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KEY POINTS

* Reasons for failure of regional anaesthesia for awake hand surgery are multifactorial and include performing an
inappropriate block, poor patient or local anaesthetic selection, and anatomical variation.

¢ A thorough discussion of the surgical plan and consideration of the involved dermatomes and osteotomes will help to
guide an appropriate choice of regional anaesthetic technique.

¢ |dentification of an incomplete block is vital and allows issues to be detected and potentially corrected preoperatively.

¢ Continuous active management of the patient is required intraoperatively to prevent and treat pain and anxiety.

INTRODUCTION

The use of regional anaesthesia for hand surgery offers several advantages over general anaesthesia including superior
analgesia, decreased opioid consumption, less postoperative nausea and vomiting, shorter postoperative nursing care time,
and expedited discharge from hospital." However, regional anaesthetic techniques can fail for several reasons. A firm
understanding of the potential causes of failure can allow anaesthetists to maximise their chances of block success and
address a partially working block rather than converting to a general anaesthetic straightaway.

This tutorial will not discuss techniques for nerve blocks to the hand. Readers are encouraged to review Anaesthesia Tutorial of
the Week 2082 for detailed anatomy and techniques to perform forearm blocks.

REVIEW OF RELEVANT ANATOMY

Cutaneous Innervation

See Table 1 for the sensory distal cutaneous branches of the median, radial, and ulnar nerves.

An online test is available for self-directed continuous medical education (CME). It is estimated to take 1 hour
to complete. Please record time spent and report this to your accrediting body if you wish to claim CME points.
A cetrtificate will be awarded upon passing the test. Please refer to the accreditation policy here.
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Median Palmar cutaneous branch

Digital cutaneous branch
Radial Superficial branch
Ulnar Palmar branch
Dorsal branch
Superficial branch

Table 1. Sensory distal cutaneous branches of the median, radial, and ulnar nerves innervating the
hand

Median Nerve

The palmar cutaneous branch of the median nerve arises approximately 5 cm proximal to the wrist crease. The median nerve
then passes under the carpal tunnel and terminates as the digital cutaneous branch. The median nerve therefore needs to be
blocked proximally to the division of the palmar branch in order to anaesthetise this area (Figure 1).

Ulnar Nerve

The dorsal and palmar cutaneous branches of the ulnar nerve arise in the forearm. The dorsal branch emerges 5 to 10 cm
proximal to the wrist crease and the palmar branch about 5 cm proximal to the wrist crease. The superficial branch arises within
the hand itself. This means that if an ulnar nerve block is performed too close to the wrist joint the dorsal and palmar cutaneous
branches may be missed (Figure 2).

Radial Nerve

The radial nerve divides in the antecubital fossa into its superficial and deep branches. The superficial branch innervates the
dorsum of the lateral 3'% digits of the hand. It can be blocked in the antecubital fossa or more distally as it joins the lateral side of
the radial artery in the forearm (Figure 3).

Muscular Innervation and Osteotomes

See Table 2 for the median, radial, and ulnar nerves that innervate the hand muscles; for those that innervate the bones of the
left hand, see Figure 4.

W Palmar cutaneous branch === Palmar cutaneous branch
W Digital cutaneous branch === Digital cutaneous branch

Figure 1. Cutaneous innervation of the median nerve and course of its sensory distal cutaneous branches.
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Palmar branch Palmar branch
B Superficial branch == Superficial branch
Dorsal branch Dorsal branch

Figure 2. Cutaneous innervation of the ulnar nerve and course of its sensory distal cutaneous branches.

M Supefrficial branch == Superficial branch

Figure 3. Cutaneous innervation of the radial nerve and course of its sensory distal cutaneous branches.

