
346

Comprehensive Medicine published by Kare Media.
OPEN ACCESS  This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

Ultrasonography-guided Peripheral Nerve Blocks in 
Orthopedic Upper Extremity Surgery: A Narrative Review

 Kadir Arslan,  Ayça Sultan Şahin

Department of Anesthesiology and Reanimation, University of Health Sciences, Kanuni Sultan Süleyman Training and Research Hospital, İstanbul, Türkiye

DOI: 10.14744/cm.2025.05945
REVIEW

Address for Correspondence: Kadir Arslan, Department of Anesthesiology and Reanimation, University 
of Health Sciences, Kanuni Sultan Süleyman Training and Research Hospital, İstanbul, Türkiye
E-mail: kadir.arslan@sbu.edu.tr ORCID ID: 0000-0003-4061-0746

Received date: 10.07.2025
Revised date: 15.09.2025

Accepted date: 20.09.2025
Online date: 08.10.2025

ABSTRACT
Peripheral nerve blocks are frequently preferred in orthopedic upper extremity surgeries because they provide adequate postoperative analgesia, reduce the 
need for general anesthesia, and accelerate recovery. The integration of ultrasound (USG) guidance into these techniques has improved block success rates 
and significantly reduced complications. USG-guided nerve blocks allow real-time visualization of neural structures and surrounding anatomy. The brachial 
plexus supplies most of the innervation of the upper extremity. In clinical practice, the four most commonly performed brachial plexus blocks are the inter-
scalene, supraclavicular, infraclavicular, and axillary approaches. In addition, terminal nerves can be selectively blocked along their course. For example, in 
clavicular surgeries, the interscalene block is often combined with a cervical plexus block; in rotator cuff repair and shoulder arthroscopy, the interscalene 
block is preferred; in humeral shaft fractures and elbow arthroplasty, supraclavicular or infraclavicular blocks are commonly used; and in distal radius fracture 
fixation, wrist arthrodesis, and metacarpal fracture surgeries, the axillary block is frequently chosen. Median nerve blocks are useful in carpal tunnel release 
and tenosynovitis; ulnar nerve blocks are employed in Dupuytren’s contracture and flexor tendon repair of the fourth and fifth fingers; while radial nerve blocks 
are beneficial in de Quervain’s tenosynovitis, scaphoid fracture surgery, and dorsal hand lesions. This review discusses the anatomical basis, techniques, indica-
tions, and complications of cervical and brachial plexus blocks, as well as distal nerve blocks, which are widely utilized in orthopedic upper extremity surgery.
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INTRODUCTION
Upper extremity surgeries encompass a wide spectrum of 
orthopedic, traumatological, and reconstructive procedures, 
extending from the shoulder to the hand. These operations 
can cause severe pain intraoperatively and postoperatively. 
Regional anesthesia techniques are therefore highly valu-
able, as they provide surgical anesthesia, reduce opioid use, 
support early mobilization, and increase patient satisfaction.

One of the most significant developments in regional anes-
thesia in recent decades has been the use of peripheral nerve 
blocks (PNBs) under ultrasonographic (USG) guidance.
[1,2] USG enables real-time visualization of nerves, vascular 
structures, and needle advancement, significantly improv-
ing block success. Compared to landmark-based or nerve 
stimulator techniques, USG allows effective blocks with low-
er anesthetic volumes and reduces complication risks. USG 

and nerve stimulators may also be used in a complementary 
fashion. Moreover, ultrasound facilitates quicker and more 
accurate placement of peripheral nerve catheters.[3]

Among cervical and brachial plexus blocks, the interscalene, 
supraclavicular, infraclavicular, and axillary approaches are 
the most commonly used in orthopedic upper extremity sur-
gery. Distal nerve blocks, on the other hand, can provide an-
algesia while preserving motor function—particularly valu-
able in hand surgery.[4,5] Selection of the appropriate block 
should be guided by anatomical level, surgical site, and pa-
tient characteristics. With the safety and precision of USG, 
motor-sparing approaches are increasingly preferred.

