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INTRODUCTION

The Role of Regional Anesthesia

Peripheral nerve blocks can provide surgical anesthe-
sia and postoperative pain relief (Table 18.1). Paresthetic 
techniques and peripheral nerve blocks have been used for 
decades. However, the main emphasis of this chapter will 
be on ultrasound guidance for peripheral nerve blocks. In 
addition, ultrasound guidance and nerve stimulation tech-
nologies can be combined for some regional blocks.!

Preparation to Perform a Regional Nerve Block
Foundation of Knowledge
To perform safe and effective peripheral nerve blocks, an 
understanding of peripheral neuroanatomy, ultrasound 
technology, local anesthetic pharmacology, and risks 
associated with peripheral nerve blocks is needed.!

Patient and Surgeon Factors
The willingness of the patient and the surgeon, as well as 
the anatomic location of the surgery, must be taken into 
consideration when incorporating peripheral nerve blocks 
into an anesthetic plan. A thorough preoperative review of 
the patient’s medical history, including any comorbid dis-
eases, allergies, prior neuropathy, and concurrent antico-
agulation medications, must be performed to rule out any 
contraindications in providing a peripheral nerve block.!

Monitors and Equipment
Peripheral nerve blocks may be performed preoperatively 
in a dedicated block area or in the operating room. The 
patient must have a functional peripheral intravenous 
line, and monitoring equipment including pulse oximetry, 
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electrocardiogram (ECG), and noninvasive blood pres-
sure machine. Supplemental oxygen as well as emer-
gency medications and airway equipment must be readily 
accessible. Sedation may be indicated, depending on the 
patient’s anxiety and magnitude of pain.

The patient, ultrasound machine, and anesthesia pro-
vider must be positioned in a way to optimize the nerve 
block being performed. For most blocks, the provider is 
positioned on the ipsilateral side and the ultrasound on 
the contralateral side of the block region. The choice of 
the ultrasound probe (Fig. 18.1) and needle is dependent 
on the location of the peripheral nerve block as well, and 
the addition of placing a catheter will depend on the type 
of surgery being performed, the duration of hospital stay, 
and patient and surgeon preference.!

Choice of Local Anesthetic
The choice of local anesthetic for peripheral nerve block-
ade depends on a number of factors, including the desired 
onset, duration, and degree of conduction block (see Chap-
ter 10). Lidocaine and mepivacaine, 1% to 1.5%, produce 
surgical anesthesia in 10 to 20 minutes that lasts 2 to 3 
hours. Ropivacaine, 0.5%, and bupivacaine, 0.375% to 
0.5%, have a slower onset and produce less motor block-
ade, but the effect lasts for at least 6 to 8 hours. The 

addition of epinephrine, 1:200,000 (5 µg/mL), can serve 
as a marker for intravascular injection and can increase 
the duration of a conduction block. In addition, through 
a decrease in the rate of systemic absorption, epinephrine 
can reduce peak plasma levels of local anesthetic. Con-
siderations for the choice of local anesthetic solution for 
intravenous regional anesthesia are different from those 
for peripheral nerve blocks (see the later discussion under 
“Intravenous Regional Anesthesia [Bier Block]”).!

Regional Block Checklist
A standardized regional block checklist should be 
reviewed prior to performing a peripheral nerve block 
to improve safety.1 The checklist should include surgi-
cal consent and site marking, allergies and anticoagu-
lation status, proposed peripheral nerve block and local 
anesthetic dose, side of the block, monitors implemented, 
emergency equipment available, and sedation plan.!

Risks and Prevention
Infection
Infectious risk associated with a peripheral nerve block or 
placement of a peripheral nerve catheter is rare.2 However, 
an infection can cause significant morbidity and may lead 
to permanent neurologic injury. By performing proper hand 
hygiene, using maximal barriers during nerve block and 
catheter placement, and providing antiseptic solution at the 
site of insertion, the rate of infection can be reduced.!

Hematoma
The risk of developing a hematoma depends on location 
of the peripheral nerve block being performed, the prox-
imity to vascular structures, and vascular compressibility. 
With the use of ultrasound and proper aspiration tech-
nique, vascular puncture can be reduced.3 A review of 
the patient’s medical history with an emphasis on any 
anticoagulation medications is important. The American 
Society of Regional Anesthesia and Pain Medicine pro-
vides guidelines on anticoagulation management.4!

Local Anesthetic Systemic Toxicity (Also See Chapter 10)
Local anesthetic systemic toxicity (LAST) secondary to local 
anesthetic absorption can range from mild symptoms to 
major neurologic and cardiovascular toxicity. A variety of 

Fig. 18.1 Ultrasound transducers for regional blocks. (From Gray AT. Atlas of Ultrasound-Guided Regional 
Anesthesia. 2nd ed. Philadelphia: Elsevier; 2013:22.  

   Table 18.1    Examples of Peripheral Nerve Blocks

Origin Specific Block

Cervical plexus Superficial

Brachial plexus Interscalene
Supraclavicular
Infraclavicular
Axillary

Lumbar plexus Lateral femoral cutaneousa

Femoral
Adductor canal
Saphenous
Obturatora

Sacral plexus Proximal sciatic
Popliteal sciatic

aNot covered.
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factors including patient risk factors, concurrent medica-
tions, total local anesthetic dose, and anatomic location of 
the peripheral nerve block play a role in the risk of LAST. 
There is no single measure to prevent LAST; however, using 
the smallest effective dose, an incremental injection, aspi-
ration prior to injection, an intravascular marker (i.e., epi-
nephrine), and ultrasound guidance may decrease the risk 
of LAST. Lipid emulsion resuscitation remains the corner-
stone of therapy to treat patients with LAST.5!