Anterior hand Posterior hand

Ulnar nerve
B Median nerve
I Radial nerve

Figure 4. Innervation of the bones of the left hand (osteotomes).
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Primary Nerve Muscles Innervated by Nerve in the Hand

Median Adductor pollicis brevis
Flexor pollicis brevis (with ulnar nerve)
Opponens pollicis
Lumbricals to index and middle fingers
Radial All extensors of the wrist, thumb, and fingers
Ulnar Flexor carpi ulnaris
Flexor digitorum profundus to ring and little finger
All intrinsic hand muscles except thenar muscles innervated by median nerve

Table 2. Innervation of the muscles within the hand

WHY REGIONAL ANAESTHETIC BLOCKS FAIL

Patient Factors

For some patients a regional anaesthetic technique may not be appropriate. Language barriers may increase the degree of
difficulty when performing regional anaesthesia and also limit effective communication when testing the effect of the block pre-
and intraoperatively.® Some patients are resistant to local anaesthetics. This can be due to multi-systemic disorders such as
Ehlers-Danlos syndrome, where the mechanisms that cause this resistance are poorly understood, or due to channelopathies
with genetic variations in voltage-gated sodium channels. Evidence of local anaesthetic resistance should be elicited from the
patient’s history.

Comorbidities such as obesity, arthritides, and diabetes may affect positioning, access, and nerve location and identification.*
Whilst these factors may make success less likely, they do not prohibit attempting a regional technique and in some situations
an awake regional technique may still be favoured to avoid the risk of general anaesthesia in high-risk patients. Awake surgery
can be stressful and cause significant anxiety to some patients. Anxiety in patients having surgery has a prevalence of up to
80%.° Patients are exposed to unaccustomed sounds, smells and surroundings of the operating room. This anxiety may affect
the patient’s ability to cooperate and increase the incidence of restlessness perioperatively. Whilst in most cases this anxiety
can be managed with communication and/or conscious sedation, there are some patients who remain adamant they do not
want a regional anaesthetic: convincing them otherwise can lead to a more challenging and less successful regional
anaesthetic.

Experience of the Operator

Regional anaesthesia is a practical skill and success will vary depending on the individual clinician’s skills, the number of cases
they have performed and the teaching they have been exposed to. Success rates will also depend on their chosen technique.
When ultrasound is used rather than landmark or nerve stimulation techniques, direct visualisation of the nerves and
distribution of local anaesthetic can increase success rates, improve the quality, and minimise complications of the block.

Inappropriate Block

For hand surgery, nerves can be blocked proximally at the level of the brachial plexus or more distally at the elbow, forearm,
wrist, or base of the digits. When considering which regional anaesthetic technique to perform it is vital to have an in-depth
discussion with the surgeon regarding the procedure to be performed, the incision site and the use of a tourniquet. This will
allow consideration of which dermatomes and osteotomes will be involved surgically (Figures 1-4) and the appropriate regional
technique to use. The median, ulnar, and radial nerves provide the cutaneous supply to the hand (Figure 1-3). When
considering which nerves to anaesthetise, and where to block them, it is important to consider the distal cutaneous branches
and where they branch from so that branches are not missed (Table 1).

The axillary, infraclavicular, and supraclavicular approaches to the proximal brachial plexus are commonly used and all 3
approaches have a similar quality of surgical anaesthesia for operations below the shoulder.® While the supraclavicular and
infraclavicular approaches provide better tourniquet tolerance,” the axillary block is popular for hand surgery as it is associated
with fewer serious complications such as phrenic nerve palsy and pneumothorax. The supraclavicular block has a slower rate
of onset of ulnar blockade and a higher degree of ulnar sparing.® Therefore, this block is the least preferable of the proximal
brachial plexus approaches if the surgery requires ulnar blockade (Figure 2).

