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Highlights

(« In the realm of forearm, wrist, and hand surgeries, ultrasound-guided forearm selective nerve block techniques )
offer distinct advantages over alternative methods such as Bier’s block, brachial plexus block, and wrist block.
These advantages include reduced anesthesia-related time, prolonged duration of analgesia, and minimal inter-
ference with upper extremity motor function.

« Ultrasound-guided forearm selective nerve block stands as a straightforward and conducive anesthesia method
ideally suited for distal upper limb surgeries. This approach harmonizes seamlessly with the principles of fast
surgical recovery and enhances patient comfort during both diagnostic and therapeutic procedures.

* Supplementation of dexmedetomidine or dexamethasone in ultrasound-guided selective nerve blocks of the

\forearm has been shown to significantly prolong the duration of analgesia.

Abstract

Objective: In light of the advancement of modern medicine, anesthesiologists and surgeons are increasingly prior-
itizing patient comfort in diagnostic and therapeutic procedures. A growing body of research revolves around the
utilization of ultrasound-guided forearm selective nerve blocks for surgeries involving the distal upper limb. This
review aims to provide an overview of regional anesthesia techniques in forearm, hand, and wrist surgeries, laying
a theoretical foundation for the prospects of ultrasound-guided forearm selective nerve blocks in optimizing com-
fort during diagnostic and therapeutic procedures. Methods: A retrospective review of literature sourced from the
PubMed database was conducted to comprehensively evaluate and elucidate the advantages and drawbacks of
ultrasound-guided forearm selective nerve blocks, brachial plexus blocks, Bier blocks, and wrist blocks. Addition-
ally, a summary was provided regarding the selection of local anesthetics for ultrasound-guided forearm selective
nerve blocks. Results: Overall, ultrasound-guided forearm selective nerve block techniques exhibit several advan-
tages over Bier’s block, brachial plexus block, and wrist block for the majority of forearm, wrist, and hand surger-
ies. These advantages include reduced anesthesia-related time, prolonged duration of analgesia, and minimal im-
pairment of upper extremity motor function. Consequently, these techniques enhance surgical safety and facilitate
postoperative recovery. Furthermore, the addition of dexmedetomidine or dexamethasone to ultrasound-guided
selective nerve blocks of the forearm could extend the duration of analgesia. Conclusion: Ultrasound-guided fore-
arm selective nerve block is a straightforward and conducive anesthesia method for distal upper limb surgeries,
aligning with the principles of fast surgical recovery and enhanced patient comfort during diagnostic and thera-
peutic procedures. Given its manifold benefits, widespread promotion and adoption of this technique in clinical
practice are warranted.
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Introduction

In the early stages of anesthesia development,
even routine upper limb surgeries required
general anesthesia. However, perioperative
pain management for upper limb procedures
has undergone a paradigm shift, with regional
anesthesia now assuming a pivotal role and
often preferred over general anesthesia [1,
2]. Various regional anesthesia techniques,
such as Bier block, brachial plexus block, and
wrist block, have been widely employed in sur-
geries involving the forearm, hand, and wrist.
However, each method carries its own set of
drawbacks: Bier block often results in postoper-
ative tourniquet pain; brachial plexus block may
induce prolonged motor paralysis leading to the
phenomenon of “dead arm”; wrist block often
entails multiple puncture attempts. Therefore,
there has been a collective call within the field
to identify an anesthesia approach that offers
precise analgesia without compromising post-
operative upper limb motor function. Within this
context, ultrasound-guided forearm selective
nerve block has emerged as a viable option.
This article will chronologically review and com-
pare anesthesia methods for forearm, hand,
and wrist surgeries, aiming to provide valuable
insights and guidance for future clinical anes-
thesia work. (Figure 1)

Traditional regional anesthesia techniques for
forearm, hand, and wrist surgeries

Bier block

In 1908, German surgeon August Gustav Bier
introduced the technique of Intravenous Re-
gional Anesthesia (IVRA), commonly known as
the Bier block technique. This method relies on
the application of tourniquets and bandages to
achieve regional anesthesia by slowly injecting
anesthetic agents through a venous catheter
[3, 4]. It is a simple procedure that allows for
adequate muscle relaxation [5]. Upper limb
IVRA encompasses both traditional upper arm
IVRA and forearm IVRA techniques. Traditional
IVRA typically requires the administration of 40
ml of 0.5% lidocaine, whereas forearm IVRA
achieves comparable anesthesia blockade with
a reduced volume of 25 ml of 0.5% lidocaine,
thereby lowering the incidence of tourniquet
related discomfort [6]. However, a notable
limitation of the Bier block technique, when
compared to ultrasound-guided nerve blocks, is
the occurrence of tourniquet pain. The most se-
vere complications associated with Bier block
involve inadvertent release of the tourniquet,
leading to rapid systemic toxicity due to the
sudden release of local anesthetic [5]. Addi-
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tionally, Bier block carries risks such as arterial
puncture injury and the development of ventric-
ular septal syndrome [7].