Nerve Injury
Nerve injury may result from direct needle trauma, inad-
vertent intraneural injection, or drug neurotoxicity. Seri-
ous neurologic injury from a peripheral nerve block is 
rare; however, the rate of transient paresthesia that 
resolves within days to weeks postoperatively is substan-
tially higher.6,7 The use of ultrasound to identify nerves, 
limiting the injection pressure, and patient feedback may 
help decrease the rate of nerve injury, although clinical 
outcome data are limited.!

Wrong-Sided Block
Wrong site, wrong procedure, and wrong patient periph-
eral nerve blocks are potentially serious medical errors 
that are inherent risks in performing any medical proce-
dure.8 Although rare, this complication can be reduced 
by having a universal protocol that includes a checklist 
to ensure the correct patient, the proper surgery site, and 
correct laterality (Table 18.2).!

ULTRASOUND BASICS

An understanding of ultrasound imaging and transducer 
manipulation is important in providing safe and effective 
peripheral nerve blocks.

Basic Ultrasound Physics
Ultrasound imaging uses sound waves with frequency greater 
than 20 kHz. The use of ultrasound for medical purposes was 
first recognized in the 1930s. Since then, improvements in 
technology have paved the way to produce real-time images 
to help in diagnostics and interventions. Medical ultrasound 
machines use piezoelectric crystals in the transducer that 

convert electrical currents into mechanical pressure waves 
and vice versa, sending and receiving ultrasound echoes to 
thereby generate images.

As ultrasound waves pass through different body 
tissues the resistance to the propagation of ultrasound 
waves, or acoustic impedance, changes depending on the 
density of the tissue. Solid tissues have denser particles 
that effectively reflect waves that will be received by the 
transducer, displayed as brighter or hyperechoic struc-
tures. Less dense tissue does not reflect ultrasound waves 
as effectively, displayed as darker or hypoechoic struc-
tures. Tissues that do not reflect any ultrasound waves are 
considered anechoic.

Improving image resolution, or the ability to dis-
tinguish one structure from another, will optimize per-
formance of peripheral nerve blocks. Increasing the 
frequency of the ultrasound wave will improve reso-
lution of the image but will decrease the penetration 
of the ultrasound waves. Decreasing the frequency will 
lower the resolution but will improve the penetration to 
deeper tissue because there is less attenuation. Increas-
ing the receiver gain (i.e., amplification of the return-
ing echo signal) can to some extent compensate for 
attenuation.!

Echogenic Properties of Nerves and Tissue
Peripheral nerves can be recognized on ultrasound scans 
by their fascicular echotexture. Central nerves (such as 
the cervical ventral rami) and very small nerves (such as 
the phrenic nerve) have a monofascicular or oligofascicu-
lar appearance (Fig. 18.2). Most peripheral nerves have a 
polyfascicular appearance, which consists of a collection 

   Table 18.2 
   Approximate Incidence of Adverse Events 

During Peripheral Nerve Blocks

Adverse Event Approximate Incidence

Anesthetic sys-
temic toxicity

1 in 1000

Peripheral nerve injury 1 in 1000

Wrong side/site block 1 in 10,000

Lateral

Brachial
plexus

Phrenic n. SCM

ASM

Skin

MSM

Fig. 18.2 This sonogram of the right side of the neck shows the 
roots of the brachial plexus as they pass between the anterior 
and middle scalene muscles. The core of these large periph-
eral nerves is less echogenic than the surrounding muscle. The 
phrenic nerve is a small hypoechoic structure seen on the ante-
rior surface of the anterior scalene muscle. ASM, Anterior scalene 
muscle; MSM, middle scalene muscle; SCM, sternocleidomastoid 
muscle.  
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of small round hypoechoic dots (from the nerve fasci-
cles or nerve fiber content) surrounded by hyperechoic 
stroma (from the nerve connective tissue). This pattern 
can be referred to as “honeycomb” or “bunch of grapes.” 
Although we use the term nerve fascicles, it is understood 
that only a subset of the total number of fascicles will 
be evident on an ultrasound scan because thin layers of 
connective tissue that divide fascicles cannot be resolved 
on the image.9 Nerves have a relatively constant cross-
sectional area along their course, which helps distinguish 
these anatomic structures from tendons.!

Ergonomics and Transducer Manipulation
Proper ergonomics are essential for ultrasound-guided 
interventions. It is important to maintain proper posture 
and position to reduce anesthesia provider fatigue (e.g., 
optimize patient position, bed height, and position of the 
display). A comfortable grip on the ultrasound transducer 
and resting the ulnar aspect of the transducer hand on 
the patient will promote stability. There are five basic 
transducer manipulation techniques to help optimize the 
ultrasound image: sliding, tilting, rocking, rotation, and 
compression. Peripheral nerves exhibit anisotropy, which 
means that the reflected echoes depend on the angle of 
insonation.10 The transducer can be tilted to maximize 
the returning echoes for the peripheral nerve. Slide and 
rotate the transducer to find the needle tip while main-
taining nerve visibility. For some regional blocks the soft 

tissue will allow the transducer to rock back and reduce 
the angle of insonation, thereby improving needle tip 
visibility. Visual inspection is a good technique before 
using ultrasound guidance or if needle lineups are dif-
ficult.11 Most practitioners compress adjacent veins while 
introducing the needle to reduce the chance of venous 
puncture.!

Regional Block Technique
There are multiple approaches to peripheral nerve blocks. 
Most blocks can be performed with a short-axis view of 
the nerve to be blocked. This view is stable for nerves with 
a relatively straight path. The in-plane technique, with the 
entire needle shaft and tip within the plane of imaging, 
is often used to guide needle placement (Fig. 18.3). Alter-
natively, the out-of-plane approach can be used so that 
the needle tip crosses the plane of imaging as an echo-
genic dot. The quality of imaging and identification of 
structures is more important than approach. Differences 
in outcomes have been difficult to show when comparing 
various approaches to blocks in clinical studies.!