This narrative review aims to summarize the anatomical 
basis, technical considerations, indications, and reported 
outcomes of USG-guided peripheral nerve blocks in upper 
extremity surgery.
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MATERIALS and METHODS
A literature search was conducted in PubMed and Goo-
gle Scholar for articles published between June 2020 and 
June 2025 using the keywords ultrasound-guided, periph-
eral nerve block, upper extremity, and orthopedic surgery. 
Randomized controlled trials, observational studies, cohort 
studies, systematic reviews, and meta-analyses were includ-
ed. Titles and abstracts were screened first, followed by full-
text review. Additional manual searching was performed by 
screening reference lists and citations of key articles.

This review followed the SANRA (Scale for the Assessment 
of Narrative Review Articles) checklist to improve report-
ing quality.

ANATOMICAL INNERVATION OF THE UPPER EX-
TREMITY
The brachial plexus, formed by the anterior rami of spinal 
nerves C5–T1, provides the majority of upper extremity in-
nervation. It is organized sequentially into roots, trunks (up-
per, middle, lower), divisions (anterior, posterior), fascicles 
(lateral, posterior, medial), and terminal branches. Major 
peripheral nerves arising from the plexus include the mus-
culocutaneous, median, ulnar, radial, and axillary nerves.

A thorough understanding of this anatomy is essential for 
successful regional anesthesia.[6] At the interscalene level, 
roots of the plexus lie between the anterior and middle sca-
lene muscles—ideal for shoulder and upper arm surgeries. 
At the supraclavicular level, trunks are clustered, enabling 
blockade of the entire upper extremity. At the infraclavicular 
level, blocks target the fascicles around the axillary artery, 
suitable for procedures below the elbow and for catheter 
placement. The axillary block targets terminal branches and 
is frequently employed in hand surgery.

Additionally, the cervical plexus (C1–C4) contributes to up-
per extremity innervation. The supraclavicular nerves and 
phrenic nerve are particularly relevant for the shoulder 
region. Inadvertent phrenic nerve involvement during in-
terscalene blocks may cause hemidiaphragmatic paralysis, 
highlighting the importance of careful planning. For tourni-
quet-related pain, thoracic nerves such as the intercostobra-
chial may also need to be blocked.

CERVICAL PLEXUS BLOCKS
The cervical plexus (C1–C4) contributes sensory and motor 
innervation to the cervical region and upper thorax. Its su-
perficial branches provide sensation to the auricle, clavicle, 
deltoid, and upper shoulder, while deep branches supply 

motor innervation to muscles including the sternocleido-
mastoid, trapezius, and diaphragm (via the phrenic nerve).[7]

Superficial Cervical Plexus Block (CPB)
The superficial cervical plexus arises from C2–C4. Sensory 
innervation includes the auricle, clavicle, acromioclavicular 
joint, and anterolateral neck. Four terminal branches (lesser 
occipital, greater auricular, transverse cervical, and supra-
clavicular nerves) emerge near the posterior border of the 
sternocleidomastoid.[8]

Superficial CPB is used for supraclavicular and subclavicular 
skin interventions such as lymph node biopsy, central venous 
catheterization, and clavicle fixation. In USG-guided CPB, the 
patient is placed supine, and a linear probe is positioned at 
the midline of the sternocleidomastoid muscle. The sensory 
branches beneath the fascia at the posterior muscle margin 
are targeted. The needle is advanced in-plane, and 5–10 mL 
of 0.25–0.5% ropivacaine is injected (Fig. 1).

Complications are less common than in deep blocks but may 
include intravascular injection, hematoma, infection, and sys-
temic toxicity. Adequate anatomical knowledge and awareness 
of local anesthetic toxicity are essential to minimize risks.[9]

Deep Cervical Plexus Block (CPB)
The deep CPB targets C2–C4 nerve roots between the ante-
rior and middle scalene muscles, just anterior to the trans-
verse processes. It can be used alone or in combination with 
interscalene blocks for shoulder surgery.

Because the injection is deeper, complications are more likely, 
including phrenic nerve palsy, vascular puncture, or epidural 
spread.[10] Accidental injection into the vertebral artery carries 
a high risk, as even small anesthetic volumes can rapidly reach 
the CNS, producing neurotoxicity. Continuous patient commu-
nication during incremental injection is crucial to detect early 
warning signs (e.g., perioral numbness, confusion, tinnitus).

Unintended subdural injection is another risk, potential-
ly causing abrupt loss of consciousness, hypotension, and 
requiring airway and hemodynamic support. For these rea-
sons, deep CPB should be reserved for experienced practi-
tioners and performed with extreme caution, especially in 
patients with limited pulmonary reserve.

