the incidence of pneumothorax is reduced and may

be avoided in experienced hands, reports still continue to appear in

the literature. This block is therefore still best reserved for in-patients

and is not recommended for the novice anaesthetist until ultrasound

experience is gained with other safer approaches. Phrenic nerve

paresis is also reported in up to 30% of patients and with the add-

itional risk of pneumothorax; it is best avoided in patients with

significant pulmonary impairment or obesity, where optimal visual-

ization may also be a concern.

Infraclavicular brachial plexus block

Once the less favoured approach to the plexus because of the com-

plexity and variability of landmarks, high vascular puncture inci-

dence and limited efficacy, it now enjoys increased popularity since

the introduction of ultrasound-guidance. This allows the accurate

identification of the axillary artery and the plexus cords that sur-

round it. The anterior boundary of the infraclavicular fossa is formed

by the pectoral muscles, the medial border by ribs and intercostal

muscles while the clavicle and coracoid process form the superior

border and the humerus forms the lateral border. A recent Cochrane

database systemic review revealed a decreased incidence of

tourniquet pain and a sensory distribution better than that obtained

by the axillary approach, without the need for arm abduction.7 It pro-

vides a comprehensive block for upper limb procedures performed

at or below the elbow joint. In addition, it is the block of choice for

secure catheter placement to provide continuous infusion analgesia.

Furthermore, phrenic nerve block is very unlikely with the lateral

para-sagittal approach favoured with ultrasound-guidance.

Patient positioning

The patient is placed in the supine position with the head turned

towards the opposite shoulder. The operator sits at the head of the

patient with the ultrasound machine positioned facing him, next to

the patient’s trunk on the same side as the block, to maintain the

straight line from eye to screen in a comfortable position for the op-

erator.

Practical considerations

Although a linear probe can be used, a small high-frequency

curved-array probe, if available, is recommended as this provides a

broader view at the depth of 4–6 cm which may be required for this

approach (Video 3, Fig. 4). In addition, it facilitates in-plane needle

placement below a prominent clavicle. We routinely use a small 9–3

MHz curved-array probe with an 80 mm, 22 g block needle placed

immediately below the clavicle, medial to the coracoid process, to

get an optimal short-axis view in a para-sagittal plane. Typically, the

axillary artery is surrounded by the three hyperechoic round cords

(lateral, posterior, and medial) of the plexus, named after their ana-

tomical position with respect to the axillary artery. An ultrasound

enhancement artifact below the artery can frequently be confused

with the posterior cord. This phenomenon is seen when tissues

appear more echogenic and bright when visualized through a fluid-

filled structure such as blood vessels. The posterior cord is more

commonly visualized lying below the lateral cord. (Fig. 4) The axil-

lary vein can be seen lying anatomically medial to the axillary

artery. The needle is inserted in-plane, under the clavicle (above the

probe) and the local anaesthetic is placed postero-lateral to the axil-

lary artery (8 o’clock position) ensuring a good spread around the

artery (double–bubble sign). The needle may have to be advanced

slightly towards a ‘6 o’clock’ position to ensure spread below and

around the artery towards the medial cord. Bowens et al.8 demon-

strated a 96% success rate when the posterior cord (6 o’clock pos-

ition) was targeted during the block and all patients had a pain score

�3 in the postoperative period. Using ultrasound-guidance has

improved the efficacy of this technique, although the minimum ef-

fective local anaesthetic volume in 90% patients remains �35 ml.

Limitations and complications

The plexus is anatomically deeper at this site compared with the

other approaches and the angle of needle insertion is steep, making

needle, and needle tip visualization more challenging. Echogenic re-

gional block needles may therefore be particularly useful for this

Ultrasound-guided brachial plexus blocks
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approach. Although the incidence of pneumothorax and vascular

puncture is reduced, it can still occur, especially in the hands of less

experienced anaesthetists. Several small vessels and the cephalic

vein can often be visualized between the insertion site and plexus

with colour flow Doppler and care should be taken to avoid vascular

puncture and inadvertent i.v. injection. In addition, the application

of pressure to control bleeding can be difficult in this area and a

haematoma more likely to occur.

Axillary brachial plexus block

This block is commonly performed for procedures performed on

hand, forearm, and elbow and also for procedures on the medial

aspect of the upper arm such as arterio-venous fistulae formation. It

is the block of choice for many of these procedures in patients with

various co-existing morbidities. Ultrasound has improved the

success rate of the block by enabling the operator to identify the ana-

tomical variations common in this region. This is also a good choice

of block for developing ultrasound skills for a beginner, as the possi-

bility of serious complications is low compared with more proximal

blocks and the need for the multiple needle adjustments to block the

individual nerves provides valuable practical experience.

