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ABSTRACT

Ultrasound guided nerve block is now becoming the standard practice in regional anaesthesia and has
been shown to require less volume of local anaesthetic and reduce the incidence of complications.
Median, ulnar and radial nerves are the main peripheral branches of the brachial plexus. Selective blocking
of these nerves allows targeted approach and retention of motor power in postoperative period. The
nerves can be blocked at multiple levels in upper limb. 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 offers
several advantages over traditional methods of
analgesia."? Ultrasound guided (USG) regional
nerve blocks is safe and requires smaller volumes
of local anesthetic allowing the practitioner to
target specific nerves when required.>* When
compared to nerve stimulation technique, USG
blocks are more effective, cause less pain during the
procedure (in awake patients) and have reduced
rate of vascular puncture.® This article focuses on
USG upper limb peripheral nerve blocks (ULPNB),
relevant sonoanatomy, technique, tips and recent
advances. It will not cover the pharmacological
aspects in terms of drug choice and adjuvants. USG
blocks of brachial plexus is addressed elsewhere in
this issue.

ULPNB better preserve motor function without
negatively affecting quality of anesthesia, leading
to increased patient satisfaction, when compared
to brachial plexus block.® Indications of ULPNB
include anesthesia or analgesia below elbow, and
rescue after an inadequately effective brachial
plexus block. Many procedures of upper limb may
need tourniquet. It is important to remember that
ULPNB alone will not cover the tourniquet pain and
brachial plexus block will need to be considered.
A combination technique of brachial plexus motor
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block using a short acting higher concentration local
anesthetic and ULPNB using dilute concentration
of long acting agents allows reducing the
duration of motor block and prolonging analgesia
postoperatively.”

ANATOMY

The three main peripheral branches of the
brachial plexus are the median nerve, radial nerve
and the ulnar nerve. In 1999, it was shown that
ultrasonography using a 7.5 MHz probe allowed
reliable imaging of the majorarm nerves.® The upper
limb main peripheral nerves were about 3 mm thick
and the size did not correlate with subjects’ height,
weight or age assuring consistency of the nerve
thickness. Arterial variants immediately adjacent to
the median nerve may occur in approximately 1 in
5 limbs, which can potentially influence the block
technique and outcome.” Although pregnancy
increases median nerve susceptibility to lidocaine,
the volume of local anesthetic required may not be
significantly lowered."’

Moldovan et al found that lignocaine induced
median nerve block caused a transient conduction
failure that recovered completely by 3 h, whereas
excitability recovered fully by 24 h.'* The seven fold
increase in threshold after complete recovery of
conduction was associated with excitability changes
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that could only partially be explained by block of
the voltage-gated Na+ channel. The data suggest
that lignocaine, even at clinical ’sub-blocking’
concentrations, could cause a reversible structural
impairment of the axolemma. As the incidence of
symptomatic long term neurological damage is
low, the significance of these findings is not clear.
A median nerve block can also cause reduced force
production by those muscles not supplied by it
indicating that the block can ‘spill’ over to the areas
of other peripheral nerves leading to blocking of
those segments as well.'?

ULTRASOUND 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).” Upper limb peripheral
nerves appear as bright hyperechoic structures with
a honeycomb texture on transverse or cross section
scan. The blood vessels are hypoechoic similar to
any injected local anesthetic solution. However,
the latter shadow expands during injection. The
peripheral nerves of upper limb are in close
proximity to major blood vessels at some points. Use
of Doppler feature in the USG machines will help
to identify a blood vessel when in doubt. If there
is resistance to injection, it warrants withdrawal
of the needle to avoid intra-neural injection and
potential damage. 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.
Nerve stimulation technique to block median nerve
was not observed to prevent intraneural injection.
However, it did not necessarily translate to an
increased incidence of observed nerve injuries.'