Peripheral Nerve Catheters
Catheters can be placed adjacent to peripheral nerves 
for postoperative analgesia by infusion of dilute local 
anesthetic solutions. Continuous peripheral nerve blocks 
can be used in the hospital setting to facilitate vigorous 

SAX OOP SAX IP

LAX OOP LAX IP

Fig. 18.3 Approaches to regional block with ultrasound. LAX IP, Long-axis imaging, in-plane needle ap-
proach; LAX OOP, long-axis imaging, out-of-plane needle approach; SAX IP, short-axis imaging, in-plane 
needle approach; SAX OOP, short-axis imaging, out-of-plane needle approach. (From Gray AT. Atlas of 
Ultrasound-Guided Regional Anesthesia. 2nd ed. Philadelphia: Elsevier; 2013:32, Fig. 12-1.)  
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early joint mobilization following orthopedic surgery. 
They can also be used to provide potent analgesia for 
outpatient surgery (also see Chapter 37). For placement 
of these catheters, the peripheral nerve should be first 
located in a fashion similar to that for single-injection 
blocks (typically ultrasound guidance with a large-bore 
needle), and then the catheter is threaded. Injection of a 
local anesthetic or dextrose solution immediately prior 
to catheter placement can be useful by creating more 
space adjacent to the nerve. Peripheral nerve catheters 
are more prone to dislodgment than epidural catheters 
because movement of skin near the catheter entry point 
is more likely.!

CERVICAL PLEXUS BLOCK

The cervical plexus is formed by the second, third, and 
fourth cervical nerves. With the patient’s head turned to 
the opposite side, the superficial cervical plexus can be 
blocked by infiltration of local anesthetic solution just 
deep to the platysma and investing fascia of the neck 
along the posterior lateral border of the sternocleido-
mastoid muscle (Fig. 18.4). The anesthesia produced by a 
cervical plexus block includes the area from the inferior 
surface of the mandible to the level of the clavicle. A 
cervical plexus block is used most often to provide anes-
thesia in conscious patients undergoing carotid endarter-
ectomy (see Chapter 25). Although combined superficial 
and deep cervical plexus blocks have traditionally been 
used for this surgical procedure, a superficial block alone 
is often sufficient.!

UPPER EXTREMITY BLOCKS

Brachial Plexus

The brachial plexus is a network of nerves that is com-
posed of five nerve roots (C5, C6, C7, C8, and T1) that 
provide both motor control and sensory input for almost 
the entire upper extremity (Fig. 18.5). The skin over the 
shoulder is supplied by the supraclavicular nerves of 
the cervical plexus, and the medial aspect of the arm is 
supplied by the intercostobrachial branch of the second 
intercostal nerve (Fig. 18.6). The C5 to T1 nerve roots 
form ventral rami and trunks in the space between the 
anterior and middle scalene muscles in the cervical region 
and then pass over the first rib and under the clavicle. The 
trunks form three anterior and three posterior divisions, 
which recombine to create three cords in the infraclavicu-
lar region. These cords divide into terminal branches in 
the axillary region. The location of the surgery, experi-
ence of the anesthesia provider, and patient factors, such 
as body habitus, help determine where along the brachial 
plexus a peripheral nerve block should be performed 
(Table 18.3).

Interscalene Block
An interscalene block targets the ventral rami of the bra-
chial plexus (derived from C5, C6, C7, C8, and T1 nerve 
roots) and is therefore suited for surgeries that involve 
the distal clavicle, shoulder, and upper arm.12 The inter-
scalene block can spare the inferior trunk (from C8 and 
T1, partly the ulnar distribution of the brachial plexus), 
and thus is not always suitable for distal forearm and 
hand surgeries.

An interscalene block is traditionally performed near 
the C6 vertebral level, where the brachial plexus emerges 
in between the anterior and middle scalene muscles. The 
patient’s head is turned toward the contralateral side of 
the block to help expose the interscalene groove. A linear 
ultrasound probe is placed in a transverse plane at the C6 
vertebral level, providing a short-axis view of the brachial 
plexus. Anatomic structures that are identified should be 
the middle scalene muscle, anterior scalene muscle, ster-
nocleidomastoid muscle, and brachial plexus (Fig. 18.7). 
The obtained view has a “stop-light” appearance of the 
brachial plexus that refers to the C5, C6, and C7 ventral 
rami as aligned in a parallel fashion from cephalad to 
caudad.

In the in-plane technique the needle is inserted in the 
lateral to medial direction through the middle scalene 
muscle toward the brachial plexus. Once the needle passes 
into the brachial plexus fascia sheath, local anesthetic is 
injected. To ensure an adequate block, spread of the local 
anesthetic should be seen along the cervical ventral rami.

Interscalene block has the potential risk of Horner 
syndrome, recurrent laryngeal nerve block, epidural or 
subarachnoid injection, vertebral artery injection, and 

Lesser
occipital n.

Great
auricular n.

Transverse
cervical n.

Supraclavicular n.
Sternocleido-

mastoid m.

Fig. 18.4 Anatomic landmarks and method of needle placement 
for a superficial cervical plexus block. With the patient’s head 
turned to the side, local anesthetic is infiltrated along the pos-
terolateral border of the sternocleidomastoid muscle. (Modified 
from Brown DL, Factor DA, eds. Regional Anesthesia and Analge-
sia. Philadelphia: WB Saunders; 1996:245.)  
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Fig. 18.5 Roots, trunks, divisions, cords, and branches of the right brachial plexus. (Modified from Hor-
locker TT, Kopp SL, Wedel DJ. Nerve blocks. In Miller RD, ed. Miller’s Anesthesia. 8th ed. Philadelphia: 
Elsevier; 2015:1724, Fig. 57-3.)  
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Fig. 18.6 (A) Cutaneous distribution of the cervical and thoracic roots of the upper extremity. (B) Cutaneous 
distribution of the peripheral nerves of the upper extremity. (Modified from Horlocker TT , Kopp SL, Wedel 
DJ. Nerve blocks. In Miller RD, ed. Miller’s Anesthesia. 8th ed. Philadelphia: Elsevier; 2015:1725, Fig. 57-4.)  
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pneumothorax. The risk of transient phrenic nerve block 
and resultant hemidiaphragmatic paresis can be reduced 
with interscalene injections lower in the neck with a smaller 
volume and lower concentration of local anesthetic.13,14!