Patient positioning

The patient lies in the supine position with the arm placed on the

pillow abducted and externally rotated with the elbow flexed. The

operator either sits in front of the exposed axilla in a conventional

position with the machine placed beside the patient’s head on the op-

erative side, or may sit beside the head facing the feet, for an

in-plane approach.

Practical considerations

A high-frequency linear probe is placed transversely on the proximal

humerus to obtain an optimal short-axis view of the various vascular

and neural structures of the axilla/proximal humerus. The axillary

artery is easily visualized and the nerves are generally seen as hyper-

echoic round structures surrounding this, although individual

anatomy can be very variable (Fig. 5). Ay et al.9 have demonstrated

that connective tissue can surround each nerve and this may explain

the improved success rate with multiple injections to block all the

nerves and improve the circumferential spread of local anaesthetic.

The axillary vein most commonly lies medial to the artery between

the 12 and 2 o’clock position, although additional vessels are

common, particularly inferior to the artery in the 6 o’clock position.

The musculocutaneous nerve usually leaves the plexus proximally

and in the axilla tends to lie in the fascial plane separating coracobra-

chialis and short head of biceps muscles. The median nerve lies

supero-laterally and close to the artery (9–12 o’clock position). The

ulnar nerve is usually located infero-medially beneath the axillary

vein, often a discrete distance from the artery when compared with

the median. The radial nerve is often the hardest to visualize, but it

consistently lies between 4 o’clock and 6 o’clock position in relation

to the artery. Injecting a small increment of local anaesthetic in this

area can help enhance the nerve visibility. Alternatively, injection

can be made at the 5–6 o’clock position close to the artery in the

plane above the conjoint tendon covering the teres major muscle.

Tracing the nerves from more distal positions to their final locations

relative to the artery can also help confirm location of the terminal

nerves. A 50-mm needle is usually preferred for an out-of-plane

technique (similar approach to conventional nerve stimulation tech-

nique), whereas an 80-mm needle may be useful for an in-plane

technique in the larger arm (Video 4, Fig. 5). The latter approach

allows visualization of the needle tip and the shaft, whereas an

out-of-plane technique will only show a hyperechoic dot and move-

ment of surrounding tissue. Hydro-dissection or small increments of

local anaesthetic are often therefore needed to confirm needle tip lo-

cation. Recent studies have demonstrated shorter performance time

and fewer needle passes with a perivascular technique without com-

promising efficacy.10 However, in our clinical practice, we use

Fig 4 Infraclavicular brachial plexus. Ultrasound image of infraclavicular fossa demonstrating the cords of the brachial plexus [(C) L, lateral cord; P, posterior
cord; M, medial cord] underneath the pectoral muscles (PM, pectoralis major; PMi, pectoralis minor) around the axillary artery (AA) which lies lateral to the
axillary vein (AV). (A) Image from a linear probe; (B and C) images from a curved-array probe. If reading the pdf online, click on the left-hand panel to view the
video.
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multiple perineural injections of local anaesthetic volume varying

between 20 and 30 ml. Gonzalez et al.11 demonstrated that the

minimum effective volume to block the musculocutaneous nerve is

5.5 ml with a further 23.5 ml for perivascular injection to block the

remaining nerves in 90% of patients, although there is evidence of a

successful block with as little as 1–2 ml per nerve.12

Limitations and complications

Poor visibility can lead to sparing of the radial nerve and this may

need additional supplementation. However, it remains the block

with the lowest potential complication rate, particularly in less

experienced hands. Vascular puncture and possible inadvertent i.v.

LA administration remain concerns especially if the needle tip visu-

alization is lost. Careful aspiration and fractionated injection should

therefore always be used.

Summary

Ultrasound-guided brachial plexus blocks supplement or replace

general anaesthesia for most procedures performed on the upper

limb. The choice of technique should be based on the type of

surgery, experience of the operator, perceived complications of the

individual block, and the patient’s health status. Although ultra-

sound as a nerve localization technique has a better safety profile

and several other advantages over other ‘conventional’ techniques,

serious complications are not completely avoided. However,

ultrasound-guided brachial plexus blocks used by well-trained indi-

viduals should ultimately improve the quality of these blocks and

have the potential to reduce both acute and long-term complications.

Online videos

The videos associated with this article can all be viewed from the

article in CEACCP online. All videos attached have been edited due

to limitation of file size. Video 4 (Fig. 5) showing axillary blockade

does not include radial nerve blockade.
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