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ABSTRACT
Ultrasound guided nerve block is now becoming the standard practice in regional anesthesia 
and has been shown to require less volume of local anesthetic and reduce the incidence of 
complications. Brachial plexus block can be approached via interscalene, supraclavicular, 
infraclavicular or axillary routes. Each of these approaches have their individual advantages and 
risk. This articles describes the indications, relevant sonoanatomy and techniques to perform 
the blocks and recent advances. 
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INTRODUCTION
Peripheral regional anesthesia and analgesia offer 
several advantages over traditional opioid based 
analgesia.1,2 There is increasing evidence that 
ultrasound (USG) guided regional nerve blocks 
are safe3 and require smaller volumes of local 
anesthetics.4 It also allows the practitioner to target 
specific nerves when required. When compared 
to peripheral nerve stimulation technique, USG 
guidance was more effective, caused less pain during 
the procedure (in awake patients) and had reduced 
rate of vascular puncture.5 This article focuses on 
USG guided blocks of the brachial plexus (BP), 
relevant sonoanatomy, technique, tips and recent 
advances. It will not cover the pharmacological 
aspects in terms of drug choice and adjuvants. 
USG guided blocks of other nerves of upper limb is 
addressed elsewhere in this special issue.

BP block was introduced into clinical practice by 
Kulenkampff in 1911.6 In 1978, La Grange described 
the use of the Doppler probe to identify arteries and 
the BP.7 Fifteen years later, Kapral et al expanded 
that idea with the first described USG guided BP 
block.8 Interestingly, CT guided BP block was being 
used in selected patients until much later.9 Vincent 
Chan then described the use of both USG and nerve 

stimulation to perform BP block.10 

ANATOMY
BP innervates almost whole of the upper limb. 
Hence, blocking the BP soon after its formation 
will lead to anesthesia of most of the upper 
limb. BP is identified by nerve roots and trunks 
in the interscalene (IS) region, divisions in the 
supraclavicular (SC) region, cords in the infra-
clavicular (IC) region and individual nerve 
branches in the axillary region (Figure 1). It is 
formed by the ventral (or anterior) primary rami of 
C5-T1 spinal nerves. The BP lies in the posterior 
triangle of the neck along the posterior border of 
the sternocleidomastoid muscle emerging from 
the IS groove between the  anterior  and  medial 
scalene muscles. This is the location to perform 
the IS block as described later. The five roots of 
the plexus emerge and unite to form three trunks. 
These structures are named as upper, middle and 
lower trunks by their anatomical position. The 
upper two roots (C5, 6) form the upper trunk, the 
middle root (C7) the middle trunk, and the lower 
two roots (C8, T1) form the lower trunk. Behind 
the middle of the clavicle, each trunk divides into 
two divisions - anterior and posterior. 
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The three posterior divisions join to form the 
posterior cord, the anterior division of the upper 
and middle trunk form the lateral cord and the 
anterior division of the lower trunk continues as 
the medial cord. The names of the cords is based 
on their relation to the axillary artery. The nerves 
originating from the cords are enclosed with the 
artery in a neurovascular sheath, the axillary sheath. 
It is a multi-compartmental structure formed by 
thin layers of fibrous tissue with discrete fascial 
septae. Nerves are enmeshed in this tissue creating 
individual fascial compartments for each of them.11 
These compartments could potentially limit 
the circumferential spread of injected solutions, 
thereby requiring separate injections into each 
compartment for maximal nerve blockade. The 
literature evidence is conflicting whether a single 
injection into the sheath will suffice or multiple 
injections are necessary.12 Proximity to the vessel 
also increases the risk of vascular puncture. 

The subclavian artery is a useful landmark in case of 
doubt in SC region. The BP lies superoposterolateral 
to the artery just above the clavicle. The complex 
branching and unification of the roots and divisions 
also means that a given peripheral nerve has 
multiple spinal root origins. For e.g. while blocking 
of the upper trunk alone will not completely cover 
the musculocutaneous nerve which has origins in C 
5, 6 and 7, it should cover the axillary nerve which 
has fibres from C 5, 6 only. Ulnar nerve has origins 
from C 8 – T1, which means a block of lower trunk 
should suffice. A lower root origin of ulnar nerve 
also means that IS block fails to block it in 50% of 
patients.13 Nerves such as median (C6 – T1) and 
radial (C5 – T1) have wider origins and need all the 
trunks to be blocked. There is anatomical variation 
in about 12% of the patients where a given nerve 
may have a branch from a different root etc.14 This 
may lead to partially effective blocks if only selected 
branches are targeted. The type of block depends 
upon the nature of surgery (Table 1). 