Supraclavicular Block
Supraclavicular block of the brachial plexus is achieved 
by injecting 20 to 30 mL of local anesthetic solution 
around the brachial plexus where it is usually tightly 
bundled and adjacent to the subclavian artery, just ceph-
alad to the clavicle. Pneumothorax is the most common 
serious complication of a supraclavicular block (about a 
1% incidence) and can be manifested initially as cough, 

dyspnea, or pleuritic chest pain. Block of the phrenic 
nerve occurs frequently (50% of procedures) but gener-
ally causes no clinically significant symptoms. Bilateral 
supraclavicular blocks are not recommended for fear of 
bilateral pneumothorax or phrenic nerve paralysis. Like-
wise, patients with chronic obstructive pulmonary disease 
may not be ideal candidates for a supraclavicular block. 
Advantages of a supraclavicular block are rapid onset and 
ability to perform the block with the arm in any position. 
The increased risk for pneumothorax may limit the use 
of supraclavicular block for outpatients. Because of these 
risks, many practitioners have advocated the use of ultra-
sound imaging to guide supraclavicular blocks.

   Table 18.3    Techniques for Brachial Plexus Block

Technique Level Advantage Potential Drawback(s)

Interscalene Roots/trunks Shoulder coverage Hemidiaphragmatic paresis
Inferior trunk sparing

Supraclavicular Trunks/divisions Overall completeness Pneumothorax risk

Infraclavicular Cords Catheter placement Deep to pectoral muscles

Axillary Branches Shallow block Musculocutaneous nerve sparing

MSM

ASM

BP

SCA

SCM

Fig. 18.7 The brachial plexus passes between the anterior and middle scalene muscles and joins the 
subclavian artery as it passes over the first rib (le!, lower drawing). Interscalene block of the brachial plexus 
is performed with the patient supine and the head turned to the contralateral side (le!, upper drawing). 
The interscalene groove is imaged with high-frequency ultrasound (right, upper sonogram). The needle 
advances from lateral to medial within the plane of imaging. Interscalene block is performed by infiltrat-
ing local anesthetic around the roots of the brachial plexus as they pass between the anterior and middle 
scalene muscles (right, lower sonogram). ASM, Anterior scalene muscle; BP, brachial plexus; MSM, middle 
scalene muscle; SCA, subclavian artery; SCM, sternocleidomastoid muscle.  
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The supraclavicular block can be performed with a 
similar technique to interscalene blocks described previ-
ously. The ultrasound probe is moved closer to the clavi-
cle and faces caudally to facilitate imaging of the brachial 
plexus adjacent to the subclavian artery and over the first 
rib. In this location, almost all practitioners utilize in-
plane technique because of the proximity of the pleura.!

Infraclavicular Block
The infraclavicular block targets the medial, lateral, and 
posterior cords of the brachial plexus and is suitable 
for surgeries of the arm below the shoulder. The cords 
of the brachial plexus are named in relation to the axil-
lary artery as the plexus travels underneath the clavicle 
toward the axilla.

The infraclavicular block is performed with the short-
axis in-plane approach (Fig. 18.8). A linear or curvilinear 
ultrasound transducer with a small footprint may be used. 
The choice of needle is dependent on the patient’s body 
habitus and whether a continuous catheter will be placed. 
The patient is positioned supine with the arm abducted, 
elbow flexed, and arm externally rotated if possible. This 
will retract the clavicle and straighten the neurovascular 
bundle. The ultrasound transducer is placed medial to the 
coracoid process in a parasagittal plane (about halfway 
between supraclavicular and axillary regions). Key struc-
tures to identify on the ultrasound image are the pectoral 
major and minor muscles, axillary artery and vein, and 
cords of the brachial plexus. Although the cords of the 
brachial plexus may be visualized around the axillary 
artery, they can be difficult to delineate on the ultrasound 
image.

The needle approaches in plane from cephalad to cau-
dad (lateral to medial) for infraclavicular block. After 
a skin wheal of local anesthetic is placed, the needle is 
directed toward the space between the lateral cord and 
the axillary artery. The goal of the infraclavicular block is 
to spread the local anesthetic around the axillary artery 
in a U-shaped manner, as this will assure blockade of all 
three cords of the brachial plexus.

The advantages of the infraclavicular block are the 
close proximity of the brachial plexus to the artery, rela-
tively consistent anatomy, and a stable site for placement 
of a continuous peripheral nerve catheter. Because of 
the close proximity to the clavicle and the depth of the 
block, performing this block can be challenging in some 
patients.!

Axillary Block
The axillary block targets the terminal branches of the 
brachial plexus in the axilla: the median, ulnar, radial, 
and musculocutaneous nerves. The axillary block is suit-
able for surgeries of the elbow, forearm, wrist, and hand.

Axillary block is typically performed with a linear 
transducer using a short-axis view of the nerves and ves-
sels in the axilla and in-plane approach (Fig. 18.9). The 

patient is positioned supine with the arm to be blocked 
abducted and externally rotated. The ultrasound image 
should display the axillary artery and vein(s), terminal 
branches of the brachial plexus, conjoint tendon, and the 
biceps, triceps, and coracobrachialis muscles.15 The rela-
tion of the terminal branches to the axillary artery are 
usually as follows: median (superficial), ulnar (medial), 
radial (posterior), and musculocutaneous (lateral, tra-
versing through the coracobrachialis muscle). The block 
is performed with a 5- to 7-cm needle, approaching in 
plane from cephalad to caudad (lateral to medial) toward 
the branches of the brachial plexus. The goal is to sur-
round each terminal branch of the brachial plexus with 
local anesthetic, often leading to local anesthetic spread 
circumferentially around the axillary artery. The muscu-
locutaneous nerve can be targeted separately after block 
of the other branches of the brachial plexus.16

The advantages of this block include a lower risk of 
complications when compared to other brachial plexus 
blocks (e.g., no risk of concomitant phrenic nerve block or 
pneumothorax). The axillary block is also a simpler block 
to perform given its superficial nature. The disadvantages 
include the potential risk of intravascular injection and 
hematoma given the proximity of the axillary artery and 
veins, unsuitability for a peripheral nerve catheter, and 
lack of coverage for the upper arm and shoulder.!