Brachial plexus nerve block

Brachial plexus block is a commonly used
regional anesthesia technique for upper limb
surgeries [8]. Common approaches for brachi-
al plexus nerve block include the interscalene,
supraclavicular, infraclavicular, and axillary
routes, with additional variations such as pos-
terior clavicular brachial plexus nerve block and
selective proximal and distal brachial plexus
nerve block within the plexus itself [9, 10]. De-
spite its widespread utilization, brachial plexus
nerve block is associated with several potential
complications, including pneumothorax, arte-
rial puncture, hematoma formation, Horner’s
syndrome, and phrenic nerve block, among oth-
ers [11]. Furthermore, the use of long-acting
local anesthetics in proximal brachial plexus
blocks can result in prolonged motor paralysis,
commonly termed as the “dead arm”, which
extends the patient’s postoperative recovery
period and reduces patient satisfaction [12].
Despite the efficacy of ultrasound-guided bra-
chial plexus block for most upper limb surgical
anesthesia requirements, instances of incom-
plete anesthesia or block failure with isolated
brachial plexus nerve blocks have been report-
ed, necessitating additional local anesthetics
or adjunctive intravenous medication [13].

Wrist block

Wrist block, performed in the proximal forearm
near the wrist, represents a distal peripheral
nerve block when compared to forearm se-
lective nerve block. This technique entails the
blockade of six nerves, including the median
nerve, ulnar nerve, superficial branch of the
radial nerve, dorsal branch of the ulnar nerve,
posterior interosseous nerve, and anterior
interosseous nerve, in addition to the prima-
ry nerves [14, 15]. Wrist block serves as a
standalone method during surgery or as an
adjunct to general anesthesia, such as in wrist
release procedures [16]. However, it requires
six punctures, heightening the risk of infection
and potentially influencing patient satisfaction,
in contrast to ultrasound-guided selective nerve
blocks of the forearm, which require a maxi-
mum of four punctures. Moreover, in cases of
tendon and nerve damage or severe compres-
sion injuries, an upper arm tourniquet may be
indispensable to ensure bloodless surgery and
prevent ischemic necrosis in the distal limb.
However, the use of an upper arm tourniquet
is contraindicated in wrist block procedures,
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Figure 1. Historical development of anesthesia methods for forearm, hand, and wrist surgeries.

which limits its applicability [17]. Consequent-
ly, ultrasound-guided forearm selective nerve
blocks have a wider range of applications than
wrist blocks [18].

Ultrasound-guided forearm selective nerve
block

Currently, with increasing policy demands and
higher patient expectations regarding postop-
erative outcomes, anesthesiologists are facing
growing pressures throughout the perioperative
period [19]. There is a growing awareness of
the benefits associated with ultrasound-guided
forearm selective nerve blocks within the con-
text of comfort diagnostic and therapeutic pro-
cedures. It is becoming increasingly apparent
that proficiency in this technique is a crucial
skill that anesthesiologists ought to possess.

Ultrasound-guided forearm selective nerve
block technique

Ultrasound technology serves as a pivotal tool
in the practice of regional anesthesia, facilitat-
ing precise administration of anesthesia while
mitigating associated risks [20]. The sensory
and motor functions of the forearm, hand, and
wrist are predominantly governed by the radial
nerve, ulnar nerve, median nerve, and muscu-
locutaneous nerve, along with their respective
branches. With the guidance of ultrasound, an-
esthesiologists can selectively or concurrently
block various nerves as required by the surgical
procedure, ensuring anesthesia coverage for
diverse regions of the forearm, hand, and wrist
[21].