It is also important to consider the duration of surgery as the patient may not tolerate being in the same position for a long period
of time despite having a good working block.
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Tourniquet Use

Patients are usually able to tolerate a tourniquet on the arm without anaesthesia for a maximum of 20 minutes.® If the tourniquet
use is expected to be longer, proximal brachial plexus blocks, and not distal nerve blocks, should be used to cover the
tourniquet discomfort. Take note, an effective peripheral nerve block will help with tourniquet discomfort due to local pressure
effects but will not help tourniquet pain due to ischaemia. If performing an axillary brachial plexus block, the musculocutaneous
nerve must also be blocked to cover tourniquet pain. An intercostobrachial nerve block (which is never covered in any brachial
plexus block) can be additionally used but will only alleviate the pressure discomfort resulting from an upper-arm tourniquet, it
will not block the ischaemic component that causes tourniquet pain."°

If the surgical team is planning to use a wrist tourniquet, this causes less muscle ischaemia and pain, so can be tolerated
without anaesthesia for approximately 120 minutes.® When an arm tourniquet is not required, more distal regional blocks can
be used. This has the advantage of causing less extensive motor blockade for the patient postoperatively.

Anatomical Variation

The path and area of innervation of peripheral nerves can be variable in different patients.* The overlap of innervation means
that depending on the location of surgery, it can be unwise to rely on the block of a single nerve and doing this may mean that
the regional technique is less likely to succeed. It is advisable to block all nerves that could be involved.

Selection of Local Anaesthetic

The choice of local anaesthetic is guided by safety profile, speed of onset, and duration of action.!” The commonly used local
anaesthetic agents and their properties are listed below (Table 3).° If a local anaesthetic with a slower onset time is used, allow
sufficient time before testing for the anaesthetic effect, otherwise it may appear that the regional block has not worked if tested
prematurely.

TROUBLESHOOTING ISSUES: WHAT TO DO IF A BLOCK FAILS

An incomplete block can range from one that fails completely to one that is not dense enough or one where a segment of
innervation is missed. A thorough assessment should always be carried out. The effect of regional blockade can be assessed
using light touch, pain, motor block, or cold sensation (Table 4). In our institution we routinely use motor movements and cold
spray to test the motor and sensory block.

Preoperative Troubleshooting
Allow More Time

If the patient has started to feel a pins and needles sensation in the required area but the block is not sufficiently dense, try
allowing more time for the block to develop. The onset of anaesthesia in isolated nerves slows with increasing LA lipid solubility
and increasing pKa. There are no set recommendations of how long to wait before testing each block. In our institution we aim
to wait approximately 20 minutes before testing. If the local anaesthetic is deposited further away from the nerve then it will be
affected by the vascularity of surrounding tissue and fascial layers and will be absorbed by fat. Therefore, more time may be
needed before the block has a full anaesthetic effect.

Top Up With More Distal Blocks

If a proximal brachial plexus block has been performed, one of the nerves within the plexus may not be blocked with local
anaesthetic sufficiently, meaning that one or more distal nerves may be spared. This is particularly true of a supraclavicular
block where the ulnar territory can be missed. It is important to ascertain if the missed area is required for the surgery as it may
be possible to proceed with a missed segment. However, if the missed nerve territory needs to be blocked, this may be
achieved by topping up with a distal nerve block.

Onset, min Anaesthesia, h Analgesia, h
2% Lidocaine 10-20 2-5 3-8
0.5% Ropivacaine 15-30 4-8 5-12
0.5% Bupivacaine 15-30 5-15 6-30

Table 3. Commonly used local anaesthetic agents and their onset, duration of anaesthesia, and
duration of analgesia
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Median Thenar eminence Wrist flexion
Ulnar Hypothenar eminence Finger abduction
Radial Dorsal surface of hand Wrist extension

Table 4. Sensory area and motor movement used to test a median, ulnar, and radial nerve block
after regional anaesthetic

Intraoperative Troubleshooting

If the patient starts to experience pain intraoperatively, it is important to clarify whether the source of the pain is the surgical site,
the tourniquet, or due to uncomfortable positioning on the operative table.