BRACHIAL PLEXUS BLOCKS
Interscalene Block
The interscalene block is a regional anesthesia technique in 
which the brachial plexus is blocked at the C5–C7 root level, 
specifically targeting the upper (superior) and middle trunks. 
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It is particularly preferred for shoulder surgeries, proximal 
humerus interventions, clavicular procedures, and upper arm 
surgeries. However, because the lower trunk (C8–T1) is usually 
not affected, it is often insufficient when used alone for hand 
and forearm surgeries. The interscalene region is located be-
hind the sternocleidomastoid muscle, between the anterior 
and middle scalene muscles.[11] This anatomical relationship 
makes the block relatively easy to identify and apply safely.

For USG-guided interscalene block, the patient is positioned 
supine or in a slight lateral decubitus position, with the head 
turned contralaterally. A high-frequency (10–15 MHz) linear 
probe is placed laterally on the neck at the level of the cricoid 
cartilage (C6 level). On ultrasound, the scalene muscles ap-
pear beneath the sternocleidomastoid, and the hyperechoic, 
round-to-oval brachial plexus roots (typically C5, C6, and C7) 
are visualized between them. The needle is advanced from 
lateral to medial using an in-plane technique (Fig. 2). Typi-
cally, 10–15 mL of 0.5% ropivacaine, levobupivacaine, or bupi-
vacaine is injected. Using higher volumes may increase lower 
trunk spread but also raises the risk of complications. The 
block is most effective in the C5–C6 dermatomes, providing 
anesthesia to the shoulder region and affecting muscles such 
as the deltoid, supraspinatus, biceps, and pectoralis major.

The most common and clinically important complication of 
the interscalene block is hemidiaphragmatic paralysis due to 
inadvertent phrenic nerve (C3–C5) blockade, which can occur 
in up to 100% of patients. This may cause severe respiratory 
distress in patients with COPD, obesity, or restrictive lung dis-
ease. Other complications include recurrent laryngeal nerve 
blockade (causing hoarseness), Horner syndrome due to sym-
pathetic chain involvement, intravascular injection, neurotox-
icity, and, rarely, epidural or subarachnoid spread.[12] To reduce 
risks, low anesthetic volumes, frequent aspiration, and cessa-
tion of injection upon resistance are recommended. USG guid-
ance is highly effective in minimizing these complications.

Supraclavicular Block
The supraclavicular block anesthetizes the brachial plexus 
at the trunk level (C5–T1) and is often referred to as the “spi-
nal anesthesia of the arm.” Because the trunks are tightly 
clustered at this level, a single injection can provide dense 
anesthesia of the entire upper extremity. It is particularly 
suited for surgeries up to the proximal elbow, including ar-
teriovenous (AV) fistula creation, humeral fracture fixation, 
and elbow arthroplasty. However, complete blockade of the 
ulnar nerve (C8–T1) is not always achieved.[13]

Figure 1. Ultrasound image of superficial cervical plexus block. The white arrow 
indicates the path of the block needle. The red area shows the distribution of local 
anesthetic in the cervical fascia beneath the SCM muscle

SCM: Sternocleidomastoid muscle; CA: Carotid artery; VJI: Internal jugular vein
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For USG-guided supraclavicular block, the patient is placed 
supine with the head turned contralaterally. A high-fre-
quency linear probe is positioned just above the clavicle, 
beneath the scalene triangle (Fig. 3). On ultrasound, the 
brachial plexus appears as a hyperechoic “bunch of grapes” 
lateral to the subclavian artery. The needle is advanced 
from lateral to medial using an in-plane technique (Fig. 
4), and 20–30 mL of 0.5% ropivacaine, levobupivacaine, or 
bupivacaine is administered. This block effectively covers 
most C5–T1 dermatomes, providing both sensory and mo-
tor blockade to the arm, forearm, and hand.

The most feared complication is pneumothorax, as the bra-
chial plexus lies adjacent to the parietal pleura at this level. 
Over-advancement of the needle may puncture the pleura. 
The subclavian artery and vein are also nearby, creating 
risks of intravascular injection, hematoma, and neurotoxicity.
[14] These complications are significantly reduced with USG 
guidance. Other possible risks include bradycardia-hypo-
tension, Horner syndrome, and occasional phrenic nerve in-
volvement. Thus, careful anatomical identification, use of low 
anesthetic volumes, and frequent aspiration are essential.