The procedure for ultrasound-guided forearm
nerve block is relatively straightforward. The ul-
trasound probe is positioned horizontally in the
mid-forearm, and the injection of local anes-
thetics is performed in three stages, targeting
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the ulnar nerve, superficial branch of the radial
nerve, and median nerve, sequentially. In fore-
arm surgeries, it is often imperative to perform
selective nerve blocks of the radial nerve, ulnar
nerve, and median nerve concurrently with a
musculocutaneous nerve block in the upper
arm [22]. In contrast, wrist surgeries typically
require selective blockage of the ulnar nerve,
superficial branch of the radial nerve, and me-
dian nerve [23]. To reduce the number of nee-
dle insertions, NC Lam et al. introduced a tech-
nique for simultaneously blocking the median
nerve and ulnar nerve with a single needle in-
sertion [24]. The ultrasound probe is positioned
5 cm proximal to the wrist fold on the inner side
of the forearm and then shifted towards the
ulnar side to visualize the ulnar nerve adjacent
to the ulnar artery [24]. Once these structures
are identified, subcutaneous local anesthesia
is administered at the inner edge of the ul-
trasound probe, followed by needle insertion
from the inner side to the outer side, reaching
the vicinity of the ulnar nerve for ulnar nerve
blockade [24]. At the same horizontal level as
the ulnar nerve injection site, the median nerve
becomes visible [24].

Employing an in-plane approach, the needle
is advanced from the ulnar side towards the
median nerve for median nerve blockade [24].
Similarly, 1. Ince et al. proposed a method for
simultaneous blockade of the radial nerve
and median nerve [25]. The ultrasound is
positioned in the middle or slightly above the
forearm, where the superficial branch of the
radial nerve can be clearly observed [25]. After
blocking the superficial branch of the radial
nerve, the ultrasound probe is shifted from the
outer side to the inner side to visualize the me-
dian nerve [25]. Subsequently, the needle is
advanced towards the median nerve to perform
median nerve blockade [25]. It is important to
note that these techniques, involving the simul-
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taneous blocking of two nerves in one needle
insertion, may require a high level of expertise
from the anesthesiologist, and further research
is needed as no additional studies on this tech-
nigue have been conducted to date.

Comparison and advantages of ultra-
sound-guided forearm selective nerve block
technique over others

Firstly, in comparison to ultrasound-guided
axillary brachial plexus nerve block, ultra-
sound-guided forearm selective nerve block
offers the advantages of simplicity and safety,
leading to a potential reduction in anesthe-
sia-related time [26]. It is associated with few-
er severe complications, such as phrenic nerve
block and pneumothorax, making it a tech-
nique that even junior residents can relatively
easily master and perform [27]. The study also
demonstrated that ultrasound-guided forearm
selective nerve blocks, when compared to ul-
trasound-guided brachial plexus nerve blocks,
could reduce the incidence of moderate to se-
vere postoperative wrist pain and provide supe-
rior anesthesia and analgesia [27].

Secondly, when compared to forearm Bier
block, ultrasound-guided forearm nerve block in
patients undergoing outpatient hand surgeries
results in only 10% of cases requiring addition-
al analgesics due to incomplete block, whereas
this proportion can be as high as 31% in Bier
block procedures in the operating room [4, 28].
Research also indicates that ultrasound-guided
forearm nerve block can reduce the incidence
of moderate to severe postoperative wrist pain,
providing superior anesthesia and analgesia
outcomes [12, 28].

Finally, ultrasound-guide forearm selective
nerve block also proves to be cost-effective.
According to a survey, the cost of operating
room time in the United States averages $15
per minute, with each forearm selective nerve
block procedure saving approximately 20 min-
utes of anesthesia time [29]. This efficiency
allows patient pathways to transition from a
serial to a “parallel processing mode,” wherein
surgeries can be performed simultaneously,
saving approximately $300 per nerve block
procedure [29]. This not only significantly re-
duces resource and financial costs but also has
the potential to enhance patient satisfaction
[30, 31]. Overall, the primary advantages of
peripheral nerve blocks in the forearm over
other anesthetic methods include maximizing
the preservation of finger and distal muscle
function, requiring fewer local anesthetics, re-
ducing anesthesia-related time, prolonging the
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duration of analgesia, and expediting postop-
erative recovery. These advantages collectively
contribute to improving the patient’s prognosis
[32-34] (Table 1).

Currently, ultrasound-guided forearm nerve
block has emerged as a reliable method for
providing precise analgesic effects and has be-
come a method for anesthesia and analgesia
in acute pain management of hand and wrist
injuries [35]. It can be employed in outpatient
settings and emergency department surgeries
[28, 36, 37]. Furthermore, ultrasound-guided
forearm selective nerve block has demonstrat-
ed remarkable efficacy across various ortho-
pedic surgeries [35, 38]. For example, in the
United States, it has proven successful in inter-
ventions such as finger reduction, upper limb
fractures, dislocations, and abscess drainage
[39, 40]. In addition, it serves as a valuable
tool for postoperative pain management, align-
ing with the growing trend of employing periph-
eral nerve blocks for adult postoperative pain
control, which has proven to be both well-tol-
erated and effective [41]. Following surgery,
the implementation of forearm selective nerve
block not only enhances pain management but
also reduces the need for opioid medications
and mitigates associated side effects such as
vomiting [42].