Intercostobrachial Nerve Block
The intercostobrachial nerve is a thoracic nerve (derived 
from T2 and T3) that provides cutaneous innervation to 
the medial half of the arm. This block may be used as a 
supplement to brachial plexus blocks to improve toler-
ance of an arm tourniquet or to improve surgical con-
ditions for proximal arm surgery. The intercostobrachial 
nerve can be blocked by subcutaneous infiltration in the 
medial half of the arm with 2 to 3 mL of local anesthetic.!

LOWER EXTREMITY BLOCKS

The lower extremity nerves originate from the lumbar 
and sacral plexuses (Fig. 18.10). The lumbar plexus is 
composed of the first four lumbar nerves (L1-L4). Lower 
extremity nerves that arise from the lumbar plexus 
include the lateral femoral cutaneous, femoral, and obtu-
rator nerves. The sacral plexus is composed of the first 
four sacral nerves (S1-S4) and also receives contributions 
from L4 and L5. This plexus gives rise to the sciatic nerve.

Femoral Nerve
Femoral Nerve Block
The femoral nerve is the largest branch of the lumbar 
plexus and derives from the ventral rami of L2 to L4. 
This nerve provides motor innervation to the quadriceps 
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Fig. 18.8 Technique of infraclavicular block. (Le!) With the patient supine and the arm abducted and 
externally rotated, an ultrasound transducer is placed inferior to the clavicle to visualize the subclavian 
artery and adjacent cords of the brachial plexus. A needle is advanced caudally within the plane of imaging 
until its tip lies within the fascial sheath that surrounds the brachial plexus deep to the axillary artery. In 
the sonograms (right) the needle tip passes between the lateral and medial cords of the brachial plexus 
and injects local anesthetic that surrounds the three cords. BP, Brachial plexus; LC, lateral cord; MC, me-
dial cord; PC, posterior cord; PMa, pectoralis major muscle; PMi, pectoralis minor muscle; SA, subclavian 
artery. (Sonograms from Gray AT. Atlas of Ultrasound-Guided Regional Anesthesia. 2nd ed. Philadelphia: 
Elsevier; 2013:93, Figs. 31-2 and 31-3.)  
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Fig. 18.9 Axillary block. The arm is abducted 90 degrees. Key structures in the right axilla are visualized 
with a high-frequency ultrasound transducer. The arrangement of the branches of the brachial plexus 
around the axillary artery is shown in the inset. The sonogram shows the block needle advancing from 
lateral within the plane of imaging. The needle tip passes deep to the artery and injects local anesthetic 
that surrounds the radial nerve. Additional injections ensure local anesthetic spread around the ulnar 
and median nerves. A and AA, Axillary artery; LA, local anesthetic; MCN, musculocutaneous nerve; MN, 
median nerve; RN, radial nerve; UN, ulnar nerve.  
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and sensation from the anterior thigh and medial leg. The 
femoral nerve descends through the psoas muscle and 
then travels between the psoas and iliacus muscles, exit-
ing the pelvis under the inguinal ligament. Femoral nerve 
block is suitable for surgeries of the anterior thigh (e.g., 
quadriceps tendon surgery) and provides analgesia for 
hip, femur, and knee surgeries.

The femoral nerve block is typically performed distal 
to the point at which the femoral nerve passes under the 
inguinal ligament (Fig. 18.11). The nerve block is per-
formed with a 5- to 7-cm echogenic needle with a linear 
transducer and short-axis in-plane approach. The patient 
is positioned supine, and the transducer is placed in a 
transverse plane 1 to 2 cm distal to the inguinal ligament. 
Important structures to identify in the ultrasound image 
are the femoral artery and vein, femoral nerve, sartorius 
and iliopsoas muscles, and the fascia lata and fascia iliaca 
(which can be difficult to delineate). The femoral nerve is 
lateral to the femoral artery and can be seen as a flat oval 
or triangular polyfascicular structure under both fascia lata 
and fascia iliaca. The needle is advanced from lateral to 
medial toward the lateral corner of the femoral nerve, and 
typically two “pops” can be felt as the needle is advanced 
through the fascia lata and fascia iliaca. Once the needle 
tip is under the fascia iliaca and adjacent to the femoral 
nerve, local anesthetic is injected to surround the nerve.

The advantage of femoral nerve block is its reliability 
in providing analgesia to the anterior thigh and medial 

leg. It is a good location for a peripheral nerve catheter 
because it is away from the thigh tourniquet and surgical 
site. Its predictable and shallow anatomy makes it a rela-
tively easy block to master. However, femoral nerve block 
does cause quadriceps muscle weakness, which may not 
be favorable for early mobilization and may increase the 
risk of falls postoperatively.17!