Table 1: Choosing the block 

Approach Level Surgical site

Interscalene Roots / Trunks Shoulder, upper arm, 
elbow

Supraclavicular Trunks, Proximal 
divisions

Arm and forearm

Infraclavicular Cords Forearm, wrist, hand

Axillary Individual nerves Forearm, wrist, hand

A few nerves that are not part of the brachial 

plexus are important because they may not be 
covered by BP blockade.11. The SC nerves (C3- C4) 
provide sensory innervation to the “cape area” 
encompassing the shoulder. The intercostobrachial 
nerve originates from the second thoracic ventral 
rami (T2) and with the medial cutaneous nerve, 
innervates the upper inner arm. 

USG PRINCIPLES
Based on echogenicity, a structure can be 
characterized as hyperechoic (white on the 
screen), hypoechoic (gray on the screen) and 
anechoic (black on the screen).15 Proximal nerves 
are hypoechoic (dark with a white rim) round 
structures, which are similar to blood vessels but 
neither collapsible nor pulsatile. This is important 
since it is not too difficult to assume an adjacent 
blood vessel to be the nerve trunk, for e.g. BP and 
vertebral artery. Use of Doppler feature in the USG 
machines will help to identify a blood vessel when 
in doubt. Any injected local anesthetic solution 
will appear as hypoechoic shadow which expands 
during injection. If there is resistance to injection, 
it warrants withdrawal of the needle to avoid intra-
neural injection and resultant damage. This is in 
contrast to appearance of smaller and peripheral 
nerves which are predominantly bright hyperechoic 
structures with a honeycomb texture on transverse 
or cross section scan. Until one gains experience 
of the sonographic appearance and location of the 
nerve structures, it would not be unreasonable to 
use a nerve stimulator in combination with USG 
guidance. It must be noted that nerve stimulation 
in an awake patient is painful and should be 
avoided if possible. Ligaments and tendons have a 
similar appearance to distal nerves (hyperechoic, 
but do not have “honeycomb” appearance). For 
confirmation, one can trace the “target structure” 
proximally or distally in order to distinguish the 
nerve from a tendon based on anatomy (the tendon 
will be traceable to the muscle body). 

The block technique is usually described as ‘In 
plane’ or ‘out of plane’ approach. ‘In plane’ is 
where the USG beam is parallel to the needle. This 
allows visualization of the length of the needle. Out 
of plane approach is similar to transverse section 
where only a cross section of the needle is visible. 
Note that one can place the probe in such a way 
that the nerve in question is visualized in a cross 
sectional view but the needle is inserted parallel to 
the beam. The in plane terminology only applies to 
the relation of the needle to the USG beam and not 
the nerve being visualized. For all BP blocks, a linear 
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Figure 1: Formation of the brachial plexus. The approximate site 
of the block is indicated. 

[ISB Interscalene block, SCB Supraclavicular block, ICB 
Infraclavicular block, AXL Axillary block]

Figure 2: Sonoanatomy at interscalene level. Note the ‘traffic light’ 
position of the trunks (White arrows). Anterior scalene is medial to 
medial scalene muscle

Figure 3: Probe position for interscalene block. It is generally at 
the level of the cricoid cartilage. Needle is introduced from lateral 
side for in plane approach

Figure 4: Probe position for supraclavicular block. Note the change 
in orientation of probe when compared to interscalene approach

Figure 5: Sonoanatomy at the supraclavicular level. Note the 
plexus looks like a ‘bunch of grapes’ located posterolateral to the 
subclavian artery

Figure 6: Probe position for infraclavicular block. The probe 
is nearly in the sagittal plane of the body. Note the approach of 
needle from the ‘top’
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Figure 7: Sonoanatomy at the infraclavicular level. The cords are 
located at 2, 6 and 11 o’clock position

Figure 8: Probe position for axillary block. The probe is parallel 
to the axillary crease. A lateral entry of needle aids access to 
musculocutaneous nerve

Figure 9: Sonoanatomy at axillary level. The relation to axillary 
artery is maintained. Note musculocutaneous has moved much 
laterally. The honey-comb appearance of nerves is seen. Nerves 
outlined with white dots

(e.g. 38 mm) high frequency probe (8 -12 MHz) 
and a 50 mm long needle is recommended. The 
principles of patient selection are similar to other 
regional nerve blocks in terms of consent, expertise 
of the operator and duration of procedure etc. 
Similarly, the principles of probe choice, sterility 
and ergonomics should be followed. USG guided 
regional anesthesia, when employed by clinicians 
experienced in its use, may decrease the incidence 
of vascular puncture, and may therefore make 
procedures such as SC blocks safer in the presence 
of altered coagulation.16 USG guided BP block is not 
contraindicated in presence of coagulopathy. The 
benefits vs. risks of administering must be assessed 
on an individual patient basis. 