Selection of local anesthetics and adjuvant
medications for ultrasound-guided forearm se-
lective nerve block

Long-acting local anesthetics, such as ropiv-
acaine or bupivacaine, play a pivotal role in
enhancing postoperative pain management.
Ropivacaine is a long-acting amide-type local
anesthetic that exhibits superior selectivity for
A & and C nerve fibers over A 3 nerve fibers, re-
sulting in sensory-motor separation [43, 44].
While high doses of ropivacaine can effectively
block both sensory and motor fibers, forearm
nerve block procedures typically utilize lower
doses. However, when local anesthetics are
used alone, there may arise situations where
the duration of block is insufficient, making it
challenging to avoid the use of opioid medica-
tions postoperatively. Therefore, the addition
of adjuvant medications to local anesthetics
is often considered to enhance the analgesic
effects of the local anesthetic [45, 46]. This
approach proves beneficial for patients in
overcoming postoperative pain-related obsta-
cles, facilitating early hand function exercises,
and expediting postoperative recovery [47].
Adjuvant medications for local anesthesia en-
compass a wide array of options, among which
adrenaline, clonidine, opioid medications, ket-
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Table 1. Comparison of common regional anesthesia methods for hand and wrist surgeries

Methods of Punc-  Motor Sensory block Contraindication Complications Advantages Major short-
regional anes- tures  block comings
thesia
Ultra- 1,2,3, Littlemo- 1.Comparedto 1. Patientdeclined multi- 1. Peripheral nerve 1. Smaller local anes- Multiple punc-
sound-guided 4, (de- torblock brachial plexus  ple needle punctures. injury. thetic doses. tures
forearm selec- pending nerve block, it 2. Local anesthetic allergy. 2. Local anesthetic 2. Shorter anesthe-
' ia-related times.
tive nerve block on the prolongs the du- 3. Infection at the punc-  toxicity. gl.aPrrilonged post-
needs ration of sensory ture site. 3. Vascular damage. operative analgesic
of the blockade. 4. Coagulation abnormali- 4. Infection. effects.
surgical 2. It accelerates ties. 4. Higher safety
site) the onset of 5. Distorted or absent profile. )
. 5. Most studies
sensory blockade. anatomical landmarks. L
indicate no need for
additional rescue
anesthesia measures
[32-34].
6. Cost-effective.
7. Preserving motor
function, and aiding
in postoperative
recovery.
8. Successfully em-
ployed in a variety of
surgical procedures.
Brachial plexus 1 Prolonged  Prolonged sensory 1. Anatomical deformity. 1. Intercostal space 1. Brachial plexus “Dead arm”
nerve block motor block block 2. Infection at the punc- ~ @pproach: ipsilateral - nerve block is a
ture site. diaphragmatic paraly- - jinjcally proven and
) . sis, etc. . )
3. Coagulation abnormali- 2. Supraclavicular reliable anesthesia
ties. approach: pneumotho- Method.
4. Allergic reaction to local rax, etc. 2. Brachial plexus
anesthetics. 3. Infraclavicular nerve block has
approach: pneumo-  nitinje approaches
ey ‘d|aphragmat|c that can be selected
paralysis, etc.
4. Axillary approach: based on the specific
local anesthetic patient’s condition.
toxicity reactions and
arterial puncture, etc.
Bier 1 Adequate Compared to gen- 1. Patients requiring pro- 1. Relatively higher 1. Compared to tra- Tourniquet
block muscle relax- eral anesthesia, longed use of tourniquets. risk of compartment ~ ditional upperarm  pajn
ation forearm Bier block 2. Infection at the punc-  syndrome. B!er block, foregrm
. . . Bier block requires
can enhance the ture site. 2. Systemic toxicity a shorter tourniquet
anesthetic and (potential cardiac and  tjme.
analgesic effect. neurological toxicity). 2. It has a broad
3. Arterial puncture. ~ spectrum of applica-
tions and is suitable
for various surgeries.
3. Compared to tra-
ditional upper arm
Bier block, forearm
Bier block has a
lower incidence of
tourniquet pain.
Wrist block 6 Elbow joint  Adequate sensory 1. Consistency with ultra- Consistency with 1. Smaller local Multiple punc-

immobility  block

arm.