Adductor Canal and Saphenous Nerve Blocks
The adductor canal block targets distal branches of the 
femoral nerve as they travel deep to the sartorius muscle 
in the thigh. Sensory nerves from the femoral nerve are 
still present near the adductor canal (e.g., the saphenous 
nerve and infrapatellar nerve). However, many motor 
nerves have already branched off and innervated their 
corresponding muscles (all except the nerves to the vastus 
medialis muscle). Therefore, the advantage of the adduc-
tor canal block includes analgesia for knee surgery, with 
minimal quadriceps muscle weakness.18,19

The patient is positioned supine with the leg to be 
blocked slightly externally rotated and bent at the knee 
(Fig. 18.12). A short-axis in-plane approach with a lin-
ear transducer is used. A 5- to 7-cm echogenic needle is 
appropriate for this block. The adductor canal block is 
performed midthigh where the superficial femoral artery 
is near the middle of the undersurface of the sartorius 
muscle belly. The subsartorial nerves may be visible just 
lateral to the superficial femoral artery; however, in many 
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Fig. 18.11 Femoral nerve block. The femoral nerve runs over the surface of the iliopsoas muscle as it 
passes under the inguinal ligament. The iliac fascia invests the femoral nerve and iliopsoas muscle, which 
is anatomically separate from the femoral sheath. Femoral nerve block is performed with short-axis imag-
ing of femoral nerve and artery. In the sonogram, the block needle passes from lateral to medial, deep 
to the fascia iliaca and injects local anesthetic that surrounds the femoral nerve. FA, Femoral artery; FN, 
femoral nerve; LA, local anesthetic.  
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cases these nerves are difficult to discern. The goal is to 
direct the needle from lateral to medial and anterior to 
posterior and achieve local anesthetic spread under the 
thick fascia that covers the posterior surface of the sarto-
rius muscle, lateral to the superficial femoral artery.

The saphenous nerve is a terminal branch of the 
femoral nerve that carries sensory nerve fibers from the 
medial aspect of the leg, ankle, and foot. Depending on 
the desired location of blockade, the saphenous nerve can 
be blocked at the thigh, leg, or ankle. Many practitioners 
use the adductor canal approach described earlier to block 
the saphenous nerve in the thigh.!

Sciatic Nerve
Proximal Sciatic Nerve Block
The sciatic nerve is the largest branch of the sacral plexus 
and consists of the L4, L5, and S1 to S4 spinal nerves. It 
provides motor innervation and sensation of the poste-
rior thigh and most of the leg. As the sciatic nerve exits 

the pelvis via the greater sciatic foramen, it travels along 
the posterior thigh anterior to the gluteus maximus and 
biceps femoris and posterior to the adductor magnus 
muscles. The sciatic nerve block is suitable for surgeries 
involving the posterior thigh, lower leg, foot and ankle 
and can also improve analgesia following knee surgery.

There are three main approaches to the sciatic nerve 
block: the anterior, the transgluteal, and the subglu-
teal approaches. Only the transgluteal approach will be 
described here. For the transgluteal approach, the patient 
is placed in the lateral position with the block leg up and 
the leg slightly flexed at the hip (Fig. 18.13). A transverse 
short-axis in-plane approach with a low-frequency linear 
or curvilinear transducer and a 10-cm echogenic needle 
is used for the block. The sciatic nerve can reliably be 
located traveling halfway between the greater trochanter 
of the femur and the ischial tuberosity, deep to the glu-
teus maximus muscle. The nerve at this level appears as a 
hyperechoic polyfascicular triangular structure. The nee-
dle is directed lateral to medial and posterior to anterior 
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Fig. 18.12 Saphenous nerve block near the adductor canal. With the patient supine and leg externally 
rotated, the medial thigh is scanned in axial section with high-frequency ultrasound. The needle advances 
from anterior to posterior within the plane of imaging. The saphenous nerve is not always visible, but it 
courses with the superficial femoral artery, deep to the sartorius muscle. Local anesthetic surrounds the 
saphenous nerve. FA, Femoral artery; SM, sartorius muscle; SN, saphenous nerve; VM, vastus medialis 
muscle. (Sonograms from Gray AT. Atlas of Ultrasound-Guided Regional Anesthesia. 2nd ed. Philadelphia: 
Elsevier; 2013:165, Fig. 41-2C and D.)  
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toward the lateral border of the sciatic nerve. The goal is 
to place the needle below the fascial plane of the gluteus 
maximus muscle and have the local anesthetic spread 
around the nerve.

The advantages of the sciatic nerve block are the reli-
able posterior thigh and leg analgesia for the surgeries 

mentioned previously. This location is away from the 
thigh tourniquet or surgical site for placement of a con-
tinuous peripheral nerve catheter. Disadvantages of the 
sciatic nerve block are the hamstring weakness, as well as 
potential procedural discomfort and difficulty due to the 
increased depth of the block.!

A

Greater
trochanter

Posterior
superior

iliac spine
Piriformis m.

Sciatic n.

Sacral hiatusB
Sciatic
nerve

Sciatic
nerve

M
ed

ia
l

Ischial
tuberosity

Ischial
tuberosity

C

Greater
trochanter

M
ed

ia
l

Local
anesthetic

D

Fig. 18.13 Sciatic nerve block. (A) Patient positioning. (B) Anatomic landmarks. (C and D) The sciatic 
nerve lies beneath a point 5 cm caudad along a perpendicular line that bisects a line joining the posterior 
iliac spine and the greater trochanter of the femur. This point is also usually the intersection of that per-
pendicular line with a line joining the greater trochanter and the sacral hiatus. (C and D from Gray AT. Atlas 
of Ultrasound-Guided Regional Anesthesia. 2nd ed. Philadelphia: Elsevier; 2013:182, Fig. 43-8A and B.)  
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Popliteal Block of the Sciatic Nerve
The popliteal block targets the sciatic nerve as it enters 
the popliteal fossa, at which point the nerve divides into 
its common peroneal and tibial nerve components. This 
block is commonly used for foot and ankle surgery, usu-
ally combined with a saphenous nerve block to cover the 