Ligaments and tendons appear hyperechoic similar
to distal nerves but do not have the “honeycomb”
pattern. 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). For e.g., multiple round fibrinous
structures are identified superficial to the carpal
bones representing the tendons and median nerve
in the carpal tunnel. Fanning or rocking the probe
will change the appearance of these structures
from hypo-echoic to hyper-echoic. This effect is
term ‘anisotropy’ and is more apparent in tendons
than in nerves. The median nerve is identified by
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its less dramatic anisotropy and lack of movement
with flexion and extension of the digits.

¢

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 ULPNB blocks,
a linear (e.g. 38 mm) high frequency probe [8 -12
MHz] and a 50 mm long needle is recommended.
Although the nerves are located close to the skin
for most part, a longer needle is required for an in-
plane approach. 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 regional anesthesia, when employed by
clinicians experienced in its use, may decrease the
incidence of vascular puncture, and may therefore
make procedures safer in the presence of altered
coagulation.” The benefits vs. risks of administering
must be assessed on an individual patient basis.
Volar aspect compartment syndrome has been
reported after median nerve block in a patient who
was systemically anticoagulated but the block was
not conducted under ultrasound guidance.

Marhofer et al evaluated the correlation of spread
of local anesthetic and effectiveness in a volunteer
study involving USG median nerve block.”
Complete circumferential spread of local anesthetic
was achieved in two thirds of subjects where it was
intended and in a third where it was not. Block
success rate was similar at 90% and independent
of whether circumferential or non-circumferential
spread of the local anesthetic was achieved. Hence,
a circumferential injection of local anesthetic is not
essential for ULPNB. However, the onset of sensory
block was faster with circumferential spread of local
anesthetic. Hydrodissection is a technique where a
small volume of liquid is used to separate the nerve
if it lying too close to a vital structure. Median
nerve block effectiveness was not reduced when
circumferential perineural hydrodissection with
5% dextrose preceeded local anesthetic injection
during USG procedure.'®
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Figure 1: Median nerve at the level of elbow medial to the brachial
artery.

MEDIAN NERVE

The median nerve is a mixed sensory and motor
nerve that is formed from the medial and lateral
cords of the brachial plexus. It travels in a
neurovascular bundle in the upper arm and lies
medial to the brachial artery as it passes through
the cubital fossa in the elbow and where it can be
blocked. Distal to the elbow, the median nerve
gives off the anterior interosseous nerve, which
supplies the deep volar muscles of the forearm.
Blocking the median nerve at the elbow leads
to greater paralysis without greater distribution
of anesthesia. In the forearm, the nerve is found
between the muscle bodies of the flexor digitorum
superficialis and flexor digitorum profundus before
passing through the carpal tunnel in the wrist. Its
motor branches supply the deep volar muscles
in the forearm and thenar eminence of the hand.
Its sensory distribution is limited to the lateral
two thirds of the palm on ventral surface. Median
nerve blockade is useful for procedures involving
the anterolateral surface of the hand, including the
thumb through middle finger.

Sono-anatomy and technique

The block can be done at the antecubital fossa
or the anterior aspect of the mid forearm. The
brachial artery is the landmark for median nerve
blockade at the antecubital fossa (Figure 1). The
nerve is visualised medial to the artery. The block
can be performed with an out of plane approach.
With the arm extended and externally rotated,
the probe is placed transversely over the brachial
artery pulse. Once the brachial artery is identified,
depth is adjusted to visualize the area just deeper
to the artery. The brachial vein location in relation
to the artery may vary and a tourniquet will aid in
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Figure 2: Median nerve at the level of forearm between the
two muscle bellies. The small arrows indicate the fascial plane
separating the two muscles

identifying it. 3 - 4 ml of local anesthetic is usually
sufficient.