INTERSCALENE BP BLOCK
The roots of the BP are found in the IS groove 
between the anterior and middles scalene muscles 
at the level at the cricoid cartilage. The IS groove 
is located lateral to the anterior scalene muscle 
and deep to the sternocleidomastoid muscle. The 
phrenic nerve crosses the scalaneus anterior muscle 
and lies between that muscle and sternomastoid. 
Hence there is a risk of unilateral diaphragmatic 
palsy as a complication of this block if the local 
anesthetic is injected incorrectly. The incidence 
of phrenic nerve palsy with SC block was 67% 
three decades ago.17 However, recent studies put 
the incidence closer to 17%.18 The use of USG 
guidance can almost eliminate it19 which could be 
very useful should a bilateral SC block be needed.20 
Deep to the plexus at the level of the cricoid is 
the transverse process of the C6 along with the 
vertebral artery. Hence, injection of local anesthetic 
into the vertebral artery is a known complication 
leading to local anesthetic toxicity. The proximity 
to the epidural space leads to risk of intracranial 
spread of local anesthetic, if it is injected near to the 
nerve root as it is emerging from neural foramen or 
adjacent to transverse process.

Sonoanatomy:

Although the BP is typically only 12 – 20 mm (1 
to 2 cm) deep from the skin, a 50 mm needle is 
required for the in-plane approach. The nerve 
roots are visible as hypo echoic round structures 
between scalene muscles at the level of the cricoid 
cartilage. Concurrent use of nerve stimulator results 
in deltoid or biceps contraction. Contraction of 
the diaphragm indicates phrenic nerve stimulation 
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and antero-medial placement of the needle tip. 
Trapezius muscle stimulation indicates needle 
placement is too posterior. 

 Technique:

Position the patient supine with head turned 
slightly to the opposite side. Visualize the carotid 
and internal jugular vein at the level of the cricoid. 
Identify the sternomastoid muscle superficial to the 
vessels and move the probe gradually towards the 
lateral side. At this point, deep to the sternomastoid 
lies the anterior scalene muscle and the medial 
scalene muscle lateral to it. The groove lies between 
these muscles usually in line with the lateral edge 
of the sternomastoid and BP nerve roots or trunks 
are visualised in this groove. Nerves in the groove 
appear hypo echoic and round. One description 
is that of ‘traffic lights’ where the three trunks are 
seen vertically on top of each other when the probe 
is placed at right angles to their direction of descent 
(Figure 2, 3). Depending upon the position of the 
probe, one may see the branching of the trunks. 
Deeper to the nerves, one may be able to visualise 
the hypoechoic transverse process of C6 and the 
vertebral artery. Cervical transverse process appear 
as ‘U’ shaped bright structure. The vertebral artery 
is only visualised below the C6 transverse process, a 
useful landmark in identifying specific nerve roots. 
For in plane approach, insert needle from the lateral 
end of the USG probe (Figure 3). A dose of 10 –15 
ml is normally sufficient to induce complete brachial 
plexus block although the risk of involvement of 
phrenic nerve is minimized if smaller volumes of 5 
ml is used. It has been reported that 5 mL of 0.75% 
ropivacaine, or approximately 1.7  mL for each of 
the three trunks of the brachial plexus (superior, 
middle, and inferior) is sufficient to accomplish 
surgical anesthesia for shoulder surgery.21 The entire 
brachial plexus can be blocked from this position by 
slightly repositioning the needle to include the T1 
root, which forms part of the ulnar nerve and is not 
blocked by nerve stimulation guidance. A catheter 
can also be inserted into the IS space if continuous 
brachial plexus anesthesia is desired.

One can also use the Trace back approach where the 
subclavian artery is first identified above the middle 
of the clavicle in SC fossa. Deeper to the artery, the 
hyperechoic pleura and 1st rib are identified. The 
trunks and divisions of the BP are visible as a bunch 
of grapes superior and lateral to the subclavian 
artery. The probe is gradually moved upwards 
towards the IS region whilst having a continuous 
view of the nerves. 