medial aspect of the leg. The patient is placed in lateral 
position with the block leg elevated and knee extended.20 
A transverse short-axis in-plane approach is used with 
a linear transducer and a 5- to 7-cm echogenic needle 
(Fig. 18.14). The ultrasound transducer is placed in the 
popliteal fossa, locating the sciatic nerve posterior to 
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Fig. 18.14 Popliteal block of the sciatic nerve: (A) The patient is positioned supine with the leg elevated 
to allow the popliteal fossa to be scanned from below with high-frequency ultrasound. (B and C) The 
block needle passes from the lateral thigh through the biceps femoris muscle and injects local anesthetic 
around the tibial and common peroneal nerves. CPN, Common peroneal nerve; TN, tibial nerve. (B and C 
from Gray AT. Atlas of Ultrasound-Guided Regional Anesthesia. 2nd ed. Philadelphia: Elsevier; 2013:192, 
Fig. 45-6A and B.)  
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the popliteal vein and artery. The nerve is blocked at the 
bifurcation of the sciatic nerve into the tibial and com-
mon peroneal nerves, which can be located by sliding 
the ultrasound transducer cephalad and caudad. The nee-
dle is advanced from lateral to medial, with the goal of 
local anesthetic distribution around both components of 
the sciatic nerve, creating a “donut” of local anesthetic 
around each nerve. After injection the tranducer can be 
slid distally to verify tracking of the local anesthetic with 
the common peroneal and tibial nerves as they separate 
in the distal popliteal fossa.!

Ankle Block
All five peripheral nerves that supply the foot can be 
blocked (ankle block) at the level of the malleoli (Fig. 
18.15). The tibial nerve is the major nerve to the sole of 

the foot. This nerve lies on the heel side of the posterior 
tibial artery and can be blocked by infiltrating 3 to 5 mL 
of local anesthetic solution in a fanning pattern around 
this artery. The sural nerve innervates the lateral side of 
the foot and can be blocked by injecting 5 mL of local 
anesthetic solution in the groove between the lateral mal-
leolus and the calcaneus near the small saphenous vein. 
The saphenous nerve innervates the medial aspect of the 
foot. Infiltration of 5 mL of local anesthetic solution ante-
rior to the medial malleolus near the great saphenous vein 
blocks this nerve. The deep peroneal nerve innervates the 
webbing between the first and second toes and is blocked 
by injecting 5 mL of local anesthetic solution adjacent to 
the anterior tibial artery. Alternatively, if arterial pulsa-
tion is absent, the deep peroneal nerve can also be blocked 
deep to the extensor hallucis longus tendon and exten-
sor retinaculum. The dorsum of the foot is innervated by 
the superficial peroneal nerve. The superficial branches of 
this nerve are blocked by injecting a subcutaneous ridge 
of local anesthetic between the medial and lateral mal-
leoli over the anterior surface of the foot. Because the foot 
does not have a generous blood supply, systemic toxicity 
after an ankle block is rare.!

CHEST AND ABDOMEN BLOCKS

Peripheral nerve blocks for the chest and abdomen can 
provide intraoperative and postoperative analgesia, reduce 
systemic pain medications, improve patient satisfaction, 
and improve patient discharge times from the postanes-
thesia care unit.

Intercostal Nerve Block
Intercostal nerve blocks target the ventral rami of the 
thoracic spinal nerves. The intercostal nerves travel infe-
rior to the associated rib within the subcostal groove and 
inferior to the accompanying intercostal vein and artery. 
At the angle of the ribs these nerves travel in the space 
between the internal intercostal and innermost intercos-
tal muscles. These blocks are beneficial for thoracic and 
upper abdominal surgery, as well as following chest wall 
trauma. However, because of the proximity of the pleura 
there is a potential risk of a pneumothorax. LAST is pos-
sible due to the high-peak plasma levels after injection, 
as well as the need for multiple nerve blocks for adequate 
dermatomal coverage of the surgical incision.

For this block, the patient is positioned prone, and a 
linear transducer placed in a short-axis parasagittal plane 
is used at the midscapular line. A 5-cm echogenic needle 
is used to inject 3 to 5 mL of local anesthetic at each level, 
proceeding in a caudad to cephalad direction. The ultra-
sound image should demonstrate the intercostal muscles, 
pleura, and adjacent ribs and their acoustic shadows. The 
goal of the block is to have spread of local anesthetic in 
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Fig. 18.15 Cross-sectional anatomy for an ankle block. An ankle 
block is performed by injecting local anesthetic solution at five 
separate nerve locations. The superficial peroneal nerve, sural 
nerve, and saphenous nerve are usually blocked by subcutane-
ous infiltration because they may have already branched as they 
cross the ankle joint. The tibial and deep peroneal nerves require 
deeper injection adjacent to the accompanying blood vessels (the 
posterior tibial and anterior tibial arteries, respectively). Because 
the block needle approaches the ankle from many angles, it is 
convenient to elevate the foot by supporting the calf. (Modified 
from Brown DL, Factor DA, eds. Regional Anesthesia and Analge-
sia. Philadelphia: WB Saunders; 1996.)  
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between the innermost and internal intercostal muscles 
along the inferior border of the rib.!

Transversus Abdominis Plane Block
The transversus abdominis plane (TAP) block is an 
abdominal wall field block targeting the ventral rami of 
the thoracic and lumbar spinal nerves (T7 to L1) as they 
travel in the plane between the transversus abdominis and 
internal oblique muscles. The block provides analgesia for 
lower abdominal surgery and may help with laparoscopic 
surgery. Because the block relies on a large volume of 
local anesthetic for appropriate spread, there is some risk 
of local anesthetic toxicity. There also is a small potential 
for intraperitoneal injection and intrahepatic injection.

For this block, the patient is positioned supine, and 
a linear transducer is placed in a transverse plane at the 
midaxillary line (Fig. 18.16). The ultrasound image should 
demonstrate the external oblique, internal oblique, and 
transversus abdominis muscles. A 7- to 10-cm echogenic 
needle is used to inject at least 20 mL of local anesthetic 
per side. The needle is directed in the anterior to posterior 
direction, with the goal of local anesthetic distribution 
between the transversus abdominis and internal oblique 
muscles.!