Lower down in the forearm, the median nerve
appears as an oval or circular structure between
the flexor digitalis superficial and flexor digitalis
profundus muscles (Figure 2). Its classic
honeycomb appearance should stand out against
the surrounding hypoechoic muscle. If the nerve
is difficult to identify, it may be traced from the
carpal tunnel. The median nerve will persist when
followed, unlike the tendons on the carpal tunnel,
which will transition into muscle bodies.

At the level of wrist, the carpal tunnel is seen
beneath flexor retinaculum, but the tendons being
highly anisotropic are not clearly visible.” The
ulnar nerve and artery lie outside and medial to
the carpel tunnel. As with the landmark based
technique, the median nerve can be blocked in
the carpal tunnel. This site has the same sensory
distribution, but spares paralyzing the forearm
muscles. Given the very superficial lie of the
median nerve in the carpal tunnel, an out of plane
approach is generally preferred. Use of a small
volume of local anesthetic is important to negate
the theoretical risk of compartment syndrome.

ULNAR NERVE BLOCK

The ulnar nerve originates from the C8-T1 nerve
roots, which form part of the medial cord of the
brachial plexus. It is a mixed sensory and motor
nerve providing sensory innervation to the
medial aspect of the hand. It descends on the
posteromedial aspect of the humerus and enters
the flexor compartment of the forearm by passing
between the olecranon and medial epicondyle of
the humerus (“cubital tunnel”) and through the
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Figure 3: Ulnar nerve at the forearm level medial to the ulnar
artery.

two heads of the flexor carpi ulnaris. The nerve
then travels near the ulnar bone and medial to
the ulnar artery in the distal forearm. About 5 to
10 cm proximal to the wrist, dorsal and palmar
cutaneous branches split and provide innervation
to the medial aspect of the hand. Artery and nerve
are found deep to the tendon of the flexor carpi
ulnaris and enter the palm superficial to the flexor
retinaculum, via the ulnar canal.

Sonoanatomy and technique

The ulnar nerve can be blocked proximal to or at
the level of elbow, the mid forearm or the wrist.
The nerve is easily located in the groove between
the olecranon and the medial epicondyle. The
probe orientation should be transverse and
needle orientation in-plane. However, as the ulnar
nerve can be compressed in the poorly compliant
cubital tunnel by large volumes of local anesthetic,
injections at this site should be limited to 3-5 ml
to minimize the risk of a compartment syndrome.
There have been no reports of ulnar nerve injury
attributable to USG block at this site. With an
overall very low incidence of 0.037%, ulnar nerve
is still the most common peripheral nerve injured
perioperatively due to external pressure.? If a
nerve block is performed at this site in a patient
undergoing a procedure under general anesthesia,
it may be difficult to argue that the nerve block
did not contribute to injury. To avoid this risk
completely, the ulnar nerve can be blocked several
centimetres above the elbow. The nerve is identified
in the cubital tunnel and traced proximally into the
distal or mid-upper arm. At this site the nerve is
superficial and surrounded by soft tissue.

Another convenient area for blockade of the ulnar
nerve is the mid-forearm (Figure 3). This location
combines the ease of visualization, ability to block
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all terminal branches and minimal potential for
vascular injury. One can trace the ulnar artery
proximally until the nerve becomes visible in the
mid-forearm located medial to the vessel. Blockade
at this level may also improve chances of providing
anesthesia of the dorsal and volar sensory branches
of the ulnar nerve, which branch out about 5 cm
above the wrist.

In the wrist, the hyperechoic appearing ulnar nerve
continues to be medial to the artery between the
vessel and the flexor carpi ulnaris at the level of
the proximal volar skin crease. This approach can
spare the dorsal and volar sensory branches of the
ulnar nerve. A superficial ulnar artery may join the
ulnar nerve as distal as the wrist and complicate
anatomical orientation. The nerve is blocked with
an out of plane approach usually with 3 - 4 ml of
the local anesthetic.