Local Anaesthetic Supplementation by Surgeons

After testing the regional block, it is possible to have an incomplete block. This is where the patient has some numbness in the
area of nerve distribution that is not adequate for the incision, so the patient will experience some surgical site sensation. As an
alternative to further regional anaesthetic, surgeons can infiltrate the surgical site with a fast-acting local anaesthetic. It is
important to ensure that the toxic dose of local anaesthetic is not exceeded with the combined use of local infiltration and the
initial regional blockade (Table 5).

Distraction Techniques

Awake surgery can be stressful and cause significant anxiety to some patients. Patients are exposed to unaccustomed sounds,
smells, and surroundings of the operating room. This anxiety may hamper the success of a regional block and should be
minimised. A screen should always be used so that the patient is unable to see the surgical procedure. Distraction techniques
such as engaging patients in conversation and using audio-visual headsets can significantly decrease the level of anxiety and
allow the procedure to continue.'?

Sedation

Sedation should only be used to cover anxiety, tourniquet discomfort or positional discomfort, not to overcome pain or an
inadequate block.* Commonly used sedative agents include intravenous midazolam or propofol. Propofol sedation can be
administered using continuous target control infusion, which uses pharmacokinetic models to deliver a variable rate of propofol
in order to obtain and maintain a specified effect site drug concentration, patient controlled sedation (PCS), where the patient
can deliver themselves boluses of propofol using a handheld trigger, or patient-maintained sedation (PMS), which involves a
TCI system where the effect site concentration is influenced by the patient using a handheld trigger.'®

Managing Tourniquet Pain

Patients may start to experience positional or tourniquet pain as the procedure continues despite a working block. Tourniquet
pain is related to the duration of inflation and is caused by noxious stimuli from ischaemia and compression.™ Depending on
the stage of the procedure, the surgical team may be able to deflate the tourniquet to allow perfusion to the limb. In a long
procedure, intermittent tourniquet deflations may be discussed with the surgical team preoperatively. If deflation is not possible
then systemic analgesia or sedation could be used as a temporary measure. This should only be used for a short time as this
may not be effective and make the patient less compliant to commands. If this does not work a general anaesthetic may then be
required.

Lidocaine 3 7
Ropivacaine 3 3
Bupivacaine 2 2

Table 5. Toxic doses of commonly used local anaesthetic drugs with and without adrenaline
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Conversion to a General Anaesthetic

If attempts to salvage a partially working regional block have not been successful, struggling with an inadequate regional
technique can cause anxiety or trauma to the patient. In this situation a general anaesthetic should always be offered. Aimost
always the regional technique will allow for the depth of general anaesthetic to be reduced and provide a reduction in
postoperative pain and morphine consumption.*

SUMMARY

When performing regional anaesthesia for awake hand surgery ultrasound-guided techniques are advised as this has
been shown to improve success rates and decrease complications. A thorough discussion with the surgical team
preoperatively about the surgical procedure and tourniquet use will help to ensure that the correct regional technique
is performed. Allow sufficient time for the block to take full effect before testing for surgical readiness. If a block is
incomplete, supplement with distal nerve blocks if the missed area is necessary for surgery. Intraoperatively, local
anaesthetic supplementation can be useful if pain is experienced during the surgical incision. If pain develops as the
surgery continues, systemic analgesia, sedation, distraction techniques, or tourniquet deflation may help. However, a
general anaesthetic should always be offered if the patient is experiencing surgical pain or anxiety despite
troubleshooting techniques.
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WFSA Disclaimer

The material and content provided has been set out in good faith for information and educational purposes only and is not intended as a
substitute for the active involvement and judgement of appropriate professional medical and technical personnel. Neither we, the authors, nor
other parties involved in its production make any representations or give any warranties with respect to its accuracy, applicability, or com-
pleteness nor is any responsibility accepted for any adverse effects arising as a result of your reading or viewing this material and content. Any
and all liability directly or indirectly arising from the use of this material and content is disclaimed without reservation.
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