SUPRACLAVICULAR BP BLOCK

SC block provides a rapid onset, dense and 
predictable anesthesia of the upper limb as the 
nerves are closely packed. It provides anesthesia 
and analgesia for arm and forearm surgery. The 
block is also useful for arterio-venous shunt surgery 
in patients requiring dialysis.

Sonoanatomy:
The BP and the subclavian artery lie on top of the 
first rib. The BP is located lateral and posterior to the 
subclavian artery. The subclavian vein and anterior 
scalene muscle are medial to the subclavian artery. 
The pleura is usually found 1-2 cm deep from the 
BP. This explains the instances of pneumothorax 
before the era of USG. Pneumothorax can still 
occur with use of USG if structures are not properly 
identified. Note that both the pleura and first rib 
have a hyperechoic rim. However, the pleural 
moves with breathing efforts. Rib has the anechoic 
shadow beneath it as it blocks the USG waves.

Technique:
The SC block is performed by an in-plane approach 
due to risk of pleural puncture. Position the 
patient supine with the head slightly turned to the 
contralateral side. Titling the patient to the opposite 
side with pillows under the shoulder gives more 
room to access to plexus from a lateral to medial 
direction. The probe is placed firmly over the SC 
fossa in the coronal oblique plane with the probe 
pointing caudally (Figure 4). 

The probe is gently turned and angled to obtain 
the best possible transverse view of the subclavian 
artery. The BP in the SC region appear hypoechoic 
and is posterior to the pulsatile subclavian artery 
and superior to the first rib. If necessary, the nerve 
trunks from IS groove can be followed caudad, to 
the SC region to identify the divisions of the BP as 
a ‘bunch of grapes’ appearance above and lateral to 
the subclavian artery (Figure 5). Concurrent use of 
the nerve stimulator results in biceps and triceps 
twitches or hand muscle twitches.

Observe local anesthetic spread around the plexus 
in real time during injection. Aim to deposit the 
local anesthetic initially immediately above the first 
rib and next to the subclavian artery to anesthetise 
the lower trunk. This usually lifts the BP away from 
the artery and allows circumferential spread of local 
anesthetic around the plexus. Colour Doppler use 
is encouraged to identify small vessels (SC or the 
transverse cervical artery) around the plexus which 
could be along the path of the needle and resemble 
hypoechoic nerve trunks/divisions.
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INFRACLAVICULAR APPROACH
This approach targets the cords of the BP. At the 
IC level, the cords are arranged around the axillary 
artery and named accordingly. The axillary vein lies 
medial and caudad in relation to the artery. The 
pectoralis major and minor muscles lie anterior to 
the BP and one can see the contraction of these 
muscles if a nerve stimulator is used. The pleura 
lies 0.5 –1 cm deep to the axillary artery. Hence, it 
is important to determine the skin-pleura distance 
before needle insertion and not insert the needle 
deeper than this distance. 

In 1146 cases of sonographically guided IC brachial 
plexus block, arterial puncture occurred in 8 (0.7%) 
patients. There were no reported cases of nerve 
injury, pneumothorax, or local anesthetic toxicity.22 
IC approach is unsuitable in the presence of factors 
such as pacemaker. A recent Cochrane review23 
concluded that IC approach is as safe and effective 
as any other BP blocks, regardless of whether USG or 
nerve stimulator guidance is used. The advantages 
of ICB include a lower likelihood of tourniquet 
pain during surgery, more reliable blockade of 
the musculocutaneous nerve when compared to 
a single-injection axillary block, and a significantly 
shorter block performance time compared to multi-
injection axillary and mid-humeral blocks.

Technique:

Position the patient supine with the arm to be 
blocked resting by the patient’s side. Using a 
small curved probe will provides a wider field of 
vision in comparison to a linear probe. Identify the 
coracoid process and move the probe medially in 
the parasagittal plane to obtain transverse view of 
the axillary artery and vein (Figure 6).

After identifying the coracoid process at 
infraclavicular area, identify the axillary vessels 
deep to the pectoralis muscles. Nerves in this region 
appear hyperechoic, with the lateral cord lying 
lateral and superficial to the axillary artery (9-12 
o’clock position), the posterior cord lies posterior 
to the artery (6-9 o’clock position) and the medial 
cord lies medial and caudad (3-6 o’clock position) 
(Figure 7). The posterior cord can be confused 
with acoustic enhancement from the artery. Arm 
abduction will bring the three cords more superficial 
and will enhance the nerve visualization.