Infraclavicular Block
The infraclavicular block targets the brachial plexus at the 
fascicular level (lateral, posterior, and medial). At this lev-
el, the fascicles are arranged clockwise around the axillary 
artery: the lateral fascicle lies superolateral, the posterior 
fascicle posterior, and the medial fascicle inferomedial. This 
block is suitable for elbow, forearm, and hand surgeries and 
is especially preferred when long-term analgesia is desired 
through catheter placement.[15]

For USG-guided infraclavicular block, the patient lies su-
pine with the arm abducted 90° and the head turned con-
tralaterally. A linear or convex probe is placed just below 
the clavicle, inferomedial to the coracoid process (Fig. 5). 
On ultrasound, the axillary artery appears as a circular 
anechoic structure centrally, with the fascicles visible as 
hyperechoic structures surrounding it (Fig. 6). The needle 
is advanced from lateral to medial in-plane, and 20–30 
mL of 0.25–0.5% ropivacaine, bupivacaine, or levobupiv-
acaine is injected. Because the block covers all terminal 
branches from C5–T1, it provides a dense motor-sensory 
block of the hand, forearm, and elbow.

Figure 2. Ultrasound image of Interscalene block. The white arrow indicates the path 
of the block needle. The red line indicates the brachial plexus between the scalene 
muscles

SCM: Sternocleidomastoid muscle; ASM: Anterior scalene muscle; MSM: Middle scalene 
muscle
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Advantages include a lower risk of pleural injury compared 
to supraclavicular block, a flatter anatomy that facilitates 
catheter placement, less interference from shoulder move-
ments, and reduced risk of diaphragmatic paralysis. Poten-
tial complications include vascular puncture, hematoma, 
and, rarely, pneumothorax. If USG imaging is suboptimal, 
nerve stimulator support is advised. The infraclavicular 
block is less affected by anatomical variations and is par-
ticularly advantageous in obese patients. When performed 
correctly, it offers an effective, safe, and long-lasting block, 
making it a preferred modern technique.

Axillary Block
The axillary block targets the brachial plexus at the level 
of the terminal branches: median, ulnar, radial, and mus-
culocutaneous nerves. It is especially useful for surgeries of 
the forearm, wrist, and hand, including tendon repairs. The 
block carries minimal risk of phrenic nerve involvement, di-
aphragmatic paralysis, or pneumothorax, making it a safe 
alternative for patients with pulmonary compromise or co-
agulation disorders.[16]

For USG-guided axillary block, the patient is placed supine with 
the arm abducted 90°. A linear probe is positioned in the ax-
illa between the coracobrachialis and biceps brachii muscles. 
On ultrasound, the axillary artery appears as a round anechoic 
structure centrally, with nerves distributed around it: the medi-
an nerve anteromedial, the ulnar nerve inferior, the radial nerve 
posterior, and the musculocutaneous nerve lateral, often within 
the coracobrachialis (Fig. 7). Fractional injections are made for 
each nerve, totaling 20–30 mL of 0.25–0.5% ropivacaine, bupiv-
acaine, or levobupivacaine. The musculocutaneous nerve must 
be separately targeted as it lies outside the main sheath.

The axillary block has a low complication rate and is 
well-suited for catheter placement. Its superficial location 
and relative distance from major vessels add to its safety. 
However, because the intercostobrachial nerve (T2) lies out-
side the brachial plexus at this level, tourniquet pain cannot 
be prevented with this block alone, requiring additional skin 
infiltration if necessary. Other potential complications in-
clude intravascular injection, hematoma, infection, and rare 
nerve injury. These risks can be minimized with careful nee-
dle advancement under USG guidance, frequent aspiration, 
and avoidance of high-pressure injection.

DISTAL NERVE BLOCKS
Distal nerve blocks are versatile techniques used in surger-
ies at the wrist and hand level, providing sensory blockade 
while preserving motor function. Their utility extends to 
minimally invasive tendon surgeries, carpal tunnel decom-
pressions, postoperative pain control, and anesthesia for 
procedures involving the thenar region. At this level, the ter-
minal branches of the brachial plexus—including the medi-
an, ulnar, radial, musculocutaneous, and medial antebrachi-
al cutaneous nerves—are located superficially, making them 
accessible for blockade.