2. Patients requiring upper
arm tourniquet.

sound-guided selective ultrasound-guided
nerve block in the fore-

anesthetic doses. tures
selective nerve block 2. Higher safety

in the forearm. profile.

3. Cost-effective.

amine, and midazolam, when co-administered
with local anesthetics around the nerves, have
been shown to have limited effectiveness [48].
However, dexamethasone and dexmedetomi-
dine have demonstrated efficacy in enhancing
the effects of peripheral nerve blocks, including
those performed for hand and wrist surgeries
[49, 50]. Overall, the use of adjuvant medi-
cations can prolong the duration of analgesia,
speed up the onset of action, and mitigate
complications or risks.
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Dexmedetomidine, an o-2 agonist with an af-
finity approximately 8 times greater than that
of clonidine, is frequently utilized as an adjunct
medication in various regional anesthesia pro-
cedures [51]. While the precise mechanisms
underlying the analgesic and sedative effects
of a-2 adrenergic agonists remain not fully un-
derstood, they are believed to involve multiple
factors. Peripherally, a-2 agonists can diminish
norepinephrine release and exert an inhibitory
effect on nerve fiber action potentials, inde-
pendent of a-2 receptors. They also directly
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block the Ih cation current activated during
hyperpolarization, thereby producing analge-
sic effects [52]. Dexmedetomidine has been
demonstrated to reduce postoperative pain
and opioid consumption [53]. Studies indicate
that supplementing lidocaine with dexmedeto-
midine in selective forearm nerve blockade can
extend the duration of analgesia by 364 min-
utes, in contrast to a mere 21-minute extension
with systemic administration of dexmedetomi-
dine [54]. It's worth noting that the addition
of dexmedetomidine to local anesthetics does
not significantly prolong the duration of motor
blockade [55]. Additionally, research indicates
that both peripheral and systemic use of dex-
medetomidine can effectively enhance analge-
sic effects, which is advantageous for patients’
postoperative recovery [56]. This further
underscores the effectiveness of dexmedeto-
midine as an adjunct medication in regional
anesthesia.

Dexamethasone, a synthetic corticosteroid, is
one of the most extensively studied adjuvant
medications in anesthesia [57]. It boasts
analgesic, antiemetic, and anti-inflammatory
properties, effectively alleviating tissue inflam-
mation and inflammation-related pain. When
compared to clonidine or dexmedetomidine,
the addition of dexamethasone to ropivacaine
has been shown to prolong analgesia without
inducing rebound pain [58, 59]. Furthermore,
dexamethasone extends the duration of analge-
sia when combined with local anesthetics while
concurrently reducing the onset time for sen-
sory and motor blockade [60]. A meta-analysis
revealed that both peripheral administration
and intravenous infusion of dexamethasone
prolonged the duration of supraclavicular bra-
chial plexus block, with intravenous administra-
tion extending analgesia by 76.4 minutes and
peripheral administration by 11.4 minutes [46].
However, peripheral use of dexamethasone is
associated with fewer adverse reactions com-
pared to intravenous administration. Addition-
ally, an animal study indicated that combining
nerve blockade with dexamethasone did not
increase neurotoxicity, underscoring its safety
and reliability [61, 62]. Nevertheless, conflict-
ing findings were reported in a study where re-
searchers supplemented a standard peripheral
nerve blockade model with dexamethasone,
concluding that its impact on sensory blockade
with ropivacaine lacked clinical or statistical
significance [57]. This discrepancy highlights
the necessity for further experimental studies
to clarify this issue.

Conclusion
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In summary, ultrasound-guided forearm se-
lective nerve block represents a promising
and straightforward anesthesia technique for
forearm, hand, and wrist surgeries. It holds
the potential to expedite anesthesia onset,
prolong analgesia duration, mitigate patient
discomfort, foster postoperative recovery, and
improve patient outcomes. Furthermore, the
duration of analgesia can be extended when
ultrasound-guided selective nerve blocks of
the forearm are supplemented with dexmede-
tomidine or dexamethasone. Future research
should focus on refining puncture approaches,
minimizing the number of puncture attempts,
and highlighting the benefits of preserving
motor function. This focus aims to meet the re-
quirements of surgical anesthesia while further
enhancing patient outcomes and satisfaction.
Additionally, in thumb surgery, further research
could explore the blockage of branches of the
musculocutaneous nerve on the lateral fore-
arm. This approach circumvents the impact on
elbow joint motor function while meeting the
anesthesia requirements of thumb surgery.
Future studies in this direction could provide
a more comprehensive theoretical framework
and guidance for selective forearm nerve
blocks
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