An in-plane approach is recommended to visualize 
the needle shaft and tip all the times during the 
procedure. Advance the needle from the cephalad 
end of the probe below the clavicle towards the 

caudad end in plane with the probe and USG beam. 
The goal is to deposit local anesthetic posterior to 
the artery resulting in a U shaped spread around 
the artery and all three cords. A higher volume of 
20 – 25 ml is required for this block.

AXILLARY APPROACH
The axillary approach aims to block the terminal 
branches of the BP which include the median, ulnar, 
radial and musculocutaneous nerves. The median, 
ulnar and radial nerves lie next to the axillary artery 
surrounding it. The musculocutaneous nerve 
divides from the lateral cord in the proximal axilla 
and is commonly spared by the classical axillary 
approach. This will lead to ‘tourniquet pain’ if it is 
not blocked separately. 

Sonoanatomy and technique:

An in plane approach is usually used. The needle 
is inserted at a shallow angle as the branches of the 
BP in the axilla are superficial. Position the patient 
supine and abduct the arm to 90 degrees and stand 
by the side of the patient. The probe is firmly placed 
along the axillary crease to obtain the best possible 
transverse view of the axillary artery (Figure 8). 

Nerves in the axilla have mixed echogenicity and a 
honey comb appearance. The nerves are round or 
oval, and are located around to the axillary artery 
often within 1 cm from the skin surface. Concurrent 
use of nerve stimulator may be required to 
precisely locate the different branches. The triceps, 
biceps and coracobrachialis muscles surround the 
artery and the hyperechoic and bright image of 
the humerus is visible deep to the muscles. The 
hyperechoic musculocutaneous nerve lies in the 
plane between the biceps and coracobrachialis 
muscles. The location of the nerves around the 
axillary artery is quite variable. Also, the vascular 
relationships are affected by changes in arm 
position and applied external pressure during 
regional block performance. The median nerve 
often has a honey combed appearance and lies 
between the 9 -12 o’clock position. The ulnar nerve 
usually lies between the axillary artery and axillary 
vein, often underneath the vein at the 1-3 o’clock 
position [Figure 9). The radial nerve lies deep to 
the ulnar nerve, often in the 5-6 o’clock position 
and is often more difficult to locate. Alternatively 
the nerves could be traced upwards from the lower 
arm or elbow region to ensure the correct nerves 
are identified around the axially artery. 15 to 25 
ml of local anesthetic is required for the axillary 
block.
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USES OF BP BLOCKS
Apart from anesthesia and postoperative analgesia, 
USG guided BP block has been used in the 
management of upper limb ischaemia in a neonate.24 
The somatic nerves also carry the sympathetic 
fibres to the vessels in the distal upper limb, which 
leads to vasodilatation. Blaivas and Lyon used USG 
guided BP block to aid reduction of dislocated 
shoulders in Emergency department.25 

PEDIATRICS
In children, the nerves and blood vessels are usually 
more closely related leading to increased risk of 
complications. The use of USG guided blocks 
in children was first described in 2004.26 USG 
guidance has been demonstrated to improve block 
characteristics in children including shorter block 
performance time, higher success rates, shorter 
onset time, longer block duration, less volume of 
local anesthetic agents and visibility of neuraxial 
structures.27 USG guided BP block has been 
successfully used in children as young as 6 months. 
Lower volumes of local anesthetic is highly desirable 
due to weight restrictions. USG guided SC blocks 
have been shown to slightly quicker to perform 
and have a higher success rate when compared to 

the IC route.28 The complication rate with either 
route was low. Brachial plexus catheters have been 
shown to be safe in children.29 The incidence of 
complications was similar to adults with catheter 
dislodgement or occlusion accounting for 60%. 
There were no reports of persistent neurologic 
problems, serious infection or local anesthetic 
toxicity. Infection is unlikely if the catheter stays in 
for 3 days or less.

SUMMARY
In summary, USG guided BP blocks is becoming 
the standard of practice in both adults and 
children. It has been shown to be more effective, 
have less incidence of complications and is quicker 
to perform. There are different approaches to BP 
block available depending upon the need with each 
having its advantages and disadvantages. The user 
needs to be aware of pitfalls of using USG guidance 
as certain structures look very similar. 
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