RADIAL NERVE BLOCK

The radial nerve is a mixed sensory and motor
nerve that arises from the posterior cord of the
brachial plexus. It travels in the spiral groove of the
humerus in the upper arm and descends anterior
to the lateral epicondyle in the elbow. At the
elbow it divides into the superficial branch, which
provides cutaneous innervation to part of the hand,
and the deep branch, which innervates the dorsal
compartment of the forearm. The superficial branch
travels with the radial artery in the mid-forearm, but
divides away from the artery in the distal forearm as
it separates into smaller cutaneous branches.

Sono-anatomy and technique

Radial nerve location was assessed in 50 adult
volunteers using ultrasound guidance.?! Three
pointswere defined: A, midway between the anterior
process of the acromion and lateral epicondyle of
the humerus; B, one third of the distance between
A and the lateral epicondyle; C, two thirds of the
distance between A and the lateral epicondyle At
point B, the radial nerve lay in the spiral groove of
the humerus, closely associated with the profunda
brachii artery and vein. At point C, the nerve had
passed through the lateral intermuscular septum
and lay between brachioradialis and brachialis
muscles. In 99% of arms, the radial nerve was
not visible at point A, but became visible between
points A and B in 93% of arms. The depth at point
B was significantly less (about 1.2 cm) than at point
C (about 1.7 cm) (Figure 4). Not surprisingly, the
depth of the nerve positively correlated with body
mass index and with arm circumference. The radial
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Figure 4: Radial nerve above the elbow. Note the proximity to the
humerus. Triceps is on the top as it is the structure closest to the
probe when it is positioned from behind the arm.

nerve was oval-shaped atbothsites. Itwas concluded
that Points B and C may represent convenient sites
for ultrasound-guided radial-nerve block where the
nerve is clearly visualized and has not yet divided
into superficial and deep branches. Point C may
be the optimal site for radial-nerve block because
of the smaller risk of vessel puncture. Blocking
the nerve more proximal (level of upper or mid-
humerus) assures a larger area of anesthesia.

At the elbow, the radial nerve lies between the
brachialis and brachioradialis muscles, above the
lateral epicondyle, 1 to 2 cm lateral to the biceps
tendon, which is a landmark. The radial nerve
block at this level provides sensory anesthesia to
the dorsolateral aspect of the hand (thumb, index,
middle, and lateral half of the ring finger) up to the
distal interphalangeal joint. The brachial artery is
medial to the nerve at the cubital fossa. The radial
nerve can also be found sonographically at the level
of mid forearm by tracing the radial artery from
distal to proximal where the cutaneous branches of
the radial nerve unite lateral to the artery.

OTHER USES OF PNB IN UPPER LIMB

Apart from anesthesia and postoperative analgesia,
ultrasound-guided ulnar nerve catheter placement
has been reported in the forearm for post-operative
pain relief following arthrolysis and tenolysis of
the fifth finger. The ulnar nerve catheter allowed
for excellent pain relief and completely painless
physiotherapy without impairing motor function of
the operated finger.?> USG median nerve perineural
catheter placement and local anesthetic infusion for
11 days has been reported to successfully facilitate
intensive hand rehabilitation in a patient with
chronic postoperative hand pain unresponsive
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to systemic opioids.?* Median nerve catheter in
combination with infraclavicular block has also been
used for hand rehabilitation.?* Ultrasound was used
in that patient to locate the median nerve at the
mid-forearm level. This site was chosen to ensure
that the catheter would be placed adequately distal
to the branching point of the anterior interosseous
nerve to minimize potential motor blockade due
to retrograde flow of local anesthetic. USG median
nerve block increases the velocity of blood flow in
radial artery but not the diameter.?> In that study,
the authors found that the radial artery cannulation
was painless and the guidewire insertion met with
some more resistance than usual, presumably
relating to high blood flow velocity. Dermatologists
also use peripheral nerve blocks to excise simple
lesions.2¢

Median and ulnar nerve block anesthesia at the
wrist for prevention of procedural pain associated
with injections into the palmar hand for trigger
finger, palmar flexor tenosynovitis, and Dupuytren
contracture was associated with 56% reduction in
pain and increased patient satisfaction.”” It has
been shown that attending physicians, fellows, and
residents in an Emergency department can perform
forearm ultrasonography-guided nerve blocks
of the radial, ulnar, and median nerves quickly,
without additional anesthesia and with high patient
satisfaction, after minimal training.”® They were
done to provide anesthesia for hand procedures in
Emergency department. Peripheral nerve block has
been used in botulinum toxin treatment for palmar
plantar hyperhidrosis.”