These blocks are especially advantageous in patients where 
motor preservation is desirable, such as cases requiring ear-
ly postoperative hand physiotherapy.[17]

Median Nerve Block
The median nerve arises from the lateral and medial cords 
of the brachial plexus, travels through the volar forearm, and 
enters the hand via the carpal tunnel. The block is typical-
ly performed at mid-forearm (distal to the pronator teres) or 
just proximal to the carpal tunnel. On ultrasound, the median 
nerve appears as a hypoechoic oval structure between the flex-
or digitorum superficialis and profundus muscles, medial to the 
radial artery. Clinically, this block is preferred for procedures 
involving the palmar thumb, index, and middle fingers.[17]

Figure 3. Probe position for supraclavicular block
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Ulnar Nerve Block
The ulnar nerve originates from the medial cord of the brachi-
al plexus, courses medially to the brachial artery, and passes 
through the groove between the olecranon and medial epi-
condyle at the elbow. It then travels along the medial forearm 
and enters the hand via Guyon’s canal. USG-guided block-
ade is commonly performed in the distal third of the forearm, 
deep to the flexor carpi ulnaris muscle, where the nerve ap-
pears hypoechoic and oval, medial to the ulnar artery.

It is especially effective for procedures involving the palmar 
and dorsal aspects of the fourth and fifth fingers, as well as 
the ulnar wrist region. Motor involvement is minimal, affect-
ing intrinsic hand muscles only mildly—an advantage for 
outpatient procedures.[18]

Distal block applications under USG guidance are easy be-
cause the nerves are superficial and their relations with vas-
cular structures can be visualized. The median nerve is located 
between the palmaris longus and flexor carpi radialis tendons 
at the wrist level, medial to the radial artery. The ulnar nerve 
is observed medial to the flexor carpi ulnaris tendon at the 
wrist, right next to the ulnar artery. The radial nerve mostly 
courses as a superficial branch on the dorsal surface, lateral 
to the radius, and is blocked by subcutaneous injection.

Distal nerve blocks offer a promising future with their abili-
ty to reduce opioid requirements. In general, injection of 5–8 
mL of 0.25% bupivacaine or ropivacaine around the nerve 
is sufficient. In distal blocks, ensure circumferential spread 
without direct contact with the nerve. Additionally, a single 
injection surrounding the nerve is preferred over multiple 
injections. The most significant advantage of distal nerve 
blocks is that they provide analgesia while preserving mo-
tor function. In this way, they are preferred especially in 
cases where hand functions need to be monitored post-
operatively. There is also no risk of serious complications 
specific to proximal blocks, such as diaphragmatic paral-
ysis, pneumothorax, or vascular injury. Complications are 
usually pain at the injection site, hematoma, infection, and, 
very rarely, nerve irritation. Frequent aspiration should be 
performed before injection, and high-pressure injection 
should be avoided. Distal nerve blocks have been shown to 
reduce opioid requirements and increase patient satisfac-
tion, especially in hand surgery.[19]

Radial Nerve Block
The radial nerve originates from the posterior cord (C5–T1) 
and initially accompanies the axillary artery. It travels poste-
rior to the humerus in the spiral groove, crosses toward the 

Figure 4. Ultrasound image of supraclavicular block. The brachial plexus sheath is 
shown with red lines. White arrows indicate the path of the block needles. Yellow 
lines indicate the border of the first rib. The pleural cavity is observed below

SA: Subclavian artery



352

Compreh Med 2025;17(4):346-357

lateral epicondyle, and divides in the antecubital fossa into a 
superficial sensory branch and a deep motor branch.[20]

Blockade can be performed at multiple levels—proximal, 
at the elbow, or distally. When performed proximal to the 
elbow, the needle is inserted ~4 cm above the lateral epi-
condyle, between the brachialis and brachioradialis mus-
cles. Common anesthetic regimens include 5–10 mL of 
0.25–0.5% bupivacaine, 5–15 mL of 0.2–0.5% ropivacaine, 
or 5–10 mL of 1% lidocaine. Ropivacaine is often favored 
in hand surgery due to its prolonged sensory effect with 
minimal motor block.