INTRAVENOUS REGIONAL ANESTHESIA 
(BIER BLOCK)

Intravenous regional anesthesia (or Bier block, named 
after August Bier) is a method of producing anesthesia 
of the arm or leg. This anesthetic technique is used for 
surgical procedures with minimal postoperative pain 
and duration of 2 hours or less. The technique involves 
intravenous injection of large volumes of dilute local 
anesthetic into an extremity after exsanguination and 
isolation of the circulation by a tourniquet. Contraindica-
tions to Bier block include contraindications to a tourni-
quet (e.g., sickle cell disease, ischemic vascular disease, 
or infection in the extremity). Lacerations to the blocked 
arm may cause escape of local anesthetic, and patients 
with fractures may experience pain during exsanguina-
tion of the extremity. Tourniquet pain and the maximum 
allowable tourniquet time limit the duration of the block. 
Intravenous regional sympathetic blocks with guanethi-
dine, reserpine, or bretylium are sometimes used for 
chronic pain management.

To perform the Bier block, a small peripheral intrave-
nous catheter (e.g., 22 G) is placed in the distal portion 
of the extremity being blocked (Fig. 18.17). The extrem-
ity is then exsanguinated by wrapping with an Esmarch 
bandage from distal to proximal, and then a tourniquet 
is inflated to 250 to 275 mm Hg (at least 100 mm Hg 
above the patient’s systolic blood pressure). Plain local 
anesthetic solution (40 to 50 mL for an arm tourniquet in 
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Fig. 18.16 Transversus abdominis plane (TAP) block. (A) For the 
classic posterior TAP block the patient is in the supine position 
with the transducer placed near the midaxillary line between 
the costal margin and pelvic brim. (B and C) The needle travels 
through the external oblique and internal oblique muscles to en-
ter the fascial plane between the internal oblique and underlying 
transversus abdominis muscles. The injection should be per-
formed near the posterior border of the transversus abdominis 
muscle so that the injection distributes with well-defined mar-
gins where the nerves enter the plane. (Redrawn from Gray AT. 
Atlas of Ultrasound-Guided Regional Anesthesia. 2nd ed. Philadel-
phia: Elsevier; 2013:245, Fig. 54-2A.)  
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adults) is injected through the intravenous catheter and 
then the catheter is removed. Patients may begin expe-
riencing pain at the tourniquet site after 45 minutes; a 
double-tourniquet technique may be employed to help 
mitigate this. With a double tourniquet, the proximal cuff 
is initially inflated, and once the patient experiences pain, 
the distal cuff is inflated over the anesthetized arm and 
the proximal cuff deflated.

Selection of Local Anesthetic
Commonly used local anesthetic solutions for intravenous 
regional anesthesia are 0.5% lidocaine or chloroprocaine 
(plain solutions without epinephrine). Racemic bupiva-
caine is avoided because of potential systemic toxicity, 
which can include malignant ventricular cardiac dysrhyth-
mias leading to refractory cardiac arrest. Preservative-free 
solutions of local anesthetic are recommended because 
preservatives have been associated with thrombophlebitis.!

Characteristics of the Block
The onset of anesthesia rapidly follows the intravenous 
administration of local anesthetic solution into the iso-
lated extremity. The duration of surgical anesthesia 
depends on the time that the tourniquet is inflated and 
not on the local anesthetic drug selected. Technically, a 
regional intravenous anesthesia block is easier and faster 
to perform than a brachial plexus block or lower extrem-
ity block and is readily applicable to all age groups, 
including pediatric patients.!

Risks
The principal risk associated with intravenous regional 
anesthesia is the potential systemic toxicity that may 
occur when the tourniquet is deflated and large amounts 
of local anesthetic solution from the previously isolated 

part of the extremity enter the systemic circulation. Local 
anesthetic levels peak approximately 2 to 5 minutes after 
tourniquet deflation. One approach to reduce the risk 
of toxicity is to keep the tourniquet inflated for at least 
20 minutes, even if the surgical procedure is completed 
in less time. If 40 minutes has elapsed, the tourniquet 
can be deflated in a single maneuver. If surgical dura-
tion is between 20 and 40 minutes, the tourniquet can 
be deflated, reinflated immediately, and finally deflated 
after 1 minute. This method will reduce the peak plasma 
level of local anesthetic. Limitation of extremity move-
ment (including avoidance of extremity elevation) after 
release of the tourniquet is also useful for minimizing 
local anesthetic blood levels.

If the extremity is not adequately exsanguinated, the 
skin will have a blotchy appearance after injection of the 
local anesthetic. In this situation, the quality of the block 
and surgical field will be poor.!

QUESTIONS OF THE DAY
  

 1.  Can a supraclavicular block be performed success-
fully without the use of ultrasound? Does the use of 
ultrasound improve the rate of success? How would 
you position the patient, anesthesia providers, moni-
tors, and ultrasound machine in order to optimize per-
formance of the block? How can proper ergonomics 
facilitate block placement?

 2.  How can peripheral nerves be recognized on ultra-
sound scans? What features set them apart from other 
structures such as tendons, veins, and arteries? What 
transducer manipulation techniques can improve 
nerve visualization?

 3.  A patient is scheduled for open reduction of a distal 
radius fracture. What are the advantages and disad-
vantages of axillary versus interscalene block for this 
procedure?

A B

Fig. 18.17 (A) Placement and securing of a small intravenous catheter. (B) Exsanguination of the arm 
with an Esmarch bandage before inflation of the tourniquet and injection of the local anesthetic solution 
through the catheter.  
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 4.  What are the potential benefits of femoral nerve block 
for a patient undergoing knee surgery?

 5.  A transversus abdominis plane (TAP) block would pro-
vide suitable analgesia for what types of surgeries?

 6.  What type of surgery is most appropriate for an intra-
venous regional (Bier) block? What precautions can be 
taken to minimize the risk of systemic toxicity with 
this block?
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