PEDIATRICS

In a prospective non blinded descriptive study
of ultrasound-guided ulnar, median, and radial
nerve blocks in a convenience sample of pediatric
patients with hand injuries requiring procedural
intervention, itwas found thatthe time to completion
of nerve blocks was less than two minutes in the
majority.® No immediate complications, including
vascular puncture, carpal tunnel injury, or direct
nerve injection, were noted. At 1l-year follow-up,
no adverse effects were reported.

FUTURE POSSIBILITIES

Three-dimensional, multiplanar ultrasound is
already in use in obstetrics. In the near future, real-
time 3 D ultrasound has the potential to improve
nerve identification and accuracy of needle
placement in regional anesthesia.!
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SUMMARY
In summary, USG ULPNB 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 ULPNB
block available depending upon the need with each
having its advantages and disadvantages. The user
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My most memorable patient
The Husband and Wife

Prof. Khalid Al-Jubeir, Consulting Cardiovascular Surgeon

Once | operated on a two and a half year old child. It was Tuesday, and on Wednesday the child was in good health. On Thursday at 11:15 am — and I'll never forget the time
because of the shock | experienced — one of the nurses informed me that the heart and breathing of the child had stopped. | hurried to the child and performed cardiac massage for
45 minutes and during that entire time the heart would not work.

Then, Allah decreed for the heart to resume function and we thanked Him. | went to inform the child’s family about his condition. As you know, it is very difficult to inform the patient’s
family about his condition when it’s bad. This is one of the most difficult situations a doctor is subjected to but it is necessary. So | looked for the child’s father whom | couldn't find.
Then | found his mother. | told her that the child’s cardiac arrest was due to bleeding in his throat; we don’t know the cause of this bleeding and fear that his brain is dead. So how
do you think she responded? Did she cry? Did she blame me? No, nothing of the sort. Instead, she said “Alhamdulillah” (All Praise is due to Allah) and left me.

After 10 days, the child started moving. We thanked Allah and were happy that his brain condition was reasonable. After 12 days, the heart stopped again because of the same
bleeding. We performed another cardiac massage for 45 minutes but this time his heart didn’t respond. | told his mother that there was no hope. So she said: “Alhamdulillah. O Allah,
if there is good in his recovery, then cure him, O my Lord.”

With the grace of Allah, his heart started functioning again. He suffered six similar cardiac arrests till a trachea specialist was able to stop the bleeding and the heart started working
properly. Now, three and a half months had passed and the child was recovering but did not move. Then just as he started moving, he was afflicted with a very large and strange
pus-filled abscess in his head, the likes of which | had never seen. | informed his mother of the serious development. She said “Alhamdulillah” and left me.

We immediately turned him over to the surgical unit that deals with the brain and nervous system and they took over his treatment. Three weeks later, the boy recovered from this
abscess but was still not moving. Two weeks pass and he suffers from a strange blood poisoning and his temperature reaches 41.2° C (106° F). | again informed his mother of the
serious development and she said with patience and certainty: “Alhamdulillah. O Allah, if there is good in his recovery, then cure him.”