USG guidance allows precise deposition with smaller vol-
umes, maximizing efficacy while minimizing systemic toxicity 
risk.[21] Radial nerve blocks are useful in distal radius frac-
tures, extensor tendon repairs, and wrist surgeries.

General Principles of Distal Blocks
•	 On USG, the median nerve lies between the palmaris lon-

gus and flexor carpi radialis tendons at the wrist, medial 
to the radial artery.

•	 The ulnar nerve is medial to the flexor carpi ulnaris ten-
don at the wrist, adjacent to the ulnar artery.

•	 The radial nerve is subcutaneous on the dorsum, lateral 
to the radius, and blocked with a superficial injection.

Typically, 5–8 mL of 0.25% bupivacaine or ropivacaine suf-
fices. Circumferential spread around the nerve is essential, 
avoiding direct needle–nerve contact. A single perineural in-
jection is generally preferred over multiple punctures.

Key advantages include preserved motor function, absence 
of major complications seen with proximal blocks (e.g., di-
aphragmatic paralysis, pneumothorax), and reduced opioid 
requirements, all of which enhance postoperative recovery 
and patient satisfaction.[19]

COMPLICATIONS OF PERIPHERAL NERVE BLOCKS
Local Anesthetic Systemic Toxicity (LAST)
LAST is a rare but life-threatening complication caused by 
inadvertent intravascular injection or excessive systemic ab-
sorption. Symptoms can appear within seconds or be delayed 
up to 30 minutes. Neurological signs (dizziness, confusion, 
perioral tingling, tinnitus) typically precede cardiovascular 
collapse. If untreated, seizures, coma, and cardiovascular in-
stability may occur.[22]

Management requires immediate recognition and initiation 
of intravenous lipid emulsion (Intralipid) therapy, along with 
supportive care. Bolus and infusion regimens are weight-
based, and escalation may be required in refractory cases.
[23,24] To reduce risk, the lowest effective dose should always be 
used, especially when multiple block sites are anesthetized.

Hematoma
Accidental vascular puncture during USG-guided blocks 
may lead to hematoma, particularly in patients with coagu-
lopathies. Most resolve with compression; surgical interven-
tion is rarely needed.

Nerve Injury
Although rare, nerve injuries may occur, most being tran-
sient (days to months). Permanent injury is reported in only 
0.015–0.09% of cases.[25,26] Intraneural or intrafascicular in-
jection is the main cause. To prevent injury:

•	 Stop injection if paresthesia or high resistance is encoun-
tered.

•	 Confirm perineural spread with USG.

Risk is higher in patients with pre-existing neuropathies (e.g., 
diabetes). Symptoms include pain, paresthesia, or sensory–

Figure 5. Probe position for infraclavicular block
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Figure 6. Ultrasound image of infraclavicular block. The white lines indicates needle 
trajectory. More than one injection may be required to block all three cords

PC: Posterior cord; MC: Middle cord; LC: Lateral cord; AA: Axillary artery

Figure 7. Ultrasound image of axillary block. The white lines indicates needle 
trajectory

AA: Axillary artery; MCTN: Musculocutaneous nerve; RN: Radial nerve; MN: Median 
nerve; UN: Ulnar nerve
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motor deficits, which usually resolve within six months. Per-
sistent cases require further evaluation.[27]

Phrenic Nerve Paralysis
Nearly all interscalene blocks cause ipsilateral diaphrag-
matic paralysis, reducing vital capacity by ~25%. This is usu-
ally tolerated in healthy patients but may cause respiratory 
distress in those with COPD, obesity, or bilateral blockades.[28]

Pneumothorax
Most often associated with supraclavicular blocks, pneumo-
thorax results from needle puncture of the pleura. Clinical 
signs include sudden dyspnea, chest pain, and hypoxemia. 
USG guidance has significantly reduced its incidence.[29]

Horner Syndrome
Horner syndrome (ptosis, miosis, enophthalmos, anhidrosis) 
occurs due to anesthetic spread to the cervical sympathet-
ic chain, especially after interscalene blocks. Reported inci-
dence exceeds 50% in some series. It is typically benign and 
transient but may alarm patients.[30,31]

Total Spinal and Epidural Spread
Accidental subarachnoid injection may cause total spinal 
anesthesia, leading to apnea, hypotension, bradycardia, and 
loss of consciousness. Epidural spread produces milder but 
clinically significant bilateral block and hypotension.[32]

Block Failure
Failure may occur even in experienced hands if anesthet-
ic is deposited outside the neurovascular sheath. Obesity 
(BMI >25) increases failure rates due to obscured land-
marks.[26] Modern USG techniques, adjuvants, and im-
proved training have improved success rates and reduced 
procedure time.[33–35]

Patients should be counseled preoperatively regarding pos-
sible block failure and alternative analgesic options.