After seeing his mother who was with her child at Bed#5, | went to see another child at Bed #6. | found that child’s mother crying and screaming, “Doctor! Doctor! Do something!
The boy’s temperature reached 37.6°C (99.68°F)! He’s going to die! He’s going to die!” | said with surprise, “Look at the mother of that child in Bed #5. Her child’s fever is over
41°C (106°F), yet she is patient and praises Allah.” So she replied: “That woman isn’t conscious and has no senses”. At that point, | remembered the great Hadith of the Prophet
(Sallallaahu Alaihi Wa Sallam): “Blessed are the strangers.” Just two words... but indeed two words that shake a nation! In 23 years of hospital service, | have never seen the likes
of this patient sister.

We continued to care for him. Now, six and a half months have passed and the boy finally came out of the recovery unit - not talking, not seeing, not hearing, not moving, not smiling,
and with an open chest in which you can see his beating heart. The mother changed the dressing regularly and remained patient and hopeful. Do you know what happened after
that? Before | inform you, what do you think are the prospects of a child who has passed through all these dangers, agonies, and diseases? And what do you expect this patient
mother to do whose child is at the brink of the grave and who is unable to do anything except supplicate and beseech Allah? Do you know what happened two and a half months
later? The boy was completely cured by the mercy of Allah and as a reward for this pious mother. He now races his mother with his feet as if nothing happened and he became
sound and healthy as he was before.

The story doesn’t end here. This is not what moved me and brought tears to my eyes. What filled my eyes with tears is what follows:

One and a half years after the child left the hospital, one of the brothers from the Operations Unit informed me that a man, his wife and two children wanted to see me. | asked who
they were and he replied that he didn’t know them. So | went to see them, and | found the parents of the same child whom | operated upon. He was now five years old and like a
flower in good health — as if nothing happened to him. With them also was a four-month old newborn. | welcomed them kindly and then jokingly asked the father whether the newborn
was the 13th or 14th child. He looked at me with an astonishing smile as if he pitied me. He then said, “This is the second child, and the child upon whom you operated is our first
born, bestowed upon us after 17 years of infertility. And after being granted that child, he was afflicted with the conditions that you've seen.”

At hearing this, | couldn’t control myself and my eyes filled with tears. | then involuntarily grabbed the man by the arm, and pulling him to my room, asked him about his wife: “Who
is this wife of yours who after 17 years of infertility has this much patience with all the fatal conditions that afflict her first born?! Her heart cannot be barren! It must be fertile with
Emaan!” Do you know what he said? Listen carefully my dear brothers and sisters. He said, “| was married to this woman for 19 years and for all these years she has never missed
the [late] night prayers except due to an authorized excuse. | have never witnessed her backbiting, gossiping, or lying. Whenever | leave home or return, she opens the door,
supplicates for me, and receives me hospitably. And in everything she does, she demonstrates the utmost love, care, courtesy, and compassion.” The man completed by saying,
“Indeed, doctor, because of all the noble manners and affection with which she treats me, 'm shy to lift up my eyes and look at her. So | said to him: “And the likes of her truly
deserve that from you.”

The End...

Allah says: And We will surely test you with something of fear and hunger and a loss of wealth and lives and fruits, but give good tidings to the patient; Who, when calamity strikes
them, say, “Indeed we belong to Allah, and indeed to HIM we will return.” Those are the ones upon whom are blessings from their Lord and mercy. And it is those who are the
[rightly] guided. (Surah Al-Bagarah 155-157)

Umm Salamah (the wife of the Prophet) said: | heard the Messenger of Allah (Sallallaahu Alaihi Wa Sallam) saying: “There is no Muslim who is stricken by a calamity and says
what Allah has commanded him - ‘Indeed we belong to Allah, and indeed to Him we will return; O Allah, reward me for my affliction and compensate me with that which is

better — except that Allah will grant him something better in exchange.” When Abu Salamah [her former husband] passed away, | said to myself: “What Muslim is better than Abu
Salamah?” | then said the words, and Allah gave me the Messenger of Allah (Sallallaahu Alaihi Wa Sallam) in exchange. (Sahih Muslim)
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