Infection
The risk of infection following a single-dose peripheral 
nerve block (PNB) is negligible. However, it is increased 
in certain patient populations, including hospitalized pa-
tients, trauma patients, immunocompromised individuals, 
males, and those not receiving antibiotic prophylaxis. Fail-
ure to follow infection-prevention guidelines may result 
in serious complications. Removing the catheter within 
48–72 hours after placement for continuous blocks sig-
nificantly reduces the risk of infection and prevents these 
potential consequences.

Allergic Reaction
Most adverse reactions to local anesthetics are non-allergic 
in nature. Nevertheless, mild allergic manifestations such as 
erythema or rash may occur, and in rare cases, severe reac-
tions can progress to anaphylaxis. Medications and resuscita-
tion equipment for symptomatic management should always 
be readily available in settings where PNBs are performed.

DISCUSSION
USG-guided PNBs are widely employed for intraoperative 
anesthesia and postoperative analgesia in orthopedic up-
per extremity surgeries. Each block carries distinct advan-
tages, disadvantages, and potential complications (Table 
1). Compared with traditional nerve stimulator techniques, 
USG-guided PNBs have been shown to increase success 
rates and reduce the need for supplemental analgesics or 
sedatives. For example, in rotator cuff surgeries, the rate 
of conversion to general anesthesia was significantly lower 
with USG-guided interscalene blocks than with nerve stimu-
lator-guided procedures (0.5% vs. 6.7%, p < 0.001).[36]

The supraclavicular block provides rapid onset and homo-
geneous anesthesia of the distal upper extremity. Howev-
er, pneumothorax remains a risk, even with USG guidance. 
More than half of the pneumothorax cases reported in the 
literature are associated with this block, highlighting the 
need for caution in patients with underlying pulmonary 
disease.[30] Additionally, the volume of local anesthetic 
appears to influence the incidence of phrenic nerve-re-
lated diaphragmatic paralysis; higher volumes are linked 
with greater paralysis, prompting recommendations for 
low-to-medium volumes for safety.[33]

The infraclavicular block is advantageous for providing long-
term analgesia in forearm and hand surgeries due to its ho-
mogeneous blockade of distal branches and ease of catheter 
placement. Compared with the supraclavicular block, it sig-
nificantly prolongs motor block duration and shortens time 
to surgery.[37] Moreover, the costoclavicular approach to the 
infraclavicular block has been shown to markedly reduce 
the incidence of hemidiaphragmatic paralysis and better 
preserve postoperative pulmonary function.[38] Infraclavicu-
lar blocks are also associated with a lower risk of Horner 
syndrome compared with supraclavicular blocks.[39]

By contrast, the axillary block minimizes the risk of pneumo-
thorax and diaphragmatic paralysis due to its superficial an-
atomical location and distance from the pleura and phrenic 
nerve. It is therefore considered a particularly safe option for 
hand and wrist procedures.
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This narrative review has several limitations. First, although 
studies from specific databases and within a defined time 
frame were screened, explicit inclusion and exclusion criteria 
were not applied. Second, unlike systematic reviews or me-
ta-analyses, this review does not provide pooled quantitative 
outcomes. Finally, the narrative design may have led to the 
unintentional omission of relevant studies or disproportion-
ate emphasis on certain findings.

CONCLUSION
With advances in ultrasonographic imaging and the in-
creasing popularity of regional anesthesia, particularly 
brachial plexus nerve blocks, the use of these techniques 
in orthopedic upper extremity surgery has expanded con-
siderably. USG-guided PNBs provide precise and targeted 
anesthesia and analgesia, reduce systemic opioid require-
ments, and help prevent opioid-related complications. 
Optimal outcomes are achieved when block selection is 
tailored to the patient and procedure and performed by ex-
perienced practitioners.
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